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ABSTRACT

This study was designed to determine pathological distress in

bovine tissues caused by Teenia saginata. Methods of analysis in-

cluded spectrophotametric enzyme quantitation for glutsmic-pyruvie
transeminase, glutamic-oxalacetic transsminase, lactic deﬁydrogenase,
and creabine phosphokinase. Lactate dehydrogenase isoenzymes and
efeatine phosphokinase isovenzymes were separated by electrophoresis
priof to scanning by fluormmetric procedures. Additional methods of
analysis were used in blood cell studies which included packe& cell
volume, cyemmethemoglobin, total white bplood cell and differential-
white blood cell counts.

Holstein calves, 6 to 7 months of age, were infected with the

eggs of Taenis saginata followed by 30 consecutive days of laboratory

analysis of blood samples. Following the research, the infected
animals were sacrificed sc that an approximation of cysticerci per
unit tissue could be obtained.

Findings appear to indlcate that Taenia saginata cysticercosis

regult in significant increases in serum glutaﬁic—oxalécetic
transaminase, lactate dehydrogenase and lactate dehydrogenase
isoenzymes 3, 4 and 5. Significant increases in eosinophils and
monocytes also 6ccurred which seen to indicate a correlation between

thelr elevation end the continual development of the cysticerci.

ix



INTRODUCTION

Taenia sagina'ta cysticercus is the larval stage of the human

adult tepeworm Taenis saginata. The primary host for Taenia éa,ginata

cysticercus is domestic cattle , although sccording to Abuladze (1970),

cases of Taenla sagingta cysticercosis have been found in reindeer.

These animals, in addition to rare cages involving wild msmmals as
discussed by Nelson, Pester and Richmen (1965), serve as the inter-

' nediary host in the life cycle of Taenis saginata.

The host for the adult Taenls saginata is considerably more
restricted than that of the cysticercia A study by Nelson, Pester ‘and.

Rictman (1965) involving wild primates supports the fact then man is

the only definitive host for the tapeworm Taenia saginats. Héwever,
a1 inconclﬁsive case involving proglottid production by a goat lW&S
described by Southwell (1921). |

| Pawlowski and Schultz (1972) state th;t consumpbion of raw or
improperly coocked beef by h@s ié the primary swrcel of infection by

the c¢ysticerci of Taenia sagina:ta. The scolex of the developing tape-

worm ccmmonly attaches to the small intestine of the host. A study by
Penfold (1937) established the time for camplete develomment (fram

ingestion of a cysticercus to an adult Taenis saginata) to be approx-

imately 1C0 days. After the complete develoi:»men’cal stage in the human

host, Taenia ssginaba assumes the pi*md,uction of proglct'i;ides on an -

irregular cycle,



1Penfold_(l937) determined that 80,000 ova are contained in a
single active proglottis. As a result of infection, it is therefore '
~ possible for en infected humen to expel, on the éverage, 720,000 ova
per day. In research done by Silverman (1954)5 it was determined that

ovae of a gravid-expelled proglottis of Taenia saginata are found to be

50% mature, 40% immature and 10% infertile. It was also found that it
is possible for same of the immature ove to mature within 2 weeks out-
side the host.

As discussed by Pawlowski end Schultz (1972), the greatest

damage caused by Taenisa saginats is economic. Although infections
invelving cysticercus seldom resnlt in the death of the host, the high
rate of cysticercosis in cattle of underdeveloped countries is of greata
concern 1o the 1ivestock industry who depend on export trade. Other |
losses, aslide from those of cysﬁicercosis, are due to the wedical

complications resulbing frae the infection of humans with the adulb

tapeworm Taenia saginate.

'.In a summary of the literature involving over 3,000 cases of
baeniasis, Pawlowskl and Schultz (1972) found that patients suffered
from ‘abdeminal pein, nausea, weakgess, loss of welght, increased
appetite and a diversity of other less characterized symptoms. It is
also recognized that except for the expelling of proélattides, the

symptoms resulting froam Taenia séginata infection in humans may be

carpletely absent.

Tpilzootiology

Sprent (1969) describes a Taenia saginata infection as a true

zoonosis in which man acts as the definitive host and vertebrabe



animals, primarily domestic bovine, act as the intermediate host.
Pawlowski and Schultz (1972) state that cysticercosis csn occur when
either the feed, water or soil used in the maintenance of domestic

bovine becomes contamingted with mature Taenis saginata ova. Other .

- means of Taenia saginata infection between man and cattle includes

sewage conbamination, bird feces contamination as reported by Silverman
and Griffiths (1955) and egg transmission by flies as reported by

Round (1961).

Taenla saginata Cysticercus

The physical and physiological changes that result in the

development of Taenia saginata cysticercus are discussed by Silverman
(1954), Silvermen and Maneely (1955), McIntosh and Miller (1960),
Weinmann (1965, 1969), Wikerhanser, Zukovic and D¥okula (1970) and
Pawlowski and Scimltz (1972). The develomental process inclﬁdes

hatching of the ingested Taenis saginata eggs, infection by the onco-

sphere and growth of the cysticercus.

Hatching

 As discussed by Silverman (1954), the ingested eggs of Taenia
saginate enter the gastrointestinal tréct of the aﬁﬁmal where the
hetching process occurs. The.haﬁching of the ova is divided into two
stages by Silverman., The first stage involves the passive digestion of
the striated embryosphore, with the aid of pepsin. The second stage is
characterized by the rupture of the oncospheral membrane by the

hexocanth embryoo



Silverman (1954) used the following artificial intestinal juice

as a standard means of ova activation:

Pancreatin 500 milligrams
Cholesterol 10 to 20 milligrams
Sodium tauro-

glycocholate 500 milligrams
Trypsin ' 20 nilligrams
Sodium bicarbonate 500 milligrams -
Distilled water - 50 milliliters

The efficiency of the procedure is increased by adding 1 part vwhole
fresh bovine bile and 2 parts artificial intestinal juice, as reporied

by Gallie and Sewell (1970).

Infection

A substance, described by Silverman and Maneely (1955) as a
secretion of the penetration glands and the hexocanth hooks aids the
activated oncos?here in penetrating the intestinal mucosa of the hcsto'
At this point, it it thought by Weimnmann (1965, 1969) thet the pre-
encystment larval stage results in the first apparent host reaction o
the infection. The secretion from the penetration gland is presumed %o
be responsible for the immunological response by the host to the
hexocanth embryo.

As pointed out by Pawlowski and Schultz (1972), the means by

which the onchosphefe of Taenia saginaba migrates to the intermedisry
host tissue has not yet been discovered. Réference is made to an
‘experiment involving the intravencus injection of onchospheres inte
young calves which did not result in cysticercosis. Wikerhauser,
Zukovie and D¥okuls (1970) heve administered onchospheres
subcutaneously, intramsculerly and intraperitoneally resulting in

infection without migration from the gite of innoculation.



Develqgnént of Cysticercus

Work by McIntpsh and Miller ( 1960) involving the postencysﬁnent

stages of Taenia saginata cys-bicercosis describes the development of

~ cysticerci within its connective tissue cyst. It was discovered that
cysticercus with a diameter of '2,5: miilimeters éould be found 11 days
sfter the infection date, Table 1, from the research by McIntosh and
Miller (1960, p. 171); shows the increase in both connective tissue
'cys'ts and.the cysticercus in rélatibn to thé exposure day.

MeIntosh a;nd Miller found that 2 Vweeks after infection, the
connective tissue cysts and the cysticercus had incressed in size rel-;
gtive to day 11. However, the cysticerci were characterized as "being
thin and ovate at this point. Three weeks after infection, connective
tissue had doubled in size while the cysticerci were increased to 10 »'
times. Four week old cysts had not changed in appearance from the pre;
vious week, but it wes noted thet the ares involved with scolex
developmen*t had begun to invaginate.

‘l‘a‘bie 1. Correlation Between Morphological Development of Cysticercus
Bovis and Age of Infection.®* (Measurements in millimeters)

Connective
Age of Tissue
Infection Cyst
(days) Length Width Cysticercus
11 3 2 0.13=0,15 % 0.09-0.13
n ! 3 0.16-0.17 x 0.1-0,13
21 7 6 1.3 x 0.875
] 8 1.65 x 1.38
10 7 1.3 x 0.9
28 6 5 1.15 x 0.82
8 L 0.95 x 0.95
‘ 7 , 5 1,18 x 1.1
#MeIntosh and Miller (1860, p. 1T1)



Tasnia saginata Cysticercosis

As the cysts continue to develop and increase in sizé, it is
logical thét same physical tissue stress might occur. The pathology
involving the tisgsues of an animal infected with‘cysticercosis is
discussed by Smith, Jones and Hunt (19'72,)o They found that the tissues

v involved énd the degree of perssitism determine the effect upon the 7

intermediary host of Tesenia saginata. As a ru.lé, ‘the histopathology of

cysticercosis appears as displacement of normal tissue cells and o
8light inflammatory reaction incempassing the active c}ys*l‘,:i._cz=~,,:c'c'j.,a They
also found that cysticercosis in c,atfle is charscterized by few symp-
tams, but a massive invasion of critical organs such as the liver, heart
and brain mey cause disbress followed by death. A dense connective
tissue encapmlation has also been noted thalb results in a scar after
death of 'the cysticercus..

If tissue demage by cysticercosis is great enough, 1% is pos-
sible that the serum enzyme levels would increasé. This is seen in

Figure 1 by Baron (1963, Po i7h).

SPECIFIC
TISSUE DAMAGE
Damage 'i‘;o ENZTME RETEASE Altered enzyme
other tissues ~L synthesis
. SERUM ENZYME
Bxeretion ——————— CONCENTRATICN -Catabolism
Inhibitors - l
» MEASURED .
Activators ———— SERUM ENZYME Technigue of
ACTIVITY assay
Co-factors ——/

. Flgure 1. Factor:;é Influencing Serum Enzyme Activity. (Baron, 1963,
P. 174 ,



) Clinical Enzymology

As discussed by Batsokls and Briere (1967), clinical enzymology
is based upon methods of assay which determine the serum enzyme con-
centration by means of their catalytic activity. Enzymologists are
able to &istinguish specific tissue structure by the enz&me fractions
released-upon cytolysis. Some of the common conditions which can be
confirmed by clinical enzymology are cardiovascular dlstress, hepatitis,
neurological disease, skeletal muscle necrosis, bone disesse, h&ﬁatOw
logic disorders and normal and cqmplicafed Pregnancy.

