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SUMMARY

Cryoprecipitates are used as the raw material for the preparation of Factor VIll
(FVIH} for replacement therapy for haemophiliacs. Routinely, cryoprecipitate only
recovers 50% of the Factor VIl in the plasma. The purpose of this study,
production of cryoprecipitate, was to investigate those variables which play a key
role in determining the vyield of Factor VIl present in cryoprecipitate.
Cryoprecipitate production involves a wide range of variables which couid effect
the final outcome of the product. These vary from the donor blood group, time of
donation, exercise levels of the donor, to a time delay prior to processing,
temperature storage conditions, to the method utilised for plasma freezing and
thawing. The objective was to expiore which combination of variables in the
procedure would lead to a process which would optimize the preparation of

Cryoprecipitate in a routine environment, to yield the highest levels of Factor Vill.

Frequently in scientific investigations, particularly when a practical approach has
10 be adopted, questions arise in which the effects of a number of different
variables in a process, require evaluation. Such guestions can usually be most
economically investigated, by arranging the analysis according to an ordered plan
in which all the factors are viewed in a regu'ar way. Provided the plan has been
correctly chosen, it is possible to determine not only the effect of each individual
variable, but also the way in which each effect depends on the other factar, by
means of an interaction. This makes it possible 1o obtain a more complete picture
of what is happening, than would have been obtained by varying each of the

{xxi}



variables one at a time while keeping the others constant. Designs of this sort lend
themseives well 1o statistical analysis, and provide their own estimates of
experimental error. This type of statistical analysis called, 2% Fractional Factorial
Experimental Design, forms the basis of this study in which 14 key variables in the
production process of cryoprecipitate were defined as possible areas in which

Factor Vili tevels in the cryoprecipitate are effected.

Key variables have been identified on an individual basis in previous studies (Burka
etal., 1975), however this blended approach to ootimise the key variables within
the production environment, and define further combinations which could be

incorporated into the production, has never been attempted.

The statfistical design used in the study was compiled by the Institute for
Biostatistics of the Medical Research Council (MRC). Units of blcod were collected
and processed, from blood donors under the stipulated criteria, corresponding to
the study design. The pre, post and finai samples obtained were analyzed against
selected appropriate assays. The results of all the assays were statistically analyzed
by the Institute for Biostatistics at MRC. The resuits are all tabulated by way of a
statistical analysis, with their probability significance porrrayed. Significant

interactions between the factors were identified.

It is clear from this work that certain factors within the variables are maore critical

1o the cryoprecipitate production than others. Significant variables identified in the

Fvitl
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assay, prior to separation of the plasma were, the type of primary anticoagulant
used, being that of citrate phosphate dextrose (CPD), in conjunction with a pre-
processing time of under six hours with the whole blood maintained at a
temperature of 20°C. Of secondary importance, was the duration of the bleed, only
if consideration was also given to the donor blood group. Of benefit during the

production phase, was a rapid freezing temperature of >-60°C.

The fibrin degradation product assay (FDP) demonstrated the usefulness of
performing this assay as an indication of FVIil activation at the time of donation,
caused by the technique utilised to insert the donation needle into the vein.

The resuits highlighted that there are seventeen {17) steps in the FVII production
process, to which attention to detail should be paid to optimize yieids. Interestingly,

WPBTS already comply with twelve {12} of the conditions. Further improvement

couid be obtained if:
* only blood Group A donors were bled

blood were allowed to reach 20°C prior to separation

Fibrinopeptide A (FpA) assays were performed

a fast freezing rate {>-80°C) was implemented

the starting plasma volume was uniform.
Achievement of the above variables and their factors, nat currently used, would
determine the optimal production cycle and provide the increased vyieid of Factor

Vil in cryoprecipitate production, this study set out to achieve.
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CHAPTER 1

INTRODUCTION

Blood of a haemophiliac is deficient in Antihaemophilic Factor, or better known as
Factor VIll. This deficiency can be partially corrected by transfusions of a plasma
component, termed cryoprecipitate which contains the Factor VIIl. Cryoprecipitate
is the cold soluble precipitate obtained from thawed plasma. Factor Vil
concentrates are prepared from a number of pooled cryoprecipitate, used in home
treatment for haemophiliacs. The better the FVIIl quality and yield, the fewer
number of cryoprecipitates are required per pool, thus reducing cost and decreasing
the donor exposure rate per infusion. This in turn, reduces the infusion risk to the

patient.

Factor VIl is a labile coagulation factor which deteriorates rapidly when removed
from the human body. Variables influencing the recovery of cryoprecipitate from
the plasma are numerous. Improvements in transfusion and fractionation techniques
in recent years, have made it passible to produce Factor VIl (FVIi} from blood,
while preserving other components in the plasma for fract,onation into further
products, for use by other patients. The cost of haemophilia treatment relates
mainly to the costs involved in producing a product that is of adequate quality, and

sufficient in supply (Biggs et a/., 1974).

i_&



Cryoprecipitate production involves a wide range of variables which affect the final
outcome of the product. These extend from variables pertaining to the donation
criteria through to the final freezing stages in the production cycle. Variables
specific to the blood donation procedure are, donor blood type, exercise levels of
the blood donor prior to donation, type of primary anticoagulant used, length of
time taken to bleed the unit of blood, time delay prior to separation of the red cells
and plasma, and temperature of the blood at the time of separation. Variables
which influence the production processing cycle revolve around freezing and
thawing temperature, freezing and thawing techniques, precipitation and
centrifugation methods. These variables listed above were my choice for the study.
Variables chosen for the study were those that could be controlled, whereas those

that could not be controlled or remained constant, were excluded.

Since the advent of ¢ryoprecipitate production initiated by Pool in 1964, there has
been an active interest by a myriad of researchers, on various aspects of Factor VII!
Production. Variables influencing the recovery of iabile coaguiation from human
Plasma are numerous. Over the years, many attempts have been made to improve
the final yield of FVIIl by modifying the method of preparation. Cryoprecipitate

Production involves many variables, as outlined above {Smith and Hodges, 1984}.

Additional variables not included in the study ranged from, donor age, type of
Collection container, volume of the starting plasma, pH of the plasma, the level of
anxiety of the donor, the time from collection to freezing, temperature during

Centrifugation during the final precipitation of the cryoprecipitate, heat exchange,



and determination of the end point of production, all of which can affect the level
of coagulation elements present. These were excluded, as the production
specifications for these criteria could be determined and regulated to remain
constant throughout the study. As many as 80 variables with their appropriate
factors have been identified, which could conceivably affect the final
cryoprecipitate yield and quality of FVill levels. Many of these variables and factors
have systematically been individually evaluated by investigators since the discovery
by Pool in 1964. Each step of the production process must be meticulously carried
out, to ensure optimum proficiency, as it could have a cumulative effect on the
final yield. To date, no single investigation on FVIll has ever been reported, where
as many as fourteen variables were evaluated simultaneously, by a fractional
factorial experimental design. A total of 128 regular, volunteer blood donors all
meeting the donation criteria were used in this study. The relevant blood donor

base in a specified geographical area was stipulated.

The purpose of this study was to identify and assess those selected variables with
dominant factors, which play a key role in determining the vields and recovery of
Factor VIll in cryoprecipitate. In order to achieve this objective fourteen key
variables in the bleeding and production process were selected. Six of the variables
relate to the blood donor, donation and collection techniques and the handling of
the whole blood prior to the separation of the red cells and plasma. The other eight

variables are concerned with the production process.

The experimental design used in this study was a 2 Fractional Factorial Design



compiled up by the Department for Biostatistics at the Medical Research Council.
The design was compiled in such a manner that enabled all fourteen variables to
be compared with each other, simultaneously by using opposite factors. This type
of design requires only a fraction of the total number of treatments in a full factorial
design. The design would enable the more significant and dominant factors to be
highlighted and provide knowledge on how variables effect the cryoprecipitate
quality. With this approach it is possible, in addition to optimizing the key variables
and their factors, may reveal any previously unobserved interactions between

variables which could further enhance FVIIi quality.

The study was conducted within the routine cryoprecipitate production
environment at the component processing laboratory of the Western Province Blood
Transfusion Service, with the intention of providing guidelines which would be

suitable in a routine large scale production process.

Assays selected to evaluate the samples were FViil and von Willebrand Factor
(VWF) assays, fibrinogen, pH determination and fibrin degradation product (FDP}
assays. Plasma proteins and electrolyte assays were also performed. All the data
was analyzed by means of the statistical method, Analysis of Vz-iance {ANOVA).
The Fractional Factorial Analysis resulted in the analysis of effects and interactions
which in turn determined the significant variables with the probability confidence
limits set at p = 0.05. The results for significant effects and interactions are
presented in a table of means. Selection of FVIll, VWF, pH and fibrinogen assays

were based on experience over the years. The selection of the FDP assay was
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established as a resuit of a previous study we researched, whereby early activation
of FVIiI at the time of phlebotomy can be confirmed. The choice of performing the
plasma protein and electrolyte assays was due to the fact that no mention of their
effects on FVIll yield had yet been reported. Samples for assay were taken from the
blood donors prior to donation (termed pre), after the separation of the red celis

and plasma (termed post) and from the cryoprecipitate (termed final).

Factor VIII content of cryoprecipitate varies from one unit to the next, with the

average potency fluctuating from day to day, resulting in variations in the

production process.

This study was undertaken in order to resolve the objectives and answer the

hypothesis:

can the Factor VIl content within the packs of cryoprecipitate prepared from

individual blood donors, be made uniform?

which variables, such as primary anticoagulant, conditions »f freezing and
thawing, the interval of time between blood collection and processing and
donor variation in FVIl level, affect the quality of FVI! in cryoprecipitate

and can the FVIill levels be increased?

tn



* what combination of variables in all the technical steps involved in the
procedure, will lead to a process which optimizes the preparation of
cryoprecipitate, in a practical blood bank environment i.e. were there any
variables which had a dramatic effect upon the Factor VIl yield, such that

modification or control of them would protect against a poor quality product?

It has been shown by this wark that certain variables with their factors, are more
critical to the cryoprecipitate production than others. Significant variables identified
in the FVIIl assay, prior to separation of the plasma were, the type of primary
anticoagulant used, that of citrate phosphate dextrose (CPD), and a pre-processing
time of under six hours, with the whole blood maintained at a temperature of
20°C. Of secondary importance, was the duration taken to bleed the unit of blood
only if consideration was given to the donor blood group. During the production

phase, of benefit was a rapid freezing temperature of more than -60°C.

The Fibrin degradation product assay {(FDP) demonstrated the usefulness of
performing this assay as an indication of FVill activation at the time of donation.
It activation of FVIII was evident, it could have been caused by the technique

utilised to insert the donation needle into the vein.

The results highlighted that there are seventeen {17) steps in the FVIII production
drocess, to which attention to detail should be paid to optimize yields. Interestingly,

WPBTS already comply with twelve (12) of the conditions. Further improvement

zould be obtained if:

(4}



* only blood Group A donors were bled

* blood were allowed to reach 20°C prior to separation
* Fibrinopeptide A (FpA) assays were performed

* a fast freezing rate {>-60°C) was implemented

the starting plasma volume was uniform.

Implementation of the above variables, would determine the aptimal production
cycle and provide the increased yield of Factor VIl in cryoprecipitate production,

this study set out to achieve.

Study aim : to standardize the production of cryoprecipitate taking into account the
critical variables and their factors in order to define a STANDARDISED

PRODUCTION METHOD.



CHAPTER 2

LITERATURE REVIEW

2.1 CLASSIC HAEMOPHILIA (HAEMOPHILIA A}

2.1.1 INTRODUCTION

Haemophilia is one of the commonest of the hereditary haemorrhagic disorders
resulting from an abnormality in the activity of one of the blood clotting
ingredients. Without normal activity, clotting cannot take place and bleeding is
prolonged (Biggs et a/., 1974). Knowledge of bleeding disorders affecting male
members in certain families was recognized as early as the second century, and

also documented in the Talmud (Foster and Zimmerman, 1989).

Haemophilia, at the turn of the century was explained by geneticists, as the
presence of an abnormal haemorrhagic disorder, however it was unknown whether
the cause of the condition was a cellular or plasma deficiency. In 1911 Addis
demonstrated that a prolonged clotting time could be rectified by using the globulin
fraction of plasma, although at that time, lack of adequate blood >anking facilities
made whole blood the product frequently used to treat bleeding episodes. Due to
the volumes required, patients’ systems were often overloaded causing
unsatisfactory recoveries {Aronson, 1990). It is a well known fact that Queen
Victoria was responsible for the spread of haemophilia among the Europeanroyalty.

The first successful treatment of haemophilia patients recorded was with



intravenous infusions of plasma in 1924 (Smit Sibinga, 1996).

Step by step through the twentieth century this inherited sex-linked bleeding
disorder, its onset and method of treatment was unravelled. It is now known that
haemophilia is caused by the partial or complete absence of an essential
coagulation component in the blood, called Factor Vil or Antihaemophilic Globulin.
The absence of Factor VIl (FVIIl) affects males almost exclusively, knows no
geographical boundaries and is transmitted in a sex-linked recessive manner. At
present there are two forms of haemophilia recorded: Haemophilia A or Classical
Haemophilia, characterized by a deficiency of clotting Factor Vill and Haemophilia
B or Christmas Disease which is caused by a deficiency in Factor iX. Approximately
one in every 10,000 males in all parts of the world suffers from Haemophilia A.
Without treatment, very few boys with haemophilia can survive to adulthood. With
proper treatment however, they can expect to lead full, normal lives (World

Federation of Haemophilia :WFH, 1994).

2.1.2 GENETIC TRANSMISSION

When a haemophilia male marries a normal woman, a defective ' chromosome is
transmitted to all of his daughters, with the result that they will all be carriers of
the defective X chromosome, while all the sons will be normal. However, males
born to carrier daughters, have an equal chance of being either haemophiliacs or
being normal, and daughters born to female carriers, have an equal chance of being

either normal or carriers. It is possible that if a carrier female marries a haemophiliac



that a female child with haemophilia can be produced, however this situation is
extremely rare. There are two possible explanations for about a third of
haemophiliacs having no family history of the disease. A genetic mutation in either
the patient or his mother might have occurred. The other possibility is that the
family had very few, or no male children in previous generations, and the defective
gene which was carried by female children, did not have the opportunity to express

itself in the males (Eipe, 1971).

2.1.3 BLEEDING MANIFESTATIONS

Haemophilia is present at the time of birth and a low Factor Vill level can be
detected in the umbilical cord blood of a baby boy with haemophilia. In most
instances the first bleeding episode only manifests itself at the age of six to twelve
months once the child starts to become mobile. The first injurias are in the form of
deep bruises and superficial cuts. Haemarthrosis of the knees and ankles and
haemorrhages into skeletal muscles occur when the child begins to walk. People
with haemophilia suffer painful episodes of bieeding into the joints and muscles
over the years. This eventually results in chronic arthritis in the affected areas,
whilst brain haemorrhages can be fatal. With the introduction of r liable methods
for determining the level of Factor VIil in the blood, it was found that the severity
of the disease correlated with the degree of Factor VIl deficiency Table 2.1 shows
the relationship of blood levels of Factor VIl to the severity of haemorrhagic
manifestations (Eipe, 1971). Haemophilia can be classified as severe, moderate or

mild according to the FVII! level. The average normal level of FVIillis 100 U/dL; tha



normal range is about 50 to 180 U/dL (Kasper, 1995).

Level of Factor VIl (%] Haemorrhagic Manifestations
50 - 100 none
25 - 50 (mild} tendency to bleed after major injury
5 - 25 {mild 5 -30 U/dL) moderate bleeding after

operations/injury

1 - 5 {moderate 2-4 severe bleeding after minor injury
U/dL)
Q (severe 1 U/dL) severe haemophilia with spontaneous

bleeding into muscles/joints with
crippling effect

Table 2.1. Severity of Factor Vi Blood Levels (Eipe, 1971)

In industrialised first world countries boys born with haemophilia start receiving
treatment at an early age. This eliminates life-threatening bleeding episodes and
allows them to lead normal, productive lives (WFH publication . 1994). In countries
where diagnosis and treatment are not available, boys continue to suffer and
develop orthopaedic problems and die at a young age. It is estimated that 80% of
the world population with haemophilia receive inadequate care. Replacement
therapy is provided in the form of intravenous infusions of either processed or
fractionated plasma products. The raw plasma product is called crynprecipitate, in
which Factor Vil is found. This product raises the patient’s Factor VIl
Concentration to a level of haemostasis, for that particular bleeding episode and

maintains this status until healing is achieved.



2.2 FACTOR Vil

2.2.1 NOMENCLATURE

In 1985, new recommendations for the nomenclature of FVIll and von Willebrand
Factor (VWF) were formulated by an International Committee on Thrombosis and
Haemostasis (Marder et a/., 1985). The symbol for Factor VIl protein is Vili and
not VIII:C. The symbol for Factor VIl antigen is VIIi:Ag and is used for the
immunologic measurement of FVIIl. The symbol for FVIIl activity is VIII:C to be
used for the functional measurement of cofactor activity.

The symbol for von Willebrand factor is VWF and the antigen VWF:Ag (Foster and

Zimmerman, 1989).

2.2.2 STRUCTURE AND SYNTHESIS

Coagulation FVIII is produced from a 289 kb gene consisting of 26 exons which
give rise to a 9 kb mRNA. FVIll is a glycoprotein present in the plasma at a low
concentration (0.1ug/m!), and has a molecular weight of 2 x 10% daltons. Its
absence or deficiency results in Haemophilia A. . The primary structure contains
2332 amino acids and exhibits a triplicated region of 330 amir o acids (A domains)
an unique region of 983 amino acids (B domain), and a carboxyl-terminal duplicated
region of 150 amino acids (C domain}, that are arranged in the order A1-A2-A3-C1-
C2 (Bihoreau er al., 1989 and Masure et al., 1978). Figure 2.1 shows a schematic

representation of the structure of FVIiL
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Figure 2.1. Linear representation of the amino acid sequence of human
Factor VIil. There are three A domain repeats (A1, A2 and A3}
and two C domain repeats (C] and C2) (Foster and
Zimmerman, 1989).

Thé gene controlling FVIill is on the X chromosome. The site of synthesis is
unknown. Patients with Haemophilia A lack FVIll and usually lack Vill:Ag. Equally
poorly understood is how and where FVIII, which is synthesized as a single- chain
polypeptide, is converted to the two-chain molecule found in plasma, with a
variable heavy chain molecular weight of 210,00 to 90,000 and a light chain of
molecular weight of 80,000. The half-life of FVIil after transfusion is eight to
twelve hours (White and Shoemaker, 1989), however i vivo investigations have
indicated a relatively longer biological half -life of FVIil:C in less purified material
such as plasma and cryoprecipitate, than in more purified concentrates. it varies
between 10 and 20 hours {mean 13.9 hours) for less pure products, and 4.8 to 20
hours {mean 12 hours) in the more purified group. A Factor Viii halflife of less than
7 is not acceptable (Allain, 1984).

FVIH circulates in association with von Willebrand Factor (VWF)} which stabilises

. Von Willebrand Factor is found in the plasma, megakaryocytes, platelets and
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endothelial cells, and is required for normal adherence of platelets to injured
vessel walls. Itis produced under control of autosomal genes. When measured by
an immunological test using specific antibodies, it is known as von Willebrand

Factor antigen : VWF:Ag (Kasper, 1995).

2.2.3 COFACTOR FUNCTION

FVIIl is involved in the activation of Factor IX. Its function is measured by the FVIII
activity assay, in which the end point is the tormation of fibrin strands. The
molecule can be detected as Factor VIl antigen (VIII:Ag, also called Factor Vili
coagulant antigen, Vill:CAg) by an immunologic test using homologic antibodies
(inhibitors) to human FVIH. Activated FVIII {(FVIlla) is an essential participant in the
intrinsic pathway of coagulation {Foster and Zimmerman, 1989). FVill is the co-
factor of IXa in the activating step that converts X to Xa. Phospholipid and calcium
are necessary components of this compliex (Kabi Vitrum, 1987). The catalytic
efficiency of FVIl is greatly increased by activation of thrombin or Factor Xa. FVIII
requires thrombin for activation, but does not result in conversion to an active
protein. It is inactivated by further exposure to thrombin and activated protein:C
(White and Shoemaker, 1988). The endpoint of the carcade is the rapid
conversion of fibrinogen into insoluble fibrin to form a clot around a platelet plug
{Burke et a/., 1986),

The schematic representation in Figure 2.2, portrays the intrinsic coagulation

Ppathway.
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Intrinsic Pathway of Coagulation

Prekallikrein
1

K allikrein
—_——)
Xn HMK Xlla Tenase

+
Xl—Xla Complex

IX -——M IXa Viiia |+——VII
ca++
PL Prothrombinase
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Figure 2.2. Schematic representation of the intrinsic pathway of
coagulation illustrating the components of the tenase complex
and the prothrombinase complex. Coagulation factors are
represented by their Roman numerals. Activated coagulation
factors are represented by their Roman numerals followed by
a small case a. Other abbreviations: high molecular weight
kininogen (HMK); calcium ions (Ca**); phospholipid (PL)
(Foster and Zimmerman’s Scheme, 19889).

2.3 IMPROVING FACTOR Vill STABILITY AND YIELDS IN PLASMA

Until 1960, the only effective treatment available for haemophilia was the infusion
of plasma. In 1964 cryoprecipitate became available as a product for treatment
{Brodniewicz-Proba, 1991). The endeavour to enhance the levels of FVillin plasma
was pursued. Pool et a/. {1964) discovered that the insoluble gummy material
formed in plasma which had been stored at refrigerator temperatures, contained a
high proportion of FVIll when measured. Pool realized that the same phenomenaon
Occurred during the thawing of frozen plasma. The precipitate when reduced to a
low volume, provided better therapy for Haemophilia A, than plasma. (Pool et a/.,
1864). The development of cryoprecipitate and improved production technigues

15



now made available a treatment that was less costly and easier for haemophiliacs
to administer (Aledort, 1988). The next two decades saw numerous researchers
attempt to enhance the FVIll activity in cryoprecipitate, by improving the numerous
variables involved in the production of cryoprecipitate. In presenting the final
product in an acceptable form, the formulation of the plasma protein must preserve
its biological activity during processing. The production process must maintain the
product as close as possible to the normal physiological state and minimize physical
loss of activity or structural damage to the proteins during manufacture. These
aspects of formulation are important in the preparation of cryoprecipitate, because
FVIIl is a bioiogical labile component of plasma {Mcintosh and Foster, 1290).
Changes in the collection and processing of plasma have a direct impact on the

FVIll concentration in the cryoprecipitate.

Variables influencing the recovery of FVHI from the plasma are numerous
{international Forum, 1983). In the production of cryoprecipitate, there can be up
to 90 variables involved , ranging from the blood group of the blood donor to the
temperature of the centrifuge during final processing, involving numerous technical
production steps. Some of these variables and their corresponding factors influence
the final quality of the cryoprecipitate to a larger extent than ot'iers. (Pool, 1975).
Elimination of the less critical stages are advantageous, thus reducing the number
of stages, which require vigilant awareness in the attempt to produce a
consistently good product. If the production criteria for the preparation of
Cryoprecipitate is not accurately and adequately controlled, effective recovery of

all the Factor Vili present in the plasma is not possible. Modification of the mode



of preparation, over the years, has been attempted to improve the final yield of
FVill in the cryoprecipitate {Reiss and Katz, 19786). Each step in the production
process must be carefully accomplished, in order to obtain optimum proficiency at
every step of the operation, which in turn, will have a cumulative effect on the

FVil yield.

2.3.1 HIGH POTENCY CRYOPRECIPITATE FROM EXERCISED BLOOD

DONORS

FVIIl activity increases significantly as a result of short durations of intense
muscular exercise. The mechanism of the rise of FVIHI activity after exercise is
uncertain, but it is thought it may be due to elevated synthesis of FVIil, activation
of FVIII afready in circulation or a release of FVIil from body stores {Strand et a/.,
1974). The elevation of FVIl| levels peak shortly after exercise is ceased. The
benefit of exercising blood donors prior to venisection as a method to raise FVIII,
is acceptable to blood donors and achieves results 40% higher than normal (Van

Gastel et a/., 1973).

2.3.2 PRE-SELECTION OF DONCRS BY BLOOD GROUP

Variations in plasma levels of FVIIl in individuals with different ABO groups have
been reported in the literature {MclLellan et a/., 1988). In 1964 Preston and Barr
demonstrated that blood group O persons have notably lower FVill levels than

those persons with blood groups A, B or AB. The reason for the variation between

17



the ABO blood groups is not understood , as there is no relation between the H

secretor status and FVIIi levels.{Preston and Barr, 1964).

The plasma of group O blood has been reported to contain only 75% of the activity
present in the other blood groups (Tomasulo et a/., 1980). Again no explanation for
the association between the ABO blood group and FVIII in the plasma could be
furnished. The FVIII molecule is a glycoprotein containing the A, B, and H antigenic
determinants, and the removal of the carbohydrate may affect FVill and its related
activities (Tomasulo et a/., 1980). Similar observations were made by Jeremic et
al. (19786) and Wahlberg et a/. {1980). Observations were also made that group
A female donors, on oral contraception, yielded the highest FVill levels {Jeremic et
al., 1978). Blood group studies carried out by Carlebjork et a/. {1986a), confirmed
previous findings that blood group O persons, had Factor Vil levels of 20% lower
than those of other blood groups (Carlebjork et a/., 1986a). Plasmapheresis of
individuals with blood groups other than O was recommended as a collection

method to obtain plasma with higher Factor VIl levels.

2.3.3 BLOOD COLLECTION

Venipuncture procedures require that blood collection should be performed with a
sterile unused donation blood bag system, containing a new needle. The needle
eéntry into the vein should be a clean cut with a biood flow that is rapid throughout
donation, and that the mixing of the blood with the anticcagulant, be continuous.

The start and end of the bleeding procedure is critical. In the event of activaticn of



the coagulation system, as a result of the first millilitre of blood being left without
anticoagulant, activation of FVIIl could follow (Britten et al., 1966). Activation of
the coagulation system can best be detected by the Fibrinopeptide A and Fibrin
Degradation Products (FDP) assays. During blood coagulation, fibrinogen is
converted to fibrin by the action of thrombin which in turn activate FVIII and FXII.
Assay methods have made it possible to monitor whether activation has occurred
(Skjonsberg et a/., 1986). Random assay of units of blood provides an indication
in the accuracy of the bleeding procedure. It has been shown that there is some
correlation between the Fibrinopeptide A (FpA) contentin plasma and donation time
(Prowse et al., 1984). The amount of Fibrinopeptide A present, serves as an
indication of the amount of thrombin generated and indirectly as to the extent of

activation of FVill (Pflugshaupt and Kurt, 1983).

Standards recommended by the American Association of Blood Banks (AABB),
require that blood collected for the preparation of cryoprecipitate and platelet
concentrates, be collected from blood donors bled within eight minutes or less. To
date no further recommendations to alter this have been proposed (AABB
Standards, 1988). it was felt that the FVIIl activity and platelet yield might be
drastically diminished if the blood was collected over a period ¢ f time, i.e. longer

than 8 minutes due to activation of clotting factors {Reiss and Katz, 1976).

The Fibrinogen/Fibrin degradation products {FDP) and D-Dimer are regarded as one
of the most useful parameters available to evaluate the fibrinolytic status and

degree of coagulation (Sato et a/., 1995). Detection of the different fibrinogen and



fibrin derivatives can help identify whether processes involving thrombin, Factor
Xl and plasmin, have occurred in the donated blood unit (Proietti et a/., 1990).
Fibrin formation can be determined indirectly by the determination of released
fibrinopeptides, however these can be difficult to analyze as they have short half-
tives. The results do not give the same information as direct determination of

soluble fibrin {(Wiman and Ranby, 1986).

2.3.4 EFFECT OF ANTICOAGULANTS ON FACTOR Vil

2.3.4.1 TYPE OF ANTICOAGULANT

FVIil is a calcium linked protein which may dissociate in the presence of calcium-
chelating anticoagulants such as citrate, with substantial loss in activity. FVII:Cin
plasma anticoagulated by citrate, may be stabilised by restoring plasma ionised
calcium to physiological levels, combined with secondary anticoagulation by
heparin, in other words, by anticoagulant exchange to heparin from citrate
{Cumming et a/., 1990). Similar findings were reported by Rock et a/. {1983) and

by Krachmalnicoff and Thomas {1983).

Citrate-phosphate-dextrose-adenine (CPDA-1), used in a 1:8 ratio, is a registered
anticoagulant for the collection of whole blood. However, reports by Rock et al.
{1988) indicate, that by using this ratio allows the citrate present to be far in
EXcess of the requirement to prevent clotting. By reducing the citrate level, the

yield of FVIlf is increased {Rock et a/., 1988). The safety of red cells prepared by



half strength citrate anticoagulant (0.5 CPDA-2) as a therapeutic agent was
investigated, with the findings of the study being that CPDA-1 and CPDA-2 were
comparable (Murphy et a/., 1991). These findings are comparable to those of
Prowse et al. (1987) who found that the use of half strength citrate, did not impair
standard blood donation, collected into CPDA-2, nor were there any incidents of
formation of blood clots. To be a useful anticoagulant, half strength citrate (0.5}
should have the ability to maintain red cell viability on storage, to the same
standard as is currently available with other anticoagulants {Prowse et a/., 1987).
Griffin and co-workers {1988) were able to show that by collecting blood into 0.5
CPD-A2, the stability of FVIll in plasma or whole blood stored at room temperature
was greatly improved. Recent studies have shown that half-strength citrate CPD
solution, improves the maintenance of erythrocyte, 2,3 diphosphoglycerate during
storage of red cell concentrates, as well as provides a FVIII output of increased
stability and concentration (Suontaka et al., 1996). Contrary to the findings of Rock
and Palmer (1985), Smit Sibinga and Das (1984}, Krachmalnicoff and Thomas
{1983) and Morgenthaler et a/. {1985) which all found ACD to be a better primary
anticoagulant, an independent study by De Wit et a/.{1986), concluded that CPD

remained the superior anticoagulant over ACD {acid citrate dextrose) and heparin.

The anticoagulant concentration in ACD and CPDA solutions is almost identical,
although the higher FVIil activity in CPDA seems to be due to the preferable pH in
the CPDA medium. The pH on collection in both solutions are similar, but FVIill loss
occurs in ACD, possibly due to the lack of its buffering capacity (Weisert and

Jeremic, 1973). In a study carried out by Foster et a/. {1988), the loss of FVill in



the final product was due to a citrate induced inactivation, which was avoided by

controlling the concentration of ionised calcium.

FVIll travels as a calcium-linked complex which loses activity in the presence of
citrate. When subjected to a stronger chelating substance, this complex dissociates
completely and all activity is lost. FVIll has shown increased stability when
prepared from plasma containing physiological levels of ionised calcium, obtained
by the use of heparin as the anticoagulant. No difference in pH was observed in
plasma prepared from heparin or citrate (Cumming et a/., 1987). Heparin is a
potent, rapid acting anticoagulant that catalyses the inactivation of thrombin {Oman
and Tejidor, 1993}. It acts to prevent the conversion of prothrombin to thrombin
in the final step of the clotting procedure. In 1980, Rock patented the technique
of using heparin or sodium heparin as the mode of achieving improved FVIl yields
inthe production of cryoprecipitate. Heparin as an initial anticoagulant furnishes the
means for maximum preservation of FVIII:C (Smit Sibinga et a/., 1984). When
blood is collected into heparin, and combined with the methodology of thaw-siphon
and fast-thaw techniques, an even greater improvement in the yield of FVHI is
experienced {Smit Sibinga et a/., 1984). Collection of blood in heparin, instead of
chelating anticoagulants or neutralization of citrate by the adc.tion of Ca™™ to
heparinized CPD plasma, renders VII:C significantly stable (Mikaelsson et al.,
1883). Atoo high a concentration of Ca™~ forms a clot after freezing and thawing,
instead of the usual precipitate. FVill:C loses less activity, if blood is collected
either directly into heparin or if citrated blood is heparinized, it must be recalcified

within 12 hours of blood collection {Morgenthaler et a/,,1985). In order to be ahle
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to recalcify the plasma, it is critical to determine a concentration of calcium
chloride, which is as low as possible. A concentration of 10 - 14 mM of calcium
chloride is the concentration recommended, higher concentrations catalyze fibrin

formation {Adolisen, 19886).

Fibrinogen and fibronectin are major elements in cryoprecipitate in the presence of
heparin. Fibronectin molecules have binding sites for heparin, and in conjunction
with the vWF, help amplify the concentration of the precipitate. The fibrinagen
content is elevated by heparin (Smit Sibinga et a/., 1988). Wallevik et a/. (1989)
proved that by collecting blood into heparin, FVIil activity is improved and that the
red cell concentrates and remaining plasma products when infused, show no

adverse effects /n vivo.

FVill produced from cryoprecipitate collected in heparin, is able to produce a high
yield intermediate purity product that is able to be heat treated, however, with
detrimental consequences to stability and sofubility (Palmer et al, 1990).
Meastrement of FVIll:C activity can only be carried out in the presence of heparin,
if the heparin is removed by neutralization with either polybrene or Cellex T
{(Morgenthaler et a/., 1985). FVII prepared from heparinized plasma was found to
have poor solubility, whereas cryoprecipitates from citrated plasma with the heparin
added after plasma separation has a far better solubility {Morgenthaler er af.,
1985). The presence of heparin has an inhibitory effect during the measurement
of FVII. Neutralization of heparin can also be achieved by the use of either

Protamine sulfate or anion exchange filters. The concept of using enzymes such as



heparinase (Hepzyme) also achieves neutralization of heparin (Oman and Tejidor,
1993). Efficient removal of heparin can be achieved by the use of an anion-
exchange resin in the form of a tablet (Heparsorb®). Heparsorb® incubated with 1
ml of heparinized plasma is capable of rapid removal of heparin from the plasma to
altow further evaluation of blood coagulation factors {Cowan et a/., 1981). Due 1o
reliability of results reported in the literature, and ease of use, Heparsorb® is

recommended as the assay to follow (Thompson and Counts, 1976).

0.5 CPD-A2is not a licensed anticoagulant in South Africa, so had to be exciuded
from the study. On the other hand, although not used as the primary anticoagulant,

heparin was considered for use as a comparative factor.

2.3.4.2 INFLUENCE OF pH

Factor VIil is stable in a narrow pH range around 7. It dissociates reversibly in the
presence of high salt concentrations (International Forum, 1883). pH and salt
concentration caninfluence the thrombin-fibrinogen reaction (Morrison, 1966). The
pH of the plasma influences the stability of FVIli during the collection and storage
of blood and maximum stability is achieved at a pH of 6.9. The pH of the
anticoagulant solution used is important and should be maintained between 6.7 and
7.0 (Vermeer et al., 1976a). The precipitation stage of the FVill production should
be performed at a slightly acidic pH instead of the neutral pH of 7.0, as an
improved productis obtained having better solubility and greater stability (Liu er a/.,

1980). Similar conclusions were made during a study in Norway (Skjonsberg et a/.,



1987). pH of heparin solutions are 6.5, while the pH of ACD solutions are 4.9 and
that of CPD solutions are 5.5 (Rock et a/., 1979b). 40% loss of FVIIl activity was
experienced if cryoprecipitates were prepared from acidified plasma (Shanberge,

etal., 1972).

Arise in pH from 7.2 to 7.7 is experienced when fresh frozen plasma is stored at
room temperature for an extended amount of time. This can be explained by the
possible diffusion of CO, from the polyvinylchloride bags containing the plasma

(Smak-Gregoor et a/., 1993).

2.3.5 EFFECT OF DELAYED PROCESSING PRIOR TO PRODUCTION

The effect of delaying the separation of the red blood cells from plasma is one of
the many variables affecting the final outcome of the recovery of FVIIl in the

production of cryoprecipitate.

Standards recommended by the American Association of Blood Banks (AABB)
require that blood collected for the preparation of cryoprecipitate and platelet
concentrates, be coliected from blood donors and the plasma sf parated from the

red blood cells, and frozen within 6 hours {Hughes et a/., 1988).

Several reports by Avoy et al. 1978; Burka et a/. 1975; Slichter et a/. 1976 and
Sohmer et a/. 1982 demonstrated that delaying refrigeration for up to eight hours

only minimally influences the final activity of FVIil. Extension of the holding time



for the units of whole blood, from six to eight hours at rcom temperature can
provide enhanced flexibility in the preparation of cryoprecipitates (Moraff et a/.,
1990). However, other researchers failed to demonstrate any significant difference
between four to six hour old plasma, as well as eighteen hour old plasma as raw
materials for cryoprecipitate. The possible explanation is the longer second phase
half-life of FVIIl (Wensley and Snape, 1280). The delay in the separation of red
blood cells and plasma does not prove to be significant unless related directly to
whether the whole blood was stored at 4°C or 20°C (Pepper et a/., 1978).

Storage of whole blood at between 1°C - 6°C is inferior to storage at between
20°C- 24°C, when these temperatures are rapidly imposed on the blood by forced
cooling, which in turn could have a detrimental effect on the cryoprecipitate
present as well as the resultant FVIIl. Storage at 20°C - 24°C does not result in
higher risks of microbiological contamination (Allersma et a/., 1996). A low citrate
content in 0.5 CPD improves the stability of FVIlI plasma of whole blood held at

room temperature for 8 hours prior to separation (Suontaka et a/., 1996).

2.3.6 EFFECT OF PRE-PROCESSING STORAGE TEMPERATURES

FVHl at 4°C decays in a bi-phasic fashion. A rapid decrease of FVI'. with a half-life
of five hours is followed by a more stable phase. This accounts for the rapid loss
of activity within the first five hours after collection of up to 33%, decreasing to

14% at eighteen hours, with the whole blood being stored at 4°C {Pepper et al.,
1978).
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In a study by Slichter et a/. (1976), it was shown that the FVIll yield in
cryoprecipitate made from whole blood stored for six hours at 4°C was reduced
by 10% . This was also indicated by the instability of FVIH by in vivo and in vitro
studies. Pietersz et al. {1989) and Booth et al. {1982) reported benefits from the
storage of whole blood in a controlled environment at 20°C, prior to the
preparation of cryoprecipitate. The temperature of the whole blood was rapidly
cooled to the ambient temperature of 20°C. FVill levels were well preserved at 24
hours with recoveries of 80%, compared to a yield of only 65% at 4°C. This was
a significant finding, as for the first time it permitted blood collected at donation
facilities, to be transported overnight to the production centres and processed the

next day, without refrigeration of the whole blood.

2.4 IMPROVING FACTOR Vil RECOVERIES DURING PROCESSING

The potency of cryoprecipitate is affected partially by the technique of processing

and partially by donor elements {Kasper et al., 1975).

2.4.1 THAWING OF FACTOR Vill IN RELATION TO TEMPERATURE.

The thawing conditions of frozen plasma determine the FVIiI recovery. When
thawing is carefully controlled in rate, heat exchange and timing, the non-cold
Precipitable constituents redissolve, leaving the cryoprecipitate in a gel state. The
Cold-insoluble cryoprecipitate shows a temperature range over which solubility

changes from the gel phase to complete resolution. Literature reports that the
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differences observed in the FVIIl activity when using the "refrigerator-thaw”
technigue, compared to the "bath thaw" technique, are vast (Orthner and
MacPherson, 1984). The "bath thaw™ method using circulating water at 4°C, for

up to 90 minutes is accepted as the route to follow.

2.4.2 FREEZING RATE OF SEPARATED PLASMA

Fast freezing under conditions of optimal heat exchange, yield an improved FVIii
recovery compared to slow freezing. Animportant criterion for consideration, is the
rate at which the core of the plasma mass is solidly frozen. During slow freezing,
the water crystallizes from the outer layers towards the inside, increasing the
concentration of ions, proteins and other substances, resulting in changes to
osmolarity and pH. The freezing point drops and the FVIII molecular structure is
altered {Smit Sibinga, 1986). Ccmponents which influence freezing are, rate of
freezing, heat exchange, eutectic point, temperature control and time. The shape
of the frozen packs is an important consideration, as uniformity would allow an
optimal thawing process of the plasma mass. In 1978, Mason introduced an
improved freezing technique whereby the plasma packs, prior to freezing were
placed between metal sheets in order to achieve plasma slabs of equal and
Minimum thickness. A slow freezing rate results in a cryoprecipitate with a FViii
vield which is twice that of a fast frozen cryoprecipitate {Internationai Forum,
1983). A heavier cryoprecipitate results in a FVII with lower activity. It is however

récommended that plasma be completely frozen within 30 minutes of separation.



2.4.3 THE STABILITY OF FACTOR VIl IN THE FROZEN STATE

The optimal temperature for preserving FVHl in plasma is minus 30°C. The eutectic
point of plasma is minus 23°C. At any temperature below minus 23°C, there is an
irreqular mixture of water/ice and pools of unfrozen concentrated protein in
hypertonic salt solution (Britten and Grove-Rasmussen, 1966). Attempts to bring
frozen plasma from a storage temperature of minus 40°C to a complete thaw
within 30 minutes results in the preparation of a poor quality cryoprecipitate. If the
frozen plasma is warmed to minus 10°C prior to thawing the quality of the product

is enhanced (Foster et a/., 1984).

Storage temperature conditions of fresh-frozen plasma have a significant effect on
fibrinogen levels in cryoprecipitate. The fibrinogen is a major protein constituent in
Cryoprecipitate, as cryoprecipitate is used as a fibrinogen supplement as well as for
its FVIII properties. Enhancement of fibrinogen can be achieved by allowing the
irozen plasma to "warm" over a period of sixteen hours to minus 5°C prior to
thawing (Farrugia et a/., 1992). The estimated range of fibrinogen is between 100 -
300 mg per 10 ml volume of cryoprecipitate. There is no evidence to indicate that
the fibrinogen content is directly proportional to the amount of FVI', present in any

given cryoprecipitate (Ness and Perkins, 1980).



2.4.4 FREEZING TECHNIQUE OF PLASMA

Temperature changes in plasma during freezing can be separated into three parts,
namely a very slow decrease near freezing point, followed by two rapid events
before and after freezing. The final stage, close to the freezing point takes the most
time. The first stage is a rapid fall to freezing point. At freezing point the change
from liquid to solid occurs and a temperature plateau is formed, the plateau is
caused by the need of a large amount of energy transport at the conversion. Hence
the requirement for competent freezing equipment, in order to minimise the delay
in temperature decline. Handling of the frozen plasma must be quick and efficient
to avoid temperature fluctuations and better freezing conditions are experienced
when ethanol baths are utilised. FVIll recovery depends mainly on the time of the
phase change at the freezing point, therefore rapid freezing rates result in higher

recoveries of FVI!I {Carlebjork et a/., 1984 & 1986b).

Placement of plasma in a freezer, with a temperature below minus 40°C has been
found not to be suitable as a freezing technique {Farrugia and Prowse, 1985).
Plasma frozen in a minus 70°C ethanol bath or below minus 85°C produce a better
quality cryoprecipitate. When using a freezer, care must be taken ot to stack the
plasma bags on top off each other as freezing will be prolonged. The time taken to
freeze the plasma, under 60 minutes, is more critical than the type of freezing

€quipment used (Slichter et a/., 19786).



When the temperature of plasma is lowered, tiny ice crystals form and solutes such
as the proteins and salts become concentrated in the inter crystalline spaces. If the
temperature is lowered further, the salt concentration reaches a stage at which
some of the protein elements become insoluble and precipitate. Cryoprecipitation
is a process of salting out at subzero conditions where sodium chloride is the
predominant salt in the plasma with a eutectic point at minus 23°C. At
temperatures above this, small salt pockets will remain in the liquid solution (Rock
and Tittley, 1979). When plasma is frozen in different thicknesses and not in slabs,
the thinner portions thaw more quickly, thus losing FVIH content before the rest of

the plasma reaches its liquid state (Rock and Tittley, 1977).

245 SEPARATION OF RED BLOOD CELLS AND PLASMA BY

CENTRIFUGATION

Red cell contamination during separation of the plasma for cryoprecipitation
production is an important consideration. One of the side effects of frequent
infusion of cryoprecipitates is immunization of the patient. A high spin
centrifugation of 4500 - 5000 x g for 20 - 30 minutes is suggested as a crucial
production criteria {International Forum, 1983). FVIill levels in the rryoprecipitate
Were compared between platelet rich plasma, prepared by a relatively soft
centrifugation spin and that of fresh frozen plasma, prepared at high speed
centritugation. Both centrifugation techniques produced acceptable FVII levels

{Smith and Hodges, 1984).



2.4.6 POST-THAW HOLDING TIME OF CRYOPRECIPITATE

It is the period instantly post-thaw, when the physico-chemical change from the
solid form has just transpired, that is the determining factor in FVili recovery (Rock

and Tittley, 1977).

2.4.7 THAWING TECHNIQUE OF FROZEN PLASMA

FVIII can be lost in two ways during thawing. Dissolution of the precipitate occurs
when the temperature at the solid-liquid interface exceeds the FVIll solubility limit.
The second way involves inactivation of FVIll by enzymic degradation or other
instabilities occurring from hostile physico-chemical environments (Burka et a/.,
1875). In order to prevent the above from happening, thawing must be achieved
immediately with temperature control being vital. The problem is that overheating
occurs and in order to avoid this, an optimal thaw/temperature rate is necessary.
In order to maximise thawing, a large surface area at the point of exposure to the
heat, with even distribution is required, to prevent excessive heat on any one point

of the surface area (Foster er a/., 1982 and 1984).
The presence of ice crystals in the plasma during thawing is a critical phase, to

which close attention must be given (Burka et a/., 1975}. Ar increase of 20% in

FVII yield was obtained by the careful regard for detail.
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Rapid thawing can be obtained by rocking the frozen plasma packs in a water bath
in which the temperature of the water is held constant. This method is known to
enhance the yield and activity of FVIII {Margolis and Eisen, 19886). Rapid thawing
of the frozen plasma is usually achieved by submerging the packs in a circulating
water bath at temperatures between 4°C and 8°C, with a thaw time of 120
minutes. A major drawback of this technique is that the end-point of thawing "soft
ice" stage, associated with high yields, can simply be overlooked {(Wensley and

Snape, 1980).

According to Kang (1980}, the thaw-siphon technigue yields the best recovery of
FVill above all other thawing methods, although it is labour intensive on a large
production scale, with a critical stage being the end stage at the "soft ice" phase.
The fast-thaw is an adequate thawing technique also requiring attention during the

final thawing stages.

2.4.8 PRECIPITATION

The thaw siphon thawing technique described by Mason {1978}, has become a
well accepted thawing technique over the years. The procedure :xploits the Le
Chatelier equilibrium principle, in which the equilibrium of the two-phase system
lice - water) is continually displaced to the right by constant remcval (by siphoning)
of the thawed phase. There is little contact between FVII} and the figuid phase,
because the contents of the pack remain frozen. /n vivo studies of cryoprecipitate,

Prepared by this technique, confirm that the survival of FVIil compares well to that



of an intermediate purity concentrate {Toolis et a/., 1980).

In the thaw-siphon procedure, the temperature gradient hetween the "hot” 3°C
bath water and the frozen plasma is responsible for a continuous flow of heat , via
the walls of the plastic packs from the water to the frozen mass. Pressure from the
water supports the contact with the reducing plasma mass. The thin plastic layer
of polyvinyl chloride foil intensifies the continued heat exchange. The outflow of
the thawed plasma is sometimes interrupted as the volumes reduce, and the sides
of the plastic bags are sucked together. This is overcome by inducing puckering,
by the use of elastic bands (Mason et a/., 1981). This siphoning technique has
benefits in that the plasma protein is removed during the initial stages, and the
precipitate is washed free from any trapped soluble plasma protein, thus enhancing
the final purity. The fast processing by the continuous thaw-siphon technique by
Mason er a/. {1981) allows fast processing at controlied low temperatures without
the use of a centrifuge. The rise in FVIll experienced, is due to reduced
redissolution and reduced regradation of FVIII, due to maintenance of temperatures
below 4°C and the fast processing. Trapping of the cryoprecipitate within the
plasma mass, also contributes to the improved yield {Prowse and Mc Gill, 1979).
Alternately, the thawed plasma can be sedimented by a 4°C centrifu jation step for
15 minutes at 4733 x g. {Tomasulo et a/, 1980). Sedimentation of cryoprecipitate
is completed after 5 minutes centrifugation at 1500 x g. Further centrifugation for
an augmented period produces no further precipitation and only proiongs

production time (Vermeer et a/., 1976a).
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Cryoprecipitate appears to form a dense and heavy solid phase, which should be
gasy to separate from the liquid, but attention to the type of centrifugal equipment
is important. Fine precipitate particles are sometimes present in the supernatant
plasma and if not precisely centrifuged, by the use of adequate separation forces,
cryoprecipitate can be wasted {Foster et al., 1984). Another important factor is the
requirement to control temperature at the point of sedimentation. If too coid,
freezing will occur, thus reducing FVIll recovery. If too warm, the precipitate will
redissolve. The supernatant plasma is drained from the precipitate in a 4°C cold
room to minimize the redissolving of the precipitate to a final volume of 10 ml

(Slichter et al., 1976).

The final volume of the cryoprecipitate has a direct influence on the final FVIIl and
fibrinogen content. A final volume of 10 - 12 mi produces a cryoprecipitate with
high FVIil and fibrinogen content, diminished of excess of plasma proteins. A final
volume less than 10 mi results in lower recoveries {Hoffman et a/., 1987}. Frozen
Cryoprecipitates once thawed and pooled, have an expiry time of six hours, due to
bacterial contamination possibilities and also due to the unstable nature of the
FVIIL Fibrinogen on the other hand is an extremely stable plasma protein if stored

at 1 - 8°C for several days {Howard et al., 1991).

The AABB recommendation prior to 1989, was that thawed cryoprecipitate should
be stored at room temperature for up to six hours, if not used immediately. This
Was subsequently changed after researchers showed that cryoprecipitate and

f%brinogen were better stored at 1 - 6°C (Spivey et a/., 1992). Adequate levels of
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Factor VIl are preserved in thawed cryoprecipitated FVIIl that has been thawed at
room temperature for up to 24 hours. Precipitation of fibrinogen and FVIIl occur at
temperatures 1°C - 6°C. Loss of FVIHI occurs on thawing, so if required for
accurate FVIll determination, samples should be tested immediately (Saxena et al.,

1991).

2.5 STANDARDIZATION OF FACTOR Viil ASSAYS

The determination of Factor VIl proagulant activity (this means the total or partial
lack of production of the FVIil protein), is the most common specific coagulation
factor assay performed and is used to diagnose Haemophilia A (Brandt et a/.,

1988), as well as determination of FVIII activity in cryoprecipitates.

As the emphasis of this research work revolves around Factor Vill activity, it was
important to review the literature and the problems encountered with FVIIl assays
and assay types available, before commencing the study in order to determine

reproducibility, accuracy and reliability of results.

The number of variables that may affect the Factor Vil resuits are we .l documented
in the literature. Elements such as clot detection methods, technical staff, specimen
handling, data detection methodology and analytical parameters are but a few of
the criteria to be carefully considered when choosing the assay type to be used.
Analytical parameters related to type of buffer systems, aPTT reagent, substrate

Plasma and reference standards are major determinants of the precision and



accuracy of the assay. One of the most important options is the selection of FVII:C
deficient substrate plasma. The use of different types of deficient plasma has been
implicated as the cause of variability of one stage assays (Wasi et a/., 1994).
Clotting assays for the determination of Factor VIl activity suffer from low

precision and limited accuracy (Carlebjork et al., 1987).

It is of great significance that the appropriate kind of FVIli:C standard, according
to the sample being assayed, be used. In other words, a concentrate standard
when assaying FVIil concentrates and a plasma standard when assaying plasma
samples should always be used (Lusher etal., 1984). Concentrate standards should
be used for the assay of therapeutic concentrates. Calibration of the plasma
standard against the international standard concentrate has led to discrepancies
between assay methods: one and two stage assays, (Barrowcliffe, 1984). Several
collaborative studies organized by the National Institute for Biological Standards
and Control {NIBSC) in Great Britain, have demonstrated that one-stage and two-
Stage methods do not give the same results when comparing dissimilar
Preparations: plasma and concentrates, (Mikaelsson and Oswaldsson, 1984).
Standardization of the FVIIl plasma standard used, is either frozen or freeze dried
normal plasma which has been calibrated against the Internatioial Reference
Standard Plasma or other national standards. The plasma standard should always
be stored at below minus 30°C. The first International Standard (1S} for Factor Vili
established in 1971 by Bangham and colleagues was a major step forward in the

Standardization of measurements of Factor VIl clotting activity.

37



Most investigators use the one-stage Factor VII1:C method, although the two-stage
method gives higher yields (Kjellman, 1984). The estimation of specific activity
depends on the Factor Vil assay which varies significantly between the two-stage
and one-stage assay (Allain et a/., 1980). It is generally accepted that the two-
stage assay method provides a more precise and less artificial evaluation of FVIll
content. The two-stage assay has not been routinely used as it is difficult to
automate, and the test plasma requires absorption prior to assay (Rock and Palmer,
1985). Brandt et a/. {1988) recommended that whatever plasma sample is used to
censtruct the standard curve, it should be standardized against a reference plasma

with known activity, preferably one based on the International Reference Plasma.

In an investigation by Mikaelsson and Oswaldsson {1984}, a comparison of various
assay methods was undertaken which included a chromogenic substrate assay.
The findings were that the new chromogenic substrate assay provides both
accurate and precise measurement of FVII1:C. The assay was found to be superior
0 all other FVIIl coagulation assays. Validation of the Kabi chromogenic assay
against the one-stage clotting assay was carried out, with good correlation
between the assays. The chromogenic assay was found to be both cost effective

and less labour intensive {Pool, 1992).

The advent of chromogenic substrates has led to great progress concerning
methods for determining important coagulation parameters. A method was
developed that is simple to perform, requires no defibrination, contains reagents

with stability and produces results that would be accurate and reproducible. Hence
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the Coatest® for FVI detection was developed ((Rosen, 1984).

The Coatest® Factor VIl Kit was evaluated by a collaborative clinical survey (4
laboratories participated) against the one-stage clotting assays. Precision was
higher with the chromogenic method (Rosen et a/., 1985). The Coatest” was
adapted to a microplate technigue which is inexpensive and convenient. Many
plasma samples are able to be tested at the same time, hence less labour intensive.
This test kit is not dependent on the use of Haemophilia A plasma as test substrate
(Lethagen et a/, 1986). The Coatest®, however requires maintaining the
temperature at 37°C, concise timing of reagent addition and in pipetting
techniques. The technique has a further advantage in that all the reagents are of
animal or synthetic origin. Variations in use of the kit, by diluting reagents which
result in tonger incubation times, can be utilized, thus allowing up to 96 tests,
compared to 50, if used according to the manufacturer’s instructions (Prowse et
&l., 1986). This assay design is now in routine use in the quality control of the
production of FVII{. The simplicity of the microplate assay, in combination with the
high resolution at all Factor VIl ievels, makes it quite suitable for screening blood
donors. Setection of donors with high Factor Vili tevels for plasmapheresis, would
increase the quality of plasma intended for the production of cryopre .ipitates. The
microplate method is advantageous over classical coagulation assays. No reagents
of human origin are used, thus decreasing the risk of virologica! contamination.
Large amounts of samples can be assayed in a short period of time. The technique
Is easy 1o perform with high precision, even with personnel not trained in blood

Coagulation assays (Carlebjork et a/., 1987).
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2.6 2* FRACTIONAL FACTORIAL EXPERIMENTAL DESIGN

A full 2% factorial design requires all combinations of two versions of each of &
variables. If a variable is continuous, the two versions become the high and low
level factors of that variable. The notation using plus and minus signs are used and
the list of experimental runs is called the design matrix. The design matrix contains
k columns and N = 2k rows. There is a column for each of the & variables, and
each row gives the combination of versions for each run (Box and Hunter, 1961a
& b). A complete factorial experiment is one in which all possible combinations of
all the levels of the different variables, are investigated. This would involve a large
number of tests when the number of variables is greater than five. It is possible to
investigate the main effects of the variables and their interactions in a fraction of
the number of tests required for the complete factorial experiment {Box et al.,
1963). The object of fractional factorial designs is to obtain information on the
main effects, and as many of the interactions with a smaller number of tests than
would normally be required. This type of design is particularly valuable in a
production environment when there are a large number of variables implicated. It
's a worthwhile means of establishing which variables are playing a dominant role
in producing an effect. It is used where certain variables, which ma\ interact, are
1o be studied simuitaneously with other variables whose influence, if any, can be

described by main effects only.

A weakness of this design is that it provides no way of detecting all interactions,

€specially if several variables are playing a dominant role in producing an effect.
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Nevertheless it is effective in identifying dominant variables in a cost effective
manner {Hendrix, 1979). When a number of variables are to be compared, they
should be compared under the same conditions. Any extraneous variation will add
to the experimental error. Replication of an experiment is a means of providing an
unbiased estimate of the experimental error variance and more reliable estimates
of the effects (Dykstra, 1959}. The basis of all interpretations in this type of
experimental design is the assumption that the variables which have high loadings
of a factor, have something in common. Fractional factorial designs depend just as
much upon the formulation and testing of the hypotheses as any other form of
research (Adcock, 1954). Confounding is the process by which unimportant
comparisons are deliberately confused for the purpose of assessing the more

important comparisons with greater precision.

Statisticians can therefore be of major help in study design. The more the
researcher knows what is going on, the more the statistician can be of help in

study design (Boen, 1993).



CHAPTER 3

MATERIALS AND METHODS

This chapter describes the experimental design utilized and covers, sample
collection, bleeding procedures, production variables with their factors and the
assay techniques employed in an attempt to produce an improved quality

cryoprecipitate.

