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THE SUPPOSED INVOLVEMENT OF DOGS
CARRYING BRUCELLA SUIS IN THE SPREAD
OF SWINE BRUCELLOSIS

B. KORMENDY and Gy. NaGY

Central Veterinary Institute, 1149 Budapest, Tabornok u. 2, Hungary
(Received January 20, 1982)

Reappearance of brucellosis in a pig production unit re-stocked with brucellosis-free
sows and boars after liquidation of the original infected stock is reported. Epizootiological
investigation and laboratory tests revealed that a watchdog, which had been kept in the unit
for several years and had had contact with the liquidated herd, was Brucella carrier and acted
as source of the infection. The dog was serologically positive, and a Brucella suis type-2 strain,
identical with that isolated from a pig fetus aborted during the outbreak of brucellosis in the
sow herd, was isolated from its organ homogenate in guinea pigs.

Brucella canis infection, responsible for abortion in bitches, was origin-
ally described by Carmichael and Bruner in 1968. In the meantime much
information has been accumulated on the epizootiological and immunological
aspects of the disease.

The epizootiology of other canine Brucella infections has been little
studied. Prior (1976) presented bacteriological evidence that symptomless
dogs carrying B. abortus served as reservoirs of the agent. Bicknell and Bell
(1979) isolated B. abortus from the urine of a house-dog, which had acquired
the infection probably from a nearby cattle herd affected by brucellosis.
Harrington and Brown (1976) reported B. suis type-1 infection in a dog
without pursuing the case history.

We, too, observed B. suis infection in a healthy-appearing male dog,
and describe our pertinent investigations, which suggest a mediator role of the
dog in swine brucellosis, in this paper.

Case history

A large pig unit was re-stocked with a new breeding herd after liquida-
tion ofthe original infected population. For re-stocking, 200 gilts were procured
from a brucellosis-free herd, and 6 breeding boars from another “clean”
unit.

Before introduction into the unit, the gilts had been quarantined in
distant premises for 35 days and inseminated and examined serologically
during that period. The results of serological screening were negative, and
the gilts were established in the unit which had been evacuated for 3 months,
anti thoroughly cleaned and disinfected.

1 Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



4 KORMENDY and NAGY

No signsindicative ofbrucellosis were observed during the first pregnancy
of the gilts. Serological screening, performed after the first farrowing, showed
them to be free from brucellosis, leptospirosis, and Aujeszky’s disease.

The 6 breeding boars were sold after the first mating cycle to a brucellosis-
-free pig farm. All were clinically healthy, and serologically negative for bru-
cellosis at sale and for one subsequent year.

For the second mating cycle, 7 boars were procured from the herd of
origin of the sows; that herd had been free from brucellosis for several preced-
ing years. The newly-procured boars were used for natural breeding. During
the second breeding cycle, 3 sows aborted their fetuses between days 103 and
106 of gestation. Two of them had 80 IU/mI anti-brucella agglutinin in the
serum, and all 3 had complement-fixing (CF) antibodies. Eleven days after
the abortions, we demonstrated 268 IU/m| anti-brucella agglutinin and specific
CF antibodies in the serum of one of the 7 boars, which, however, did not
show any clinical indication of brucellosis. Of 15 examined sows, 12 had CF
antibodies to brucella and 3 had agglutinins. Fifty-three days after the first
abortions, some sows aborted again, and Brucella suis type-2 antibodies were
demonstrated in the miscarried fetuses.

Epizootiological investigations on the source of infection covered 4
draught horses used earlier in the unit for fodder transport, a 6-year-old male
watchdog keptin the unit for several years, the village boar sire, and all pigs
privately owned by the farm attendants for backyard rearing (further on
referred to as backyard pigs).

The horses and the village boar sire gave negative results in both the tube
agglutination and CF test. Provocation of the backyard pigs with brucergene
also failed, but the dog showed positive CF reaction, up to 1:80 serum dilution.

Materials and methods

Two urine samples were taken from the watchdog, a clinically healthy
male mongrel, at an interval of 2 weeks. The samples were centrifuged at
3000 r.p.m. for 20 min, samples from the sediment were transferred to 5%
bovine blood agar and Difco tryptose agar, and were incubated at 37 °C in
an atmosphere containing 10% CO02. The remaining urine sediment was sus-
pended in saline, and 2 guinea pigs, weighing 300 g, were inoculated sub-
cutaneously with 1 ml of the suspension (Alton and Jones, 1967).

The dog was killed, and after examination for gross lesions, 1 g specimens
taken from the spleen, liver, testicles, epididymides and pelvic lymph nodes
were suspended by grinding in 10 ml saline solution. The pooled organ suspen-
sion was centrifuged, and the sediment was used for culturing and inoculation
of guinea pigs as above.

Ada Veterinaria Academiae Scientiarum Hungaricae 30, 1982



ROLE OF DOGS IN THE SPREAD OF SWINE BRUCELLOSIS 5

One of the two guinea pigs inoculated with urine and one of those inocu-
lated with the organ suspension was killed at 8 weeks, the other at 87 days,
after inoculation. The carcases were examined for gross lesions, and spleen
suspensions of each were used for brucella isolation as above.

To determine the genus of the isolates we performed the following tests:
indole, urea, catalase, oxidase production, citrate utilization, methyl red and
Voges—Proskauer tests, nitrate reduction, glucose oxidation and fermentation,
and test for motility, all as described in the manual of Cowan and Steel (1975).

The colonies of the isolates were tested for S and R phase, C02require-
ment, H2S formation, growth in the presence of basic fuchsin (1:50,000;
1:100,000) and thionine (1:25,000; 1:50,000; 1:100,000), agglutination with
monospecific brucella A and M sera as described by Morgan and Gower (1966),
and for agglutination with R serum according to Skinner and Lovelock (1979).

Results

No gross lesions were found at post-mortem examination of the dog.

Brucella grew out neither on streak plates inoculated with the urine
sediment, nor on those inoculated with the mixed organ suspension.

The 2 guinea pigs inoculated with urine sediment showed no gross
indications of brucellosis at post-mortem examination, and attempts to isolate
Brucella from their spleens also failed.

However, the guinea pigs inoculated with the dog’s organ suspensions
showed at autopsy swelling of the spleen and granulation of its surface; the
granules were coarse, greyish-white, and did not rise above the surface. The
liver, too, was slightly swollen owing to serous oedema, and there were a few
yellowish, non-prominent pin-prick foci on its surface.

On the streak plates inoculated with spleen suspensions on blood agar
and tryptose agar, Gram-negative, Kgdster-positive coccoid bacteria, forming
greyish, transparent, honey-drop-like, prominent “S” colonies the size of
a pinhead, grew out after incubation for 5 days in aerobic conditions.

The isolate showed oxidase, catalase and urease activity, but did not
produce H2S. It neither decomposed nor oxidized glucose, did not produce
indole from tryptophan and reacted negatively in the methyl red and Yoges-
Proskauer tests. It reduced nitrate, but did not utilize citrate, and showed
no motility. It did not form colonies on media containing basic fuchsin or
1:25,000 thionine, but grew well in the presence of higher dilutions (1:50,000;
1:100,000) of thionine. It was not agglutinated by the Brucella M monospecific
type serum. On the basis ofthese criteria, the isolate was identified as a Brucella
suis type-2 strain.

Acta Veterinaria Academiae Scienliarum Hungaricae 30, 1982



6 KORMENDY aad NAGY

The B. suis type-2 strains isolated from the aborted pig fetuses agreed
in every respect with those isolated from the dog through a passage in guinea

Pig-
Discussion

In a sow herd originating from a brucellosis-free stock, we observed
abortions due to Brucella suis type-2 during the second breeding cycle.Serologi-
cal screening showed that the sows which had aborted, and one of the 7
boars used for breeding, were infected by Brucella.

Since the first pregnancy and the first farrowing of the sows had been
uncomplicated, and post-farrowing serological screening for Brucella had had
negative results, we postulated that the infection had taken place during the
second pregnancy. Carriership could be ruled out with certainty,for the boars
used for the first service, and those used for natural breeding in the second
cycle also had originated from a brucellosis-free herd. We therefore looked for
the source of infection in the unit itself.

The draught horses used in the unit for fodder transport, the village
boar sire, and the privately owned backyard pigs of the farm attendants all
proved to be serologically negative for brucellosis. However, the watchdog
of the unit, a 6-year-old male mongrel, was serologically positive, and the
strains isolated from its organs by experimental infection of guinea pigs
represented the same B. suis biotype as the isolates obtained from the aborted
pig fetuses.

We thus concluded that the source of Brucellainfection in the originally
brucellosis-free herd was in all probability the watchdog, which had presum-
ably acquired the infection from the previous sow herd, liquidated on account
of brucellosis.

Like other investigators, we found that the B. suis infection caused
neither symptoms, nor gross lesions in the dog. Unlike others, we failed to
isolate Brucella from the urine ofthe dog, but this does not, of course, exclude
shedding of the pathogen with dog urine in certain periods.

The fact that isolation of Brucella from the pooled organ suspension of
the dog was successful only after a passage in experimental animal, indicates
that only few viable cells of B. suis may have been present in the organs of
the carrier.

This accords well with our assumption that the dog had acquired the
infection from the pig herd liquidated 2 years earlier.

Acta | eterinaria Academiae Scientiarum Hungaricae 30, 1982
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ANTIBACTERIAL EFFECT OF VOLATILE FATTY
ACIDS ON ENTEROBACTERIACEAE IN THE LARGE
INTESTINE

L. Prohaszka and F. Baron

Veterinary Medical Research Institute, Hungarian Academy of Sciences, 1143 Budapest,
Hungaria krt 21; Public Health Station of County Somogy, 7400 Kaposvar, Fodor J. tér 1,
Hungary

(Received January 25, 1982)

The volatile fatty acid- (VFA-) associated antibacterial activity of the large-intestinal
contents of healthy rabbits and swine was studied in vitro. Strains of bacteria (Salmonella,
Shigella, E. coli, Proteus) belonging to Enterobacteriaceae were used. VFA concentrations
(70-120 mmol/kg) of intestinal contents inhibited bacterial multiplication within the pH
range of 6.0-6.5, but this inhibitor activity disappeared above pH 6.8. The 55 species of bacte-
ria studied in vitro showed identical sensitivity to the antibacterial activity of VFA.

In large-intestinal contents of rabbits and swine the intensity of antibacterial activity
was similar at identical pH values. According to results obtained by studies on faecal samples
of humans, an antibacterial action of VFA in the large intestine of humans can also be postu-
lated. The role of VFA-associated antibacterial activity of intestinal contents in the patho-
mechanism of enteric infections is discussed.

During earlier investigations we have observed that VFA in the caecal
contents of healthy rabbits exert an inhibitor activity on the multiplication of
E. coli. Caecal contents of diarrhoeal rabbits exhibit decreased or no anti-
bacterial activity. This leads to an excessive multiplication of E. coli bacteria
resulting in the death of rabbits (Prohaszka, 1980; Prohaszka and Baron,
1981). This observation raises the question whether the antibacterial effect
of VFA also plays a role in the pathomechanisms of diseases caused by other
bacteria, and whether intestinal contents of other species of animals also show
the above phenomenon. The present investigations were aimed at elucidating
these questions.

Materials and methods

Species of bacteria belonging to the Enterobacteriaceae family were
studied. The strains used and their numbers are shown in Table I. Some of
the strains were maintained in the laboratory. Among the E. coli strains there
were ones belonging to human enteropathogenic serogroups (026: K60/B/;
055: K59/B/; 0125: K70/B/ and those of serogroups pathogenic to swine
(06: K53/L/; 0138: K81; 0139: K82; 0141: K88; 0149: K88, 91). Other strains
were isolated from human faeces 2-4 weeks before the experiments (fresh
isolates). These partly derived from patients exhibiting clinical symptoms

Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



10 PROHASZKA ami BARON

(diarrhoea), partly from symptomless individuals. We do not consider necessary
to indicate the origin and to give detailed characterization of the strains since
they behaved uniformly during the experiments, and no distinction could
be drawn between them.

Intestinal contents derived from 2 species (rabbits and swine) were
studied. The samples were obtained from healthy individuals showing no
symptoms of enteric disease.