Batsokis and Briere (1967) steted thet the origin of enzyme
activity'in_nOnmal serum results from the constant staté of tissue turn-
over. This mekes it ppssible tolestabiish a normal enzyme sctivity |
level, or baseline, for each orgenism. Although enzyﬁes aie;not totelly
crgen specific, an increase sbove the normal enzyme concenbration can
be used in confirming a diagnosis of pathological distress.

LaDue (1958) discusses the methods that have been developed to
study enzyme activity. These methods involve chremsbography, spectro-
photometry and colorimetry. More recent technicological develogments in
the study of enzymes, as discussed by Elevitch (1973), include electro-
phoresis, immugoelectrophoresis, gel filtration, heat‘inactivation and

fluorometry. -

Enzymology
Scme enzymes that are used in the clinical studies of myocardial

infarctions, as discussed by’Zimmérmau and Henry (197hk), are as followa:
glutamic-oxalecetic trenseminese (GOT); glutemic-pyruvic transaminase

(6PT); lactic dehydrogenase (ILDH) and 1ts isoenzymes; and creatine



phosphokinase (CPK) and 1ts isoenzymes. Although glutamic-pyruvie
transaminase can be used for the diagnosis of myocardial infarction, it

is more commonly associated with the detection of liver necrosis.

Principles of Glutemic-Pyruvie Transaminase

Glutemic-pyruvie transsminase (GPT), also known as alanine
aminotransferase, is an enzyme thait catalyzes the following reactien
(Wroblewski and LeDue 1956, p. 169):

(cPm)

Alanine + w=-ketogluterate — glutamate + pyruvate

~———— .
Serum glutamic-pyruvic transeminase. (SGPT) functions in the transfer of
an smino (Nﬁé) group from alanine to form'glutamaﬁeo As described by
Karmen, Wroblewski and LaDue (1955) this reaction, by means of peper
chromatographic procedures (Awapara 1949), can result in the quanti;
tationAof the end products. Wroblewski and Lalue (1956) and Henry et
al. (1960) modified GFT catalyfic reaction in the development of s
revised spectrophot@m@tric method of énalysigg The modification in-
volved tﬁe addition of nicotinamide adenine dinucleotide (MADH,) and
lactic acid dehydrogenase (IDH) to the reaction as shown here
(Wroblewskl and LeDue 1956, p. 569):

(1DH)
lactate -+ NAD

~

Pyruvate + HADHé

In this coupled reaction, lactic dehydrogensse (IDH) is not rate
- 1imiting becsuse it is added in excess. The oxidation of NADHp, de-
pendent upon the concentration of pyruvate, is followed at 340 nane-

meters in a spectrophoteméﬁer and is proportional to GOT activity.



9
GPT in Humen Tissues. Glubtamic-pyruvic transaminase (GPT) con-

centrations in human tissues were found by Wroblewski_'and LaDue (1956,
P. 570) to be gfeater in hepatic th.an other tissues. -Values for each
tissue type, after being converted to. percentages of the total GPT |
activiiy, ‘are revealed rin. Table 2. Their results a.lso show thatr' the
concentration of GPT in the heart ranks third of the tissues tested.
From thelr findings it was ﬁypethesized,that since réyocardial GPT
activity is minimal, the use of 'GPT in diegnosing hepatocellular damage

is made more confirmative,

GPT in Bovine Tissues. The distribution of GPT in bovine

tissues wes reported by Cornelius snd his associates (1959, p. 12h).
Thelr results, after conversion to percentages of the total GPT activily
are revesled in Teble 2, Unlike GPT activity in ﬁmans, they found
that in bovine the heart has the highest GPT activity and considersbly-

more than that of the liver.

Table 2, GPF Found in Humen and Bovine Tissuesg®*

Percent of Tobal

Tissues Haman - Bovine
Heart 9.0 45.8
Liver. , 55.8 2.0
Skeletal muscle 6.1 23.4
Kidney 24,1 5.8
Pancresas 2.5 20.6
Spleen 1.5 2.4
Tang 0.9 -
6.1 -

Serum

#roblewski and LaDue (1956, p. 570)



10
Diagnostic Tmportance of GPT. The clinical importance of GPT

as a ﬁeans of disgnosing hepatocellular necrosis was suggested by
Wroblewski and LaDue (1956), was subported by Wroblewski (1957), #nd by
Zimmermen and Henry (197%). Wilkenson (1968, p.  73) states that
“Hepatcgellular demage leads to fhe release into the serum of a number
of"énzymes, of which SGOT and SGPT are the most generally useful fbr
diagnostic purposes. Elevated 1evel§ of SGOT gre found in diseéses of
several other organs but‘the SGPT is ielatively specific for liver
damage.” |

From a report by Wroblewski (1957, p. 692) the.incréase-in serum -
glutamic-pyruvic transeminase and serum glutemic-oxslacetic transaﬁinase
as the result of.tissue.desfructicn in relation tbvinfectious hepatitis
is noted (Figure 2). The study shows elevations of GPT greater than
GOT in all instanceé; Velues for both transaminases "peaked” at U daﬁs
postuigfection and deéreased sharply over the'next 3 days. -
\ The clinical significance of SGPT in cardiaé disorders is re-
pbrtea; by LaDue (1958) and West et al. (1961). Labue (1958, p. 310)
cansed an acute traﬁsmural myocardial infarction in 10 dogs by injeéting
plastic spheres into the cbronary‘sinus (Figure 3). A1l %o 3 fold in-
crease in GPT was noted, which appeared over a period of 4 days post-
infarction. LaDue explained that the values for GOT and IDH showed
greater incresses %hén those.of GPT following tissue damage because of
thelr relatively greéter enzyme concentration In cardiac tissue.

A report by West et al. (»1961) revealed that GPT elevation in
humens occurred in cases where right=-sided heart fallure was evident.

In patients where left-sided failure was manifested, only 1 out of 39
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cases showed increased GPT activity in the serum. This finding by West
shows +that although the eoncentré:tion of GPT in cardiac 'bissr';.e is less
than in hepatic tissue, the diagnostic specificity of GPT in cardisc
tissue is camperable to the diagnostic specificity of glutamic-pyruvate

transaminase in hepatic tissue.

Principles of CGlutemic=-Oxalacetic Transaminase

Glubamic-oxalacetic transaminsse (GOT), also known as aspartate
aminotransferase, catalyzes the following reaction (Kearmen, Wroblewski

and LaDue 1955, v. 126‘):

Aspartate + «=ketoglutarate GOt glutamate + oxalacetate

e

Glubamic-oxalacetic transaminase (GOT) functions in the transfer of an
smino (N‘HQ) group from aspartate to form glutemate. In the same report,
Karmen and associates (1955, p. 131) also Acoupled the following re-

action to ensble the use of a spectrophotcmeter in analysis.

Cxalacetate + DPNHQ ,E@E wmalate + DPY
N

The spectrophotometric assay reaction required the addition of
diphosphopyridine mucleotide. (DFNHQ) end melic dehydrogenase (MDH). The
malic dehydrogenase (MDH) is added in excess so that it is not rate

limiting.

GOT in Humen Tissues. The distribubtion of glubtamic-oxalacetic

trenseminase (GOT) in hwman tissues was determined by LeDue (1958, p.

308). His findings for each tissue type, after being converted to
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percentages of total GOT activity, are revealed in Table 3. ‘The

research by LéDue reveals that GOT is found in the greatest quantities
in heart tissue and in the least quantities in serum, under normal

conditions.

GOT in Bovine Tissueso. The distribution of_Glutamic»oxélacetic
trénsaminase (GOT) in bovine tissues wes determined by Cornelius et al.
(1959, Po 124). Their findings, after beiﬁg converted to percentages
of the totél GPT activity, are also shown in Teble 3., The research by
Cornelius and coworkers reveals that GOT is found in the greatest
quantities in heait tissue and in the least quantities in the spleen,

under normal physiological conditions.

Diasgnostic Importance of GOT. The greater concenbrations of GOT

in heart muscle of mammels led LaDue, Wroblewgki and Karmen (1954) %o
investigate its level in human serutm afbter acute myocarditis. Their
results reveal that GOT activity increases in ﬁhe gserum of patients with
acute transmural myncardial infarction., LaDue and others (1954, p. 498)
found elevated serﬁm'glutamic-oxalaeetie transsminase (SGOT) levels in
a patient after myccarditis (Figure 4). SGOT increased 2 to 20 times
the normal 1evel'within 2L hours and returned to normel within 3 to 6
_daysrafter the infarction. Since this discevery? the»cliﬁical signifi-
cance of GOT in heart disease has been supported bj Steinberg and'v
Ostrow (1955), Demney et al. (1956), ShaEetal, Iglaner and Anderson
(1957), West, Eshchor and Zimmermen (1966), Coodley (1970), Zimmerman

and Henry (1974) and others.
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Table 3« GOT Found in Human and Bovine Tissues*

Percent of Total

Tissues Human Bovine
Heart 30.4 33*5
Liver 27.8 16.4
Skeletal muscle 19.4 15.7
Adrenal - 15.4
Kidney 17.8 9-3
Spleen 2.6 3-5
Pancreas 2.0 6.1
Serum 0.0

*LaDue (1958, p. 308)

500
250
100
SCOT
Activity
Units
20

Normal. Range,

Days after Myocardial Infarction

Figure 4. SOFT Levels Following Myocardial Infarction. (LaDue,
Wroblewski and Karmen 1954, p. 498)
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The clinical significance of SGOT in dlagnosing liver disease as

- reported by Wroblewski and LeDue (1956) has been discussed to seome

degree earlier in relation to SGPT. Zimmerman (197%) discusses the
clinical value of the SGOT and SGFT ratio in distinguishing a specific
- hepatic disorder from other pathological conditions. Their findings
_ for hépatic disorders, myocardisl infarction and progreséive muscular

dystrophy are shown in Figure 5 (Zimmerman 197k, p. 828).