3.1 EXPERIMENTAL DESIGN

This study was based on a statistically recognized experimental design called
Fractional Factorial Experimental Design. Fractional Factorial Experimental Design
's employed when a myriad of variables with their factors are used in any one
Production process, all of which could have an influence on the outcome of the
product. To commence a table was compiled of the production variables, using
Opposing criteria,called factors. Units of blood were collected and processed into
Cryoprecipitate, from blood donors under the stipulated criteria, corresponding to
the study design. The pre, post and final samples obtained were ana'yzed against
Selected appropriate assays. The results of all the assays were siatistically
analyzed. The results are presented in the form of tables of means together with
Standard errors and least significant differences. Interactions between the

significant variables were identified. in selecting this design, the OBJECTIVE was

to:
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- gain understanding on how the variables affect product properties
uncover variables which influence the FVIlI yield in the cryoprecipitate, in
order to achieve an improved product

find "winning” combinations of variables and their factors.

The statistical design was proposed, compiled and analyzed by the Institute for
Biostatistics at the Medical Research Council {MRC). The variables were coded as
a chart of experiments with (+) and (-} signs, representing high and low levels of

gach factor {Hendrix, 1979). The chart is shown in Table 3.1

Fourteen production variables were identified as critical steps in the production
process. These are indicated as V1 to V14 in Table 3.2. The purpose of the
Fractional Factorial Experimental Design in Table 3.1 is to enable all two-factor
interactions to be estimated. In order to achieve this, a total of 32 production runs
~ererequired. For the purpose of obtaining reliable estimates of factor means, the
Size of the donor base of 52,000 blood donors was considered. It was accepted
that the 32 production runs would have to be repeated four times over, to be of
vaiue. The study variables selected are shown in Table 3.2, with their specific
factor for each of their high and low levels. The first six variables relat'ng to blood
donation were, donor blood group, time of donation, exercise levels of the donor,
Primary anticoagulant, delay prior to processing, and temperature storage
conditions, all conditions relating to pre commencement of the production of

Cryoprecipitate.
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Fractional Factorial Design. V1 - V14 are the different variables used and no 1 -32
the different production runs, the (+) is the high level factor (-) the low level factor
of each variable.
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The other eight variables deal with the production stages of the cryoprecipitate
process. They were, temperature for freezing and thawing of plasma, freezing and
thawing techniques, centrifugation speeds, precipitation methods and rate of
thawing. The variables and their factors were selected primarily, according to the
current production process at WPBTS, but the latest technology outlined in the

more recent literature also influenced our decision when making the selection.

Variables which could be monitored to remain constant were not considered.

{ D

‘_}{ ONOR EXERCISE LEVELS | EXERCISE NONE
J DONOR BLOOD GROUP GROUP A GROUP O,B,AB
. BLEEDING TIME < 8 MINUTES > 8 MINUTES

ANTICOAGULANT CPD HEPARIN
PRE-PROCESS DELAY < 6 HOURS 12 HOURS
PRE-PROCESS STORAGE 4°C 20°C
THAWING TEMPERATURE | 4°C 8°C
FREEZING RATE SLOW (2 hours) RAPID (1 hour)
FREEZING TEMPERATURE >-60°C -35°C

FREEZING TECHNIQUE

ALCOHOL/DRY ICE

LIQUID NITROGEN
(-60°C)

CENTRIFUGATION

RAPID 4733 x g

SLOW 2415x g

HOLDING TIME NONE 0°C (1 haur)
THAWING TECHNIQUE MOVING WATER MOVING PACKS
PRECIPITATION SECOND SPIN SYPHON

Table 3.2 Study variables with their factors.
V1 - V6 are the pre production variables with their factors - Stage A.
V7 - V14 are the production variables with their factors - Stage B.
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Variables required to remain consistent throughout all the production runs were
that:

the same phlebotomist place the donation needle into the donors arms
the donors donate at the same clinic

there be regular mixing of the blood packs during donation

the starting volume of 450 mi of each pack of biood be constant for each

donor bled

the final volume of the cryoprecipitate be 10 ml.

3.2 PRODUCTION VARIABLES AND FACTORS

3.2.1 DONOR FACTOR Vi (V1)

The blood donors with the requisite for the high (+) factor level for the variable of
donar FVIII, were required to exercise for 5 minutes, using an ergometer set on a
Moderate difficulty rate, prior to donation. FVIIl activity increases significantly as
aresult of short durations of intense muscular exercise (Strand et al., 1974). No
difference was allowed between male and female donors. The pulse rate and blood
Fréssure of each of these donors was taken pre and post exercise. This was to
SNsure that the exercise did not elevate the physical state of the donc. to outside
the norma| specifications required for blood donation. The pulse and biood pressure
of each donor varied according to the fitness and age of the conor. Criteria for
blood donation at WPBTS are a pulse rate of between 60 - 84 beats per minute and

Sio0d pressure of a minimum of 100/60 mm Hg and a maximum of 160/95 mm Hg.



The requisite for the low (-} factor level was no exercise, an immediate medical
cneck was performed, followed by the donation of blood. The medical investigation
involved checking the medical history, taking the blood pressure and pulse rate and

cerforming the iron test for determination of adequate iron levels prior to donation.

3.2.2 DONOR BLOOD GROUP (V2)

Sroup A blood donors were given the high level { +) factor for this variable. Blood
Sroups O, B and AB were given the low level (-) factor. On attendance at the clinic,
he donors, if agreement was obtained to participate in the study, were allocated

2 design number according to their blood group.

3.2.3 BLEEDING TIME (V3)

This variable was induced by the application of a sphygmomanometer cuff at
‘arying pressures. Normal bleeding time was considered to be < 8 minutes with
e pressure at 60 mm Hg. This was allocated the high level {+) factor for the
“ariable of bleeding time. In order to induce a condition for the bleeding time of low
'svel {-) factor, the pressure of the sphygmomanometer was reduced 1. less than

40 mm Hg. This prolonged the bleeding time to greater than 8 minutes.



3.24 ANTICOAGULANT (V4)

The primary container of a triple blood pack contains regular Citrate-Phosphate-
Dextrose anticoagulant/preservative (CPD) solution. This anticoagulant, first
described by Gibson et al. (1957) has been recommended as an excellent blood
preservative and is still used in modern transfusion services to-day. The formula is

given in (3.1) below.

As CPD is the standard anticoagulant registered in South Africa for the collection

of blood , it was automatic that it be utilised in the model of the high level (+)
factor for the variable of anticoagulant. Heparin, a naturally occurring complex
°rganic substance, possesses the property of retarding in vitro coagulation of
blood. It was selected as the alternative anticoagulant for the low leve! (-) factor.
Due to the configuration of the standard blood pack system, CPD was used as the
Primary anticoagulant. Heparin was added immediately after the bl!ood donation
"/as complete. The concentration of heparin (Pularin® Injection, Glaxo) added, was

3 Uiml. This was followed by the addition of 0.5 Mm Calcium chloride (CaCl,),

Formula 3.2,
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3.25 PRE-PROCESS DELAY (V5)

Units of blood for cryoprecipitate production should be processed within six hours
according to the Standards for Blood Banking, to maintain adequate levels of Factor
VIII.

The high level (+) factor for this variable was set at < 6 hours, i.e. the plasma had
10 have been separated from the red cells and frozen within that time. The low
'evel (-) factor time delay for this variable was determined to be 12 hours. The

Slood during this delay was left at the temperatures decided on according to the

next variable.

3.26 PRE-PROCESS STORAGE (V8)

After the units of blood had been collected, according to their required high and
low factor level, those that pertained to the high level (+) factor were placed

fmmediateiy in a blood hamper (WPBTS design) whose environment had been
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2ooled 1o 4°C. The blood remained at that temperature for the time duration as set
sutin VB, i.e. either processed in less than six hours or after tweive hours. The low
2vel (-) factor specification for this variable was normal room temperature (20°C).
Those units required to remain at their said temperatures for twelve hours, were all

tzd late in the afternoon and further processed the next morning.

32.7 THAWING TEMPERATURE (V7)

Tnis phase of the process followed the freezing stages which were covered under
-ariables V8, V9 and V10. The choices of temperature variety for this variable
~3re limited, due to this crucial production stage where cryoprecipitate was lost
~Nen temperatures of extreme nature were utilized. The high level { +) factor for
e thawing temperature was set at exactly 4°C, and that of the low level (-) factor

Loy

8°C. This thawing step was carried out in thermostatically controlied stainless

52

el water-baths, into which the frozen plasma packs were placed. A further

“escription is given under variable V13.

3.2.8 FREEZING RATE (V8)

‘ariables V8, V8 and V10 are closely interlinked. This variable deals with the speed

-

ar

- Which the plasma was frozen. This stage followed the centrifugation step,
‘ariable V11), in the production cycle. After the biood had been centrifuged under
"8 required specifications, the blood was placed in a plasma extractor. The sterile

e
~'a

3l 'was broken and the maximum amount of plasma was transferred to the empty



No.1 satellite container (Figure 3.1). The tubing at the y-connector was sealed and
:ne red cells disconnected from the plasma. The red cells were discarded for the
curpose of the study, due to some of the abnormal conditions they would have had
10 tolerate. The plasma in satellite container 1 and empty sateliite container 2, were
clacedin plastic overwrap bags {Fenwal}. This procedure provided protection to the
olastic containers during freezing. The plasma bags were compressed between two
metal plates, held together with elastic bands on each end to obtain relative
<niform thickness during freezing. The freezing rate for the high level (+) factor,
~as selected to be slow for a time period of two hours. The rate for the low level

-} factor, was designated to be rapid for one hour.

.

N

Primary
container No 1
(CPD) Satellite sggllziie
container container

S~

Figure 3.1 Triple Blood Pack Configuration
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3.2.9 FREEZING TEMPERATURE (V9)

inrelation to variable V8, the speed at which the plasma was frozen, was governed
oy the temperature at which it was stationed. The temperature for the high level

.+ ) factor, was adopted to be -60°C and that for the low level (-) factor at -35°C.

3.2.10 FREEZING TECHNIQUE (V10)

The high level { +) factor freezing technique applied, was a freezing tank filied with
a mixture of 70% ethanol prepared from a 96.6% solution (Analar) and nuggets of
solid carbon dioxide {Afrox -Dry Ice). The amount of dry ice added was directly
Proportional to the temperature required, i.e. as indicated in V9, either -60°C or
-35°C. The temperature at this phase was monitored by a digital thermometer. The
low level (-) factor had two systems for this variable, due to difficulty in obtaining
SXceptionally low temperatures. When a temperature of -35°C was required, a
Mechanical freezer was used for the purpose. The compressed plasma slabs were
Placed onto the shelves under the compressor fans. When the temperature of
below -60°¢ was needed, the plasma slabs were placed inside the uprer layers of
the liquid nitrogen tanks. The vapour present yielded the necessary cold

[=% M .
=Nvironment, and the slabs were instantly snap-frozen.



3.2.11 CENTRIFUGATION (V11)

The plasma was separated from the red cells in the first of the processing stages.
The normal centrifugation criteria employed routinely, was selected as the high
ievel {+) factor. This was at a speed of 4733 x g for 25 minutes. A slower
acceleration of 2415 x g for 45 minutes was utilized for the low level (-} factor of
this variable. Temperature of the blood was vital at this point of the operation and

Wwas maintained at 4°C.

3.2.12 HOLDING TIME (V12)

This holding stage was the final step in the production process. The high level { +)
factor for this variable received no holding procedure. The cryoprecipitate was
immediately placed between metal plates and snap-frozen at -40°C in alcohol/dry
ice for ten minutes. The low level {-} factor required the completed cryoprecipitate
10 be chilled at 0°C for an hour. Thereafter it was also snap-frozen. The final

products were placed at below -23°C until required for assay.

3.2.13 THAWING TECHNIQUE (V13)

This stage of the operation followed after variable V7. The thawing technique was
either one whereby the frozen plasma was placed in a water-bath at the required
temperature viz 4°C or 8°C, and the water circulated by means of jet sprays within

the enclosure. Alternatively the plasma was fixed to the moving arms of a water-



B

bath known as a "rocking water bath". This resulted in a motion of agitation of the
plasma packs, without circulating the water. The duration of the thaw was

controlled by the thawing temperature. When all the plasma was in a " soft ice
slush"”, it was considered the end point of the thaw. The cryoprecipitate was visible
as a solid matrix of firmly enmeshed strands in the semi-frozen fluid mass. The high
level { +) factor for this variable was the system, whereby there was movement of
water within the thawing bath, while the low level (-) factor was that of movement

of the plasma packs, with no water movement. The thawing time with each of

these methods was + 90 minutes.

3.2.14 PRECIPITATION {V14)

The iast stage in the production cycle was the precipitation of the cryoprecipitate
containing the Factor VIIl. It can be procured by centrifugation of the plasma at the
soft ice stage. The plasma was centrifuged for a second time at 4733 x g for 15
Minutes. The cryoprecipitate strands were forced to the bottom of the pack. After
centrifugation, the supernatant plasma was drained into the second satellite
Container (Figure 3.1), leaving behind 10 ml of plasma to resuspend the
Cryoprecipitate. This process was used for the high level { +) precipit ation factor.
The low level () precipitation factor eliminated the centrifugation step by
Substituting it with a siphon method. During thawing the seal was removed from
the satellite empty bag. As the plasma gradually thawed, siphoning commenced,
and the supernatant plasma was transferred to the empty bag. The duration of the

Sl¥3honing depended on the thawing technique and temperature, but on average

mn
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took + 90 minutes to complete. The final product was further drained until 10 mi
remained. The cryoprecipitate was then snap frozen at -60°C in alcohol/dry ice and

stored at -30°C until required for assay purposes.

Blood Donor Unit Whole Blood
- (V4, Vs & V)
(#1) % —
(V1,V2, V3 &Vqt)

“ Centrifugation (Vi) A

——— S—
wE e
_ Seperation _
l Discarded

Freezing Stage (Vs, Vo & Vio)

Thawing Stage ——— P Precipilation  ———————Pp Holding Time
(V:&Vi13) (Vi) (Vi)

|

Final Product
1. PRE SAMPLE
2. POST SAMPLE (%3)
3. FINAL SAMPLE

PRECHMTATE

Figure 3.2 Flow Chart summarizing the Production Cycle



3.3 BLOOD COLLECTION

On presentation at the clinic, a worksheet for each donor was completed, capturing
the relevant details such as age, sex and medical siatus (Appendix ). A production
run number was allocated randomly (according to Table 3.1), and the design high
{+) and low (-) level factor codes for the run recorded onto the worksheet. The
donor was phlebotomized accordingly and the blood processed as indicated. Whole
blood (480 - 500 mi) was collected from randomly selected blood donors at the
Medipark Clinic, Foreshore, Cape Town. Blood was cbtained from 128 regular
donors in good health and between the ages of 16 and 65 years. The sample size
chosen to achieve a level of reliability in the estimation of means was based on the
numbers of donors on the HQ panel (5536 in total). No distinction was made
between male and female donors. The donation was made into a 2,3-ethyl, hexyl-
phthalate plasticized polyvinylchloride triple bag system with 70 ml CPD as the

anticoagulant (Fenwal).

The donation procedure after complying with the medical check, followed the
bleeding specifications outlined on the worksheet. The phlebotomy was performed
oy the same nursing sister throughout, and the needle was inserted into the arm
Ina single movement so as not to activate the haemostasis pathways. Adequate
Mixing of the blood was maintained throughout the donation. After donation, the

Weight of each pack was recorded.
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3.4 SAMPLE COLLECTION

Blood samples were taken from each donor's non-donating arm, prior to any
exercise or medical checks being performed. 5ml was taken into tubes containing
no anticoagulant for determination of the electrolyte and plasma protein base lines
of the donors. 10 ml of blood was taken into EDTA for the evaluation of the Factor
VIIL {(FVIIY, Fibrinogen, von Willebrand Factor (vWF), Fibrin degradation products
\FDP) and pH base line levels. The plasma was alloquoted in 1 m! guantities in
plastic tubes, labelled with the relevant design number and frozen at below -23°C,
until the assays were ready to be performed. These samples were labelled the PRE
specimens. POST samples {10 ml) were taken from each unit after the
centrifugation (V11) stage of the production cycle, once the red cells and plasma
had been separated. Again the plasma was alloquoted into 1 ml quantities and
frozen. The cryoprecipitate was considered to be the FINAL sample, but was only
alloquoted when the Factor VIii assay was ready to be performed. Each of the 128

Production runs effectively, had a PRE, POST and FINAL sample for assay.

3.5 ASSAYS

The following analyses were performed on each sample: Factor VIIi, Fibrinogen,
von Willebrand Factor, Fibrin Degradation Products, Ph, Electrolytes and Plasma
Proteins, including Sodium, Chloride, Total Protein ,Calcium, Magnesium,
POtassium, Albumin and Alanine Aminotransferase. Testing was performed in such

a way that all the specimens for a particular production run were completed before
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commencing the assays for the next production run. A total of four proeduction runs
were carried out in order to obtain reliable estimates of the mean effects and
:nteractions. FVHI, VWF and fibrinogen assays were included in the study, due to
the fact that, from experience, they played an important role in determining the
ylelds in the cryoprecipitate. Ph determination is not routinely included as a routine
assay, but due to the variation in anticoagulants, | felt it important to include. FDP
assay provides a clear indication to whether FVIil activation has occurred, at the
time of phlebotomy. Plasma proteins and electrolytes have not been reported on
in previous studies and | felt significant findings might ccme to light by including

this set of assays in the study.
3.51 FACTOR Vill ASSAY (VIi:C)

3.5.1.1 PRINCIPLE

A chromogenic assay technique was selected for the determination of Factor VIII
“Gagulant activity {VIII:C), in plasma and blood fractions. The assay was designed
to give a linear correlation between Factor Xa, generated and Factor VI!I:C content
of the sample. In the presence of calcium and phospholipids, Factor X was
aCtivated to Factor Xa by Factor IXa. This generation was greatly stimulated by
Factor VIIl, which may be considered as a cofactor in this reaction. By using
9ptimal amounts of Ca®* and phospholipids and an excess of Factor Ixa and X, the
"ate of activation of Factor X was solety dependent on the amount of Factor VII:C

“Ontent of the sample. FXa hydrolyses the chromogenic substrate S-2222,



liberating the chromophore p-nitroaniline (pNA). The chromophore absorbs light at

405 nm. This reaction is simplified below.

The colour intensity was considered proportional to the Factor Xa in the reaction
mixture. Factor Xa was considered proportional to the Factor VIII:C content in the
sample. The colour intensity of the reaction was thus an indirect measure of the
Factor VIII:C content of the sample. The hydrolysis of $-2222 by thrombin in the
reaction mixture was prevented by the addition of the synthetic thrombin inhibitor,

1-2581, to the reaction mixture. The reaction is displayed diagrammatically in Figure

3.3.

/
£ i Ca* ; factor
2 = dactor / Vil
7 Xa L __
:Y Phospho- F7 .
\ lipid

2

Fi ; ; .
SUre 3.3 Djagrammatic presentation of the Chromogenix Reaction where FV/i/
is a cofactor in the activating step that converts X to Xa. Phospholipid
and Ca** are components in the complex.
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3.5.1.2 REAGENTS

The assay kit used was the Chromogenix Coatest” Factor Vill (Kabi Vitrum,

Sweden).

()  8-2222 + }-2581

Chromogenic substrate (Bz-lle-Glu{y-OR)-Gly-Arg-PNA}, 20 mg and synthetic
thrombin inhibitor, 335 g with mannitol added as a bulking agent. These were
reconstituted with 10 ml sterile water to obtain a concentration of 2.7 mmol/L. This

reagent remained stable for 6 months at 2 - 8°C.

th) Factor i1xa + Factor X

Lyophilized bovine Factors Ixa and X with bovine albumin added as a stabilizing
agent were reconstituted with 10 ml sterile water. This reagent was stable for 12
hours at 2 - 8°C. This reagent can be alloquoted into small volumes and if frozen

at-20°C, remained stable for a month.

e} Calcium chioride (Ca CL)

Calcium chioride was supplied in a 0.025 mmol/L solution, remained stable if stored

3t a temperature of between 2 - 8°C.

‘4l Stock Buffer Selution

Anew buffer working solution was prepared each day. One volume of stock buffer

salyy . . . .
Olution was diluted with 9 volumes of sterile water before utilizing. The

[6)
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constituents of the diluted buffer are Tris 0.05 mmol/L, Ph 7.3 and 0.2% bovine

albumin. The opened stock solution vial remained stable for one month at 2 - 8°C.

) Phospholipid
Thisreagent consisted of a phospholipid emulsion prepared from porcine brain, with
sodium azide added as a preservative. An open vial remained stable for one month

at 2 - 8°(C,

3.5.1.3 EQUIPMENT

The following additional materials were required for this assay:-

plastic test tubes (5 ml}

vortex mixer

laboratory assay timer

polystyrene microtitre plates (flat-bottomed)

heat incubator 37°C

Titertek Multiskan PLUS plate reader {405 nm filter)
Automatic microliter pipettes and tips

Multiskan PLUS is an eight-channel vertical light path filter photometer designed to
Measure the absorbances of liquids. In vertical photometry, the absorbance of light
's propartional to the amount of light absorbing substance in the well. The
Multiskan plate reader has a programmable calculation mode. Recall Programme 1
D

&ing that for the cryoprecipitate and Recall Programme O for the plasma. The

Caleulation mode was set as follows :-
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Standard 1 0% 0.00 U/ml FVIll 0.000 0 Q00

Standard 2 25% 0.25 U/ml FVIIi 0.237 5 Q00
g Standard 3 50% 0.50 U/ml FVIII 0.475 10 000
l Standard 4 100% | 1.00 U/ml FVIlI 0.850 20 000

Once the programme has been recalled, the start key is pressed, the plate inserted
and enter selected. The user then enters the concentrations and Multiskan PLUS
calcuiates a standard line with the help of concentrations and absorbances of these
standards, using the method of least squares. Measured absorbances of the
samples are converted to concentration units by the use of this line. Concentrations
obtained and the standard line are sent via the interface. A printout of the resuits

can finally be obtained.

3.5.1.4 STANDARD PREPARATION

A standard curve was prepared for each microtitre plate. Standards were prepared
using either plasma (WP plasma std, in-house), or cryoprecipitate, depending on the
samples to be assayed. The FVIll standard was prepared according to WPBTS
Standard operating procedures. The pre-assayed standard was pre-diluted to 1 U/ml
Factor ViHl in buffer. This was further diluted as shown below in Tabie 3.3 for the
Plasma standard, and Table 3.4 for the cryoprecipitate standard. All the dilutions
Were made in plastic tubes. Each dilution was mixed on the vortex mixer before

OfINg used for the next dilution.



Table 3.4 Dilutions for cryoprecipitate standard

3.56.15 SAMPLE PREPARATION
Samples were thawed at 37°C. They were assayed within 30 minutes of the

dilutions being made. As a resuit only one plate was set up in a run. The dilutions

for the plasma and cryoprecipitate samples were made as shown in able 3.5.
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Table 3.5 Sample dilutions for plasma and cryoprecipitate.

15 4l Cryoprecipitate sample was applied into each of duplicate wells on a 96 well
piate. 15 ul of each standard was applied to each well, commencing with buffer
+0%]} 1o act as a control, followed by the 25%, 50% and 100% standard dilutions.
The reader had been programmed to read in that order. The last two wells of the
ciate were filled with a back standard {100% standard ditution), which acted as
control and check versus the standard’s calibrated value. For the cryo samples this
Consisted of the undiluted cryo standard, whereas for the plasma the 100% ditution

“/as used. The plate arrangement is displayed in Figure 3.4.

"'8ure 3.4 tayour of microtitre plate. The plate is numbered 1-12, horizontally,
and A - H vertically for easy identification when reading results.
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3.5.1.6 ASSAY

The assay is demonstrated by a diagrammatic flow chart in Figure 3.5.

The phospholipid solution and Factor 1Xa + X bovine mixture were mixed

in the ratio 5:1 v/v. Three volumes of CaCl, were added to this blend.

40 ul Of this mixture were added to each well.

The plate was then covered, gently tapped to mix, and incubated at 37°C for

10 minutes.
30 ut Of the substrate solution (S-2222) was added to each well. The plate
was covered, gently tapped to mix, and incubated at 37°C for a further 10

minutes,

The plate was read on a Multiskan plate reader at wavelength 405 nm using

the calculation mode.

66



Preperation

1. PREPARE STANDARDS

2. DILUTE SAMPLES g

3. MIXWORKING REAGENT
(PHOSPHOLIPID, FACTOR 1XA + X, CaClz)

A0 pl + 15l
g waorking reagent sample dilution

5

:PNAstormation

% / 30 pt $-2222 + 1-2581
R Exactly
incubate 37° 10 min

N N

‘Caleulation

Keep onice

> o

Incubate 37°c

&

' Exactly 10min

405 nm
against a blank

Figure 3.5 Diagrammatic Flow Chart of FVI/f Assay.
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3.5.1.7 INTERPRETATION OF RESULTS

Firstly, the standard readings obtained against the programme linear standard
calculation, were checked to ensure that the results correlate. The back standard
was checked to see that it fell between the range of 18 - 22 U/ml. If it was out of
the specification range, a correction factor was calculated and the average of the
sample readings adjusted accordingly. An example of a correction factor is given
in Table 3.6. Duplicate sample readings were compared for accuracy and the mean

result calculated and expressed in U/ml for each sample.

Table 3.8 Calculation for correction factor.

351.8 THE EFFECT OF HEPARIN ON ASSAY

‘ha inhibitory effects of heparin require neutralization before an accurate F Vii|

“S8ay can be performed. Those plasma and cryoprecipitate samples that were
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spiked with heparin during the production process, were treated with Heparsorb®

(Organon Technika) in the following way:-

{i} 35 mg Heparsorb; was added to 0.5 ml plasma/cryoprecipitate sample;

{ii)  incubated at room temperature for ten minutes while rotating on a rotator
mixer;

(i} centrifuged for five minutes at 1200 x g at room temperature, and

{ivi  supernatant removed and assayed according to F Vil instructions above.

Expected Ranges: 0.5 - 1.0 U/ml

3.5.2 FIBRINOGEN ASSAY

3.5,21 PRINCIPLE

A rapid technique based on the Clauss technigue for thrombin clotting time (Clauss,
1957) was employed. The principle of this method was that the-clotting time of
plasma was inversely related to fibrinogen concentration. The enzyme thrombin,
onverts the soluble plasma protein fibrinogen into its insoluble polymer, fibrin, At
nigh thrombin concentrations {100 NiH units/mi), and low fibrinogen concentrations
(3-80 mg/dl}, the reaction was determined by the fibrinogen concentration. The use
o1 diluted plasma and a relatively high concentration of thrombin, results in little
Merference by fibrin degradation products (FDP) or heparin, unless presentin large

Moy : . .
mounts. The thrombin clotting time of test plasma was converted to fibrinagen
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concentration by use of a calibration curve, derived from a range of fibrinogen
concentrations, clotted by a fixed concentration of thrombin. When plotted on log-

i0g paper, the thrombin clotting time was linear when compared to the fibrinogen

concentration,

25.2.2 REAGENTS

W

Data-Fi® Thrombin Reagent

This reagent is a lyophilized preparation of bovine thrombin {approximately 100 NIH
units/ml} with stabifizers and buffers {Dade, Baxter Diagnostics - Ridge SA}. 1 mi
sterile water is used to reconstitute the reagent. The vial is re-stoppered and
eiowed to stand until dissolved. It is then inverted gently to mix. Shaking is not

ermitted. The reagent remains stable for 8 hours at room temperature or for 5

S8ys at 2 - 8°(C.

%) Imidazole Buffer

R Dissoi\fa 3 4‘@ g imréazaie{giycxahne} '
ST '..5 85 g Sodium Chisride

“make up fo 500 mt . . '
CAdd . . 188 m Hydrschienc Ac&d (0.1 mﬂif’!}
Make up to } G&Q i w;th Dssnﬁeé Water '

| Check wrih a pi—i me‘{er | pH 7. 3
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This reagent remains stable at 4°C and at room temperature for 24 hours if stored

in a polystyrene tube.

icl

Standard Plasma

Anin-house fibrinogen standard was used, which had been determined by replicate

analysis of plasma by the Ratnoff and Menzie technique {Hall and Malia, 1974).

3.5.2.3 EQUIPMENT

The following additional materials were required for this assay:-

plastic test tubes (5 mi}

vortex mixer

timer

heat incubator at 37°C

Automatic microliter pipettes and tips
Log/log graph paper

3.5.2.4 ASSAY

(il

Preparation of Standard Graph

A range of dilutions of the plasma standard were prepared in the imidazole
buffer. Dilutions of 1:5, 1:10, 1:20 and 1:40 were prepared.

0.2 m! of each dilution were warmed to 37°C and 0.1 mi of thrombin was
added.

The clotting times were recorded. The expected range was between 6 -20
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seconds. Duplicate measurements were made.
iivi  Using log/log graph paper, thrombin clotting times were plotted against the

fibrinogen content {g/l) of each dilution. A linear plot was obtained.

A new graph was prepared whenever a new batch of thrombin was utilized.
Multiple clotting times of the control normal plasma were determined. The mean
value + 2 SD was obtained with the control plasma when each batch of tests was

executed.

Preparation of Sample for Testing

i) The test plasma was diluted 1:10 in imidazole buffer. Duplicate thrombin
clotting times were obtained.
i) 0.2 ml of each test sample was warmed to 37°C

‘i) 0.1 ml of thrombin reagent added and the clotting time recorded.

35.2.5 INTERPRETATION OF RESULTS

The plasma fibrinogen value was derived by extrapolation of the mean of the
duplicate values read against the standard graph. [f the value of the test was
Outside the limits of the standard graph (6 - 22 seconds), the test plasma was
dlluted and a correction factor applied. This was determined in the same way as
Nat of the FV|I| assay. Example is given in Table 3.6. {(page 68)

Expected Range: 2 -4 g/l.
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3.5.3 VON WILLEBRAND FACTOR ASSAY (vWFAg}

3.5.3.1 PRINCIPLE

Yon Willebrand Factor is necessary in the primary haemostasis for the proper
formation of the haemostatic plug and normal bleeding time. The presence of the
antigen can be detected and measured by the double antibody sandwich enzyme-
iinked immunoassay (ELISA) technique. Wells of microtitre plates are coated with
specific antibody and incubated with plasma dilutions. Antigen bound to the

antibody is detected by a second antibody labelled with peroxidase.

3.5.3.2 REAGENTS

ta} Buffers

{i) Coating Buffer: 0.05 M Carbonate Buffer; pH 9.6

__‘______Biﬁ’&@i?ﬁ ;nﬁfstﬁied wate; Lo e ?Qﬁﬁ mi‘i-;-" B
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{(iii}  Citrate Phosphate Buffer 0.1 M; pH 5.0

(b) Enzyme Substrate

‘ct  Sulphuric Acid{ H, SO} 1M

To obtain a 1 M congentration, 28 ml H,S0, was added to 972 ml distilled water

‘d)  Antisera

{d) Rabbit Anti-Human von Willebrand Factor {2 mi}

Rabbit Anti-Human von Willebrand Factor, Dako-AQ82 (Denmark) is the purified
E:-"I’HﬂL,anog!c:nbuiin fraction of rabbit antiserum suspended in a solvent comprising of
0.1 M Sodium chloride {NaCl} and 15 mmol Sodium nitrate {NaN,;). The protein

“Cncentration is 5.4 g/l.
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i Peroxidase Conjugated Rabbit Anti-human von Willebrand Factor (2 mi)

Dako-P226 Peroxidase Conjugated Rabbit anti-Human von Willebrand Factor is the
purified immunoglobulin fraction of rabbit antiserum conjugated with horseradish
peroxidase of very high specific enzymatic activity. The solvent for this reagent
is comprised of 0.05 M Tris/Hydrochloric acid {(HCL) and 15 mmol Sodium nitrate

{NaN;). pH 7.2. The immunoglobulin concentration is 1.3 g/l.

3.5.3.3 EQUIPMENT

The following additional materials were required for this assay:-
plastic test tubes (5 ml)
vortex mixer
electronic timer
polystyrene microtitre plates and covers {flat-bottomed)
Titertek Multiskan PLUS plate reader with 492 nm filter
Automatic microliter pipettes and tips
Linear logarithmic graph paper
Tupperware container to serve as moist chamber
The principle of the Multiskan was previously explained under section 3.5.1.3 (see

Page 62), the only difference being that a different filter was selected viz. 492 nm.

3534 PREPARATION OF DILUTIONS

Test plasma and cryoprecipitate samples were diluted in PBS, from 1:50 to 1:200
'i.e. 3 dilutions}). Normal pooled plasma was diluted in PBS, from 1:25 to 1:3200
lle. 8 dilutions}. These plasma dilutions were used to plot the standard curve on
inear logarithmic paper.
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3.5.3.5 ASSAY

{if)

Hil}

{iv)

i)

Vil

ixi)

£Xii)

100 gl Anti-vWFAg, diluted 1:500 in coating buffer was added to each well
of a 96 well microtitre plate.

The plate was incubated in a moist chamber at room temperature for 2
hours.

The antiserum was then aspirated and the wells washed three times in PBS
containing 0.05% (v/v) Tween 20.

100 ul Of each plasma standard dilution was added to row A on the plate.
100 ul Of each diluted test sample was added as illustrated in Figure 3.6
below.

The plate was re-incubated in the moist chamber at room temperature for a
further hour.

The plasma samples were aspirated and the plates washed as in step iii.
100 4 Of peroxidase-conjugated anti-vWFAg, diluted 1:500 in PBS
containing 0.1% (v/v) Tween 20 was added to each well. The plate was
again incubated in the moist chamber at room temperature for one hour.
The plate was aspirated and washed as in step iii.

The plate was given a further wash with Citrate Phosphate Burfer.

100 ul Of freshly mixed substrate solution (CPD} was added to each well.
The plate was incubated at room temperature for 20 minutes.

At this stage colour development was observed. The reaction was stopped
by adding of 150 gl 1 M Sulphuric acid to each well.

Absorbance readings were determined by reading the plate on the Multiskan



plate reader at 492 nm.

Figure 3.6  Layout of microtitre plate for vWFAg assay.

3.5.3.6 INTERPRETATION OF RESULTS

The absorbance readings were plotted against vWFAQg standard concentrations on
inear-logarithmic graph paper. A straight line should be obtained with the pooled
Plasma (1.0 unit vWFAg per ml), diluted 1:8 to 1:2586, indicating that the assay
“as sensitive to at least 0.01 unit vWFAg per mi. The absorbances of the test

Plasma samples were read off the graph and recorded as a percentage.

Expected Result : 100%
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3.5.4 FIBRIN DEGRADATION PRODUCTS (FDP)

3.5.4.1 PRINCIPLE

During blood coagulation, fibrinogen is converted to fibrin by the action of
thrombin. The resulting monomers polymerize to form a soluble gel of non-
crosslinked fibrin. This fibrin gel is then converted to crosslinked fibrin by thrombin
activated Factor VI, to form an insoluble clot. The fibrinolytic enzyme plasmin,
cleaves both fibrinogen and fibrin to yield degradation products (FDP). Only the
degradation products from cross-linked fibrin {(XL-FDP) contain D-dimer. This
process is illustrated in Appendix {V. The green section is that of the Fibrinolytic
System. Abnormal levels of XL-FDP in plasma indicate reactive fibrinolysis. The
presence of XL-FDP in the circulation was first demonstrated by
mmunoprecipitation and gel electrophoresis techniques (Schifreen et a/., 1985).
The Dimertest® Latex Assay {Agen Biomedical Ltd, Australia) uses highly specific
D-dimer monoclional antibody attached to latex particles. Reactive fibrinolysis was
demonstrated by latex agglutination at a plasma concentration of approximately
0.25 mg/l XI-FDP. The objective for performing this assay, was to determine
whether the coagulation process had been activated at the point of the needle

veing inserted into the donor’s arm, due to poor phlebotomy technique.
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3.5.4.2 REAGENTS

:a)  Latex Reagent (2 ml)

One dropper bottle containing a suspension of latex particles coated with mouse

monocltonal Anti D-dimer antibody, containing 1 g/l Sodium azide as a preservative.

{b) Positive Control (0.6 mi)

A solution containing human D-dimer, stabilisers and preservative.

() Negative Control (0.6 mi)

A solution containing buffer and preservative.

'd) Phosphate buffer Solution (PBS 20 mi)

¢} Test Cards

10 A .
0 Disposable black 9 well reaction cards, with 80 disposabie plastic stirrers for
mixing. The reading surface of the test cards must not be touched with the
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fingers.
Test reagents and samples are equilibrated at room temperature {20°C - 25°C),
vefore testing commences. Reagents are mixed by inversion immediately prior to

4se in the assay. The reagents remains stable if stored at 2°C - 8°C.

3.5.4.3 EQUIPMENT

The following additional materials were also required:
Precision micropippettes and tips: 20 gl and 100 yl

Plastic test tubes and rack
Centrifuge

3.5.4.4 ASSAY

All the samples were tested by the Qualitative Screening Test (Koopman et al,,
1987) initially, and those that tested positive were then tested by the

Semiguantitative Method (Mirshahi et a/., 1986).

Qualitative Screening Test

Samples were thawed at 37°C and centrifuged before testing.
Positive and Negative controls were included ir each batch of testing. The
Same assay procedure was followed for the controls as was for the test

samples.

One disposable test card was selected, holding the dropper bottle vertical
ane drop of Latex reagent was added to the card.

20 ut Of undiluted plasma or control solution were added adjacent to the
latex droplet.
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v}  The latex and plasma sample/control were mixed with the plastic stirrer, until
the latex was uniformly distributed.

vl  The card was gently rotated for 3 minutes.
{vii) At precisely 3 minutes the test was checked under a strong light source for

agglutination. Agglutination was indicative of a positive result and no
agglutination of a negative result.

Examples of the results are displayed in Figure 3.7

3+

Numerous large clumps
Background clear

Neg.(— or 0)
No agglutination
Background very
cloudy

Figure 3.7 MHlustration of the FDP reaction resufts.
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Semiquantitative Screening Test

) If a positive result was obtained, the following procedure was followed:

{if) Doubling dilutions of the test plasma were prepared as shown in Table 3.7.

100

| 100 100
|  to0ofaii2 100
1 j] 100 of dil 1:4 100

Table 3.7 Dilutions for the semiquantitative screening test

i) Steps iii to vii for the Qualitative Screening test were then carried out on
each dilution.

tiv]  The highest dilution in which visible agglutination occurred was taken as the
titre.
3.5.4.5 INTERPRETATION OF RESULTS

Rlevated levels of plasma XL-FDP were indicative that activation of the coagulation

System had occurred (reactive fibrinolysis),which will cause agglutination of

Dimertest Latex as shown in Table 3.8.
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Table 3.8 Fibrin Degradation Products (FDP) Results for quantitative method

"+ " = agglutination = no agglutination

Levels greater than 4.0 mg/l were calculated by extending the dilutions beyond 1:8.
The crosslinked fibrin degradation products, D-dimer, D-dimer E and high molecular
weight derivatives were all recognized by the Dimertest monoclonal antibodies. No
binding was found to the fibrinogen degradation products X, Y, D, E to 20 mg/l or
1o fibrinogen to 1000 mgj/l.

Expected Result: Negative

35.5 pH DETERMINATION

3.5.5.1 PROCEDURE

PH value is the logarithm of the reciprocal of the hydrogen ion concentration; p for
PCwer and H for hydrogen. pH values range from O to 14, i.e. from very acidic to
‘ery alkaline. Water contains hydrogen and hydroxyl ions, the relative

tOncentration of the ions are important. The product of the hydrogen and hydroxyl

ON concentration in water at 25°C must always equal 10" '* gm/ion litre of
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solution. If the hydrogen ion concentration exceeds the hydroxyl concentration the
water is acidic. If the concentrations are equal, the water is neutral. When the
nydroxyl ion concentration is greater than the hydrogen, the water is alkaline

‘Jackson and Morton, 1979).

The PRE, POST and FINAL samples’ pH were measured using a Zeiss Model 300
oH meter, utilizing a N 60 A micro-electrode to determine the degree of acidosis in

The samples.

Expected Value: 7.4

3.5.6 PLASMA PROTEINS AND OTHER SUBSTANCES

The chemistry parameters are preprogrammed on the Technicon Dax System. The
Technicon Dax is a multiple chemistry analyzer which utilizes photometry
‘echniques for the plasma protein and assays of other substances. The appropriate
System values(SSVs) for the calibrators are entered into the calibrator parameter
'able and are shown in Table 3.9 for each of the assays selected. A quality control
Programme is performed daily on the machine to ensure the controls for each assay

‘alis within the required specifications.
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5.8.1 PARAMETERS FOR PLASMA PROTEINS AND OTHER SUBSTANCES

4 660 548 340 572
| 700 nm 628 nm 380 nm 700 nm | 628 nm
| 3.0 4 5.0 1 14.0 i 2.5 g 10
H NT 150/15041 250 ¢l 250/50 400 4l | 300/100u
_VOLUME
NCUBA’*‘?GN 150 sec. 330 sec. 288 sec. 30 sec 66 sec.
LoIME ‘
| TEMPERATURE "] 37°C 37°C 37°¢C 37°¢C 37°C
| ToTaLREAD i . 180 sec. i
LTmE L
Table 3.9 Plasma protein parameters and other substances
Mg = Magnesium TP = Total Protein
ALB = Albumin Ca = Calciurm
ALT = Alanine Aminotransferase
t5.6.2 ASSAY PRINCIPLES FOR  PLASMA PROTEINS AND OTHER
SUBSTANCES
Magnesium

Aagnesium ions form a red chelate with Xylidyl Blue in an alkaline medium which

‘®SUlts in a spectral shift. The change of absorbance at 660 nm ,is directly

“"OPortional to the magnesium concentration, and can be quantified by an endpoint

-'%asurement.
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{ii} Total protein

The peptide bond of proteins forms a coloured complex with Cu?" ions in alkaline
solution. The shift of spectral adsorption is measured photometrically, and is
directly proportional to the protein concentration of the sample. This assay is

pased on the Biuret method.

i) Alanine Aminotransferase

The reaction is initiated by the addition of the reagent to the patient sample. The
rate of decrease in the concentration of NADH, is directly proportional to the ALT

aclivity in the sample. The reaction is monitored at 340 nm as a zero-order kinetic

assay.

fiv) Albumin

BCG preferentially binds albumin at pH 4.2 causing a shift in the absorbance
Spectrum. The increase of absorbance measured at 604 nm after 30 seconds, is
directly proportional to the concentration of complexed albumin.

tv) Calcium

Acidic caleium reagent is added to the serum sample and incubated to ensure the

release of protein-bound calcium. An initial absorbance reading is taken before
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adding reagent 2 to minimize the effects endogenous interfering substances.
Addition of the second reagent, forms an alkaline medium wherein cresolphthalein
complexone forms a coloured complex with calcium ions. Absorbance is measured
at 572 nm. The 8-hydroxyquinoline in the reagent binds the free magnesium ions,

thus minimising the possibility of their interference in the calcium assay.

3.5.6.3 REAGENTS

) Magnesium

Reagent 1 (diluent) containing 153 mmol Potassium carbonate.

Reagent 2 (colour reagent) containing Xylidyl blue-1 0.39 mmol; Buffer; Surfactant;
Ethyiene bis (oxyethylenenitrile) tetraacetic acid 0.09 mmol.

The Technicon Omnipak Magnesium Reagents are reacy-to -use as supplied and no
Preparation is required. After opening, the reagent remains stable for fourteen {14}

days at 2 - 8°C.

i) Total Protein

Total Protein Reagent contains Sodium hydroxide 200 mmol; Sodium potassium
tartrate 50 mmol; Cupric sulfate pentahydrate 12 mmol; Stabilizers. The Technicon
Omnipak Total Protein Reagent is ready-to-use as supplied and no preparation is

"équired. After opening the reagent remains stable for thirty {30) days at room

®Mperature.
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i) Alanine Aminotransferase

Al T Reagent 1 contains Lactate dehydrogenase (porcine muscle) 3206 U; L-Alanine

575 mmol: NADH 0.32 mmol; Buffer; Stabilizer.

ALT Reagent 2 contains a-Ketoglutarate disodium 101 mmol.

These reagents must be reconstituted with the stipulated amount of deionized
water before use. After opening, this reagent remains stable for twenty-one {21)

days in the refrigerated compartment of the Technicon Dax system.

fiv) Albumin

Albumin Reagent contains Bromcresol green 0.30 mmol; Preservative; Surfactant
and Buffer. The Technicon Omnipak Albumin Reagent is ready-to-use as supplied
and no preparation is required. After opening, this reagent remains stable for thirty

'30) days at room temperature.

) Calcium

Calcium Reagent 1 contains 8-Hydroxyquinoline 11.3 mmol; Cresolphthalein

Complexone 0.08 mmol.

Calcium_Reagent 2 contains AMP Buffer. The Technicon Omnipak Calcium

Reagents are ready-to-use as supplied and no preparation is required. After opening
this reagent remains stable for fourteen (14) days in the refrigerated compartrment

¢f the Technicon Dax system.
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3.5.6.4 ASSAY PROCEDURE

i) Dilution of samples for these assays were not required. The frozen samples
were thawed at room temperature before using.

il Those samples which appeared turbid, were centrifuged prior to insertion
into the analyzer.

{ii)  The samples and reagents were placed into the various allocated holders and
channels in the analyzer and the relevant assay programmes selected.

‘iv]  The readings were sent via the interface to the printer. They were calculated

in the computer, and a printout containing all the assay results per sample,
were printed on a separate page per sample.

Expected Values:

Magnesium 1.8 - 2.6 mg/dl

Total Protein 6.4 -8.8 g/d

Alanine Aminotransferase 5.0-43.0U/L

Albumin 3.0-5.5 g/dl

Calcium 9.2 -10.9 mg/dl
3.5.7 ELECTROLYTES

The chemistry parameters are pre-programmed on the Technikon Dax System. The
Technicon Daxis a multiple chemistry analyzer which utilizes electrode analysis for
the electrolyte determination. A quality control programme is performad daily on
the machine to ensure the controls for each assay falls within the required

Specifications.
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3.56.7.1 PRINCIPLES FOR ELECTROLYTES

L) Sodium (ISE}

The Technicon Dax system sodium method is based on an indirect potentiometric
procedure using an ion-selective electrode. The sodium ion-selective electrode
responds selectively to sodium ions according to the Nernst equation (Eisenman,
1267). The serum sample is mixed with ISE buffer, thereby prloviding a constant
pH and a constant ionic strength solution. As the buffered sample flows past the
‘on-selective electrode, changes take place in the electrical potential. These
slectrical potential changes are automatically measured against the potential of a
reference electrode, in order to derive the correct analog value for that sample.
The electrical potentials are proportional to the logarithm of the respective sodium
'on concentrations in the sample. The analog/digital signals for each sample are
brocessed and then sent to the Technicon Dax system CPU, where the software

cenverts the data to reportable concentration units.
i) Potassium (ISE)

The Technicon Dax system potassium method is based on an indirect
Potentiometric procedure using an ion-selective electrode. The potassium ion-
Selective electrode responds selectively to potassium ions according to the Nernst
®quation (Eisenman, 1967). The serum sample is mixed with ISE buffer, therebhy
Providing a constant pH and a constant ionic strength solution. As the buffered

Sample flows past the ion-selective electrode, changes take place in the electrical
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notential. These electrical potential changes are automatically measured against
the potential of a reference electrode, in order to derive the correct analog value
for that sample. The electrical potentials are proportional to the logarithm of the
respective potassium ion concentrations in the sample. The analog/digital signals
for each sample are processed and then sent to the Technicon Dax system CPU,

where the software converis the data to reportable concentration units.

i) Chloride (DCL)

The serum sample is mixed with chloride reagent. This reagent, an equilibrium
solution of ferric, mercuric and thiocyanate ions, when combined with the chloride
ions in the serum, undergoes a double displacement reaction, forming a red-brown
thromophore, ferric thiocyanate. The absorbance is proportional to the

toncentration of the chloride in the sample.

2CI + Hg(SCN), HgCl, + 2SCN

3SCN + Fe3 Fe(SCN); (red-brown)

3.5.7.2 REAGENTS

b Sodium and Potassium

ISE Buffer contains buffer and preservative.

ISE Mid Range Calibrator contains 14 mmol Sodium; 0.4 mmol Potassium and a



Preservative.

'SE Detergent Diluent contains 140 mmol Sodium; 4 mmol Potassium and 44 mmol
Scdium azide.

After opening, these three reagents are stable for thirty (30) days at room
temperature.

{SE Calibrator Serum Low contains 120 mmol Sodium; 2.0 mmol Potassium and a
stabilizer. |

ISE Calibrator Serum High contains 160 mol Sodium; 8.0 mmol Potassium and a
stabilizer.

These two reagents are used for calibration of the machine.

‘SE Detergent contains Surfactant.

After opening, the ISE Calibrator Serum High and Low are stable for twenty-four
(24) hours at 2 - 10°C. A working ISE Detergent preparation is made with 12.0
Ml of detergent diluent added to 12 mi of ISE detergent. The blend is mixed gently
9y inversion until completely dissolved.

(i) Chloride

DCL Chloride reagent contains 0.8 mmol Mercuric nitrate; 1.8 mmol Potassium

thic’cvanate; 35 mmol Ferric nitrate and 108 mmol Nitric acid. No stabilizers or
Breservatives are added. After opening, this reagent remains stable for thirty {30)

daysin the refrigerated compartment of the Technicon Dax system. The Technicon
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Dax system requires programming for this reagent. The following parameters are

sntered on the Colour Reagent Screen:-

Test Name Cl

Type End-up
Wavelengths 476/572 nm
M.point 3

Type Standard
Sample Volume 4.0 ul
Reagent 1 volume CL 400 ul

3.5.7.3 ASSAY PROCEDURE

i

Vi

Dilution of samples for these assays were not required. The frozen samples
were at room temperature before using.

Those samples which appeared turbid, were centrifuged prior to insertion
into the analyzer.

The samples and reagents were placed into the various allocated holders and
channels in the analyzer, and the relevant assay programmes selected.
The readings were sent via the interface to the printer. They were calculated
in the computer, and a printout containing all the assay results per sample,
were printed on a separate page per sample.

Reported values were calculated from the Nernst Equation automatically. The
software contains a series of detectors and limits, to assure that the sample
had been aspirated correctly, diluted accurately and that the electronic
modules were balanced according to assigned specifications. As results

were reported, abnormal values were flagged.
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Expected Values:

Sodium 136 - 144 mEq/l
Potassium 3.2 -4.8 mEq/l
Chloride 99 - 106 mEgqg/l

3.6 STATISTICAL ANALYSIS

The data from all the assays were extrapolated from the various worksheets into
a Lotus 123 spreadsheet. The results are displayed in Appendix Il for each of the
assays in the following order: FVIll, Fibrinogen, von Willebrand Factor, Fibrin
Degradation Products, pH determination, Magnesium, Total Protein, Albumin,
Calcium, Alanine aminotransferase, Sodium, Potassium and Chloride. The results
w~ere entered into columns according to the run number, against their production
run number reflected in the rows. Those resufts falling outside the assay

specification ranges are termed outliers, and are displayed with a * next to the data

rasult,

The information was supplied on computer disk to the Department for Biostatistics
of the Medical Research Council, for analysis. The statistical method applied to the
data was:- Analysis of Variance (ANOVA). The Fractional Factorial Analysis
involved the estimation and testing for significance of all main effects of the

variables and all two-factor interactions. The results obtained, are shown in

Appendix 1.



CHAPTER 4
RESULTS

Tne results of the assays, determine whether donor and production variables play
aro‘e in contributing to an improved final FVII yield, were analyzed by the method
3t Analysis of Variance. This was applied to ali the measurements in each assay

category of the variables and their factors considered.

A 1otal of 128 blood donors were used for the study, 32 were required for each
“cmpiete reproduction of the design (Materials & Methods, Table 3.1 Fractional
~actorial Design), which was repeated four times to obtain reliable estimates of
‘actor means. Healthy blood donors between the ages of 18 - 65 years, who fell
“i1hin the bleeding criteria, were used. The selection of the volunteer blood donors

/88 on a random basis, in that as they presented themselves at the selected

e
-

¢ding venue and met with the acceptance donation criteria, were used for the

Study,

"¢ statistical data based on the resuits of all assays was analyzed by the Irstitute
97 Biostatistics of the MRC. The results were supplied on disc, via the computer
“’O0ramme Lotus 123 spreadsheet. The results of all the assays performed are

“'esented in Appendix Il.

A a . . .
- “Cmplete exposition of all the statistical results for the study is presented in
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Appendix Hl. A significance level of 0.05 was used in the statistical analysis.
Sarples were drawn at three stages, from the time the donor was bled, until the
crycprecipitate was complete. The first sample was taken from the donor prior to
donation and was labelled the PRE SAMPLE. The second was taken after the
ciasma and red blood cells were separated (V6), and labelled POST SAMPLE . The
inird sample was the cryoprecipitate itself, which was the final finished product

and was labelled PRODUCTION SAMPLE.

-~fortunately due to choice of the factorial design, design aumbers V6 and V14
~~2re identical (refer to Table 3.1, page 44). Problems were experienced in the
“ierpretation of certain of the results. When applied to the data, V6 and V14 gave
& same value and as a consequence the effect for VB is always identical to the
¢fiect of V14, The factors are said to be confounded. As a result it was not always

wn whether the value obtained, represents the effect of V6 or V14, or the

**fect of both. Some of the variables and the interactions, in the production phase

Y.
arg

confounded with the variables and interactions from the pre - post phase. This
*0uld not have caused any problems if one could have assumed that there were
“C carry-over effects. In other words, if the variables in the pre-post phase had no

“Tience on the data in the production phase.

"% levels of the variables are indicated by ( + 1) and (-1}, coinciding with high and
“# factors reflected in Table 3.2 (page 45). In the analysis the {+) and (-} factor
Selg indicate which data are added and which data are subtracted, to produce a

e _ ) _
asure of effect of a factor. Effect is the influence of that variable on the factor
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levei (+ 1) or factor level (-1}, being measured. Due to the nature of the design, in
order to recognize significant effects, the results are expressed as a table of means
w1 a standard error (SE) of marginal means and SE of body of table means for
ezt variable. A table of means for the interactions between all the variables for
=i, Fibrinogen and Von Wiliebrand Factor assays, are displayed. For the pH
gstermination, plasma proteins and electrolytes, tables for only the significant
var.ables are displayed. Graphs were not used to illustrate the results, since the

"2¢1ars have only two levels, and thus not very illuminating.

7 e production cycle, for all the assays performed, variables V7, V9 and V11 are

r

¢ of confaunding. The same applies to interactions V7 by V13, V9 by V13 and

“"1 by V13,

77 the purpose of the statistical analysis, all the PRE resuits were used to set the

SEL

szline levels, in each assay performed. The POST results were then analyzed
“3&nst the PRE results and the outcome displayed in Appendix ili as "POST - PRE”
=31, For the analysis of the PRODUCTION results, the POST results were used as
¢ baseline levels and the PRODUCTION results analyzed against them. The

-<20me of these results are shown in Appendix Ill, as "PRODUCTION" data.

“°r clarity in the discussion of the results to follow, the "POST - PRE" data will be

Tap

P~ .
' *8y for the variables used in the tables is given for easy reference during this

-Naptar.
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POST - PRE ANALYSIS PRODUCTION ANALYSIS
STAGE A STAGE B
V1 Donor Exercise V7  Thawing Temperature

V2  Blood Group V8 Freezing Rate

¥3  Bleeding Time V8 Freezing Temperature

¥+ Anticoagulant V10 Freezing Technique

Y5 Pre-process Delay V11 Centrifugation

“3  Pre-process Storage V12 Holding Time
V13 Thawing Technique
V14 Precipitation

4.1 FACTOR VIII

~%ing the data from Appendix lll, under Factor VIl - Post/Pre, the standard errors

o
N -
~

' for the means in Tables 4.1 to 4.15 in Stage A are as follows:

£ /3
ot

of marginal means : 0.027
of body of table means : 0.039

~*ast significant difference (5%) between body of table means:  0.108

7€ table of means for each of the interactions for variables V1 to V6 (Stage A) are
Sam

Marized below in Tables 4.1 to 4.15. The interpretation of the significant

"“ables and two-factor interactions are addressed at the end of Stage A.
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V2

{-1} {+ 1) Means
i V1 -1 0.081 0.069 0.075
| (+1) | 0.071 0.045 0.058
Means 0.076 0.058 0.067
Table 4.1 Donor exercise fevels (V1) vs Donor blood group (V2)
|
: V3
| (1) (+1) Means
V1 -1 0.058 0.092 0.075
{+1) 0.044 0.072 0.058
Means 0.051 0.082 0.067
Table 4.2 Donor exercise levels (V1) vs Bleeding time (V3)
V3
-1 (+ 1} Means
V2 {-1} 0.101 0.051 0.076
i {t+1) 0.001 0.113 0.057
|
lL Means 0.051 0.082 0.067
Table 4.3 Donar Bload group (V2) vs Bleeding time (V3)
V4
o (-1} {+1} Means
V1 {-1) -0.054 0.204 0.075
____; {+1) 0.026 0.090 0.058
Means -0.014 0.147 0.067
Table 4.4 Donor exercise levels (V1) vs Anticoagulant {V4)
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V4

-1} {+1) Means
V2 (-1} -0.028 0.179 0.076
{+ 1) -0.000 0.115 0.057
Means -0.014 0.147 0.066
Tabie 4.5 Donor blood group (V2) vs Anticoagulant (V4)
V4
(-1} {+1) Means
V3 -1} -0.025 0.128 0.051
{+1) -0.003 0.167 0.082
Means -0.014 0.147 0.067
Table 4.6 Bleeding time (V3) vs Anticoagulant (V4)
V5
-1 {+1) Means
Vi {-1) -0.060 0.210 0.075
L {+1) -0.053 0.169 0.058
Means -0.056 0.189 0.067
Table 4.7 Donor exercise levels (V1] vs Pre-process delay (V5)
V5 !
{-1} {+1) Means '
V2 {-1) -0.039 0.191 0.076
{+1) -0.073 0.187 0.057
Means -0.056 0.189 0.067
Table 4.8 Donor blood group (V2) vs Pre-process delay (V5)
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-1 {+1) Means
i V3 {-1} -0.060 0.163 0.051
l (+1) |-0.082 0.216 0.082
i Means -0.056 0.189 0.067
Table 4.9 Bleeding time (V3) vs Pre-process delay {V5)
V5
(-1} {+ 1) Means
V4 {-1} -0.133 0.105 -0.014
{+1) 0.021 0.273 0.147
Means -0.0586 0.189 0.067
Table 4.10 Anticoagulant (V4) vs Pre-process delay (V5)
V6
(-1} {+ 1) Means
V1 {-1} 0.140 0.010 0.075
{+1) 0.089 0.067 0.058
Means 0.115 0.018 0.067
Table 4.11 Danor exercise fevels (V1) vs Pre-process storage {V6)
VG
{-1 {+1) Means
V2 -1) 0.140 0.012 0.076
{+1} 0.090 0.025 0.058
| Means 0.115 0.018 0.067
Table 4.12 Donor blood group (V2) vs Pre-process storage (V6)



| Ve
-1} (+ 1} Means
V3 {-1) 0.072 0.031 0.051
{+1) 0.158 0.006 0.082
Means 0.115 0.018 0.067
Table 4.13 Bleeding time (V3} vs Pre-process storage (V6)
A"
(-1} {+1) Means
V4 -1} 0.017 -0.045 -0.014
{+1} 0.212 0.082 0.147
Means 0.115 0.018 0.0867
Table 4.14 Anticoagulant (V4) vs Pre-process storage (V6)
i
V6
{-1) (+1) Means
V5 -1} 0.024 -0.136 -0.056
(+1} 0.206 0.173 0.189
Means 0.1156 0.018 0.067
Table 4.15 Pre-process delay (V5) vs Pre-process storage (V6)

"€ results showed that the significant variables in the pre - post phase in the
“"tparation of FVIIl were variables V4 {p

*"licoagulant used, V5 {p = 0.0001) being the pre-process time delay and V6 (p

-

‘< vas the type of anticoagulant, which yielded a higher value for factor level

~ 11, which was the anticoagulant CPD, than over factor level (-1}, being heparin.