Table |
Strains of bacteria used in the experiments

Salmonella typhimurium
Salmonella enteritidis
Salmonella Oranienburg
Salmonella derby
Salmonella bareilly
Shigella sonnei

Shigella flexneri
Klebsiella pneumoniae
Klebsiella aerogenes

N NN O O R PPN A

Enterobacter cloacae
Escherichia coli

N
N

Proteus vulgaris
Proteus mirabilis
Proteus morganii

P R NN

Proteus rettgeri

55

The rabbits (New Zealand rabbits of 3-4 months of age) received a
conventional diet (18% crude protein, 10% crude fibre), they were bled and
caecal contents were removed. The swine (meat-type hybrids) of 4-5 months
of age received a conventional swine diet (17% crude protein and 3% crude
fibre). From exsanguinated swine the large-intestinal contents were removed.
The samples derived from the two species were processed further in an identical
way. The intestinal contents were autoclaved for 30 min at 120 °C to destroy
the original intestinal flora. Twenty g quantities of the autoclaved intestinal
contents were placed in sterile glass flasks, and the pH of samples was adjusted
to the values shown in Fig. 1 by the addition of 1 N NaOH or 1 N HC1l. To
these samples bacterial suspensions were added so as to adjust the preincuba-
tion bacterial counts to 109g. The culture flasks were sealed with parafilm

Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



ANTIBACTERIAL EFFECT OF VFA ON ENTEROBACTERIACEAE 1

Fig. 1. Antibacterial effect of volatile fatty acids in large-intestinal contents of rabbits and
swine on Enterobacteriaceae at different pH values. White columns, bacterial counts before
incubation; striated columns, bacterial counts after incubation

(parafilm-M, American Can Company) and incubated for 20 h at 37 °C. Then,
the bacterial count was determined for each culture. The water content of the
samples was adjusted to a value similar to that of the original intestinal
contents (70-72%).

From humans, faecal samples were collected and examined as described
above.

Bacteriological studies

Bacterial suspensions were prepared from 24 h cultures with 0.9% NacCl
solution. For determining bacterial counts, serial dilutions were prepared in
PBS. Media containing agar with 5% sheep erythrocytes and lactose were
used for bacteriological studies.

The pH of samples was determined in an electric pH meter (Radiometer
Copenhagen 28), and YFA concentrations with a Hewlett-Packard 5720 A
Gas Chromatograph.

For gas chromatographic analysis, samples were diluted 1:10 in distilled
water, and the pH values were adjusted to 2 by addition of 50% H2S04
The suspension was then shaken for 30 min and centrifuged. To 0.5 ml of the
supernatant 0.5 ml 30% formic acid was added, and 2 [J1 of the mixture was
used for gas chromatographic analysis, under the following conditions: carrier
gas N240 ml/min; hydrogen 40 ml/min; air 250 ml/min. Column packing:
Chromosorb-101, mesh 100-120 (Carlo-Erba). Column temperature: 160 °C.
Injector temperature: 250 °C. Detector temperature: 250 °C.

The total detectable quantity of volatile fatty acids (VFA) represents
the sum of 3 VFA components (acetic acid, C2; propionic acid, C3; butyric
acid, C4), and it was expressed in terms of mmol/kg of wet weight.

Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



12 PROHASZKA aad BARON

Results

Results are shown in Table Il. From rabbits, caecal contents were
examined since these represent the major part of the total intestinal volume.
From swine, colon contents were examined since caecal contents of swine
are negligible.

Faecal samples were examined in order to elucidate the changes occur-
ring during rectal passage, and to show how to estimate data for the caecal
contents on the basis of faecal analysis. Data on stomach and small-intestinal
contents are not shown in Table Il, since these had so low VFA concentrations
(6-14 mmol/kg) that antibacterial effect of VFA cannot be reckoned with in
these portions of the digestive tract.

The large-intestinal contents of swine had by 50% higher VFA concentra-
tion than those of rabbits, and a similar difference was demonstrated between
the VFA concentrations of the faeces. There was a difference also in the
component distribution of VFA between rabbits and swine. In rabbits only
traces ofpropionic acid were detectable, while in swine this fatty acid represented
20—30% of the total VFA.

Large-intestinal contents of rabbits showed lower pHs than those of
swine. The acid character of large-intestinal contents gradually ceased during
excretion, the pH usually became mildly basic. This change can be observed
in both species studied.

Table 11

E. coli counts, pH values and volatile fatty acid (VFA) concentration in intestinal contents of
rabbits, swine and humans

E. coli count VFA C C C.

‘ogio/g PH mmol/kg % % %

) n A SD n A SD n X X~ X

Rabbit caecum 35 1.5 10 5.9 0.15 10 76 12 10 80 8 12
faeces 3.8 0.7 10 7.2 0.22 10 45 20 10 86 2 12

Swine colon 7.2 1.2 10 6.5 0.30 10 112 19 10 60 32 8
faeces 7.8 0.7 10 7.1 0.15 10 78 16 10 67 20 13
Human faeces 7.0 1.2 100 7.0 0.32 10 84 12 10 59 30 11
In Table Il, only E. coli counts are shown since the number of E. coli

bacteria is the most reliable indicator of the intensity of the antibacterial
effect exerted by VFA in the large intestine. Coli counts in large-intestinal
contents and faeces of healthy rabbits were approximately by 31log10 lower
than those for swine, a fact indicating more intensive antibacterial activity
in the large intestine of rabbits.

Data obtained with human faeces show that VFA content and composi-
tion, pH and coli numbers in the large intestine of humans are similar to those
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for swine. On the basis of these results an antibacterial activity similar to that
found in swine must be expected in humans.

Figure 1 illustrates antibacterial activity of VFA in large-intestinal con-
tents of rabbits and swine. When selecting samples of large-intestinal contents,
we chose samples with VFA content characteristic of the species, both quanti-
tatively and qualitatively. Thus, VFA contents of samples derived from rabbits
and swine were 70—80 mmol/kg and 100—20 mmol/kg, respectively.

During earlier investigations (Prohéaszka, 1980), we found that the pH
of samples influenced the antibacterial activity of VFA. Therefore, samples
derived from the two species were always compared at identical pH values
adjusted by us. In previous experiments we found that in healthy and diarrhoeic
individuals of the two species pH values of large-intestinal contents ranged
mostly between 5.7 and 7.4. Therefore, we chose pH values within this range
(data shown in Table II).

The antibacterial activity of caecal contents of rabbits and swine was
tested with 55 strains of bacteria. Results of these experiments can be drawn
together in one figure since all strains behaved in a practically identical way,
and samples derived from the two species also exhibited a similar antibacterial
activity at identical pH values.

At pH 6.0 the numbers of all bacteria remained constant or decreased.
At pH 6.5 the multiplication of bacteria was insignificant, while at pH 6.8 it
reached the degree shown at more basic (pH 7.2) values. The number ofbacteria
developed during the 20 h incubation period was generally consistent with E.
coli counts observed in animals naturally affected by E. coli diarrhoea.

The antibacterial activity of large-intestinal contents was of similar
intensity to all strains of bacteria studied. E. coli, S. typhimurium and Proteus
vulgaris strains cultured in samples containing VFA through 10 passages
failed to develop resistance.

Discussion

Effects of VFA on the intestinal flora were first studied in experiments
conducted with gnotobiotic mice and rats (Berg and Owens, 1979; Byrne and
Dankert, 1979; Lee and Gemmel, 1972; Leegwater et al., 1974; Lewison, 1973;
and Meynell, 1963). There are insufficient data on the role of the antibacterial
activity of VFA in enteric diseases of domestic animals and man. Prohaszka
and Baron (1981) pointed out that in the pathogenesis of diarrhoea showing
mass incidence among weaned rabbits and considered to be associated with
E. coli infection the primary aetiological factor is an impaired transport of
ions due to inappropriate feeding. This disorder leads to a decrease in the
antibacterial activity of VFA in the large intestine, allowing excessive second-
ary multiplication of E. coli bacteria in the intestinal tract. This observation
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suggests that the above mechanism may play a role also in enteric diseases of
other species. The possibility of this pathomechanism was studied in two
species (rabbits and swine) in which the occurrence of enteric diseases is
frequent.

In the large intestine of both species YFA occur in such quantities and
quality that their antibacterial activity must be reckoned with in healthy
individuals. In previous experiments (Prohaszka, 1980) we found that at pH
values occurring in the large intestine at least 50 mmol/kg or more VFA are
needed for the inhibition of E. coli multiplication. Our results obtained so far
indicated that the large-intestinal contents of rabbits and swine always
contained the amount of YFA required for antibacterial activity.

The present results indicate that the VFA in the large intestine have an
inhibitor activity to not only E. coli but also other members of Enterobacteria-
ceae (Salmonella, Shigella, Proteus, Klebsiella). From the experimental results
it appears that the intensity of the in vitro antibacterial activity is similar
in the samples derived from rabbits and swine, and all members of the Entero-
bacteriaceae family are practically equally sensitive to this activity.

From studies on human faeces we can come to the conclusion that the
YFA concentration present in the large intestine of humans is similar to that
found in the large intestine of swine. Presumably, the antibacterial effect
of the human YFA is also similar to that of the VFA of swine. E. coli counts
found in the faeces of healthy humans and healthy swine (10e-108g in both
species) also indicate similar intensities of activity. On the other hand, signifi-
cantly lower E. coli counts can be found in the large intestine of rabbits,
indicating that here the antibacterial activity of YFA considerably exceeds
that observed in the other two species. The biochemical explanation of this
phenomenon can he found by comparing the pH values of large-intestinal
contents. The large-intestinal contents of rabbits had generally by 0.4-0.5
degrees lower pH values than those of swine. At lower pH values the propor-
tion of non-dissociated YFA molecules which account for a greater bacteriocidal
action, increases.

Parallel with the rise of large-intestinal pH, the proportion of non-
dissociated VFA molecules gradually decreases. At pH 6.8 these molecules are
present in so small quantities that no antibacterial activity can he detected.
This sensitivity to pH calls our attention to the fact that in spontaneously
occurring cases not the decrease in the quantity of YFA, but the increased
ratio of dissociated to non-dissociated molecules due to the rise of pH, accounts
for the reduced antibacterial activity. The pH of the large intestine depends
on numerous mechanisms regulating the transport of ions (Field et ah, 1980).
Disorders of these mechanisms may easily lead to increased pH values.

From literary data, an enteric syndrome is known which is accompanied
by a decrease of YFA concentrations instead of the rise of pH. This enteric
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syndrome has been observed as an undesirable side effect (diarrhoea) during
treatments with certain antibiotics, usually after treatment with ampicillin,
lincomycin and clindamycin. These observations primarily apply to humans
(Benner and Tollman, 1970; Fesce et al., 1978; Sweeney and Sheehan, 1979;
and Totten et ah, 1978), although ampicillin-induced diarrhoea has already
been observed also in rabbits (Morisse et ah, 1979).

According to the results of Fesce et al. (1978), Imai and Morishita (1978)
and our own observations, the pathomechruism of diarrhoea associated with
antibiotic therapy is postulated to be the following: during antibiotic therapy
YFA-producing anaerobic bacteria (mainly Bacteroides) decrease in number,
consequently, the above antibacterial activity disappears, and pathogenic
bacteria resistant to antibiotics multiply excessively. The excessive multiplica-
tion of bacteria leads to clinically apparent enteritis. This very observation
emphasizes the significance of the antibacterial activity of YFA, since it seems
that resistance to VFA fails to develop, VFA being self-limiting substances of
excessive multiplication of bacteria (Landwall and Flolme, 1977).

The intensity of antibacterial activity in the large intestine is determined
by two factors: the quantity of VFA produced by anaerobic bacteria (Bac-
teroides, Fusobacterium), and the pH of the intestinal contents, regulated by
the enteric ion transport of the organism. A harmonious interaction of the
macro- and microorganisms is necessary for the optimum functioning of this
genuine antibacterial defence mechanism.
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Aquatic birds diseased with acute duck plague (viral enteritis) usually also develop
an acute liver distrophy. The direct responsibility of the herpesvirus agent of duck plague for
the liver involvement has been substantiated by morphological evidence. Replicating forms
of virus have been demonstrated mainly in the hepatocytes showing degeneration and intra-
nuclear inclusion formation. Since the greater part of the birds with acute duck plague also
develops liver dystrophy, complementary diagnostic evidence by electron microscopic detec-
tion of the virus in, and isolation of it from, the liver is of immediate interest.

While the acute form of duck plague is developed mainly by day-old and growing
aquatic birds, it may take a prolonged (chronic) course in older (growing or adult) birds. The
naturally and experimentally infected birds examined in a more advanced stage of the disease
showed a subacute or chronic interstitial hepatitis, which may account for sporadic mortality
in field conditions.

The diagnostic identification of the chronic forms of duck plague is important from
the epizootiological point of view, since the birds surviving the chronic course may become
symptomless excretors of the virus and shed it in long term in the flock.

Authors generally agree that duck plague (viral enteritis), a common
viral disease of aquatic birds (ducks, geese and swans) takes an acute or hyper-
acute course, during which the causal agent appears in the blood and organs
(Jansen, 1968; Leibovitz, 1971; Proctor, 1975, 1976; Bergmann et al., 1979).
As to the liver lesions associated with the condition, authors have described
focal hepatocellular necroses, haemorrhages, and type-A intranuclear inclu-
sions of Cowdry (Gailiunas and Dardiri, 1970), but no other change.

In pertinent studies (Vetési et al., 1982) we observed that, against the pre-
vailing concepts, outbreaks of duck plague may occasionally take a prolonged
course, and apart from the above liver lesions, certain important morphologi-
cal changes, not yet described by others, appear in both acute and chronic
cases of the disease. The latter changes are as a rule of diagnostic value.