Principles of Lactabe Dehydrogenase

Lactate Dehydrogenase (1DH) catalyzes the hydrogen transfer
involving the re&ucﬁién of pyruvate to lactate in the following re-

action (Meister 1949, p. 528):

+ LDH

Pyruvate + NADH + H = ILactate + EAD+

. This reversible reaction, also discussed by Wroblewski and LabDue (1956),
Pavors the production of lactate and mDT in wmost instences. If IDH is
supplied with pyruvate and NADH, the resulting enzyme activity ls pro-
portional to the oxidation of the NADH. This reaction, as described by
Wacker, Ulmmr and Vallee (1956), has a narrow range of pyruvate and
WADH for maximal enzymé activity. Becsuse of this, Wacker and his

associastes (1956, p. 453) proposed the use of the reverse reaction:

Lactste + WD 28 pyryvate + NADH + H'

e

In the presence of a sufficiéntly alkaline nedia, with excess
quantities of lactate and NAD provided, the reaction favors the reduc-
tion of NAD to NADHp and the formatlon of pyruvate. IDH activity can

then be quantitated by the rate NADHp is produced.
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LDH in Human Tissues. The distribution of lactate dehydrogensse

(LDH) in humen tissues was determined by LaDue (1958, p. 308). His
data is shown in Teble 4. LaDue's results show that kidney end heart
have the greatest concentration of IDH while serum has the least con-

centration of IDH., -

IDH in Bovine Tissues. The distribution of lactate dehydro-

gensse (LDH) in bovine tissues was determined by Cardeilhac and Cardeil-
hac (1962, p. 294), Their findings are shown in Teble k4. These data
were taken from a cow with leukemia and do not represent the precise

normal level for the species.

Diagnostic Importance of IDH. The clinical significance of IDH -

begsn when Wecker and coworkers (.1_9-56). discovered that the level of zinc
and the activity of zinc enzymes changed markedly after myoeardial
distress. Thelr study revealed that an increase in lactate dehydro-
genase, a zinc ;nzyme , was related to a significent é.ecrease in zine
concentration occuring in human serum after myocardiel necrosis. Théir
results vere 0 conclusive that Wacker and essocistes (1956, p. h49)
stated that ”"c;heseichanges oceur early in the course of the disease and
are 80 characteristic and marked tﬁat they have proved to be valusble
adjuﬁemts to the diagnosis of myocardial infarction.”

The enzymetic activity thaet Wacker and coworkers (1956, p. 451)
reported for two “typical“. patients with acube myocardial infarétien
are shown in Figﬁlré 6. They found that serum lactate dehydrogenase
activity in patlents with proven myoccarditis was elevated 2 %o 10 times

normal levels, They alsoe found that although the actbivity valuss



Table 4. 1DH Found in Human and Bovine Tissues*

Tissues
Heart
Liver

Skeletal
muscle

Kidney
Spleen
Lung
Pancreas

Serum

*LaDue (1958, p. 308)

Serum
LDH

600

500

400

Activity 300

200

100

Normal Human Tissue
(Units per
gram of wet tissue)

221,600

94,700

160,200
281,800
108,800

73,600
131,200

470

Normal Range,

Days after Infarction

Figure 6. LDH Activity in Two "Typical” Patients
(Wacker et al. 1956, p. 449)

Infarction.
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remain sbove normal for pericds of 1 40 2 weeks, maximel lactate
dehydrogenase activity occurred on the second or third day after the
infarction.

Research by Ruegsegger et al. (1959) involving graded myocardial
infarction in dogs, supports the findings Qf'Wacker and associates
(1956) . Ruegsegger and coworkers (1959) placed silk‘sufures avound
branches of the coronary artery of mongrel dogs. After the enzyme
levels due to the surgery had subsidad, the subtures were tightened
causing pulmonary ertery ligation followed Ey myocardial traume. Their
results revealed that the total LDH levels in the serum'increased Qi£h=
in 6 to 10 hours after occlusion of the arteries and remained elevated
for 3 days. This informatien and the data collected after autopsy,
which compeared greams of tissue per infarction 10 elevation of enzyme
getivity per infarction, supports tissue leskage as the cause of in-

creased serum enzyme levels,

Priuciples of Lactate Dehydrogenase Iscenzymes

Lactate dehydrogenase "isoenzymes® as nemed by Wroblewski, Ross
end Gregory (1960) or "isozyme® as named by Markert and Moller (1959)
consist of 5 fractions (Vesell and Bearn, 1961). Cohn {1967) discusses
the separaticn of the different moleculsr forms of the same enzyme and
states that separation can be demonstrated immunologically, kinetically,
chronetbographically aond electrophoretically. Cohn also relstes that
isoenzyme separation is simplified by5mea§s”¢f electrophoresis which
regults in zones of enzymatic activity that can be quantitated by
optlcal means. Elevitch (1973) agrees with Cobn (1967) thet electro-

‘phoresis is the method of cholce for separating iscenzymes,
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parviculsrily those of LDH, He'also stateé that rapid technicological
developmenté have slowed the acceptance of isoenzymes as a diagnostic
aid. | |

Elevitch (1973) diséusses the principle of the reaction which |
enables quantitatidn of the LDH fractions that haﬁe been separatéd into .
5 isoenzymes by agerose film electrophoresis. The following reaction,
by Eleviteh et al, (1966) and shown by Elevitch (1973, p. 229) is the
reversal of the reaction reﬁorted by Wroblewski and LaDue (1956):and

Henry et al. (1960).

Lactate + MaDY IDH-I180 poryvate + NADH + HT

gm0t

-~ As described by Elevitch, LDH isoenzymes act as a catalyst between the
reaction of lactate and the nonfluorescent NAD™ which yieids fluorescent
NADH, His findings show that the emount of fluorescent NADH produced is
proportional to the amount of lactate converted 1o pyruvate. Because
the LDH activity is also proportional to the amount of lactete converted
t0 pyruvate, éuantitation of ﬁhe isoenzyme activity is possible by

fluorcmetric scanning of NADH,

LDH Isoenzymes in Humen Tissues. The heterogenic nature of:

lactic dehydrogenase (1DH) activity in human serum wag observed by
Vesell and Bearn (1961) and Seyre and Hill (1957). .Their originai
studles indicated that there were only 3 IDH isoenzyme fractions, but
with new techniques, the actusl nﬁmbei of LDH isoeniymes was found to
~be 5 (Wroblewski, Ross and Gregory, 1960). Additional research by

Vesell and Bearn (1961, p. 587) determined the isoenzyme concentration



in a number of human tissues. Their values; as gshown in Table 5, are

average percentages ofv total LDH activity,for each tissue indicated.

IDH Isoenzymes .in Bovine Tissues, Aside frmn the heart, many

of the IDH isoenzyme levels in bovine tissues have not been reported. |
Research by Appella and Markert (196.1) » using beef hea:rt , found that

' IDH isoenzymes could be separated into 4 very similar polypeptide
subunits. Using the ncmenclautre proposed by Cahn et al., (1962), these
h subunits are represented by a c@n‘bma‘tlon such as HHMM or HMMM.
Appella and Ma.rker't algo noted that the subunits could be separated

- into 2 classes on the basis of éha,rge, ag indicated by Cehn, et al, as
HHHH end MMMM. They also stated that sorting the subunits of the 2
classes into all possible combinations of 4, would result in 5 ise-
enzymes, which during electrophoresis are Separa:ted"by charge. They
also sta‘ted that the cembination of 5 isoenzymes of IDH is thé number
cammonly snalyzed in several meommals.

Cahn et al, (1962) used H to indicate the subunifs of IDH
primarily found in the heart tissue and M to indicate the subunit of
IDH primarily found in the skeletal ‘musAcle ‘cissueor Their repdrt also
included the 5 possible LDH isoenzyme combinations discussed by Appella
and Merkert to be as follows: HHHH, HHHM, HHEMM, HMMM, and MPM
Figure 7 represents data by Cahn and associates (1962, p. 967) involving
the separation of ILDH isoenzyﬁes from serum for 6 species, 4 of which

show 5 LDH isoenzyme ccambinations.

Diagnostic Importance of IDH Iscenzymes. Vesell and Bearn

(1961) along with Sayre and Hill (1957) hypothesized that 1f each of the



Table 5. Lactate Dehydrogenase Isoenzyme Activity in Humen Tissues®

.22

Percent total activity

Tissue Pesk 1 Peak 2 Peak 3 Peak b  Peak 5
Heart 73 2l 3
‘Kidney b2 hs5 11. 2
Liver b 8 27 24 37‘
' Skeletal muscle 5 ki 78
Hemolysate 43 l&l&‘ 12 1 |
" Vhite blood cells 12 49 33
*Vesell and Bearn (1961, p. 587)
(-) 18 12 6 2 18 (+)
' Mouse | | I Ff |
Rat }YI | T
Beef . Df | | I
Pigeon Bl& o] T
Chicken Nf T

Figure 7. 1DH Isoenzyme Electrophoresis for Six Species. (Cahn et al.

1962, p. 967)
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electréphoretica.lly demonstreble isoenzymes v}ere derived from different
tissues, then disease states involving a single organ would result in
elevation of the isoenzyﬁ:e deriveq from that tissuea. This hypothesis
was »suppbrfced by the aﬁalysis of blood serum frem patients with myo-
cardial infarction and leukemia by Vesell and Bearn (1961). A summery
by Zimmerman end Henry (1974, p..855) of the dia.gnoslt_ic specificity of
IDH isoenzymes under both American and Europea.n nemenclsture is shown

in Table 6., As is indicated by the "+ under both isoenzymes L’DH5 a:ad
LDHh (American nmnencla.ture) or IDH; and IDH, (European nemenclature) s
a myocardial infarction results in a moderate elevation of the 2

isoenzymes in the serum of the patient.