0.0142) being the pre-process storage temperature.
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V5 »as the variable controlling the pre-processing time delay and here once again,
e factor level { + 1) being a processing time under 6 hours, gave a higher value
na~ the factor level (-1} which was a processing delay of 12 hours. V6 showed
g opposite effect in which the factor level {-1), being a storage temperature of
20-Z prior to processing, gave a significantly higher value than the factor level
'=7i. which was a storage temperature of 4°C. In addition there were two

sigrficant interactions, that in Table 4.3 and Table 4.4.

“323 4 3 reflects a significant interaction between the donor blood group (V2) and
¢ cleeding time (V3) {p = 0.0376). A significant interaction indicates that the
Tffzrence between the levels of one factor, is not the same at each level of the
*s2ond factor. For example, in Table 4.3 the difference between V3 at factor level
" of V2 were 0.051 - 0.101 = -0.050, whilst at factor level (+ 1) of V2, the
*ference was 0.113 - 0.007 = 0.112. This is a difference which is to be
-*Mpared with the value 0.108. The analysis indicated that the difference of these
““erences is 0.112 - {-0.050) = 0.162, which was significant and measures an
“raction. It can be seen that the effect of variable V3 was not consistent over
"2 levels of variable V2, when we measured the effect of a factor by the
“Herence in the variable levels. Equivalently, it could be said that the effect of
‘¥iable V2 was not consistent over the factor levels of V3, and the difference in
- "% two-factor levels for variable V2 was different for each factor level of variable
‘3 in Practical terms, if a high measurement of FVIIl was to be achieved, then as

& as Variables V2 and V3 were concerned, both variables at {-1) factor leve! or

““" 2t ( + 1) factor level were not a viable option. The ideal combination would be
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2ne of two options: Group A donors bled in a bleeding time of longer than 8

min.tes or other blood groups, other than A, bled in under 8 minutes.

Tne only other significant interaction in this phase was the association of donor
zxz-cise levels {V1} with the type of anticoagulant used {V4), presented in Table
~%'p = 0.0136). This table shows that at level (-1) of V1, level {+ 1) of V4 was
s3+ficantly greater than level (-1) of V4. At level {+1) of V1 there was no
s.gnficant difference between the factor levels of V4. Clearly the cambination of

-7t of V4, CPD anticoagulant and level (-1} of V1 with no degree of donor

sxgrcise, produced the highest value of FVIII.

-S.rg the data from Appendix Ill, under Factor VI - Production, the standard errors
3Z. for the means in Tables 4.16 to 4.28 in Stage B are as follows:-

5 marginal means : 1.069
of body of table means : 1.5611

) (f)
(R RN]

ast significant difference {5%) between body of table means: 5.92
“°% tables for Stage B, the production phase, were first transcribed and thereafter

-
A

interpretation of the data was outlined.

Vi1
(-1} {+1) Means

V7 -1) 10.85 10.22 10.53
{+1) 11.51 13.00 12.26

Means 11.18 11.61 11.40

Table 4.18 Thawing temperature (V'7) vs Centrifugation (V11)
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Vit

| (-1} {+ 1} Means
| v8 {-1) 11.76 10.38 11.07
|
| {+ 1} 10.59 12.89 11.72
| Means 11.18 11.61 11.40
Table 4.17 Freezing rate (V8) vs Centrifugation (V11)
f
‘ Vit
(-1} (+1} Means
Vg {-1} 8.61 10.63 9.6z
{+1) 13.75 12.59 13.17
Means 11.18 11.61 11.40
Table 4.18 Freezing temperature (V9) vs Centrifugation {V11)
R 1t
Vi1t
(-1} (+1) Means
V10 {-1) 10.27 8.70 9.99
{+ 1} 12.09 13.63 12.81
| Means 11.18 11.61 11.40
Table 4.19 Freezing technigue (V10} vs Centrifugation (V11)
Vi2
(-1} {+1} Means
V11 (-1} 10.77 11.59 11.18
- (+1) | 11.56 11.66 11.61
__Means 11.16 11.63 11.40
Table 4.20 Centrifugation (V11) vs Holding time {V12)
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| V13
| (-1} {(+1) Means
i v7 (-1) 9.59 11.48 10.53
i (+1} | 12.50 12.01 12.26
i
; Means 11.05 11.75 11.40
Table 4.21 Thawing temperature (V7} vs Thawing technique (V13]
!
| V13
I
j -1} t+1) Means
]
E V8 {-1) 10.80 11.35 11.G67
| (+1 | 11.29 12.15 11.72
| Means 11.05 11.76 11.40
Table 4.22 Freezing rate (V8) vs Thawing technique (V13}
V13
(-1} {+1) Means
V3 {-1) 9.71 9.53 9.62
{+1) 12.38 13.96 13.17
l;Means 11.05 11.75 11.40
Table 4.23 Freezing Temperature (V8} vs Thawing technique (V13)
= —
Vi3
o -1) (+1) Means
V10 {-1} 9.38 10.60 9.99
. {+ 1)} 12.72 12.890 12.81
Means 11.05 11.75 11.40
Table 4.24 Freezing technique {V10) vs Thawing technique {V13)
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Vi3

(-1} (+1) Means
V11 {-1) 11.28 11.08 11.18
{+1) 10.81 12.41 11.61
Means 11.05 11.75 11.04
Table 4.25 Centrifugation (V11) vs Thawing Technique (V13)
Vi3
(-1} (+1) Means
V12 (-1} 13.98 8.35 11.16
{+1) 8.11 15.14 11.63
Means 11.05 11.75 11.40
Table 4.26 Holding Time (V12) vs Thawing technique (V'13)
V14
-1 (+1) Means
V11 {-1 9.38 12.97 11.18
{+1) 11.24 11.98 11.61
. Means 10.31 12.48 11.40
Table 4.27 Centrifugation (V11) vs Precipitation (V14)
Vi4
-1} {+1) Means
V13 -1} 3.46 12.63 11.05
{+1) 11.17 12.32 11.75
Means 10.31 12.48 11.40
Table 4.28 Thawing technique (V13) vs Precipitation (V14)
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varizble V9, that of freezing temperature, proved to be significant in this FVIil

assay {p = 0.0207). The level {+ 1) produced a significantly higher value of 13.17

nar evel (-1) with a value of 9.62.

" 1hz assay resuits, a large outlier of 51.09 U/ml had an influence on the results
:f variable V10, freezing technique. There was some indication of a difference

‘een the levels of V10 (p == 0.0696), freezing in either an aicohol/dry ice bath,

mara
alw

*r “reezing in the vapour of a liquid nitrogen tank. The variable was confounded,

*- e significance is uncertain, but at the same time the difference was less
T2*ed when the outlier was omitted (p = 0.1159).

T"&rs was a confounded interaction evident in Table 4.26 with the interaction of
"2iding time (V12) versus thawing technique {(V13). Due to the confounding by V4,

2 Type of anticoagulant used, the effect was uncertain but the significance was

“2ssibly due to the type of thawing technique used {p = 0.0001).

4.2 FIBRINOGEN

579 the data from Appendix Ill, under Fibrinogen Post/Pre, the standard errors

%3 for the means in Tables 4.29 to 4.43 in Stage A are as follows:-

f§ of marginal means : 0.050

3= of body of table means - 0.071

~=2st significant difference {5%) between body of table means: 0.199

"% table of means for variables V1 to V6 for the fibrinogen assay are given in

les 4.29 t0 4.43. Significant variables and their two-factor interactions are

““7lained at the end of the section.
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V2

(-1} {+1) Means
V1 -1} -0.195 -0.069 -0.132
{+ 1} -0.098 -0.053 -0.075
Means -0.147 0.060 -0.103
Table 4.29 Donor exercise levels (V1] vs Donor blood group (V2)
V3
(-1} {(+1) Means
V1 -1} -0.183 -0.080 -0.131
{(+1}) -0.094 -0.056 -0.075
. Means -0.139 -0.068 -0.103
Table 4.30 Donor exercise levels (V1) vs Bleeding time (V3)
=]
V3
-1 (+1) Means
V2 -1} -0.185 -0.108 -0.147
- {+1) -0.093 -0.028 -0.060
Means -0.138 -0.068 -0.103
Table 4.31 Donor blood group (V2) vs Bleeding time (V3)
V4
1
{-1} {+1) Means
V1 -1} -0.184 -0.080 -0.132
{+1} 0.008 -0.158 -0.075
Means -0.088 -0.119 -0.103
Table 4.32 Donor exercise levels (V1) vs Anticoagulant (V4)
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V4

! (-1) (+1) Means
I
'; V2 {-1) -0.154 -0.139 -0.147
1 (+1) |-0.023 -0.098 -0.060
| Means -0.088 -0.119 -0.103
Table 4.33 Donor blood group (V2} vs Anticoaguiant (V4)
I
;; va
[ {-1} {(+1) Means
I V3 1 |-0.132 -0.146 -0.139
{ (+1) |-0.045 -0.091 -0.068
| Means -0.088 -0.119 -0.103
Table 4.34 Bleeding time (V3} vs Anticoagulant (V4)
r-_
V5
(-1} {+1} Means
V1 1) -0.155 -0.108 -0.132
l
f {+1}) -0.071 -0.079 -0.075
_ Means -0.113 -0.094 -0.103
Table 4.35 Donor exercise levels (V1) vs Pre-process delay (V5)
vh
S -1 {+1) Means
V2 {-1} -0.196 -0.098 -0.147
. {+1y |-0.030 -0.091 -0.060
&ans -0.113 -0.094 -0.103
Tabie 4.36 Donor blood group (V2) vs Pre-process delay (V5]
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V5

B

|
i (-1} {+1) Means
| v3 11 |-0.113 -0.165 -0.139
{(+1) |-0.113 -0.023 -0.068
| Means 0.113 -0.094 -0.103
Table 4.37 Bleeding time (V3) vs Pre-process delay (V5)
V5 |
{-1) (+1) Means
1 va (-1) 0.024 -0.200 -0.088
; {+ 1} -0.250 0.012 -0.119
Means -0.113 -0.094 -0.103
Table 4.38 Anticoagulant (V4] vs Pre-process delay (V5)
V6
- {-1} (+1)} Means
V1 {-1) -0.002 -0.261 -0.131
{+1} -0.058 -0.093 -0.075
. Means -0.030 -0.177 -0.103
Table 4.39 Donor exercise levels (V1) vs Pre-process storage (V6)
VG
L -1 {+1) Means
V2 -1} -0.031 -0.262 -0.147
{+ 1} -0.029 -0.092 -0.060
| Means -0.030 -0.177 -0.103
Table 4.40 Donor blood group (V2] vs Pre-process storage (V6]
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| V6
(-1) (+1) Means
V3 -1 -0.031 -0.247 -0.139
{+1) -0.028 -0.108 -0.068
Means -0.030 -0.177 -0.103
Table 4.41 Bleeding time (V3) vs Pre-process storage (V6)
V6
-1} (+1}) Means
V4 {-1} 0.005 -0.181 -0.088
{+1) -0.064 -0.173 -0.119
Means -0.030 -0.177 -0.103
Table 4.42 Anticoagulant (V4) vs Pre-process storage (V6)
V6
{-1} (+1) Means
V5 -1 -0.038 -0.188 -0.113
{+1) -0.022 -0.166 -0.094
 Means -0.030 -0.177 -0.103
Table 4.43 Pre-process delay (V5) vs Pre-process storage (V6

27 one variable, V6 was significant independently of the other variables in this
“"ase, that being the storage temperature prior to the separation of the red cells
“"Cplasma (p = 0.0402). The factor { + 1) level, the temperature of 4°C produced
= siightly lower value than the factor level {-1) with a temperature of 20°C,

~"Y one interaction, that in Table 4.38, was significant {p = 0.009) and another

" Teble 4.32 was close to significance (p = 0.060}.
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r Table 4.38, the highest value was produced when the factors were at the same
evels, and the lowest value when they were at different factor levels. The
significant interaction indicated in this table was the combination of the type of
anticoagulant (V4) in conjunction with a time delay prior to processing {V5).

i1 Table 4.32, the interaction between donor exercise levels (V1) and the type of
anticoagulant used (V4), was close to significance. In the table of means for this
rigraction, the reverse was observed. The lowest value was produced when the
“actors were at the same levels, and the highest value when the factors were at
Zfferent levels. Thus the lowest level was obtained when the CPD anticoagulant
/as used with exercised donors, and heparin with non exercise 1 blood donors. The
"gh level resulted when CPD was used on non exercised donors and heparin on

éxercised blood donors.

-sing the data from Appendix I, under Fibrinogen Production, the standard errors

SE) for the means in Tables 4.44 to 4.56 for Stage B are as follows:-

52 of marginal means : 0.54
>= of body of table means : 0.77
-£ast significant difference (5%) between body of tabie means: 2.16

"eractions and significant variables are discussed at the completion of the “ abular
='Splay. Of importance in this assay is that there are no carry-over effects from the

7% - post variables in Stage A to the production Stage B.
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{-1} {+1) Means
V7 {-1) 6.88 8.48 7.68
{+1) 9.30 9.66 9.48
Means 8.09 9.07 8.58
Table 4.44 Thawing temperature (V7) vs Centrifugation (V11)
V1t
-1} {+ 1} Means
V8 (-1} 7.17 8.91 8.04
L {+1} 9.00 9.23 9.12
Means 8.09 9.07 8.58
Table 4.45 Freezing rate (V8) vs Centrifugation (V11)
V11
{-1} {+1) Means
WS {-1) 6.47 8.30 7.39
L {+ 1} 9.70 9.84 877
Means 8.09 9.07 3.058
Table 4.46 Freezing temperature {V8) vs Centrifugation (V11)
Vi1
{-1) {+1) Means
V10 {-1) 7.34 7.53 7.44
| t+1 | 883 10.61 9.72
. Means 8.09 9.07 8.58
Table 4.47 Freezing technigue (V10) vs Centrifugation (V117)




Viz2

-1} (+1) Means
V11 {-1} 7.42 8.76 8.09
{+ 1} 8.85 9.29 8.07
Means 8.13 9.02 8.58
Table 4.48 Centrifugation {V11) vs Holding time (V12)
Vi3
(-1} (+1) Means
v7 {-1} 7.78 7.57 7.68
{+1} 9.79 9.17 9.48
Means 8.79 8.37 8.58
Table 4.49 Thawing temperature (V7) vs Thawing technique (V13)
V13
{-1) {+ 1} Means
V8 (-1} 8.19 7.88 8.04
{+1) 9.38 8.86 9.12
__Means 8.79 8.37 8.58 |
Table 4.50 Freezing rate (V8) vs Thawing technigue (V13)
Bl ]
Vi3
- (-1} {+1} Means
V9 {-1) 6.38 8.39 7.39
L {+1) 11.19 8.35 9.77
| Means 8.79 8.37 8.58
Table 4.51 Freezing Temperature (V9) vs Thawing technique (V13)
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— |

V13

-1) {(+1) Means
V10 {-1} 7.39 7.48 7.44
{+1} 10.18 9.26 9.72
Means 8.79 8.37 8.58
Table 4.52 Freezing technique {V10} vs Thawing technique (V13}
Vi3
{-1) (+1) Means
V11 {(-1) 8.87 7.31 8.09
{+ 1} 8.71 9.44 9.07
Means 8.79 8.37 8.58
Table 4.53 Centrifugation {V11) vs Thawing Technique (V13)
Vi3
(-1} (+ 1) Means
V12 {-1) 8.27 8.00 8.13
{+ 1} 9.31 8.74 9.02
Means 8.79 8.37 8.58
Table 4.54 Holding Time (V12) vs Thawing technique (V13)
Vi4
L {-1) (+1 Means
V11 1) 6.59 9.58 8.09
e t+1} 8.82 9.32 9.07
| Means 7.71 9.45 8.58
Table 4.55 Centrifugation (V11) vs Precipitation (V14}
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V14
-1} (+ 1) Means
V13 (-1) 7.41 10.16 8.79
{+1) 8.00 8.74 8.37
Means 7.71 9.45 8.58

Table 4.56 Thawing technique (V13) vs Precipitation (V14)

The variables V7 {thawing temperature p = 0.0211}, V9 (freezing temperature p
= 0.0025)), V10 (freezing technique p = 0.0038) and V14 (precipitation p =
0.0255), were all significant. Nevertheless, V10 and V14 were confounded. In
¢3th case, level {+ 1) had a significantly higher value than level (-1). To explain
“.riher, the thawing temperature at 4°C, the freezing temperature at >-60°C, the

“=2zing technique in alcohol/dry ice and precipitation by means of a second spin,

i1y

" produced a higher value, but due to the confounding effect of V10 and V14, is
“icult to comment on their relevance.

"2 interaction between the freezing temperature (V8) and the thawing technique
"/13) in Table 4.51, was significant and was not confounded (p = 0.0021).
~Though the freezing temperature was significant when used in combination with
% thawing technique, it is only at the factor level {-1) of V13 that V9 showed
“8nificance. The factor level (-1) of the thawing technique was that of the plasma
~acks placed on a moving rack in a water bath of constant water. Therefore the

88Zing temperature only became relevantunder this thawing condition, to produce

“Stable fibrinogen results.
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4.3 VON WILLERBRAND FACTOR

Jsing the data from Appendix Ill, under vWF Post/Pre, the standard errors (SE) for
he means in Tables 4.57 to 4.71 in Stage A are as follows:

5.07
7.18

St of marginal means :
32 of body of table means :

-e2st significant difference (5%) between body of table means: 20.13
“ns iables of means for variables V1 to V6 for vWF are shown in the Tables 4.57
©=.71. The significant variables and their two-factor interactions are discussed at

™z end of the section.

v2
-1} (+1) Means
V1 (-1} 4.03 -11.17 -3.57
{+ 1} -5.14 1.20 -1.97
Means -0.55 -4.98 -2.77
Table 4.57 Donor exercise levels (V1) vs Donor blood group (V2}
V3
-1 {+ 1) Means
\'A! {-1) -15.38 8.23 -3.57
L {+ 1) -2.17 -1.77 -1.87
. Means -8.77 3.23 -2.77
Table 4.58 Donor exercise levels (V1) vs Bleeding time {V3)
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V3
-1 {+1) Means
V2 -1} -8.92 7.81 -0.55
{+1) -8.63 -1.34 -4.98
Means -8.77 3.23 ~2.77
Table 4.5% Donor blood group (V2} vs Bleeding time (V3
V4
{-1} {+ 1) Means
V1 -1} 1.17 -8.31 -3.57
{(+1} -7.55 3.61 -1.97
Means -3.19 -2.35 -2.77
Table 4.60 Donor exercise levels (V1) vs Anticoagulant (V4)
V4
-1} {+1) Means
V2 (-1} -1.23 0.13 -0.55
{+1} -5.14 -4.83 -4.98
_Means -3.19 -2.35 -2.77
Table 4.61 Donor blood group (V2) vs Anticoagulant (V4)
V4
___ -1 {(+1) Means
V3 -1} -9.64 -7.91 -8.77
L {+1) 3.27 3.20 3.23
. Means -3.19 -2.35 -2.77
Table 4.62 Bleeding time (V3) vs Anticoagulant (V4}
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VB

-1 f+1) Means
V1 -1} -2.66 -4.48 -3.57
{+1) -8.33 4.39 -1.97
Means -5.49 -0.05 -2.77
Table 4.63 Donor exercise fevels (V1) vs Pre-process delay (V5)
V"2
(-1} {(+1) Means
V2 {-1) -9.74 8.63 -0.55
{(+1) -1.25 -8.72 -4.98
Means -5.49 -0.05 -2.77
Table 4.64 Donor blood group (V2} vs Pre-process delay (V5}
V5
(-1} {+1) Means
V3 {-1) -19.52 1.97 -8.77
{+1) 8.53 -2.06 3.23
Means -5.49 -0.05 -2.77
Table 4.65 Bieeding time (V3) vs Pre-process deiay (V5]
V5
{-1) (+1} Means
V4 {-1) -0.133 0.105 -3.19
{(+ 1) 0.021 0.273 -2.35
| Means -5.49 -0.05 -2.77
Table 4.66 Anticoagulant (V4] vs Pre-process delay (V5)
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Ve
(-1} {+71) Means
V1 (-1} 4,50 -11.64 -3.57
{+1) -8.88 4.94 -1.97
Means -2.19 -3.35 -2.77
Table 4.67 Donor exercise levels (V1) vs Pre-process storage (V6)
V6
(-1} {+ 1} Means
V2 {-1) 1.84 -2.95 -0.55
{+1) -6.22 -3.75 -4.98
Means -2.19 -3.35 -2.77
Table 4.68 Donor blood group (V2] vs Pre-process storage (V6)
V6
-1} {+1) Means
V3 {-1} -10.97 -6.58 -8.77
{+1) 6.59 -0.13 3.23
Means -2.19 -3.35 -2.77
Table 4.69 Bleeding time {V3} vs Pre-process storage (V6)
V6
- {-1} {+1)} Means
V4 (-1} 0.188 -6.56 -3.19
L {+ 1} -4.56 -0.14 -2.35
__Means -2.19 -3.35 -2.77
Table 4.70 Anticoagulant (V4) vs Pre-process storage (V6)
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N4

{-1} (+1) Means
V5 (-1} -3.47 -7.52 -6.49
{+1} -0.91 0.81 -0.05
Means -2.19 -3.36 -2.77
Table 4.71 Pre-process delay (V5) vs Pre-process storage (V6)

lonz of the variables V1 to V6 in Stage A, Tables 4.57 - 4.71, in this assay were
ignificant when viewed individuaily. This then indicated that either the factor level
“Vior {+1) of each variable, may have been chosen. However, two interactions
~ers significant, one in Table 4.65 and the other in Table 4.67. The interaction in

Table 4.64 was close to significance (p = 0.0749).

" 1he table of means for Table 4.65, which involves the variables relating to
“ieading time (V3) and pre-process delay {V5), the interaction effect was clear (p
= 0.0276). If one were looking for the factor level of each variable separately
“nich produced the highest value, then the level ( + 1) for each variable would have
“%2n selected. However, Table 4.65 indicated that the level (-1} should be taken
T V5, if V3 was taken at level (+1). In other words a pre-process delay for 12

“0urs in combination with a bleeding time of less than 8 minutes was signific ant.

The table of means for Table 4.67, the interaction between donor exercise levels
1) and pre-process storage temperatures (V6) was also significant (p = 0.0394).

Nere was very i ifference between the factor levels of each variable when
y little di
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considered separately, but in combination, a high value was obtained when the
factors were at the same level {-1) for V1 and V6, or level ( + 1) factor for V1 and
/8. This implies that, non exercised blood donors produced a high value when their
olocd was stored at 20°C prior to processing, or exercised blood donors produced

g high value when their blood was stored at 4°C.

Tnere was an indication of an interaction in Table 4.64 between the donor blood
group {(V2) and the pre-process time delay prior to processing {Vb), in that it

dceroached significance (p = 0.0749). In the table of means the marginal mean

[

'3.07) suggested that the lowest value was obtained with facto- level (-1) of V5
and factor level (+1) of V2, but the table indicated that a low level value was
Jbtained when the variables were at the same factor levels. The interpretation
&ng that Group A blood donors, in conjunction with a pre-process delay of less

121 6 hours, was meaningful as well as when other blood groups (other than

Sroup A) were linked with a pre-process delay of 12 hours.

-Sing the data from Appendix Ill, under von Willebrand Factor Production, the

*andard errors (SE) for the means in Tables 4.72 to 4.84 in Stage B are as

liowys:-
éE of marginal means : 5.42
= of body of table means : 7.66
-ast significant difference (5%) between body of table means: 21.23

re tableg are first displayed and then explanation of the significant variables and

"%t two-factor interactions are addressed.
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V11
-1 {+1} Means
v7 {-1} -38.03 -17.27 -27.65
f+1) -27.21 -15.42 -21.32
Means -32.62 -16.35 -24.49
Table 4.72 Thawing temperature (V7} vs Centrifugation (V11)
Vi1
{-1) (+1) Means
v8 {-1) -35.94 -14.33 -25.14
{+1} -29.30 -18.36 -23.83
Means -32.62 -16.35 -24.4%
Table 4.73 Freezing rate (V8} vs Centrifugation {V11)
V11
(-1} {+1) Means
V9 {-1) -46.38 -28.55 -37.47
{+ 1) -18.86 -4.14 -11.50
Means -32.62 -16.35 -24.49
Table 4.74 Freezing temperature (V9) vs Centrifugation (V11)
Vi1
-1) (+1) Means
V10 (-1} -40.11 -30.79 -35.45
{+ 1} -25.13 - 1.1 -13.62
| Means -32.62 -16.35 -24 .49
Table 4.75 Freezing technigue (V10} vs Centrifugation {V17)




vViz

{-1) t+1) Means
V11 {-1) -40.91 -24.33 -32.62
{+1} -15.80 -16.89 -16.35
Means -28.36 -20.61 -24.49
Table 4.76 Centrifugation (V'11) vs Holding time (V12)
V13
{-1} (+ 1} Means
V7 (-1} -28.44 -26.86 -27.65
{+1} -19.22 -23.41 -21.32
Means -23.83 -25.14 -24.49
Table 4.77 Thawing temperature (V7} vs Thawing technique (V13)
V13
. {-1) {+1) Means
V8 {-1) -27.51 -22.77 -25.14
{+1} -20.16 -27.51 -23.83
Means -23.83 -25.14 -24.49
Table 4.78 Freezing rate {V8) vs Thawing technique (V13}
V13
. -1 {+1} Means
v 1) -33.82 41.12 -37.47
{+1) -13.84 -9.16 -11.50
_Means -23.83 -25.14 -24.49
Table 4.79 Freezing Temperature (V8) vs Thawing technique (V13)
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V13

{-1} {+1) Means
V10 -1} -35.00 -35.89 -35.45
{+1) -12.66 -14.38 -13.52
Means -23.83 -25.14 -24.49
Table 4.80 Freezing technique (V10) vs Thawing technique {V13)
v1i3
-1} {+1) Means
V11 -1 -27.97 -37.27 -32.62
{+1) -19.69 -13.00 -16.35
Means -23.83 -25.14 -24.49
Table 4.81 Centrifugation (V11) vs Thawing Technigue (V13
Vi3
(-1} (+1) Means
Viz {-1} -18.85 -37.87 -28.36
{+1} -28.81 -12.41 -20.61
Means -23.83 -25.14 -24.49
Table 4.82 Holding Time (V12) vs Thawing technique (V13)
Vid
(-1} {+1) Means
V11 -1 -37.08 -28.16 -32.62
{+1) -23.04 - 8.66 -16.35
__Means -30.08 -18.91 -24.49
Table 4.83 Centrifugation (V11) vs Precipitation (V14)
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Vi4
-1 {+1) Means
V13 {-1) -30.38 -17.28 -23.83
{+1) -29.73 -20.54 -25.14
Means -30.06 -18.91 -24.49

Table 4.84 Thawing technigue (V13} vs Precipitation (V14)

" the production phase, variables V9 (p = 0.0010), V10 (p = 0.0051) and V11
¢ = 0.0361) were significant. Both V9 and V11 were free of confounding, but
/1% was confounded in that it experienced a carry over effect V3/V13. In each
txample of these variables, the level ( + 1} had a significantly higher value than the
#.8| (-1}. As aresult, a freezing temperature of >-60°C, a rapid centrifugation of
=733 X g for 25 minutes and a freezing technique in alcohol/dry ice, were identified
@ production criteria which positively influenced the vWF assay.

Tre interaction of the holding time (V12) and thawing technique {(V13) in Table

=82, was significant (p = 0.0228}, but was confounded with the carry over effect

“* the anticoagulant V4.

4.4 FIBRIN DEGRADATION PRODUCTS (FDP)

‘Nese results were not be analyzed by statistical means as all the samples were
®sted by the qualitative screening test. Of the 128 samples analyzed, 7 were

‘ound to be reactive by means of an agglutination technique. The results are shown
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n Appendix I, 6 of the positive resuits were found in the pre sample taken from
“he blood donor prior to donation, indicating the presence of abnormal levels of XL-
-DP in the plasma and that fibrinolysis was in progress. No semiqualitative tests
«&rs carried out on the positive samples because the degree of fibrinolysis was of

1 relevance at the time.

3 significance was the fact that Design Number 11 whose blood donors were
Group A and not exercised, yielded a positive result with Run 1 and 3. In Run 3
Jesign 11, a positive result was also detected in the post sample (the sample
‘eken prior to the separation of the red cells and plasma), but 3 negative resuit
“0tzined in the final product. Despite the evidence of fibrinolysis, the FVIIi yield
~2s 18.66 U/ml, however heparin was the anticoagulant used, which could have
SCounted for the excellent FVIll result. The positive result in the pre sample taken
o Design 21 was also from a Group A non exercised donor. The donors were
“td over a timeframe of eight weeks, however care was taken to ensure that
“rsonnel remained constant, in order to avoid differences in phlebotomy
thniques. The positive results obtained, had no influence on the vWF and

“Yrinogen assay results.

45 pH

“Ne pH results ranged between 7.25 - 8.10, indicating that the myriad production
‘ariables, did not cause significant changes in pH fluctuations. The statistical

3Ssessment demonstrated that during Stage A, prior to separation of the red cells
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'm the plasma, the storage temperature (V6) had a significant influence on the
1{p = 0.0095). The interaction of donor exercise levels (V1) and pre-process
siorzage temperature (V6) approached significance {(p = 0.0649), and the table of

means is as follows:

%% of marginal means : 0.026
3t of body of table means : 0.037
-2as1 significant difference {5%) between body of table means: 0.105
V6
(-1} {+1) Means

V1 {-1) 0.099 0.267 0.183

{+1}) 0.121 0.1560 0.136

Means 0.110 0.208 0.159

Table 4.85 Donor exercise levels (V1] vs Pre-process storage (V6]

/eriable V6 was significant at level {-1) of V1. There was no significant difference
*zvel {+1). In other words V6, being the pre-process storage temperature, was
*gnificant at the (-1) level. This involved a storage temperature of 20°C prior to
*3baration, but not at the { + 1) level which was a temperature of 4°C, when joined

¥t V1, which were exercised blood donors.

“hen examining the data from the final samples, variables V7 (thawing
“Mmperature p = 0.0247), V8 {freezing rate p = 0.0032), V10 (freezing technique
© = 0.0373) and V14 (precipitation p =0.0461) were all found to be significant
*S individual variables. However V8, V10 and V14 were confounded. The

“leraction of the holding time (V12) by the thawing technique (V13), was
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significant, but also confounded V4, the type of anticoagulant used {p = 0.0003).
The interaction of the freezing technique (V9) by the thawing technique {V13) was
sgnificant and free from confounding (p = 0.0079). The table of means for these

‘enables is displayed in Table 4.86 below.

| V13
-1} {+ 1} Means
V3 {-1}) -0.146 -0.062 -0.104
{+1} -0.077 -0.123 -0.100
Means -0.112 -0.092 -0.102

Table 4.86 Freezing temperature (V3) vs Thawing technique (V13)

ff >f marginal means : 0.017
>z of body of table means : 0.024
~*28t significant difference {5%) between body of table means: 0.067

The interpretation of this interaction was that the freezing temperature at either

a2
($3]

*C or >-60°C, was meaningful in unification with the thawing technique in
“™.ch it made no difference whether the water in the thawing bath was circulating

-" whether it was stationary.
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46 EVALUATION OF PLASMA PROTEINS AND ELECTROLYTES

The following plasma proteins and electrolytes were measured and evaluated. Each

3353y was also analyzed by statistical means.

Magnesium (Mg)

Total Protein (TP)

Albumin (ALB})

Calcium (Ca)

Alanine Aminotransferase (ALT)
Sodium (Na)

Potassium (K}

Chloride {Cl)

4.6.1 MAGNESIUM

“ne statistical analysis demonstrated that during Stage A, prior to separation of the
"*d cells from the plasma, that the type of anticoagulant used (V4), had a close to
*3niiicant {(p = 0.0518) influence on the magnesium determination. Level {+ 1),
“sing CPD, produced a higher value than level (-1) which was heparin. The
eraction of donor exercise levels (V1) and donor blood group (V2), and the pre-
Srocessing time delay {V5) and pre-process storage temperature (V6), were

Significant (p = 0.0373 and 0.0294) and the table of means is as follows:
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0.016
0.022

$E ¢f marginal means :
St of body of table means :

-zast significant difference (b %) bétween body of table means: 0.062

V2
-1} {+1) Means
V1 {-1) -0.166 -0.093 -0.130
{+ 1) -0.083 -0.103 -0.093
Means -0.124 -0.098 -0.111
Table 4.87 Donor exercise levels (V1) vs Donor blood group (V2)
V§
-1} {(+1) Means
V5 {-1) -0.096 -0.119 -0.107
{+1) -0.1562 -0.078 -0.115
Means -0.124 -0.099 -0.111
Table 4.88 Pre-process delay (V5) vs Pre-process storage (V6)

" Table 4.87, the smallest value was produced when both the variables were at
/el (-1). In summary, this occurred when blood donors were not exercised and
2ir blood group was other than Blood Group A. There was no difference between
“ther combinations of the variables.

“adle 4.88 demonstrates that the smallest value was created when V5 was a1 level
~1} and V6 was at level (-1). To expand further, when a pre-processing delay of
8 hours was used in conjunction with a pre-storage temperature of 20°C, the

eraction was of notable importance. There was no difference between other

a-\ . . -
“SCciations of the variables.
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“hen the data of the production phase was analyzed for this assay, no effects
~ere found to be significant. The interaction V12 and V13, which was

torfsunded, approached significance (p = 0.0653).

46.2 TOTAL PROTEIN

Tns review of the data for this assay in Stage A of the manufacturing process,
“rought to light the significance of variables V1, donor exercise levels

¢ = 0.0358) and V4, type of anticoagulant used (p = 0.0075). In both instances
2 level (+1) resulted in a higher value than the level (-1), i.e. these were
sxsreised blood donors who were bled into donation packs containing CPD as the
ftcoagulant.

Tiere was some indication of an interaction between V1 and V2 (p = 0.0903).
“72 data for these factors were skewed and on transformation to normality, the
"traction became significant {{p = 0.0410). The table of means for the original

& is as follows:

V2
-1 {+ 1} Means
V1 {-1) -10.00 -4.38 -7.19
L (+1 | -2.81 -3.60 -3.20
_Means - 6.41 -3.98 -5.201

Table 4.89 Donor exercise levels (V1) vs Donor blood group {V2)
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marginal means : 1.32
body of table means : 1.87

St of
SE of
-tast significant difference (5%) between body of table means: 3.72

n Stage B, one of the results was an outlier in comparison to the other results seen
" Aopendix 1l, Total Protein Production Run 4, Sample 15, with a reading of 9.0
i< The analysis, with and without this value, produced no significant results,
zthough with the outlier there was some indication of an interaction between V10
ind V13, but was also confounded. In the analysis of carry-over effects, there was

$ome indication of V5 having a significant carry over effect. This variable was not

senfounded.
4.6.3 ALBUMIN

“"ere was evidence of non-normality with the assay results for the data in Stage
~ of the manufacturing process. Analysis of the transformed data yielded
-“Mparable results. Variables V1 (p = 0.0167) and V4 {p = 0.0133) were
fgnificant, being donor exercise levels and type of anticoagulant used. In each
-3se the level (+ 1) produced a significantly higher value than the (-1) level.
“tplained in ordinary terms, this invoived exercised blood donors being blec into
“00d packs containing CPD. The same trend was evident for V6, which

3Bproached significance {p = 0.0699).

Tne interaction of V3 and V6 also approached significance {(p = 0.0657) and the

20l of means is as follows:
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, =
! V6
-1 {(+1) Means
V3 {-1} -4.12 -4.16 -4.14
{+ 1} -7.25 -3.22 -56.23
Means -5.69 -3.69 -4.69

Table 4.90 Bleeding time (V3} vs Pre-process storage (V6)

3z of marginal means : 0.77
3t of body of table means : 1.09
-east significant difference (5%} between body of table means: 3.06

“r2m the analysis of all the results in the production phase, the data reflected V10
c = 0.0601) and V12 {p = 0.0558) being close to significance, however both
‘Ariables were confounded. Four outlier results were recorded. The interaction of
/10 and V13 although confounded, was significant {(p = 0.0301). In the absence
% the 4 outliers, V10 and V12 were no longer near significance, the interaction
“Xlween V10 and V13 moved to only close to significance. The interaction

“s7veen V12 and V1 3, although confounded, then became significant.

4.6.4 CALCIUM

7 Stage A of the calcium assay, only the type of anticoagulant used (V4), .1ad a
$9nificant effect (p = 0.0023). The levei {-1) produced a higher value than the
‘siue for level (+1). The level {-1) of V4, involved use of heparin as the
“Nlicoagulant. Calcium chioride had to be added to certain of the plasma in which

"*parin had been added. The indication was that this had an influence on the data.
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~ S1age B of the manufacturing process, the presence of outliers was once again
ccserved. No reasonable explanation for the cause was able to be established. With
¢ omission of the outliers V10, freezing technique and V14, the precipitation
Teihod (confounded) became significant. It was also logical to accept that the
1eraction between V10 and V13 represented a real effect and was significant.

nese two variables represent the freezing and thawing technigues.

46.5 ALANINE AMINOTRANSFERASE

4, anticoagulant in Stage A was close to significance {p = 0.0387)}, with factor
izl (-1) producing the larger value than {+ 1) factor level. The (-1) factor level for
1's factor was heparin as the anticoagulant. Three interactions were significant,

‘1 by V3, V3 by V5 and V4 by V5.

‘"2 table of means for the three interactions is as follows:

§§ of marginal means : 1.66
>t of body of table means : 2.35
-ast significant difference (5%) between body of table means: 6.58

V3
L {-1) (+1) Means
V1 -1 5.28 1.47 2.38
3 {+1) -0.44 5.09 2.33
. Means 2.24 3.28 2.85
Table 4.91 Donor exercise levels (V1) vs Bleeding time {V3)
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1 V5
-1 (+1) Means
V3 {-1} 6.81 -1.97 2.42
{+1} 1.97 4.59 3.28
Means 4.39 1.31 2.85
Table 4.92 Bleeding time (V3) vs Pre-process delay (V5]
V5
(-1} {+1) Means
V4 {-1) 9.16 1.03 5.09
{+1) -0.38 1.59 0.61
Means 4.39 1.31 2.85
Table 4.93 Anticoagulant (V4] vs Pre-process delay (V5]

‘he data for this set of assay results contained four influential outliers. The
“fuence of the outliers is discussed after the dialogue of the data analysis.

“P¢ largest value was obtained in Table 4.91 when the variables were on the same
"l or {+1) factor levels. In other words, exercised biood donors bled within 8
“nutes, or alternately non exercised blood donors who were bled in a bleeding
Mz of longer than 8 minutes. The scenario in Table 4.92 was similar to the one
*Uove, in that V3 by V5 obtained the highest value when similar levels were
“Cserved. A unit of blood bled within 8 minutes, when processed within 6 hours,
“"°duced high yields. The reverse, being a bleeding time of longer than 8 minutes

“"Ccessed at 12 hours, also showed favourable results. At factor levei (-1} of V4

7 Table 4.93, there was a significant difference between the levels of V5, but no
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sgnficant difference at level (+ 1) of V4, being heparin with a time delay before

srocessing of up to 12 hours.

ihe outliers were found in Appendix I, under alanine aminotransferase Pre Run 4,
\umber 10; Post Run 1, Number 21; Post Run 2, Number 18 and Post Run 4,
Number 14. If these are omitted from the analysis the results change as follows.
‘/ariable V4 and interaction V4 by V5 are no longer significant. The interaction of
/3 by V5 remains the same, while that of V1 by V3 moves close ta significance.
/3 pre-process time delay by V6, pre-process storage temperature becomes

s.gnificant.

Tha analysis of all the data for Stage B, showed V12 (confounded), V14
2infounded) and the interaction V8 by V13 (confounded), to be significant

¢ = 0.0249). In the absence of the outliers, V14 and the interaction V8 by V13,
"*Mained significant. V12, holding time was no longer important. However, V7,
@wing temperature which was not confounded by other variables, became

!

Inificant.

4.6.6 SODIUM

/ariables V4 and V6 in Stage A of this assay were both significant (p = 0.0001

-

"d p = 0.0253). The factor level {+1) of V4, i.e. the use of CPD as the

1)

inticoagulant, produced a higher value than the factor level (-1). Similarty for V8§,
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e pre-process storage temperature of 4°C, had a higher level { + 1), than level

-1,

Jre interaction was significant, that between V1 by V2, with the table of means

2s fellows:
SE of marginal means : 1.78
St of body of table means : 2.51
-:ast significant difference {5%) between body of table means: 7.1
V2
(-1} {+1) Means
Vi {-1) 31.0 38.9 35.0
{+1} 40.3 37.5 38.9
Means 35.7 38.2 36.9

Table 4.94 Donor exercise levels (V1) vs Donor Blood Group (V2)

= significantly lower value was evident in Table 4.94, when both variables were
*.evel (-1) factors. This implies that blood donors who did not exercise prior to
“3nation, and were of any blood group type (other than Group A) when bled, and
& plasma processed into cryoprecipitate, provided a good FVIH yield. No
*3niticant difference in values were produced by any of the other combinations.
Tha Production data produced no significant effect, although the holding time in
12, Whieh was confounded, was close to significance {(p = 0.0626). There were
® "Umber of outlying values present which could have had an influence on the

Sults, but as there was no justification for their omission, they were included.
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4.6.7 POTASSIUM

Jnzce again there was evidence of four outlying values. The decision was made to

azlyze the data with these excluded.

n Stage A, the assay results, when analyzed, indicated three variables as being
s3rificant, all independent of each other. They were V3 {p = 0.082), V4

0 =0.0352) and V5 {p = 0.0001). V3, the factor level { + 1) was a bleeding time
-2¢er 8 minutes, having a greater factor level than (-1). For V4, anticoagulant and
/5. pre-process time delay level (-1) was significantly greater :han level {+ 1),
Teaning that heparin as the choice of anticoagulant used in conjunction with a pre-
“’Ccess delay of 12 hours, proved a suitable combination. The interaction of V5 by

‘% was significant (p = 0.0112) and the table of means is as follows:

>2 of marginal means {approximately): 0.164
*2 of body of table means (approx): 0.236

-*ast significant difference (5%) between body of table means (approx):  0.662

Ve
S (-1} {(+1) Means
\'st (-1} -0.675 0.124 -0.276
o {+1} -1.106 -1.603 -1.3056
| Means -0.891 -0.690 -0.802 |
Table 4.95 Pre-process delay (V5) vs Fre-process storage (V6)

" Table 4.95, it was observed that the difference in levels of V5 at factor level
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-1/ of V6, was more than three times the magnitude of the difference at factor
svel -1) of V6.

n1he examination of the data for Stage B, once again outliers were demonstrated
wtal of 8), but as with the data of Stage A, these were omitted. No effects were
“2und to be of any importance and no significant interactions were noted. Variables
/10 and V14 were confounded, but were of significance, only when the outliers

~ere smitted (p =0, 0314).

4.6.8 CHLORIDE

“re data for Stage A for this assay was skewed and required a transformation to

““'Mmality. The results of the analysis of the transformed data were virtually the

2

(3%

Tt except the transformation brought some interactions cioser to significance.
5. 1he type of anticoagulant used, was significant {p = 0.0292). V1, V3 and V6
“*'s close to significance. The interactions of V1 by V3 and V3 by V4 were close

~ Sgnificance and the table of means for them is as follows:

r

:- °' marginal means : 1.57
- °"body of table means :  2.26
=St significant difference (5%) between body of table means: 6.2
V3
| (-1} {(+1) Means
e
V1 {-1) -23.0 -22.5 -22.8
- -18.7
1+ -14.8 22.6
Means -18.9 -22.6 2.85
Table 4.96 Donor exercise levels (V1) vs Bleeding time (V3)
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V4
{-1) {+1) Means
V3 {-1} -18.5 -18.3 -18.9
{+1} -26.9 -18.2 -22.6
Means -23.2 -18.3 -20.7

Table 4.97 Bleeding time {V3) vs Anticoagulant (V4)

“abie 4.96 reflected a small decrease by the combination of factor level {+ 1} for
<%, and factor level (-1) for V3. No other significant difference between the other
ombinations were seen. This meant that exercised donors bled into heparin
anticoagulant, yielded an important effect. Table 4.97 shows .hat the greatest
“tCrease was produced by the association of factor level { + 1} for V3 and factor
=78l (-1} for V4. No other significant differences between the other combinations
e observed. In this case, of relevance, was a bleeding time of under 8 minutes

-Smbined with heparin as the anticoagulant.

" the production stage, a number of outliers (11 in total) were noted and the
3zcision was made to omit them. Interactions V8 by V13 {confounded) and V10
=¥ V13, were found to be significant. The freezing rate and freezing technique

flected strong interactions with the technique utilized for the thawing cf the

-'yoprecipitate.
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CHAPTER b

DISCUSS|ON

Several studies on the activity and stability of FVIill in blood and plasma have been
made, in order to obtain a maximum vyield of this labile factor in either plasma or
cryoprecipitates {Carlebjork et a/., 1983)}. The aim of this study was to determine
which variables actively had an effect on the FVIil yield. Blood collection and
separation procedures ail involve variables which have the potential of activating

the coagulation system, thus affecting the yield of FVIIL.

During the analysis of the FVIIl data, it was found that variable V4, the type of
anticoagulant used, was significant. The level of factor (+ 1) gave the highest
value, which was the use of CPD as the primary anticoagulant, rather than adding
heparin /calcium chioride combination after the donation. Aithough the opinion is
that anticoagulants with lower levels of citrate are more beneficial in the generation
of FVIIl (Rock et af., 1988) and that half strength citrate solutions should be utilised
{Prowse et af., 1987}, in South Africa the registered anticoagulant is CPD, with a
Citrate strength of 23 mMol. In 1986, a further anticoagulant viz. SAG-M (Sodium:
adenine; glucose and mannitol) was registered in South Africa. It was not used for
our study, as at the time of registration all the technica! work had been completed.
Previous studies by Rock et al. {1979); Krachmalnikoff and Thomas (1983):
Mikaelsson et a/. {1983) and Cumming et a/. (1987), all confirmed the beneficial

effect of heparin rather than CPD on the stability of plasma FVIII. This effect is due



0 the presence of physiological ionised calcium levels in heparinised plasma. In all
Tese studies heparin was the primary anticoagulant, which was not the case in our
study due to regulatory implications by the Medicines Contro! Council (MCC). De
Nit et al. (1986} on the other hand, found that the use of CPD as the primary
anticoagulant was superior than heparin, which correlated well with the findings
at our study. The FVIII assay statistical findings in our study indicated better FVIII

vields when using CPD rather than heparin.

“/ariable V5, the pre-processing time delay of < 6 hours and V6 the pre-process
siorage temperature of 20°C, were both highlighted as significant variables
according to the analysis, affecting the FVII yield in the cryoprecipitate in a
cositive manner. Rock and Tittley (1979) found FVIIl levels were significantly
figher when whole blood was stored between 6 and 24 hours at 22°C, than when
' was stored at 4°C before separation, Spivey et al. (1992} reported similar
findings. Hughes er a/. {1988) found FVIIl to be better preserved over a 24 hour
Period when stored in whole blood at 22°C, than when stored in plasma at 22°C
ST 4°C, or in whole blood at 4°C, but at the same time, major losses of FVill
Cccurred after a 6 hour processing delay and were dependent on temperature. FVIi
éCovery was 100% for 6 hour old plasma and 79% for 18 hour old p.asma.
Vermeer et a, {1976b} demonstrated that the temperature of stored whole blood
Should not decrease below 10°C, while Aliersma et a/. (1996) repcrted no
Significant difference in a processing delay of either 3 hours or 12 - 15 hours
Frovided the temperature was 20°C. The investigation by Pietersz et a/. (1989)

“oncluded that the effect of rapid cooling to 20 -24°C of whole blood immediately



after collection, using "cooling units” with butane-1,4-diol, prolonged storage for
uo 1o 24 hours with a 80% FVIlli recovery of the initial value, and provided optimal
conditions for blood component preparation. The findings in our study correlate
vell with the findings of the above authors, and is evident that these two variables,
.2, processing whole blood within six hours which has been stored at 20 - 24°C,

are critical variables to which precise attention must be given.

The variable relating to blood groups was not found to be a significant variable on
‘s own. Previous reports by Preston and Barr (1964) and Jeremic et a/. (1976},
faund Blood Group A to have a greater influence on the FVIll yield, although they
~ere only investigating ABO blood group status at the time. However, in this
study, blood groups (V2), showed a significance with the interaction of bleeding
time (V3), specifically using Blood Group A donors, bled in a donation time of
'onger than 8 minutes. This correlates well with a study by Reiss and Katz {1976),
in which they found no difference in platelet concentrate or FVIII quality from biood
collections lasting between 8 and 12 minutes. It is suggested that the eight minute
bleeding time is restrictive, and that blood collected from non-traumatic and free-
flowing phiebotomies of up to 12 minutes be acceptable. The possibility of
selecting high value donors such as Group A donors, along with the exiended
bleeding time, clearly are notable variables for the enhancement of FVIII quality.
The interaction donor exercise levels (V1) and type of anticoagulant used {V4), was
Significant. The interaction showed that when using CPD as the anticoagulant,
highest yields of FVIIl were achieved when the blood donors were not exercised,

Which is contrary to the findings in the study by Van Gastel et a/. {1973) and



Strand et al. {1974}, who found that the FVIIl activity was increased by 40%,
when blood donors were exercised. Burka et al. (1975), proved exercise will double
the measurable FVII level in the donor’s blood. The increase in activity is for a
relatively short period, following strenuous muscular exercise, and it could well be
thatin many instances other variables call for a time delay before processing of the
viood, which could affect the outcome of the FVIil yield, because the levels had
slready decreased. If there were some guarantee that all whole blood which was
1 be processed into cryoprecipitate could be processed within 2 - 3 hours, it would
1hen be feasible to recommend that blood donors be exercised prior to their blood
donation. This would also drastically reduce the number of units of blood available
for FVIH production, as the majority of the whole blood is collected by mobile units.
Transportation of donated blood at mobile clinics to the processing laboratory can
be delayed, and not reach the processing laboratory within the deadline required
10 obtain the high FVIII level that was present on donation. Failure to meet this
fequirement makes the exercise stage of the donation procedure for the donors,

which needs extra time, a worthless recommendation.

The freezing temperature (V9), proved to be significant in Stage B of the production
Cycie i.e. those variables involved in the process after the separation of tne red
cells and plasma. The freezing technique (V10), whether to use alcohol / dry ice
baths or liquid nitrogen vapour, showed some indication of significance, but there
Was the presence of a large outlier {51,09 U/mi}, which had an influence on the
‘esults, and in addition, the variable was confounded, so the significance is

Uncertain and for this reasan no further consideration was given to its importance.
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The interaction of the holding time, V12 (the delay before the final centrifugation)
and thawing technique, V13 was significant, but due to confounding the effect
was uncertain. Due to the nature of the variables, it was thought the effect was
due to the thawing technique used, that of using a thawing water bath in which
e water circulates at a fixed temperature, or that of the plasma fixed to moving
arms of the water bath, in unmoving water. The freezing temperature was reached
intwo ways, a fast freeze at >-60°C or a slow freeze at -35°C. This study found
nat the fast freeze gave results that had higher FViil yields, which compares
favourably with a review by Farrugia and Prowse {1985), who also found the fast
freeze was better for optimal yields of FVII.In addition to the fast freeze, the
plasma to be frozen must be of the same volume and compressed between metal
piates, to make a thin plasma slab with even density, and piaced in ethanol baths
where energy transport is most effective {Carlebjork et a/., 1986b). Kasper et a/.
'1975) along with Rock and Tittley (1979) found that very low freezing
iemperatures were unnecessary, however recommendations in later studies, vielded

a far superior cryoprecipitate {Carlebjork et al., 1986b).

Many different FVIill assay methods have been used to date. However, the
chmmogenic Coatest® Factor VIl assay technique is easy to perform, with high
Precision, and is routinely used in the quality control of cryoprecipitate in many
Eaboratories (Carlebjork et al., 1987), replacing the formerly used one-stage ciotting
Method. It is also in routine use at Western Province Blood Transfusion Service for

all Quality control FVIIl assays on cryoprecipitates and concentrates.
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Quantitatively, fibrinogen is the major protein constituent in cryoprecipitate and is
an extremely stable plasma protein compared to FViI (Howard et al., 1991). Factor
Yl and fibrinogen are classified together, because of biologic similarities and
pecause their activity is destroyed during the coagulation process (Ness and
Perkins, 1980). Despite these similar characteristics, the levels of fibrinogen and
FVIil in a healthy blood donor are not necessarily correlated, i.e. a donor with an
clevated level of FVIIl may have a relatively low level of fibrinogen. The wide
range of values cited in the literature, reflects the number of variables that can
influence the yield of fibrinogen in cryoprecipitates. Hoffman et a/. {1987) obtained
an average of 100 mg of fibrinogen in their study. Higher values of 250 mg were
acquired by Ness and Perkins (1980). Our result of 10.93 g/l correlated better with

that of Smit Sibinga et a/. {1988), who obtained a value of 15 g/l

The storage temperature (V6) prior to separation of the red cells and plasma at a
temperature of 20°C, showed to have a significant effect on the fibrinogen results
in this study. In an earlier study by Hoffman et a/. (1987}, fibrinogen was found to
Se stable during 4 hours of storage at room temperature, whereas Saxena et a.
{1991} found the fibrinogen content to decrease when whole blood was stored at
1-8°C, prior to processing. The type of anticoagulant, especially heparin, played
arole in the determination of the higher fibrinogen content in the cryoprecipitate
3s well as the delay before processing. Individual variables which demonstrated an
effecton fibrinogen levels during the production cycle were: a thawing temperature
V7) at 4°C, the freezing temperature {V9} at >-60°C, and a freezing technique

V10 using a combination of alcohol and dry ice and precipitation (V14}, by means
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of a second centrifugation spin. The interaction between the freezing temperature
:Y/8) and the thawing technique (V 13} was significant, with the emphasis on using
z thawing water bath in which the packs were attached to a moving arm, and
moved through the water which remained constant. As long as the plasma was

frozen, the temperature at which this was carried out was immaterial.

“he influence of the variables on the data for von Willebrand Factor, could not be
referenced to any work done previously, as nobody has looked at the influence of
he production variables on vWF. Variables which influence the outcome of the Von
Villebrand Factor assay, prior to the separation of the red cells and plasma are: the
tleeding time of the donor, the exercise level of the donor, the delay before
separation, and the temperature at which whole blood was stored at before the
removal of plasma. These variables were not of importance individually, but only
pecame relevant when they interacted with each other. A donation time (V3) of
Jnder 8 minutes was consequential, only if the whole blood was reserved for 12
hours (VB) before processing. Hughes et al. (1988), found that the ratios of FVIII
10 VWF were 1.0 in both plasma and cryoprecipitate, stored for 6 hours prior to

further processing, and were 0.7 : 0.5 in 18-hour old plasma.

'fblood donors are not requested to exercise (V1) prior to donation, this would only
be significant if their blood were stored at 20°C (V8) before separation.
COHVerseiy, the opposite is also important. If whole blood is to be cooled to 4°C
Prior to separation, the blood donors should exercise prior to the donation. Most

Cryoprecipitate production units usually do not request their donors to exercise



tefore donation, but attempt to cool the whole blood as much as possible before
1e plasma is removed, two procedures which seem acceptable on their own, but
ascording to our study data, do not result in adequate vWF yields. The interaction
setween the blood group of the donor and the delay before separation of the
riasma and red cells, was only close to significance {p = 0.0749), and for this
reason did not warrant any relevance to the outcome of the study. In the next
rnase of the production cycle three individual variables became critical. The
centrifugation speed to separate the red cells and plasma at 4733 x g (V11),
icllowed by freezing the plasma {V9) at >-60°C in alcohol/dry ice freezing bath
/1), were of particular significance on the vWF data. The freezing technique
txperienced a confounded effect and could not be considered as relevant. The
‘Nteraction of the thawing technique (V13) and time delay (V12), before finally
Snap-freezing the cryoprecipitate, was significant, but was confounded by the carry
cver effect of the type of anticoagulant used, and it was difficult to derive a final

Conclusion on these two variables.