This prompted us to investigate the acute and chronic liver lesions
associated with duck plague in great detail.

Materials and methods

Embryonated duck and goose eggs, pre-incubated for 12—4 days, were
infected with duck-plague virus isolated from a mallard duck. Fifteen several
days old mallards, 15 several days old domestic ducklings, 10 day-old goslings,
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on a total 25 growing (4—6 weeks old) mallards and domestic ducks, and 10
adult geese were infected by the oral, subcutaneous or intraperitoneal route,
with duck-plague virus, partly with 1:100 dilution of the allantoic fluid ob-
tained from the second egg passage, partly with 1:10 dilution of a liver homoge-
nate obtained from carcases of ducklings infected subcutaneously when one
day old.

All day-old mallards, ducklings and goslings, except a few killed on the
2nd day after infection for light and electron microscopic examination, died
within 3-6 days. Among the growing mallards, growing ducks and adult geese
a few birds died during the first week, another few in the 2nd to 4th week
after experimental infection, but the majority either died only after 4-6
weeks in a slightly emaciated state, or survived until killed in the 8th week.

The light and electron microscopic examinations covered, in addition
to the experimentally infected birds, organ (above all liver) specimens collected
from 20 aquatic birds (mallards and domestic ducks) involvedinnatural out-
breaks of acute or chronic duck plague.

For light microscopic histological and histochemical study, specimens
collected from the liver, and occasionally from other organs, were fixed in
8% neutral formalin, SUSA solution or absolute ethanol. The sections prepared
from paraffin-embedded or frozen blocks were generally stained with haema-
toxylin and eosin. Neutral lipids were detected with Sudan black, argentophil
and collagen fibres with Gomaori’s and Van Gieson’s techniques; bilirubin was
detected with the Gmelin and Stein reaction, glycogen with the PAS reaction.

For electron microscopic study small liver specimens were fixed in 5%
glutaraldehyde then in 1% osmium tetroxide, or in 2% osmium tetroxide
buffered according to Pallade, were dehydrated in step-graded ethanol solu-
tions and were embedded in synthetic resin. Semi-thin sections were cut and
stained with toluidine blue.

Results

Gross lesions

These were essentially similar in the experimentallyinfected and naturally
diseased birds of all species covered in the study.

The birds which died in the acute stage, or were killed in the premortal
stage of the disease (day-old mallards, ducklings, goslings and some growing
birds) showed a serous-jellinaceous infiltration of the subcutaneous connective
tissue in the thoracic and abdominal regions. Intra-abdominal accumulation
of a serous exudation was frequently found, and swelling of the spleen occurred
in part of the cases.

The liver was as a rule slightly enlarged, and its external and cut surfaces
were of variegated appearance, owing to a mosaic-like array of greyish-white
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and greyish-red spots. In most cases petechial haemorrhages were present
in subcapsular localization. The birds which died in the acute stage also had
lesions in the digestive tract; croupous inflammation of the small intestine,
diphtheroid inflammatory involvement of lymph-node groups, and presence
of small superficial necroses or of larger, circumscribed pseudomembranaceous
sloughs in the cloacal mucosa, were frequently found.

The growing or adult birds which died spontaneously or were killed in
a more advanced stage of duck plague generally also had livers of variegated
appearance, owing to the presence of a few to many greyish-white spots.
The consistency of the liver parenchyma was tough in places. In some cases,
the liver was small, flaccid to the touch, and greenish-yellow; in the same cases,
the gallbladder was usually dilated and contained a thick, greenish-black bile.
Necrotic lesions and pseudomembranaceous sloughs were often found in the
oesophageal mucosa of those birds which died in later stage of duck plague.
Most of the male birds exhibited swelling and prolapse of the penis, and had
superficial necroses or pseudomembranaceous sloughs on the mucous membrane
of the male organ.

Light microscopic and ultrastructural changes

In liver sections obtained from birds died 3-4 days after infection
staining with haematoxylin-eosin or toluidine blue revealed hepatocellular
necroses involving one to a few cells in various hepatolobular regions. The
damaged cells generally had a vacuolized cytoplasm, with lipid droplets
enclosed in part of the vacuoles. Minor to major haemorrhages were seen in
some hepatolobular regions. Part of the damaged cells and in places some
sinusoidal endothelial and Kupffer’s cells enclosed type-A intranuclear inclu-
sions of Cowdry. The hepatocellular necroses were confluent over larger hepato-
lobular areas or several lobules in the liver of those birds which died 5-6 days
after infection. In some cases, the necrotic areas were surrounded by infiltrat-
ing heterophil granulocytes. Hepatocellular type-A intranuclear inclusions
of Cowdry and intralobular haemorrhages were rarely also present in these
cases. The hepatolobular sinusoids were generally dilated, and congested with
red blood cells and serum. Frequently, the spaces of Disse were also dilated,
and perivascular infiltrations of serum and heterophil granulocytes appeared
in the periportal space.

U ltrastructurally, the acute cases were characterized mainly by various
hepatocellular changes. Coagulation necroses, involving one to a few hépato-
cytes, were often found.

In the early stage of coagulation necrosis, single hepatocytes assumed
a starlet shape, became smaller and exhibited an electron density more pro-
nounced than usual. The nucleus and the cytoplasmic organelles were still well-
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defined; the mitochondria were swollen and distinctly electron-dense, the
smooth-surfaced endoplasmic reticulum was dilated in places, and some cyto-
plasmic vacuoles made appearance. In a more advanced stage of the coagula-
tion necrosis, hepatocytes still localized in the rows near to intact endothelial
cells, but they had become very small and highly electron-dense; their cyto-
plasms contained vacuoles and necrotic cell organelles and the contours of
the nucleus appeared indistinct (Fig. 1). Furtherto these hepatocellularchanges,
so-called acidophil bodies, formed by necrotic, detached hepatocytes were
frequently also present. Virus-like particles could be detected but rarely, and
in small numbers, inside the highly electron-dense hepatocytes (acidophil
bodies) representing different stages of coagulation necrosis.
Hepatocellular degeneration with appearance of intranuclear inclusions
was observed as early as on the 2nd or 3rd day after infection. Initially few,
later more numerous hepatocytes showed a slight enlargement, with consider-
able swelling and low electron density of the nucleus, and loss of definition of
the nuclear membrane structure here and there. The nucleolus assumed
a homogeneous appearance, and the nuclear chromatin became condensed
along the nuclear membrane. As a rule several virus particles made appearance
in the nucleus, among a delicately granular and filamentous chromatin residue
(Fig. 2). The virus particles were about 90 nm in diameter, and part of them
enclosed a distinctly electron-dense core (Fig. 3). The period of virus synthesis
was characterized by low electron density of the cytoplasmic matrix, paucity

Fig. 1. Hepatocellular coagulation necrosis, X9000

Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



LIVER LESIONS IN DUCK PLAGUE

Fig. 2. Virus synthesis in the nucleus of a degenerating hépatocyte, X 10,000

Fig. 3. Intranuclear virus particles with and without a distinct electron-dense core,
X 37,000
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of intracellular glycogen, and frequent appearance of minor to major lipid
droplets between the cell organelles. Most of the mitochondria became swollen
and rounded, with electron-dense granules in them. The tubules of the endo-
plasmic reticulum showed a vesicle-like dilatation in places; the ribosomes
became detached and lay freely in the cytoplasm, forming occasionally small
groups. The dilated tubules and vesicles of the Golgi complex enclosed an
electron-dense substance. Hepatocytes involved in advanced virus synthesis
frequently showed duplication of the cytoplasmic and nuclear membranes
(Fig. 4), and intranuclear bridge formation by invagination ofthe nuclear
membrane. The virus particles occurring in intra-cytoplasmic localization
lay either inside the dilated endoplasmic reticulum, or freely in the matrix,
and were enclosed by a thick capsule. The herpesvirus particles endowed
with a bilamellar capsule were 160-200 nm in diameter.

Hepatocytes of low electron density also appeared in acute cases of
duck plague. These cells were enlarged, and showed the following changes:
The hyaloplasm was represented by a delicate helter-skelter network of low
electron density. There was paucity and irregular array of endoplasmic reticu-
lum, the mitochondria were swollen and their cristae were indistinct, the
nucleus was large, markedly granular, and occasionally a few virus particles
were present in it near the nuclear membrane. In some hepatocellular residues
of low electron density only remains of the nuclear membrane and chromatin,

Fig. 4. Reduplication of the cytoplasmic membrane. Virus particles with a bilamellar capsule,
X 29,500
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and here and there indistinct contours of cytoplasmic organelles could be
recognized. In places some sinusoidal endothelial or Kupffer’s cells contained
virus particles in different stages of development, in intranuclear localizations,
with nuclear chromatin condensed along the nuclear membrane. The cyto-
plasmic changes of the endothelial cells showing virus formation were similar
to those seen in parenchymal host cells.

In acute cases, light microscopic examination of the dilated sinusoids
revealed presence of acidophil body-like configurations and other cell debris
inside the sinusoidal lumen.

Growing and adult birds which died spontaneously or were killed in
a more advanced stage of subacute duck plague showed light-microscopically
distinct inflammatory cell (above all histio-lymphocytic) infiltrations around
interlobular blood and biliary vessels, with occasional extensions into the
parenchyma (Fig. 5); indications of fibroblast synthesis could often be seen
among the inflammatory cells (Fig. 6). Hepatocellular residues could be
recognized here and there in the intralobular areas involved by the cellular
reaction. In the non-infiltrated hepatolobular areas the livercellswere preserved
and many of them enclosed lipid droplets. The RHS cells of the sinusoidal
walls were swollen and showed signs of activation. A few minor hepatocellular
necroses, involving single to a few cells, were also present within the lobules.

Electron microscopic examination showed dilatation and irregular shape
of bile canaliculi in places, with severe oedema and swelling of the microvilli
(Fig. 7); part of the involved microvilli were degenerated. Proliferation and
irregular array of the microvilli could also be seen in some bile canaliculi.
The dilated lumen enclosed in places a slightly electron-dense, delicately

Fig. 5. Interlobular histio-lymphocytic infiltration, X 300; H. and E.
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Fig. 6. Fibroblast synthesis and proliferation amongst inter- and intralobular infiltrations of
inflammatory cells, X 800; toluidine blue stain

Fig. 7. Oedematous change of the microvilli along the luminal border of the hepatocytes,
X 19,000
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granular substance; in other places, aggregations of phagolysosomes and pig-
ment granules were seen near biliary vessels (Fig. 8). Some hepatocytes so
involved showed a vesicle-like dilatation of the endoplasmic reticulum, and
a slight to serious swelling of the mitochondria, with fragmentation of the
mitochondrial cristae. Some sinusoids and/or Kupffer’s cells enclosed hyaline
bodies arisen from necrotic hepatocytes.

In chronic cases, formation of a thick vascular coat, rich in fibroblasts
and collagen fibres, was seen in the light microscope around interlobular blood
and biliary vessels (Fig. 9); in the experimentally infected cases, sharp delinea-
tion of the hepatolobular structure was additionally found. The newly formed
interlobular septa were in several places infiltrated by histio-lymphocytes;
many infiltrating lymphocytes enclosed electron-dense pigment granules.
The cytoplasm of the biliary duct epithelia contained clumps of bile pigment
and highly electron-dense granules, and the endoplasmic reticulum showed
a vesicle-like dilatation in places. Hepatocellular residues were seen here and
there near the thickened interlobular septa.

Electron microscopic examination failed to detect virus particles in
preparations originating from 2 or 3 different hepatic regions. Light microscopy,
however, revealed type-A intranuclear inclusions of Cowdry, which are indi-
cative ofthe presence of the virus, in hepatocytes adjoining interlobular vessels,
and, occasionally, also in proliferating RHS cells (Fig. 10). Specific virus-
neutralizing antibodies were detected in all chronic cases examined.

Fig. 8. Bile pigment granules at the luminal side of hepatocytes, X9000
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Fig. 9. Chronic duck plague. Formation of vascular coat, rich in collagen fibres, around
interlobular blood and biliary vessels, X 300; H. and E.

Fig. 10. Chronic duck plague. Type-A intranuclear inclusions of Cowdry in hepatocytes and
RHS cells, X800; H. and E.

Discussion

Aquatic birds (mallards, domestic ducks and geese) spontaneously died
or killed in different stages of natural or experimental duck plague often
showed, in addition to enteric changes, grossly visible liver lesions indicative
of dystrophy during the acute stage. U ltrastructural studies revealed predomi-
nance of viral hepatocellular damages in acute cases of the disease. The hepato-
cellular changes appeared initially sporadically in different intralobular regions,
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later involved minor groups of cells or major areas of the lobule. The main
hepatocellular change was the so-called coagulation necrosis (development of
dark, highly electron-dense hepatocytes — acidophil necrosis); this change
was not usually associated with the appearance of intranuclear inclusions, but
at a later stage a few herpesvirus particles were as a rule seen inside the highly
electron-dense, damaged and mostly shrunken nucleus. Since the hepatocytes
showing the wultrastructural features of coagulation necrosis occasionally
enclosed the causative agent of duck plague, the conclusion lies close at hand
that they represented direct target cells of the duck-plague virus. Presumably,
however, the cells directly affected by the virus die in the early stage of penetra-
tion, and can, therefore, only exceptionally furnish the conditions required
for virus synthesis.