Principles of Creatine Phosphokinsse

Creatine phosphokinase (CPK), also known as creatine kinase
(CK), edenosine triphosphate (ATP)-creatine phosphorase ‘anvd ATP-creatine
phosphotransfersse, has been determined by several methods., ého s
Haslett and Jenden (1960) measured CPK activity by means of a titri-
metric method vhich quantitated the hydrogen ion liberation rate in the‘
c'onVefsion of adenosine triphosphate (ATP) to adenosine diphosphate
(ADP) ., Hughes (1962) estimated CPK activity using colorimetric pro-
cedures which involved the determination of color intensity after a
reaction involving creatine. Sax and Moore (1965) developed a method
for del‘bermining' CPK' activity by fluorémetric procedures invélving a .
reaction bétween cregbine phosphate and ninhydrin to form a fluophor
which has fluorescense. Both the colorimetric and fluorcmetric methods
measure the ciuanti’cy of creatine and creatine phosphate formed per unit

of time. Oliver (1955) proposed a spectrophotometric method of



Table 6, Nomenclature of IDH Isoenzymes'with Corresponding Iﬁcreases

for Various Diseases*

2k

Nomenclature

American

€0t o ot o w3 6D O € 66 T O A 7 T e e e B B T A R SO TS B N ) £ 652 S D e ©3 G 46 S O B0 G B DA Gue e D M e e €8 I TO €3 50

Myocardial
infarction

Pulmonary
infarction¥*

Congestive
heart
failure

Viral ;
hepatitis

Toxic
"~ hepatitis

Cirrhosis

Leukemia,
granulocytic

Pancreatitis

Carcincmatosis
- (extensive)

Megaloblastic
- anenisg

Hemolytic
anemisa

Mascular
“dystrophy

¥Zimmerman and Henry (1974, p. 855)

¥¥In pulmonary infarction, LDH3 may be elevabed



measuring oxidized nicotinemide adenine dinucleotide phosphate (NADF')
linked by. a reaction to CPK concentration. A similar Vspectrophotmnetric
procedure proposed by Tanzer and Gilvarg (1959), involved measuring the
redﬁced nicotinamide adenine dinucl;eoﬁidé (MADH) which is also linked by
& reaction to the CPK concentration.. -

A need for improved sensitivitjr in the’spectrophot@metric
measurement of CPK led Hess, Murdock and Natho (1968) to develop a new
procedure., Their procedure, which follows, is based on the technique
proposed by Oliver (1955) and is a result of the modification of the
work reported by Nielson and Iudvigsen (1963) and Fleisher, McConakey
and Pankow (1955). :

The method reported by Hess, Mardock and Natho (1968) ' imfolves
the uée of CPK to. initiate the stepwise reaction. The following
reactions shown by Hess et al. (1968, p. 89) results in a spectrophoto-

metric analysis of the CPK activity.

ADP + creatine phosphate CFK ATP + Creatine R(1)

gm———

ATP + glucoge hexokinase ADP + G-6-P R(2)

D

G-6-P + WADP G-6-PDH ¢ rnosphogluconate + NADPHo R(3)
s

Whére ATP = adénosine triphosphate, ADP = adenosine diphosphate,
G-6-P = glucose 6=-phosphate , G=6-PDH = glucose 6-phosphate deh&dro—-
genase, NADP = oxidiéed nicotinemide adenine dinucleotide phosphate
and‘NADPH' = reduced nicotinsmide adenine dinucleotide phos@hateo

The NADPH that is produced to terminate the reaction has an |

absorbancy at 340 nancmi_eters , as reported by Heas et al. (1968), vhich
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cen be linked to the cataiyziﬁg activity of CPK for quantitation. This
is poséiblé -only because the A‘TP (r1) formed is proportional to the CPK
'presen't;, and thé enzymes, hexokinase and G-6-PDH, follow in a like manner

to form G-6-P (r2) and NA.DPHQ-(R3) respectively.

CPK in Human Tissues. In a report by Hess et al. (1964), that
was aimed ét defining more clearly the clinical'applications and
limitations of serum CPK activity, the human tissue CPK activity levels
were determined. The values, which are indicated in Table 7 frca Hess
et al. (1964, p. 1023), show that skeletal muscle, heart and cercbral
cortex contain the grea.teét' concen‘l;ration of CFX activity. A similar
report by Dawson end Fine (1967) also includes humen tissue CI_’K a.étivity

levels that support the findings of Hess et al. (1964).

CPK in Canine Tissues. Because of the relatively recent

development of CPK determination methods, the concentration of CPK

- activity in bovine tissues has not been re;pbrted;, The report by Hess

et al. (1964) does include a determination for CPK activity in tissues
of ‘the canine species. From their datas in Table 7, it is possible to
see that humen and canine tissue levels for CPK activity are the highest
in skeletal muscle and heart, followed by brain and smooth' muscle, It
can be ﬁoted that both speci’e$ have neg]igible'amounts of CPK activity
in the liver, kidney, lung, etc. A similarity betwéen species in re=-
lation %o the corresponding tissue levels, is supported by these data
and the previously discussed correlations between bovine and human
tissues. ’Ufon anslysis, bovine tissues would bprésumably contain similar

concentrations of CPK activity as compared to canine and human tissues.
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Table 7. A Comparison Between Human and Canine Tissue CPK Activity®

Mean Activity per Milligram of Soluble Protein
(x 10-Y% International Units)

Tissues Human Canine
Skeletal muscle 18,405 30;@3
Heart | 5,543 13,34k
Brain 3,3%k 3,514
Uterus 759 =

 Gellbladder 555 763
Pylorus 12 =

~ Iung 0.5 0
Spleen - 263
Kidney - 0.16
Liver - 0.03

*Hess et al. (1964, p.

1023)



Diagnostic Importance of CPK. Serum CPK was introduced as a
specific diagnostic aid by Ebaski et al. (1959) for progressive muscular
dystrophy patients. A second report fran the same group, Okinaka et al.
(1961), supported the earlier findings in addition to stating the
importance of CPK in diagnosing neuromuscular diseases. The first
indication that CPK activity was elevated as a result of myocardial
infarction and skeletal muscle disease came from Hess and MacDonald
(1963). Their findings were supported by a second report by Hess et al.
(1964) . They found that serum CPK activity, 8 hours after the onset of
chest pain, related to myocardial distress. The maximal serum CPK
activity occurred at approximately 36 hours and then rapidly decreased
to a nearly normal level at 72 hours after the onset of pain. This
pattern of serum CPK activity following myocarditis, is shown in Figure
8 from Hess et al. (1964, p. 1019). A summary by Zimmerman and Henry
(1974, p. 860) of the diagnostic significance of serum CPK following
myocardial infarction supports the early studies by Hess and associates.

CPK ,
I. U. (x10 )

o¢t, v,/ v/ /7 / s/ / "mal”Rknge'7/
1 2 3 4 5 6

Days

Figure 8. Serum CPK Determinations Following Acute Myocardial
Infarction. (Hess et al. 1964, p. 1019)
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Principles of CPK Isoenzymes

CPK isoenzymes were first separated by Sjbvall and Voight
(1964) . Methods of separation included starch gel electrophoresis as
discussed by Smithies (1959) and agar electrophoresis according %o
Wieme (1959)° Their results indicated that CPK from extracts of humen

muscle end brain could berseparated into 4 bands. Rosalki (1965) used
cellulosé acetate membrénes as discussed by Cohn (1967) to separste CPK
from the humen heart into 2 distinct bands. In 1966, Van der Veen and |
7 Willebrans‘used agar.gei electrophoresis (Wieme 1959) and applied |
nitroblue tetrozoliﬁm (NBT) for a colorimetric determination of the '
existence of 3 CFK iséenzymes in extracts of humen and rat tissues.

One of the latest developments in the separation éndvmeasuring
of the isoenzymés of CPK is the spplication of electrephoresisren
agarose gel and scanning bj flnorcametric procedures. The technigue, as
. proposed by Elevitch and Brownlaw in Elevitch (1973, p. 24k) is a
cqmbination of the LDH isoenzyme fluorametric procedure (Elevitch,l973)
and the spplication of the CPK.spectrophotometric procedure (Hess,
Mardock snd Natho 1968). The reaction for CPK isoenzyme separation is
'és follows: |

Creatine phospﬁate + app CFE-I80 reatine + ATP (Ri)
e, e
ATP + glucose Hexokinase ¢ g p 4 app (Rp)
—_—
G-6-P + NAD Ejé:EEE NADH + 6-phosphogluconate (R3)

p————

H

Where ATP = adenosine triphosphate, ADP = adenosine diphosphate, G=6-P

glucose 6-phosphate, G-6-PDH = glucose 6-pnosphate dehydrogenase, NAD%
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oxidized nicotinamide adenine dinucleotide and HADH = feduced nicotin- |
amide adenine dinucleotidea In this reaction, the substitution of WAD
for NADP in R3 is made because the activity of NAD has a lower degree
of nonspecific activity and a higher degree of fluorescence and linear-

ity than NADP.

CPK Isoenzymes in Humen Tissues. The creatine phosphokinase

isoenzymes in human tissues has been reported by Dawson and. Fine (1967,
Do 176). Their findings include a comparison of the tissues fram an

infant to those of an adult (Table 8).

YCPK Isoenzymes in Various Msmmalian Tissues. CPK isoenzymes
'(Cle, CPKp and CPK3) have been reported bsr Van der Veen and Willebrands
(1966) . Their report indicates a strong similarity between species 1n
the distribution and activity »of CPK isoénzymes in specific organs. The
data represented in Erfable 9 fram Van der Veen and Willebrandg (1966, P
314) shows the distribution of CPK isoenzymes in the rat. Additional

“information s, not represented in the teble, bﬁt stated by Van der Veen
and Willebrands es "extracts of dog and humen muscles show the same CPK
isocenzyme pattern as rat muscle extract e_xcept that human muscle con»-=
tains a very small amount of fraction IL'I"

A comperison of Tables 8 and 9 show that CPK isoenzyﬁes in the
human heart (CPXo aﬁd CPK3) are the seme 2 isoenzymes found in greatest
sbundence in the rat heart. Based on these data, the analysis of normal
bovine tissues would ,presxmaaﬁly reveal similar éoncentratior;s of CPX

v

igoenzyme activity.