The plasma concentration of cross-linked fibrin degradation products (FDP
ttntaining the D-dimer domain) in normal donors is usually less than 0.25 ug/mi,
S0 the pre starting sample from donors prior to their donation is expected to give
@ negative result. Concentrations of 0.25 pg/mi FDP or more, will cause
agglutination with the Dimertest” Latex assay. Elevated D-dimer levels indicate the
degree of coagulation and fibrinolytic activation (Sato et al., 1995). A plasma
SCf&ening test for FDP is of diagnostic value in disseminated intravascular

Coagulation (DIC), acute vascular diseases and other thrombotic episodes. The
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amount of FDP detected in a sample will depend on several factors, such as the
degree of coagulation, the rate of cross-linked fibrin formation, and time elapsed
orior to testing. The D-dimer latex assay provides a sensitive tool to study the
zvents leading to the production of fibrin from fibrinogen and activation of FVIII.
This test, when performed on donor plasma, can provide insight into the variation
of haemostatic parameters on individual donors prior to donation. The resuits
obtained in our study indicate that in most instances no activation of FVIil occurs,
curing blood donation. If activation were to transpire, it would occur initially as a
result of improper insertion of the needle into the vein, or when the blood is first
drawn through the tubing into the pack {Carlebjork et a/, 1983). Of further
:mportance is the initial mixing of the blood and anticoagulant, and personnel
should be instructed about optimal mixing procedures and its influence on the FVIII
Present in the plasma. Care in stripping the donation line is also a critical part of the
denation procedure, failure in doing so could cause small clots to form, an
indication that fibrinolysis is under way and once again affect the quality of FVIII

vield,

8 Of the 7 positive results were identified on pre donation samples taken prior to
donating the unit of blood. The reason for this could have been caused by inferior
Dhiebotomy techniques, an unstable haemostatic conditicn present in the donor
Which had passed undiagnosed, or inadequate mixing with the anticoagulant after
the sample had been drawn. As the same phlebotomist was used throughout the
Study, it would be fair to eliminate a reason as being inferior phlebotomy technique.

The unstable haemostatic condition is unlikely given the good heaith of the bicod
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donors, however FDP levels can sometimes be elevated during menstruation
(Carlebjork et al., 1986a). If this test was introduced as a routine test for all donors
erior to donation, those donors presenting a positive test result due to a
hasmostatic condition, could be referred for further treatment and efiminated from
dcnation. In this way, quality plasma for cryoprecipitate production could be

scurced.

rattor VIIl is stable in a narrow pH range around 7.0, thereafter it dissociates
‘eversibly in the presence of high salt concentrations (International Forum, 1983).
o0l in 1967 showed that there was no difference in FVIIi recoveries in
“r'yoprecipitate prepared from plasma with pH values between 6.0 and 8.0. The pH
"esults in our study, using either plasma collected into CPD plus heparin, or into
CPD alone, ranged between pH 7.25 and 8.10 and correlated well with the
“utcome reported by Pool {1967}. The design samples whose plasma had heparin
2dded, had a pH range of pH 7.9 to 8.10 whereas the plasma containing only CPD
"&d a range of pH 7.25 to 7.8. There has been no reported significance in the
"slationship between the pH of the pre donor plasma and the pH during the
Rfoduction cycle {Shanberge et a/., 1972). The pre storage temperature (V6), had

3 significant influence on the pH determination.

The interaction of the pre storage temperature (V6), in particular that of 20°C, had
0me influence on the pH determination, when blood donors who had been
“Xercised (V1) were used. This relates well to the FViil analysis, in which the 20°C

Dre‘storage temperature showed FViil to be more stable at 20°C than at 4°C.



Similar findings were experienced by Vermeer et al. (1976b). During the production
cycle, those variables showing significance, independently of each other, were the
thawing temperature (V7), freezing rate (V8), freezing technique (V10) and the
crecipitation step {V14). Unfortunately the freezing rate, freezing technique and
nrecipitation were confounded and their significance difficuit to comment on. The
thawing temperature experienced no carry over effects from Stage A phase, and
was free from confounding by any of the other variables. The thawing temperature
of between 4°C and 8°C can play an important role on the final outcome in the pH
determination. The interaction of the freezing temperature (V9), and the manner in
~hich the plasma was thawed (V 13}, was also found to be of relevance. The pH
determination is relevant when a freezing temperature range, of between >-60°C
or -35°C is used together with a thawing technique involving either circulating
water or by moving the packs. No other variables or interactions were significant

when determining the pH.

Trace amounts of plasma proteins are present in cryoprecipitate, but their
CCncentrations vary (Smit Sibinga and Das, 1984). It was decided to examine the
effect of the variables on the important plasma proteins {total protein and albumin},
and others not mentioned in the literature to date. Of the plasma prorteins,
fibrinogen was analyzed separately and has already been discussed. It was decided
MOt to assay fibronectin due to the cost factor and complications invoived in the
3ssay technique (Boughton and Simpson, 1985). The presence of fibronectin in
“ryoprecipitates has been well documented in the literature by Garelli et a/. (1986),

Horowitz et a/. (1984) and Amrani et al. {1982). The levels of the immunoglobulin
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dstermination (1gG, igA, igM, and IgE} and antithrombin-1il are often undetectable,
insignificant, and costly {Palmer et al., 1990). It was for these reasons that the
mentioned assays were excluded. An oversight at the time of pianning the study,
was the exclusion of Fibrinopeptide A {FpA) assay, which would have correlated
well with the FDP results, and detects early activation in the coagulation system
tCarlebjork et a/., 1983). Similarities in the results of certain piasma proteins and
eizctrolytes were found, and will therefore be discussed as one entity. Individual
“2riables rather than interactions were more prominent between the variables, with
the majarity of variables having more influence during Stage A (prior to production),
'ather than in Stage B (during production cycle). Variables and interactions that
/¢re close to significance, were eliminated. Confounding in many of Stage B
Neractions were evident, making it difficult to comment on the relevance of the
éssociation. The reason being, these plasma proteins and electrolytes are only
“resent in trace amounts and if definite significance was not evident, they would
7en have little bearing on the outcome of the entire Fractional Factorial Design.
Juring Stage A, the following variables and interactions played a role on the
“Uicome of the plasma proteins. Exercised blood donors (V1) affected the albumin
#"d total protein results, while a bleed in under 8 minutes (V3) had an influence on
ina Potassium results. Anticoagulant played a role in all the plasma proteins and
’-‘?ECtrolyteS, with CPD influencing the magnesium, total protein, albumin and
**dium data, as compared to heparin and calcium chloride influencing the
:Gfassium, chloride and calcium data. This was evident by the higher assay results

“¥ing obtained in those instances when heparin and calcium chloride were added



1o the plasma, prior to processing. It would be acceptable to presume that the
calcium results that were elevated, were caused whenever heparin and calcium
chioride had been added to the plasma. Whole blood stored for 12 hours (V5)
ould have raised the potassium, which is known to increase on storage. Sodium
ievels rose when the whole blood was cooled to 4°C, prior to separation of the red
cells and plasma. Magnesium, sodium and total protein analysis reflected the same
cuicome when the blood donors were not requested to exercise, and blood groups
other than Group A were used. The reason for this is not clear. Whole blood that
nas been stored at a temperature of 20°C and then had the red ceils separated
from the plasma within 6 hours, constructively influenced the magnesium, ALT and
potassium resuits. A possible explanation for this occurrence could be that those
piasma proteins are less unstable at a temperature of 20°C. A whole biood
donation with a bleeding time of less than 8 minutes, processed within 6 hours,

nad a beneficial control over the ALT results.

in Stage B of the production phase, magnesium, total protein and sodium were not
biased by any of the variables, although evident in total protein data, was a carry
Over effect from V5, the pre-process delay variable. V14, the precipitation
technique demonstrated a connection with the results obtained from the caicium
and ALT assays, but were confounded, and as a consequsnce, reservation about
s significance is expressed. The same applies to the interaction V8 by V13
freezing rate and thawing technigue) for ALT and chloride, V12 by V13 {holding
lime and thawing technique) for albumin and V10 by V14 (freezing technique and

Precipitation) for potassium. [t is suggested that these plasma proteins and
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sisctrolytes are more sensitive to the freezing and thawing techniques than other

plasma proteins and electrolytes.

Significant variables were the freezing technigue {V10) for calcium and the thawing
emperature (V7) for ALT. The reason for these variables showing significance, is
uncertain and further studies on the plasma proteins would be required, if the
answer is to be determined. The freezing technique (V10), in conjunction with the
tnawing technique {V13), pilay a critical part in the calcium and chloride
determinations. Better insight into the plasma proteins and electrolytes and the
effect of the many variables on them, has been gained by our study, however only

play a limited role in the final yield of FVIIl.



CHAPTER 6

CONCLUSIONS

Siatistically designed experiments have been used in industrial experimentation for
ifcroximately the last 20 vyears, and more recently in the medical field.
Stphisticated designs and methods of analysis have appeared since digital
“ZMputers and their statistical programmes became available in the mid-1960s
Szndrix, 1979). Statistical designs such as the one used in our study, are valuable

“frruments, when countless variables need to be assessed at any one given time.

" s study, our results and statistical analysis thereof, highlight which individual

-ariables or combination of variables and their factors are significant to optimize the

-"=paration of cryoprecipitate for FVIIL.

" Stage A, of the production cycle ie. from the time of blood donation, to prior to

3=

Daration of the red cells and plasma, variables V4 {anticcagulant}), V5 (pre-

[

"2Cess delay prior to separation of red cells and plasma) and V6 (pre-process
**Srage temperature), all play an important role in FVIIl yield when examinea as
“Zzpendent variables. Less importance was placed on variab'es V1 (donor exercise

vels), V2 (donor blood group), and V3 (time taken to bleed the unit of biood) as

ot
2

S.gnificance was evident for these variables when evaluated as independent

‘2riables. Donor blood group was significant when interacted with other variables.

-
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CPT as the primary anticoagulant (V4) influenced the FVIH levels by producing
sieerior yields when compared to other anticoagulants used. CPD influenced the
of. fibrinogen, vWF assay results, and majority of the plasma proteins levels, by
$owing, either no change in the outcome, or an improvement of FVIIi yields.
s2zarin appeared 1o be more suited to the electrolytes, however, this does not
itrsar to be of any significant value, due to the small concentrations present in the
Tasma.

"z pre-process time delay of less than 6 hours before separation was of vital
Tortance to the FVIHI levels, due to the fact that a longer delay resulted in a
~2lrease of FVIII activity. The shorter pre-process time seemed to produce better
"2sdJits in most of the plasma proteins, with the longer delay showing an increase

" potassium levels.

-3rable VB, that of the pre-storage temperature prior to processing, of 20°C is of

[}

“meimportance. Improved results in the FVII, pH, fibrinogen, plasma protein and

[

_o
-

trolyte assays were detected. Only sodium showed preference for the colder
“Mperature of 4°C. Currently, in our present production cycle, not much attention
® %aid to variable V6. The temperature of the incoming blood, from mobile clinics,
“ENges between 4 - 30°C. This same variable (V6) showed an interaction with
“3nor exercise levels (V1) for vWF and pH determination.

-

"‘C other interactions for the FVIll statistical analysis of data results, were

> 3nificant,



} Group A blood donors (V2) bled within 12 minutes (V3)

non exercised donors bled into packs containing CPD

" Stage B of the manufacturing process, variable V8 {(freezing rate) was of no
sgrificance, with the freezing technique V10 {which was confounded in most
nstances), the holding time V12, the precipitation step V14 showing only
nisrmittent significance, in relation to fibrinogen and pH. Variable V11, being that

<! zentrifugation, demonstrated relevance only with vWF data.

Jariables V7, that of the thawing temperature below 8°C and V9, freezing
“Emperature >-60°C was the most significant in relation to the FVIl analysis. The
‘2si freeze at >-60°C showed significance with the FVII, fibrinogen and vWF
"=sults with increased yields, whereas the thawing temperature affected the pH and
‘brmogen the most. The freezing temperature (V9), displayed interactions for the
“~ and fibrinogen analysis with the thawing technique {V13). Here either of the
-0 factors of the variables could be relevant to either variable. A slow freezing
"2 results in a cryoprecipitate which is about twice the weight of a cryoprecipitate
-Stained by a fast freezing rate. A heavier cryoprecipitate contains FVIIl with a

“wer specific activity.

is important that FVIIl in the cryoprecipitate be in as natural a state as possible.
~Ztivation of FVIIl by traces of thrombin will have adverse effects on the quality
“"the product. It has been shown that FVIIl which has been activated by thrombin,

“Ses activity rapidly (Rick and Hoyer, 1978). The amount of FpA in a sample is
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sregortional to the level of thrombin formation and an indication of the extent of

sssay content is an indication of FVIII activation. Plasma with a low FpA content,
s srocessed more easily and the product remains stable {Pflugshaupt and Kurt,
'283). Care in stripping the donation line is also an important part of the donation
trccadure, in ensuring low plasma FpA levels {{(Prowse et a/., 1984}. FpA content
#32 indicates the importance of blood flow through the collecting tube devoid of
inucoagulants {Skjonsberg et al., 1986). Fibrinopeptide A determination is a
‘zluable test, which is able to give indications of the status of the blood donation
Srier to the commencement of processing and should therefore be incorporated as

=271 of the routine in bleeding procedure.

"2 positive results of the FDP D-dimer latex assay in this study, were more likely
- e that of a haemostatic condition in the donor possibly caused by menstruation
3E~r%ebjork et al., 1986a), than poor phiebotomy techniques. Rather thar pursue
'3 assay in future studies, we would recommend all donations be tested by FpA
“*ermination which is a far more practical and sensitive assay method . Detection
-* 2 positive result should exclude the unit of donated blood from being batched

7 processing into cryoprecipitate.

To Sumrmarize, the findings of our study indicate that there are 17 simpie steps in

& FVIil production process, to which attention to detail should be paid to optimize

‘M yields -

*

the venipuncture should be a first time clean entry into a vein



strenuous exercise is not required

Group A blood donors should be used for cryoprecipitate production
the primary anticoagulant should be CPD

blood should be mixed with anticoagulant during phlebotomy
cryoprecipitate must be prepared from plasma within 6 hours of
collection

whole blood temperature must be maintained at 20 - 24°C prior to
processing

FpA assay should be performed on all donations prior to processing
separation of red cells / plasma should be by means of a rapid
centrifugation at 4733 X g

plasma must be frozen using a rapid freeze technique with a
temperature of greater than -60°C

plasma bags should be placed in a polyethylene over-wrap, immersed
in a bath of 95% ethanol and dry ice as a recommendation for
freezing

plasma must be of constant volume

plasma must be compressed between metal plates to ensure uniform
density

thawing of the frozen plasma should be below 8°C, in a water
environment in which agitation occurs either by movement of the
water or plasma packs

precipitation must be carried out by means of centrifugation

after drainage cryoprecipitate should be refrozen rapidly with dry ice



* cryoprecipitate should be stored at below -30°C

Cf the 17 steps that have been highlighted above, it is important to communicate

gt 12 are already being applied during the production process at WPBTS.

rurther attention must be given to the following areas (in addition to the 12 already

1sed}, in order to achieve the optimal quality of cryoprecipitate, containing high

‘zids of FVII;

*

only bleeding of Group A donors;

ensuring that the blood reaches a temperature of 20°C prior to
separation;

performing a FpA assay prior to processing;

fast freezing rate of >-60°C;

constant starting plasma volume.

-* e above five parameters, those most difficult to implement in a large scale

~-tne production laboratory, would be:

*

only bleeding Group A donors for cryoprecipitate production,
which would require a much larger donor base, Lut
plasmapheresis could be an option and would require further
investigation of this route;

monitaring of the whole blood temperature at 20°C;
introduction of routine FpA testing, as it would increase the

cost of production.

=
N
|S]



o never, with modifications to certain procedures, the above could be achieved.

thsse findings further indicate that fibrinogen is present in therapeutically useful
Juzntities in the cryoprecipitate. Unfortunately fibronectin was not included in the
study, but is a recommendation for future work on the production of
iryoprecipitate. The plasma proteins and electrolyte assays invelve considerable
*m2 and cost for relatively inconsequential information, and we advocate to

sxt.ude them hereafter in further studies relating to cryoprecipitate.

s additional suggestion, what is required in the future, is that the Fractional
~aztorial design should be selected so that carry-over effects of the pre-production
‘actors are not confounded with the production factors. This would include altering
-~z design of the two variables that were identical, to avoid future confounding of
"z factors. When all the corrections have been made, we would repeat the study,
*+2:uding the plasma protein and electrolyte assays,but including the fibronectin

3ay. The FDP D-dimer assay would be exchanged for the FpA assay. assay.

" Sanclusion, we wish to report that we were able to achieve our objective, which
3% 10 identify those variables and interactions of factors which optimize the
“"“Zuction of Factor VIl in cryoprecipitate. Our recommendations are feasible for
32 scale cryoprecipitate production. Furthermore, we have gained additional

""“:iledge of those assays which are relevant when determining FVill yields and

Etiziii‘{y_

-4

o
L9



REFERENCES

AABB standards for blood banking. 1988. 6th edition, Arlington, New York.

Adcock C.J. 19b4. Factorial analysis for non-mathematicians. 1st edition,

Melbourne University Press, Australia.

Addis T. 1911. The pathogenesis of hereditary haemophilia. Journal of Pathology

& Bacteriology, 15, 427 - 452,

fdolfsen F. 1986. The calcium concentration: dependent stability of Factor Vi,

Red Cross blood Bank Groningen-Drenthe {project).

~sdort L.M. 1988. Cryoprecipitate revisited. Transfusion, 28, 295-296.

“sain J.P., Verroust F. and Soulier J.P. 198C. In vitro and in vivo characterization

** Factor VIil preparations. Vox Sanguinis, 38, 68-80.

~1ain J.P. 1984. Principles of in vivo recovery and survival studies. Scandinavian

Journal of Haematology, 40, 161-163.

fs
[)Y
1]



References

Aliesrsma D.P., Imambaks R.M.R. and Meerhof L.J. 1996. Effect of whole blood
storage on Factor VI recovery in fresh frozen plasma and cryoprecipitate. Vox

Sanguinis, 71, 150-154,

Arrani D.L., Mosesson M.W. and Hoyer L W. 1982. Distribution of plasma
zronectin {cold-insoluble globulin) and components of the Factor VIl complex

after heparin induced precipitation of plasma. Blood, 59, 657-633.

Aronson D.L. 1990. The development of the technology and capacity of Factor

/it for the treatment of haemophilia A. Transfusion, 30, 748-758.

~ 3y D.R., Ellisor S.S., Nolan N.J., Cox R.S., Franco J.A., Harbury C.B., Schrier
3L, and Pool J.G. 1978. The effect of delayed refrigeration on red blood cells,

-

telet concentrates and cryoprecipitable AHF. Transfusion, 18(2), 160-168.

Z20gham D.A., Biggs R., Brozovic M., Denson K.W.E. and Skegg J.L. 1971. A
- %ogical Standard for measurement of blood coagulation Factor VI activity.

Bulletin of World Health Organization, 45, 337-351.

X%

*rowcliffe T.W. 1984. International and National standards for Factor Vil

Scandinavian Journal of Haematology, 40, 131-138.

|-t

[9)
Lt



=zferences

2393 R., Rizza C.R.C., Blackburn E.K., Cleghorn T.E., Cumming R., Delamore [.W.,
Ssrmmandy K.M., Douglas A.S., Grant J., Hardisty R.M., Ingramm G.1.C.,
‘zowick RUA., Maycock W. and Wallace J. 1974. Factor Vill concentrates made
" the United Kingdom and treatment of Haemophilia B on studies made during
'389-72: Report of the Medical Research Council’s Blood Transfusion Research
~nmittee working Party on the cryoprecipitate method of preparing AHF

“Tcentrates. British Journal of Haematology, 27, 391-405.

-"arsau N, Sauger A., Yon J.M. and Van De Pol H. 1989. Isolation and
“%zcterization of different activated forms of Factor VI, the human

““1asmophilic A factor. European Journal of Biochemistry, 185, 111-118.

iR 1993. What statistics can do and cannot do. Transfusion, 33, 940-

tim T, Hayward M.M., Brewer M.D., Priday C. and Trenchard P.M. 1982. An

“F -ation of overnight controlled 20°C storage of whole blood prior to component

“Saration. Transfusion, 26(4), 35-41.

-27n B.J. and Simpson A.W. 1985. The assay of fibronectin in biood

"Ets. Vox Sanguinis, 48, 60-62.

i 1
(&)
m



izferences

2% G.E.P. and Hunter J.S. 1961(a). The 2"° fractional factorial designs. part .

Technometrics, 3, 311-3561.

2% G.E.P. and Hunter J.S. 1961(b}. The 2** fractional factorial designs. part |l.

Tschnometrics, 3, 449-458.

iy G.E.P., Connor L.R., Cousins W.R., Davies O.L., Himsworth F.R. and Sillitto

2% 1963. The design and analysis of industrial experiments. 2nd edition,

--2:shed by Oliver and Boyd, London.

S J.t., Triplett D.A., Musgrave K., Arkin C., Bovill E.G., Lucas F.V. and Rock

"~ 1988. Factor VI assays. Archives in Pathology and Laboratory Medicine,

2792,

720 A and Grove-Rasmussen M. 1966. Stability of Factor Vill in the frozen

e Transfusion, 6, 230-233.

“newicz-Proba T. 1991. Human plasma fractionation and the impact of new

*-""alogies on the use and quality of plasma-derived producis. Blood Reviews,

" 4%5.257,

|-
(W3]
~J



1,
[+
3
3
a8}
)

xz E.R.,, Puffer T. and Martinez J. 1975{a). The influence of donor
racteristics and preparation methods on the potency of human cryoprecipitate.

ansfusion, 15, 323-328.

<2 E.R., Harker L.A., Kasper C.K., Kevy S.V. and Ness P.M. 1975(b). A

iicol for cryoprecipitate production. Transfusion, 15(4), 307-311.

~«£ .., Pach! C., Quiroga M., Rosenberg S., Haigwood N., Nordfang O. and

72741, 1986. The functional domains of coagulation Factor Vill:C. The Journal

: Biolagical Chemistry, 261, 12574-12578.

¥ lark G., Blomback M. and Akerblom O. 1983. Improvement of plasma
"% %/ as raw material for Factor VII} concentrates: storage of whole blood and

"%z and interindividual plasma levels of Fibrinopeptide A. Vox Sanguinis, 45,

S22,

300tk G. and Blomback M. 1984. Freezing plasma to obtain a better yield of

2 VINC. Scandinavian Journal of Haematolagy, 33(40), 127-128.

“inigrk G., Blomback M., Blomstedt M. and Akerblom Q. 1986{a). Screening

- TFR0r VILLC levels in blood donors. Vox Sanguinis, 51,306-309.

" *otk G., Blomback M. and Pihistedt P. 1986(b). Freezing of plasma and

-eary of Factor VIIl. Transfusion, 26({2), 159-162.

(8%
[F e}

l._l



‘rarances

szoork G., Oswaldsson U. and Rosen S. 1987. A simple and accurate
" irczlate assay for the determination of Factor VIl activity. Thrombosis

“zsearch, 47, 5-14.

-2.33 AL 1957. Gerrinnungsphysiologische schnelimethode zur bestimmung des

-"733en, Actals of Haematology, 17, 237-246.

-“.27 JF., Mohammed M.S., Khan B.S., John-Vargo B.S. and Heinrich-Joist J.
I Am improved method for evaluation of blood coagulation i3 heparinized

Eiae

3. American Journal of Clinical Pathology, 75, G0-64.

'._««»ﬁ,.qg A.M., Wensley R.T., Power D.M. and Delamore LLW. 1987. The
Climce of anticoagulant on the in vitro level and stability of Factor VIH

“““zguiant activity. Thrombosis Research, 46, 391-395.

©7ng AM., Wensley R.T., Winkelman L. and Lane R.S. 1990. A simple

iy anticoagulant-exchange method to increase the recovery of Factor Vil in

T

R H.J.C., Scheer G., Muradin J. and Van Der Does J.A. 1986. influence of

" “"Mary anticoagulant on the recovery of Factor VIll in cryoprecipitate. Vox

*Nquinis, 51 172-175.

[
(32
N¢}



<stra 0, 1958. Partial duplication of factorial experiments. Technometrics, 1,

-
-

22 1971, The Management of Haemophilia. Update on Haemophilia, 3, 679-

"man G. 1967. Glass electrodes for hydrogen and other cations. Principles

dpractice. 2nd edition, Marce! Dekker incorporated, New York.

“.Za A. and Prowse C. 1985. Studies on the procurement of blood
“*z.ation Factor VIiI: effect of plasma freezing rate and storage conditions on

““Cscipitate quality. Journal of Clinical Pathology, 38, 433-4437.

“-32 A, Grasso S., Douglas S., Harrap R., Oates A., Young I., James J and

m

L. 1992. Modulation of fibrinogen content in cryoprecipitate by

“%"ziure manipulation during plasma processing. Transfusion, 32(8) 755-759.

2 P.A. and Zimmerman T.S. 1989. Factor VIl Structure and Function. Blood

“iews, 3180-191.

“# PR, Dickson A.J., McQuillan T.A., Dickson |.H., Keddie S. and Watt J.G.

=< Control of large -scale plasma thawing for recovery of cryoprecipitate Factor

Vox Sanguinis, 42, 180-189.

I_l
~]
[0



fzrennes

7er P.R., Dickson A.J. and Dickson |.H. 1984. Improving yield in the
 acture of Factor VIl concentrates. Scandinavian Journal of Haematology,

=00 103-110.

2z* P.R., Dickson L.H., McQuillan T.A., Prowse C.V., Boulton F.E., Greedharry

22 Bloom A.L. 1988. Studies on the stability of VIiI:C during the manufacture

¥ -actor VIN concentrate for clinical use. Vox Sanguinis, 55, 8§1-8%.

S., Mereni P.L., Montani F. and invernizzi F. 1986. Fitronectin and

--t'ecipitation. La Ricerca of Clinical Laboratory, 16, 321-326.

=327 J.G.H., Rees S.8., McManus T.J. and Scheitlin W.A. 1857. A citrate
-3thate dextrose solution for the preservation of human blood. American

“4rnal of Clinical Pathology, 28, 569-578.

“~B., Bell K. and Prowse C.V. 1988. Studies on the procurement of blood

]

“z-ation Factor VIl. In vitro studies on blood components prepared in half-

2T o
a

Ih citrate anticoagulant 18 hours after phlebotomy. Vox Sanguinis, 55, 9-13.

* 2 and Malia R.G. 1884. Maedical Laboratory Haematoloegy. 1st edition,

i

~="-‘grths, London.

it

“x C.D. 1979. What every technologist should know about experimental

e

7. Chemtechnology, March, 167-174.

'T",v'l



‘zrences

“iran M., Koepke J.A. and Widmann F.K. 1987. Fibrinogen content of low-

-T2 cryoprecipitate. Transfusion, 27(4}, 356-358.

~znd PV, 1989. Standards for blood banks and transfusion services. 13th

227, Arlington: American Association of Blood Banks.

ootz B, Lippen AL, Chang M.Y., Shulman R.W. Vandersande J., Stryker M.H.

> oods K.R. 1984. Preparation of antihaemophilic factor and fibronectin fram

-73" plasma cryoprecipitate. Transfusion, 24, 357-362.

-»zd P.L., Bovill E.G. and Golden E. 1991. Post-thaw stability of fibrinogen in

“Ilrecipitate stored between 1 and 6°C. Transfusion, 31, 30-31.

2733 C., Thomas C.B., Schiff P., Herrington R.W., Polacsek E.E. and McGrath
1988. Effect of delayed blood processing on the yield of Factor Vil in

““t zcipitate and Factor VIl concentrate. Transfusion, 28(6), 566-570.

“*ational Forum. 1983. What are the critical factors in the production and

* / control of frazen plasma intended for direct transfusion or for fractionation

{1

- /ide medically needed labile coagulation factors ? Vox Sanguinis, 44,246-259.
520 L and Morton T.D. 1979. General Engineering Knowledge for Marine
“dineerg. Volume 8. 3rd edition. Thomas Reed Publication Limited. Great

51 page 142.



rzmiz M., Weisert O. and Gedde-Dahl T.W. 1976. Factor VIl (AHG) levels in
."3 regular blood donors. Scandinavian Journal of Clinical Laboratory

vestigation, 36, 461-466.

2 Jirum, Diagnostica Sweden. 1987. Coatest” Factor Vill: a complete kit for
* Zetermination of Factor VIl coagulant activity (VIII:C) in plasma and blood
f:ions. Product Information pamphlet, February 1987, 949, 1-10

2P, 1980. An improved thaw-siphon method for the c.yoprecipitate

“tEration, Vox Sanguinis, 38, 172-177.

tzr C.K., Myhre B.A., MCDonald J.D., Nakasako Y. and Feinstein D.i. 1975.

“*'ninants of Factor Vil recovery in cryoprecipitate. Transfusion, 15(4), 312-

lar C K, 1995. Hereditary plasma clotting disorders and their management.
" International Haemophilia Training Centre of the World Federation of

L
el

*mophifia, 1-24.

“™an H. 1984, Calculations of Factor VIl in vivo recovery and half-life.

“dinavian Journal of Haematology, 40, 165-174.

“iTan J. Haverkate F., Koppert P., Nieuwenhuizen W., Brommer J.P. and Van

¥ olerf W.G.C. 1987.  New enzyme immunoassay of fibrin-fibrinogen

173



“zrences

aradation products in plasma using a monoclonal antibody. Journal of

woratory Clinical Medicine, 109, 75-84.

nmalnicoff A. and Thomas D.P. 1983. The stability of Factor V! in
2znized plasma. Thrombosis and Haemostasis, 49(3), 224-227.

“"23en S., Ostergaard H. and Nilsson I.M. 1986. Clinical application of the
"™ogenic assay of Factor VI in haemophilia A, and different variants of von

- *trand’s disease. Scandinavian Journal of Haematology, 37, 418-453.

-~ ".H., Irwin J.F., LeFave R.0., Grzenczyk B. and Pai R.C. 1980. Animproved
23 for the preparation of intermediate-purity antihaemophilic factor

“ame

““=rwrate for therapeutic usage. Vox Sanguinis, 38, 216-221.

2" J M., Ofosu F.A., Edson J.R., Joiist J.H., Chavin S.I., Weiss A.E. and
7= C.R. 1984. North American study of Factor VIl concentrate potency.

“3dinavian Journal of Haematology, 40, 149-160.

" V.J., Mannucci P.M., Firkin B.G., Hoyer LW. and Meyer D. 1985,
"~ Zarg nomenclature for Factor VI and Von Willebrand Factor: a

“-~"Mendation by the International Committee on Thrombosis And Haemostasis.

"Smhosis ang Haemostasis, 54, 871-872

o]
~i
Ha



FENCes

zeis J, and Eisen M. 1986. Preparation of stable lyophilized cryoprecipitate

"¢ sriginal frozen plasma bags. Vox Sanguinis, 50, 38-41.

2on E.C. 1978. Thaw-siphon technique for production of cryoprecipitate

“entrate of Factor VIII. Lancet, 1 July, 15-17.

sin E.C, Pepper D.S. and Griffin B. 1981. Production of cryoprecipitate of
*mzdiate purity in a closed system thaw-siphon process. Thrombosis and

¥Maostasis, 46(2) 543-546.

.2 R, Myllyla G., Temperley 1. and Stampfli K. 1978. Preparation and use of
=78 VIIE and 1X for transfusion. Co-ordinated Blood Transfusion Research

‘Iramme. part 1 (4).

-"rsh R.V. and Foster P.R. 1990. The effect of solution formulation on the
> iy and surface interactions of Factor VIl during plasma fractionation.

“sfusion Science, 11, 55-66.

-%:an D.S., Knight S.R. and Aronstam A. 1988. The relationship between
“*3.:ation Factor Viil and ABO blood group status. Medical Laboratory Sciences,

© 31134,

"*sson M.E., Forsman N. and Oswaldsson U.M. 1983. Human Factor VIIi: a

“% o finked protein complex. Blood, 5, 1006-1015.

275



~
-

«z2'sson M. and Oswaldsson U. 1984. Standardization of VIil:C assays: a

ufacturer’s view. Scandinavian Journal of Haematology, 33, 147-154.

“nzn M., Soria J., Soria C., Perrot Y.J. and Boucheiz C. 1986. A latex

“-noassay of fibrin/fibrinogen products in plasma using a monoclonal antibody.

vombosis Research, 44, 715-728.

*G., Holme 8., Heaton W.A.L., Kevy S., Jacobson M. and Popovsky M.
Effect of an 8-hour holding period on in vivo and in vitro pronerties of red

*%and Factor VIH content of plasma after collection in a red cell additive

=7 Transfusion, 30(3}, 828-832.

IZ'EE-”,thaler J.J., Zuber T. and Friedii H. 1985. Influence of heparin and calcium
s on assay, stability and recovery of Factor Viii. Vox Sanguinis, 48, 8-17.

“7sen F.S. 1966. Factor VIl (AHF} concentration in pH 6.5 citrate-plasma.

d28,479.481.

X W.G., Palmer J.B., Wilson R., Prowse C.V. and McClelland D.B.L. 1991,

" "“altrial of red cell concentrate prepared from blood col'ected in half-strength

* @nticoagulant. Transfusion Medicine, 1, 25-29.

7 °M. and Perkins H.A. 1980. Fibrinogen in cryoprecipitate and its

T ~7thip to Factor VHI (AHF) levels. Transfusion, 20, 93-96.

- =
i



=22 D and Tejidor S.H. 1993. Enzymatic degradation of heparin in plasma: the

: :f Dade Hepzyme in coagulation testing. Clinical Haemostasis Review, July

““rer C.L. and MacPherson J.L. 1984. Cryoprecipitated antihaemophilic factor
“.ction from blood collected in quad packs or from blood with delayed

-:i3sing. The importance of plasma thawing method. Transfusion, 26(6), 516-

am

*73 D.S., Ganz P.R., Perkins H., Rosborough D. and Rock G. 1990.
*-ipment of a heat-treated Factor Vili/von Willebrand Factor concentrate

“tred from heparinized plasma. Thrambosis and Haemostasis, 63(3), 392-402,
"¢ M.D., Learoyd P.A. and Rajah S.M. 1978. Plasma Factor VI, variables
3“5:-_-qg stability under standard blood bank conditions and correlation with

2.2y in concentrates. Transfusion, 18(6), 756-760.

~ -3shaupt R. and Kurt G. 1983. FPA content - a criterion of quality plasma as

IV source. Vox Sanguinis, 45, 224-232.

=32 R.N.L, De Korte D., Reesink H.W., Dekker W.J.A., Van Den Ende A. and

(v

J.A. 1989. Storage of whole blood for up to 24 hours at ambient

“TCzratyre prior to component preparation. Vox Sanguinis, 56, 145-150.

i



rerances

> £ 1992, The validation of the Kabi FVII:C chromogenic assay. W.P. Blood

ansfusion Service {project).

2 ..G., Hershgold E.J. and Pappenhagen A.R. 1964. High-potency anti-
=7ephilic factor concentrate prepared by cryoglobin precipitate. Nature, (letter),

<2
R TR AN

= 2.G. 1967. The effect of several variables on cryoprecipitated factor VIII

*~% concentrates. Transfusion, 7,165-167.

.G, 1975. Cryoprecipitate Quality and supply. Transfusion, 15, 305-3086.

*3:n AE. and Barr A. 1964. The plasma concentration of Factor VIii in the

= population - the effect of age, sex and blood group. British Journal of

“**matology, 10, 238-245.

TrEH AR, MeGuire M. and Belt W. 1990. Specific identification of fibrin{ogen)
“Tadation products in plasma and serum using blotting and peroxidase labelled

" i=rum. American Journal of Haematology, 34, 270-274.

32 C.V. and McGill A.M. 1979. Evaluation of the Mason {continuous-thaw-

~"I% method for cryoprecipitate production. Vox Sanguinis, 37, 235-243.

178



.s2 C.V., Bessos H., Farrugia A., Smith A. and Gabra J. 1984. Donaticn

zdure, fibrinopeptide A, and Factor VI, Vox Sanguinis, 46, 55-57.

“.s2 C.V., Hornsey V., McKay G. and Waterston Y. 1986. Room temperature,

“tray chromogenic assay of Factor VI:C. Vox Sanguinis, 50, 21-25.

~“s2 CV., Waterston Y.G., Dawes J. and Farrugia A. 1987. Studies on the
--.'zment of blood coagulation Factor Vlii in vitro studies on blood components

“22zd in half-strength citrate anticoagulant. Vox Sanguinis, 52, 257-264.

%3 AF and Katz A.J. 1976. Platelets and Factor VIii as functions of blood

- 2ttion time. Transfusion, 16(3), 229-231.

= \LE. and Hoyer L.W. 1978. Thrombin activation of Factor VIH. Il. A
“Tizrison of purified Factor VIIi and the low molecular weight Factor VIil
““*iagulant. British Journal of Haematology, 38, 107-119.

2 G. and Tittiey P. 1977. Variations in cryoprecipitate production.

“nsfusion, 17(1), 50-563.

“ C. and Tittley P. 1979. The effect of temperature variations on

T “Zrecipitate. Transfusion, 19{1), 86-89.



2 G.. Cruickshank W.H., Tackaberry E.S., Ganz P.R. and Palmer D.S. 1979,

9v2d yields of Factor VIH from heparinized plasma. Vox Sanguinis, 36,294-300.

124 3.1980. Method of collecting anti-haemophilic Factor VIii from bload and

‘2 piasma using heparin or sodium heparin. United States Patent, 20 May, 4,

230891,

-+ 2. Cruickshank W.H., Tackaberry E.S., Ganz P.R. and Palmer D.S. 1983.

2y of VILI:C in plasma: the dependence on protease activity and calcium.

“ombosis Research, 29, 521-535.

-~ Z.and Palmer D.S. 1985. Disparity between one and two stage Factor VIli

S350 measuring VII1:C in heparinized plasma. Thrombosis and Haemostasis,

= 730.783.

= 3., Tittley P. and Fuller V. 1988. Effect of citrate anticoagulants on Factor
®/2s in plasma. Transfusion, 28(3), 248-252.

27 8. 1934, Assay of Factor VII:C with a chromogenic substrate.

“®dinavian Journal of Haematology, 40, 139-14b.

San g Andersson M., Blomback M., Hagglund U., Larrieu M.J., Wolf M., Boyer

othschild C., Nilsson [.M., Sjorin E. and Vinazzer H. 1985. Clinical

Tomap
cati

‘on of chromogenic substrate method for determination of Factor Vil assay.

-
99]
<«



zrences

rombosis and Haemostasis, 54, 818-823.

2 N., Takahashi H. and Shibata A. 1995. Fibrinogen/Fibrin degradation

-----

nerican Journal of Haematology, 48, 168-174.

2772 S., Odono V., Francis R. and Shulman LA. 1991. Storage of thawed

““trzcipitated AHF is better at room temperature than at 1°C to 6°C for Factor

-intent. Archives in Pathology and Laboratory Medicine, 115, 343-345.

7 "2enR.S., Cemmbrowski G.S., Campbell D.C., Craig A.R., Demyanovich N.D.,

-7iMall P.A., Reider M.C., Schartz M.\W., Tuhy D.M., Waller S.J., Shattil S.J.,

PEEN and Brown N.M. 1985. A guantitative automated immunoassay for

-~ "gen fibrin degradation products. Clinical Chemistry, 31, 1468-1473.

“i"2arge J.N., Gruhl M.C., lkemore R., Inoshita K., Chalos M.K., and Aster R.H.

TLOA comparison of Factor Vlii activity in cryoprecipitates prepared from ACD

72 2PD plasma, Transfusion, 12, 251-257.

“i"Sberg O.H., Kierulf P., Fagerhol M.K. and Godal H.C. 1986. Thrombin

itation during collection and storage of blood. Vox Sanguinis, 50, 33-37.

\‘(-3'Sberg O.H., Gravem K., Kierulf P., Vaerat A. and Godal H.C. 1987. The

i1t of pH on heat denaturation of anti-haemophilic cryoprecipitate.

18l



romhosis Research, 47, 183-190.

e §.J., Counts R.B., Henderson R. and Harker L.A. 1976. Preparation of

rrecipitated Factor VY concentrates. Transfusion, 16{6), 616-625.

“i-Gregoor P.J.H., Harvey M.S., Briet E. and Brand A. 1923. Coagulation
i2~aters of CPD fresh frozen plasma and CPD cryoprecipitate-poor plasma after
223 at 4°C for 28 days. Transfusion, 33, 735-738.

" K.J. and Hodges P.A. 1984. Preparation of pooled cryoprecipitate for

“¥ment of haemophilia A in a home care program. Transfusion, 24(6), 520-523.

" Sibinga C.T., Daenen S.M.G.J., Van Imhoff G.W., Maas A. and Das P.C.
il Heparin small pool high yield purified Factor VIiI: /n vivo recovery and

ot of routinely produced freeze-dried concentrate.  Thrombosis and

“3¢mostasis, 51(1), 12-15.

" Sibinga C.T. and Das P.C. 1984(b). Heparin and Factor VHii. Scandinavian

“*tmal of Haematology, 33(40), 111-122.

T Sibinga C.T. 1986. Small-pool high-yield Factor VilI production. Critical

“*views in Clinical Laboratory Sciences, 24(1), 43-70.

n
29

)i



TIIINCES

“:Soinga C.T., Schulting P.J., Noteboomer J., Das P.C., Marrink J. and Van Der

.. 1988. Double cryoprecipitated Factor Vill concentrate from heparinized

izra and its heat treatment. Blut, 56, 111-1186.

~:Sbinga C.T. 1996. Historical Annotation. Emile Remigy and the discovery

“#"I-haemophilic activity in cryoprecipitate. Haemophilia, 2, 56-60.

~zr P.R,, Bolin R.B., Scott R.L. and Smith D.J. 1982. Effect of delayed

" zzration on plasma factors in whole blood collected in CPDA-2. Transfusion,

~% 488-490.

M.A., Jeter E.K., Lazarchick J., Kizer J. and Spivey L.B. 1992.
"5 wration Factor VI and fibrinogen levels in cryoprecipitate stored room

““tzrature and a 1 to 6°C. Transfusion, 32, 340-343,

"1 C.L., Beene J.R., Geiger T., Eckel M.O., Kunkel K. and Bull G. 1974.

" *l.stion of high-potency cryoprecipitate from exercised blood donors and the

“Ment of haemophilia A with this material. American Journal of Clinical

“thology, 62, 496-501.

“-"taka A.M., Akerblom O., Blomback M., Eriksson L., Hogman C.F. and Payrat
" 1998, Stability of blood coagulation Factors and inhibitors in blood drawn

= nalf-strength citrate anticoagulant. Vox Sanguinis, 71, 97-102.

f
80}
[¥%]



zrences

:~oson ALR.. and Counts R.B. 1978. Heparin neutralising powder for the

>3 of heparin from plasma prior to coagulation testing. Journal of Laboratory

1 Clinical Medicine, 88, 922- 928.

io P.A., Richards W., Bailey M., Gajewski M., Aster R.H and Lazerson J.

et
-GSl

*:l. Pre-selection of donors to improve the quality of cryoprecipitate. American

-Imal of Haematology, 8, 191-196.

- $F. McKay G. and Prowse C.V. 1980. in vivo characteristics o° thaw siphon

- tracipitate compared to other Factor VIil preparations. Thrombosis and

**mostasis, 43, 25-27.

“" Zzstel C., Sixma J.J., Borst-Eilers E., Leautaud M, Moes M, Van Der Plas P.,
-~z B.N. and Sybesma J.P. 1973. Preparation and infusion of cryoprecipitate

" zxercised donors.  British Journal of Haematology, 25, 461-466.

“Tzer C.. Soute B.AM., Ates G. and Brummelhuis H.G.J. 1976(a).

“"dutions to the optimal use of human blood. Increase of the vield of Factor VIIl

“-"-donor cryoprecipitate by an improved processing of blood and plasma. Vox

“quinis, 30, 1-92.

"1 G, Soute B.AAM., Ates G., Hellings J.A. and Brummelhuis H.G.J.

221 Contributions to the optimal use of human blood. Stability of blood

2

“*iilation Factor VI during collection and storage of whole blood and plasma.

N
I1E

}- 4



Fzrzncas

2x Sanguinis, 31, 55-67.

i cerg T.B., Savidge G.F., Blomback M. and Wiechel B. 1980. Influence of age,
- znd blood groups on 15 biood coagulation (aboratory variables in a reference

*zrai composed of 80 blood donors. Vox Sanguinis, 39, 301-308.

* 2k K., Ingerslev J., Stenbjerg-Bernvil S., Jacobsen S.E.H., Harboe T. and
*meyer-Nielseen F. 1989. Purification of high purity FVIil coagulation protein
¢ veld of 40% by a third step temperature dependent precipitation from

2" nized plasma. Journal of Biotechnology, 175, 287-294.

5. Murray S.A. and Gill P. 1994. Proficiency testing of Factor Vill:C activity
2.3 at the Canadian Red Cross Society National Reference Laboratory.  Vox
®quinis, 67, 1-7.

2271 0. and Jeremic M. 1973. Preservation of coagulation Factors V and Vill
"2 collection and storage of bank blood in ACD-A and CPD solutions. Vox
“Nguinis, 24, 126-133.
*"Sizy R.T. and Snape T.J. 1980, Preparation of improved cryoprecipitated

v concentrate. A caontrolled study of three variables affecting the vyield.

") SaﬂgUiniS, 38, 222-228.



Fzrences

el G.C. and Shoemaker C.B. 1989. Factor Vill gene and haemophilia A. The

:urnal of the American Society of Haematology, 73 (1) 1-12.

737 B. and Ranby M. 1888. Determination of soluble fibrin in plasma by a

P

and quantitative spectrophotometric assay. Thrombosis and Haemostasis,

7 '39-193.

=" Federation of Haemophilia, 1994. Information pamphlet on Haemophilia,

-2 zned in Canada, 1-10.

(=]
(¢ 8]
M



Appendix 1
BLOOD DONOR DESIGN PROTOCOL

Design Number

Date Bled

A. DONOR INFORMATION

Donor Number

Date Last Bled

Sex

Age

Blood Pressure

Pulse

Medical History

Iron Level

Pack Weight (g)

Plasma Weight {g)

B. DETAILS OF SPECIFIC DESIGN TYPE

L,
&
)

Varable -~ - : i—ﬁgh»{%}f " | Explanation
Category o : Ltow (-} & Comments

&8

Donor Exercise

o
~r

Blood Group

tad

Anticoagulant

ge

Bleeding Time

.
(2]

Pre-Process Delay

8]

Pre-Process Storage

Thawing Temperature

vl

Freezing Rate

i Freezing Temperature

Y Freezing Technique

Centrifugation

4 Holding Time

A
(9]

Thawing Technigue

-~

Precipitation

Samples Taken (X 2): YES / NO
" Samples Taken (X 2) : YES / NO

187



NG

DWW

RUN

0.88
0.60
0.41
0.58
0.79
.80
0.50
0,93
0.73
1.04
G.a47
0.30
0.64
1.16
.46
0.98
0.71
0.86
n.82
0.73
0.83
0.71
.62
0.62
0.30
0.68
0.49
0.80
0.82
0,66
1.00
0.70

* indicates an outlier result

Factor VIII (Normal Range 0.5 - 2.00 U/ml; Cryo Normal Range +/- 10.00 U/mi)

PRE

RUN2 RUN3 RUN4

0.68
Q.83
0.81
0.44
1.23
1.16
1.18
0.37
0.74
.63
0.688
0.71
0.34
0.a2
0.86
0.80
0.65
0.56
0.686
0.88
0.49
3.58
0.68
0.79
0.32
0.73
1.15
0.52
0.74
0.83
0.70
0.87

1.09
0.83
1.02
1.10
1.06
.64

1.11

1.32
0.64
0.53
0.08
0.78
0.82
.80
0.74
0.65
0.78
0.55
.48
0.54
0.5¢
1.24
0.49
0.78
1.086
1.08
0.57
0.66
0.54

0.81

1.36
0.97

1.36
G.B4
0.87
1.05
0.74
1.31

0.88
1.28
0.51

0.64
0.84
1.08
0.47
0.55
0.72
0.77
0.64
0.44
0.57
1.10
1.16
0.98
1.12
0.82
0.63
0.88
0.80
0.7
O.G
0.8
it

0.97

RUN

0.38
0.38
0.77
0.78
0.66
1.06
0.64
1.24
0.58
0.91
0.42
0.47
0.44
1.25
0.59
0.42
0.83
0.40
0.75
1.00
0.76
0.84
0.49
1.00
0.55
0.78
0.09
0.79
0.49
0.71
1.16
1.16

POST

RUN 2 RUN3 RUNA4

0.86
0.87
1.11

0.61

1.39
.71

1.42
0.65
0.37
0.64
0.85
0.52
0.19
0.69
0.87
0.568
0.92
0.60
0.72
1.25
0.33
0.80
0.82
0.67
0.48
0.82
1.33
1.46
0.91

090
.17
1.26

0CO—~00O00 =
LW W~ ~N—= O h
CoOoOW~NEEODOODDm

1.80
0.70
1.34
1.06
0.81
1.33
1.07
1.34
0.57
0.71
0.80
1.02
0.42
1.00
0.81
0.46
0.78
0.58
0.57
1.16
0.61
0.87
1.84
0.79
0.76
0.80
1.12
1.07
0.98
0.74
1.04
1.35

188

RUN 1

2.03
8.07
2.98
12.13
14.45
28,33
14.55
21.92
7.84
1.43
4.37
6.80
7.25
41.38
12.04
5.80
8.47
4.27
12.18
12.22
7.72
8,58
8.568
14.16
10.61
10.17
1.74
11.48
13.03
16.83
15.33
9.34

FINAL

RUN 2 RUN3 RUNS4

8.44
16.81
12.46
12.15
24.00
29.86
25.43
1.31
4.98
.69
7.21
6.70
3.2%
9.27
8.82
8.21
9.73
10.80
11.48
19.73
4,39
9.04
©.06
8.1
10.77
25.44
4.88
12.59
24,76
13.72
14.84
7.43

4.44
13.03
3.15
7.21
6.42
3.88
14,36
4.76
5.95
0.87
18.66
8.08
12.14
7.00
9.43
11.49
18.91
14.76
3.38
7.31
4.21
15,33
4.67
51,09 *
23.682
8.88
1.07
15.78
6.22
27.59
21.57
15.03

12.63
9.20
16.02
29.37
21.86
28.00
39.14
3.55
10.23
2.00
8.77
8.81
2.8%
18.82
4.71
5.30
8.04
3.34
35.66
27.87
7.49
10.55
12.24
25.356
10.60
4.21
1.3¢
17.23
7.61
13.33
39.21
21.38
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RUN 1

1.80
2.40
1.72
2.568
3.00
2.40
2.40
2.32
3.26
3.26
2.40
1.46
1.80
1.80
1.90
2.58
2.24
2.75
4.00
2.49
1.50
2.78
2.32
2.40
2.58
2.7b
1.90
2.32
4.00
1.80
2.06
240

PRE

Fibrinogen (Normal Range 2.00 - 4.00 g/l)

RUN2 RUN3 BUNA4

3.26
2.b8
3.26
2.00
2.49
3.26
3.00
2.75
2.30
4.00
2.32
2.24
2.32
1.890
2.06
1.80
2.58
2.06
4.20
2.8
2.00
3.44
2.24
2.00
2.00
275
2.40
1.46
2.58
2.24
2.40
3.00

2.00
1.66
278
2.68
3.60
2.24
i.80
2.58
2.58
2.58
2.40
2.49
2.06
2.06
2.68
2.40
2.06
1.38
2.00
1.80
1.80
3.00
2.40
1.80
2.75
2.58
1.78
1.90
3.26
2.40
4.30
1.46

2.40
1.90
3.00
2.40
2.58
2,58
2.32
2.58
2.00
2.76
2.24
2.75
1.72
2.06
2.24
3.44
2.568
3.26
2.49
2.75
2.40
2.58
3.26
3.26
3.44
2.68
2.58
1.72
4.00
2.00
2.49
095

RUN 1

1.50
t.78
2.00
2.68
2.40
2,32
3.44
2.32
2.49
2.49
2.49
1.60
2.24
1.72
1.78
2.24
1.70
3.00
3.44
2.40
1.70
3.00
2.24
2.49
2.49
3.44
2.24
2.40
3.00
2.00
2.32
3.26

POST

RUN 2 RUN3 RUNS4

2.24
1.55
2.49
2.58
3.60
1.78
1.72
2,40
2.58
2.68
2.06
2.40
1.80
2.06
2.75
2.32
2.32
1.55%
2.32
1.80
1.80
3.00
2.49
1.78
2.75
2.49
2.00
2.24
2.78
3.00
3.00
2.24

189

2.58
1.72
3.44
2.49
2.48
2.24
1.90
2.24
2.40
3.26
1.80
2.75
2.58
1.80
2.00
2.00
2.32
3.44
1.80
2.06
2.24
3.26
2.75
2.24
2.75
2.58
2.49
1.40
3.00
2.06
2.40
1.12

RUN 1

2.00
10.32
10.32
13.76
14.40
17.20
13.76
16.00
17.20

3.00

6.88

7.20
13.04
11.00

6.88
10.30

9.60

8.00
18.00
19.60

6.88
18.00
13.04

5.00
13.04

6.88

2.49
18.00
18.00
11.00
14.40

5.50

FINAL

RUN 2 RUN3 RUNA4

9.60
13.80
9.60
10.00
9.30
10.30
6.00
4.10
8.60
3.60
8.60
10.30
19.60
7.20
8.60
12.00
8.00
9.60
19.60
19.60
12.00
13.00
8.60
£.88
13.80
19.60
3.00
8.00
19.60
18.00
16.00
8.00

2.568
6.20
8.00
13.00
18.60
€.88
14.40
3.00
13.80
2.44
12.00
8.00
10.30
8.30
16.00
13.00
8.60
B.00
9.00
89.00
9.80
20.40
12.00
11.00
17.20
8.80
2,24
9.00
13.80
13.80
13.80
5.20

4.60
8.20
7.20
13.00
18.00
10.00
26.10
2.58
19.20
4.10
9.30
14.40
13.00
9.00
2.40
8.30
14.40
13.00
11.00
17.20
13.00
13.00
8.60
13.00
16.00
6.00
4.30
5.16
18.00
6.00
16.00
4.30
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RUN 1

110.0
85.0
70.5

110.0

110.0

120.0
80.0

180.0

170.0
9b.5
80.0
85.0
75.5

130.0
B0.0

110.0
90.b
86.0

100.0

100.0

120.0
65.5

120.0

120.0
90.0

140.5
60.0
60.0
80.0

140.0

160.0

160.5

PRE

von Willebrand Factor (Normal Range 100%)

RUN2 RUN3 RUN4

120.5
110.56
B0.5
75.0
110.0
170.0
180.0
95.0
120.b
60.0
75.0
95.5
75.0
60.5
90.0
100.0
95.5
47.6
160.5
956.5
120.0
140.0
170.0
45.0
50.0
895.0
220.0
160.0
60.0
95.0
260.0
120.5

110.0
75.0
95.0
80.5
90.0

120.0

120.5

280.0
B0.0
40.0

160.0
75.0

170.0
90.0
90.0
60.0
75.5
85.0

100.5
60.5
40.5

120.5
70.5
65.0

180.5
90.0
47.5
75.5
55.0
80.0

150.0

170.5

180.0
30.0
130.0
110.0
60.5
120.0
90.5
180.0
40.0
60.6
60.5
170.0
65.0
65.0
100.5
556.0
60.0
86.0
50.5
110.0
120.0
70.0
130.0
70.5
90.5
170.0
90.0
70.0
85.0
70.5
70.5
150.0

RUN 1

40.0
22.5
40.0
80.0
85.0
40.0
50.0
110.0
75.5
15.0
75.5
37.5
42.5
85.0
25.0
425
110.0
65.0
50.5
70.0
90.0
42.5
35.0
75.0
55.0
50.0
22.5
271.5
42.5
30.0
85.0
90.0

POST

RUN2 RUN3 RUNA

160.0
180.5
140.0

95.0
180.0
320.0
210.0
100.5
110.0

80.5

90.0

90.0
120.5

42.5
160.5
180.0
190.0
100.0

895.0
190.5

42.5
160.5
170.0
120.5

35.0

90.0
180.5
190.0
110.5
160.5
190.0
160.0

170.0
120.0
150.0
190.0
95.0
120.0
100.5
180.0
47.5
B0.O
110
95.5
110.0
130.0
85.0
80.0
100.5
85.0
55.5
50.5
42.5
180.0
95.5
80.0
200.0
160.0
60.0
130.0
100.0
160.5
120.5
90.0

190

88.0
90.5
85.0
130.5
50.5
160.0
95.0
140.0
45.0
90.5
42.5
90.0
47.5
85.0
70.0
60.0
75.0
80.5
80.5
110.0
55.0
120.5
160.0
75.0
110.0
190.0
100.0
60.0
70.0
47.5
80.0
160.0

RUN 1

5.0
42.5
75.0
85.0

120.0
120.5
45.0
140.0
80.5
11.3
27.5
60.0
50.0
170.%
27.5
45.5
75.5
375
70.5
110.0
60.0
85.0
6u.0
85.0
47.5
50.0

7.5
60.5
65.0

100.0
120.5
42.5

FINAL

RUN2 RUN3 RUNA4

65.0
90.0
55.0
55.0
100.0
120.0
120.5
30.0
60.0
10.0
40.0
80.0
18.8
70.0
90.0
90.0
85.5
55.0
120.5
160.5
30.0
47.5
37.5
140.0
42.5
856.5
156.0
170.5
80.0
140.0
190.5
110.0

20.0
60.5
42.9
100.0
56.5
70.0
150.0
32,5
30.0
8.4
90.0
40,0
70.0
65.0
70.0
50.0
80.0
75.5
40.0
40.0
225
140.0
70.0
85.0
170.0
47.5
12.6
100.0
390.0
170.0
120.0
65.0