The birds acutely diseased in duck plague did, however, frequently show
an extensive hepatocellular degeneration involving appearance of intranuclear
inclusions. The enlarged nuclei of these cells showed a characteristic rearrange-
ment of the chromatin substance and enclosed as a rule many virus particles.
During intranuclear virus synthesis, remarkable paucity of intracellular
glycogen and vesicle-like dilatation of the endoplasmic reticulum was noted.
Hypertrophy of the latter, and myeline degeneration of the cytoplasmic
membrane were not observed in host cells invaded by the duck-plague virus.
Presence of the virus within the intranuclear inclusions presented unequivocal
evidence ofthe direct responsibility ofthe virus forthe observed type of hepato-
cellular changes.

Further to the above hepatocellular lesions, hepatocytes of low electron
density, consisting frequently only of nuclear and cytoplasmic residues, were
also found in intralobular sites. The ultrastructural appearance of these cells
indicated disintegration after the completion of virus synthesis or, probably,
death by cytolysis devoid of virus synthesis. The frequent presence of consider-
able amounts of cell debris inside hepatolobular sinusoids and lumina of blood
vessels was consequent upon hepatocellular viral damage. Indications of virus
synthesis, and viral mural damage were infrequently observed also in sinusoidal
endothelia. These changes, and the vascular troubles associated with viraemia,
may have been responsible for the necrotic or haemorrhagic involvement of
major intralobular regions, or several lobules. Vascular wall damage, and
consequent haemorrhages may have been promoted, at least partly, by the
considerable degree of hepatocellular degeneration.

According to our own experience, the prolonged form of duck plague
observed by us is developed above all by growing and adult aquatic birds,
in the form of a subacute or chronic interstitial hepatitis. During the chronic
course, mesenchymal damages become predominant over hepatocellular
necrosis, which appears only sporadically in the chronic stage. Part of the
hepatocytes, however, show ultrastructural organelle changes (of mitochondria
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and endoplasmic reticulum) and alterations of the membrane structure along
the luminal sides, which account for hepatocellular functional insufficiency in
respect of the processing and secretion of bilirubin. A sequel to that change
is the icteric condition frequently observed in aquatic birds infected by the
herpesvirus of duck plague.

The electron microscopic detection of virus particles inside the hépato-
cytes of birds suffering from the chronicform of duckplagueisrarely successful.
However, light microscopic examination of major hepatolobular areas shows
the presence of intranuclear inclusions, which are of diagnostic value, in
hepatocytes adjoining interlobular septa, and, less often, in proliferating RHS
cells.

The morphological study of the organs of aquatic birds diseased in duck
plague has shown that, against the prevailing concepts, the acute form of the
disease is associated not only with circumscribed focal and haemorrhagic
liver changes, but also with the development of an acute liver dystrophy
directly elicited by the herpesvirus responsible for duck plague. The viral liver
dystrophy is as a rule serious enough to represent the primary cause of death.
Since, according to our experience, liver involvement is frequently associated
with duck plague, we recommend that, further to the clinical diagnosis, electron
microscopic detection of the virus in and its isolation from the liver should
be attempted in each case. Isolation from the digestive tract is greatly ham-
pered by secondary bacterial infections which are usually present.

Consideration should also he given to the fact that the liver changes
developed by aquatic birds suffering from acute duck plague may occasionally
become complicated by inflammatory involvement and progress thereby to
a chronic hepatitis. The diagnostic identification of the chronic forms of duck
plague is of great importance, on the one hand because chronic interstitial
hepatitis, developed as a sequel to duck plague may occasionally be fatal in
outcome, on the other hand, because part of the birds surviving chronic duck
plague may become symptomless excretors shedding the virus in the flock.
Transition from acute to chronic course presumably signifies a greater specific
and non-specific, resistance of the hosts.

It follows from the foregoing considerations that subacute or chronic
hepatitis, developed by aquatic birds as a sequel to duck plague, has, like the
hepatosis developed in acute cases, a decisive influence on the outcome of the
primary disease.
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Day-old, growing and adult domestic ducks and geese were examined for susceptibility
to, and excretion of, Newcastle disease virus (NDV) by intranasal and conjunctival infection
with 106 and 102 ID50mI doses of the lentogenic (La Sota) and mesogenic (Hertfordshire)
strains of NDV used for vaccination in Hungary, and with a velogenic NDV strain isolated
from natural infection.

Examinations by virus diagnostic methods have shown that both domestic waterfowl
species are susceptible to all examined strains at all ages, but to a moderate degree. Geese
were more susceptible than ducks, and susceptibility tended to decrease with progressing
age, whereas serological immune response, studied by the haemagglutination inhibition test,
tended to increase in titre level and protective value.

The lentogenic and mesogenic vaccine strains replicated only in the pharynx, i.e. at
the site of infection and in its surroundings, and were excreted exclusively in the pharyngeal
discharge, for a short transitory period, at a low infective titre.

The velogenic strains gave rise to viraemia in both waterfowl species, and were excreted
in all body discharges for about 8 days, but the frequency and degree of excretion decreased
with progressing age. The higher dose elicited clinical disease in all day-old goslings, and
killed the greater part of them after a latency of 3-8 days and a subsequent 1-5-day course
of disease. In day-old ducklings and growing and adult ducks and geese, the infection remained
clinically inapparent and was demonstrable only by virus-diagnostic methods.

Since only high doses of NDV were able to infect the aquatic birds, natural infection
of the latter presumably requires intimate contact with massively infected gallinaceous birds.
Only the velogenic NDV strains, responsible for viraemia, were excreted by diseased or massive-
ly infected aquatic birds for a longer time and in an appreciable amount in all body discharges;
exactly these strains constitute a hazard to susceptible gallinaceous birds.

Long-term carriership of NDV seems to be unlikely in waterfowls.

Mediation of ND by waterfowls threatens only in small flocks or in nature, and can
be minimized by separation of the feeding and rest place of the birds, and isolation of the
flock during epidemic period.

Newcastle disease (ND) has been the economically most important
disease of domestic poultry for half a century.

ND has been recurrent on few to many occasions wherever poultry
has been bred (Lancaster, 1963, 1977; Hanson, 1978), and its control has been
a matter of great concern in practically all countries. Investigations into
newer aspects of ND are still being published in the literature (Alexander et al.,
1979; Allan ct al., 1978; Balia and Végh, 1976; Lomniczi and Derzsy, 1964;
Manninger and Mészaros, 1975; Mészaros, 1976; etc.).

Despite the vast amount of information accumulated on ND, and the
well-established systems for its regular control, the economic importance of
ND still tends to increase, for various reasons, such as broad host range,
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multiple modes of spread, and inadequate knowledge of some epizootiological
aspects.

ND had originally been observed in South Asia and in England in 1926;
by the ‘thirties, it became known in several continents (Kranevald, 1926;
Picard, 1928; Doyle, 1948). Its occasional occurrence in waterfowls has been
known since the ‘forties (Asplin, 1947; Blaxland, 1951; Elek and Prokopovitsch,
1948; Rend, 1947; Wilson, 1950).

Involvement of waterfowls by ND is, however, still a rarity which
deserves reporting. During recent years, mainly North-American investigators
have studied waterfowls for susceptibility to, and carriership of, ND (Alexan-
der, 1980; Bradshaw and Trainer, 1966; Kingston and Dharsana, 1979; Page,
1958; Palmer and Trainer, 1970; Rosenberger et al., 1975; Spalatin and Han-
son, 1975; Webster et al., 1976).

To throw more light on certain obscure epizootiological aspects, we
examined domestic waterfowls for susceptibility to, and shedding of, ND,
for the most part in model experiments.

Materials and methods

Our studies were based on model experiments and isolation experiments
from diagnostic material. In the model experiments we used the lentogenic
(La Sota) and the mesogenic (Hertfordshire) strain used as vaccine strains
in Hungary, and velogenic strains isolated from natural cases (Tanyi and Sari,
1970). The velogenic isolates were purified, identified, titrated, and stored for
the period of study as recommended in the literature (Mayr et al., 1977;
Anon., 1971; Rdéhrer, 1968; WHO Expert Committee, 1971).

Each ND virus (NDV) strain was used for experimental infection in
2 dilutions, 106 ID50 for a high dose (group T) and 102 ID Q) for a lower dose
(group H). The infectious material was applied intranasally and on the con-
junctiva.

The scheme of the model experiments is shown in Table |I. Three age
groups (day-old, 2 to 4 weeks old, over 6 months old) of ducks and geese were
infected at the above dose levels of each virus strain, and in-contact controls
were set up with each lot. Thus the model experiments numbered 9, and each
covered 4 experimental groups.

All bird groups were observed for 6 weeks, by monitoring clinical state,
gross lesions, pharyngeal and cloacal swabs, and serum samples.

Swabs were taken on 5 consecutive days following experimental infec-
tion, twice during the second week, and then at weekly intervals. Blood samples
were withdrawn before experimental infection, and then at weekly intervals
(Table I1).
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Dose

Virus strains IDM/mI

Table 1

Day-old

duck- gos-
ling» lings

Experiment 1

Scheme of the experiments

Growing

duck-
lings

gos-
lings

Experiment 2

Adult

duck- gos-
lings lings

Experiment 3

Lentogenic 102(group H) 5+ 2 5+2 5+ 2 5+ 2 5+2 5+2
10e(group T) 5+ 2 5+ 2 5+ 2 5+2 5+2 5+2
Experiment 4 Experiment 5 Experiment 6
Mesogenie 10* (group H) 5+ 2 5+2 5+2 5+ 2 5+2 5+2
106(group T) 5+ 2 5+ 2 5+ 2 5+ 2 5+2 5+2
Experiment 7 Experiment 8 Experiment 9
Yelogenic 102(group H) 5+ 2 5+ 2 5+ 2 5+ 2 5+2 5+ 2
106(group T) 5+ 2 5+2 5+ 2 5+ 2 5+2 5+2
Table M
Scheme of sampling
Days after inoculation
0 1 2 3 4 5 g 1 15 2 29 3
Blood + + + + + + +
Swabs (pharyngeal,
cloaeal) + + + + + + + + + + +
Organs airways
brain
liver-spleen

intestinal tract

Virus isolation was attempted from swabs and organs by inoculation
into the allantoic cavity of embryonated hen’s eggs. Isolation experiments
from 4 organs followed upon spontaneous death or killing at the conclusion
(at 36 days) of the experiment. Embryos died in the egg, or recovered from
eggs opened 96 h after infection, were examined for gross lesions, and the
chorioallantoic fluids were tested for haemagglutination.

The serum samples were examined mainly by haemagglutination in-
hibition (HI) test.

In the case of day-old goslings, further examinations were required to
obtain precise information on susceptibility to NDV. For this purpose, addi-
tional experimental groups were set up for treatment with serial dilutions of
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the velogenic strain used in the main experiment, and of 10 other velogenic
strains.

Studies of natural cases covered organ and blood samples of ducks and
geese, submitted to this Institute for diagnostic examination between January
1979 and 30 May 1981. In these cases we used the same virus isolation and
serological techniques as in the model experiments.

Results

Clinical symptoms and gross lesions

The lentogenic and mesogenic strains did not give rise to clinical illness
in any age group of ducks and geese at either dose level.

All day-old goslings infected with the higher dose (106 ID50/ml) of the
velogenic strain and one in-contact bird (group T) developed clinical ND,
and 5 of them died after a 1 to 3-day course of illness between days 4 and 7
after infection. Day-old ducklings infected with the same dose remained
healthy, and neither ducklings nor goslings showed clinical response to the
lower dose (group H). Part of the growing geese treated with the higher dose
of the velogenic strain developed transitory listlessness and inappetence,
but all recovered. All other growing and adult birds were healthy throughout
the period of study.

The day-old goslings which developed clinical disease in response to
infection with the velogenic strain showed, apart from serious general symp-
toms, dyspnoea, diarrhoea, weakness to the degree of immobility, and ascend-
ing paresis. At post-mortem examination empty digestive tract, mild to severe
gastroenteritis, nasal catarrh, pulmonary oedema and hyperaemia, and, in
a few cases here and there cardiac haemorrhages were found.

Virus isolation

In the groups treated with the higher dose of the lentogenic or mesogenic
strains (groupsT), the virus was isolated exclusively from the pharyngeal swab
of 1—3 ducks or geese of the different groups on 1-3 occasions, between 24 and
72 h after infection. Isolation failed throughout in birds inoculated with the
lower dose (groups H) of lentogenic and mesogenic NDY and their contacts,
in all age groups.