Table 8. CPK Isoenzyme Distribution in Humens
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Tissues - CPK; CPK, CPK3
Mascle, Adult = 4 ol
Heart, Adult = K a3 s
Mascle, Infant = s .
Brain, Adul‘b Bhaans ‘b - -
Bladder N aud - -
Thyroid - o - -
Kidney e e e - -

*Dawson and Fine (1967, p. 176)

Table 9. CPK Isoenzyme Distribution in Rats*

- Tissues CPKy, CPXp CFK3
Heart muscle I o S
Skeletal muscle - - R
Brain it - +
Liver + - -
Kidney + - -
Iang + - -
Spleen + - -

‘Red blood cells

i+

*¥Van der Veen and Willebrands (1966, p. 31k)
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. Diagnostic Tmportance of CPK Iscenzymes. 'The repbr't by Van der

Veen and Willebrands (1966) was the first to include evidence that CPK
isoenzyme pétterns were altered as a result of myocardial infarction.
Thelr findings revealed that CPKp and CPK3 increased as a result of
myocardifis in humans. Xonttinen and Scmer (1972) report measuring the
CPK iscenzymes in 21 patients with uncomplicated myocarditis. Their .
findings, like thbse‘ of Van der Veen and Willebrands, revealed that the
totdl serum CPK elevation after myccardisl infarction is the result of
increases in CPKp and CPK3. Some sdded informstion from the report by
Konttinen andv Somer shows that even though both isoenzymesA were ébove

the normal level, the increase in CPK3 was greater than that of CPKp.

Blood, Cell Studies
A report by Davidsohn and Nelson ((197?4-)' summarizes the employ-
ment o.f hematologic examination as being'an integral element in the
clinical description of practically every disease. Scme of the tests
used in hematology are packed cell volume (PCV), cysmmethemoglobin ,-
total white blood cell (WBC) counts and differential white blood cell

cCU.nt$o . . . PN ) 3

Principles of PQV and Cyanmethemoglobin

| Da.vidséhn and Nelson (1974, p. 115) refer to packed cell volume
(Pcv) as hematocrit and define it as ™the volume of erythrocytes ex-
pressed as a pericen’ca,ge of the volume of whole blood in a sample.” A
 colorimetric method of measuring oxyhemoglo’din, ‘known as cyanmethémo»—

globin, is reported by Davidsohn and Nelson. The hemoglobin is converted
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to a derivative and then quantitated by both transmittance and optical

density.

Diagnostic Importance of PCV and Cyanmethemoglobin

- The clinical importance of PCV and cyanmethemoglobin are dis-
‘cussed by Robbins (1974). These procedures are primarily used for
diagnos:ingl a loss of red blood cells, which is ’cefmed enemia,,

Robbins (1974). reports the symptoms resulting from the loss or
destruction of red blood cells to' include weakness, malaise and easy
fatiguability. BécauSe RBC's and hemoglobin are related, it has been
noted that dyspnea caumonly follows mild exertion in anemia, due to |
the decreased oxygen content of the circulating blood.

Principles of White Blood Cells and
Differential White Blood Cells

Total white blood counts (WBC), also referred to as a total
_ leukocy'te count, was reported by Davidsohn and Nelson (1971+); The total
number of WBC's are calculated per cubic millimefer of' blood.,
Differential leukocyte counting, by means of bloed films, was
discussed by Seiverd (1964). The WBC's are counted and divided into
basophils, eosinophils, .nautropﬁils, lymphocytes and monocytes.

Diagnostic Importance of Total WBC and
Differential WBC Counts

The clinical importance of WBC's was discussed by Davidsohn and
Nelson (1974). fThe study of leukocytes is undertaken, primarily to
help establish a diagnosis, although they may also be used to-study the

course of a disease.
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Leukocytosis refers to an increase in the total WBC count. An
increase in each of the leukocytes is termed basophilia, eosinophilia,
neutrophilia, lymphocytosis and monocytosis.

Bagsophilia is seen most frequently in allergic reactions,
chroﬁic granulocytic leukemia and myeloid metaplasia. Basophilia may
be present in chronic hemolytic anemis and appears with eosinophilia in
some infections.

Eosinophila is seen in allergic diseases, skin disorders, blood
digeases, infectious diseases ahd parasitic infestations. Davidson and
Nelson note that eosinophilia is more pronounced if tissues are invaded
by thé,parasites, as in trichomoniasis. They also report that increased

eosinophil counts have been demonstrated in relation to Taenia saginata

cysticercosis.

Neutrophilia (an elefated neutrophil count) is primarily in-
fluenced by the rate of cell formation and release from the bone marrow
versus .the rate of heufrophil destruction, Physiologicallyg.the cells
increase in number as the result of conditions that do not involve
severe tissue dsmage. These conditions include exercise, hypoxia and
stresso‘

| Lymphocytosis occurs in relation to a decrease in neutrophils.
Inereased numberé are also present in‘sevéral infections; but primerily
in the later stagesvof the diseasea Some of the disorders where lympho-
cytosis is evident include examthemas (such as rubella), brucellosis,

secondary syphilis and congenital syphilis.
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Monocytosis generally occurs during recovery from acute infec-
tions, but mey appear with subacute bacterisl endocarditis. It may also

be present in mycotic, ricketitsial, protozoel and viral infections.

Discussion
The clinical importancé of serum enzymes, SGPT, SGOT, ILDH, LDH
isoenzymes, CPK and CPK isoenzymes, has been discussed in relation to
the diagnosis of myocardial distress in memmals. It is with this knowl-
éd ge that the following research project, invqlving the analysis of

the effects of Taenia saginata cysticercis on bovine myocardial tissue

by the determination of enzymatic activities and blood cell studies, ‘

has been undertaken.



' METHODS AND MATERIAILS

This problem involves the daiiy analysis of levels of serum
glutamic-pyruvic transsminase (GPT), glutamic-oxalacetic ‘bransaminase‘
(GOT), lactate dehydrogenase (ILDH), lacta;te dehydrogenase isoenzymes,
creatine phosphokinase (CPK) and creatine phosphokinase isoenzymes, in

calves in association with Taenis sagina’ca cysticercosis. Daily blood

- cell studies, including packed cell volume (PCV), cyanmethemoglobin,

" total white blood cell counts (WBC) and differential white blood cell
'éounts, were also undertaken to further ascertain the effect of the
infection on the experimental animals.

The experiment began on January 3, 1974 and continued for 38
days‘., Bleeding of each a.nima.l, followed by completion of all analyses
(GPT, Goér, PCV, WBC, etc.) within 10 hours after the sempling. Infec-
tion occurred on January 11, .19714- providing the study with baseline
values over sn 8 day period. The study was terminated on February 9,

bl97)+, 30 days after infection. Termination of fdhe experiment also marked

the end of 38 days of "normal®™ values from the control animals.

Resea.rch Animals .

Number, Age and Sex

Four male and 4 female Holstein calves, ranging in age from 6
to 7 months, were used to make up 2 groups . The ma.l;as, were used as
- experimental é.nimals while the females served as controls,
36
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Confinement Facilities

The experimental animals were maintained in separate pens at
the Veterinary Scieﬁce isolation Facility located at the University of
Ar;zona’s Campbell Avenue Farm. The control animals were maintained in
a single-confinement at the Uhiversity.of Arizona's Dairy Farm. En-
vironmental temperature could not be controlled. The daily highs and’

Jlows throughout the research period are reported in Appendix B.

Nutrition

Botﬁ groups of enimals received daily iations of dairy calf
starter, puréhased frqm-Arizona Feeds, which contained 18.75 milligréms
of‘chlortetracycliné per pound. In addition, the female conitrol group
réceived a'faﬁion of alfalfa hay daily. Both groups were also supplied

with mineral blocks and water ad libitum.

Equipment and Handiing

Three Weeks prior to the experimental period, each calf was
supplied with a halter which remained in place until the research ter-
mingted. During this conditioning period, with the use of a lead r§pe
and halter, eachJanimal was acclimated daily to the equipment used in
the resesrch. This‘eqnipment included a squeeze chute for males and a

" gtanchion for femseles to confine animals'while procuring blood samples.

Infection Procedures

Artificial Hatching
"Prior to infection bf the experimental animals, a percentage 'of

the Taenia saginata eggs to be used was determined to be mature. The
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proeed];re eraployed to evaluate the viability of the eggs involved the
artificial hatching process as follows:

- 1. An aliguot of eggs was washed by placing them in & conical
centrifuge tube containing normel saline. V. After centrifuging for 3
minutes st 1000 revolutions per minute, the saline was decanted.

2. Fresh normal saline was used to suspend the eggs, to which
15 milliliters of 1 ipercent acid pepsin solution (1 milliliter concen-
tration HCL end 1 gram of pepsin in 100 milliliters of distilled water)
was added.

3. After covering tightly, this suspens;ion was placed in a 39
to 42 degree Centigrade water bath for approximstely 2 hours. Frequent
shal{iné during this period aszsisted in unsheathing the ova, as observed
by miércscopic exsaniﬁationo ’

b, After incubation and shaking, the eggs were centrifuged at

| 1000 revolutions per minute for 2 minutes, allowing the acid pepsin to
be removed. |

5. A 10 miliiliter semple of artificial intestinal juice, made

from the following chemicals, is thoroughly mixed with the eggs.

Pancreatin 500 milligrams
Cholesterol 10 milligrams
Sodium tauro- ' ‘
glycocholate 500 milligrams
Trypsin o 20 milligrems
Sodium bicaibonate ‘ 500 milligrems
Distilled water _ 50 milliliters

6., ¥Five milliliters of fresh bovine bile was added to the

artificial intestinal juice to increase the efficiency of the hatching.
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T. After covering tightly;, the eggs were incubated at 39 to 42
degrees Centigrade, with frequent shaking, until mbtility of the embryo

- determined viability.

Innoculation

Two intraruminal innoculations of Taenia saginata eggs were

- given, injecting 1/2 of the eggs each time. The first innoculation
occurred immediately after'feedingo The second innoculation occurred
}i hours later when the animals had emptied their rumen and prior to the

next feeding. A 16 gauge L4 inch needle was used in giving a total of

750,000 Taenia saginata eggs t0 each of the b experimental animals.