95.0
65.0
47.5
150.0
956.0
170.0
200.0
20.0
85.0
B.1
47.5
95.0
32.5
95.0
25.0
56.5
80.0
56.0
856.0
170.0
90.0
85.0
100.%
100.0
110.0
45.0
125
75.5
50.0
425
BO.O
95.5
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RUN 1

Fibrin Degradation Products (Normal Range "-")

PRE POST

RUN 2 RUN3 RUNG4 RUN 1 RUN2 RUN3 RUNA4

- - + - -
- - + - -
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RUN 1

FINAL

RUN2 RUN3 RUNA4

- - -
- - -
- “

- - -
- - -
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RUN 1

7.88
7.80
7.33
7.25
7.66
7.70
7.74
7.66
1.77
7.56
7.561
7.68
7.80
7.33
7.9%
7.54
1.63
7.87
7.59
7.45
1.50
7.63
7.33
1.67
1.41
7.84
7.51
7.65
7.24
7.54
7.74
7.25

PRE

RUNZ RUN3 RUNS4

7.73
7.84
7.92
7.66
7.66
7.88
7.88
7.83
7.56
7.62
7.54
1.76
1.97
7.69
7.40
7.96
7.88
7.47
7.63
7.66
7.28
7.566
7.85
7.54
759
7.62
7.52
7.60
7.44
7.40
7.78
7.71

7:72
7.82
7.91

7.74
7.87
7.93
7.71

7.64
7.73
7.62
7.77
7.91

8.06
7.88
7.53
7.93
7.77
7.60
7.66
7.64
7.86
7.86
71.82
7.87
7.40
7.72
7.87
7.40
7.86
7.32

7.89
7.74

1.57
7.72
7.58
7.28
7.84
7.85
7.41

1.73
7.70
7.32
7.62
7.79
7.62
7.86
7.35
1.78
7.66
7.58
7.41
7.67
7.40
7.46
7.39
7.70
7.37
7.67
7.60
7.31

7.57
7.24

7.72
7.17

pH (Normal Range +/- 7.43)

RUN 1

8.10
7.77
7.48
7.80
7.83
7.97
7.76
7.91
7.89
7.75
7.98
7.86
7.8%
7.78
7.77
812
7.95
7.80
1.73
7.70
7.91
7.58
7.89
8.05
7.9%
7.70
7.61
7.74
7.70
7.84
7.7%
7.52

POST
RUN2 RUN3
7.91 7.95
7.94 7.53
7.76 7.92
7.66 7.85
7.94 7.98
7.94 7.88
1786 7.73
7.73 7.73
7.92 7.70
7.74 7.55
7.74 7.94
8.02 7.62
7.88 7.72
7.80 7.60
7.49 7.63
8.04 7.83
8.04 7.80
8.06 7.73
7.79 7.49
7.7 7.57
8.11 8.12
7.93 7.54
7.90 1.87
8.1 7.86
7.93 7.92
7.85 7.91
7.82 7.93
7.85 7.70
7.85 7.71
7.57 7.84
7.83 7.77
7.58 7.75

RUN 4

7.98
7.44
7.93
7.76
7.82
1.87
7.83
1.72
7.87
7.52
7.97
7.82
7.87
7.78
7.62
B.06
7.94
71.68
7.85
7.62
7.85
71.75
7.97
7.75
7.84
7.84
7.81
771

7.81

7.68
7.69
7.61

192

RUN 1

7.83
7.83
7.90
7.81
7.72
7.65
7.71
7.75
7.656
7.67
7.77
7.63
7.76
7.84
7.01
7.61
7.76
7.57
7.55
7.66
7.62
7.656
7.05
7.62
7.62
7.68
7.63
7.61
7.72
7.72
7.67
7.49

FINAL

RUN2 RUN3 RUNS4

7.66
7.75
71.75
7.76
7.87
7.85
7.70
7.587
7.76
7.67
7.65
7.77
7.88
7.77
7.81
7.65
7.74
178
7.68
7.48
7.72
7.69
7.72
7.80
7.76
7.1
7.59
7.68
7.76
7.64
7.76
7.62

7.80
7.68
7.82
7.89
7.64
7.7
7.82
7.75
7.68
7.62
7.75
1.67
7.77
7.76
7.58
7.86
7.70
7.58
7.70
1.75
1.74
7.71
7.7
7.85
71.67
7.70
1.73
7.60
7.74
7.67
7.69
7.50

1.76
7.61

7.7

7.74
7.62
7.64
7.7

7.68
7.76
7.59
7.77
7.55
7.75
7.66
7.56
7.90
7.65
7.65
7.85
7.83
7.76
7.84
7.59
7.85
7.82
7.75
7.65
7.71
7.74
7.86
7.70
7.58
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RUN 1

0.83
0.88
0.87
1.03
0.89
0.83
0.84
0.77
0.86
0.92
0.68
0.9
0.88
0.50
0.97
0.0
.87
.89
0.M
0.88
0.98
0.94
0.85
0.90
0.95
0.58
0.86
0.80
0.98
0.83
0.73
0.83

PRE

RUN 2 RUNJ3 BUN4

0.74
0.94
0.63
0.5
0.64
0.78
0.74
o.MNn
0.51
0.73
0.72
0.59
0.70
0.69
0.82
0.87
0.72
0.82
0.79
0.76
0.87
0.94
0.76
0.87
0.58
0.61
.83
0.86
0.88
0.72
0.62
0.93

0.60
0.89
0.89
0.67
0.91
0.85
0.68
0.69
0.83
1.1
0.20
0.86
0.85
0.89
1.00
0.89
0.82
0.87
0.83
0.83
0.59
0.86
0.90
0.72
0.66
0.80
0.95
0.97
0.50
0.97
0.56
0.b9

0.92
0.91

0.52
0.67
0.60
0.56
1.00
0.69
0.88
0.85
0.81
0.55
1.08
0.62
0.68
0.91
0.89
1.00
Q.76
D.55
0.78
0.72
0.88
0.75
0.76
0.82
0.87
0.80
0.91

.69
o.N

0.66

iagnesium (Normal Range 0.7 - 1.7 mmol/i}

RUN 1

0.69
0.67
0.50
0.63
0.70
0.64
0.67
0.64
0.67
0.69
0.58
0.72
0.67
0.71
0.81
0.61
0.680
0.76
0.68
0.67
0.70
0.78
0.561
0.77
0.66
0.56
0.61
0.64
0.76
0.64
0.70
0.43

POST

RUN2 RUN3 RUNA4

0.66
0.71

0.66
0.67
0.61

0.62
0.67
0.7
0.66
0.81

0.63
0.67
0.61

0.72
0.75
0.72
on
0.80
0.71
0.74
0.74
0.90
0.88
0.75
0.65
0.77
0.71

0.63
G.64
0.63
0.75
0.60

0.86
Q.65
0.66
0.8%5
0.70
0.7
0.63
0.60
0.68
0.77
0.67
0.66
0.65
0.69
0.71%
0.65
0.58
0.83
0.69
0.64
0.68
0.63
0.71
0.65
0.64
0.53
0.73
0.67
0.69
0.70
0.67
0.65

193

0.73
0.7
0.72
0.7
0.76
0.73
0.72
0.64
0.65
0.80
0.67
0.78
0.78
0.7
0.70
0.72
0.71
0.78
0.72
0.67
0.68
0.70
(.68
0.74
0.63
0.74
0.72
0.63
0.67
0.73
0.70
o.N

RUN 1

0.57
0.65
0.83
0.58
0.67
0.63
0.41
0.68
0.59
0.82
0.65
0.58
0.68
0.67
0.74
0.47
0.56
0.66
0.66
0.70
0.684
0.72
0.51
0.67
0.56
0.54
0.60
0.55
0.58
0.65
0.59
0.61

FINAL

* indicates outlier

RUN2 RUN3 RUNA4

0.58
0.78
0.64
0.58
047
0.41
0.44
0.64
0.57
0.7
0.48
0.58
0.57
0.65
0.61
0.63
D.81
0.68
0.60
0.39°*
0.58
0.76
0.7%
0.62
0.63
0.62
0.51
0.60
0.565
0.56
0.66
0.63

0.63
0.70
0.63
0.67
0.67
0.68
0.68
0.49
0.682
0.568
0.58
0.62
0.52
0.87
0.60
0.65
0.54
0.35
0.71
0.68
0.57
0.68
0.73
0.64
0.64
0.56
0.33°
0.69
0.65
0.69
0.68
0.92

0.81
0.82
0.70
0.65
0.76
0.68
0.43
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RUN 1

73.0
71.0
71.0
78.0
66.0
71.0
74.0
66.0
63.0
64.0
46.0
656.0
68.0
42.0
74.0
70.0
76.0
70.0
70.0
71.0
66.0
G8.0
70.0
73.0
79.0
46.0
9.0
70.0
69.0
70.0
70.0
67.0

PRE

Total Protein (Normal Range 64 - 88 g/l)

RUN2 RUN3 RUNA4

55.0
74.0
48.0
31.0
47.0
B9.0
53.0
69.0
30.0
66.0
60.0
38.0
47.0
54.0
75.0
63.0
51.0
70.0
68.0
66.0
69.0
77.0
71.0
61.0
35.0
50.0
72.0
75.0
63.0
63.0
44.0
740

50.0
76.0
70.0
57.0
73.0
73.0
50.0
54.0
65.0
70.0
65.0
72.0
73.0
73.0
76.0
73.0
§2.0
68.0
74.0
72.0
47.0
71.0
70.0
50.0
51.0
73.0
74.0
68.0
36,0
71.0
40.0
49.0

61.0
72.0
71.0
55.0
41.0
46.0
70.0
45.0
79.0
74.0
70.0
61.0
74.0
53.0
55.0
71.0
66.0
71.0
66.0
42.0
73.0
85.0
74.0
63.0
63.0
70.0
74.0
62.0
75.0
59.0
66.0
51.0

RUN 1

58.0
67.0
61.0
60.0
62.0
89.G
58.0
54.0
49.0
54.0
53.0
£6.0
3.0
64.0
61.0
§53.0
86.0
58.0
53.0
58.0
53.0
55.0
55.0
62.0
59.0
55.0
52.0
6C 0
57.0
GO.0
G3.0
50.0

POST

RUN2 RUN3 RUNA4

§7.0
58.0
58.0
55.0
58.0
58.0
§2.0
54.0
52.0
62.0
60.0
60.0
57.0
58.0
55.0
57.0
§0.0
63.0
60.0
54.0
57.0
59.0
61.0
59.0
58.0
7.0
88.0
57.0
556.0
63.0
59.0
65.0

£9.0
62.0
60.0
58.0
65.0
57.0
53.0
54.0
54.0
55.0
56.0
§9.0
56.0
55.0
66.0
60.0
66.0
53.0
61.0
57.0
51.0
56.0
55.0
7.0
59.0
58.0
55.0
54.0
57.0
§5.0
5G.0
654.0

194

57.0
656.0
60.0
£8.0
63.0
57.0
59.0
58.0
66.0
70.0
§3.0
62.0
§7.0
80.0
§9.0
57.0
§4.0
80.0
61.0
64.0
61.0
60.0
61.0
63.0
58.0
§1.0
60.0
53.0
58.0
§6.0
§7.0
§6.0

* indicates an outlier result

RUN 1

58.0
55.0
86.0
£9.0
65.0
68.0
37.0
£5.0
50.0
67.0
54.0
45.0
59.0
69.0
64.0
56.0
53.0
57.0
63.0
65.0
52.0
8.0
88.0
56.0
54.0
§0.0
48.0
51.0
69.0
53.0
59.0
680.0

FINAL
RUN 2 RUN3
55.0 54.0
7G6.0 66.0
46.0 65.0
52.0 62.0
42.0 74.0
33.0 55.0
50.0 58.0
50.0 51.0
48.0 61.0
657.0 42.0
54.0 63.0
65.0 §9.0
64.0 45.0
49.0 52.0
51.0 55.0
52.0 55.0
52.0 56.0
57.0 26.0
56.0 57.0
44.0 51.0
80.0 48.0
§6.0 65.0
66.0 61.0
54.0 61.0
47.0 59.0
54.0 64.0
41.0 28.0
66.0 §1.0
58.0 56.0
70.0 55.0
56.0 68.0
65.0 76.0

RUN 4

54.0
58.0
57.0
80.0
62.0
87.0
B6.0
50.0
81.0
74.0
B2.0
62.0
65.0
73.0
8.0°
57.0
55.0
60.0
44.0
66.0
62.0
68.0
60.0
47.0
58.0
§7.0
7.0
56.0
60.0
§7.0
§1.0
39.0
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RUN 1

46.0
43.0
42.0
48.0
38.0
42.0
46.0
36.0
42.0
41.0
28.0
39.0
44.0
27.0
46.0
44.0
49.0
38.0
45.0
42.0
43.0
45.0
41.0
47.0
48.0
28.0
47.0
46.0
44.0
43.0
440
45.0

PRE

RUN Z RUN3 RUNS4

36.0
43.0
30.0
19.0
28.0
37.0
34.0
37.0
21.0
36.0
36.0
27.0
31.0
32.0
48.0
44.0
34.0
44.0
42.0
41.0
42.0
41.0
44.0
36.0
24.0
29.0
44.0
43.0
43.0
36.0
25.0
45.0

33.0
BO.0
41.0
36.0
43.0
46.0
28.0
33.0
37.0
45.0
40.0
41.0
45.0
44.0
48.0
47.0
33.0
44.0
46.0
45.0
30.0
37.0
46.0
37.0
34.0
45.0
44.0
14 0
24.0
43.0
26.0
30.0

40.0
45.0
45.0
32.0
28.0
31.0
41.0
24.0
43.0
48.0
43.0
29.0
47.0
33.0
33.0
46.0
39.0
46.0
36.0
27.0
45.0
39.0
44.0
30.0
35.0
40.0
48.0
37.0
45.0
34.0
41.0
3.0

Albumin (Normal Bange 30 - 55 g/l)

POST

RUN1 RUNZ RUN3 RUNA4

37.0
33.0
37.0
35.0
33.0
33.0
37.0
32.0
32.0
31.0
20.0
34.0
36.0
38.0
37.0
34.0
34.0
35.0
38.0
32.0
34.0
35.0
31.0
36.0
35.0
34.0
33.0
37.0
33.0
34.0
37.0
35.0

32.0
32.0
34.0
34.0
34.0
33.0
33.0
33.0
30.0
3s8.0
33.0
36.0
35.0
36.0
340
34.0
32.0
35.0
35.0
34.0
33.0
33.0
38.0
37.0
34.0
o
36.0
35.0
35.0
36.0
33.0
3s.0

36.0
38.0
35.0
as.o
36.0
34.0
36.0
32.0
30.0
24.0
320
38.0
36.0
35.0
36.0
36.0
33.0
32.0
35.0
38.0
32.0
27.0
35.0
35.0
32.0
33.0
34.0
35.0
35.0
33.0
32.0
310

19%

33.0
38.0
37.0
32.0
39.0
34.0
34.0
28.0
34.0
35.0
31.0
36.0
38.0
35.0
35.0
36.0
32.0
35.0
36,0
34.0
36.0
33.0
33.0
35.0
33.0
33.0
37.0
34.0
34.0
33.0
36.0
35.0

RUN 1

39.0
31.0
49.0
36.0
34.0
3.0
21.0
33.0
31.0
40.0
32.0
27.0
36.0
39.0
370
33.0
330
34.0
36.0
35.0
33.0
34.0
34.0
32.0
330
29.0
27.0
330
34.0
30.0
31.0
38.0

* indicates outlier results

FINAL

RUN2 RUN3 RUNS4

32.0
38.0
28.0
33.0
24.0
18.0°
27.0
33.0
258.0
38.0
31.0
34.0
33.0
30.0
30.0
32.0
33.0
35.0
33.0
23.0
3.0
34.0
40.0
34.0
28.0
30.0
26.0
33.0
34.0
37.0
30.0
38.0

36.0
40.0
36.0
37.0
37.0
33.0
8.0
30.0
28.0
24.0
30.0
38.0
29.0
33.0
30.0
33.0
33.0
1560 *
33.0
30.0
31.0
32.0
38.0
36.0
32.0
36.0
18.0*
32.0
33.0
33.0
32.0
44.0

33.0
35.0
35.0
32.0
36.0
32.0
1.0
27.0
32,0
42.0
o
35.0
34.0
43.0
60"
36.0
33.0
37.0
26.0
35.0
34.0
37.0
3.0
28.0
32.0
37.0
43.0
36.0
33.0
35.0
32.0
23.0



Calcium {Normal Range 2.3 - 2.7 mmal/l)

* indicates an outlier result

FINAL

POST

PRE

RUNZ RUN3 RUN4&

RUN1 RUN2 RUN3 RUNA4 RUN 1

RUN2 RUN3 RUNS4

RUN 1

NO

1.48
1.60
1.59
1.47
1.48
1.45
1.39
1.37
1.47
1.7
1.62
1.61
1.51
1.55
C.60
1.65
1.45
1.67
1.18
1.51
1.43
1.65
1.50
1.28
1.44
1.62
1.73
1.49
1.45
1.40
1.44
1.03

2.10
2.24
1.53
1.49
1.62
1.29
1.42
1.29
1.99
1.03
1.80
2,22
1.74
1.28
1.21
1.93
1.97
1.11
1.36
1.24
1.83
1.80
2.62
1.46
2.02
2.20
1.10
1.31
2.03
1.39
1.47
1.75

1.43
213
1.31
1.35
1.19
1.08
1.21
1.32
1.30
1.46
1.36
1.38
1.3b
1.22
1.19
1.40
1.44
1.50
1.38
1.01
1.38
1.51
1.67
1.36
1.30
1.37
1.20
1.35
1.91
1.47
1.37
1.54

2.16
2.00
1.86
1.44
1.39
1.44
093+
1.31
1.41
1.62
1.46
1.21
2,20
1.44
1.47
2.06
1.96
2,22
1.48
1.41
2.09
2n
1.5
1.31
1.33
1.89
1.1
2.01
1.35
1.86
1.30
1.42

1.42
1.42
1.46
1.40
1.42
1.34
1.34
1.34
1.43
1.40
1.44
1.51
1.48
1.35
1.41
1.47
1.26
1.47
1.29
1.41
1.41
1.34
1.47
1.37
1.41
1.39
1.44
1.31
1.36
1.28
1.36
1,40

196
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RUN 1

—_ Ry -t - — - —a
DNDONODAOGOT == OO0 N
CO0DODOCODOoODOoDOCDOOOOOQ

et
S =
coco ,

b %]
BAano
= NeoNel

20.0

20.0
14.0
10,0

PRE

Alanine Aminotransferase (Normal Range 5 - 43 g/l @ 37)

RUN2 RUN3 RUN4

13.0
28.0
16.0
0.0

w
o

-3 ko

DOl DLW~

—
coooboboDODO

R W —
£ aww
cooD

oW
cooooO

~N N o=
CORBRR® 2 uNwG @

N -
coobbbbOcboD

b

11.0
8.0
5.0

21.0
6.0

15.0

18.0
8.0
7.0

10.0

16.0

18.0

17.0

13.0

12.0
8.0

1.0

14.0
8.0

16.0

18.0
6.0
8.0

15.0
5.0

12.0

12.0
9.0

A_N
SR
DO C o

10.0
4.0
11.0
6.0
8.0
6.0
12.0
10.0
6.0
48.0
37.0
14.0
8.0
8.0
6.0
21.0
10.0
10.0
7.0
11.0
20.0
18.0
34.0
10.0
13.0
7.0
22.0
20.0
14.0
7.0
21.0
11.0

RUN 1

17.0
16.0
20.0
12.0
12.0
9.0
1.0
10.0
17.0
12.0
12.0
19.0
13.0
17.0
15.0
12.0
10.0
1.0
8.0
42.0
112.0°
14.0
8.0
8.0
17.0
11.0
26.0
12.0
20.0
49.0
21.0
12.0

POST

RUN2 ARUN3 AUNA4

10.0
32.0
10.0
-3.0°*
1.0
7.0
10.0

w
o

[P T QN g |

P - P

_—
CoHhLGWODW OO OD®

cooooboobobobbbDOD

— e RO
MmO -
SO0 o

25,

16.0
14.0
32.0

e

— B3 R AN —

(%)
CoooObDDDbODODODDODDOOORROO
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22.0
6.0
12.0
8.0
12.0

N —
NoeoOm@Dom =0
Doocoooooo

(5200 (I 8 ]

RUN 1

Ly = =

—

ocoboocoocobODODDO

— kot —a

11.0

* indicates outlier results

FINAL

ARUN2 RUN3 RUNA4

1.0
10.0

5.0
11.0
13.0
11.0

8.0
1.0
10.0

_.
—
o

(%) — b —h PP
TNRLOOOOW S WHE DR ®
QOoOOoOOoOOoOCOoO0OO0OO0ODOOOO0

PR LR

ww o
ooo

26.0
19.0
8.0

—

— —
e i A i
ocooobooOoO

[} 0 — N —
R e
OO0 0O

11.0
12.0

7.0
1.0
23.0
28.0
27.0

7.0
17.0

7.0
38.0
12.0
12.0

9.0
12.0
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RUN 1

142.0
141.0
142.0
140.0
141.0
138.0
137.0
124.0
133.0
1356.0
104.0
135.0
143.0

99.0
138.0
140.0
142.0
140.0
138.0
137.0
140.0
141.0
136.0
142.0
138.0
113.0
144.0
138.0
138.0
141.0
136.0
140.0

PRE

Saodium (Normal Range 136 - 144 mmol/l

RUN2 RUN3 RUNA4

1186.0
140.0
106.0

88.0
102.0
113.0
123.0
126.0

82.0
109.0
125.0
107.0
114.0
118.0
137.0
143.0
119.0
140.0
138.0
118.0
141.0
141.0
133.0
120.0
102.0
115.0
140.0
130.0
142.0
125.0
100.0
138.0

113.0
141.0
140.0
118.0
139.0
136.0
102.0
115.0
140.0
138.0
140.0
140.0
140.0
142.0
141.0
138.0
108.0
138.0
138.0
138.0
110.0
140.0
141.0
121.0
117.0
138.0
140.0
140.0

85.0
137.0
107.0
111.0

138.0
142.0
140.0
119.0

96.0
101.0
132.0
105.0
143.0
140.0
135.0
182.0
142.0
101.0
116.0
133.0
131.0
142.0
121.0
107.0
135.0
138.0
139.0
110.0
119.0
138.0
141.0
126.0
140.0
127.0
130.0
1309.0

RUN 1

166.0
167.0
172.0
167.0
171.0
167.0
171.0
174.0
167.0
173.0
158.0
170.0
167.0
168.0
176.0
169.0
161.0
169.0
167.0
1740
168.0
166.0
149.0
1720.0
162.0
169.0
157.0
173.0
165.0
167.0
1740
169.0

POST

RUN2 RUN3 RUNA4

157.0
1567.0
167.0
162.0
172.0
169.0
164.0
167.0
167.0
162.0
159.0
167.0
169.0
171.0
173.0
166.0
165.0
168.0
168.0
175.0
166.0
166.0
1658.0
169.0
165.0
163.0
169.0
171.0
165.0
164.0
168.0
165.0

161.0
162.0
164.0
170.0
166.0
169.0
186.0
160.0
156.0
168.0
165.0
166.0
159.0
170.0
170.0
159.0
161.0
167.0
164.0
158.0
162.0
160.0
163.0
167.0
186.0
163.0
164.0
170.0
162.0
167.0
170.0
169.0

163.0
160.0
166.0
165.0
167.0
164.0
162.0
164.0
163.0
169.0
164.0
165.0
165.0
164.0
164.0
166.0
165.0
169.0
168.0
167.0
166.0
171.0
164.0
165.0
163.0
166.0
163.0
166.0
167.0
166.0
168.0
167.0

198

* indicates outlier resuits

RUN 1

171.0
159.0
223.0 "
158.0
165.0
166.0
110.0
166.0
160.0
197.0 *
160.0
136.0
160.0
163.0
175.0
163.0
161.0
167.0
160.0
171.0
161.0
159.0
165.0
1569.0
152.0
154.0
129.0
165.0
158.0
148.0
154.0
162.0

FINAL

RUNZ2 RUN3 RUN4

154.0 153.0 164.0
166.0 167.0 161.0
160.0 171.0 177.0
169.0 169.0 18650
146.0  163.0 185.0
138.0 169.0 166.0
134.0 167.0 162.0
166.0 155.0 163.0
156.0 154.0 189.0
154.0 127.0 204.0
166.0 1566.0 167.0
166.0 165.0 1700
161.0 1440 166.0
161.0 163.0 175.0
162.0 149.0 41.0
158.0 148.0 169.0
166.0 153.0 166.0
165.0 1020 174.0
163.0 168.0 158.0
128.0 1480 171.0
156.0 153.0 159.0
168.0 174.0 187.0
180.0 1790 166.0
159.0 164.0 152.0
151.0 189.0 1620
154.0 183.0 192.0"
1340 83%.0* 1920
169.0 187.0 179.0
1520 183.0 173.0
162.0 170.0 167.0
156.0 178.0 173.0
173.0 227.0* 1120



- 4.8 mimuol/f)

Potassium (Normal Hange 3.2

* indicates outlicr results

FINAL

POST

PRE

RUN2 RUN3 RUNA4 RUN?1 RUNZ2 RUN3 RUNS4

RUN 1

RUN 2 RUN3 RUN4

RUN 1

NG

MNOMNMOO -~ O OROMmT ORNDO~N-—ONWO T < <10 @

33344333443343%53444443434433332

343232329998931125359?0945480508
MG OOOEOINNOOOMOTOINTEOOOT TN T

30621842740218735596475699008166
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oo o~

-~ < Q Lad
4 344 414333332 s}

33344333443343343453433433333333

532242339918255340«.58146921.._..JBOAWBS
33345333333343343343433433423333

2072949105054195451.5772820701294
OSSO NI MO TN T NSO OT O

B R TR R e o T I R T AR TR s T i R P g

Nro@” O rdtNONMT —PNNORNBRITM® N OT e

T U gt NG ST P of O o7~
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-— ~— un

69868439900109947914101238611 IR 7>
MmOt oMMttt TUOTITNOE T OO T I

3622964622930379018(939 O C e~ N T U

33644736463333638465343%55533334.

—

rnm75018205533331205302259340?9058
TN NOdTNOMT TN TG TITLTLTOIT T OIS DM

—tNMmYw O~ Oo
—

"
12
13
14
16
16
17
18
19
20
21
22
23
24
25
26
217
28
29
a0
31
32

199
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RUN 1

106.0
108.0
106.0
106.0
110.0
104.Q
106.0

52.0
101.0

99.0

78.0
102.0
107.0

72.0
100.0
106.0
104.0
106.0
106.0
103.0
1056.0
113.0
101.0
106.0
103.0

85.0
105.0
108.0
105.0
104.0
104.0
102.0

PRE

RUN2 RUN3J RUNA4

86.0
108.0
BO.0
62.0
73.0
80.0
91.0
97.0
§4.0
83.0
92.0
76.0
85.0
88.0
106.0
109.0
89.0
106.0
107.0
89.0
106.0
103.0
103.0
86.0
50.0
85.0
103.0
107.0
111.0
99.0
71.0
103.0

82.0
103.0
108.0

92.0
110.0
106.0

81.0

85.0
106.0
1086.0
109.0
107.0
109.0
106.0
108.0
1056.0

80.0
107.0
105.0
105.0

81.0
108.0
1086.0

90.0

89.0
103.0
101.0
102.0

12.u
107.0

79.0

81.0

106.0
108.0
107.0
52.0
77.0
72.0
89.0
78.0
107.0
1086.0
98.0
54.0
106.0
83.0
88.0
163.0
99.0
104.0
84.0
717.0
101.0
103.0
103.0
86.0
94.0
106.0
105.0
95.0
103.0
99.0
99.0
81.0

Chloride {Normal Range 99 -106 mmol/}

ARUN 1

74.0
80.0
76.0
79.0
B4.0
77.0
78.0
74.0
74.0
81.0
75.0
72.0
76.0
83.0
80.0
79.0
80.0
80.0
80.0
76.0
74.0
74.0
66.0
81.0
87.0
770
88.0
78.0
78.0
77.0
75.0
76.0

POST

AUNZ RUN3 RUNS4

71.0
73.0
75.0
71.0
73.0
68.0
78.0
7.0
77.0
78.0
73.0
71.0
67.0
75.0
74.0
79.0
8.0
71.0
78.0
79.0
71.0
78.0
77.0
74.0
77.0
7%.0
74.0
76.0
77.0
78.0
76.0
78.0

73.0
70.0
77.0
76.0
83.0
77.0
77.0
79.0
76.0
76.0
71.0
71.0
70.0
74.0
78.0
82.0
74.0
78.0
78.0
68.0
73.0
74.0
74.0
76.0
77.0
72.0
79.0
73.0
76.0
75.0
74.0
74.0

200

74.0
78.0
75.0
78.0
80.0
74.0
71.0
85.0
81.0
82.0
72.0
78.0
72.0
70.0
77.0
71.0
75.0
73.0
76.0
77.0
77.0
74.0
74.0
72.0
73.0
80.0
75.0
77.0
70.0
74.0
76.0
78.0

RUN 1

73.0
73.0
106.0
66.0
73.0
73.0
28.0
86.0
65.0
86.0
75.0
38.0°
§7.0
71.0
73.0
7.0
67.0
74.0
72.0
70.0
63.0
69.0
71.0
71.0
57.0
65.0
36.0
60.0
63.0
B5.0
86.0
72.0

* indicates outlier results

FINAL

RUN2 RUN3 RUNA4

67.0
70.0
71.0
71.0
56.0
54.0
62.0
68.0
67.0
67.0
88.0
61.0
80.0
57.0
69.0
71.0
78.0
68.0
68.0
380"
66.0
77.0
89.0
65.0
69.0
70.0
48.0
72.0
67.0
758.0
67.0
79.0

60.0
68.0
76.0
68.0
77.0
72.0
72.0
63.0
69.0
420"
61.0
70.0
58.0
65.0
65.0
70.0
62.0
29.0°
70.0
56.0
65.0
81.0
83.0
70.0
73.0
81.0
13.0°"
69.0
69.0
74.0
73.0
106.0

§9.0
73.0
83.0
73.0
74.0
70.0
71.0
78.0
73.0
92.0
68.0
76.0
68.0
66.0
1.0
66.0
72.0
71.0
68.0
74.0
66.0
77.G0
§9.0
69.0
66.0
92.0
36.0
80.0
68.0
70.0
82.0
29.0



AT ITFINLy T X LI

FACTOR VI H o IR AT IS AL DATA
Generald Lincar Models Procedure * denotes signil!icance:
Dependent Variable Y
Souroe DrF Sum of Sguares Mean Square F Value Pr » F
Model 24 4,50442500 0.18768437 3.94 0.0001
Error 103 4.90266250 0.04759867
Corrected Total 127 9.40708750

R-Square C.V. Root MSE Y Mean

0.478B833 327.7689 0.21817118 0.06656250
Source DF Type III S8 Mean Square F Value Pr > F
R 3 0.43823125 0.14607708 3.07 0.0312
Vi 1 0.00945312 0.00945312 0.20 0.6568
V2 i 0.01125000 0.01125000 0.24 0.6279
V1l * V2 1 0.00165312 0.00165312 0.03 0.8525
V3 1 0.03001250 ¢.03001250 0.63 0.4290
V1l * V3 1 0.00025312 0.00025312 0.01 0.9420
V2 * V3 1 0.21125000 0.21125000 4.44 0.0376 *
V4 1 0.8288B2812 0.82882812 17.41 0.0001 *
Vi * V4 1 0.30031250 0.30031250 6.31 0.0136 *
V2 * V4 1 0.06752812 0.06752812 1.42 0.2364
V3 * V4 1 0.00227812 0.00227812 0.05 0.8273
VhH 1 0.93061250 0.93061250 40.56 0.0001 =
V1l * V5 1 0.01757813 0.01757813 0.37 0.5447
v2 * Vb 1 0.00720000 0.00720000 0.15 0.6981
Vi * Vh 1 0.01531250 0.01531250 0.32 0.5718
Vg * V5 1 0.00165312 0.00165312 0.03 0.8525
V6 1 0.29645000 0.29645000 6.23 0.0142 *
V1l * V6 1 0.03712812 0.03712812 0.78 0.3792
V2 * V6 1 0.03125000 0.03125000 0.66 0.4197
Vi3 * V6 1 0.08901250 0.09901250 2.08 0.1523
Va4 * Vg 1 0.03712813 0.03712813 0.78 0.3792
Vs * Vg 1 0.13005000 0.13005000 2.73 0.1014

201



FACTOR V1TI

General
Least. Square Means

Vi

Vi

P ke

V3

Va2

PR

Linevar Models

Y
LSMEAN

0.05796875
0.07515625

Y
L.SMEAN

.05718750
0.07593750

Y
LSMEAN

.04500000
.07093750
.06937%030
.08093750

oo o

Y
LSMEAN

0.08187500
0.05125000

POST - PRE

Proceduro

Std Brr
LEMEAN

0.02727140
0.02727140

5td Err
LSMEAN

0.02727140
0.02727140

Std Erry
LSMEAN

.032856758
.03856758
. 03856758
.03856758

jo ol ool

Std Err
LSMEAN

0.02727140
0.02727140

Pr » ITI
HOC: LSMEAN

0.0359
0.0069

Pr » ITI
HO: LSMEAN

0.0384
0.0064

Pr > ITI
HO: LSMEAN

.2460
.0688
0750
.0383

OO

Pr > ITI
HO: LSMEAN

0.0034
0.0630
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FACTOR

Gerreral
Least Sguare Means

Vi

V2

V4

Vi1

)

[ A W

Vi

V3

3 1
b b b

V4

H H
Bl fs

vill

tainoar Moded s

b4

LSMEAN

.07187500
. 04406250
.09187500
05843750

[ o I e i o

Y
LSMEAN

0.11312500
0.00125000
0.05062500
0.10125000

Y
LSMEAN

0.14703125
~0.01390625

Y
LSMEAN

0.09000000
0.02593750
0.20406250
-0.05375000

oSy PRI

Procodut o

Std EKrr
LSMEAN

.03856758
.03856758
.03B56758
. 03856758

oCcC OO

Std Err
LSMEAN

.03856758
.03856758
. 33856758
.03856758

OO o0

8td Err
LSMEAN

0.02727140
0.02727140

Std Err
LSMEAN

.33856758
.038567h8
.03856758
.03856758

CcCC oo

Pr > ITI
HO: LSMEAN

.0652
.2559
.0190
.1328

Lav i e i v B )

Pr » ITI
HO: LSMEAN

.0041
.9742
L1822
.0100

OO oo

Pr > ITI
HO: LSMEAN

0.0001
0.6112

Pr > ITI
HO: LSMEAN

.02186
.5028
.0001
,1664

un B e s I o
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FACTOR VvIll

Uenreral
Least Sgquare Means

vz

Vi1

[E T B

V4

VA

H

Y
LSMEAN

0.11468750
-0.00031250
0.17937500
-0.02750000

Y
LSMEAN

.16656250
.00281250
12750000
.02500000

cCoOoo

Y
LSMEAN

0.18937500
-0.05625000

Y
LSMEAN

0.16906250
-0.05312500
0.20968750
-0.05937500

POST - PRE

Linecar Models Procedure

Std Rrr
LSMEAN

.03856758
.03856758
03856758
.03B56758

oo 0o

Std Err
LEMEAN

.03856758
.03856758
.03856758
.03856758

oo oo

Std Err
LSMEAN

0.02727140
0.02727140

Std Err
L,SMEAN

.03856758
.03856758
.03856758
.03856758

oo o

Pr » ITI
HO: LSMEAN

0.0037
0.9936
0.0001
G.4774

Pr > ITI
HO: LSMEAN

.0001
L9420
.0013
.5183

OooC o

Pr > ITI
HO: LSMEAN

0.0001
0.0417

Pr » ITI
HO: LSMEAN

. 0001
1714
.0001
1267

OO O0O0O
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FACTOR V1IJ

Lenorval
Leasl Sguare Means

V5

o

Liinear Modelsg

Y
LSMEAN

L1B750000
.07312500
.158125600
03937500

e o o . i e

Y
LSMEAN

.21562500
.05187500
16312500
06062500

DO 00

Y
L.SMEAN

0.27343750
0.02062500
0.10531250
-0.13312500

Y
LSMEAN

0.01843750
0.11468750

PposT - PRE

Procedure

std Err
LSMEAN

.03856758
.03856758
. 3856758
.0385675%8

jsRoleRel

Std Err
LSMEAN

0.03856758
0.03856758
0.03856758
G.03B56758

0.03856758
0.03856758
0.03856758
0.03856758

Std Err
LSMEAN

0.02727140
0.02727140

Pr > ITI
HO: LSMEAN

.0037
.0608
.0001
.3097

DO OO0

Pr > ITI
HGC: LSMEAN

.0001
.1816
.0001
L1180

OO0

Pr = ITI
HO: LSMEAN

.0001
.5940
.0074
.0008

oo Co

Pr > ITI
HC: LSMEAN

0.5005
0.0001
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FACTOR VIITI

Gerrjerriil
Least Square Meaus

Vi

P S

P e g g

Vo6

e s

V6

H H
el

V6

-1

-1

V6

'
bed

liinear Models

Y
LSMEAN

.02687500
.08906250
.010000060
.14031250

oo e o B

Y
1.SMEAN

02468750
LO0B96BTH0
.01218750
.13968750

[ar i B o o)

Y
LEMEAN

.00593750
.15781250
.03093750
.07156250

[ov 3% e R we I e

Y
LSMEAN

0.08187500
0.21218750
~0,04500000
0.01718750

POST -~ PRI

Procedure

std Err
LSMEAN

0.03856758
0.03856758
0.03856758
0.038B56758

5td Err
LSMEAN

.03B56758
.03856758
.03856758
.03856758

ocCooo

std Ery
LSMEAN

.03856758
.03856758
.03856758
.03856758

S oo

Std Err
LSMEAN

0.03856758
0.063856758
0.03856758
0.03856758

Pr » ITI
HO: LSMEAN

G.4875
0.0229
0.7959
0.0004

Pr > ITI
HO: LSMEAN

.52358
L0220
.75286
.0005

oo C

Pr > ITI
HG: LSMEAN

.8779
.0001
L4243
.0664

CcCoOoOo

Pr > ITI
HO: LSMEAN

0.0362
0.0001
0.2460
0.6568
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—

POSAY - PRE

General Joncear Models Procaedure

Least Square Means

V5 VG ¥
LSMEAN
1 1 0.3173125%00
1 -1 0.208562500
-1 i ~3. 13625000
-1 ~ 1 0.02375000

ard Errx
LLEMFEAN

.03858758
038567548
L,03856758
03856758

oD

Pr » ITI

HO: LSMEAN

e B o B o)

L0001
.0061
L0006
.5394

207
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FACTOR V1I1 : PRODUCT T ON

General Linear Models Procodure * denotes gignificance
Dependent: Variable Y
Source DF Sum of Sguares Mean Square F Value Pr » F
Madel 24 2508.75898125 121.19825089 1.66 0.0431
Error 103 7530.04179922 73.10720193
Corrected Total 127 10438.80078047

R-Sgquare cC.V. Root MSE Y Mean

0.278649 75.03275 B.55027496 11.39539062
Source DF Type IILI 88 Mean Square F Value Pr > F
R 3 217.79180859 72.59726953 0.99 0.3992
7 1 94.78923828 94.78923828 1.30 0.2575
V8 1 13.44859453 13.44859453 0.18 0.6689
Vva 1 403.74163203 403.74163203 5.52 0.0207 *
V1o 1 254,50500078 254 .,50500078 3.48 0.0649
Vil i3 6.04215703 6.04215703 0.08 0.7743
V7% V1l 1 36.36578828 36.36978828 0.59 0.4822
ve ¥ V11l 1 106.01500078 106.01500078 1.45 0.2313
Ve * V11 1 B1.328065953 B1.32906953 1.11 0.2940
vVig * vi1l 1 32.37106953 32.37106953 0.44 0.5073
viz 1 6£.82189453 6£.82189453 0.09 0.7606
V11l * V12 1 4.12203828 4.12203828 0.06 0.8128
Vi3 1 15.71501953 15.715015853 0.21 0.6439
V7 oo* V13 1 45.47003203 45.47003203 0.62 0.4321
ve o+ V13 1 0.74572578 0.74572578 0.01 0.9187
Vs * V13 1 24 .36892578 24.36892578 0.33 0.5650
V10 * V13 1 8.647600678 8.64760078 0.12 0.7316
V1l * V13 1 25.82109453 25.82109453 0.35 0.5536
Vi2 * V13 1 1283.66111328 1283.66111328 17.56 0.0001 *
V14 1 149.623375778 149.62337578 2.05 0.1556
V1l * V14 1 65.10831328 65.10831328 0.89 G.3475
V13 * V14 1 32.25048828 65.25048828 0.44 0.5081
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FACTOR V111 PRODUCTI1ION

General Liinecal Modoels Procedure
Least Square Mcans

v7 Y Std Err
LSMEAN LSMEAN
1 12.2559375 1.0687844
-1 10.5348437 1.0687844
V8 Y Std Err
LLSsMEAN LSMEAN
1 11.7195312 1.0687844
-1 11.0712500G 1.0687844
Vg Y Std Err
LSMEAN LSMEAN
1 13.1714062 1.0687844
-1 9.,6193750 1.0687844
V10 Y Std Err
LSMEAN LEMEAN
1 12.8054687 1.0687844
-1 9.9853125 l.0687844

Pr > ITI
HO: LSMEAN

0.0001
0.0001

Pr > ITI
HO: LSMEAN
(.0001
0.0001

Pr > ITI
HO: LSMEAN
0.0001
0.0001

Pr > ITIX
HO: LSMEAN

0.00C1
0.0001
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FACTOR VI1zx PRODUCLYON

General Linear Models Proceciare
Least Square Means

il

Vil Y Std Eryx Pr = 1ITI
LSMEAN LSMEAN HO: LSMEAN
1 11.6126562 1.36eB7844 0.00601
-1 11.1781250 1.0687844 0.06001
V7 V1l Y Std Err Pr > ITI
LSMEAN LSMEAN HO: LSMEAN
1 1 13.0062500 1.5114894 0.0001
1 -1 11.5056250 1.5114894 ¢.0001
-1 1 10.2190625 1.5114894 0.0001
-1 ~1 10.8506250 1.5114894 0.0001
V8 Vil Y Std Err Pr » ITI
LSMEAN LSMEAN HO: LSMEAN
1 1 11.8468750 1.5114894 0.0001
1 -1 11.5921875 1.5114894 0.0001
-1 1 10.3784375 1.51148B94 0.0001
-1 -1 11.7640625 1.5114894 0.0001
V9 Vi1l Y Std Err Pr > ITI
LSMEAN LSMEAN HO: LSMEAN
1 1 12.5015625 1.5114854 0.0001
1 -1 13.7512500 1.51148%4 0.0001
~1 3 10.6337500 1.5114894 0.0001
-1 -1 8.6050000 1.5114894 0.0001
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FACTOR VIIIT

Gorreral

hinear Models

Least Sgquare Means

V10

R

Vi2

V1] Y
LSMEAN

13.5256250
12.,0853125

9.6996875
10,2709375

Y
LSMEAN

11.6262500
11.1645312

viz2 Y
LSMEAN

11.6640£25
11.5612500
11.5884375
10.7678125

! !

Y
LSMEAN

11.7457812
11.0450000

PRODUCTION

Procedure

Std Eryr
LSMEAN

1.5114894
1.51148%4
1.5114894
1.51314894

Std EBrr
LSMEAN

1.0687844
1.0687844

Std Err
LSMEAN

.5114894
.5114894
.5114894
.5114894

B

Std Err
LSMEAN

1.0687844
1.0687844

Pr > ITI
HO: LSMEAN

.0001
.0001
. 0001
L0001

COCOo

Pr > ITI
HO: LSMEAN

0.0001
0.0001

Pr = ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001

Pr » ITI
HO: LSMEAN

¢.0001
0.0G01
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FACTOR VILlX

General

[hinear

Least Squalre Moans

V7 V13
1 1
1 =

-1 1

-] -1

Ve V13
1 1
1 -1
1 1
1 -1

Va Vi3
1 1
1 -1
-1 1
-1 -1

V10 V13
1 1
1 -1

-1 1

-1 -1

Y
LiSMEAN

12.0103125
12.5015625
11.4812500

9.5884375

Y
LSMEAN

12.1462500
11.2928125
11.3453125
10.797187h

Y
LEMEAN

13.9581250
12.3846875
9.5334375
9.7053125

v
L.SMFEAN

12.8959375
12.7150000
10.5956250

9.3753000

Mode ] s

PRODUCT LTON

Procedure

Std Kry
LSMEAN

.5114894
.5114894
.5114894
.51148B94

Std Err
LSMEAN

. 5114894
.5114894
. 5114894
.5114894

—_— e et et

Std Brr
LSMEAN

1.5114894
1.5114894
1.5114894
1.5114894

Std Err
LSMEAN

5114894
.5114894
.5114894
.5114894

[

Pr = 1ITI1
HO: LSMEAN

L0001
.0001
.0001
.0001

c oo

Pr » ITI
HO: LSMEAN

L0001
.0001
.00l
.0001

oo oS

Pr » ITI
HO: LSMEAN

.GGo1
L0001
.0001
L0001

oo

Pr » ITI1
HO: LSMEAN

.0001
.0001
.0001
L0001

oo 00

212
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FACITOR VIiLl

Ger e
Leaast

V11l

i
I

V12

dd Liinear Mododfss

Sqgquare Means

V13 Y
LSMEAN
1 12.4121875
-1 10.8131250
1 11.0793750
-1 11.2768750
V13 Y
LSMEAN
1 15.1434375
-1 8.1090625
1 8.34812%0
1 13.9809375
Y
LSMEAN
12.4765625
10.3142187
Vi1a Y
LSMEAN
1 11.9806250
-1 11.2446875
1 12.9725000
-1 9.3837500

PRODUICT. ON

Procedul o

Std Err
LSMEAN

.5114894
.5114894
.5114894
.5114894

=

std BErr
LSMEAN

1.5114894
1.5114894
1.5114894
1.5114894

std Err
LEMEAN

1.0687844
1,0687844

Std Err
LSMEAN

.5114864
.5114894
.5114894
.51148%4

P

Pr » ITI1
HO: LSMEAN

.0001
.0001
L0001
L0001

CcCoC oo

Pr > ITI
HO: LSMEAN

.0001
.0001
L0001
L0001

oo C o

Pr > ITT
HO: LSMEAN

0.0001
0.0001

Pr » ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001
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PRODUCTION

Yeneral Linear Models PProcvedure
Leant Baguare Means

Vvi3 Vi4 ¥ S5td Ery Pr » 171
LSMEAN LSMEAN HO: LSMEAN = 0
3 1 31203250000 1.5114894 0.0001
1 -1 11.1665625 1.51148594 0.0001
-1 1 12.86281280 1.51148%4 0.0001L
-1 -1 9.4618750 1.5114894 0.00601
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FIBRINOGEN

Genoeral
Dependent. Variable
Source

Model

Error

Corrected Total

Source

R

V.

V2

Vi * V2
V3

V1 * V3
V2 * V3
V4

Vi o* V4
V2 * V4
Vi * V4
V5

V1 * Vb
V2 * V5
Vi * V5
vda * Vb
V6

Vi * V6
V2 * V6
V3 * Vg
V4 * Vo
Vs * V6

Linedar Modols

rosr -

Y

DF

24
103
127
R-Sqguare
0.263912
DF

ol e it el e i e e R e e it el ol B

PRE

Procoedure

Sum of Squares
5.92653125
16.52995625
22.45648750
C.V.

-327.2926

Type III S8

. 85211875
10237812
.23805000
.05362812
.16102813
.03380000
.00090312
.03001250
.58050312
.06480000
.00B12813
.01162813
.02420000
.20320313
.15961250
.88665312
.69325312
.40051250
.22612813
.14851250
.04727812
.00020000

eReleRoleBol e NolloNoNoleNoReloleNokole Nalle!

215

* denotes significance
Mean Square F Value Pr = F
0.24693880 1.54 0.0717
0.16048501
Root MSE Y Mean

0.40060581 -0.10343750

Mean Square F Value Pr > F
0.28403958 1.77 0.1576
0.10237812 D.64 0.4263
0.23805000 1.48 0.2260
0.05362812 0.33 0.5645
0.16102813 1.00 0.3188
0.03380000 0.21 0.6473
¢.00090312 0.01 0.9403
0.03001250 0.19 0.6663
0.58050312 3.63 0.0600
0.06480000 0.40 0.5266
0.00812813 0.05 0.8224
0.01162813 0.07 0.7883
0.0242G000 0.15 0.698¢6
0.20320313 1.27 0.2631
0.1596125%0 0.99 0.3210
1.886.5312 11.76 0.0009
0.69325312 4 .32 0.0402
0.40051250 2.50 0.1172
0.22612813 1.41 0.2379
0.14851250 0.93 0.3383
0.04727812 0.29 0.5885
0.00020000 0.00 0.9719



FIBRINOGEN

PCgT - PRE

General ldnear Medels Procedure
Leasl Square Means

Vi

Ve

—

V1

e R e

V3

V2

Y
LSMEAN

~0.07515625
-0.13171875

Y
LSMEAN

~0.06031250
-0.14656250

Y
LEMEAN

=, 05250000
-0.09787250
-0.06812500
-0.19531250

Y
LSMEAN

~0.06796875
-(0.13850625

S5td Err
LSMEAN

0.05007573
0.05007573

Std Err
LSMEAN

0.05007573
0.05007573

std Err
LEMEAN

.07081777
.07081777
07081777
.07081777

oo o

Std Err
LL.SMEAN

0.05007573
0.05007573

Pr > 1IT1
HO: LSMEAN

0.1365
0.00598

Pr > ITI
HO: LSMEAN

0.2312
0.0042

Pr » ITI
HO: LSMEAN

.4602
.1702
.3383
.0069

[« B an I o B w0

Pr > ITI
HO: LSMEAN

0.1776
0.0066
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FIBRINOGEN

General
Least Square Means

Vi

H M
e

vz

e e

Va4

V3

]

V3

: 1
LR

Liinear

Y

rostT - PRE

Models Procedure

LSMEAN

-0.05593750
~-0.09437500
-0.08000000
-0.18343750

Y
LSMEAN

cooco

<

.02750000
.09312500
.10843750
. 18468750

LSMEAN

-0.11875000
-0.08812500

Y

LSMEAN

-0.1578125H0

0.00750000
~0.07968750
~(.18375000

sStd Err
LSMEAN

07081777
07081777
.07081777
.07081777

el e i o}

Std Err
LSMEAN

07081777
07081777
Q7081777
.07081777

oo O C

std Erry
LSMEAN

0.05007573
0.05007573

Std Err
LSMEAN

Loro8s17y
.07081777
.07081777
.Q7081777

Do o0

Pr = ITI

HO: LSMEAN

L4314
L1856
L2612
L0110

OO o

Pr = ITI

HO: LSMEAN

.6986
.1914
L1288
.0105

e N o Y o 40

Pr » ITI

HO: LSMEAN

0.0001
0.0814

Pr » ITI

HO: LSMEAN

L6986
L9159
L2631
.0108

cCOoOCo
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FIBRINOGEN

General
Least Square Means

V2

c ]
Mo

Vi3

Vi

B

V4

et

V4

[

—

V5

-1

-1

i

Linear Models

Y

LSMEAN

~-0.09812500
-0.02250000
-0.13937500
-0.15375000

Y

LSMEAN

-0.08125000
-1.04468750
-0.14625000
-0.,13156250

Y

LSMEAN

-0.03320625
~{}.11296875

Y

LSMEAN

-0.07937500
-0.07093750
-0.10843750
-0.15500000

POST - PRE

Procadure

8td Err
LSMEAN

.Q708L777
.07081777
Q7081777
.Q7a81777

oo 0

5td Err
LLSMEAN

.07081777
07081777
Q7081777
.Q7a81777

o oC

std Err
LSMEAN

0.05007573
0.05007573

std Err
LSMEAN

0.07081777
0.07081777
0.07081777
0.07081777

Pr > ITI
HO: LSMEAN

.1689
L7513
L0517
.0322

OO OO

Pr » ITI
HGO: LSMEAN

.200%
.5294
.0414
.0661

SO OO

Pr > ITI
HO: LSMEAN

0.0636
0.0262

Pr > ITI
HO: LSMEAN

.2650
.3188
.1288
.0309

oo Co

218

Il

il

[i4

H]



FIBRINOGEN

POST - DPRE

General Lincar Models Procedure
Least Square Meansg

Va2 V5
1 1
1 -1

-1 1

-1 -1

V3 V5
1 1
1 -1
-1 1
-1 -1

Vi VH
1 1
1 -1

-1 1

-7 .