The virus was re-isolated from both pharyngeal and cloacal swabs of
all day-old goslings treated with the higher dose of velogenic virus and their
contacts (groupsT), with the exception of a single bird. In the duckling group
so treated, the virus could be re-isolated only from 2 birds, 3 and 4 days
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Table LW

Virus isolation from pharyngeal and cloacal swabs of day-old ducklings and goslings infected
with 106 ID5¥ml of the velogenic strain
Days after infection

Designation of birds 3 4 5 8 n 15 22 29

Ph Cc Ph C Ph C Ph C Ph C Ph C Ph C Ph C Ph C Ph C

Tdu 1

Tdu 2 -

Tdu 3 -t

Tdu 4 - + +

Tdu 5 e

Tdu 6

Tdu 7

Tgo 1 - - — + — & 4+ —

Tgo 2 + +

Tgo 3 + - + = — o+ + +

Tgo 4 — — + — o+ 4+ o+ o+ o+ o+
Tgo 5 + - = — o+ + + +

Tgo 6 — - - — — o+ o+ o+ o+ o+
Tgo 7 —_ —

Ph = Pharyngeal swabs; C— cloacal swabs; A = airways; B = brain, L = liver + spleen; | = intestinal tract

+ + o+ o+

+ o+ o+ o+

+ o+ o+ o+

SNYIA 3ASV3ISIA FTLSYOMIN 40 AVI™UdS FHL ANV STMO4¥ILVYM DILSINOA

18
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after infection, respectively. The birds which succumbed to the infection had
excreted the virus for at least 2 days (Table Ill). The virus was also re-isolated
from all organ samples, with the exception of the intestines of one bird. The

AL IMADI and TANYI

results of re-isolation in chicken embryos are shown in Table 1V.

In the day-old groups treated with the lower dose of the velogenic
virus (groups H) isolation was successful only from a single gosling, between
3 and 5 days after infection.

Isolation of NDV in embryonated hen’s eggs from the organs of day-old goslings died in infection

Table IV

with 106 ID80mI velogenic NDV

Airways

+ + +

Tgo 1 40 40 40
+ + +

Tgo 3 40 40 40
+ + +

Tgo 4 48 48 48
+ + +

Tgo 5 40 40 40
+ + +{

Tgo 6 48 48 48

40

+
40

+
48

+
40

+
72

Organa

+
40

+
40

+
48

+
40

+
72

48

+
52

+
48

+
72

+
48

48

+
52

+
48

+
72

+
48

Brain
+ +  FID
72 72

FID FID FID

+ — —
48

+ + +
48 72 72

FID = fatal intercurrent disease of the embryo, preventing evaluation

Liver—spleen

+ + FID
Tgo 1 48 48

+ + +
Tgo 3 40 40 48

+ + +
Tgo 4 48 48 72

+ + +
Tgo 5 48 48 48

+ _ _
Tgo 6 72

FID

48

72

48

FID

48

FID

72
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72

24

48

72

FID

4%

48

FID

FID

Intestinal tract

48



Table V

Isolation of NDY from pharyngeal and cloacal swabs of growing ducks and geese infected with

106 IDSYmI of velogenic virus

Days after infection
Designa-
tion
of birds
Ph Ph Cc Ph Ph C Ph

FID = fatal intercurrent disease

29

Ph
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The isolation was positive between days 1 and 5 after infection from
swabs of all 5 growing geese inoculated with the higher dose. The second re-
-isolationfollowed 24 h after the first one in one case, but usually after a 2-day
negative interval upon isolations between 48 and 96 h post-inoculation.

The virus was alternately present in the pharyngeal and cloacal swabs,
but the percentage of positive samples was approximately identical in the
two sample categories. No virus could he isolated from the 2 in-contact birds
allocated to that group of growing geese.

In group T of growing ducks re-isolation was successful from 3 birds
during the first 5 days; in 2 cases only from the pharyngeal swabs, and in 1
case only from the cloacal swab (Table Y).

Isolation failed from all growing ducks and geese of groups H except
from a single goose, which yielded positive cloacal swabs on days 4 and 5
after inoculation.

In the adult age group, one experimental and one in-contact goose of
group T yielded a positive pharyngeal swab 48 and 96 h after inoculation. The
isolation experiments had negative results in all other instances.

Table VI

H1 antibody titres in the sera of day-old ducklings and goslings infected with 106 ID50/mI
velogenic virus

Designation Days of sampling p.i.

of birds 0 8 1 5 » » %
Tdu 1 0 0 0 0 0 0 0
Tdu 2 0 0 0 0 0 0 0
Tdu 3 0 0 0 0 0 0 0
Tdu 4 0 4 2 2 0 0 0
Tdu 5 0 2 0 0 0 0 0
Tdu 6 0 0 0 0 0 0 0
Tdu 7 0 0 0 0 0 0 0
Tgo 1 0

Tgo 2 0 32 16 16 8 8 —_
Tgo 3 0

Tgo 4 0

Tgo 5 0

Tgo 6 0 0

Tgo 7 0 128 64 64 32 32 16

Remark: The tests were carried out with 4 HA units of the La Sota and the homologous strain.
The titres are expressed as reciprocals of the highest positive serum dilution
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Serological tests

The HI titres ofthe geese increased over those of the ducks in the groups
treated with 10e ID50mI virus (groups T). The titres of the survivors were
relatively low in the day-old gosling group, higher in the growing goose group,
and occasionally very high in the adult geese. The antibody titres tended to
increase with progressing age in both geese and ducks, but the species-specific
difference persisted throughout. Transmission of the infection by contact
occurred frequently among geese, but failed to occur among ducks. The HI
titres reached a peak soon, between 8 and 11 days, then dropped abruptly
(Tables VI-Y III).

Table VII
HI antibody titres in the sera of growing ducks and geese infected with
106 ID5YmI velogenic NDY

Daysi of sampling p.i.

Designation

of birds 0 8 1 15 2 29 3%
Tdu 1 0 8 16 4 8 4 2
Tdu 2 0 2 16 16 4 2
Tdu 3 0 2 8 8 4 2
Tdu 4 0 0 0 0 0 2
Tdu 5 0 16 16 8 4 0 4
Tdu 6 0 0 0 0 0 0
Tdu 7 0 0 0 0 0
Tgo 1 0 256 32 32

Tgo 2 0 64 32 16 8

Tgo 3 0 32 32 16 8

Tgo 4 0 64

Tgo 5 0 32 128 32 16 8 4
Tgo 6 0 32 128

Tgo 7 0 0 64 8 16 4 4

See Remark to Table VI

Only a few birds showed H1 titres of a relatively low level in the groups
treated with the lower dose (groups H).

Infection experiments with velogenic strains
Infection experiments in day-old goslings with serial dilutions of the velogenic
strain used in the main experiments

Mortality tended to increase, and the latency and course of the disease
tended to decrease as the virus dose was risen (Table IX).
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Table VU!

HI1 antibody titres in the sera of adult ducks and geese infected with
10e ID5YmI velogenic NDY

Designation Days of sampling p.i.

of birds 0 8 1 15 2 29 36
Tdu 1 0 64 128 64 16 8 4
Tdu 2 0 32 128 64 16 8 4
Tdu 3 0 128 512 256 32 16 4
Tdu 4 4 16 16 16 8 8 8
Tdu 5 0 32 32 16 8 4 4
Tdu 6 0 0 0 0
Tdu 7 0 0 0 0
Tgo 1 0 128 256 128 128 64 32
Tgo 2 0 128 256 64 128 32 32
Tgo 3 0 1024 1024 512 512 128 32
Tgo 4 0 1024 1024 128 256 128 16
Tgo 5 0 64 128 128 32 32 8
Tgo 6 0 256 256 256 128 64 32
Tgo 7 0 128 128 512 512 32 32

See Remark to Table VI

Table IX

Results of experimental infection of day-old goslings with serial dilutions of velogenic NDV

Dose Died/infected Diseased/healthy Mean latency
ID6/mI birds birds time in h/n
10’ 8/10 8+1/1 84/8
106 8/10 8+1/1 96/8
10s 5/10 5+3/2 128/5
104 4/10 4+2/4 163/4
103 2/10 2+ 17 —
102 0/10 1/9 —

The latency period lasted 3-8 days, and most deaths occurred between
24 and 48 h after the first appearance of symptoms. Some birds of those
which had been ill for 3 days recovered.

The symptoms and gross lemons were essentially the same as in the main
experiments.
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Infection experiments with different velogenic strains

Groups of 10 goslings, serologically negative in the H 1 test, were infected
with the velogenic strains 1-X. The greater part of the birds (7 to 10 in 10)
died 3-8 days after inoculation. In 8 groups, 1 to 3 birds showed signs of
recovery or were free from symptoms throughout.

The strain used for experimental infection could be re-isolated from all
carcases.

Diagnostic studies in natural cases of ND

The organ and blood samples of nearly all naturally diseased ducks and
geese submitted to the Department of Virus Diagnostics,Veterinary Institute
of Debrecen, between January 1979 and 30 May 1981, were examined for
NDV. These studies covered organ samples of a total of 3779 ducks and geese
originating from 250 large or small flocks, and blood samples of a total of 657
ducks and geese from 69 large or small flocks. The flocks were located for the
most part in counties Szabolcs-Szatmar, HajdU-Bihar and Szolnok; a minor
part of the samples originated from other regions of Hungary. The flocks of
origin belonged to different age groups. All organ samples were derived from
birds died of diseases other than ND. The blood samples were collected from
healthy birds.

No NDV could he isolated from any organ or blood sample.

Discussion

All three age groups of ducks and geese proved to be susceptible to
infection by NDV. However, large doses of virus were required to produce
an infection. Susceptibility also varied between strains, host species, and age
groups.

Our experimental observations indicate that the vaccine strains repli-
cated probably only at the sites of infection, and were excreted in the nasal
and pharyngeal discharges for a short transitory period, for 72 h at most, at
a low infective titre, and were further on no longer demonstrable in the organ-
ism. Their antigenicity seemed to be low when checked in natural infections.
Enzootic occurrence of lentogenic and mesogenic strains seems unlikely also
within a given waterfowl population.

Against this, the velogenic strain gave rise in day-old birds to viraemia,
which elicited clinical disease after 3—8 days of latency, depending on the virus
titre, and the diseased birds shed the virus at relatively high infective titres,
in all body discharges. The growing birds developed a transitory illness, whereas
the adult birds only an inapparent infection, in response to the velogenic
strain. Thus, susceptibility tended to decrease while the immune response
tended to increase, with progressing age.
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Geese proved to be more susceptible to NDY than the ducks, since in
the day-old age they had been rendered ill with great certainty by the higher
dose used, to which the day-old ducks did not respond by clinical symptoms.
During the growing age, dissimilar susceptibility was indicated by the greater
number of virus isolations and higher serum antibody titres among the geese.

The susceptibility of waterfowls to velogenic NDV strains has been stud-
ied by other investigators in both natural and experimental infections (Friend
and Trainer, 1972; Raszevszka, 1966; Weidenmiiller, 1972; and others).
Circulation of lentogenic strains, possessing a thermostable haemagglutinin,
among wild geese indigenous at the Atlantic Coast has been reported by
Rosenberger et al. (1975), and Spalatin and Hanson (1975). Our own investiga-
tions have substantiated these findings, and also disclosed some new informa-
tion on the behaviour of mesogenic strains and lentogenic strains possessing
thermolabile haemagglutinin.

Since domestic ducks and geese proved to be susceptible to NDV strains,
independent of virulence of these, at all ages, and evidence has been presented
of shedding of these strains by them, they may well serve as reservoirs and
transmitters of NDY infection in poultry flocks.

However, the epizootiological importance of waterfowls in the spread
of ND varies with the species and age of the host, and with the degree of
virulence of the NDV strain involved as well.

We agree with other authors (Friend and Trainer, 1972; Lancaster, 1963,
1977) that large doses of NDV are required to produce an infection in aquatic
birds, and such a massive infection could occur in natural conditions only by
intimate contact with latently infected or clinically diseased hosts.

The degree of virus excretion was closely related to the species-specific
susceptibility (goose) and age (day-old, growing) of the waterfowl host, and
also depended on the degree of virulence of the NDV strain used.

A long-term NDV carriership of domestic ducks and geese seems unlikely
if the low susceptibility of these species on the one hand, and the speedy
development of high antibody titres on the other are taken into considera-
tion.

The epizootiological, clinical, and pathological-anatomical features of
ND seemed to be non-characteristic in ducks and geese, thus virus isolation
remains the only reliable diagnostic approach.

Diagnostic evidence of the responsibility of NDV for outbreaks in small
poultry flocks and among wild birds requires virus isolation from, and serolog-
ical screening of, ducks and geese, and occasionally, the use of day-old goslings
as test birds for contact infection.