Sampling Procedures

Bleeding
Female controls were bled first, with the use of a stanchiong

followed by bleeding of male experimental animals, in a squeeze chute.
Blood samplés were taken from the jugulér veins, alternating the site
of puncture from high to low and right to left sides of the neck.
Collections were made using both 10 and 4 milliliter vacutainérs by
means of a 20 gauge l inch vacutainer needle.

The 10 milliliter vaéutainers, containing the collected plasma
and no chemicals, weré allcﬁed to coagulate before ’chey were centrifuged
at 1800 revoiutions per minute for 20 minutes. The s-‘ep‘arated serum wes
drawn off using Pasteur pipettes and meintained at 8 degrees Centigrade
until used. These serum samples were used solely for enzyme analysis

where stability only beccmes a factor after 24 hours.
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The b milliliter vacubainers, containing oooh_, milliliters of 15
percent EDTA, as an anticoagulant and 0.008 milligrams of potassium
_sorbate as an antimycoltic agent, plus +the collected plé_.smg, were used
‘only for the blood cell studies. These include packed cell volume
(PCV), cyarmethemoglobin, total white blood cell counts end differential
white blood cell counts where stability is normally not a factor whén

canpleted within 2 hours of procurement.

Enzyme Studies

Substrates used wére_ Pfizer Nzyme reagent kl’cs :for ultravielet
(UV) kinetic determination of sem enzymes, glutemic_-'pyru_vidc trans-
aminase (GPT), glutemic-oxalacetic transaminase (GOT), lactate dehydro-;
genase (IDH), and creatine phosphokinase (‘CPK) . All changes in optical
density foz; each enzyme ﬁer_e measured in 1 centimeter guaxrtz cuvettes
by a Zeiss M4A IIT spectrophotometer at 34O nanometers. This equipment
was not equipped t0 maintain a constant temperature in ’che'reaction
chamber. As a substitution step, a circulating water ‘ﬁath was insti-
“tuted in which témperatures to the nearest 0.1 degree.Ceﬁﬁigrade were
taken immediately prior to density readings. Five readings from the
spectrophotometer were taken at 30 second intervals against a blank
which énabled readings to be btaken on the linear part of the indicator
scale. Calculations of GPT, GOT, LDH and CPX activity were made using
a 1 minute period where the optical density readings i-rere constant.

Pipetting equipment used in reconstitution of revagents and
spectrophotoametric procedures included glass serologicva,l- pipettes and

Eppendorf automatic pipettes. : Serological pipettes were used primarily
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for the measurement of substrate fractions while the Eppendorf pipettes

were basically used for serum allocation.

" Serum GPT and GOT

Pfizer (1973c¢c) credits the glutemic-pyruvic tra.psamina,sé re-
| action to Wroblewski and LaDué (1956); in their 1973b Bulletin, Karmen,
Wrobleﬁski and LeDue (1955) are noted for the glutamic-oxaslacetic trans-
aminage reaction. These principles are utilized by Pfizer in prepa.z'a;-
fion 'of Pfizer Nzyme Substrates for use with a spectrophotometer.

Pfizer Nzyme GPT and GOT substrates were reconstituted by add-
ing 15 milliliter_s of deionlzed water i:o each 5 deterﬁzination reagent
vial, The .-serological test procedures are .i.dentical for both GPT '@d
GOT and were ccmpletéd as follows: | 7 - |

| 1. After sufficient time for both substrate and cuvette to ad-

Just to water vath temperature, 2.5 milliliters of substrate and 0.2
milliliters of seﬁmm were placed in the acclimé.ted cuvette and mixed by
~gentle inversion.

2. The cuvette was iminedi'a'tely_ returned to the weiter bath for
approximately 1 minute incubation time.

3. Following incubation, the outside of the cuvette was dried
befoi‘é placing it in the spectroi)hotameter ceil holder and readings
taken, 'I.’he. temperature of the water bath was reéérded immediately

following removal of the cuvette fram the bath.
Serum IDH
Pfizei' (1973d) employed the use of lactate dehydrogenase re-

actions proposed by Meister (1949) and Wacker, Ulmer and Vallee (1956)



‘in establishing Nzyme Reagent Procedures for IDH quantitation ‘by
speqtroiahot@netric methods. Pfizer Nzyme IDH substrate was reconsti-
‘tuted by adding 15 milliliters of deionized water to each 5 determin-
ation reagent vial. The serological test procedure for determining
IDH activity wé.s as followss

1. After adequate time for both substrate and cuvette to ad-
Just to water bath temperatﬁre, 0.05 milliliters of serum was added to
the acelimated cuvette which contained 2.65 milliliters of substrate.

| 2. After mixing by gen‘ble inversion and placing in 4& cell

holder, optical density readings were immediately taken. The tempera-
ture of the water bath was »recorded to the nearest 0.1 degree ‘Cen-tiu
gfa,cie,, immediately following removal of the cuvette from the bath.

Absorbance changes. of IDH that are greater than 0,100 per minﬁ’ce
at 340 nancmeters in a spectrophotameter indicate higﬁ activity and can
reéﬁl't in non-linear readings. When -'this occurs, as in bovine with its
high IDH concentration, serum sample volume is decreased. Normally,
. 2,5 milliliters of substrate and 0.2 milliliters of serum results in
.accura.te readings, but if this ratio is too high, a mixture of 2.65
milliliters of substrate and 0,05 milliliters of serum can be used.

The final results are multiplied by a factor of k.

‘Serum CPK
To obtain spectrophotemetric analysis of CPK, Pfizer (1973a)

applied the principles stated by Oliver (1955) and modified by Hess,

Murdock and Natho (1968). Pfizer Nzyme CPK substrate was reconstituted

by adding 15 milliliters of deionized walter to each 5 determination
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reagenftrvial° The serological test procedure for determining CPK
activity was as follows:. |

l? After sufficient time for both suﬁstréte and cuvette to
adjust to water bath temperature,_2;5 milliliters of substrate and 0.1
milliliters of serum were placed in the acciimated cuvette and mixed
by gentle inversion.

2. The cuvelte was then returned to the water bath for approx;
imately 5 minutes incubation time. |

3. Tmmediately after inecubation, the outéide of the cuvette
was dried, followed by placing the cuvette in the cell holder of the
spectrophotometer whére readings were taken. The teﬁperaxure of the

bath was also recorded following removal of the cuvette fraa thevwa.tero

Control Methods Used in Enzyme Determination

Reconstituted normal and abnormal Metrix Clinical Chemistry
‘Control Serums were used daily to check enzyme analysis procedures.
This was completed prior to gquantitation of each spectrophotometrically

determined enzyme.

Isoenzymes
Anslytic Chemists, Ine. (ACI) fluorcmetric reagent kits and

agafose £ilnm were used in the determination of serum lactate dehydro-
genase isoenzymes and serum creatine phosphokinase isoenzymes. The
electrophoresis cell ﬁas of double chambered construcfipn made of
plastic-with metallic’electrodes that served as aﬁode (+) and cathode

(-). This unit was charged with the use of a Heathkit power'éupply
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equipped with both variable voltage and amperage. All fluorcmetric |

scanning was done using a Turner fluorcmeter.

IDH Isoenzymes. Analytical Chemists, Inc. (1972b) attributed

the method of lactate dehydrogenase isoenzyme separation, by electro-
» phoresis, and quantifation, by fluorcmetric procedures, to Elevitch
et al. (1966) . The procedure for the separation of LDH isoenzymes by
electrophoresis was‘ as follovs:
| | 1. Using a Hamilton syringe and disposeble tip, 1 micreliter
(«1) of each of the 8 serum samples >was placed respectively in the 8
wellé of a preformed ACI Agarose Universal electrophoresis fiizﬁo
2. The film was electrophoresed Vat 120 volts, 12 to 16 milli-
‘amperes for 1 hour and 45 minutes using Bechman's Buffer B-2 at pH 8.8.
This Buffer contained 0.35 percent EDTA
3. A 5 milliliter serological piﬁette was used to disperse the
ACIT »reagent evenly over the film. This was accomplished by dispensing
the "reagen-t along the anode (+) edge of the film in front of a pipette
plaéed horizontallj on the film. The pipette was rolled to the cathode
( ) edge in a single smooth motion. '
b, The film was mcubated in a humid chamber for 20 minutes at
38 degrees Centigrade followed by drylng for 20 minutes in a hot air
oven at 65 degrees Centigrade.,
5. After drying, the film was cut in’co 8 strips, each contain-
ing the IDH isoenzymes from a single sample_o These weré immediately

taped on the turning drum of the fluorcmeter and scanned.
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CPK Isoenzymes. Elevitch and Brownlow (published in Elevitch
'1973) dévélqped the enzyme catalyzed reactions uSedbby Analytical
Chemists, Inc. (1972a) to report the following electrophoretic separa-
tion and fluorcmetric quantitation of creatine phosphokinase isoenzymes.
Some aspects of the procedure were identical to those of IDH isoenzyme
determination '

1. Using a Hamilton syringe and disposablg tip, 1 microliter
(41) of each 8 serum samples was placed respectively in the 8 wells of
ar preformed ACI Agsrose Speciai erpoée electrophoresis f£ilm.

2. The £ilm was electrophoresed at 90 volts, 4 to 7 milli-
amperes for 42 minutes at pH 8.8 using Bechman's Buffer B-2 without
EDTA.

Steps 3 through 5 for CPK isoenzyme electrophoresis and sca.nw.

ning are identical to those listed under IDH iscenzymes.