Ve
1

-1

Y
LSMEAN

.09062500
.030040000
.09718750
.19593750

oo CC

Y
LESMEAN

~0,02312500
-0.11281250
-0.16468750
-(.,11312500

Y
LSMEAN

01218750
.24968750
.20000000
.02375000

L
o O

Y
LEMEAN

-0.17703125
-0.02984375

5td Err
LSMEAN

.Q7a81L777
.Q7081777
07081777
Q7081777

[n R o o

Std Err
LSMEAN

Q7081777
.07081777
07081777
.Q7081777

oo oo

Std Err
LSMEAN

Q7081777
07081777
.07081777
.07081777

om0 an i e B o

Std Err
LSMEAN

0.05007573
0.05Q07573

Pr > ITI
HO: LSMEAN

.2035
.6727
L1729
.0067

[T w B I ]

Pr = ITI
HO: LSMEAN

L7447
.1142
.0220
L1132

[ i i i

Pr > ITI
HO: LSMEAN

L8637
.0006
L0057
. 7380

oCDo

Pr » ITI
HO: LSMEAN

0.0006
0.5525
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FIBRINOGEN

POST - PRE

General Linear Models Procedure
Least Square Meang

Vi

H 1
e

V2

t
SRS U S

V&

V6

o

V6

bt b L

Vo6

Y
LSMEAN

-0.09281250
~0,05750000
-0.26125%000
-0.00218750

Y
LSMEAN

09187500
.02875000
L26218750
.03093750

cooo

Y
LEMEAN

-0.10750000
-0.02843750
~0.24656250
-0.03125000

Y
LSMEAN

-0,17312500
-3.06437500
-0.18093750

0.00468750

Std Err
LSMEAN

.070817717
.07081777
.G708L777
.07081777

oOC oo

gtd Err
LSMEAN

.Q7081777
.077081777
.Q7081777
.07081777

[ e e el

Std Err
LSMEAN

.07081777
.07081777
.07081777
L070B8L7T7

S OO

std Err
LEMEAN

Q70817717
07081777
.07381777
.07081777

OO oD

= ITIT
LSMEAN

i
o

.1929
L4187
.0004
.9754

oo OO0

Pr > ITI
HO: LSMEAN

L1974
.6856
.0003
L6631

oo Qo

Pr » ITI
HO: LSMEAN

L1321
.6888
L0007
.6599

OO0 o0

Pr > ITI
HO: LSMEAN

L0162
.36565
0121
.59474

OO0
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e ai b H POST - PRE

General Linear Models BProcedurs
Leasl Sguare Means

V5 Vi Y srd Brr Pr » ITX
LEMEAN LSMEAN HO: LSMEAN = 0
1 1 ~0.16625000 0.07081777 0.0208
1 -1 -0 . 02156250 O.07081777 4,714
-1 1 -{0,18781250 0.07081777 0.0093
-1 -3 -, 03812500 0.07081777 §.54%15%

221



FIBRINOGEN

General
Dependent Variable

Source

Model
Error
Corrvected

Source

R
V7
V8
V]
V10
V11
V7
V8
Vo
V10
V12
V11l
Vi3
‘')
v
Vo
V10
V1l
V12
V14
V1l
V13

* % o F ¥ ¥ »* * * > ¥

L3

V11
V1l
V11l
Vii

viz

V13
V173
V13
V13
V13
V13

V14
V14

Linear Models

PRODUCTION
Procvedure *
Y

DF Sum of Squares Mean Square
24 1065.46106250 44.39421094
103 1955.06312500 18.98119539
127 3020.524187507
R-Square C.V. Root MSE
0.352740 50.79082 4.35674137
DF Type III 88 Mean Square

3 13.90491250 4.63497083
1 104.04031250 104.04031250
1 37.41125000 37.41125000
1 181.59415313 181.59415313
1 166.75945313 166,75945313
1 31.00781250 31.00781250
1 12.,12781250 12.12781250
1 18.12020000 18.12020000
1 22.93337812 22.93337812
1 20.36815313 20.36815313
1 25.40062813 25.40062813
1 6.41715312 6.41715312
1 5.49461250 5.49461250
1 1.33661250 1.33661250
1 0.36551250 0.36551250
1 188.51965312 188.51965312
1 B.03002812 8.03002812
1 41.90701250 41.50701250
1 0.71102812 0.71102812
1 97.477570313 97.47570313
1 49.67552812 49.67552812
1 31.86015312 31.86015312

222

denotes significance

Value Pr > F
.34 0.0017
Mean
.57781250
Value Pr > F
.24 D.865K3
.48 0.0211
.97 0.1634
.57 0.0025
.79 0.0038
.63 0.2041
.64 0.4259
.95 0.3308
.21 0.2742
.07 0.3027
.34 0.2500
.34 0.5622
.29 0.5917
.07 0.7913
.02 0.8899
.93 0.0021
.42 0.5169
21 0.1404
.04 0.8469
.14 0.0255%
.62 0.1088
.68 0.1980
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FIBRINGGEN

general Lineasr Models
Least Square Meang

v Y
LOSMEAN
3 9.47937500
-1 767625000
VE Y
LSMEAN

1 9.11843750
- £.03718750

VY Y
LOSMEAN
: 9.76890625
- F.38671875
viag ¥
LSMEAN
1 9.7192187%
-1 7.43640625
Vil Y
LEMEAN
1 9.07038600
-3 B.08562500

PRODUCTION

Procedure

5td Brr
LEMEAN

0.54459267
G.54459267

Std Err
LEMEAN

0.54458267
D,54459267
Std Brr
LESMEAN
0.54459267
0.544592687
svd Ery
LSMEAN

4.54458267
0.54459267

std Ery
LEMEAN

0.54459267
0.5445%9267

Pr o » ITIH
HG: LSMEAN

0.0001
0.0061

Pr » ITI
HO: LEMEAN

¢.00402
G.0001

Pr > 177
HO: LSMEAN
0.0001
0.6601%

Pr » ITI
HO: LEMBEAN

0.0001
0.0601

Pr » ITI
HO: LSMEAN

0.0001%
$.000%
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FIBRINOGEN

PRODUCTION

General Linear Models Procedure
Least Square Means

i

1

V7 vi1 \ sStd kErr Pr » ITI
LSMEAN LSMEAN HO: LSMEAN
1 1 9.66375000 O.77017034 0.0001
1 -1 9.29500000 0.77017034 0.0001
-1 1 8.4762%000 0.77017034 0.0001
-1 -1 6.87625000 0.77017034 0.0001
Jv8 V1l 5td Err Pr > ITY
LSMEAN LSMEAN HO: LSMEAN
1 1 §.23437500 0.77017034 0.0001
! -1 9.00250000 0.77017034 0.0001
=1 1 8.90562500 0.77017034 0.0001
-1 -1 7.16875000 0.77017034 0.0001
VI Vii Y 5td Err Pr » ITI
1,.SMEAN LSMEAN HO: L&MEAN
L 1 9.B3781250 Q.77017034 0.0001
1 -1 a9.70000000 0.77017034 0.0001
-1 1 8.30218750 0.77017034 0.0001
-1 -1 6.47125000 0.77017034 0.0001
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FIBRINOGEN

General Lincar Models

Leasl Square Means

V10

V1l

= e e

V13

V11l

H
R

V12

¥
LSMEAN

10.6103125
B.8281250
7.5296875
7.4431250

Y
LSMEAN

9.02328125
8.13234375

Y
LSMEAN

9.29156250
8.84B843750
8.75500000
7.41625000

Y
LEMEAN

8.37062500
8.78500000

PRODUCTION

Procedure

gtd Err
LSMEAN

.77017034
LIT0L7034
77017034
77017034

e Y e Y wio Y o

std Ery
IL.SMEAN

0.54459267
0.54459267

5td Err
LSMEAN

0.77017034
0.77017034
0.77017034
0.77017034

Std Err
LSEMEAN

0.54459267
0.54459267

Pr > ITT
HO: LSMEAN

.0001
L0001
.0001
.0001

o000

Pr » ITI
HO: LSMEAN

0.0001
0.0001%

Pr > ITI
HO: LSMEAN

.0001
.0001
. 0001
.0001

[=Rolale]

Pr = ITI
HO: LSMEAN

0.0001
0.0001
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FIBRINOGEN

Geneyal

Linear Models

Least Sgquare Means

v7 Vi3
1 1
1 -1
« 1 1
-1 -1
va Vi3
1 1
1 -1
-1 1
-1 -1
V9 V13
1 1
1 -1
-1 1
-1 -1
Vio Vi3
1
1 -1
- 1
-1 -1

Y
LSMEAN

.17000000
.78875000
.57125000
.78125000

~ 30w

Y
LSMEAN

8.85781250
9.37906250
7.88343750
B.19053750

Y
LSMEAN

8.34812500
11.18968750
8.39312500
6.38031250

Y
LSMEAN

9.2615625
10.1768750
7.4796875
7.3931250

PRODUCTION

Procedure

Std Err
LSMEAN

77017034
L17017034
.77017034
770177034

oo oo

std Err
LSMEAN

LTT017034
L77017034
77017034
L17017034

CcCCoOoOC

std Err
LSMEAN

.77017034
77017034
77017034
77017034

O o

Std Err
LSMEAN

77017034
L77017034
.77017034
L17017034

CcCoOCo

Pr -~ ITI
HO: LSMEAN

.0001
.0001
. 0001
L0001

CcCOoOooO

Pr > ITI
HO: LSMEAN

L0001
.0001
.0001
. 0001

OO0

Pr » ITI
HO: LSMEAN

0.0001
0.0001
¢.0001
0.0001

Pr » ITI
HO: LSMEAN

.0001
0001
.0001
.0001

[aRe ool
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F1BRINOGEN

General
Sguare Means

Least

V1l

V12

s

V14

V1l

Ll

V13

V13

V14

Linear Models

Y
LSMEAN

.43500000
. 70500000
.30625000
.86500000

@ ~J o w

Y
LSMEAN

LT74156250
.30500000
.99968750
L 26500000

oo ~3 oo

Y
LSMEAN

9.45046875
7.70515625

Y
LSMEAN

9.31968750
B,82031250
9.58125000
6.59000000

PRODUCTION

Procedure

std Err
LSMEAN

77017034
77017034
L77017034
77017034

[on T o Y i B o}

std BErr
LSMEAN

77017034
77017034
LT7017034
77017034

oo CoC o

Std Err
LSMEAN

0.54459267
0.54459267

8td Err
LSMEAN

0.77017034
0.77017034
0.77017034
0.77017034

Pr > ITI
HO: LSMEAN

L0001
.0001
.0001
.0001

[0 3 ais I v I ol

Pr = ITI
HG: LSMEAN

L0001
0001
L0001
.0001

OO0

Pr » ITI
HO: LSMEAN

0.0001
0.0001

Pr > ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001
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¥ H PRODUCTION

General Lincar Models Progedure
Least Square Means

Vi3 Vi4 Y 5td Ery Pr » ITI
LSMEAN LEMEAN HO: LSMEAN
1 1 B.74437500 0.770170324 0.0001
i -1 F.99687500 0.77017034 0.0001
-1 1 10.1%656250 G.77Q017034 0.0001
-1 ~1 T.41343750 0,77017034 0.0001
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VON WILLEBRAND FACTOR

Goneral Linear Modeis

Dependent Variable
Source

Model

Error

Corrected Total

Source DF
R 3
Vi1 1
v2 1
vVl * V2 1
Vi i
v * V3 1
Vi o* Vi 1
V4 1
V1l * V4 1
V2 * V4 1
Vi + V4 1
Vi 1
Vi *» VH 1
V2 * Vh 1
AVAE BV 1
Vd +« V& 1
V6 1
Vi * Vé 1
V2 * V6 1
V3 * Vg ]
V4 +* Vb 1
Vh *+ V6 1

Y
DEF
24
103
127

Poyr

't ocuodur e

Sum of Squares
1650292 .93750000
169731.013%67188
320023.95117188

R-5Square
0.469630

Type III S8

103759
82

627
3714
4614
4307
714

22

1408,

8

25
948
1692

%336,

8232

2902,
43,
177,
422,
987,
998,

265

.83398417
.080078113
.90B20313
.14257813
.00195313
.G8COY8BL3
.89257813
.36132813
28320313
76757813
.83007813
.84570313
.89257813
73632813
.04882813
267578113
3611312813
51757813
31445313
34570313
48632813
.93945313

-1465.736

229

Mean Square

34586.

82

3714
4614

22
3408

25
948
1692
5336
gz3z

43
7177
422
987
998

Mean Sguare
6262.20572917
1647.87381914

Root MSE
40.59401334

11322812

.08007814
627,

90820313

.14257813
.00195313
4307,

714.

08007813
89257813

36132813
. 28320313
76757813
.83007813
.84570313
.B9257813
.73632813
.04882813
2902,

26757813

.36132813
.517578113
. 31445313
.34570313
.4B6328113
265,

93945313

denot s signa Licaneo

F Value Pr » F
0.0001

-2.76953125%
¥ Value Pr > F
20.99 0.0001
0.05 0.2838
0.38 0.5384
0.25 0.1363
2.80 0.0873
2.61 0.1080
0.43 0.5116
0.01 0.8075
2.07 0.1534
0.01 0.9420
0.02 0.90086
0.58 0.4497
1.03 0.3132
3.24 0.0749
5.00 0D.0276
1.76 0.1874
0.03 0.8715
4,36 0.0394
0.26 0.6138
0.60 0.4407
0.61 0.4381
0.16 0.6887

*



VON WILLEBRAND FACTOR

General

Lieraat

Vi

Vi

Vi

s
P O SR

Vi

Linear Models

Square Means

= =~

Y
LSMEAN

~1.96875000
~3.H5703125%0

Y
LSMEAN

-4 .98437500
-0 .55468750

Y
LSMEAN

FL2D31250
-5 14064050
L11.,1718750

4.0312500

Y
LSMEAN

1.23437500
-8.077343750

Procedurs

Std Ervr
LSMEAN

5.07425167
5.07425167

5td Err
LLSMEAN

5.07425167
5.07425167

Sctd Err
LSMEAN

17607558
17607558
17607558
17607558

BN RS R R |

Std Ery
LSMEAN

5.07425167
5.07425167

PRE

Pr = ITI
HO: LSMEAN

0.6988
0.4833

Pr = ITI
HO: LSMEAN

0.3283
0.9132

Pr » ITI
HG: LSMEAN

0.8672
0.4754
0.1226
0.5755

Pr » ITI
HO: LSMEAN

0.5253
0.0868
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VON WILLIBRAND FACTOR

(rerne)al

Lieast

Vi

= e b

3
aa

bk et e B

V4

2

i.
= i s

Lineatr Models

square Meang

V3

V3

[ T

V4

— e 1

Y
LEMEAN

-3, 7650250
2.1718750
8.2343750

-15,3750000

Y
LSMEAN

103375000
~8.62500000

7.81250000
-8.912187%0

Y
LSMEAN

-2.35156250
~3.18750000

Y
LSMEAN

Lot

L 60937500
. 54687500
L 31250000
.17187500

,.
= o -2

"rocedure

5td Err
LSMEAN

7.1760755
T.1760755
T.1760755
T.176075%

std Ery
LEMRBEAN

7.1760755
T.1760755
T.1T760755
7.L76075%

5td Err
LLSMEAN

5.07425167
07425167

Std Err
LSMEAN

7.1760755
71760755
7.1760755
71760755

PRE

Pr = ITI
HO: LSMEEN

. 8061
L7628
L2538
.0345

oo Cco

Pr » ITI
HO: LSMEAN

.B518
L2322
.2788
.2166

e e I

Pr - ITI
HO: LSMEAN

d.6440
G.5313

Pr » IT1
BO.:. LSMEAN

.6161
.2954
L2494
. 8706

o O S o
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VON WILLEBRAND FACTOR

Teneral

Least

V2

i
i e Aed e

V3

Vi

= e

Linear Models

Square Meang

V4

H

V4

B f

— e b e

1
[N o I

WO oD

SRS o N

Y

LEMERAN

4. 82812500
.14062500
12500000
.23437500

Y
LESMEAN

L20312500
L26562500
L80625000
64062500

Y

LEMEAN

0.04687500
5.49218750

Y

LEMEAN

.39062500
L32812500
.48437500
L6B625000

Procedure

Std Erx
L.SMEAN

7.1760755
7.1760755
7.1760755
7.1760755

5td Eryr
LSMEAN

T.1760755
71760755
TLLT60755
7.1760755%

Std Ery
LSEMEAN

5.07425167
5.07425167

5td Err
LLSMEAN

7.1760755
T.LT60755
7176075,

7.1760755

FRE

Pr > ITI
HO: LSMEAN

.5026
L4754
.9B61
.B638

joRBol el

Pr = ITI
HO: LSMEAN

0.6563
0.6500
0.2731
0.1821

Pr = ITI
HO: LSMEAN

0.9926
§.2816

Pr - ITI
HO: LSMEAN

.5420
. 2485
.5334
L7120

OO0
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VON WILLEBRAND FACTOR : POST

General ldnecar Models Proceduve
Least Sgquare Means

vz Ve Y Std Err
LSMEAN LSMEAN
1 1 SR LUT7187T75000 T.LT60THS
I 1 -1.25000000 7.1760755
-1 3 B.62500000 T.1760755
-1 - -9 .73437500 7.1760755
V3 vh Y Std Err
LSMEAN LSMEAN
1 1 -2.,0625000 7.1760755
1 -1 8.5312500 T.1760755
-1 1 1.9687500 7.13760755
-1 -1 19.5156250 7,.176075%
Vg Vh Y Std Err
LEMEAN LSMEAN
] 1 -4 3906250 T.176075%
1 1 ~0,31265000 7.1760755
-1 1 4.,.2968750 7.3760755
-1 -1 -10.671874%0 7.1760755%
Vo6 Y 5td Err
LSMEAN LSMEAN
1 S 3.35156250 5.07425%167
-1 -2.187%0000 5.07425167

PRE

Pr = 1IT1
HO: LSMEAN

0.2272
0.8621
06.2322
0.1779

Dr ~ 171
HO: LSMEAN

L1744
L2372
. 7844
L0077

oo OC

Pr ~ IT1
HO: LSMEAN

0.5420
0.9653
0.55086
0.1400

Pr » ITI
HC: LSMEAN

0.5104
0.6673
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VON WILLEBRAND FACTOR POST - PRE

General Lineayr Models Procedure

Least Square Means
Vi V6 Y scd Ervy Pr > TITI
LSMEAN LSMEAN HG: LSMEAN
1 1 4.9375000 7.1760755 0.4930
1 -1 -8.8750000 7.1760755 0.2190
-1 1 ~11.6406250 7.1760755 0.1078
-1 -1 4.5000000 7.176075% 0.5320
V2 Ve Y 5td Err Pr > ITI
LSMEAN L.SMEAN HO: LSMEAN
1 1 ~-3.75000000 71760755 D.6024
1 1 -6.21875000 7.1760755 0.3882
-1 ] -2, 95312500 7.1760755% 0.6815
-1 1 1.84375000 7.1760755 D.7977
V3 Va Y Std Err Pr » ITI
LSMEAN LSMEAN HO: LSMEAN
1 -0.1250000 7.1760755% 0.9861
-1 6.%937500 T.1760755 0.3603
-1 1 -6,.5H781250 7.176075% 0.3615
-1 -1 ~10.9687500 7.1760755 0.1294
V4 V6 Y std Err Pr » ITI
LEMEAN LSMEAN HO: LSMEAN
1 1 -0.14062500 7.176075% 0.9844
1 -1 -4 .5%6250000 7T.1760755 0.5263
1 1 -6L.BA250000 T.1760°755 0.3626
1 -1 C.18750000 717607754 0.9792
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e BRAND FACTOR : POST - FPRE

General lanear Models Procodure
Lexagl Sguare Means

Vi Vi b'e Std Err Pr » ITI
LEMEAN LEMEAN HG: LESMEAN = 0
1 1 .81250000 T.17607585 .9301
1 b - 0.80625000 T.1760784 O.5%98
-] 1 =FLURIBGAB0O0 7.1760755 0,2874
-1 } - 3468875000 FL1T60TEY 06299
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VON WILLEBRAND FACTOR

General
Dependent. Variable

sSource

Model

Eryor
Corrected Total

Source

R
V'l
Ve
VY
V10
Vil
V7
V8
V9
V10
Vi2
V1l
V13
V7
v
Va
V10
V11
V12
V14
V1l
Vi3

< o oW ow

¥ x % % =

L3

V11
Vil
Vil
V11l

V12

vii
Vil
V13
Vi3
V13
V13

Vi
V14

Linearv

Modaels Procedure
Y

PRODUCTION

Sum of Squares
164085.03437500
193626.78117187
357711 .81554688

R-Square
0.458707

Type 111 55

890719,
1284
54
21577
5389,
8474,
643

908.

N
1546
1921

2498 .

54
267,
1169
1149
5
2047,
10037
3977
159
1l

C.V.
-177.0879

551484137 30239,
L61132812 1284
.47070312 54
.43445312 21577
15820312 15389
39257812 8474,
.95632812 643
97820312 908
.34570312 17
.37507813 1546
.22507812 1921
3plilBl2 2498
.47070313 54
09382612 267
.46570312 1169,
.00195313 1149
65320312 5.
200078113 2047
67382813 10637
.20507812 3977
.53445313 159
87507812 121,

236

Mean Square

85049479

.61132812
.47070312
.43445312
.15820312

39257812

.95632812
.97820312
.34570312
. 37507813
.22507812
.36132812
.47070313
.09382812

46570312

.001985313

65320312

,20007813
.67382813
.20507812
.534453113

87507814

Mean
5836

1879,

Root

43 ,35748680

denotes significance

Square F Value Pr > F
.87643229 3.64 0.0001
B7166186
MSE Y Mean
-24.48359375
F Value Pr » F
16.09 0.0001
0.68 0.4103
0.03 0.8652
11.48 0.0010 «
8.19 0.0051 *
4.51 0.0361 *
0.34 0.5596
0.48 0.4884
0.04 G.8397
0,82 0.3665
1.02 0.3144
1.33 0.2517
0.03 0.8652
0.14 D.7070
0.62 0.4321
0.61 0.4361
0.00 0.5964
1.09 0.2891
5,34 0.0228%*
2.12 0.1488
0.08 0.7714
0.06 0.7995



VON WILLEBRAND FACTOR

General

Linear Models

Least Square Means

V7

vy

'

Vig

Y
LEMEAN

-21.3156250

-27.65156257
Y

LEMEAN

~23.8312500

~25,1359375
Y

LSMEAN

11.5000000
- 37 .46713875

Y
LLSMEAN

13.5187500
-35,4484375

Frocedure

Std Brr
LSMEAN

5.4196859
5.1496859

Std Err
LEMEAN

5.419685%
5.1496859
Std Err
LSMEAN

5.4196858
5.1496859

Std Errx
LSMEAN

5.4196859
5.1496859

PRODUCTION

Pr =~ ITI
HG . LSMEAN

0.0002
0.0001

Pr » ITI
HO: LSMEAN
00,0001
0.0001

Pr » IT1
HO: LSMEAN

0.0362
0.0001

Pr > ITI

HO: LSMEAN

0.0142
0.0001
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VON WILLEBRAND FACTOR

Gesllery

Laeagt

V11

V7

L

Va8

bl et e

P e i g

il

Liinear Model s

Sgudre Means

V1]

* ]

V1i

. 1

Vil

Y
LSMEAN

“16.,3468750
-32.6203125

Y
LSMEAN

-15.421875%0
-27.2093750
-177.,2718750
-38.0312500

Y
LEMEAN

18.35613750
SEH L 3031250
-14.3343750
~35.9375000

\V
LEMEAN

4. 1406250
~18.8593750
CARLRG31ZS0
-46.3812500

Procedure

sStd Err
LEMEAN

5.4196859
5.1496859

std Err
LSMEAN

.6645932
.6645932
.6645932
.6645932

P

Std Err
LSMEAN

.6645932
6645930
. 6645532
L6645932

~N T 3 g

Std Err
LSMEAN

7.6645932
7.6645932
T7.6645930
T.6645932

PRODUCTION

Pr » ITI
HO: LSMEAN

0.0032
0.0001

Pr » ITI
HO: LSMEAN

L0468
.00086
.0263
.0001

oo OoOC

Pr » ITI
HO: LSMEAN

.0184
L0002
.04863
.0001

[ i e Y )

Pr » ITI
HO: LSMEAN

0.5902
0.0185
(.0003
0.0001
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VON WILLEBRAND FACTOR : PRODUCTION

General Linear Models Procedure
Least Square Means

V190 V11l Y Std Err Pr = ITI
LSMEAN LSMEAN HO: LSMEAN
1 1 ~1.,9062500 7.6645932 0.8041
1 -1 ~25.,1312500 7.6645932 0.0014
-1 1 -30,7875%000 7.6645932 0.0001
] -1 40, 1093750 7.6645932 0.0001
V12 Y 5td Err Pr » ITI
LEMEAN LSMEAN HO: LSMEAN
i -20.6093750 5.4196859 g.0002
-3 -28.3578125 5.14968459 .,.0001
Vil viz Y 5td Err Pr > ITI
LSEMEAN LEMEAN HO: LSMEAN
1. 1 ~16.,84906250 7.6645932 0.0298
1 -1 -15.803125%0 7.6645932 0.0417
-1 1 -24 03281250 7.6645932 0.0020
-1 -} -40.9125000 T.6645932 0.0001
Vi3 Y Std Err Pr - ITI
LSMEAN LSMEAN HO: LSMEAN
=2%.13%9375 5.4196859 0.0142
-1 ~-2B,8312500 5.1496859 0.0001
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VON WILLEBRAND FACTOR PRODUCTION

General Linear Models Procedure
Least Square Means

V7 V13 Y Std Err Pr » ITY
LSMEAN LSMEAN HO: LSMEAN
1 1 ~23.4125000 T7.6645%932 G.0029
1 -1 -19.2187500 7.66455832 0.0137
=1 ] ~26,.8593750 7.6645932 0.0007
-1 ) ~-2B.4437500 7.6645932 0.0003
VB Vi3 Y 5td Err Pr - ITI
LSMEAN LSMEAN HO: LSMEAN
1 1 ~-27.50625%00 7.66459132 0.000%
1 -1 S20.,15%62500 T7.6645932 0.0099
-1 i -22.765624450 7.6645932 0.0037
-1 | -27.5062500 7.6645932 0.0005
vo V13 Y Std Err Pr > ITI
LSMEAN LSMEAN HO: LSMEAN
1 1 -9 1%62%00 7.6645932 0.2350
1 -1 -13.,8437500 7.6645%932 0.07238
-1 ] -4 1L .115%6260 7.60645932 0.0001
-1 1 -33.,8187500 7.6645932 0.0001
Vi V13 Y Std Err Pr - ITI
LEMEAN LSMEAN HO: LSMEAN
1 1 -14,.3812500 7.6645932 0.0634
1 -1 126562500 7.60645932 0.1017
-1 ] -35.8906250 7,6645932 g.0001
-1 -1 ~A45,0062%00 7.6645932 0.0001
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VON WILLEBRAND FACTOR

Genaral

Linear Models

Least Sguare Means

V1l V13
1 1
1 -1

-1 3

-1 -1

Yia  vi3i
i 1
1 ~ 1
-1 1
1 -1

Vidg
1

-1

Vil V14
1 1
b -1
1 1

1 -1

Y
LSMEAN

-13.0000000
~19.6937500
-37.2718750
-27.9687500

Y
LSMEAN

12.4062500
-28.8125000
37.,8656250
-18.850G000

Y
LSMEAN

-18.,90937590
-30.0578125%

Y
LSMEAN

9.6562500
©23.,0375000
28.1625000
37.0781250

Procedure

Std Err
LSEMEAN

.6645932
.6645932
.664598132
.6645932

w13 =3 =3

Std Err
LSMEAN

7.6645932
7.6645932
7.6645932
7.6645932

5td Eryr
LEMEAN

5.4196859
5.1496859

5td Err
LSEMEAN

7.6645932
7.06645912
7T.6645932
7.6645932

PRODUCTION

Pr » ITI
HO: LSMEAN

0.0929
0.011i6
0.0001
0.0004

Pr >~ ITI
HO: LSMEAN

.1068
.0003
L0001
L0156

OO0

Pr » ITI
HO: LSMEAN

0.0007
0.0001

Pr » ITI
HO: LSMEAN

0.2106
0.0033
0.0004
0.0001
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i AND FACTOR : PRODUCTION

poneral Linear Models Procedure
Least Sguire Means

Vii Vi4 Y Std Ery ¥ » ITXE
LEMBEAN LESMEAN HO: LSMEAN = 0
] 1 -40.8375000 7.6645932 00,0086
1 -1 201343750 T.66455832 0.0002
3 3 17 . 2812500 76645932 0.0263
] -1 =30 ,3812500 7.6645932 G.0u0l1

242



pH : POST - PRE

General lineayr Models Procedure * denotes significance
Dependent. Variable Y
Source DF Sum of Sguares Mean Square F Value Pr > F
Mode] 24 1.85393128% 0.07724714 1.73 0.0311
Error 103 4.59661875% 0.04462737
Corrected Total 127 6.45055000

R-Square c.v. Root MSE Y Mean

0.287407 132.5502 0.21125190 0.15937500
Source DF Type ITT1 S§ Mean Square F Value Pr > F
R 3 0.85446250 0.85446250 6£.38 0.0005
Vi 1 0.07125312 0.07125312 1.60 0.2092
va 1 0.03850313 0.03850313 0.86 0.3551
V1 * V2 1 0.01051250 0.01051260 0.24 0.6285
Vi 1 0.00211250 0.00211250 0.05 0.8282
V1 * V3 1 0.04425312 0.04425312 0.99 0.3217
Ve * V3 1 ¢.01487812 0.01487812 0.33 0.5649
V4 1 0.12005000 0.12005000 2.69 0.1040
Vi * v4q 1 0.01487812 0.01487812 0.33 0.5649
Vi * V4 1 0.05865313 0.05865313 1.31 0.2543
Vi * V4 1 G.04651250 0.04651250 1.04 0.3097
Ve 1 0.04500000 0.0450600060 1.01 0.3177
V1 + V5 1 0.00052812 0.00052812 0.01 0.9136
Ve * V5§ 1 0.00002813 ¢.00002813 0.00 0.9800
V3 * V5§ 1 0.01280000 0.0128000C 0.29 0.5934
Vg » Vb 1 0.015312%0 0.015312%80 0.34 0.5583
Vé 1 0.31205000 0.31205000 6.99 0.0085
Vi * V6 1 0.15540313 0.15540313 3.48 0.36649
V2 o+ V6 1 0.00000313 0.00000313 0.00 0.9933
V3 * Vg 1 0.03511250 0.03511250 0.79 0.3771
V4 o+ VG 1 0.00101250 0.00101250 0.02 0.8B06
VEH * Vi 1 0.0006125%0 0.0006125%0 0.01 0.9070
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pli

Gejeral

Lieaest

Vi

V1

fs i e

Vi

PooST

Lineayr Modol s

LHuare Means

Y
LEMEAN

0.13578125
0.18296875

Y
LEMEAN

G.17671875
0.142031205

Y
LSMEAN

1.14406250
0.12750000
G.20037500
0. 15656250

Y
LSMEAN

0.315531250
O.16343750

Pl

Procedure

sStd BErr
LSMEAN

0.02640649
(G.02640649

Std Err
LSMEAN

0.02640649
0.02640649

5td Err
ILLSMEAN

G.03734441
0.03734441
0.0373444)
0.03734441

Std Err
LSMEAN

0.02640649
0.02640649

Pr = ITIL
HO: LSMEAN

0.0001
G.000C1

BPr = ITI
HO: LSMEAN

0.06001
G.0001

Pr » ITT
HO: LSMEAN

0.0002
0.0009
0.0001
0.0001

Pr = ITI
HO: LSMEAN

0.0001
0.0001
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PH

ST TR

heast

V1

-

Vi

T SO

Va4

Vi

— A d b

POSYT -

inealr Model s

SHJualre Meang

V3

'
—_ e L=

Va3

— b it e

Y
LSMEAN

0.35031250
0.12125000
0.16031250
0.2-562500

Y
LSMEAN

0.16187%00
19156250
14875000
}.1353125%0

oo

~

Y
LSMEAN

0.15531250
0.16343750

Y
LSMEAN

0.11593750
0.15562500
0.14156250
0.22437500

PRE

I'rocedur e

5td Err
LSMEAN

03734441
03734441
.03734441
03734441

fn el o

std Ery
LSMEAN

0.03734441
0.03734441
0.0373444
0.03734441

5td Err
LSMEAN

0.02640649
0.02640649

Std Err
L.SMEAN

0.03734441
0.03734441
0.03734441
0.03734441

Pr » ITI
HO: LSMEAN

.0001
.0016
L0001

.0001

CcCCoCoo

Pr > ITI
HO: LSMEAN

.0001
.0001
L0001
L0005

OO

Pr > ITIL
HO: LSMEAN

0.0001
0.0001

Pr = ITI
HO: LSMEAN

.0025
. 0001
.0003
L0001

oo oo
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PH

Genlerral

Least:

Va2

e

V3

—

Vi

Vi

, .
=l b s

rogsr -

Square Means

V4

=

V4

‘ <
o e

Vb

— e b e

Y
I.SMEAN

12468750
22875000
13281250
LA5125000

S Cc oo

Y
LLSMEAN

14375000
16687500
LL1375000
.21312500

CcCCocoOo

Y
LSMEAN

0.17812500
0.14062500

Y
LSMEAN

0.15656250
0.11500000
0,19968750
3.16625000

PRE

Ldnear Models Proceduro

Std Err
LSMEAN

0.03734441
0.03734441
0.03734441
0.03734441

Std Brr
LSMEAN

.03734441
03734441
.03734441
.03734441

= C OO0

5cd Err
LSMEAN

0.02640649
0.02640649

Std Err
LSMEAN

0.03734441
0.03734441
0.03734441
0.03734441

Pr > ITI
HO: LSMEAN

.0012
L0001
.0006
.0001

cCoOoCC

Pr - ITI
HO: LSMEAN

.0002
.0001
.0029
.0001

CcCoo o

Pr » ITI
HO: LSMEAN

0.0001
0.0001

P - ITI
HO: LSMEAN

0.0001
0.0027
0.0001
0.0001
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pPH

POST -

Linear Models

Square Means

Genes al
least
V2 vh
1 1
1 -1
-1 1
1 -1
V3 V5
1 1
1 -1
1 1
-1 -1
V4 vh
1 1
i -1
-1 1
-1 -1
V6
1
-]

Y
L5MEAN

0.19500000
0.15843750
0.16125%000
0.12281250

Y
LSMEAN

0.1840625%0
0.12656250
0.17218750
0.15468750

Y
LSMEAN

0.13656250
0.12093750
0.21968750
0.16031250

Y
LSMEAN

0.20875000
0, 110C0000

PRE

Procedine

std Err
LSMEAN

03734441
.03734441
03734441
.03734441

cC OO0

Std Errvr
LSMEAN

03734441
.03734441
.03734441,
03734441

o N e Reie

S5td Err
LSMEAN

1.03734441
0.03734441
0.03734441
0.03734441

Std Err
LSMEAN

0.02640649
0.02640649

Pr » IT1
HO: LSMEAN

.0001
.0001
.0001
.0014

oY av 0 o B

Pr - ITI
HO: LSMEAN

.0001
.0010
.0001
L0001

(= o ol o]

Pr > ITI
HO: LSMEAN

0.0004
0.0016
0.0001
0.0001

Pr - 1IT]
HO: LSMEAN
6.0001
0.0001
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pH

General
Least Square Meang

V1

[
b b

v

ol
b 2 e

V3

[HE U S

V4

[

V6

R T WP

Ve

e e

POST -

Linear Models

Y

LSMEAN

.15031250
.12125000
.26718750
.09875000

oo DO

Y

LEMEAN

0.22593750
0.12750000
0.19156250
0.09250000

Y

LEMEAN

0.22125000
0. 08937500
0.19625000
0.13062500

Y

LEMEAN

0.17531250
(.08218750Q
(.24218750
0.13781250

PRE

Pracedure

Std EBrr
LSEMEAN

0.03734441
0.03734441
0.0373444)
0.03734441

Std Brr
LSMEAN

.03734441
.03734441
.03734441
L03734441

S oo o

Std Err
LSMEAN

0.0373444]
0.03734441
0.037314441
0.03734441

Std Err
LSMEAN

0.03734441
0.03734441
0.0373444]
3.03734441

Pr » ITI1
HO: LSMEAN

0.0001
0.0016
0.0001
0.0095

Pr » ITI
HO: LSMEAN

0.0001
¢.0009
(0.0001
0.0149

Pr » ITI
HO: LSMEAN

0.0001
0.0185
0.0001
0.0007

Pr » ITI
HO: LSMEAN

0001
.0300
.0001
.0004

Do OO
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pH POST - PRE

General Linear Models Procedure
Least Square Means

Vh VG Y Std Ery Pr = 1ITI
LSMEAN LSMEAN HO: LSMEAN = 0
1 1 0.22531250 0.03734441 0.000L1
1 -1 0.13093750 0.03734441 0.0007
-1 1 0.19218750 0.03734441 0.0001
-1 -1 0.08906250 0.03734441 0.0189
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pH : PRODUCTION

Geneval lianear Models Procedure * denotes significance
Dependent. Variable . Y
Source DF Sum ol Squares Mean Square F Value Pr > F

Model 24 1.24002188 0.05166758 2.80 0.0002
Hrror 103 1.89785%000 0.01842573
Corrected Total 127 3.13787187

R-Square C.V. Root MSE Y Mean

0.395179 ~133.0390 0.13574140 -0.102031258
Soulce DT Type I11 58 Mean Sguare F Value Pr > F
K 3 0.15230313 0.05076771 2.76 0.0462
V! i 0.09570313 0.09570313 5,19 0.0247
va 1 0.16820000 0.16820000 9.13 0.0032
VY 1 0.00052812 0.00052812 0.03 0.8659
V10 1 6.08201250 0.08201250 4.45 0.0373
Vil 1 0.03001250 0.03001250 1.63 0.2047
V7% Vil 1 0.02205000 0.02205000 1.20 0.2765
vg * Vil 1 0.00015313 0.00015313 0.01 0.9275
Vo oo* Vil 1 G.00080000 0.00080000 0.04 0.8354
V1o * Vil 1 0.05200312 0.05200312 2.82 0.,0960
V12 1 0.00125000 0.00125000 0.07 0.7950
Vi1l * V12 ] 0.04277813 0.004277813 2.32 0.1306
V13 1 0.01201250 0.01201250 0.65 0.4213
VTox VI3 1 0.00211250 0.00211250 0.11 0.7356
v8 o+ V113 1 0.01320312 0.01320313 0.72 0.39972
Vo % V13 1 0.13520000 0.13520000 7.34 0.00789
V10 * V13 1 0.00300313 0.00300313 0.16 0.6873
V11l * VI3 1 G.060378:0 ¢.06037812 3.28 0.0732
Viz o+ V13 1 0.264628B113 0.26462813 14 .36 0.0003
V14 1 0.07507813 0.075078173 4.07 0.0461
V11l * V14 1 0.02000000 ¢.02000000 1.09 0.2999
Vi3 *» vid 1 0.00661250 0.00661250 0.36 0.5504
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pPH

(:enlet al

PRODUCTION

Least Square Means

V7

V10

Y
LEMEAN

~0.07468750
~0.12937500
Y
LSMEAN
-0.06578125
~0.,13828125
Y
LSMEAN
-0.10000000
0.3104u€E25Q
Y
LSMEAN

007671878
~0.12734 375

Linear Models Procedure

Std Err
LSMEAN

0.01696768
0.01696768
S5td Err
LSMEAN
0.01696768
0.01696768
Std Err
LSMEAN
0.01696768
0.01696768
Std Err
LSMEAN

0.01l646768
0.01696768

Pr > ITI
HO: LSMEAN

0.0001
0.0601

Py - ITT
HO: LSMEAN

0.0001
0.0001

Pr - ITT
HO: LSMEAN

0.0001
0.0001

Pr » ITI
HO: LSMEAN

0.0001
0.0001
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pPH

seneral
least Square Means

V1

7

= b

V8

i

V4

—— e bt

Vil

o e

Vil

3 ]
e

PRODUCTION

Linear Modelags

Y
LSMEAN

-0.08671875
-0.1173437%

Y
LSMEAN

-0.07250000
-0.07687500
-0.10093750
~0.1%78125%0

Y
LSMEAN

~(.04937500
-0.08218780
~0.12406250
-0.15250000

Y
LSMEAN

-0.08718B750
-0.11281250
~0,08625000
. 12187%00

Procedure

Std Bry
LSMEAN

0.01696768
0.01696768

Std Erv
LSEMEAN

0.02399592
0.02399592
0.02399592
0.02399592

5td EBrr
LSMEAN

0.02399592
0.02399%92
0.02399592
0.02399592

5cd Err
LSMEAN

.02399592
.023935492
L0239955.2
02399592

oo o

Pr > ITI
HO: LSMEAN

0.0001
0.0001

Pr = ITI
HO: LSMEAN

0.0032
0.0018
0.0001
0.0001

Pr » ITI
HO: LSMEAN

0.0422
0.00009
0.0001
0.0001

Pr » ITI
HO: LSMEAN

0.0004
0.0001
0.0005
0.6001
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PH

General
Least Square Means

V10

: §
o e

V12

b e b

Vii

'
B
S S TP S

Linea

PRODUCTION

Y
LSMEAN

-0.08156250
~0.07187500
-0.08187500
~0.16281250

Y
LSMEAN

~0.09890625
~0.10515625

Y
LSMEAN

~0.06551250
-0.10812500
~-0.13250000
~0.10218750

Y
LSMEAN

~0.09234375
~0.11171875%

Models Procedure

Std Err
LEMEAN

0.02399592
0.02399592
0.02399592
0.02399592

Std Erry
LSMEAN

0.01696768
0.01696768

5td Err
LSMEAN

.02399592
02399592
02399592
02398592

cCoC o

Std Err
LSMEAN

0.01696768
¢.01696768

Pr » ITI
HO: LSMEAN

G.0010
0.0034
0.0002
0.0001

Pr » ITI
HO: LSMEAN

0.0001
0.0001

Pr > ITI
HO: LSMEAN

0.0076
0.0001
0.0001
0.0001

Pr - ITI
HO: LSMEAN

g.0001
0.0001
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pH

General

Leagt

V7

o e

V8

= e

V9

g e

V10

L

PRODUCTION

Sguare Means

V13

: i
[EER PR g Y

. 3
— s e s

Y
LSMEAN

-0.0G6093750
-0.08843750
-0.12375000
=0.13500000

Y
LSMEAN

-0.06625000
-0.06531250
-0.11843750
~0.15812500

Y
LSMEAN

-0.12281250
-0.077187%0
-0.06187500
-0.14625000

Y
LSMEAN

-0.06218750
~3.,09125000
-0.12250000
-0.13.18750

Linear Models Procedure

Std Err
LESMEAN

.02399592
.02399592
.02399592
.02399592

Lan N AR o B

Std Err
LSMEAN

0.02399592
0.02399592
0.02399592
0.02399592

5td Err
LEMEAN

0.02399592
0.02399592
0.02399592
0.02399592

5td Err
LSMEAN

0.02399592
0.02399592
0.02399592
0.02399592

Pr = ITI
HO: LSMEAN

.0126
.0004
L0001
L0001

[sie i aie Y e B

Pr = ITI
HO: LSMEAN

.0068
0076
.0001
.0001

OO0

Pr » ITI
HO: LSMEAN

0.0001
C.0017
¢.0113
0.0001

Pr » ITI
HO: LSMEAN

0.0109
0.0002
0.0001
0.0001
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pH

Genet
Least

V11l

£

Viz

Vil

:

"l

PRODUCTION

square Means

V13

E_&HI_}L_S

V13

f H

Vi4

, :
[ERRE SR U

Y
LSMEAN

-0,09875000
-0.07468750
-0.08593750
-0.14875000

Y
L.SMEAN

~0.04375000
-0.15406250
~0.314093750
-0.06937500

Y
LSMEAN

-0.12625000
-0.07781250

Y
LSMEAN

- 0.098437%0
-0.07500000
-0.15406250
-0.08062500

Linear Models Procedure

Std Brr
LSMEAN

.02399592
02399592
.02309592
.02399592

oo e

Std Errx
LSMEAN

0.02399592
0.02399592
0.023985b92
0.02399592

std Erry
LSMEAN

0.01696768
0.01696768

Std Err
LSMEAN

L023949592
.02399592
023995482
023949592

[eRa el

Pr = ITI
HO: LSMEAN

. 0001
.0024
.0005%
L0001

e i e

Pr - ITI
HO: LSMEAN

0.07172
0.0001
0.0001
0.0047

Pr » ITI1
HO: LSMEAN

¢.0001
0.0001

Pr - 1ITI
HO. LSMEAN

.0001
L0021
L0001
.0011

L I e B e Y
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pH : PRODUCTION

General lineat Models Procedure
Least Sguare Means

Vi3 V14 Y Std Err Pr > ITI
L.SMEAN LSMEAN HO: LSMEAN = 0
1 1 ~-0.12375000 0.02399592 0.0001
1 -1 ~(.06093750 0.02399592 0.0126
-1 1 -0.12875000 (.02399592 0.0001
=1 -1 -0.09468750 0.02399592 0.0001

256



MAGNESIUM POST - PRE

General Lincar Models Procedule * denotes significance
Dependent variable . Y
Source DI Sum of Squares Mean Square F Vaiue Pr > F
Model 24 0.84258125 0.03510755 2.27 0.0025
Error 103 1.592489297 0.01548440
Corrected Total 127 2.43747422
R-Square C.v. Root. MSE Y Mean
0.345678 -111.7744 0.12443632 -0.11132812

Source DF Type 11T S8 Mean Square F Value Pr » F
R 3 0.40160859 0.13386953 B.65 ¢.0001
Vil 1 0.04314453 0.04314453 2.79 0.0981
V2 1 0.02178828 0.02178828 1.41 0.2383
V1 * v2 1 6.06891328 0.06891328 4.45 0.0373 «*
V3 1 0.02970703 0.02970703 1.92 0.1690
V1 * v3 1 0.02503203 0.02503203 1.62 0.2064
V2 * V3 1 0.00253828 0.00253828 0.16 0.6864
V4 1 0.0%994453 0.05994453 3.87 0.0518 ~
V1 * V4 1 0.00006328 0.00006328 0.00 0.9492
V2 * V4 1 0.00003828 0.00003828 0.00 0.9604
Vi * V4 1 0.03219453 0.03219453 2.08 0.1524
V5 1 0.00219453 0.00219453 0.14 0.7073
V1 * V5 1 0.00106953 0.00106953 0.07 0.7932
V2 * Vb 1 0.01509453 0.01509453 0.97 0.3258
Vi * V4 1 0.00796953 0.00796953 0.51 0.4747
V4 o+ Vh 1 0.01106328 0.01106328 0.71 0.3999
V6 1 0.02075703 0.02075703 1.34 0.249¢6
Vi * V6 i 0.00657038 0.00657038 0.04 0.8372

2 % V6 1 0.00%91328 0.00591328 0.38 0.5380
V3 * Ve 1 0.00735078 0.00735078 0.47 0.4924
V4 * V§ 1 0.00997578 0.00997578 0.64 0.4240
Vh * VG 1 0.07556328 0.07556328 4.88 0.0294 ~
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MAGNESIUM

POST

- PRE

General Linear Models Procedure
square Means

Least

V1

e e

V3

Y
LSMEAN

-0.09296875
-0.12968750

Y
LSMEAN

-0.09828125
-0.12437500

Y
LEMEAN

-0.10312500
-0.08281250
-0.09343750
-0.16593750

Y
LSMEAN

-0.12656250
-0.09609375

S5td Err
LSMEAN

0.01555464
0.01555454

5td Errxr
LSMEAN

0.01555454
0.01555454

5td Err
LSMEAN

02199744
.02199744
.02199744
.02199744

oo 00O

s5td Err
LSMEAN

0.01555454
0.01555454

Pr » ITI
HO: LSMEAN

0.0001
0.0001

Pr > ITI
HO: LSMEAN

0.0001
0.0001

Pr » ITY
HO: LSMEAN

0.0001
0.0003
0.0001
0.0001

Pr > ITI
HO: LSMEAN

0.0001
0.0001
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MAGNESIUM FPOST - PRE

General Lineal Models Procedure
Leagt Sguare Means

Vi V3 Y Std Eryy Pr - ITI
LSMEAN LSMEAN HO: LSMEAN
1 1 0.1221875%0 0.02199744 0.0001
1 -1 ~-0.06375000 0.02199744 0.0046
-1 1 -0.13093750 0.02199744 0.0001
-1 -1 ~0.12843750 0.02199744 0.0001
Ve V3 Y S5td Err Pr =» ITI
LEMEAN LSMEAN HO: LSMEAN
1 ] -0.10906250 0.02199744 0.0001
1 -1 -0.08750000 0.02199744 0.0001
-1 1 ~0,1440625%0 0.02199744 0.0001
-1 -} -0.10468750 0.02199744 0.0001
V4 Y Std Err Pr > ITI
LSMEAN LSMEAN HO: LSMEAN
1 ~0.0B968750 0.015%5%4%4 0.0001
-1 -0.13296875 0.015554%4 0.0001
Vi V4 Y 5td Err Pr > ITI
LSMEMN LSMEAN HGC: LSMEAN
1 1 -0.07062500 0.02199744 0.0018
1 - ~0.11531250 0.02199744 0.0001
-1 1 -0.10875000 0.02199744 0.0001
-1 -1 ~0.1%062500 0.02199744 G.0001
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MAGNESIUM

Gener )
Least Square Means

Va2

V1

O e

V4

o

V4

B

B e

POS1

Y
LSMEAN

-0.07718750
-0.11937500
-0.10218750
-0.14656250

LEMEAN

~0.08906250
-0.164062%0
-0.09031250
-0.10187500

Y
LSMEAN

~0.115468B75%
-0.,10718750

Y
LSMEAN

-0.100000u0
-0, 08593750
~0,13093750
~0.12843750

- PRE

Linear Models Procedure

Std Err
LSMEAN

.02199744
.02199744
.02199744
.02199744

oo oo

5td Err
LSMEAN

0.02199744
0.02199744
0.02199744
0.02199744

5td Err
LSMEAN

0.01555454
0.01555454

Std Err
LSMEAN

0.02199744
0.04199744
0.02199744
0.02199744

Pr » ITI
HO: LSMEAN

. Q007
L0001
.0001
.0001

[ e ¥ e Y

Pr = ITI
HO: LSMEAN

0.0001
g.0001
0.0001
0.0001

Pr » ITI
HO: LSMEAN

6.0001
0.0001

Pr > ITI
HO: LSMEAN

.00o01
.0002
.0001
.0001

OO C o
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MAGNESTIUM

POST - PRE

General Linear Models Procedure
Leagt Square Means

V2

e e

Vi

e

V4

;!
— e e

V6

V5

Y
LSMEAN

-0.09156250
-0.105%00000
-0.13937500
-0.10937500

LSMEAN

.12281250
213031250
10812500
.08406250

..,i
oOCcCoOw

Y
LEMEAN

-0.10312500
-0.07625000
-0.12781250
~0.13812500

Y
LSMEAN

-0.09859375
-0.12406250

S5td Err
LSMEAN

02199744
.02199744
02199744
.02199744

fon i wn B v ¥ o)

5td Err
LSMEAN

0.02199744
0.02199744
0.02199744
0.02199744

Std Err
LSMEAN

.02199744
02199744
.02199744
.02199744

[N eNe N

5td Err
LSMEAN

0.01555454
0.01555454

Pr = ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001

Pr » ITI
HO: LSMEAN

. 0001
L0001
.0001
.0002

oOC oo

Pr > ITI
HO: LSMEAN

0.0001
G.0008
G.0001
0.0001

Pr = ITI

il

1

HO: LSMEAN =

0.0001
0.0001
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MAGNESIUM

POST - PRE

General Linear Models Procedure
Least Square Meangs

V1l Ve
1 1
1 -1

-1 1

-1 -1

V2 V6
1 1
1 -1
-1 -]

Vi V6
1 1
1 -1
-1 1
-1 -1

Vi V6
1 1
1 -

1 1
-1 -1

Y
LEMEAN

-0.08250000
-0.10343750
-0.11468750
-0.14468750

Y
LEMEAN

~0.07875000
~0.11781250
-0.11843750
~0.13031250

Y
LSMEAN

~0.,10625000

0.14687500
-0.09093750
-0,10125000

Y
LSMEAN

-0.06812500
-0.11125000
-0.12906250
-0.13687500

std Err
L.SMEAN

0.02199744
0.02199744
0.02199744
0.02199744

5td Err
LEMEAN

0.02199744
0.02199744
0.02199744
0.02199744

Std Err
LSMEAN

0.02199744
0.02199744
0.02199744
0.02199744

Std Err
LSMEAN

0.02199744
0.02199744
0.02199744
0.02199744

Pr » ITI
HO: LSMEAN

0.0003
0.0001
0.0001
0.0001

Pr > ITI
HO: LSMEAN

0.0005
0.0001

0.0001
0.0001

Pr » ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001

Pr = ITI
HO: LSMEAN

.0025%
L0001
.G001
. 0001

ol ool o]
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MAGNESIUM POST - PRE

Goneral Lincay Models Procedure
Least Square Means

Vi Ve Y Std Exr Pr = 17TI
LESMEAN LSMEAN HO: LSMEAN = 0
1 ~0.,07843750 0.02199744 0.0006
1 -1 -0.15250000 0.02195744 0.0001
-1 ] ~0.11875000 0.02199744 0.0001
-1 1 ~0.09562500 0.02198744 0.0001

263



MAGNESIUM PRODUCTION
General Linear Models P1ocedure * dencotes significance
Dependent Variable . Y
Source DI Sum of Squares Mean Square F Value Pr = F
Model 24 0.28B127500 ¢.01171979 1.13 0.3298
Error 103 1.07177422 0.01040557
Corrected Total 127 1.35304922

R-Square C.v. Root MSE Y Mean

0.207882 -177.6461 0.10200772 -0.05742187
Souvce DE Type II1 8S Mean Square F Value Pr > F
R 3 0.13507109 0.04502370 4.33 0.0065
V7 1 0.00056953 0.00056953 0.05 0.8155
V8 1 0.002194%53 0.00219453 0.21 0.6470
va 1 0.00564453 0.00564453 0.54 0.4631
V10 1 0.02338203 0.02338203 2.25 0.1369
V1t 1 0.00003828 0.00003828 0.00 0.9518
V7 % V1l 1 0.02231328 0.02231338 2.14 0.1461
V8  * Vil 1 0.00253828 0.00253828 0.24 0.6224
Vg o+ V1l 1 0.00013203 0.00013203 0.01 0.9105
Vio * Vi1 1 0.01381953 0.01381953 1.33 0.2518
viz 1 0.00796593 0.00796593 0.77 0.3835
V1L * V12 1 0.002719512 0.00271953 0.26 0.6103
V13 1 0.00034452 0.00034453 0.03 0.8560
V7 o+ V13 1 0.00118828 0.00118828 0.11 0.7361
VB + V13 1 0.01381953 0.01381953 1.33 0.2518
Vg o+ V13 1 G.00172578 0.00172578 0.17 0.6847
Vio * V13 1 0.03611328 0.03611328 3.47 0.0653
V1l * V13 1 0.0082882¢ 0.00828828 0.80 0.3742
V12 *» Vi3 1 0.00001953 0.00001953 0.00 0.9655
Vi 1 0.00253203 0.00253203 .20 0.6595
V1l * V14 1 ¢.00106953 0.00106953 0.10 0.7492
Vid * V14 1 0.00028204 0.00028203 0.03 0.8696
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MAGNESTIUM
General

Least

V7

V9

Jurt

vio

PRODUCTION

Linear Modelg
Square Means

Y
LEMEAN

-0.05531250
-0.05953125
Y
LBMEAN
-0.05328125
-0.06156250
Y
LSMEAN
-0.06406250
-0.05078125
Y
LSMEAN

-0.07043750
-0.0439-625

Procedure

Std Err
LSMEAN

0.01275096
0.01275096
Std Err
LSMEAN
0.01275096
0.01275096
Std Errx
LSMEAN
0.01275096
0.01275096
5td Err
LSMEAN

0.01275096
0.01275086

Pr » ITI
HO: LSMEAN

0.0001
0.0001

Pr > ITI
RO: LSMEAN

0.0001
0.0001

Pr » ITI
HO: LSMEAN
0.0001
0.0001

Pr » ITI
HO: LSMEAN

0.0001
0.0008
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MAGNESIUM

Genaral
Least Square Means

V1l

e

Va9

S

V11l

Vil

PRODUCTION

ldnear Models

Y

LSMEAN

~0,05796875
-0.05687500

Y

L5SMEAN

-0.06906250
-0.04156250
-0.04687500
-0.07218750

Y

LSMEAN

~0.04937500
-0.05718750
~-0.06656250
-0 .05656250

Y

LSMEFN

-0.06562500
~0.06250000
-0.05031250
-0.05125000

Procedure

Std Err
LSMEAN

0.01275096
G.01275096

8td Err
LSMEAN

0.01803259
0.01803259
0.01803259
0.01803259

Std Err
LSMEAN

0.01803259
0.01803259
0.01803259
0.01803259

Std Ery
LSMEAN

0.01803259
0.01803259
0.01803259
0.01803259

Pr > ITI
HO: LSMEAN

0.0001
0.0008

Pr » ITI
HO: LSMEAN

.0002
.0232
L0107
L0001

oo oo

Pr = ITI
HO: LSMEAN

6.0073
0.0020
0.0004
0.0022

Pr » ITI
HO: LSMEAN

0.0004
0.0008
0.0063
0.0054
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MAGNESIUM

General
Least Square Means

V10

Vil

el =

V13

V1l

PRODUCTION

Linear Models

Y
LEMEAN

-0.08187500
-0.06000000
-0.03406250
-0.05375000

LSMEAN

-0.04953125
-0.06531250

Y
LSMEAN

-0.05468750
~0.06125000
-0.04437500
~0.06937500

Y
LSMEAN

-{.05578125
-0.05906250

Procedure

s5td Err
LSMEAN

0.01803259
0.01803259
0.01803259
(.01B03259

std Erx
LSMEAN

0.01275096
0.01275096

Std Errx
LSMEAN

0.018B03259
0.01803259
0.01803259
0.01803259

std Errx
LSMEAN

0.01275006
0.01275096

Pr » ITI
HO: LSMEAN

.0001
L0012
.0617
.0036

O o0

Pr - 1ITI
HO: LSMEAN

0.0002
0.0001

Pr » ITI
HO: LSMEAN

.0n31
.0010
L0185
.0002

oo oo

Pr » ITI
HO: LSMEAN

0.0001
0.0001
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MAGNESIUM

General

Least Square Means

v

t H
e

Ve

s

Vi3 Y
LSMEAN

1 -0.05062500
-1 -0.06000000
1 -0.06093750
-1 -0.058125%00
V13 Y

LSMEAN

-0.04125000
~0.065312%0
-0.07031250
-0.05281280

1 1
Lo el el

V13 ¥
LSMEAN

1 ~0.0%875%000
<1 ~0.06937500
1 ~-0.0528125%0
1 -0.04875000

V13 ¥
LSMEAN

-0.05%250000
-0.08937500
-0.05%906250
-0.02875000

[ N

PRODUCTION

Linear Models Procedure

Std Err
LSMEAN

.01803259
.01803259
.01803259
.01803259

CcCoOo o

sStd Err
LSMEAN

0.018032%9
0.01803259
0.01803259
0.01803259

std Err
LSMEAN

01803259
.01803259
.01803259
.01803259

oo o0

Std Err
LSMEAN

¢.01803259
0.01803259
0.01803259
¢.01803259

Pr - ITI
HO: LSMEAN

0.0060
0.0012
G.0010
0.0017

Br » ITI
HO: LSMEAN

0.0242
0.000%
0.0002
0.0042

Pr - ITI
HO: LSMEAN

0.0015
0.0002
0.0042
0.0080

Pr » ITI
HO: LSMEAN

0.0044
0.0001
0.0014
0.1139
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MAGNESIUM

Gene:
lL.east

V1i

al

PRODUCTION

Linear Models

Square Means

V13

Y
LSMEAN

~0.06437500
~0.05156250
~0.,04718750
-0.06656250

Y
LSMEAN

~-0.04750000
~0.051%62%0
-0.06406250
-0.06656250

Y
LSMEAN

~-0.06140625
-0.05%343750

Y
LEMEAN

~0.,05906250
-0.05687500
-0.06375000
-0.0%000000

Procedure

Std Errx
LSMEAN

.01803259
.01803259
.01803259
,01803259

oo oo

Std Err
LEMEAN

0.01803259
0.0180325%
0.01803259
0.01B03259

Std Err
LSMEAN

0.0127%096
0.01275096

srd Err
LSMEAN

0.01803259
0.018032589
0.01803259
0.01803259

Pr = ITI
BO: LSMEAN

.0005
.0051
.0102
.0004

oo O

Pr » ITI
HO: LSMEAN

.0097
L0051
.0006
,0004

oo O0OC

Pr > ITI1
HO: LSMEAN

0.0001
0.0001

Pr > IT1
HO: LSMEAN

0.0014
0.0021
0.0006
0.0066
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MAGNESIUM PRODUCTION

General Linca: Models Procedore
Least Sguare Means

V1i V14 Y s5td Err Pr > ITI
LSMEAN LSMEAN HO: LSMEAN = 0
1 1 -0.06125000 0.01803259 0.0010
1 -1 -0.05031250 ¢.01803259 0.0063
-1 1 -0.06156250 0.01803259 ¢.0009
-1 -1 - (.05656250 0.01803259 6.0022

270



TOTAL

(re e 1 ]

sSource

Model
Brror
Corrected Total

Source
R

vi

V2

Vi * V2
Vi

V1l * V3
V2 * Y3
V4

Vi * v4
va2 * V4
Vi * v4
V5

V1 * Vg
V2 * Vg
V3 * Vg
V4 * V5
Ve

Vi * Ve
V2 * Vg
Vi * Vg
Vq * Vg
Vs * Vg

PROTEIN

Linear Model s
Dependent Variable

(=]
i

R el ol el I e S el el sl el sl ol ol ol sl

rossr

Froe
Y

103
127
R-Square
0.303624

Type I1I 8§

1584
508
187
128

17
134
11
835
5

2
244
0
267
89
29
173

409,

14

13.