During seasonal outbreaks, separation of the feeding and resting places
of small flocks and temporary isolation of the flock may prevent the transfer
of NDV infection by domestic waterfowl.
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Studies on parainfluenza-3 (PI1-3) virus strains isolated from 6-8 weeks old and 5—
12 months old calves affected by different respiratory diseases revealed that isolates of
identical infective titres markedly differed in their haemagglutinating (HA) activity, and that
virus strains maintained this property through several passages.

P1-3 virus strains of high HA activity were exposed to physical or chemical treatments.
Heat treatment at 50 °C for 120 min or treatment with 0.5% trypsin for 30 min destroyed
both the infectivity and the HA activity of the virus. Other treatments, among others, heat
treatment at 50 °C for 80 min or treatment with 0.25% trypsin for 30 min, destroyed the
HA activity of the virus but did not affect its infectivity. Formaldehyde as well as beta-
propiolactone treatment destroyed the infectivity of the virus and damaged its haemaggluti-
nins to different extents. Ethylenimine (EI) was found to inactivate the infectivity of PI1-3
virus but failed to affect its HA activity.

The immunogenicity of virus strains of originally high and originally low HA activity
and damaged in different ways showed a positive correlation with the HA activity of the
strains.

Rabbits inoculated twice with an El-inactivated P1-3 virus developed haemagglutination-
inhibiting (H1) antibodies already after the first vaccination. However, marked elevation
of virus-neutralizing (YN) antibody titres needed a second vaccination.

During investigations on acute respiratory diseases of contagious nature
in calves, parainfluenza-3 (PI-3) virus strains were isolated from different
disease entities. Several biological characteristics of the virus strains were
comparatively studied.

Materials and methods

Virus strains. P1-3 virus strains were isolated from several weeks old
calves with respiratory disease (Kdves et al., in press), and from adult bulls
affected by acute respiratory disease (epizootic coughing) (Bartha and Kdves,
1975). Some data for the PI-3 virus isolates are given in Table I. The isolated
strains were purified by the endpoint-dilution method performed three times.
Infective titres were determined in secondary calf kidney cell cultures.

Haemagglutinating (HA) activity. Virus-containing maintenance medium
(Earle’s solution, free of serum, Difco) of cell cultures was centrifuged at
4000 rpm for 30 min (Janetzki K23 centrifuge). The HA titre of isolate samples
prepared in this way was examined both in tubes and in microtitrator (Ta-
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katsy) trays at 4, 22 and 37 °C. In the main experiments, tube agglutination
mwvas used; the incubation period was 60 min at 37 °C and 240 min at 22 °C.
In the tests 0,5% suspensions of washed cattle and guinea pig erythrocytes
were used.

Physicochemical treatments. Cell-free supernatants of virus strains
propagated in cell cultures were exposed to UV irradiation for 10 and 20 min
(BLF-32 bactericidal lamp, LABOR MIM Budapest). Exposure to freon gas
was performed in LABOR MIM GST-21 gas sterilizers. Virus strains were
treated with 0.2% sodium dodecyl sulphate (SDS) for 60 and 120 min, with
1 M MgCl2for 10 and 20 min at 50 °C, with 0.25% trypsin solution (Difco)
for 30 and 60 min, and with 0.5% trypsin solution for 60 min. Samples were
heat-treated at 50 °C for 80, 100 and 120 min. Formaldehyde, beta-propiolac-
tone and ethylenimine (EIl) treatments were performed at 37 °C, with con-
centrations of 400 (Ug/ml, 1000 /tg/ml and 400 fig/ml, respectively. For the im-
munization experiments, each virus suspension was mixed with an equal volume
of the incomplete oil adjuvant (HUMAN Institute for Serobacteriological Pro-
duction and Research, Budapest). Five rabbits, each weighing 2.5-3.0 kg, were
giventwo 1ml doses of one ofthe preparations intramuscularly, at an interval of
two weeks. Serum antibody titres of rabbits were determined by virus neutral-
ization (VN) and haemagglutination-inhibition (HI) tests.

Table 1

Haemagglutinating (HA) activity of PI-3 virus strains

Calf Haemagglutination*
Strain . . Infl%it/i(\)l_i rt]i}re cattle guinea pig
Age Disease entity
erythrocytes
4/5 12 months E.C. 6.5 1:32 1:256
9/4 5-7 99 a.E.C. 6.5 32 256
2/4 2-3 9 a.E.C. 6.0 16 128
1/4 2-3 9 a.E.C. 6.5 2 4
12/4 5-7 9 a.E.C. 6.5 32 128
ME 2/4 2-4 09 G.R.D. 6.0 4 8
ME 6/5 2-4 99 G.R.D. 6.5 32 128
ME 9/6 2-4 " G.R.D. 6.5 16 64
ME 9/7 2-4 99 G.R.D. 6.5 32 256
ME 6/6 2-4 % G.R.D. 6.0 32 128

*tube agglutination. The incubation period was 60 min at 37 °C, and 240 min at 22 °C
a.E.C. = status after epizootic coughing

E.C. = epizootic coughing
G.R.D. = general respiratory disease
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Results

The infective and HA titres of the PI-3 virus isolates were studied during
six passages in cell culture. It was found that throughout the passages the
HA titre of strains having an identical infective titre did not show alterations,
as compared to each other. The infective and the HA titres of virus strains
in the fourth passage are shown in Table I.

The two strains of high HA activity were exposed to different physical
and chemical agents. Strains 4/5 and ME 9/7 behaved uniformly in these
experiments; results are summarized in Table Il. Immune responses induced

Table 11

Infective titre and haemagglutinating activity of strain 4/5 after physical
and chemical treatments

Haemagglutination
Infective titre

Treatment 10x/0.1 ml cattle guinea pig
erythrocytes

Untreated 4/5 strain 7.0 1:64 1:512
UV 10 min — 64 64
UV 20 min — 8 16
Freon gas 60 min — 64 128
Sodium dodecyl sulphate, 0.2%,

60 min 3.0 32 64
Sodium dodecyl sulphate, 0.2%,

120 min 3.0 16 64
1 M MgCI2 50 °C, 10 min 2.0 64 256
1 M MgCI2 50 °C, 20 min — 32 64
Trypsin 0.25%, 30 min 2.0 — —
Trypsin 0.25%, 60 min 1.0 — —
Trypsin 0.5%, 30 min — — —
50 °C, 80 min 35 — —
50 °C, 100 min 2.0 — —
50 °C, 120 min — — —
HCHO 400 jMg/ml 20 h — 32 128
BPL 1000 jUg/ml 20 h — 32 128
El 400 Lg/ml 20 h — 64 512

in rabbits by strains of originally high, originally low (untreated) and variously
impaired (treated) HA activity were studied. The immunogenicity ofuntreated
live virus suspensions and ofvirus suspensions subjectedto different treatments
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Table LU

Antigenicity studies in rabbits. |

Antibody titre

Inoculum Day 0 Day 14 Day 28
VN VN VN Hi
1/4 live — — 18.6 8
4/5 live — — 122.3 256
4/5 EI — — 128 248.3
4/5 freon — — 28 56.8
4/5 UV 10 min — — 64 64

4/5 50 °C 120 min — — — —
4/5 0.5% trypsin — — — —
4/5 HCHO — — 22.6 21.3
4/5 BPL — — 32 21.3

was examined by YN tests performed on days 0, 14 and 28, and by a HI test
performed on day 28 (Table II1).

The immunogenic potential of the live virus strain 4/5 and that of the
virus treated with the conventional inactivating agents or with EIl (which
is the least active in damaging the HA antigen) was compared after repeated
inoculation experiments in rabbits. Serum VN titres of rabbits were deter-
mined on days 0, 14 and 42, and HI titres on day 42 (Table IV).

Table IV

Antigenicity studies in rabbits. 11

Antibody titre

Inoculum Day 0 Day 14 Day 42
VN VN VN HI
4/5 live - - 85.3 277.3
4/5 El — — 74.6 206.6
4/5 BPL — — 13.3 37.3
4/5 HCHO — — 10.6 21.3

The development of immune response induced by the El-inactivated
strain was studied after immunizing experimental rabbits twice, at an interval
of 14 days. The courses of the YN and H1 antibody responses are shown in
Fig. 1.
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log*

Fig. 1. VN and HI titres of rabbits vaccinated twice at an interval of 14 days. Solid line,
H1 titre, broken line, VN titre

Discussion

The PI1-3 virus isolates of identical cell culturé passage number and
identical infective titre considerably differed from one another in HA activity.
The differences were more pronounced if guinea-pig erythrocytes than if
cattle erythrocytes were used in the HA test. The HA titre of the virus strains
remained constant and characteristic of the strains during further passages.
No relationships were found between this property of the viruses and the
different epizootiological situations of which the isolates had been obtained.

Scheid et al. (1972) and Scheid and Choppin (1973) established that
a single glycoprotein (“HN?”) was responsible for the neuraminidase (NA)
and HA activities of paramyxoviruses. Later on, it was revealed that peplo-
mers with a HN activity primarily had a role in adsorption of PI viruses to
cells, while another glycoprotein, protein F, was responsible for their penetra-
tion (Merz et al., 1980; Scheid et al., 1978). In our experiments, we damaged to
different degrees the HA antigen of PI-3 virus strains of high HA activity.
Some drastic treatments destroyed both the infectivity and the HA activity.
Other treatments diminished the HA activity of viruses sooner than their
infectivity. In these cases, viruses completely lost their detectable HA activ-
ity, but partly retained their infectivity (although the latter also decreased)
(Table 11). Despite marked or apparently complete inactivation of HA activ-
ity of the HN glycoprotein, some virions may be presumably able to penetrate
the cells and replicate there. Formaldehyde and beta-propiolactone treatment,
on the other hand, destroyed virus infectivity and damaged HN antigens to
different degrees. This finding is partly consistent with the observations of
Morein and Bergmann (1977), who found an increase in NA activity together
with a decrease in HA activity after formaldehyde treatment. However, in
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their experiments beta-propiolactone failed to influence the HA activity of
the virus. It isremarkable that in our experiments EIl destroyed virus infectiv-
ity but failed to affect HA activity.

Morein et al. (1973) studied the immunogenicity of virus strains of high
and low NA activity, and found that the antibody response detectable in
the serum and the nasal secretion was independent ofthe NA activity of strains.
They observed that, together with the increase of HI titres, anti-NA titres
also increased, irrespective of the degree of the NA activity of the strains.
In our studies, the immunogenicity of PI-3 virus strains of originally high and
originally low HA activity showed a positive correlation with the HA activity
of the strains. Thus, strain 4/5 of high HA activity induced a far more expressed
immune response than strain 1/4, which had a low HA activity. Immuno-
genicity of the treated virus preparations also showed a positive correlation
with the degree to which their HA activity was damaged (Tables Ill and 1V).

By immunizing rabbits twice with the El-inactivated strain of high
HA activity (EIl being the agent which affects the surface antigens to the least
extent), an expressed immune response was induced.

In the HI test, marked antibody responses were observed already after
the first vaccination and the titres increased further after the second vaccina-
tion. In the VN test no, or very slight, antibody responses were demonstrated
after the first vaccination. However, the second vaccination was followed by
a striking increase in the YN antibody titres (Fig. 1).
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Characteristics of the immune response induced by an ethylenimine-inactivated P1-3 virus
strain of high HA activity were studied. The strains had been isolated from calves showing
symptoms of respiratory disease. Calves were vaccinated twice at an interval of 7, 10, 14 or
21 days. The curves representing the HI1 (haemagglutination-inhibiting) and VN (virus-neutral-
izing) antibody responses did not run parallel. The HI antibody titres increased significantly
in all programmes, whereas VN antibodies appeared only after the second vaccination and
their titre reached the highest level in the programme in which the interval between the two
injections was 14 days. On the 14th and 28th days after re-vaccination it was found that re-
vaccination performed after an interval of 14 days was significantly more effective than that
carried out after an interval of 7, 10 or 21 days, as regards VN antibodies. The HI antibody
response showed no marked differences between the programmes.

Antibody responses following immunization of lambs with PI-3 virus were also studied.
When antibody titres started to decrease, the lambs were challenged with PI-3 virus. Un-
vaccinated animals became affected by the challenge dose, were shedding the virus and showed
histopathological changes. The immunized animals, though showing minor histopathological
changes, did not exhibit clinical symptoms and did not shed the virus. Marked proliferation
of cells responsible for cell-mediated immunity was observed in the lymphoid organs.

The results indicate that vaccination with the ethylenimine-inactivated PI-3 virus of
high HA activity can provide protection against PI-3 virus infection.

In the preceding paper (p. 45 in this volume), striking differences
found in the haemagglutinating (HA) activity of bovine parainfluenza-3
(P1-3) virus isolates have been reported. A correlation was found between the
HA activity and the immunogenicity of the strains.

Characteristics of the immune response induced by an ethylenimine-
inactivated preparation of a virus strain of high HA activity are reported
in the present paper.