Calculations

The calculation of GPT, GOT, IDH and CPK activity required the

use of the following equation:

A A/minute x assay volume x 1000
" extinction coefficient x lightpath (em) x sample volume

= mU/ml sample

A A equals the change in absorbance s extinction coefficlent of NADH
equals 6.22 co®/ mole at 340 nanmmeters, lightﬁath equals 1 centimeter
and 1 milliunit (mU) equals 0.00L international units (U). Because
water bath temperatures varied, calculation of GPT, GOT, IDH and CPK

| activity at a constant temperature of 25 degrees Centigrade required
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the rmltiplication of the equation results by the factors for the re-
corded temperature. These factors for Nyzme GPf, GOT, LDH and CFX are
shown in Tables 10 and 11. |

The calculation procedure used for IDH isoenzymes' and CPK iso-
enzymes was developed during the i_:mzrse’ of this prqjecto This procedure

(Appendix A) enables the use of a map measurer scaled in centimeters

(cm) o
Blood Studies
PCY
The procedure used in determining the packed cell volume is as
follows:

1. Unheparinized capillary hematocrit tubes were filled more
than half way with mixeé. whole blood. J

2. The end used in fill:ing was then sealed with -clay before
placn.ng the eapillary tubes in a mlcrocentrifugeo |

3. A:f“ter centrifuging :f.‘or 5 mlnutes the PCV was de'termined.

by a hematocrit scale.

\ Cyanmethemoglobin

Hycel reagents were used to Vdetermine the oxyhemoglobin perpent~ ’
age for each sample; by cyanmethemoglo.bin px'oc:ed.u;.res° The steps employed
in -colorimetric determination of cyenmethemoglobin are as follows: '

' l; A solution, known as Drabkin'’s Diluent, was made containing
the fqilpwing chemicals, which were dissolved in 1000 milliliters of

distilled water.



Table 10. Temperature Conversions for GPT and GOT#

k7

, Factor for

Factor for

. Temperature GPT GOT
250 ¢ 1,00 1.00
26° ¢ .93 .93
270 ¢ .86 .86
28° ¢ .80 .80
299 ¢ - Th .T5

- 300 ¢ .69 .70
31° ¢ .65 .66
320 ¢ .60 .61
339 ¢ 97 »58
340 ¢ .53 o5k
350 ¢ .50 . «5l
360 ¢ AT b8
370 C il b5

*¥Pfizer, Inc. 1973c and 1973b respectively
Table 1ll. Temperature Conversions for LDH and CPK¥ -
' , Factor for Factor for

Temperature LDH CPK
250 ¢ 1,00 - 1.00
269 ¢ .90 N
270 C .83 .88
280 ¢ .76 .82
290 ¢ .70 oTT
300 ¢ .65 .72
310 ¢ .61 6T
320 C 57 .62
330 C -5k o7
340 ¢ 51 223
359 ¢ 48 A9
360 ¢ 45 M5
379 ¢ 42 h2

*Pf‘izer,_ Inc, 1973d and 1973a respectively



Sodium bicarbonate | "~ 1.0 grams
Potassium cyanide : 0.05 grams
Potagsium ferricyanide 0.20 grams

2. Using a hemoglobin pipette, 20 cubic millimeters (cmm) of
whole -plasma was added t§ a test tube containing 5 milliliters of
Drabk.in's Diluent. h

3. After a 10 minute incubation period, the optical density was
read at 540 nancmeters with é spectrophotometer, using a blank con-
taining only Drabkin's Diluent.

40 The following formuls was used to calculate the gram percent
hemoglobin. o |
| Hemoglobin OD x K = Gm % Hemoglobin

0D = optical density, K= 36,79 end Gm = grams.

Total WEC-
White blood cell counts were completed with the use of hemo-
cytometers . This process was as follows: .
| 1. A 1 to 20 dilution of whole plasma to solution was made with
/the use of a white blood cell pipette. The solution used in diluting
the plasma was made as follows:

Glacial acetic acid 2 milliliters

1% aqueous Gentian
violet 1 milliliter

Distilled water 100 milliliters
2. The pipette was rotated to mix the contents for 3 minutes.
3. Several drops of diluting fluld were discharged from the

pipette before counting chambers of the hemacytometer were filled.
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k., The leukocytes were counted in each of the 4 large corner
squares, of the hemocytometer. ZEach of the large Squares was divided
into 16 smaller squares. | _

5. Calculation of the leukocyte count (WBC's per cubic milli-

liter) was determined by using the following equation:

Leukocyte count (cells/cmm) "Icg% x d x 10

S e
¥ 3;
. e

Where cc = cells counted, d = the dilution factor; 10 = the factor

transforming surface area of square millimeter to the volume in cum.

WBC Differential Counts

Differential white blood cell counts, by means of blood films,
were discussed by Seiverd (1964). This method involves the use of glass
nicroscopic slides on which a blood smear, defined ag having a tailing,

has been made. The procedure for the differential white cell count

. follows:

1. A blood smear was made and allowed to dry on _ﬁa«'mic"roscopic

slide.

2, Wright's stain was applied to the slide for 3 minutéé s then
diluted with deionized water for 6 minutes.

3. Distilled water is used to rinse excess stain from the slides.
The slides were allowed to air dry.

k., Using a microscope with an oil immersion lens, 100 WBC's were
counted and dividéd into basophiis, eosinophils, neutrophils, lympho-

cytes and monocytes.
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" Cysticercus Counting Procedure

- Following termination of the research period, the It infected
Aexperimental animals were sacrificed. The carcass , head, tongue,
diaphragm, hanging tenderloin, esophagus, heart and liver were weighed
and refrigerated in a freezer at O to 2 degrees Cénti@adeo »

During the following 7 days, all muscular tissue of the 1&‘ car- .
casses was boned "by quarters and weighed. From each quarter, a 15 per-
cent sample was taken in which all cysticerci were counted. This pro- .
cedure ensbled the approximation of the cysticerci per pound of muscle
tissueo A complete counting of. the cysticerci in the 'prgserw{e_d organs

terminated the analysis of the infection.

Methods of Datas Analysis

Initially, raw data from ‘f:he experimental and control groups were 7
tabulated in bound record books. With the use of a calculator, a,ll
‘recorded enzyme optical density readings Wefe converted to milliunits
(zm) of enzymatié activity. These data, including blood cell studies,
| were entered on IBM data sheets for key punching.

Analysis of the dats was completed in 2 formsor The first graphed
all enzyme activity by days, to provide a gross means of examination. -
The second was an extensive analysis of variance of all data by means
of a Nova 45 computer program.

Analysis of variance ineluded 3 different approaches to the data.
The .firs“c was a comparison of éex difference, by mean values, between
" the 2 groups over the initial 8 day baseline period. This correlation
included a compérison of treatment versus control values over the entire -'

30 day infection period. The second approach divided the 30 day



experimental period into 3, 10 day'interirals in which mean values for
each variable were determined. The third approach involved breaking

the entire 38 'day project into 5, 7 day periods by eliminating day 1,

9 and 38, This provided the project with 5 periods of normel values

from the control group and 1 period of baseline values follcwedA by by
periods of treatment values from the experimental group. Mean values
for all varisbles were determined for each period.

| These methods of analysis enabled a camparison of baéeline to
experimental values, baseline to control values and experimental %o |
control values froam the reseai'ch animals. These procedures allow the

presentation of the findings acgquired throughout this study..



RESULTS

Number of Cysticerci Found in Bovine Tissues

Data from the calves infected with Taenia ssginata eggs revealed

that all examined tissues were infected with cysticerci., These find-
ings, as reported in Table 12, are averages obtained from the total -'

number of cysts found in the 4 experimental animals. Other tissues in

which Taenia segingtba cysticerci were noted, but not counted, inéluded '

lung, kidney and brain.

Cysticerci in Heart and Liver

The greatest number of cysticerci found in any single tiséue

were located in the hearts of the infected animals. An example of the

physical appearance of Taenls saginata cysticercosis in heart tissue is
shown in Figure 9°  Other tissues, such as the liver and esophagus,
were observed to contain less than 1/10th the nmumber of eysticeri found

in the heart. Figure 10 shows the appearance of Taenia saginata cysti-

cercosis in liver tissue. In tissue, cysticerci appear as white ovoid

structures.

Enzyme and Blood Cell Mean Values for
Male and Female Holstein Calves

Normal Enzyme Values for Males and Females

Normal enzyme values for serum glutamic-pyruvic transaminase’
(GPT), glutemic-oxalacetic transeminase (GOT), lactate dehydrogenase
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Teble 12. Average Number of Taenia saginata Cysticerci in Various

Tissues
. Average Average : Average
Meat Weights ' Number of © Number of
Tissue in Pounds Cysticerci Cysticerci
' per pound
. Heart 3. 35 111
Henging :
tenderloin o 0.7 21 30
Diaphragnm 1.1 28 o 26
Tongue : 1.1 26 2l
Head 2.0 Ly 23
- Liver 6.0 60 10
Esophagus . 0.6 6 10
Right Fore
Quarter 4o.3 398 10
Left Fore " ‘ .
Quarter 40.3 392 - 10
Right Hind
Quarter 43.8 360 - 8
Left Hind

Quarter - ho.6 : 313 7

Total Carcass 182 1995 11




Figure 9«

Figure 10.

Bovine Heart Infected with Taenia saginata Cysticerci

Bovine Liver Infected with Taenia saginata Cysticerci
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(IDH) and creatine phesphokinase (CPK) are shown in Table 13. Mean
values, expressed in percentages, for the isoenzymes of lactabe dehydro-
genase (IDH) and creatine phosphokinase (CPK) are reported by European
 nomenclature in Table 14, |

" Exemples of the separation patterns for IDH isocenzymes and CPK
isoenzymes are shown in Figures 1l and 12, respectively. These figures
are oniy typical®™ and do not represent the mean values of isoenzyme
separation for Holstein calves, |

Analysis determined that several enzymes investigated demon-
etrated a significant difference.between sexes, (The significant level
is 0.05 unless otherwise indicated). As indicated by the estericks in
Tables 13 and 1%, these enzymes are GPT, CPK and isoenzymes CPK, and

CPKSo

Normal Blood Cell Values for Msles and Females

Normal blood cell values for packed cell volume (pev), cyan-
methemoglobin, and total white blood cells (WBC) are shown ;‘Lﬁ Table 15.
The mean values for white blood cell differential counts are reported
in Table 16.

Analysis determined that packed cell volume (BCV) and. cyanmet-
hemoglobin values were significantly different between sexee° fhese

results are marked by astericks in Table 15.