126
4
56

PR

ey o

Sum of

L77343750
.00781250
.69531250

.32031250

.25781250

.07031250
.8828125%0
.38281250
.69531250
.25781250
. 75781250
.38281250
. 38281250
.445%31250
.0703125Q
.44531250
69531250
. 44531250
13281250
.00781250
.88281250
.44531250

sSquares

5044 .43750000
11569.67968750
16614 .11718750

-204.0001

271

4 denotes Signitdcance

Mean Sguare F Value Pr = F
210.18489583 1.87 0.0164
112.32698726
Rooct MSE Y Mean

10.598844268 -5.19531250
Mean Square F Value Pr » F
528.25781250 4.70 0.0041
508.00781250 4,52 0.0358
187.69531250 1.67 0.1990
328.32031250 2.92 0.0903
17.25781250 0.15 0.6959
134.07031250 1.19 0.2772
11.88281250 g.11 0.7457
835.38281250 7.44 0.0075
5.69531250 0.05 0.8223
2.25781250 0.02 0.8875
244 .75781250 2.18 0.1430
0.38281250 0.00 0.9536
267.38281250 2.38 0.125%
89.44531250 0.80 0.3743
29.07031250 0.26 0.6120
173.44531250 1.54 0.21e8
409.69531250 3.65 0.0589
14.44531250 3.13 0.7206
13.13281250 0.12 0.7331
126.00781250 1.12 0.2920
4.88281250 0.04 0.8353
56.44531250 0.50 0.4800



TOTAL PROTEIN

General Lineal

Leagt Sguare Means

Vi

=

V2

e

Y
LSMEAN

-3.20312500
~7.18750000

Y
LEMEAN

~3.98437500
~6.40625000

Y
LSMEAN

-3.5937500
-2.8125000
-4 .3750000

-10.0000000Q

Y
LSMEEN

-5.56250000
~4,82812500

Mode]

POST - PRE

Procedurs

Std Err
LSMEAN

1.32480534
1.32480534

Std Err
LSMEAN

1.32480534
1.32480534

std Err
LSMEAN

1.87355767
1.87355767
1.873155767
1.87355767

std Err
LSEMEAN

1.32480534
1.32480534

Pr » ITI
BO: LSMEAN

0.0174
0.0001

Pr > ITI
HO: LSMEAN

0.0033
0.0001

Pr » ITI
HO: LSMEAN

0.0579
0.1364
0.0215
0.0001

Pr > ITI
HO: LSMEAN

0.0001
0.0004

272



TOTAL PROTEIN

General
Least Sguare Means

Vi

V3

V3

= =

V4

f .

Lidnear Models

Y

LSMEAN

-4
-1
-6
=7

.59375000
.81250000
53125000
. 84375000

Y

LEMEAN

-4
-7
-6
-6

65625000
.31250000
.46875000
.34375000

Y

LSMEAN

-
“

-7

64062500
75000000

Y

LSMEAN

-0

43750000
.96875000
. 84375000
.53125000

POST - PRE

Procedure

5td Err
LSMEAN

1.87355767
1.87355767
1.87355767
1.87355767

1.87355767
1.B731585767
1.87355767
1.87355767

std Erx
LSMEAN

1.32480534
1.32480534

std Err
LEMEAN

1.87355767
1.87365767
1.87355767
1.87355767

Pr » ITI
HO: LSMEAN

.0159
.3356
.0007
.0001

o0 oo

Pr > ITI
HO: LSMEAN

.0146
.0800
.0008
.0010

[oNaNoRal

Pr > ITI
HO: LSMEAN

0.0489
0.0001

Pr > ITI
HO: LSMEAN

0.8158
0.06019
0.0111
0.0001

273

i

i



TOTAL PROTEIN

seneral
Least Square Mealls

Ve

L R

V3

H i
[ e

V5

Vi1

N

V4

Mo

V4

[

V5

. B

Linear Models

Y
LSMEAN

~1.56250000
~-6.40625000
~-3.,71875000
-9.,09375000

LSMEAN

-1.62500000
~9,50000000
-3,65625000
-6.00000000

LSMEAN

~5.14062500
-5 .25000000

Y
LSMEAN

-4,59375000
-1.81250000
-5,68750000
-8.68750000

POST - PRE

Procedure

Std Err
LSMEAN

.87355767
.87355767
. 87355767
.87355767

il e

Std Err
LSMEAN

.B7355767
.87355767
.B87355767
.87355767

e

Std Errx
LSMEAN

1.32480534
1.32480534

Std Err
LEMEAN

.87355767
.87355767
.8735578&7
.87355767

e

Pr > ITI
HO: LSMEAN

.4062
. 0009
.0498
.0001

sl aRele)

Pr » ITI
HO: LSMEAN

0.3878
0.0001
0.0537
0.0018

Pr = ITIL
HO: LSMEAN

0.0002
0.0001

Pr » ITI
HO: LSMEAN

0.015%
0.3356
0.0030
0.0001

274

i

1



TOTAL PROTEIN

General
Least Square Means

V2

Vi

v
Lol ol

Vi

e
[EP R T

Vo6

V5

V5

[ S

Y
LSMEAN

.089375000
.87500000
.18750000
. 62500000

' H i i
U1 ~3 b W

Y
LSMEAN

-5.03125000
~6.,09375000
~5,25000000
-4 .40625000

Y
LSMEAN

-3.,75000000
-1.53125000
-6.53125000
-8.96875000

Y
LSMEAN

~-3.40625000
-6.98437500

POST - PRE

Linear Models Procedure

Std Err
LSMEAN

. 87355767
.B87355767
LB7355767
.87355767

e

std Brr
LSMEAN

.87355767
.87385767
.87355767
.87355767

i il o

Std Err
LSMEAN

1.87355767
1.87355767
1.87355767
1.87355767

5td Err
LSMEAN

1.32480534
1.32480534

Pr » ITI
HO: LSMEAN

L1017
.0106
L0002
.0034

OO0

Pr » ITI
HO: LSMEAN

.0084
.0015
L0061
.0206

o oD 0

Pr . ITI
HO: LSMEAN

.0480
. 4156
.0007
, 0001

QOO0

Pr ~ ITI
HO: LSMEAN

0.011l¢
G.0001

275

i

n



TOTAL PROTEIN

POST - PRE

General Linear Models Procedure
Leagl Square Means

Vi

V2

H t
B

V3

(ISR SR )

V4

[~ W R T )

V6

Vo6

s

V6

Y

LSMEAN

-1.75000000
-4, 65625000
~-5.,06250000
-9.,31250000

LSMEAN

87500000
.09375000
.93750000
.87500000

~1 b OV

Y
LSMEAN

.78125000
.34375000
03125000
. 625000060

[E
[S2 =" o I oW

Y
LSMEAN

-0.65625000

4.62500000
~6.15625000
-9.34375000

Std Erv
LSMEAN

1.87355767
1.87355767
1.87355767
1.87355767

5td Err
LSMEAN

1.87355767
1.87355767
1.87355767
1.87355767

std Err
LSMEAN

.B7355767
87355767
. 87385767
.B7355767

o e

std Ery
LSMEAN

.B87355767
.87355767
87355767
.B7355767

e e

Pr = ITIT
HG: LSMEAN

L3525
. 0146
.0081
.0001

o oo

Pr » ITI
HO: LSMEAN

.3193
. 0015
. 0097
. 0001

e I wio I ol B 0

Pr > ITI
HO: LSMEAN

.1407
.0001
.0338
.0034

OO 0O

Pr » ITI
HO: LSMEAN

L7269
L0152
.0014
.0001

SO0 0O

2786

£l

[



TOTAL PROTEIN : POST - FRE

General Lineay Models Procedure
Least Square Means

Vis Ve Y 5td Err Pr > ITI
LEMEAN L.SMEAN HGC: LSMEAN = 0
1 1 -2.68750000 1.87355767 {).1545%
1 -1 -7.59375000 1.87355767 0.0001
-1 1 -4.,12500000 1.87355767 0.0299
-1 ~1 ~6,37500000 1.87355767 0.0010

277



TOTAL PROTEIN

General

Source

Model
Error

Corrected Total

Source

R
V7
Ve
V9
V10
Vil
v
va
Vo
V10
v1z
V1l
V13
V7
V8
V9
V10
Vii
viza
Vi4g
V11l
Vi3d

£ B ¥ % % B »* * * W W

LA

Vi1l
Vil
V1l
V1l

V12

V13
Vi3
Vi3
V13
V13
V13

Vig
Vi4

o
1

i e e i e R e R e

PRODUCTION

Linear Models Procedure
Dependent Variable

Y
DF sSum of
24 1512
103 8970
127 10482
R-8quare
0.144297

Type 111 SS

Squares

.65625000
.31250000
.96875000

C.V.
-417.6660

* denotes significance

Mean Square
63.02734375
87.09041262

Mean Sduare

467 .90625000 155
72.00000000 72
52,53125000 52

4.50000000 4
210.12500000 210
0.78125000 0
36.12500000 36
34.0312%000 34
6.12500000 6
66.12500000 66
195 ,03125000 195
0.78125000 Q
0.28125000 0.
3.12500000 3
30.03125000 iQ
1.12500000 1.
276.,12500000 276
7.03125000 7.
38.28125000 38
5.28125000 5.
3.781l25000 3
1.5312%4900 1.

278

.96875000
.00000000
.53125000
.50000000
.12500000
.78125%000
.12500000
.03125000
.12500000
.12500000
.03125000
.78125000
28125000
.12500000
.03125000
12500000
.12500000
03125000
.28125000
28125000
.78125000
53125000

Root MSE
9.33222442

F Value

COoOOCOOWOoOOoOoOOoONODODOoODOONGCGOOM

.79
.B3
.60
.05
41
.01
.41
.39
.07
.76
.24
.01
.00
.04
.34
.01
.17
.08
44
.06
.04
.02

F Value
0.72

Pr - F
0.8169

Y Mean

.

23437500

Pr = F

OO0 O0OOOOODOCOCOoODDOODLDOO0O0CO

L1536
.3653
.4391
.8206
L1234
.9247
5210
.5333
.7914
.3856
.1376
. 9247
.9548
, 8501
.5581
.9097
.0779
L7769
.5088
.8060
.B354
.8948



TOTAL PROTEIN

PRODUCTION

General Linear Models Procedure
Least Square Means

V7

Y
LSMEAN

-31.48437500

~2.98437500
Y

LSMEAN

-1.,5%89375000

-2.87500000
Y

LSMEAN

-2.04687%00
- 2,42187500

Y
IL.SMEAN

~-3.51562500
-0.95312500

sStd Err
1.SMEAN

1.6652805
1.6652805
5td Brr
LEMEAN
1.66528058
1.6652805
Std Err
LSMEAN

1.6652805
1.6652805

S5td Err
LSMEAN

1.6652805
1.6652805

Pr > ITI
HO: LSMEAN

0.2061
0.0120

Pr » ITIT
HO: LSMEAN

0.1748
0.015%4

Pr > ITI
HO: LSMEAN

0.0823
0.0404

Pr - ITI
HC: LSMEAN

0.0032
0.4158

279

#

H

il



TOTAL. PROTEIN

General
Least Sgquare Means

V1l

V7

b

VB

V1l

[ P

Linear Models

Y
LSMEAN

~2.15625000
-2.31250000

Y
LEMEAN

-1.93750000
-1.03125000
~-2.37500000
~3.59375000

Y
LLSMEAN

.000060000
.18750000
. 31250000
,43750000

B RS

Y
LEMEAN

.18750000
.90625000
.12500000
71875000

)
LA SR 8

PRODUCTION

Procedure

5td Err
LSMEAN

1.6652805
1.6652805

Std Err
LSMEAN

1.64971979
1.64971979
1.64871979
1.64971979

Std Err
LSMEAN

.64971979
.64971979
. 64971979
.64971979

e

Std Err
LSMEAN

1.64971979
1.64971979
1.649719879
1.64971979

Pr » ITI
HO: LSMEAN

0.0674
0.0501

Pr » ITI
HO: LSMEAN

. 2429
.5333
.1530
L0317

oo o00

Pr > ITI
HO: LSMEAN

0.5457
0.1878
0.0473
0.1426

Pr » ITI
HO: LSMEAN

.1878
L2506
.2006
1024

cCoOOoOQ

280

1

i

i



TOTAL PROTEIN

General
Least Square Means

V10

L el

Vi1l

[ g

Y
LSMEAN

-4.15625000
~2,875000600
~-0.,15625000
-1.753000040

b
LEMEAN

~1.00000000
~3.46875000

Y
LSMEAN

-1.00000000
-3.31250000
-1.00000000
~-3.62500000

L.SMEAN

-2.18750000
~2.281.5000

PRODUCTION

Linear Models Procedure

Std Err
LSMEAN

1.64971979
1.649719879
1.64971979
1.64971979

5td Err
LSMEAN

1.665280%
1.6652805

Std Err
LSMEAN

.64971979
.64871979
.64971979
.64971979

el

Std Err
LSMEAN

1.6652805
1.6652805

Pr » ITI
HO: LSMEAN

.0133
.0844
.9247
L2913

el o N i

Pr » ITIL
HO: LSMEAN

0.3933
0.0037

Pr » ITI
HO: LSMEAN

.5457
.0473
. 5457
.0302

cCOo O

Pr > ITI
HO: LSMEAN

0.0636
0.0532

281

il

il



TOTAL PROTEIN

General
Least Sguare Means

V7

!
= e

va

. 1
o

V10

.
[T WA

V13

\ {

Vii

[T TR

Vi3

V13

[ I ™)

Y
LSMEAN

-1,28125000
-1.68750000
-3.,05375000
~2.87500000

LSMEAN

~1.06250000
-2.12500000
~3.31250000
-2.43750000

Y
LSMEAN

-1,90625000
~2.18750000
~2.46875000
~2.37500000

Y
LSMEAN

-2.,00000000
~5.03125000
-2.37500000
-0.46875000

PRODUCTION

Linear Models Procedure

Std Err
LSMEAN

.64971979
.64971979
. 64871979
.64971979

Mo e

std Err
LSMEAN

.64971979
.64971979
. 64971979
.64971979

= e

Std Err
LSMEAN

.64971979
64971979
.64971979
. 64971979

e

Std Err
LSMEAN

1.64971979
1.64971979
1.64971979
1.64971979

Pr » ITI
HO: LSMEAN

0.4391
0.3088
0.0636
0.0844

Pr > ITI
HO: LSMEAN

6.5210
0.2006
0.0473
0.1426

Pr » ITI
HO: LSMEAN

0.25086
0.1878
0.1376
0.1530

Pr » ITI
HO: LSMEAN

.2282
L0029
.1530
L7769

[ R e ]

282

it

L}

H

0



TOTAL PROTEIN

Sguare Means

General
Least
Vil V13
1 1
1 -1
-3 1
-1 -1
V12 Vi3
1 1
1 -1
-1 -1
V14
1
a
Vil Vi4
1 1
1 -1
1 1

LS

2
-1
.7

2

L5

SO e

LS

-2

-

Y
MEAN

.34375000
L26875000
.03125000
.58375000

Y
MEAN

.50000000
.50000000
.87500000
06250000

Y
MEAN

.03125000
.43750000

Y

LSMEAN

i E
A BD RS

. 78125000
.53125000
.28125000
. 34375000

PRODUCTION

Linear Models Procedure

sStd Err
LSMEAN

1.649719749
1.64371979
1.64971979
1.64971979

Std Err
LSMEAN

1.64971979
1.64971979
1.64971979
1.64971979

Std Err
LSMEAN

1.6652805
1.665%2805

std Err
L5SMEAN

.649719749
.64971979
.64971979
.64971979

Ry W R

Pr » ITI
HO: LSMEAN

.1584
L2355
L2210
L1190

oD

Pr > ITI
HO: LSMEAN

L3653
.7624
.0844
.01585

oo OoO0o

Pr = ITI
HO: LSMEAN

0.08B46
0.0391

Pr » ITI
HO: LSMEAN

.2828
L1280
L1697
. 1584

OO OO

283

i

H

H
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TOTAL PROTEIN PRODUCTION

General Linear Models Procedure
Least Sqguare Means

V13 vi4 Y Std Err Pr » ITI
LSMEAN LSMEAN HO: LSMEAN

1 1 ~2.09375000 1.64971979 0.2072

1 -1 ~-2.28125000 1.645871979 0.1697

-1 1 -1.9687%000 1.64971979 0.2355

-1 -1 2.59375000 1.64971979 0.1190

284



ALBUMIN POST - PRE

General Lincay Models Procedure * denotesg significance
Dependent Variable Y
Source DF Sum of Squares Mean Square F Value Pr » F
Model 24 1858.43750000 77.43489583 2.03 0.0078
Error 103 3929.06250000 38.14623786
Corrected Total 127 5787.50000000

R-Square ¢.v. Root MSE

0.321112 -131.7603 6.17626407 -4.68750000
Source DF Type III 88 Mean Square F Value Pr » F
R 3 616.81250000 205.60416667 5.39 0.0017
Vi 1 225.78125000 225.78125000 5.92 0.0167
vz 1 75.03125000 75.03125000 1.97 0.1638
Vi * V2 1 60.50000000 60.50000000 1.59 0.2107
V3 1 38.28125%5000 38.28125000 1.00 0.3188
Vi * V3 1 60.50000000 60.50000000 1.59 0.2107
v2 * V3 1 4.50000000 4.50000000 0.12 0.7319
V4 1 242.00000000 242.00000000 6.34 0.0133
V1 * V4 1 2.53125000 2.53125000 0.07 0.7972
V2 * V4 1 3.78125000 31.78125000 0.10 0.7535
Vi * V4 1 87.78125000 B7.78125000 2.30 0.1323
V5 1 5.28125000 5.28125000 0.14 0.7106
V1l * V5 i} 91.12500000 91.12500000 2.39 0.1253
V2 * Vs 1 6.12500000 6.12500000 0.16 0.6895
V3 * Vh 1 24.50000000 24 .50000000 0.64 0.4247
V4 * V5 1 7.03125000 7.0312,000 0.18 0.6686
Ve 1 128.00000000 128.00000000 3.36 0.0699
V1l * V6 1 5.03125000 9.03125000 0.24 0.6276
V2 * Vg 1 22.78125000 22.78125000 0.60 0.4414
V3 * Ve 1 132.03125000 132.03125000 3.46 0.0657
V4 * V6 1 12.50000000 12.50000000 0.33 0.5683
Vh * V6 i 2.53125000 2.53125000 0.07 0.7972
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ALBUMIN

POST - PRE

General Linear Mcedels Procedure
Least SBguare Means

Vi

V2

e

Vil

e

V3

Ve

. t
bk b et b

Y
LSMEAN

~3,35937500
~-6,01562500

Y
LSMEAN

~3.92187500
~5.468312500

Y
L.SMEAN

-3.28125000
-3.,43750000
~4.56250000
-7.46875000

Y
LSMEAN

~-5,23437500
-4.14062500

Std Err
LSMEAN

0.77203301
0.77203301

Std Err
LSMEAN

0.77203301
0.77203301

Std Err
LSMEAN

.09181955
.09181955
.09181955
.09181855

o e

Std Err
LSMEAN

0.77203301
0.77203301

Pr > ITI
HO: LSMEAN

0.0001
0.0001

Pr > ITI
HO: LSMEAN

0.0001
G0.0001

Pr » ITI
HO: LSMEAN

0.0033
0.0021
0.0001
0.0001

Pr » ITI
HO: LSMEAN

¢.0001
0.0001

286

it

it



ALBUMIN

FPOST - PRE

General Linear Models Procedure
Sguare Means

Leagt

V1

b b b

v

PN

V4

V1

o e

V3

e

V3

N 1
e

Y
LSMEAN

-4 .59375000
-2.12500000
-5,87500000
-6.15625000

Y
LEMEAN

-4 .65625000
-3.18750000
~5.81250000
-5.08375000

Y
LSMEAN

~3.31250000
-6.06250000

Y
LSMEAN

.84375000
.87500000
.78125000
, 250006000

RIS

Std Errx
LSMEAN

1.08181955
1.05181955
1.09181955
1.09181955

Std Err
LSMEAN

1.09181955
1.09181955
1.09181955
1.09181955

Std Err
LSEMEAN

0.77203301
0.77203301

5td Err
LSMEAN

.09181955
09181955
.09181955
.09181985

e g g

Pr > ITI
HO: LSMEAN

0.0001
0.0543
0.0001
0.0001

Pr > ITI
HO: LSMEAN

0.0001
0.0043
0.0001
0.0001

Pr > ITI
HO: LSMEAN

0.0001
0.0001

Pr » ITI
HO: LSMEAN

0.0943
0.0001
0.0001
0.0001

287

H
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H



ALBUMIN

General
Leaglt Sguare Means

V2

H 1
= e

V3

o e

V5

Vi

f

V4

V4

e

V5

e

POST - PRE

Y
LSMEAN

~2.71875000
-5.12500000
-3.90625000
-7.00000000

Y
LSMEAN

-3.03125000
~7.43750000
-3.59375000

4.687%0000

Y
LSMEAN

-4.48437500
-4.89062500

Y
LEMEAN

.000006G00
71875000
.96875000
06250000

RIS

Linear Models Procedure

Std Err
LEMEAN

1.09181955
1.09181955
1.09181955
1.09181955

std Err
LSMEAN

.09181955
.09181955
.09181955
.09181955

el

std Err
LSMEAN

0.77203301
0G.77203301

std Err
LSMEAN

.09181955
.09181955%
.09181955
.09181955

P Ty

Pr » ITI
HO: LSMEAN

0.0144
0.0001
0.0005
6.0001

Pr » ITI
HO: LSMEAN

0.0065
0.0001
0.0014
0.0001

Pr > ITI
HO: LSMEAN

0.0001
0.0001

Pr > ITI
HO: LSMEAN

0.0004
0.0144
0.0001
0.0001
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ALBUMIN

General
Least SQuare Means

V2

e

Vi

b e e

V4

V5

b o

POST

Y
LSMEAN

-3.50000000
-4 .34375000
-5.46875000
-5.43750000

Y
LSMEAN

-4 .59375000
-5 ,87500000
-4 .37500000
~3,09625000

Y
LSMEAN

~3,34375000
-3,28125000
-%.62500000
-6.50000000

Y
LSMEAN

~3.68750000
-5,6B8750000

- PRE

Linear Models Procedure

Std Err
LSMEAN

.09181955
.09181955
.09181955
.09181955

=

Std Err
LSMEAN

.0918195%5
.091815655
.09181955
. 09181955

=

5td Brr
LSMEAN

.09181955
.09181955
.09181955
.09181955

=

5td Err
LSMEAN

0.77203301
0.77203301

Pr > ITI
HO: LSMEAN

I

0.0018
0.0001
0.0001
0.0001

Pr > ITI
HO: LSMEAN

0.0001
0.0001
G.0001
0.0005

Pr > ITI
HO: LSMEAN

.0028
.0033
L0001
.0001

o Y o I e 3w )

Pr » ITI
HO: LSMEAN =

0.0001
0.0001

289



ALBUMIN

POST - PRE

General Linear Models Procedure
Square Means

Least

V1

et e

V3

H L}
i e p

V4

I PR

V6

I

V6

el

H H

Vo

Y

LSMEAN

-2.62500000
-4.,09375000
-4.75000000
-7,28125000

Y
LSMEAN

-2.50005000
-5.34375000
-4, 87500000
-6.03125000

LSMEAN

-3.21875000
-7.25000300
-4.,15625000
-4.12500000

Y
L.SMEAN

-2.00000000
-4.62500004
-5.37500000
“6.75000000

]

Std BErr
LSMEAN

1.09181955
1.09181955
1.09181955%
1.09181955

Std Ervr
LSMEAN

.09181985
.09181955
.09181955
.09181955

=

Std Errx
LSMEAN

1.0918195%5
1.09181955
1.09181955
1.0918195%

Std Err
LSMEAN

.098181955
.(9181955
.09181955
.09181955

B

Pr > ITI
HO: LSMEAN

.0180
.0003
L0001
L0001

e I o I v B )

Pr > ITI
HO: LSMEAN

0241
L0001
.0001
L0001

e R o e I 0]

Pr = ITI
HO: LSMEAN

0.0040
6.0001
0.0002
0.0003

Pr » ITI
HO: LSMEAN

.0689
L0001
.0001
L0001

L s I o B v |
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ALBUMIN : PFOST - PRE

General Linear Models Procedure
Least Square Means

vhH V6 Y 5td Err Pr » ITI
LSMEAN LSMEAN HGC: LSMEAN = 0
1 1 ~3,34375000 1.0918194k5 0.0028
1 -1 -5,62%500000 1.0918195%5 0.0001
-1 1 -4.,03125000 1.0918195%5% 0.0004
-1 - ~-5.75%000000 1.091819%5 0.0001

291



ALBUMIN PRODUCTION
General Linear Models Procedure * denotes significance
Dependent Variable : Y
sSource DF Sum of Squares Mean Square F Value Pr » F
Model 24 583.,37500000 24.,30729167 0.85 0.6655
Eryror 103 2943 ,74218750 28.58002124
Corrected Total 127 3527.11718750

R-5Sguare c.v. Root MSE Y Mean

0.165397 -315.3418 5.34602855 -1.68531250
Source DF Type 111 88 Mean Square F Value Pr » F
R 3 55.77343750 18.59114583 0.65 0.5844
V7 1 11.88281250 11.88281250 0.42 0.5205
V8 1 5.5%7031250 9.57031250 0.33 0.5641
V9 1 0.94531250 0.94531250 0.03 0.8B560
V10 1 103.32031250 103.32031250 3.62 0.0601 *
V1l 1 20.32031250 20.32031250 0.71 0.4011
v7 o* Vil 1 21.94531250 21,94531250 0.77 0.3829
vg o+ V11 1 7.50781250 7.50781250 0.26 0.6094
Ve  * Vi1l 1 4.13281250 4.13281250 0.14 0.7045
V1o * V11l 1 14.44531250 14.44531250 0.51 0.4787
viz 1 106.94531250 106.94531250 3.74 0.0558 *
V1l * vi2 1 1.75781250 1.75781250 0,06 0.8046
V13 1 0.94531250 0.94531250 0.03 0.8560
V7 oo% V13 1 1.75781250 1.75781250 0.06 0D.8046
vg * V13 1 5.69531250 5.69531250 0.20 0.6562
Ve o+ V13 1 10.69531250 10.69531250 0.37 0.5421
V1o * V13 L 138.19531250 138.19531250 4,84 0.0301 ~
V1ii * V13 1 15.82031250 15.82031250 0.55 0.4586
V1Zd * V13 ] 43.94531250 43.94531250 1.54 0.2178
V14 1 2.25781250 2.25781250 0.08 0.7792
V11l * Vi4 1 0.63281250 0.63281250 0.02 0.8820
V13 * V4 1 4.B8B281250 4.88281250 0.17 0.6802
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ALBUMIN

t PRODUCTION

General Linear Models Procedure
Least Sguare Meang

v7

V9

Y
LSMEAN

-1.39062500

- 2.,98437500
Y

LSMEAN

-1.42187500

-1.96875000
Y

LSMEAN

-1.78125000

-1.60937500
Y

LSMEAN

~2.59375000
~-0.79087500

Std Err
LSMEAN

0.66825357
0.66825357
5td Err
LSMEAN
0.66825357
0.66825357
S5td Errx
LSMEAN
0.66825357
0.66825357
Std Err
LSMEAN

0.66825357
0.66825357

Pr » ITI
HO: LSMEAN

0.0399
0.0035

Pr » ITI
HO: LSMEAN
0.03%7
0.0040

Pr - ITI
HO: LSMEAN
0.0085
0.0178

Pr > ITI
HO: LSMEAN

0.0002
0.2358
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ALBUMIN

PRODUCTION

General Linear Models Procedure
Least Square Means

Vil

V7

[
[ S Y

V8

(SRR

V9

¢

V1l

Y
LSMEAN

-1.29687500
-2.09375000

Y
LSMEAN

-1 .40625000
-1.37500000
-1.18750000
-2.81250000

Y
LSMEAN

-0,7812,000
-2.06250000
~1.81250000
-2.12500000

Y
LSMEAN

-1.56250000
~2.,00000000
-1.03125000
~2.187R0000

Std Erxr
LSMEAN

0.66825357
0.66825357

5td Err
LEMEAN

0.94505326
0.94505326
0.94505326
0.94505326

Std Err
LSMEAN

0.94505326
0.94505326
0.94505326
0.94505326

std Err
LSMEAN

0.945%0532¢6
0.94505326
0.94505326
0.94505326

Pr » ITI
HO: LSMEAN

0.055%0
0.0023

Pr > ITI
HO: LSMEAN

0.1398
0.1487
0.2118
0.0036

Pr > ITI
HO: LSMEAN

0.4103
0.0314
0.0579
0.0267

Pr > ITI
HO: LSMEAN

L1013
L0367
L2777
L0226

O Oo

294
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ALBUMIN

PRODUCTION

General Linear Models Procedure
Leasgt Square Means

vio vli
1 1
1 -1

_.l l

-1 ~1

V12
i

-1

Vil V12
1 1
1 -1

-1 1

-1 -1

V13

Y
LSMEAN

~2.5%53125000
-2.65625000
-0.06250000
-1.R73125000

LSMEAN

-0.78125000
~2.60937500

Y
LSMEAN

-0.5000.3000
-2.,09375000
-1.06250000
-3.12500000

LSMEAN

-1.60937500
-1,78125000

sStd Err
LSMEAN

.94505326
.94505326
.94505326
.94505326

oo o o

Std Err
LSMEAN

0.66825357
0.66825357

5td Errx
LSMEAN

.94505326
.94505326
.94505326
.94505326

SO OO

Std EBrr
LSMEAN

0.66825357
0.66825357

Pr = ITI
HO: LSMEAN

.0086
.0059
.9474
.1082

e I s B e o

Pr » ITI
HO: LSMEAN

0.2451
0.0002

Pr = ITI
HO: LSMEAN

.5879
. 0289
.2635
.0013

oo O

Pr = ITI
HO: LSMEAN

0.0178
0.0089
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ALBUMIN

PRODUCTION

General Linear Models Procedure
Least. Square Means

V7

va

=

V9

o

V1o

V13 b4
LSMEAN
1 -1.18750000
-1 ~1.59375000
1 -2.03125000
-1 ~1.96875000
V13 Y
LSMEAN
1 -1.12500000
-1 ~1.71875000
] ~2.09375000
-1 -1.84375000
V13 Y
LSMEAN
1 ~1.40625000
-1 -2.15625000
1 -1.81250000
-1 -1.40625000
Vi3 Y
LSMEAN
1 ~1.46875000
-1 -3.1B750000
1 -1.,75000000
-k 0.15625000

Std Err
LSMEAN

. 94505326
.94505326
.94505326
L84505326

oOC oo

std Err
LSMEAN

0.94505326
0.94505326
0.94505326
0.94505326

5td Brr
LSMEAN

0.94505326
0.94505326
0.94505326
0.94505326

Std BErr
LSMEAN

0.94505326
0.94505326
0.94505326
0.94505326

Pr » ITI
HO: LSMEAN

0.2118
0.0%47
0.0339
0.0397

Pr > ITI
HO: LSMEAN

0.2366
0.071L9
0.0289
0.0538

Pr > ITI
HO: LSMEAN

0.1398
0.0246
0.0579
0.1398

Pr > ITI
HO: LSMEAN

L1232
L0002
.0669
.B690

[ o B o ai
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ALBUMIN

PRODUCTION

General Linear Models Procedure
Least Square Means

Vil V13
1 1
1 -1

1 1
-1 -1

V12 V13
1 1
1 -1

-1 1

-1 -1

Vid
1

-1

Vil Vi4
1 1
1 -1

-1 1
1 -1

Y
LSMEAN

-1.56250000
-=1,03125000
-1.65625000
-2.53125000

Y
LSMEAN

-1.28125000
-0.28125000
-1.93750000
-3,28125000

Y
LSMEAN

-1.56250000
1.82812500

Y
LSMEAN

.09375000
.50000000
.03125000
L 15625000

£ H H
S

Std Errx
L.SMEAN

.924505326
.94505326
. 94505326
.94505326

oOGC oo

Std Err
LSMEAN

.94505326
.94505326
. 94505326
.94505326

i o I Y e

Std Err
LSMEAN

0.66825357
0.66825357

Std Err
LSMEAN

.94505326
.94505326
.94505326
. 94505326

COoOC O

Pr > ITI
HO: LSMEAN

.1013
L2777
.0827
.00B6

[ Nl o N )

Pr » ITI
HO: LSMEAN

0.1781
0.7666
0.0429
0.0008

Pr = ITI
HO: LSMEAN

0.0213
0.0073

Pr » ITI
HO: LSMEAN

.2498
L1155
.0339
.0246

CcCOOoOC
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ALEUMIN

PRODUCTION

General Linear Models Procedure
Least Square Means

V13

V14

LSMEAN

1.28125000
-1.93750000
-1

1.71875000

84375000

std Brr
LSMEAN

0.94505326
0.94505326
0.94505326
0.94505326

Pr » ITI
HO: LSMEAN

SO oo

.1781
L0429
.0538
0719

298

0



CALCIUM

General Lineai
Dependent Variable

Source

Model
Error
Corrected Total

Source

R

Vi1

Va2

Vi * V2
V3

V1 * V3
V2 * V3
V4

V1l * V4
V2 *» V4
Vi * V4
Vh

Vi * Vb
V2 * V5
V3 + V§
Va * V5
Vé§

V1 * Ve
V2 v V6
Vi » Vé
V4 * Vg
Vh * V6

POST - PRE

Models Procedure

=]
=

o el e e e L i e e el e o e B B

S5um of Squares
4.89423750
15.51191797
21.40615547

Y
DF
24
103
127
R~Square
0.228637

Type III S8

COCOoO0O0Oo00ODoCDOoOoHODOOO O

.14738359
.45243828
.04766328
.01260078
.16031953
.16173828
.09084453
.56423828
.05737578
.01734453
. 12313203
.06256953
.11221953
.00735078
.01509453
.11943828
.48388203
.02503203
.14512578
. 03746953
.00017578
.05080078

-70.04176

299

Mean Square
0.203526563
0.16030988

Root MSE

COO0CDOoO OO0 oCOoOCCOOOHOODODOOoOOo O

0.40038717
Mean Sguare

.38246120
. 45243828
.04766328
.01260078
.16031953
.16173828
.09084453
.56423828
05737578
.01734453
.12313203
.06256953
.11221953
.00735078
.01509453
.11943828
48388203
.02503203
.14512578
.03746953
.00017578
.05080078

OO0 OCOWOoOODOoOODODOOoOOOoOWwWORrFEFOoOONDN

F Value

.39
.B2
.30
.08
.00
.01
.57
.76
.36
.11
.17
.39
.70
.05
.09
.75
.02
.16
.91
.23
.00
.32

F Value

-0.57164062

denotes significance

Pr > F
0.

2027

Pr » F

eBeoNoNoleNoleNoNoNaoRolleNaeloloNolololollo el

0734
.0960
.5867
L7798
.319%6
L3175
.4533
L0023
.5510
L7429
.3828
5335
. 4047
.B8309
.7596
.3901
.0853
. 6935
. 3436
.6298
.89736
.5747



CALCIUM

POST - PRE

jeneral Linear Models
Least Square Means

Vi

V1

el el

Vi

Y
LSMEAN

-0.51218750
~-0,63109375

Y
LSMEAN

-0.,.55234375
0.59083750

Y
LSMEAN

-0.,50281250
-0.,52150250

0.60187500
-0.66031250

LSMEAN

0.60703125
~0.53625000

Procedure

Std Err
LSMEAN

0.05004840
0.05004840

std Err
LEMEAN

0.05004840
0.05004840

Std Err
LSMEAN

.07077912
LO7077912
.07077912
.07077912

oo Oo

S5ctd Err
LSMEAN

0.05004840
0.05004840

Pr » ITI
HO: LSMEAN

0.0001
0.0001

Pr > ITI
HO: LSMEAN

0.0001
0.0001

Pr - ITI
HO: LSMEAN

L0001
.0001
.0001
.0001

OO0 0O

Pr > ITI
HO: LSMEAN

0.0001
¢.0001

3100

i

f

it



CALCIUM

POST - PRE

General Linear Models Procedure
Leasgt Square Means

Vi

Vi

oo

V3

i %
e

Vi

R

Y
LSMEAN

-0.58312500
-0.44125000
-0.63093750
-0.63125000

LSMEAN

-0.61437500
~0.49031250
~0.53368750
-0.58218750

Y
LEMEAN

~0.68218750
-0.46108375

Y
LSMEAN

-0.60156250
-0.42281250
-0.76281250
-0.49927500

S5td Err
LSMEAN

0.07077912
0.07077912
0.07077912
0.07077912

sStd Err
LSMEAN

0.07077912
6.07077912
0.07077912
0.07077912

5td Err
LSMEAN

0.05004840
0.05004840

5td Err
LSMEAN

0.07077912
0.07077912
0.07077912
0.07077912

Pr > ITI
HO: LSMEAN

.0001
L0001
.0001
L0001

[ e B e e

Pr » ITI
HO: LSMEAN

.0001
.0001
.0001
.0001

[er IR o I 4 I8 v

Pr > ITY
HO: LSMEAN

0.0001
0.0001

Pr » ITI
HO: LSMEAN

.0001
.0001
.0001
L0001

OO0 C

301
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CALCTUM

POST - PRE

General Linear Models Procedure
Least Square Means

V2

V3

e

V5

V4

H
e

V4

Rt b b

V5

Y
LSMEAN

-0.65125000
-0.45343750
~0.71312500
~0.46875000

Y
LSMEAN

-0.68656250
-0.52750000
~0.6778B1250
-0.39468750

LSMEAN

-0,54953125
-0.58375000

Y
LSMEAN

-0.51968750
-0.50468750
-0.57937500
-0.68281250

5td Err
LSEMEAN

oo oo

sctd Err
LESMEAN

OO o

Std Err
LSMEAN

0.05004840
0.05004840

Std Err
LSMEAN

0.07077912
0.07077912
0.0707791z2
0.07077912

.07077912
.07077912
.07077912
.07077912

07077912
.07077912
07077912
07077912

Pr » ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001

Pr » ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001

Pr » ITI
HO: LSMEAN

0.0001
0.0001

Pr » ITI
HO: LSMEAN

0.0001
a.0001
0.0001
0.0001
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CALCIUM

i PC3T - PRE

General Linear Models Procedure
Square Means

Least

3 H
T

Y
LSMEAN

-0.53781250
-0.56687500
-0.56125000
~0.,62062500

Y
LSMEAN

-0.57406250
-0.64000000
-0.,52500000
-0.54750000

LSMEAN
-0.62062500
~0.67375000
-0.40843750
~0.51375000
LSMEAN

~0.51015625
-0.632112500

Std Err
LSMEAN

07077912
.070777912
07077912
07077912

CcC OO0

Std Err
L5SMEAN

0.07077912
0.07077912
0.07077912
0.07077912

Std Err
LSMEAN

0.07077912
0.07077912
0.07077912
0.070779172

Std Err
LLSMEAN

0.05004840
0.05004840

Pr » ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001

Pr = ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001

OO0 0o
o
Q
o
[y

Pr = ITI
HO: LSMEAN

0.0001
¢.0001

303
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CALCIUM

POST - PRE

General Linear Models Procedure
Least Sguare Means

V1

.
I

v

el e

-

V4

i .

V6

i H
i

V6

Y
LSMEAN

~0(.46468750
-0.55968750
~0.55562500
~-0.70656250

Y
LSMEAN

~(.45718750
-0.64750000
-0.56312500
~-0.61875000

Y
LSMEAN

-0.52843750
-0.68562500
~(3.49187500
-0.58062500

Y
LEMEAN

-0.62187500
-0.74250000
-0.39843750
-0.5%2375000

S5td Err
LSMFAN

.07077912
L.07077912
.07077912
L07077912

[N ol

5td EBrr
LSMEAN

0.07077912
0.07077912
0.07077912
0.07077912

Std Err
LSMEAN

Q7077912
L07077912
.07077912
07077912

ot B on B e B s

S5td Err
LSMEAN

07077912
.07077912
.07077912
.07077912

o e B B e

Pr » ITI

HO: LSMEAN

.0001
.0001
.0001
L0001

o000

Pr » ITI

HO: LSMEAN

0.0001
0.0001

0.0001
0.0001

Pr > ITI

HO: LSEMEAN

0.0001
0.0001
0.0001
¢.0001

Pr > ITI

HO: LSMEAN

.0001
.0001
,0001
.0001

CoOoOooo
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CALCIUM : POST - PRE

General Linear Models Procedure
Least Square Meang

V5 Vo Y Std Err Pr » ITI
LSMEAN LSMEAN HO: LSMEAN = O
1 1 ~0.46812500 0.07077912 0.0001
1 -1 -0.6309370H0 0.07077912 0.0001
-1 1 -0.505218750 0.07077912 0.0001
-1 -1 -(.63531250 0.07077912 0.0001

305



CALCIUM PRODUCTION
General Linear Models Procedure * denotes significance
Dependent Variable Y
Source DF Sum of Squares Mean Square F Value Pr » F
Model 24 1.20776875 0.05032370 0.98 0.4978
Error 103 5.28668672 0.05132706
Corrvected Total 127 6.49445547

R-5quare C.V. Root MSE Y Mean

0.185969 -3411.648 0.22655475 -0.00664062
Source DF Type 111 88 Mean Sguare F Value Pr > F
R 3 0.17185859 0.085728620 1.12 0.3461
V7 1 0.00009453 0.00009453 0.00 0.9659
V8 1 0.01220703 0.01220703 0.24 0.6268
Ve 1 0.00861328 0.00861328 0.17 0.6829
V10 1 0.16747578 0.16747578 3.26 0.0738
V1i 1 0.08150703 0.08150703 1.59 0.2105
v7 ¥ Vii 1 0.04843828 0.04843828 0.94 0.3336
veg * V1l 1 0.00085078 0.00085078 0.02 0.8978
Ve o+ Vi1 1 0.004394583 0.0043945K3 0.09 0.7704
V1o * Vil 1 0.09845703 0.09845703 1.92 0.1690
V12 1 0.19453203 0.19453203 3.79 0.0543
V1l * V12 1 0.01143828 0.01143828 0.22 0.6379
V13 1 0.01106328 0.01106328 0.22 0.6434
V7 o+ V13 1 0.04388203 0.04388203 0.85 0.3573
Ve * V13 1 0.03219453 0.03219453 0.63 0.4302
Vg * V13 1 0.03347578 0.03347578 0.65 0.4212
Vio * V13 1 0.21043828 0.21043828 4.10 0.0455
Vil * Vi3 i 0.01033203 0.01033203 0.20 0.6546
V12 * V13 1 0.063457C3 0.06345703 1.24 0.2688
Vi4 1 0.00017578 @.00017578 0.00 0.9534
Vil * Vi4 1 0.00203203 0.00203203 0.04 0.8427
V13 * V14 1 0.00085078 0.00085078 0.02 0.8978
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CALCIUM

PRODUCTION

General Linear Models Procedure
Least Square Means

V7

b4
LSMEAN

~-0,00578125
-0.00750000
Y
LSMEAN
0.00312500
-0.01640625
Y
LSMEAN
0.00156250
-0.01484275
Y
LSMEAN

-0.04281250
0.02953125

Std EBrr
LSMEAN

0.02831934
0.02831934
3td Err
LSMEAN
0.02831934
0.02831934
Std Err
LSMEAN
0.02831934
0.02831934
5td Err
LSMEAN

0.66825357
0.66825357

Pr » ITI
HO: LEMEAN

0.B838B6
0.7917

Pr = ITI
HO: LSMEAN
0.9123
0.5636

Pr > ITI
HO: LSMEAN
0.9561
0.6013

Pr - ITI
HO: LSMEAN

0.1337
0.2895
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CALCIUM

PRODUCTION

General Linear Models Procedure
Least Sgquare Means

V1l

V7

e e

va

Vo

[N

vi1l

=

Vil

V1l

Y
LSMEAN

0.01859375
~0.03187500

Y
LSMEAN

-0,00000000
-0.01156250

0.03718750
-0.05118750

Y
LSMEAN

0.03093750
~-0.02468750
0.00625000
~0.03906250

Y
LSMEAN

0.02093750
~-0,01781250
0.01625000
-0.04593750

5td Brr
LSMEAN

0.02831934
0.02831934

std Err
LSMEAN

0.04004960
0.04004960
0.04004960
0.04004960

Std Err
LSMEAN

. 04004960
.04004960
.04004960
.04004960

oo O

Std Erxr
LSMEAN

0.04004960
0.04004560
0.04004960
0.04004960

Pr » ITI
HO: LSMEAN

0.5129
0.2630

Pr » ITI
HO: LSMEAN

.0000
L7734
.3553
.1955

Do o

Pr > ITI
HO: LSMEAN

.4416
.5390
L8763
3317

OO0

Pr » ITI
HO: LSMEAN

6022
.6574
.6858
.2540

oo OO
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CALCIUM

FRODUCTION

seneral Linear Models Procedure
Least Sguare Means

Vio

I

viz2

Vil

S

vi13

V11

;

Y
LSMEAN

-0.,04531250
-0.04031250

0.08250000
~0.02343750

Y
LSMEAN

0.03234375
-0.04562500

Y
LSMEAN

0.04812%00
-0.01093750
0.01656250
-0.08031250

Y
LSMEAN

-0.01593750
0.00265625

Std EBrr
LSMEAN

0.04004960
0.04004960
0.04004960
0.04004960

Std Err
LSMEAN

0.02831934
0.02831934

5td Err
LEMEAN

0.04004960
0.04004960
0.04004960
0.04004960

S5td Err
LSMEAN

0.02831934
0.02831934

Pr - ITI
HO: LSMEAN

.2605
L3165
.0419
.5597

OO OO0

Pr = ITI
HO: LSMEAN

0.2561
g.1102

Pr > ITIX
HO: LSMEAN

0.2323
0.7853
0.6801
0.0476

Pr > ITI
HO: LSMEAN

0.5748
0.9255
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CALCIUM

PRODUCTION

General Linear Models Procedure
Least Sqgquare Means

v7

V13

ISR,

Vi3

H
e e

Vi3

1 T
[ S

V13

Y
LEMEAN

0.00343750
-0.01500000
-0.0353125%0

0.02031250

Y
LSMEAN

0.00968750
~-0.00343750
-0.04156250

0.00875000

Y
LSMEAN

0.00843750
-0.00531250
~0,04031250

0.01062500

Y
LSMEAN

-0.01156250
-0.07406250
-0.02031250

0.07937500

Std Err
LSMEAN

.04004960
.04004960
.04004960
.04004960

[l oo

Std Err
LSMEAN

.04004960
.04004960
. 04004960
. 04004960

[N oNeNel

std Errx
LSMEAN

.04004960
. 04004960
. 04004960
.04004960

oo oo

std Err
LSMEAN

.04004960
.04004960
.04004960
.04004960

oC oo

Pr » ITI
HO: LSMEAN

.9318
.7088
.3800
L6131

oOCCoo

Pr » ITI
HO: LSMEAN

0.8093
0.9318
0.3018
0.8275

Pr > ITI
HO: LSMEAN

.8336
. 8947
.3165
L7813

OO o

Pr > ITI
HO: LSMEAN

L7734
.0673
.6131
.0502

oo oo
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CALCIUM

-
*

PRODUCTION

General Linear Models Procedure
Least Square Means

V1i V13
1 1
1 -1

-1 1

-1 -1

viz V13
1 1
1 -1

-1 1

-1 -1

V14
1

-1

Vil V14
1 1
1 -1

-1 1

-1 -1

LSMEAN

.00031250
.03687500
.03218750
L03156250

LSMEAN

st
oo CoC o

.04531250
.01937500
.07718750
.01406250

L.SMEAN

_O‘
_0'

00546875
00781250

LSMEAN

:
SO o0

.02375000
.01343750
.03468750
.02906250

Std krr
LSMEAN

. 04004960
,04004960
.04004960
.04004960

oo OO

Std Eryr
LSMEAN

1.04004960
0.04004960
0.04004960
0.040048960

5td Err
LSMEAN

0.02831934
0.02831934

Std Err
LSMEAN

.04004960
.04004960
.04004960
.04004960

Do oo

Pr » ITI
HO: LSMEAN

.9938
.3593
.4234
4325

[ I e I o B i

Pr - ITI
HO: LSMEAN

L2605
.6296
.0567
L7262

SCoOoOoo

Pr » ITI
HO: LSMEAN

0.8473
0.7832

Pr - ITI
HO: LSMEAN

. 5545
L7379
. 3884
.4697

Lo I e e 3 o
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CALCIUM : PRODUCTION

General Linear Models Procedure
Least Square Means

V13i V14 Y Std Err Pr > ITI
LSMEAN LSMEAN HO: LSMEAN = 0
1 1 ~-0.0121B75%0 0.04004960 0.7615
1 -3 -0.01968750 0.04004960 0.6241
-1 1 0.00125000 0.04004960 0.9752
-1 -1 0.00406250 0.04004960 0.9194
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ALANINE AMINOTRANSFERASE POST - PRE

General Linear Models Procedure * denotes gignificance
Dependent Variable . Y
Source DF Sum of Squares Mean Square F Value Pr > F
Model 24 5792.00000000 241.33333333 1.37 0.1411
Error 103 18144.21875000 176.15746359
Corrected Total 127 23936,21875000

R-5Square C.V. Root MSE Y Mean

0.24197¢ 465.3015 13.27243247 2.82812500
source DF Type ITI 88 Mean Sdquare F Value Pr > F
R 3 326.78125000 108.92708333 0.62 0.6047
AT 1 38.28125000 38.28125000 0.22 0.6421
v 1 0.12500000 0.12500000 0.00 0.9788
V1 * V2 1 420.50000000 420.50000000 2.39 0.1254
V3 1 26.28B125000 26.28125000 0.15 0.7001
V1 * V3 1 712.53125000 732.53125000 4.04 0.0469
Va2 * V3 1 45.12500000 45.12500000 0.26 00,6139
V4 1 657.03125000 657.03125000 3.73 0.0562
V1 * V4 1l 47.53125000 47.53125000 0.27 0.6046
Ve ¥ V4 1 10.12500000 10.12500000 0.06 0.8110
Vi * V4 1 94.53125000 94.53125000 0.54 0.4655
V5 1l 294 .03125000 294.03125000 1.67 0.1993
Vi * V5 1 13,78125000 13.78125000 0.08 0.7803
Ve * Vb 1 36.12500000 36.12500000 0.21 0.6516
Vi * Vh 1 1023.78125000 1023.,7812%300 5.81 0.0177
V4 % Vh 1 830.28125000 830.28125000 4,71 0.0322
V6 1 3138.00000000 338.00000000 1.92 0.1690
Vi * Ve 1 153.12500000 153.12500000 0.87 0.3533
V2 * Ve 1 427 .7812%0C0 427 .78125000 2.43 0.1222
Vi * V6 1 50.00000000 50.000000090 0.28 0.5853
V4 * V6 1 36.12500000 36.12500000 0.21 0.6516
VhH * Vb 1 210.12500000 210.12500000 1.19 0.2773
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ALANINE AMINOTRANSFERASE

General Linear Models Procedure
Least Sguare Means

Vi

V3

Y
LEMEAN

2.28125000
3.37500000

Y
LSMEAN

2.79687500
2.85937500

Y
LSMEAN

.43750000
.12500000
.15625000
.59375000

U O

Y
LSMEAN

3.2B8125000
2.37500000

Std Err
LSMEAN

1.65905406
1.65905406

Std Erv
LSMEAN

1.65905406
1.65905406

5td Err
LSMEAN

.34625675
.34625675
. 34625675
.34625675

O

std Errx
LSMEAN

1.65905406
1.65905406

POST -~

PRE

Pr > ITI
HO: LSMEAN

0.1721
0.0445

Pr > ITI
HO: LSMEAN

0.0949
0.0878

Pr > ITI
HC: LSMEAN

.8524
.0817
.0302
.4985%

oo o O

Pr = ITI
HO: LSMEAN

0.05086
0.15%3

114

i}

&}
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ALANINE AMINOTRANSFERASE

General
Least Sqguare Means

Vi

e el

V2

V3

s

V3

] i
N e el

V4

Linear

Y
LSMEAN

5.09375000
-0.53125000
1.46875000
5,.28125000

Y
LSMEAN

2.65625000
2.93750000
3.90625000
1.81250000

Y
LEMEAN

0.56250000
5.08375000

Y
LSMERN

.62500000
.93750000
.B0000000
.25000000

O WO

Model s Procedure

Std Err
LSMEAN

.34625675
.34625675
.34625675
.34625675

NESESE N

Std Err
LSMEAN

2.34625675
2.34625675

2.34625675
2.34625675

S5ctd Err
LSMEAN

1.65905406
1.65905406

Std Err
LSMEAN

.34625675
.34625675
.3462567%
.34625675

[ SR SO A

POST - PRE

Pr > ITI
HO: LSMEAN

.0322
.8213
5327
.0265

o000

Pr » ITI
HO: LSMEAN

0.2602
0.2134

0.09%0
0.4416

Pr - ITI
HO: LSMEAN

0.7353
0.0027

Pr » ITI
HO: LSMEAN

¢.7905
0.0963
0.8317
G.0080
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ALANINE AMINOTRANSFERASE POST - PRE

General Linear Models Procedure
Least Square Means

V2 V4 Y

Std Hrr Pr = ITI
LSMEAN LSMEAN HO: LSMEAN = 0
1 1 0.81250000 2.34625675 0.7298
1 -1 4 .78125000 2.34625675 0.0441
-1 1 0.31250000 2.34625675 0.8943
-1 -1 5.40625000 2.346256'75 0.0232
V3 V4 Y s5td Err Pr = ITI
LSMEAN LSMEAN HO: LSMEAN =
1 1 1.87500000 2.34625675 0.4260
1 -1 4 . 68750000 2.34625675 0.0484
-1 ] ~-0.75000000 2.34625675% 0.7499
-1 -1 5.50000000 2.34625675 0.0210
V5 Y Std Err Pr > ITI
LSMEAN LSMEAN HO: LSMEAN =
1 1.31250000 1.65905%406 0.4307
-1 4.34375000 1.6k90%406 0.0102
V1 V5 b4 Std Err Pr > ITI
LSEMEAN LSMEAN HO: LSMEAN
1 1 1.09375000 2.34625675 0.6421
1 -1 3.46875000 2.34625675 0.1423
-1 1 1.53125000 2.34625%675 0.5154
-1 -1 5,21875000 2.34625675 0.0283
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ALANINE AMINOTRANSFERASE

General
Least Square Means

V2

V5

Y
LSMEAN

0.75000000
4.84375000
1.87500000
3.84375000

Y
LSMEAN

.59375000
.96B75000
.96875000
.71875000

O e

Y
LSMEAN

1.59375000
-0.46875000
1.03125000
9.15625000

Y
LSMEAN

4.45312500
1.20312500

.
.

Linear Models Procedure

5td Err
LSMEAN

2.34620675
2.34625675
2.34625675
2.34625675

5cd Err
LSMEAN

.34625675
.34625675
. 34625675
. 34625675

R BS

5td Err
LSMEAN

.34625675
.34625675
.34625675
.34625675

SR OO LG

Std Err
LSMEAN

1.659054086
1.65905406

POST -

Pr > ITI
HO: LSMEAN

0.7499
0.0415
0.4260
0.1044

Pr = ITI
HO: LSMEAN

0.052%
0.4034
0.4034
0.0051

Pr » ITI
HO: LSMEAN

3.4985
0.8420
0.6612
0.0002

Pr » ITI
HO: LSMEAN

0.0085
0.4700
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ALANINE AMINOTRANSFERASE

POST -

General Linear Models Procedure
Least Sguare Means

Vil

H 3
e

va

VE

b

V3

e e

Vo6

T

Ve

.
s e

Vo

P e e

Vo

Y
LSMEAN

2.81250000
1.75000000
6.09375000
0.65625000

Y
LSMEAN

6.25000000
-0.6%625000
2.65625000
3.062%50000

Y
LSMEAN

4.28125000
2.28125000
4.62500000
3.12500000

b4
LSMEAN

2.71875000
-1.59375000
6.18750000
4.00000000

Std Err
LSMEAN

2.34625675
2.34625675
2.34625675
2.34625675

std Err
LSMEAN

.34625675
.34625675
34625675
.34625675

[SO I SRS I (V)

s5td Err
LSMEAN

.34625675
.34625675
. 34625675
.34625675

SO RN S SO I

Std Err
LSEMEAN

L 34625675
. 34625675
.34625675
.34625675

B R NOBRO

Pr > ITI
HO: LSMEAN

0.2334
0.4574
0.0108
0.7803

Pr = ITI
HO: LSMEAN

L0090
. 7803
.2602
L1947

[ e N el

Pr » ITI
HO: LSMEAN

.0709
.3332
.0514
.9576

CcCoOoCoO

Pr > ITI
HO: LSMEAN

L2492
. 4985
.0097
.0921

[ T e I i I e
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ALANINE AMINOTRANSFERASE

General Linear Models Procedure
Leasl Square Means

V5

H
[0 sl e

Vo6

PR S

Y
LSMEAN

4.21875000
~1.53375000
4.68750000
4.,00000000

Std Err
LSMEAN

.34625675
L 34625675
.34625675
.34625675

Mo N

POST - PRE

Pr » ITI
HO: LSMEAN = O

0.0751
0.4985%
0.0484
0.0912

319



ALANINE AMINOTRANSFERASE PRODUCTION

General Linear Models Procedure

Mean Sdquare
35.315104217
28.30939017

Root MSE

Dependent Variable : Y
Source DF Sum of Squares
Model 24 847.56250000
Error 103 2915.86718750
Corrected Total 127 3763.,42968750

R-Square C.V.

0.225210 -417.8185
Source DF Type III S§§
R 3 60.27343750 20
V7 1 1.32031250 1
va 1 7.50781250 7
va 1 15.82031250 15
V10 1 7.50781250 7
Vi1l 1 0.63281250 0
v7ooov Vil 1 5.69531250 5
ve * Vi1l 1 48 .75781250 48
ve o+ Vi1l 1 53.82031250 53
V1o * vi1 1 2.82021250 2
V12 1 168.82031250 163
Vil + viz2 1 6.57031250 6
V13 1 17.25781250 17
V7 % Vi3 1 11.88281250 11
ve * V13 1 146.63281250 146
Ve v V13 1 73.50781250 73
V1o * V13 1 8.50781250 8
V1l » vi3 1 27.19531250 27
viz * Vi3 1 37.19531250 37
V14 1 118.19531250 118
Vil * Vidg 1 25.38281250 25
V13 * Vi4 1 2.45781250 2

320

5.32065693
Mean Square

.09114583
.320312%0
.h0781250
.B2031250
.50781250
.63281250
.69531250
.715781250
.B2031250
.82031250
.82031250
57031250
.25781250
. 88281250
.63281250
.50781250
.50781250
.19531250
.19531250
.19531250
.38281250
.25781250

denotes gignificance

L3

OO OoOON OO NOoOHEHP OO OO

F Value Pr - F
1.25 0.2211

Y Mean

~1.,27343750
Value Pr > F
71 0.5484
.05 0.8294
.27 0.6077
.h6 0.4564
.27 0.6077
.02 0.8814
.20 0.6547
.72 0.1823
.90 0.1709
.10 0.7529
.96 0.0163
L 23 0.6310
.61 0.4367
.42 0.5185
.18 0.0249
.60 0.1102
.30 0.5847
.96 0.3293
.31 0.2543
.18 0.0436
.90 0.3459
.08 0.7782



ALANINE AMINOTRANSFERASE

*

.