Materials and methods

Vaccine. The PI-3 virus strain 4/5 of high HA activity was isolated from
calves affected by acute respiratory disease and it was propagated in calf
kidney (CK) cell cultures. The virus was inactivated with ethylenimine and
oil-adjuvated (see p. 45 in this volume).

Immunization of calves. Four groups of 6 to 8 weeks old Holstein-
Friesian bull calves of identical origin were used in the experiments. Each
group consisted of 5 calves. Each calf was given two 5 ml doses of the inacti-
vated vaccine intramuscularly. The time interval between the two injections
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was 7, 10, 14 and 21 days, respectively, in the four groups. The immune
response was assessed by haemagglutination-inhibition (HI) and virus-neutral-
ization (VN) tests.

The significance of antibody level differences between the groups was
determined by Student’s t test.

Immunization and challenge infection of lambs. Eight-week-old Merino
lambs were immunized twice with 2 ml of the vaccine, at an interval of 10
days. On day 105 after the first vaccination, 3 immunized and 3 untreated
lambs were challenged intranasally and intratracheally, each with twice 2 ml
(2 X 108 TCIDjo) of the virus strain 4/5. The challenge infection was repeated
24 h later. Three lambs were used as uninfected controls.

Re-isolation of virus was attempted from nasal swabs taken daily, and
from samples taken from the mucous membrane of nasal conchae, from
the trachea, from the lungs and from pectoral lymph-nodes of lambs bled
on days 7 and 8 postinfection, in secondary calf kidney cell cultures.

Histopathological examinations. Five-"m-thick sections were prepared
from the organs fixed in 10% formaldehyde and embedded in paraffin. The
sections were stained with haematoxylin and eosin.

Results

In the 5th passage, before inactivation, the PI-3 virus strain 4/5 had an
infective titre of 107 TCID50/0.2 ml and agglutinated guinea-pig erythrocytes
up to the dilution 1:1024. Inactivation failed to alter the HA activity of the
virus.

Fig. 1. Haemagglutination inhibition in calves immunized at intervals of 7, 10, 14 or 21 days
(N time of second vaccination)
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WNtitre (logj)

Fig. 2. Virus neutralization in calves immunized at intervals of 7, 10, 14 or 21 days (Il: time
of second vaccination)

Hi titre [log')

Fig. 3. Haemagglutination inhibition in immunized lambs (I: first vaccination, Il: second
vaccination, arrow: challenge infection)

H 1 antibody titres found in sera of calves given two injections of inac-
tivated virus at different intervals are shown in Fig. 1 and VN antibody titres
measured at the same time in Fig. 2. In evaluating the postvaccination humoral
immune responses (HI and VN antibodies), the antibody titres appearing after
injections repeated at different times were determined.

Antibody titres were determined at the time of the second vaccination,
and subsequently on every 14th day, and were expressed as mean power
indices of logo. The significance of antibody titre elevation is summarized
in Table I. The comparative significance of the different programmes, as related
to one another, was evaluated separately for HI and VN antibodies (Table 11).
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H1 antibody titres ofthe 3immunized lambs used in the challenge experi-
ments are indicated in Fig. 3. The unvaccinated lambs showed a febrile response
(40.1—-40.7 °C) on days 3 and 4 postinfection. One lamb showed clinical symp-
toms including a serous nasal discharge, sneezing and dullness from the 5th
day postinfection. The condition further aggravated by the 6th day when the
lamb exhibited severe coughing and dyspnoea. The other two lambs also showed
dullness, nasal discharge, sneezing and coughing. On day 7, the severely affected
lamb was bled. The condition ofthe other two lambs did not aggravate further;
these animals were bled on day 8.

Table 1

Humoral immune response following vaccination. |
(Efficacy of programmes as compared with base values)

Haemagglutination inhibition (HI) Virus neutralization (VN)
Days after
1st Average of  Standard  Significance of differences  Average of ~ Standard  Significance of differences
vaccination |og, titres  deviation vs. base values log2 titres ~ deviation vs. base values

0 3.0 1.0 2.8 2.17

Ve 4.0 141 N.S. 2.6 1.82 N.S.
21 5.8 11 P < 0.01 4.8 0.84 N.S.
35 5.8 0.45 P < 0.001 24 0.55 N.S.
49 5.0 0.20 P < 0.05 1.75 0.90 N.S.

0 3.0 1.58 2.75 1.50 N.S.
10* 3.6 1.34 N.S. 2.67 0.58 N.S.
24 6.6 2.07 P < 0.005 3.6 1.82 N.S.
38 6.2 1.64 P < 0.02 4.0 1.22 N.S.
52 4.4 0.89 N.S. 25 1.00 N.S.

0 2.0 0.70 1.8 0.84

14* 4.0 0.71 P < 0.01 1.75 0.96 N.S.
28 8.0 2.00 P < 0.001 9.0 212 P < 0.001
42 8.0 2.00 P < 0.001 6.8 2.05 P < 0.001
56 5.8 1.10 P < 0.001 5.0 1.0 P < 0.001

0 4.0 1.0 3.0 1.22

21* 3.8 0.84 N.S. 3.0 1.58 N.S.
35 7.2 2,77 P < 0.05 6.2 3.03 P < 0.05
49 6.8 2.28 P < 0.05 52 2.39 N.S.

*The day of second vaccination
= 2262 P < 005
N.S. = not significant
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Table 11
Humoral immune response following vaccination. 11

The significance of differences between mean antibody titres found after the second vaccination
performed after different intervals

a On day 14 after second vaccination

Programme 7 10 14 21 Programme
7 N.S. N.S. N.S. 7
10 N.S. N.S. N.S. 10
VN 14 S S N.S. 14 HI
P < 0.001 P < 0.001
21 N.S. N.S. N.S. 21
n= 5 df= 8 t= 2262 —P = 0.05
S = significant N.S. = not significant

b On day 28 after second vaccination

Programme 7 10 14 21 Programme
7 N.S S N.S 7
P < 0.05
10 N.S. N.S. N.S. 10
VN 14 S S N.S. 14 HI
P < 0.0001 P < 0.001
21 S N.S. N.S. 21
P < 0.05

5 df= 8 t= 2262 — P = 0.05
significant N.S. = not significant

n-=
S=

The vaccinated animals and the uninfected controls showed no clinical
symptoms.

Necropsy findings of unvaccinated animals included reddening and
streakiness (dilation of capillaries) of the mucous membranes of the nasal
conchae and the trachea. In the lungs of the lamb bled on day 7 the apical
and cardiac lobes had small, dark red, compact (consolidated) areas. In
vaccinated animals, no clinical symptoms were observed and, except the
medullary swelling of lymph nodes, no macroscopic pathological changes
were seen.

Histopathological studies revealed extensive intralobular interstitial
pneumonia and mild peribronchial lymphoid cell hyperplasia in the anterior
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part of apical and diaphragmatic lobes of the lungs of unvaccinated animals.
In the more severely affected lamb, desquamative necrosis of the bronchial
epithelium and cellular infiltration of alveoli were also observed in addition
to the aforementioned changes. The mediastinal lymph nodes of unvacci-
nated animalsshowed hyperplasia of follicles and proliferation of lymphoblasts.
In two of the vaccinated animals, the diaphragmatic lobes of the lungs showed
intralobular interstitial pneumonia restricted to small areas. Lung lesions
were absent in one animal. All three lambs were characterized by pronounced
peribronchial lymphoid hyperplasia. The paracortical part of mediastinal
lymph nodes showed a pronounced lymphoid hyperplasia while in the cortex
only a mild hyperplasia of follicles developed.

The results of re-isolation attempts from nasal swabs and from organs
of exsanguinated animals are summarized in Table Il1.

Table LU

Re-isolation of PI-3 virus from lambs

Uj Virus isolation
animalsal o st chatengs Naal  FrOm oroams
lenge 1 2 3 4 5 6 7 8 Y rrachea Lungs Ln)(/)rélepsh
Vaccinated
1 1:128 + +
2 32 4 4 - = = = = — — — _
3 64 4
Unvaccinated
4 —<2 + + o+ o+ + + + + + + — —
5 —<2 + 0+ o+ o+ o+ o+ — o+ + + — +
6 —<2 + + + + 4 + 0 0 + + + +
Control
7 —<2
8 —<2
9 —<2
successful re-isolation

+
I n

unsuccessful re-isolation attempt

Discussion

In a previous work, we brought evidence that our P1-3 virus strains of
high HA activity were of considerably better immunogenic potential than those
of low HA activity. During inactivation, the ability of strains to induce a hu-
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moral immune response (as indicated by both HI and YN tests) underwent
an appreciable reduction, parallel with the decrease of HA activity. Since
ethylenimine-inactivation, based on nucleic acid alkylation (Primrase and
Dimmock, 1980), did not destroy the glycoprotein envelope antigens, there
were no changes demonstrable in immunogenicity (see p. 45 in this volume).

Serological studies on calves vaccinated twice at different intervals
proved that the curves representing the HI and VN antibodies did not run
parallel. A similar phenomenon had been observed in rabbits (see p. 45 in
this volume). While HI antibody titres significantly increased after the second
vaccination in all cases, the elevation of YN antibody titres was found to be
significant only in the group re-vaccinated 14 days after the first vaccination.
This is expressed by the significance of HI and VN values found at different
times, as compared to the prevaccination values. When comparing the results
of vaccination programmes on days 14 and 28 after the second vaccination,
the HI test failed to reveal significant differences. As regards the YN anti-
bodies, the re-vaccination given after an interval of 14 days proved to be signifi-
cantly more effective than that performed after 7, 10 or 21 days (Table I1).

Polna and Aleksandrowicz (1975) demonstrated HI1 antibodies of IgM
nature in the early stage of immunity in rabbits inoculated with measles
virus. However, in later stages and in convalescent sera of humans only HI
antibodies and neutralizing antibodies of the 1gG class were found. Presum-
ably, the difference in the appearance of HI and YN antibodies in calves
and rabbits after vaccination (see p. 45 in this volume) can be explained
in the same way. Further studies are needed for satisfactory clarification of
this point.

The lesions developed in the unvaccinated lambs in our challenge experi-
ments were consistent with those described by Hore and Stevenson (1967).

Several authors have studied the efficiency of live and inactivated PI1-3
vaccines, in relation to the mode of application. In calves, the attenuated live
virus provided better protection after intranasal than after intramuscular
application (Gates et al., 1970; Gutekunst et al., 1969; Smith, 1975; Todd,
1973). According to Frank and Marshall (1971), the degree of protection
primarily depends on the antibody concentration of the nasal secretion, while
the severity and course of the disease on the antibody levels of the serum. It
has also been proved that in case of high YN antibody titres in the serum,
antibodies might be exudated into the nasal secretion (Marshall and Frank,
1971). Others have reported a definite protective effect of inactivated vaccines
in calves (Probert et al., 1978) and lambs (Wells et ah, 1978) with high serum
antibody titres elicited by the vaccines.

In our studies, the vaccinated and challenged animals failed to develop
clinical symptoms, although the lungs of two animals showed mild histo-
pathological changes. While unvaccinated animals were shedding the virus
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continuously and virus was also isolated from their respiratory organs, it was
not possible to recover the virus from the vaccinated animals. The peribronchial
lymphoid hyperplasia found in the lungs and the pronounced hyperplasia of
lymphoid cells found in the paracortical part of mediastinal lymph nodes
of vaccinated animals after challenge indicated a rapid and pronounced reac-
tion of the cellular immune system. These were not observed in nonimmunized
animals. The follicular hyperplasia developed in the cortices of lymph nodes
indicated the activity of cells involved in humoral immunity.
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552 blood samples collected from 44 large-scale swine breeding farms in 13 Hungarian
counties were examined for the presence of rotavirus-specific antibodies by optimized counter-
current immuno-electrophoresis (CCIEP). Among the technical conditions influencing the
quality and the specificity of the test, the quality of antigen and the type of agarose proved
to be decisive.

The antigen was prepared from the faeces of an artificially infected calf by centrifuga-
tion, filtration and ultracentrifugation. Its titre ranged from 1:16 to 1:128. The CCIEP was
done on microscope slides covered with 4.5 ml of 1% Agarose A (PHARMACIA) gel in barbital
buffer of pH 8.6. Electrophoresis was carried out at 7 V/cm for 90 min.

Of the farms examined, 41 (93.2%) proved to be infected by rotavirus. Rotavirus-
specific antibodies were demonstrated in 167 blood samples (31.2%). The percentage of sero-
positive pigs ranged from 6.7 to 100% in the farms surveyed. The prevalence of antibodies
in pigs of different ages was 26% in 4 months old pigs, 50.6% in 6 months old pigs, 33.3%
in 8 months old and 25.2% in 1 year old or older pigs. The results showed that most of the pigs
became infected by rotavirus after the weaning age.