Increased Significsnce after Infection in
Variables Having Sex Significant Differences

Several variables, in both enzyme and blood cell studies,

demonstrated sex significant differences. These differences appear to
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Table 13. Normal Mean Activity Values (in milliwnits) for GPT, GOT,
IDH and CPK in Male and Female Holstein Calves

I.U./ml x 10~3

Enzymes Male Female
apT 7,812 10.030%
GOT 20.025 22,021
IDH 212,427 221,691
CPK 15,802 2h,621%

¥indicates significant difference between sexes

Table 14. WNormal Mean Activity Percentage Values for IDH Isoenzymes
and CPK Isoenzymes in Male and Female Holstein Calves

Peak number

1 2 3 i 5

Male- IDH

isoenzymes 36.2 27.6 16.9 10.0 9.3
Female~ IDH : _

isoenzymes 35.2 27.3 7.1 10.5 9.3
Male- CPK

isoenzymes 30.1 29,7 ho.2 - -
FPemale~ CPK :

iscenzymes 27.7 24, 8% L7 .5% - -

*indicates significant difference between sexes
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Lactate Dehydrogenase
Isoenzymes

o>

Figure 11. '"Typical"™ IDE Isocenzyme Separation for Bovine
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Figure 12. "Typical" CPK Isocenzyme Separation for Bovine
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increase after the infection with Taenia saginata eggs. GPT, CPK,, CPK3
and.cyanmethemoglobin_changed in significance fram the 0.05 to 0,01
level of prdbé.‘bility°

Significant Differences as a Result of
Taenia saginata Infection

Analysis of the data obtained from calves infected with Taenia

4 sggigata'cysticerci revealed significant alterations in both enzyme and

blood cell activities. Significant increases in serum enzymes glutamic-

 oxalacetic transaminase (GOT), lactate dehydrogenase (IDH), IDH iso-
enzyme 3; IDH isoenzyme 4 and IDH isoenzyme 5 were accompanied by sig-

nificant increases in eosinophils and.monocytesr(Tablé 17).

Discussion of Results

The'high rate of Taenia saginata cysticercosis experienced by
‘the infected‘experimental.animals suggests pathological distress as
indicated by the results. These alternations, which occurred after ‘the

infection, were noted in both enzyme and blood cell studies.

Enzyme Alterations

Increased levels of serum glutamic-oxalacetic transaminase (GOT)

occurred over a period of 1 to 7 days and 14 to 21 days following in-

fection with Taenisa saginata»eggso The first‘increase appéars t0o be
correlated with the migrabionAand eStablishment of thé hexocanth embrycé
A lesser alterations duiing the second increase, seems to be interrel-
ated with the advanced growth during the larval stage. |

. A surge in serum iéctate dehydrogenase (IDH) activity during the

7 to 21 day period following infection seems to confirm a correlation
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Table 15. Normal Mean Blood Cell Values for PCV, Cyarmethemoglobin

and WBC in Male and Female Holstein Calves

Blood Cell Studies Male Female
Packed Cell Volume (PCV)

(percent of total plasma) 34,0 30,0%
Cyanmethemoglobin '

(grem % hemoglobin) 12.46 10.65%
White Blood Cells (WBC)

(per milliliter) 11846.0 10723.0

*indicates significant difference

between sexes

Table 16. Normal Mean Blood Cell Percentage Values for White Blood Cell
(WBC) Differential Counts in Male and Female Holstein Calves

Male

White Blood Cells Female
Basophils 0 o
FEosinophils 3 1

Neutrophils v
Stabs 0 0
 Segs 25 23
Lymphocytes 69 73
Monocytes 3
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Table 17. Significant Alternations as a Result of Taenia saginata
Infection '

Baseline Post-Infection with Taenia saginata eggs

Variables Period 1 Period 2 Period 3 Period 4 Period 5
SGOoT | » XX X
IDH ’ ' XX XX v

. 1DH, XX oo S ¢
. IDH) o N , XX XX |
IDH; | XX
Eosinophils - | XX XXX
Monocytes X XX

(Infection)

Significance at the 0.10 level

X =
XX = Significance at the 0.05 level
XXX = Significance at the 0.0l level

Period = T7.days o
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between cysticerci developments and tissue necrosis. This post-infection-
interval has been reported as the fastest period of growth for the

Taoenia saginata cysticerci and its associated encapsulation.

A rise in iscenzymes LDH3, IDH) and IDHsg (European ncmenclature)
also occurred as é possible reéult of the infection. These increases
were demonstrated at varioﬁs periods throughout the 1 to 30 day post-

innoculation interval. |

Increases in IDH isoenzymes are useful in confirming patho-
logical conditions. Reports fgveal that increases in IDH isoenzymes L
 and 5 appear in correlation with congestive heart fail‘ure,‘ viral and
toxic hepatitis as well as_liVer cirrhosis. It has also been noted that
& surge in LDH isoenzymesr3, L and 5 are interrelated to pulmonary in-
farction or embolism; An incréase in LDHﬁisoenzymes 1 and 2, which did
not occur, would have been confirming evidence for myocardial infarc-
tion due to the massive invasion of cardiac tissue by the cysticerci of

Taenia saginata.

Blood Cell Alterations

Increased levels for both eosinophils and monocytes wére noted -
during the post-infection period. These conditions, referred to as
eosinophilia and monocytosis, appeared to progress as the ggggig.
saginata cysticerci:continued to develop.

It has been reported that eosinophilia occurs és a result of
parasitic infestation, blood diseases, infectious diseases and cysti-
cercosis. Monocytosis vhich generally occurs in acute infections, has
also been noted in subacnte bacterial endocarditis és well as protozoal

and viral infections.
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Sunnharx :

' 'Glutémic-pmvic transaminase, glutamic-oxalacetic transaminase,
léctate dehydrogenase and its isoenzymes, creatine phosphokinase and |
its isoehzymes, ﬁacked cell volume, cyammethemoglobin, total white bhlood
_cell counts and differential white blood cell counts were employed to

determine the effect of Taenis saginata cysticercosis on bovine myo-

cardial and other tissues. These determinations were conducted daily
“over a 38 day period, which was dividéd into a 7 day baseline and a 30
dayv post—infecﬁion peribd. |

Blood samples, fram 8 Holstein calves, were éollected'frcm the
Jugular vein by mea.n;.s of vacutainer tubes and needles. Serum for enzyme
evaluation was obtained by centrifuging the samplgs at 1800 revolutions
per minute for 20 minutes. |

Methodoiogy used throughout the research required the use of
the following equipment. A Zeiss MiQ III ensbled kinetic de’termina:tion
for spec’;rophotoznetric enzyme quantitations. An elec’crophoresis ceil
and Turner fluorameter were used for isoenzyme separation and fluoro;-
metric scanning., Capillary tubes containing whole plasma were centri-;
fuged to determine the packed cell volume. Darbkin's Diluent through
colorimetric procedures enabled hemoglobin approximation. Hemocytom- |
'é'ter s were used to» report the totai white blood cell count and blood
sinears , prepared with Wright's stain, enabled differential white blood
cell counts.

Data for ra,ll/ variablgs w'a,s first analyzed by graphing procedures

for overall examination. Secondly, a Nova 45 computer -program was
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utilized to calculate mean values through which significant alterations
were deter.mined° ) |

Findings appear ﬁo iﬁdicate‘significant enzyme increases for
glutamic¥oxalacetic transaminase, lactate dehydrogenasé_and lactate
dehydrogenase isoenzymes 3, 4 and 5. Results also suggest a significant
eosinophilia and.monocytosié coinciding with development of Taenia
saginata cysticerci.

Suggestions to aid in further study include a larger, hetero;
geneous group of research animals, longer experimentai periods, environ-

A mental temperature controls and a more explicit evaluation of the histo-

pathology of various tissues involved with Taenia saginata cysticerci.
Institution of o ~hydroxybutyric dehydrogenase enzyme analysis by
spectrofluorametric procedures might aid in assessing bovine myocardial

distress as a result of cysticercosis.



APPENDIX A
CALCULATION OF ISOENZYME FRACTIONS

Due to the uncertainty commonly assoéiated. with determining
small areas with a planimeter, the' following procedure was developed to -
measure the isoenéyme fractions in this study. |

1.  Graph paper on which the fluorometer traced iscenzyme
fractions was attached to typing paper and Xeroxed. |

2. From the Xeroxed copies, transparencies were produced,

3. With the use of an overhead projector, the isocenzyme
fractioﬁs were projected onto a blackboard, from a constant distanéeo
The enlargement factor was thereby constant, elimjlnating image distance
as a varisble. |

h. TIsoenzyme fractions ‘were' traced and then quantitated with
a map‘ mea.surer_', scaled in centimeters.

5. Mean values were calculated from the percentages of each

isoenzyme.



APPENDIX B

TEMPERATURE VARIATIONS

Temperature -

~ Date : Research Date Eigh Low |
1/3/7h 1 57 28
1/%/ 74 2 56 3
1/5/7h 3 58 ‘ Lo
1/6/7h L 62 37
7/ 5 58 43
18/ 6 6 b1
1/9/4 7 2 us
1/10/74 8 58 ko
1/11/7% 9 Infection 62 28
112/t 10 © 28
1/13/74 1 | ke 30
1/1h/7h - 2 | T 30
1/15/74 - | 13 | 81 30
1/16/7s ik L 80 3k
1/17/7h 15 76 36
1/18/7h : 16 ' 72 . 35
1/19/7h 17 o 73 33

65
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2/ 9/ Th

‘ . Temperabure
Date Research Date High Tow
1/20/7h 18 76 38
1/21/7h 19 63 35
1/22/74 20 63 - 29
1/23/7h4 21 59 ei:-
1/2h /74 22 62 o7
1/25/7h 23 66 28
1/26/7h 2l ,'68 31
1/27/7% T 25 56 39
1/28/74 26 61 ol
1/29/74 27 67 23
i/3o/7l; 28 | Th 29'
1/31/7h 29 Th 26
2/1/7h4 30 73 30
2/2/74 31 71 29
2/3/74 32 - 68 2l
2/l /7h 33 75 25
2/5/7h 3k 75 29
2 /6/7h 35 62 28
2/7/ %6 56 21
2/8/74 3T 56 17

38 70 19
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