General Linear Models Procedure
Least Sgquare Means

V7

Y
L5SMEAN

~1.,37500000

~1.17187500
Y

LSMEAN

~1,03125000

-1,51562500
Y

L.SMEAN

=1.62500000

-0.92187500
Y

LSMEAN

~1.51562500
-1.03125000

std Erx
LSMEAN

0.66508212
0.66508212

Std Err
LSMEAN

0.66508212
0.66508212

std Err
LSMEAN
0.66508212
0.66508212
sStd Err
LSMEAN

0.66508212
0.66508212

PRODUCTION

Pr > ITI
HO: LSMEAN

0.0412
0.0812

Pr » ITI
HO: LSMEAN

0.1241
0.0247

Pr > ITI
HO: LSMEAN
0.0163
0.1687

Pr > ITI

HO: LSMEAN

0.0247
0.1241

3zl



ALANINE AMINOTRANSFERASE

General Linear Modelg Procedure
Least Sgquare Means

Vi1l

VB

N

v

o e

V1l

: ]
— e = ke

Vil

e~

Vil

Lol el =l ]

Y
LSMEAN

-1.34375000
-1.20312500

Y
LEMEAN

-1.65625000
-1.093175000
-1.03125000
~-1.31250000

Y
LSMEAN

~1.71875000
~0.34375000
-0.96875000
-2.06250000

Y
LSMEAN

~2.,34375000
~0.90625000
-0.34375000
-1.50000000

std Errx
LSMEAN

0.66508212
0.66508212

Std Err
LSMEAN

0.94056815
0.94056815
0.94056815
0.94056815

5td Err
LSMEAN

0.94056815
0.94056815
0.94056815
0.94056815

Std Brr
LSMEAN

0.94056815
0.94056815
0.9405681%
0.94056815

PRODUCTION

Pr > ITI
HO: LSMEAN

0.0459
0.0734

Pr » ITI
HO: LSMEAN

0.0812
0.2476
0.2755
C.165%

Pr = ITI
HO: LSMEAN

.0705
L7155
.3054
.0306

s B e I e B

Pr » ITI
HO: LSMEAN

.0143
L3375
L7155
.1138

Qo oo
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ALANINE AMINOTRANSFERASE : PRODUCTION

General Linear Models Procedure
Least Square Means

Vio Vi1l Y Std Err Pr » ITI
LSMEAN LSEMEAN HO: LSMEAN =
1 1 -1.43750000 0.94056815% 0.1295
1 -1 ~-1.59375000 0.94056815 0.0932
~1 1 -1,250000060 0.94056815 0.1868
-1 -1 -0,B81250000 0.94056815 0.3897
V12 Y s5td Exrr Pr » ITI
LSMEAN LSMEAN HO: LSMEAN = 0
1 ~0.12500000 0.66508212 0.8513
-1 ~-2.42187500 0.66508212 0.0004
Vil Vv1z2 Y std Err Pr - ITI
LEMEAN LSMEAN HO: LSMEAN = 0
1 1 C.03125000 0.94056815 0.9736
] -1 -2.71875000 0.9405681%5 0.0047
-1 1 -0.28125000 0.94056815% 0.7655
-1 -1 -2.12500000 0.94056815 0.0260
Vi3 Y 5td Err Pr » ITI
LSMEAN LSMEAN HO: LSMEAN = 0
1 -0.90625000 0.66508212 0.1760
-1 -1.640625%00 0.66508212 0.0153
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ALANINE AMINOTRANSFERASE

General Linear Models Procedure
Square Means

Least

V7

Vg

!
o

VS

C
[

V10

a
[ S W

V13

V13

‘
B e

V13

Y

LSMEAN

-1
-1
-0
-1

»31250000
.43750000
.50000000
.B4375000

Y

LSMEAN

NN O

.40625000
.46875000
. 21875000
LBL2B0000

Y

LSMEAN

-0
-2
-1
-0

.50000000
75000000
.31250000
.53125000

Y

LSMEAN

O

L40625000
.62500000
40625000
. 65625000

std Err
LSMEAN

0.94056815
0.94056815
0.94056815
0.94056815

std Err
LSMEAN

.94056815
.940%6815
.94056815
.940568B15

[ s e T

S5td Err
LSMEAN

0.94056815
0.94056815
0.94056815
0.94056815

5td Err
LEMEAN

. 94056815
94056815
.94056815
.94056815

OO0

PRODUCTION

Pr » ITI
HO: LSMEAN

0.165H9
0.1295
0.5962
0.0527

Pr » ITI
HO: LSMEAN

0.6667
0.0100
0.0202
0.3897

Pr > ITI
HO: LSMEAN

0.5962
0.0043
0.1659
0.5734

Pr - ITIL
HO: LSMEAN

0.1379
0.0870
0.68667
0.0812

324
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ALANINE AMINOTRANSFERASE

General Linear Models Procedure
Least Square Means

Vil

—

Viz

V11

| S N

V13

o s e b

V13

il ol o

V14

o e

Y
LSMEAN

-1.43750000
-1.25000000
~-0.37500000
-2,03125000

Y
LSMEAN

0.78125000
-1.03125000
~-2.59375000
-2.25%000000

Y
LSMEAN

~2.23437500
-0.311250000

Y
LSMEAN

.75000000
06250000
.71875000
.68750000

joil S i

Std Brvy
LSMEAN

0.94056815
0.94056815
0.94056815
0.94056815

S5td Brr
LSMEAN

0.94056815
0.94056815
0.94056815
0.94056815

5td Frr
LSMEAN

0.66508212
0.66508212

s5td Err
LSMEAN

.94056815
. 94056815
.94056815
.94056815

oo oo

PRODUCTION

Pr » ITI
HO: LSMEAN

.1295
.1868
.6909
L0331

[ 3 on I o B o

Pr = ITI
HO: LSMEAN

0.4081
0.2755
0.0069
0.0186

Pr = ITI
HO: LSMEAN

0.0011
0.6394

Pr » ITI
HO: LSMEAN

0.0043
0.9471
0.0705
0.4665
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ALANINE AMINOTRANSFERASE : PRODUCTION

General Linear Models Procedure
Least Sguare Means

V1i3i Vid Y Std Brr Pr = ITI
LSMEAN LSMEAN HO: LESMEAN = 0
1 1 -2.00000000 0.94056415 0.0359
1 -1 0.18750000 0.94056815 0.8424
-1 1 ~2.46875000 0.94056815 0.0100
-1 -1 ~0.81250000 0.94056815 0.3887

326



SCDIUM

POST -

General Linear Models Procedure

Dependent Variable

Source

Model
Error
Corrected Total

Source
R

V1

vz

V1 * V2
V3

VI ¥ V3
V2 o« V3
v4

Vi * V4
va % V4
Vi * V4
V5

V1l * V5
V2 * V5
V3 * V5
V4 * V5
Vo6

Vi * Ve
V2 o+ Ve
Vi * Ve
V4 * Vg
V5 * Vg

J
o

Ll el el el e I e ol g e el ol R Sl o Y

Y

R-Square
0.365797

Type
2729
207

223
164
43
4266
103

168
92

76
347
1040
56
303.
51
g2
89.

Sum of Squares
12004 .12500000
208B12.24218750
32816.36718750
C.V.
3B8.49153

111 58

.52343750
492,
.B7031250
929,
.13281250
L25781250
.94531250
57031250
.32031250
48.
.82031250
.82031250
103,
iBl.
.57031250
.82031250
.82031250
L 44531250

195312580

88281250

75781250

32031250
57031250

18531250

L2578B1250
.882812%0

44531250

327

Mean

509.

492
207

929.

223
164
43
4266
103

48,

168
92
103

381.

76
347
1040
56
303
51
82
89

Mean Square
500.17187500
202.06060376

Root MSE

14.21480228

Square

84114583
.19531250
.57031250
8B281250
.13281250
.25781250
.94531250
57031250
.32031250
75781250
.82031250
.82031250
.32031250
57031250
.57031250
.82031250
.82031250
.44531250
.18531250
. 25781250
.88281250
.44531250

OCOOFHFOWUMFEFOPR 20000 OOF&FNS

F Value

.50
.44
.03
.60
.10
.81
.22
.12
.51
.24
.84
.46
.51
.89
.38
.72
.15
.28
.50
.25
.41
.44

F Value

denotes significance

Pr > F

0.

36.92968750

0005

Pr - F

OO0 COCOOOODOO0OCODO0O0OO0O0OoO0O0

.005b2
L1217
L3132
.0343
.2958
.3654
.6419
.0001
.4762
.6243
L3628
.4994
.4762
L1724
.5385
.1924
.0253
.5983
.2234
.6156
.5233
.5073



SODTIUM

POST - PRE

General Linear Models Procedure
Least Square Means

Vil

Vi

PRI

V3

— e

Y
LSMEAN

38 .8906250
34.9687500

Y
LSMEAN

38.2031250
14 9687500

Y
LSMEAN

37.4687500
4 .3125000
38.9375000
31.0000000

Y
LSMEAN

35.6093750
38.2500000

Std Brr
LLSMEAN

1.7768503
1.7768503

5td Err
LEMEAN

1.7768503
1.7768%503

Std Err
LSMEAN

.51228458
.51228458
.51228458
.51228458

B B2 BB

Std Err
LSMEAN

1.7768503
1.7768503

Pr » ITI
HC: LSMEAN

0.0001
0.0001

Pr > ITI
HO: LSMEAN

0.0001
d.0001

Pr » ITI
HO: LSMEAN

.0001
L0001
.0001
.0001

OO Oo O

Pr » ITI
HO: LSMEAN

0.0001
0.0001

328
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SODTUM

POST - PRE

General Linear Models Procedure
Least Square Means

Vi

Ve

[ el

V4

o

Vi

!
I R

V3

s

V3

V4

— i et

Y
LEMEAN

36.4375000
41.3437500
314 .,7812500
35.1562500

\]’
LSMEAN

37.4687500
38.9375000
33.7%00000
37.5625000

Y
LSMEAN

42.'7031250
31.1562500

Y
LSMEAN

45.%5625000
32.2187500
39.8437500
30,0937500

std Err
LSMEAN

2.51228458
2.51228458
2.51228458
2.51228458

5td Err
LEMEAN

.51228458
.51228454
.51228458
.51228458

I oS 2N O B N

S5ctd Err
L.SMEAN

1.7768503
1.7768503

Std Err
LSMEAN

.51228458
.51228458
.51228458
.51228458

BOM RN

Pr > ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001

Pr = ITI
HO: LSMEAN

¢.0001
0.0001
0.0001
0.0001

Pr = ITI
HO: LSMEAN

0.0001
0.0001

Pr » ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001

329
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SODIUM

POST - PRE

General Linear Models Procedure
Leapt Square Means

Va

V1

R

V4

i H

o e b

Y
LSMEAN

44 .5937500
31.8125000
40.,8125000
30.5000000

Y
LSEMEAN

42 .5312500
28.6875000
42.,8750000
33.6250000

b4
LSMEAN

37.7812500
36.0781250

Y
LSMEAN

38.,8437500
38.9375000
36.7187500
33,218,500

std Err
LSMEAN

.51228458
.51228458
.51228458
.51228458

RN

Std Errx
LSMEAN

.512284658
.51228458
.51228458
.51228458

RS B

Std Errx
LSMEAN

1.7768503
1.7768503

5td Err
LSMEAN

.51228458
.51228458
.51228458
.51228458

[SE R SR G o

Pr » ITI
HO: LSMEAN

0.0001
0.0001
0,0001
0.0001

Pr - ITI
HO: LSMEAN

.0001
.0001
.0001
.0001

j=Rolel o)

Pr » ITI
HO: LSMEAN

0.0001
0.0001

Pr » ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001
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SODIUM

General Linear Models

Least Square Means

V2

V3

e el

V4

=

Ve

Vb

A

Vh

Y
LSMEAN

40.7812500
35.6250000
34.7812500
316.5312500

Y
SMEAN

36.6875000
35.5312500
39.8750000
3G.6250000

Y
LSMEAN

41.9062500
43.5000000
33.6562500
28.6562500

Y
LESMEAN

39.7812500
34.0781250

POST - PRE

Procedure

5td Err
LSMEAN

.51228458
.51228458
.5122845%8
.51228458

BB RO NS

Std Err
LSMEAN

.51228458
.51228458
51228458
.512284%8

BB MR

std Err
LSMEAN

.5122845%8
.51228458
.51228458
51228458

BN

std Err
LEMEAN

1.77685013
1.7768503

Pr » ITI
HO: LSMEAN

. 0001
.0001
.0001
.0001

OO0 oo

Pr » ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001

Pr ~ ITI
HO: LSMEAN

.0001
.0001
.0001
.0001

OO0 O

Pr » ITI
HO: LSMEAN

0.0001
0.0001

il

It



SODIUM

: POST - PRE

General Linear Models Procedure
Least Square Means

Vi1

V2

H
b ek

Vi

V4

RS

Vo6

g b

V6

PR

V6

(S S U

Vé6

b b b g

Y
LSMEAN

42.4062500
35.3750000
37.1562500
32,7812500

Y
LSMEAN

42 .,5937500
33,8125000
36.9687500
44,3437500

Y
LSMEAN

39.0937500
12.1250000
40.4687500
36.0312500

Y
LSMEAN

44 .7500000
40, 6562500
34.8125000
27.5000000

Std Err
LSMEAN

.51228458
51228458
.5122B458
.51228458

b B ORBS

5td Ervy
LSMEAN

51228458
.51228458
51228458
.51228458

[SS I S I YOI S

Std Err
LSMEAN

.51228458
.51228458
.51228458
.51228458

[SOR SO I SR

Std Err
LSMEAN

.51228458
.51228458
.51228458
.51228458

R DO

Pr > ITI
HO: LSMEAN

.0001
.0001
L0001
.0001

Do o O

Pr » ITI
HO: LSMEAN

.0001
.0001
.0001
.0001

oo o0

Pr > ITI
HO: LSMEAN

.0001
.0001
.0001
. 0001

OO0

Pr > ITI
HO: LSMEAN

0.0001
0.0001
(.0001
0.0001

332
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SODIUM

POST - PRE

General Lineay Models Procedure

Least. bguare Means

Vi Vé Y
L.SMEAN

1 1 41.4687500
1 -1 34.0937500
1
1

1 38 .,0937500

-1 34.0625000

Std Err
LSMEAN

2.51228458
2.51228458

2.5%122845%8

2.51228458

Pr » ITI
HO: LSMEAN = 0

0.0001
0,0001

0.0001

0.0001

333



SODIUM : PRODUCTION

General Linear Models Procedure * denotes significance
Dependent Variable : Y
Source DF Sum of Squares Mean Square F Value Pr > F
Model 24 8043.56250000 335.14843750 0.74 0.7986
Error 103 46612.86718750 452 .55210862
Corrected Total 127 54656 .42968750

R-Square c.v, Root MSE Y Mean

0.147166 -368.4680 21.27327217 -5.77343750
Source DF Type III S8 Mean Square F value Pr > F
R 3 1372.77343750 457 .59114583 1.01 0.3810
V7 1l 39.38281250 30.38281250 0.09 0.7686
V8 1 217.88281250 217.88281250 0.48 0.4893
Vg 1 250.320312%0 250.32031250 0.55 0.4587
V10 1 1134,07031250 1134.07031250 2.51 0.1165
Vil 1 35,07031250 35.07031250 0.08 0.7813
V7% V11 1 178.13281250 178.13281250 0.39 0.5318
ve * V11 1 61.88281250 61.88281250 0.14 0.7123
Vo o+ yii 1 56.44531250 56.44531250 0.12 0.7247
V10 * Vi1 1 3147 ,82031250 347.82031250 0.77 0.3827
viz 1 1603.,19531250 1603.1953125Q 3.54 0.0626 *
Vil * V12 1 438.82031250 438 .82031250 0.97 0.3271
V13 1 2.82031250 2.82031250 0.01 0.9372
V7 o+ V13 1 18.,75781250 18.75781250 0.04 0.8391
vg ¥ V13 1 532.18531250 532.19531250 1.18 0.2807
Vg * Vi3 1 96.25781250 96.25781250 0.21 0.6456
Vio * vi3 1 1281 .44531250 1281.44531250 2.83 0.0955
Vil * Vi3 1 168.82031250 16B.82031250 0.37 0.5427
V12 * V13 1 162.57031450 192.57031250 0.43 0.5156
vi4 1 2.82031250 2.82031250 0.01 0.9372
V1l * V14 1 0.19531250 0.195%31250 0.00 0.9835
V13 * Vig 1 11.88281250 11.88281250 0.03 0.8716
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S0DIUM

zeneyal

PRODUCTION

Least Square Means

V7

iy

V8

vo

b4
LSMEAN

-5,21875000

-6.32812500
Y

LSMEAN

~4.46875000

~-7,07812500
Y

LSMEAN

-7.17187500

-4 .37500000
Y

LSMEAN

-B.7%000000
-2.74687500

Linear Models Procedure

std Err
LSMEAN

2.65915902
2.65915902
Std Err
LSMEAN
2.65915902
2.65915902
Std Erry
LSMEAN
2.65915502
2.65915902
5td Err
LSMEAN

2.65915902
2.65915902

Pr - ITI
HGC: LSMEAN

0.0524
0.0192

Pr » 1ITI
HO: LSMEAN

0.0959
0.0090

Pr - ITI
HO: LSMEAN

0.0082
0.1030

Pr > ITI
HO: LSMEAN

0.0014
0.2954

335
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SODIUM

: PRODUCTION

General Linear Models Procedure
Least Square Means

Vi1l

V7

P

Va

=

Vo

[ P TP

V11

[RER I U

V11

Vi1

. i
b g

Y
LSMEAN

-5.25000000
-6.29687500

Y
LSMEAN

-5.87500000
-4 ,56250000
-4.,62500000
~8.03125000

Y
LSMEAN

-3.25000000
-5.68750000
-7.25000000
-6.90625000

LSMEAM

.31250000
.03125000
. 18750000
.56250000

[S 2 N VSRR RS

Std Err
L.SMEAN

2.65915902
2.65915902

s5cd Err
L.SMEAN

31,.76061875%
3.76061875
31.76061875
3.76061875

5td Err
LSEMEAN

3.76061875
3.76061875
3.76061875
3.76061875

5td Err
LSMEAN

3.76061875
3.76061875
3.76061875
3.76061875

Pr > ITI
HO: LSMEAN

0.0510
0.0198

Pr » ITI
HO: LSMEAN

0.1213
0.2278
0.2216
0.0351

Pr > ITI
HO: LSMEAN

G.3895
0.1335
0.0566
0.0692

Pr » ITI
HO: LSMEAN

0.0546
0.0644
0.3986
0.1422

336
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SODIUM :

PRODUCTION

General Linear Models Procedure
Least Sguare Means

V10

.
N i

V12

V13

V1l

V12

Y
LSMEAN

-9.87500000
~7.62500000
-0.62500000
-4.96975000

Y
LSMEAN

~-2.23437500
~9.31250000

Y
LSMEAN

-3.5625000
-6.,9375000
~0.9062500
-11.6875000

Y
LSMEAN

~5.62500000
-5.92187500

Std Errx
LSMEAN

.76061875
.76061875
.76061875
. 76061875

L bW

std Err
LSMEAN

2.65915902
2.65915902

Std Err
LSMEAN

.76061875
.76061875
.76061875
.76061875

L L L W

std Err
LSMEAN

2.65915902
2.65915902

Pr » ITI
HO: LSMEAN

0.0100
0.0452
0.8683
0.1893

Pr » ITI
HO: LSMEAN

0.4027
0.0007

Pr > 1ITI
HO: LSMEAN

0.3457
0.0679
0.8100
0.06024

Pr > ITI
HO: LSMEAN
0.0368
0.0281
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SODIUM

: PRODUCTION

General Linear Models Procedure
Least Square Means

V7

o o

Ve

[BRRER SR

V1o

el el

VI3

iR S e

V13

- e i

Vi3

-

Y
LSMEAN

-4.68750000
-5.75000000
~6.56250000
~6.,09375000

Y
LSMEAN

-2.28125000
-6.65625000
~8.96875000
-5.18750000

Y
LSMEAN

-6.15625000
~8.,18750000
-5.09375000
~3.65625000

Y
LSMEAN

-5.4375000
-12.0625000
-5,8125000
0.2187500

Std Ery
LEMEAN

3.76061875
3.76061875
31.76061875
3.76061875

Std Err
LSMEAN

3.76061875%
3.76061875
3.76061875
3.76061875

3.76061875
31.76061875
3.76061875
3.76061875

5td Err
LSMEAN

.76061875
76061875
.76061875
.76061875

[P IR FERR UV IS VY

Pr » ITI
HO: LSMEAN

0.2154
0.1293
0.0840
0.1082

Pr » ITI
HO: LSMEAN

.5454
.0797
.0189
L1708

oo oo

Pr - ITI
HO: LSMEAN

.1047
.0318
.1785
L3332

OO0 OO0o

Pr > ITI
HO: LSMEAN

.1512
.0018
.1253
.9537

Lo 3 v S A I o
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SODIUM

PRODUCTION

General Linear Models Procedure
LeaBt Square Means

Vil

-1
-1

V12

.
e

V14

Vil

RV P

V13

V13

- e

V14

Y

LSMEAN

~6.,25000000
-4 25000000
-%.00000000
=7.59375000

Y

LSMEAN

~3.3125000
-1.1562500
~7.9375000

-10.6875000

Y

LSMEAN

-5.62500000
-5.92187500

Y

LSMEAN

-5.06250000
-5.,43750000
~6.,18750000
-6.,.40625%000

std EBrr
LSMEAN

.76061875
. 76061875
.76061875
.76061875

Lad L) bt 42

Std Err
LSMEAN

.76061875
.76061875
76061875
.76061875

L L L

Std Ery
LSMEAN

2.65915902
2.65915902

Std Err
LSMEAN

.76061875
.76061875
. 76061875
.76061875

L L

Pr >~ ITI
HO: LSMEAN

.0996
L2610
.1866
.0461

CcCo OO

Pr » ITI
HO: LSMEAN

0.3805
0.7591
0.0372
0.0054

Pr > ITI
HO: LSMEAN

0.0368
0.0281

Pr > ITI
HO: LSMEAN

0.1812
0.1512
0.1029
0.0915
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SODIUM : PRODUCTION

General Linear Models Procedure
Leasgt Square Means

V1ii V14 Y Std Err Pr » ITI
LSMEAN LSMEAN HO: LSMEAN = 0
1 1 -5.,78125000 3.76061875 0.1273
1 -1 -5.46875000 3.76061875 0.1489
-1 1 -5,46875000 3.76061875 0.1489
-1 -1 -6.37500000 3.76061875 0.08931

340



POTASSIUM POST - PRE
General Linear Models Procedure * denotes significance
Dependent vVariable Y
Source DF Sum of Squares Mean Square F Value Pr » F
Model 24 84 .66077332 3.52753222 2.14 0.0048
Errox 99 163.24850087 1.64897476
Corrected Total 127 247.230927419

R-Square C.V. Root MSE Y Mean

0.341499 -160.0315 1.28412412 ~0.80241935
Source DF Type IIT SS Mean Square F Value Pr = F
R 3 4.90697477 1.63565826 0.99 G.3999
V1 1 0.19249006 0.19249006 0.12 0.7333
V2 1 0.53396202 0.53396202 0.32 0.5706
V1 * V2 1 0.44176415 0.44176415 0.27 0.6059
V3 1 6.59583190 6.59583150 4.00 0.0482 »
V1 V3 1 4.83121733 4.83121733 2.93 0.0801
V2 V3 1 1.23717575 1.23717575 G.75% 0.3885
va 1 7.52170621 7.52170621 4.56 0.0352 *
V1 * V4 1 0.15722329 0.15722329 0.10 6.7581
V2 * V4 1 1.17876265 1.17876265 0.71 0.3999
Vi o~ V4 1 0.47808908 0.47808908 0.29 0.5915
V5 1 32.62942012 32.62942012 19.79 06.0001 *
Vi * V5 1 0.28113683 0.28113683 0.17 0.6806
V2 * V5§ 1 0.08803141 0.08803141 G6.05 0.8178
V3 * Vs 1 1.86417603 1.86417603 1.13 0.2903
va * VH 1 0.19901383 0.19901382 0.12 0.7290
V6 1 1.239%1670 1.23951670 0.75 0.3880
V1 * Vo 1 0.563974%8 0.56397458 0.34 0.5600
Ve * Vb 1 4.4673335%7 4.46733357 2.71 0.1029
V3 * VG 1 1.4817151% 1.48171515 0.90 0.3455
V4 * Vo 1 2.01e602177 2.01602177 1.22 0.2715
V5 * V& 1 11.01134347 11.01134347 6.68 0.0112 *
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POTASSIUM

POST - PRE

General Linear Models Procedure
Least Square Means

Vi

Vi

4 H
I

V3

e

V2

Y
LSMEAN

~Q.B2970677
-0.75066977

Y
LSMEAN

-0,.8B5602049
-0,72435605

Y
LSMEAN

~0.B3570144
-0,82371210
-0.B7633954
-0.62500000

Y
LSMEAN

-0.55850154
-1.02187500

Std Err
LSMEAN

0.16376500
0.16363869

5td4 Err
LSMEAN

0.16534957
0.16207046

Std Err
LSMEAN

0.23139024
0.23138038
0.23575416
0.22700322

Std Err
LSMEAN

0.16707500
0.16051552

Pr > ITI
HO: LSMEAN

0.0001
0.0001

Pr > ITI
HO: LSMEAN

0.0001
0.0001

Pr » ITI
HO: LSMEAN

0.0005
0.0006
0.0003
0.0070

Pr = ITI
HO: LSMEAN

0.0012
0.0001
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POTASSIUM

POST - PRE

Jeneral Linear Models Procedure
Least Square Means

vl V3
1 1
1 -1
-1 1
-1 -1

vz v
1 1
1 -1
-1 1
-1 -1

V4
1
,.l

V1 V4
1 i
1 -1
-1 1
-1 -1

Y

LSMEAN

~-0.40003855
~1.25937500
-0.71696454
-0.784137500

Y

LSMEAN

-0.11312500
~0.00125000
-0.05062500
-0.10125000

Y

LSMEAN

-1.03727049
-0.54310605

Y

LSMEAN

-1.11253855
-0.54687500
-0.96200243
~-0.53933710

S5td Err
LSMEAN

0.23610471
0.22700322
0.23575416
0.22700322

Std Err
LSMEAN

. 24048174
L 22700322
.23138038
L22700322

[ R B e I )

std Err
LESMEAN

0.16534957
0.16207046

std Err
LSMEAN

.23610471
.22700322
,23137038
.23138038

o000

Pr = ITI
HO: LSMEAN

L0933
.0001
L0030
.0008

o000 G

Pr » ITI
HO: LSMEAN

.0033
.0001
.0930
.0001

OO o0

Pr - ITI
HO: LSMEAN

0.0001
0.0011

Pr > ITI
HO: LSMEAN

0.0001
0.0178

0.0001
0.0218
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POTASSIUM

POST - PRE

General Linear Models Procedure
Least Square Means

V2

H H
o

V3

e e et

V5

Vi

,.
P

V4

e

V4

V5

3 ¥
= et fad

Y
LSMEAN

-1.20082888
-0.51121210
-0.87371210
-0.5750000C0

Y
LSMEAN

~0.74329098
~0.37371210
-1.33125000
-0.71250000

LSMEAN

-1,30470677
~0.27566977

Y
LSMEAN

.39195141
.26746210
L21746210
28387743

H 1 H i
O O

Std Err
LSMEAN

0.23076709
0.23138038
0.23138038
0.22700322

Std Err
LSMEAN

0.24048174
0.23138038
0.22700322
0.22700322

Std Err
LSMEAN

0.16376500
0.16363869

std EBErrx
LSMEAN

0.23139024
0.23138038
0,23138038
0.23137038

Pr » ITI
HO: LSMEAN

0.0001
0.02895
0.0003
0.0129

Pr » ITI
HO: LSMEAN

0.0026
0.1085
0.0001
0.0022

Pr » ITI
HO: LSMEAN

0.0001
0.0952

Pr > ITI
HO: LSMEAN

0.0001
0.2505
C.0001
0.2228

344
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POTASSIUM

POST - PRE

General Linear Models Procedure
Square Means

Leant

V2

e b

V3

,
o e

V4

Vh

e

Y
LEMEAN

.34378855
36825243
.26562500
.1B308710

[
O =0

Y
LSMEAN

~0.95003855
-0,16696454
-0,65937500
~0.38437500

Y
LSMEAN

~1.59195144
-0.48258954
-1.01746210
~-0.0687%000

Y
LSMEAN

-0.68975154
-0.89062500

Std Err
LEMEAN

.23610471
. 23137038
L 22700322
.23138038

c oo

Std Err
LSMEAN

0.23610471
0.23575416
0.22700322
0.22700322

Std Err
LSMEAN

0.23139024
0.23575416
0.23138038
0.22700322

Std Err
LSMEAN

0.16707500
0.16051552

Pr » IT1
HO: LSMEAN

.0001
.1147
.0001
L4307

oo o

Pr - ITI
HO: LSMEAN

. 0001
.4805
.0001
.0936

CcCooo

Pr > ITI
HO: LSMEAN

.0001
.0433
.0001
L7626

oS OO

Pr » ITI
HO: LSMEAN

0.0001
0.0001

345
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POTASSIUM

: POST - PRE

General Linear Models Procedure
Least Square Means

V1

[EER I RS

V2

V3

e

V4

V&

' i
R

V6

s b

'3

Y
LLSMEAN

-0.79691355
-0.86250000
-0.58258954
-0.91875000

Y
LSMEAN

-0.56516598
-1.14687500
-0.81433710
-0.63437500

Y
LSMEAN

-0.34825308
-0.76875000
-1.03125000
~-1.01250000

LSMEAN

-0.80891598
-1.26562500
-0.57058710
~0.51562500

S5td Err
LSMEAN

.23610471
L22700322
L23575416
22700322

oo oo

S5td Err
LSMEAN

.24048174
L22700322
.23138038
.22700322

O oo

s5td Errx
LSMEAN

(.245205655
0.22700322
0.22700322
0.22700322

S5td Err
LSMEAN

.24048174
L22700322
.23138038
.22700322

oo o

> ITI

Py
HO: LSMEAN

L0011
L0003
L0152
.0001

o000 o

> ITI

Pr
HO: LSMEAN

.0208
.0001
.Q0o07
.0062

S OO0

Pr - ITI

HO: LSMEAN

.1587
.0010
.0001
.0001

oo OO

Pr » ITI

HO: LSMEAN

.0011
.0001
L0154
L0253

[ NNl
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POTASSIUM : POST - PRE

General Linear Models Procedure
Least Sgquare Means

vh V6 Y 5rd Brr Pr > ITT
LSMEAN LSMEAN HO: LSMEAN = 0
1 1 ~-1.50316355 0.23610471 0.0001
1 -1 ~1.10625000 0.22700322 0.0001
-1 1 0.12366046 0.23575416 0.6011
-1 -1 ~0.67500000 0.22700322 0.0037

347



POTASSTIUM

General Linear Models Procedure

Dependent Variable
Source

Model

Error

Corvected Total

Source DF
R 3
V7 1
V8 1
Vo 1
V1 1
Vil 1
V7 % Vil 1
vB Y Vil 1
Vo * V1l 1
vio * vi11 1
V12 1
V11 +* V12 1
V13 1
V7 o+ Vi3 1
v * y13 1
Vg o+ Vi3 1
V10 * v13 1
V1l * V13 1
V1ig * vi3 1
Vi4g 1
V11l * Vi4 1
Vi3i * V14 1

PPRODUCTION
Y
313 Sum of Squares
24 3.31687500
103 24 .77429687
127 28.09117187
R-Square C.v.
0.118075 -375.9028

Type IIT SS

.502734138
.00632813
.04882812
.10695%313
.41632813
.17257812
.05695312
L01L757813
.00070312
,35070312
. 73507812
.10695312
.00382812
.00195313
.07507818
.02257813
.61882813
.00070312
.02257812
.0oo007812
.04882812
.00070313

jeReolojojolsleNolaNeNaoleoRoleoNeloNolloNoReRe)

348

0.13820313
0.24052715
Root MSE
0.49043568
Mean Square F Value

16757813 0.70
.00632813 0.03
.04882812 0.20
.10695313 0.44
.41632813 1.73
.17257812 0.72
.05695312 0.24
.01757813 0.07
.00070312 0.00
.35070312 1.46
.73507812 3.06
.10695312 0.44
.00382812 0.02
.00195313 0.01
.07507813 0.31
.02257813 0.09
.61882813 2.57
.00070312 0.00
.02257812 0.09
.00007812 0.00
.04882812 0.02
.00070313 0.00

OO0 0OoOCO0OODDoOOoO00 0o OOOO

Mean Square

denotes significance

F Value
0.87

Y Mean

-0.1304

Pr = F
0.2400

6875

Pr > F

OO0 0O0OCOCOO00OoO0ODOOCCOOOO

.5561
.8715
.6533
.5064
.1912
.3989
.6276
.7874
.9570
L2300
.0834
.5064
.8999
.9284
.5776
. 7599
.1118
. 9570
7599
.98567
.6533
L9570



POTASSIUM

PRODUCTION

General Linear Models Procedure
Least Sguare Means

V7

V10

Y
LSMEAN

~0.13750000

-0.12343750
Y

1.SMEAN

-0,11093750

-0.15000000
Y

LSMEAN

-0.15937500

-0.10156250
Y

LSMEAN

-0.18750000
-0.07343750

Std Err
LSMEAN

0.06130446
0.06130446
Std Err
LSMEAN
0.06130446
0.06130446
5td Err
LSMEAN
0.06130446
0.06130446
Std Errxr
LSMEAN

0.06130446
0.06120446

Pr » ITI
HO: LSMEAN

0.0270
0.0467

Pr » ITI
HO: LSMEAN
0.0733
0.0161

Pr » ITI
HO: LSMEAN
0.0107
0.1006

Pr » ITI
HO: LSMEAN

0.0028
0.2337

349
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POTASSIUM

: PRODUCTION

General Linear Models
Leagt Sguare Means

Vil

Y

V7

-1
=1

V8

Vil

o e

Vil

V1l

Y
LSMEAN

-0.,09375000
-0.16718750

Y
LSMHEAN

-0.12187500
-0.15312500
-0.06562500
-(.18125000

Y
LSMEAN

~0.06250000
-0.15937500
-0.12500000
-0.17500000

LSMEAN

-0.12500000
-0.19375000
-0.06250000
-0.14062500

Frocedure

std Ery
LEMEAN

0.06130446
0.06130446

Std Brr
LSMEAN

0.08669760
0.08669760
0.08665760
0.08669760

sStd Errx
LSMEAN

.08669760
.08669760
.08669760
.08669760

joR ool

std Err
LSMEAN

.08669760
. 08669760
.08669760
.08669760

Qo CO

Pr > ITIL
HO: LSMEAN

0.1283
0.0075

Pr » ITI
HO: LSMEAN

0.1628
0.0803
0.4508
0.0390

Pr > ITT
HO: LSMEAN

L4726
.0689
.1524
.0461

[l e e Re

Pr » ITI
HO: LSMEAN

L1524
.0276
L4726
.10795

SO OO

350

il

il

1t

il



POTASSIUM

PRODUCTION

General Linear Models Procedure
Least Square Means

V10

o e e

vlz

V1l

e b

V11l

e

V12

Y
LEMEAN

~0.20312500
-0.171.87500
-0.01562500
~0.16250000

Y
LSMEAN

-0.05468750
-0.20625000

Y
LSMEAN

~-0.04687500
~-0.14062500
-0.06250000
-0.27187500

LSMEARN

-0.12500000
-0.13593750

Std Err
LSMEAN

0.08669760
0.08B669760
0.08669760
0.08669760

Std Err
LSEMEAN

0.06130446
0.06130446

Std Err
LSMEAN

08669760
.08669760
.08669760
. 08669760

oo oo

Std Err
LSMEAN

0.06130446
0.06130446

Pr » ITI
HO: LSMEAN

L0211
.0501
.85673
.0637

OO 00O

Pr » ITI
HO: LSMEAN

0.3744
¢.0011

Pr - ITI
HO: LSMEAN

0.58%9
0.,1079
0.4726
0.0022

Pr » ITI
HO: LSMEAN
0.0440
0.0288
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POTASSIUM :

PRODUCTION

General Linear Models Procedure
Least Square Means

v

[SOT SR W)

V8

[EPR R SR N

V9

Sl

V10

N

Vi3 Y
LSMEAN
1 -0.12812500
-1 -0.14687500
1 -0.12187500
1 -0.12500000
V13 Y
LSMEAN
-0.08125000
-1 ~0.14062500
1 -0.16875000
-1 -0.,13125000
V13 Y
LSMEAN
1 -0.14067500
-1 -0.17812500
1 ~-0.10937500
-1 -0.09375000
V13 Y
LSMEAN
1 -0.11250000
-1 -0.26250000
1 -0.13750000
-1 -0.00937500

Std Erx
LSMEAN

coCo

.0B669760
.08669760
.08669760
.08669760

Std Err
LSMEAN

joReReNo

. 08669760
.08669760
.0B66S760
.08669760

Std Err
LSMEAN

OO0

.08669760
.08669760
08669760
.08668760

Std Err
LSMEAN

joRoloNel

.08669760
. 08669760
.08669760
.08669760

Pr > ITI
HO: LSMEARN

L1425
.0833
.1628
L1524

[ Qi e i el i

Pr » ITI
HO: LSMEAN

.3509
.1079
. 0543
L1331

oOCoO0

Pr > ITI
HO: LSMEAN

.1079
L0425
.2100
.2821

OO oo

Pr » ITI
HO: LSMEAN

0.1973
0.0031
0.1158
0.9141

I

i
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POTASSTIUM

General
Least Square Means

Vil

o

V14

Vil

IR R

V13

V13

i i
e B s

V14

1
-1

1
-1

PRODUCTION

Y
LSMEAN

-0.09062500
-0.09687500
~0.15937500
-0.17500000

LSMEAN

~0.06250000
~0.04687500
~-0.18750000
-0.22500000

Y
LSMEAN

~0.12968750
-0.13125000

Y
LSMEAN

-0.11250000
-0.07500000
-0.14687500
-0, 18750000

Linear Models Procedure

5td Err
LSMEAN

.08669760
.08669760
.0B8ARYTEO
.0B669760

o OoOC

Std Err
LSMEAN

.08669760
.08669760
.08669760
08669760

oo o

Std Err
LSMEAN

0.06130446
0.06130446

5td Ery
LSMEAN

.08669760
.08669760
.08669760
.08669760

So oo

Pr » ITI

HO: LSMEAN

.2883
L2664
.0689
.0461

OO COo

Pr » ITI

HO: LSMEAN

L4726
.5899
.0329
.0108

caoco

Pr » ITI

HO: LSMEAN

0.0368
0.0346

Pr » ITI

HG: LSMEAN

L1973
.3890
.0933
L0329

O oo
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POTASSIUM PRODUCTION

General Linear Models Procedure
Least Square Means

V1i3i V14 Y 5¢d Err Pr » ITI
LSMEAN LSMEAN HO: LSMEAN = O
1 1 -0.12187500 0.08669760 0.1628
1 =1 -0.12812500 0.08669760 0.1425
-1 1 -0.13750000 0.08669760 0.1158
-1 -1 -0.13437500 0.08669760 0.1242

354



CHLORIDE

POST - PRE

General Linear Models Procedure

Dependent Variable

source

Model
Error
Corrected

Source
R
Vi
vz
Vi * V2
V3
Vi Vi
V2 V3
va
V1l * V4
v * V4
V3 * V4
V5
Vi * VS
Ve * V5
Vi * Vb
V4 * V§
V6
V1l * Vé
VZ * Ve
V3 * V6
V4 * V6
Vs * Vo

=
2y

e e S e O = i I Ry Sy S O B

Y
DF sum of Sguares
24 G782.62500000
103 16326.80468750
127 23109.42968750
R-8quare C.v.
0.293500 ~60,74418

Type 111 SS

1736,33593750
$24.07031250
388.50781250
341.25781250
438.,82031250
548.63281250

6.57031250
775.19531250
23.63281250
14.44531250
446.25781250
46.32031250
288.445312%0
303,195312560
51.25781250
150.94531250
500.07031250
5.69531250
15.82031250
56.44531250
11.88281250
168.82031250

355

* denotes significance
Mean Sqguare F Value Pr > F
282 .60937500 1.78 0.0246
158.51266687
Root MSE Y Mean
12.59018137 -20.72656250
Mean Square F Value Pr = F
578.77864583 3.65 0.0150
524 .070321250 3.31 0.0719
388.50781250 2.45 0.1205
341 .25781250 2.15 0.1454
438.82031250 2.71 0.099%2
548.63281250 3.46 0.0657
6.57031250 0.04 0.8391
775.18531250 4.89 0.0292
23.63281250 0.15 0.7002
14.44531250 0.09 0.7634
446 . 25781250 2.82 0.0564
46.32031250 0.29 0.5900
288,44531250 1.44 0.2327
303.19531250 1.91 0.1696
51.25781250 0.32 0.5708
150.94531250 0.895 0.3314
500.07031250 3.15 0.0787
5.69531250 0.04 0.8500
15.82031250 0.10 0.7527
56.44531250 0.36 0.5520
11.88281250 0.07 0.7848
168.82031250 1.07 0.3045



CHLORIDE

POST - PRE

General Linear Models Procedure
Leagt Square Means

V1

V2

¢ B
=

Y
LSMEAN

-18.7031250
~22.7500000

Y
LLSMEAN

~18.9843750
-22,4687500

Y
LSMEAN

~-18.5937500
-18.812%000
-19.3753000
-26.1250000

Y
LSMEAN

-22.5781250
-22.8750000

std Errx
LSMEAN

1.5737727
1.5737727

Std Err
LSMEAN

1.5737727
1.5737727

s5td Errx
LSMEAN

2.2256507
2.2256507
2.2256507
2.2256507

Std Err
L.SMEAN

1.5737727
1.5737727

Pr > ITI
HO: LSMEAN

0.0001
0.0001

Pr = ITI
HO: LSMEAN

0.0001
0.0001

Pr » ITI
HO: LSMEAN

. 0001
.0001
.0001
.0001

OO0

Pr > ITI
HO: LSMEAN

0.0001
0.0001

356
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CHLORIDE

POST -

PRE

General Linear Models Procedure
Least Sqgquare Means

Vi

Vi1

o

V3

Vé

Y

LSMEAN

)
- 14
2D
-22

Y

.6250000
. 7812500
.5312500
.9687500

LSMEAN

-21.
.9062500
.0937500
-20.

-19
-24

Y

0625000

8437500

LSMEAN

-18.
-23.

Y

2656250
1875000

LSMEAN

-15.
-21.
-20,

~24

B125000
5937500
7187500

LT812500

Std Err
LSMEAN

AR SR NG

L2256507
. 2256507
. 2256507
.2256507

5td Err
LSMEAN

[ SO NI S

. 2256507
.2256507
. 2256507
. 2256507

Std Err
LSMEAN

1.
1.

5737727
5737727

Scd Err
LSMEAN

RS CR  SI 0 ]

. 2256507
.2256507
.2256507
.2256507

Pr » ITI

HO: LSMEAN

0.0001
0.0001
0.0001
0.0001

Pr » ITI

HO: LSMEAN

0.00012
0.0001
0.0001
0.0001

Pr > ITI

HO: LSMEAN

0.0001
0.0001

Pr > ITI

HO: LSMEAN

.0001
. 0001
.0001
L0001

oo oo

157

It

1



CHLORIDE

-
*

POST - PRE

General Linear Mopdels Procedure
Least Sguare Means

V2

RS-

V3

V1

W S o

V4

: !

V4

AR W

Y

LSMEAN

~16.1875000

21

7812500

-20.3437500
-24.5937500

Y

LSMEAN

-18.2500000

-26
-18
-18

Y

.8062500
.2812500
. 4687500

LSMEAN

-20
~21

Y

1250000
.3281250

LSMEAN

-19
-17
-20
-24

.4375000
.9687500
.8125000
.6875000

Std Err
LSMEAN

LS S 0 LN

.2256507
. 2256507
L2256507
2256507

std Err
LSMEAN

N AR

.2256507
. 2256507
.2256507
.2256507

Std Err
LEMEAN

1.
L.

5737727
5737727

5td Err
LSMEAN

XS N

.2256507
L2256507
.2256507
. 2256507

Pr = ITI
HO:; LSMEAN

d.0001
0.0001
0.0001
0.0001%

Pr » ITI
HO: LSMEAN

.0001
.0001
. 0001
.0001

OO0

Pr = ITI
HO:; LSMEAN

0.0001
0.0001

Pr > ITI
HC: LSMEAN

L0001
.Qao1
.0001
.0001

SO0 0
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CELORIDE

: POST - PRE

General Linear Models Procedure
Least Square Means

V2

V3

e

V4

R

Vo

V5

1 i
A W

Y
LSMEAN

-16.8437500
-21.1250000
-23.4062500
-21.53125Q00

Y
LSMEAN

-21.3437500
~-23.8125000
-18.9062500
~18.8437500

Y
LSMEAN

-18.7500000
»17.7812500
-21.5000000
-24.8750000

Y
LSMEAN

-18.7500000
-22.70312590

std Err
LSMEAN

.2256507
. 2256507
. 2256507
.2256507

[RCRN SR

Std Err
LSMEAN

2.2256507
2.2256507
2.2256507
2.2256507

std Err
LSMEAN

L 2256507
.2256507
. 2256507
.2256507

[ySI I8 SN 8

5td Err
LSMEAN

1.5737727
1.5737727

Pr > ITI
HO: LSMEAN

0.0001
0.0001
0.0001
0.0001

Pr = ITI
HO: LSMEAN

.G001
.0001
.0001
.0001

OO0

Pr > ITI
HO: LSMEAN

L0001
.0001
L0001
.0001

oGO0

Pr > ITI
HO: LSMEAN

0.0001
0.0001

359
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CHLORIDE

POST - PRE

General Linear Models Procedure
Leasgt Square Means

Vi

o

N !

V6

3
el

Vé

Ve

= =

Y
LSMEAN

-16.9375000
-20.4687500
~-20.5625000
~24.9375000

Y
ILSMEAN

-16.6562500
-21.3125000
-20.8437500
~-24.0937500

Y
LSMEAN

-19.9375000
~25.2187500
-17.5625000
-20.1875000

Y
LEMEAN

-16.5937500
-19.9375000
-20.9062500
~-25.4687500

S5td Err
LSMEAN

. 2256507
.2256507
. 2256507
. 2256507

MNNN

Std Brr
LSMEAN

L2256507
.2256507
L 2266507
.2256507

SR R SR

Std Ery
LSMEAN

2.2256507
2.2256507
2.2256507
2.2256507

Std Erv
LSMEAN

. 22506507
.2256507
.2256507
. 2256507

[SOIE WA N

Pr > ITI

HO: LSMEAN

.0001
.0001
.0001
.0001

[=NeleNol

Pr = ITI

HO: LSMEAN

.0001
.0001
.0001
.0001

o I e L ol Y

Pr > ITI

HO: LSMEAN

.0001
.0001
L0001
.0001

(eI on B e B o ]

Pr > ITI

HC: LSMEAN

.0001
. 0001
. 0001
.0001

s B e R e B o
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CHLORIDE : POST - PRE

General Linear Models Procedure
Least Square Means

V5 V6 Y 5td Err Pr = ITI
LSMEAN LEMEAN HO: LSMEAN = 0
1 1 -17.0000000 2.2256507 0.0001
1 -1 -23.2500000 2.2256507 0.0001
-1 1 -20.5%000000 2.2256507 0.0001
-1 +1 ~22.1%62500 2.2256507 0.0001

361



CHLORIDE : PRODUCTION

General Linear Models Procedure

Dependent Variable : Y
Source DF Sum of Squares
Model 24 4512 .43750000
Error 103 20882 .74218750
Corrected Total 127 25395,17968750
R-Square C.V.
0.177689 ~164.6408
Source DF Type III S8
R 3 61.02343750 20
V7 1 33.00781250 33
Ve 1 402.57031250 402
V9 1 0.19531250
V10 1 255.94531250 255
Vil 1 41.63281250 41.
V7 oo* Vil L 187.69531250 187
ve * Vi1l 1 4.13281250 4
Vo o+ Vi1 1 155.32031250 155
Vi0 * V11 1 i195.50781250 398
viz 1 995.69531250 995
Vil * V12 1 402.57031250 402
V13 1 13.13281250 13,
V7 ox V13 i 126.00781250 126.
ve  + V13 1 424.13281250 424 .
Ve o+ Vi3 1 99.75781250 93,
V10 * V13 1 825.,19531250 825
V11l * V13 1 18.75781250 18B.
Viad + V13 1 6.57031250
V14 1 46.32031250 16,
V1l * V14 1 17.25781250 17
V13 * Vi4g 1 0.0078125%0 0

6.
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Mean Square
188.01822917
202.74506978

Mean Square

.34114583
.00781250

57031250
0.

15531250

.94531250

63281250

.68531250
.13281250
.32031250
.50781250
.69531250
.57031250

13281250
00781250
131281250
715781250

.19531250

75781250
57031250
32031250

.25781250
.00781250

Root MSE

14.23885774

F Value

DO OOWMONOCOHA T OODOOHFOHOCO

.10
.16
.99
.00
.26
.21
.93
.02
.77
.95
.91
.99
.06
.62
.09
.49
.07
.09
.03
.23
.09
.00

F Value
0.93

denotes significance

Pr > F
0.5658

Y Mean

-8

.648B3750

Pr » F

[ T o s I i e B o B e 0 e 0 ol B o o Y i 0 o e Y oo R 3 455 J s Y o Y e i

.9597
.6874
.1618
L9753
. 2638
.6514
.338B2
. 8867
.3835
.1655
.0289 =
.1618
.7996
L4323
L1511
.4846
.0462 *
L7616
.8575
.6337
L7711
.9951



CHLORIDE

: PRODUCTION

General Linear Models Procedure
Least Square Means

V7

V8

V10

[

Y
LSMEAN

-8.14062500
-9.15625000
Y
LSMEAN
-6 ,8750000
-10.4218750
Y
LSMEAN

-B8.68750000
~-8.605837%00

Y
LSMEAN

-10.0625000
-7.2343750

5td EBrr
LSMEAN

1.77988722
1.77985722
S5td Err
LSMEAN
1.77988722
1.77985722
5td Err

LSMEAN

1.77985722
1.77985722

S5td Err
LSMEAN

1.77985722
1.77985%722

Pr > ITI
HO: LSMEAN
0.0001
0.0001
Pr »~ ITI
HO: LSMEAN
0.0002
0.0001
Pr » ITI
HO: LSMEAN
0.0001
0.0001
Pr = ITI
HO: LSMEAN
0.0001
0.0001
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CHLORIDE

General
Least Sguare Means

V1l

A |
— e L

V1l

B

V1l

LR ST WY

: PRODUCTION

Y
LESMEAN

~8.07812500
-9.21875000

Y
L.SMEAN

-8.,7812500
-7.5000000
-7.3750000
~10.9375000

Y
LSMEAN

-6.,1250000
~7.6250000
~-10.0312500
-10.8125000

Y
LSMEAN

-9.218754Q40
-B,1562500
-6.9375000
-10.8125000

Linear Mcdels Procedure

8td Ery
LSMEAN

1.77985722
1.77985722

std Err
LSMEAN

.5170982
.5170982
.5170982
.5170982

3SR S S I O

Std Err
LSMEAN

2.5170982
2.5170982
2.5170982
2.5170982

std Err
LSMEAN

.5170982
. 5170982
.5170982
.5170982

[NOI I N ]

Py = ITI

HO: LSMEAN

0.0001
0.0001

» ITI

jeriie]

.0007
.0036
.0042
.0001

[oReReNe)

Pr - ITI
HO: LSMEAN

0.0167
0.0031
0.0001
0.0001

Pr > ITI

HO: LSMEAN

.0004
.0016
.0069
.0001

[eoReNoNel

364
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CHLORIDE

PRODUCTION

General Linear Models Procedure
Least Square Means

V10

T

Vilz

V1l

S e

V13

Vil

i
I

Y
L.SMEAN

-11.2500000
~-8.8750000
-4.9062500
~9.5625000

Y
LISMEAN

-5.8593750
~11.4375000

Y
LSMEAN

-7.0625000
-9.,0937500
-4.6562500
-13.7812500

Y
LSMEAN

~-8.96875000
-8.32812500

Std Ery
LSMEAN

.B170982
.51706982
.5170982
.5170982

[SR I (O30 O o

Std Err
LSMEAN

1.77986722
1.77985722

5td Err
LSMEAN

.Hh170982
.51708982
.5170982
.5170882

oS I SR ]

Std Err
LSMEAN

1.77985722
1.77985722

Pr » ITI
HO: LSMEAN

.0001
.0006
.0540
.0002

[ ¥ ol av I o)

Pr » ITI
HO: LSMEAN

0.0014
0.0001

Pr > ITI
HO: LSMEAN

.0060
L0005
.0672
.0001

loReNeNol

Pr > ITI
HC: LSMEAN

0.0001
0.0001
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CHLORIDE :

PRODUCTION

General Linear Models Procedure

Leagt Sguare Means

V7 V13 Y
LSMEAN
1 1 -7.4687500
1 -1 ~-8.8125000
-1 1 ~10.4687500
-1 -1 -7.8437500
V8 Vi3 Y
LSMEAN
1 1 -5.,3750000
1 -1 ~-8.3750000
-1 1 -12.5625000
-1 -1 -8 .2812%00
VI Vi3 Y
LSMEAN
1 1 -8.12500000
1 -1 -9,25000000
-1 L ~-9,81250000
-1 -1 ~7.40625000
vVio vi3 Y
LSMEAN
1 1 ~-7.8437500
1 -1 -12,2812500
-1 1 -10.0937500
-1 -1 -4, 3750000

5td Err
LSMEAN

.5170982
5170982
.5170982
.5170982

[sR 2N I I O]

std Err
LSMEAN

.5170982
.5170982
.5170982
5170982

2SS N

Std Err
LSMEAN

.5170982
.5170982
.5170982
.5170982

BN RO

Std Err
1LLSMEAN

5170982
.5170982
.5170982
.5170982

R RSN

Pr » ITI

HO: LSMEAN

0.0037
0.0007
0.0001
0.0024

Pr » ITI

HO: LSMEAN

. 0351
.0012
.0001
.0014

OO o0

Pr > ITI

HO: LSMEAN

.0017
.00064
.0002
. 0040

oo oo

Pr > ITI

HO: LSMEAN

.0024
L0001
. 0001
.0852

oo OO
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CHLORIDE PRODUCTION

General Linear Models Procedure
Least Bguare Means

I

H

Vil Vi3 Y std Err Pr > ITI
LSMEAN LSMEAN HO: LSMEAN
1 1 -8.78125000 2.5170982 0.0007
1 -1 -7.37500000 2.5170982 0.0042
-1 1 -9.15625000 2.5170982 0.0004
-1 -1 ~-9.,2812%000 2.5170982 0.0004
vz V13 Y Std Err Pr = ITI
LSMEAN LLSMEAN HO: LSMEAN
1 1 -6.,4062500 2.5170982 0.0124
1 -1 -5,312R000 2.5170982 0.0372
-1 1 ~11,5312500 2.5170982 0.0001
o | -1 ~11.3447500 2.5170982 0.0001
V14 Y Std Err Pr - ITI
LSMEAN LSMEAN HO: LSMEAN
1 -8.04687500 1.77985722 0.0001
-1 -G ,25000000 1.77985722 0.0001
Vil V14 b4 std Err Pr » ITI
LSMEAN LSMEAN HO: LSMEAN
3 1 ~-7.8437500 2.5170982 0.0024
1 -1 -8.3125000 2.5170982 0.0013
-1 1 ~-B.2500000 2.%5170982 0.0014
- -1 10.,1875000 2.5170982 0.0001
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CHLORIDE PRODUCTION

General Linear Models Procedure
Least Sguare Means

V13 V14 Y Std Err Pr » ITI
LSMEAN LSMEAN HO: LSMEAN = O
1 1 -8.37500000 2.5170982 0.0012
1 -1 -9.56250000 2.5170982 0.0002
-1 1 -7.71875000 2.5170982 0.0028
-1 -1 B. 23750000 2.5170982 0.0006
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Appendix IV

o Intrinsic
Extrinsic Coagulation

Coagulation Pathway

Pathway -

E {-“-IIIIIIII.... -

AT e

Coagulation
Pathway

_..3‘..-..

-
e
s ey
L ]  —
- — com
| e
| ™|
Z

; : \ & | Fibrinolytic
:’._;'- i — J‘ _‘:7- A :;':: E l";’;" D - \ S}'Stem

¥




	Index
	List of Figures and Tables
	List of Formulae
	List of Abbreviations
	Summary
	Chapter 1: Introduction
	Chapter 2:Literature Review
	Chapter 3: Materials and Methods
	Chapter 4: Results
	Chapter 5: Discussions
	Chapter 6: Conclusions
	References
	Appendix 1: Blood donor design protocol
	Appendix 2: Assay results
	Appendix 3: Statistical data
	Appendix 4: Haemostasis pathways