Rotaviruses are presently thought to be one of the major causes of
neonatal gastroenteritis throughout the world. Soon after Mebus et al. (1969)
reported the presence of rotavirus in the faeces of newborn calves with acute
non-bacterial gastroenteritis, rotaviruses have been shown to be associated
with neonatal diarrhoea in other mammals including piglets (McNulty et al.,
1976; Rodger and Craven, 1975; Woode et al., 1976a), foals (Flewett et al.,
1975), lambs (Snodgrass et al., 1976), rabbits (Bryden et al., 1976; Petrie et
al., 1978), infant mice (Much and Zajac, 1972) and young children (Bishop
et al., 1973; Kapikian et al., 1974). Subsequent studies revealed morphological
and antigenic relationships among rotaviruses isolated from different animal
species. All the known rotaviruses share a common antigen demonstrable
by immunofluorescence, complement fixation test, gel diffusion test and im-
mune electron microscopy. Besides, rotaviruses from one species can infect
other species (Woode et al., 1976; Thouless et al., 1977).

The detection of rotavirus is still time-consuming and needs special
equipment. Their isolation and propagation in cell cultures is also difficult
and — except for the bovine isolates — they do not produce a definite cyto-
pathogenic effect. In Hungary, Koves (1979) isolated acytopathogenic rotavirus
from a case of neonatal calf diarrhoea. Others demonstrated rotaviruses by
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immunofluorescence or by electron microscopy in newborn calves (Kdves et
al., 1977; Nagy, 1979) and in piglets (Benyeda and Tuboly, 1978; Nagy and
Ratz, 1979).

Probably due to the technical difficulties, only few data have been
published on the prevalence of rotaviral antibodies in populations of different
animal species including cattle (Acres and Babiuk, 1978; Sato et al., 1981,
Schléfer and Scott, 1979; Takahashi et al., 1979; Zygraich et al., 1975), horse
(Dagenais et al.,, 1980; Imagawa et al., 1979; Sato et al., 1981; Takahashi et
al., 1979), sheep (Sato et al., 1981; Snodgrass et al., 1977; Takahashi et al.,
1979), swine (Sato et al., 1981; Takahashi et al., 1979), dog and cat (Dagenais
et al., 1980; McNulty et al., 1978), rabbit (Sato et al., 1981) and, before the
present studies, no data were available from Hungary. This study was designed
to optimize the counter-current immuno-electrophoresis technique to inves-
tigate the prevalence of rotaviral antibodies in swine sera.

Materials and methods

Blood samples were collected in 44 large-scale swine farms located in
13 counties of Hungary. Generally, 10 to 15 animals of different age groups
were sampled on each farm. Of the various techniques to detect rotaviral
antibodies, counter-current immuno-electrophoresis was selected. The advan-
tage ofthis test is the rapidity and accuracy to survey blood samples in large
number.

Preparation of antigen. Four different antigen preparations were tested.
All of them were made from diarrhoeic faeces of rotavirus-infected calves and
were prepared as described by Mohammed et al. (1978). Crude faecal antigen
consisted of faeces diluted to 1:5 after two cycles of centrifugation at 3000 X g
for 30 min to remove the majority of organic material (C antigen). The crude
faecal antigen was further clarified by filtration through a 450 nm Millipore
filter (F antigen). The filtered antigen was then centrifuged at 100,000 Xg
for 180 min at -f-4 °C in an MSE SS 50 ultracentrifuge. The pelleted virus was
resuspended in phosphate-buffered saline (PBS), pH 7.2, in 1/20 of the orig-
inal volume (filtered and concentrated, FC antigen). The soluble antigen,
present in the supernatant after ultracentrifugation, was used without further
concentration (S antigen). The antigens were titrated against the constant
dilution (CCIEP titre 1:16) of a calf anti-rotavirus serum.

Counter-current immuno-electrophoresis (CCIEP). The test was done on
microscope slides covered with 4.5 ml of 1% gels of various types of agarose
products (LITEX HSA, Mr= -0.13; PHARMACIA Agarose A and B,
Mr — —0.13 and —0.25, respectively; SERVA, High EEO, research grade,
Mr = —0.25) in 0.025 mol/1 veronal buffer, pH 8.6, with or without the addi-
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tionof 0.1 mg protamine sulphate to one ml of the gel. The wells were punched
in three parallel row-pairs. The diameter of the wells was 3 mm and they were
filled with 10 jul each. The distances between wells were 2.5 mm. Antigens were
placed in the wells facing the cathode and the heat-inactivated sera in the
wells facing the anode. The titre of antigen was always adjusted before use to
four times concentration of the highest dilution giving definite positive reac-
tion with the standard dilution of the positive control serum. Known positive
and negative control sera were included in each run.

The electrophoresis was carried out in the LABOR MIM immuno-
electrophoresis chamber 59951 (LABOR MIM, Budapest, Hungary) at room
temperature using veronal buffer at 7 ¥/cm. The ionic strength of buffer
varied between 0.025 and 0.075 mol/1, the pH between 8.2 and 8.8, and the
time of electrophoresis between 45 and 120 min. The slides were examined
for the presence of precipitation lines immediately after the electrophoresis
and 24 h later. In the meantime, the slides were kept in a moist chamber at
room temperature.

Results

Technical arrangements. From the agarose preparations tested, PHAR-
MACIA Agarose A with an endosmotic value (Mr) of —0.13 was found to be
the most appropriate. The other gels showing similar (LITEX HSA, Mr=
= —0.13) or higher electroendosmotic values (PHARMACIA Agarose B
and SERYA High EEO, Mr= —0.25) gave some reactions or none (Table I).
At 7 Vicm, precipitation reactions were complete after 90 min running time.
The quality of the result decreased with lengthening the time of run, increas-
ing or shortening the distance between the wells or using a veronal buffer
with lower or higher ionic strengths and pH values than 0.05 mol/l and pH

Table 1

Comparison of the results of CCIEP performed in 1% gel of different types of agarose products
in 0.05 mol/1 veronal buffer, pH 8.6

Titre of
Electro-
Agarose endosmotic (Mr) . Standard positive

value FC antigen* serum **
LITEX HSA —0.13 1:4 1:2
PHARMACIA A —0.13 1:64 1:32
PHARMACIA B —0.25 0 0
SERYA, high EEO —0.25 1:4 1:16

“Titrated against the constant 1:4 dilution of a calf anti-rotavirus serum
** Determined with the FC antigen
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8.6, respectively. The protamine sulphate content of the gel had no visible
effect on the result of precipitation reactions.

For the subsequent testing procedures, CCIEP was performed in 1%
gel of PHARMACIA Agarose A using 0.05 mol/l veronal buffer, pH 8.6,
under potential difference of 7 Y/cm. The time of electrophoretic run was
90 min.

Comparison of various rotavirus antigens. Different dilutions of each of
four antigens were compared forsensitivity to detectrotaviral antibodies using
the constant 1:4 dilution of a calf anti-rotavirus serum (CCIEP titre 1:64).
Table 1l shows that the filtered and concentrated FC antigen proved to be
superior to antigens C and F. No reaction occurred with the unconcentrated
S antigen. It was concluded that the FC antigen would be the antigen of choice
for routine screening for rotaviral antibodies.

Detection of rotavirus-specific antibodies in swine sera. Out of 44 appar-
ently healthy swine stocks, 41 (93.2%) proved to be infected by rotavirus. Of

Table 11

Comparison of various rotavirus antigens for detection of rotaviral antibodies

Test antigen CCIEP titre*
C antigen 1: 4to 1. 8
F antigen 1: 4to 1: 8
FC antigen 1:16 to 1:128
S antigen 0

* Positive end-point dilution of different antigen lots against the constant 1:4 dilution
of a calf anti-rotavirus serum

age groups
Fig. 1. Distribution of rotaviral antibodies in pigs of different ages
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the 552 swine sera, 167 (31.2%) contained rotavirus-specific antibodies. The
percentage of seropositive pigs ranged from 6.7 to 100% in the farms surveyed.
The distribution of rotavirus-specific antibodies in different age groups is
shown in Fig. 1.

Discussion

A variety of technical conditions has been standardized to optimize
CCIEP for routine screening of swine sera for rotavirus-specific antibodies.
From the study performed, it appears that the quality of antigen and the type
of agarose are decisive among the technical conditions influencing the quality
and specificity of the test. From the agarose preparations examined, PHAR-

MACIA Agarose A with a moderate electroendosmotic value (Mr= —0.13)
was found superior to agarose products with higher electroendosmotic values
(Mr = —0.25), which are generally more suitable for CCIEP.

Among the antigen preparations tested, FC antigen was significantly
more sensitive than either the crude or the filtered faecal antigens. Further-
more, the latter two antigens gave multiple lines in the CCIEP, which could
be eliminated by purifying of the faecal material by ultracentrifugation.
When different lots of FC antigen were reacted with the positive control and
test sera, in every case a single precipitation line was observed that needed
absorption of sera with faecal or tissue culture rotavirus antigen to be re-
moved.

Results of this serological survey have shown that rotavirus infection
is widespread in Hungarian swine stocks. The proportion of the reactors
varied in each farm and also in accordance with the age groups. The rate of
seroconversed animals increased until six months of age, thereafter it tended
to decrease. This indicates that most of the pigs became infected by rotavirus
after the weaning age.

For the correlation existing between age and presence of antibody,
similar results were reported by Imagawa et al. (1979), who surveyed Japanese
light horses for rotavirus antibodies with the complement fixation test. Com-
plement fixing antibodies against rotavirus were found in 15.1% of horses
younger than one year of age, 56.3% oftwo years old and 43.3% of four years
old or older horses.
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A method was developed for simultaneous determination of five Fusarium mycotoxins:
deoxynivalenol, diacetoxyscirpenol, HT-2 toxin, T-2 toxin and zearalenone.

The cereal sample was extracted with ethyl acetate, then with a 6:4 mixture of methanol
and water. The extract was purified by Kieselgel 60 column chromatography. The purified
sample was reacted with BSTFA (N,0-bis/trimethylsilyl/-trifluoracetamide). The silylether
derivatives of the samples were analysed on an SE 52 wall-coated open tubular column. Pure
toxins were mixed to the cereal, and recovery and standard deviation tests were performed.
Seventy to 80% of the toxin was recovered and the relative standard deviation ranged between
10% and 18%. The method developed was applied to concrete samples.

Feed may often be contaminated by several fungus species, and even
the same fungus species may produce several mycotoxins. Therefore, it is an
old endeavour to develop an analytical method, suitable for simultaneous
detection of more than one toxin in a single analysis. Stoloff et al. (1971)
described a method for simultaneous determination of aflatoxin, ochratoxin,
zearalenone, sterigmatocystin and patulin. The method was modified by
Scott et al. (1972). Roberts and Patterson (1975) reported on simultaneous
investigation of 14 toxins. Josefsson and Mdller (1977) and Pliszczynszka and
Juszkiewicz (1977) were also engaged in the development of so-called multi-
mycotoxin detection methods. The method of Gimeno (1979) is suitable for
detection of 10, that of Takeda et al. (1979) for detection of 14, mycotoxins.
In addition to the authors mentioned, several researchers attempted to solve
this problem, however, the methods did not find wide practical application
because they require a circuitous purification procedure, and moreover, their
sensitivity is poor with respect to some of the toxins. Thus, they do not satisfy
the practical demands.

In addition to the thin-layer chromatographic methods mentioned above,
Engstrom et al. (1977) developed a high-pressure liquid chromatographic
method for multimycotoxin determination.

In European countries of continental climate, thus also in Hungary,
Fusarium fungi play an important role in the fungal deterioration of feed
quality and in animal diseases caused by mycotoxins. Thus, a toxin detection
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method was needed which is suitable for parallel detection of several Fusarium
toxins (4-6) in a very low concentration range.

In our work, capillary gas chromatography was used for detection of
the toxic secondary metabolites most often produced by Fusarium fungi.

Materials and methods

a) Vacuum rotadeet apparatus (MTA Kutatasi Eszkdzoket Kivitelezd
Vallalat, Hungary),

b) Block Thermostat (MTA Kutatdsi Eszkdzdket Kivitelezd Vallalat,
Hungary),

¢) Packard Model 427 gas chromatograph, equipped with FID detector
and HP 3390 A integrator,

d) Screw-cap vials (Pierce, Rockford, 111. USA),

e) Column glass capillary, drawn on a Hupe Bush capillary drawer
manufactured by Hewlett Packard, and wetted according to the method of
Grob et al. (1977, 1978).

f) All the solvents used were commercial preparations (Reanal, Hungary),
twice distilled before use.

g) Mycotoxin standards: 1 mg/cm* zearalenone (Supelco 4-6318);
0.5 mg/cm3T-2 toxin (Supelco 4-6322); 0.5 mg/cm3diacetoxyscirpenol (Supelco
4-6315); 0.7 mg/cm3 deoxynivalenol; 0.5 mg/cm3 HT-2 toxin (C.J. Mirocha,
St. Paul, Minnesota, USA).

h) BSTFA (Pierce, Rockford, 111. USA).

i) Kieselgel 60 (Merck).

Ten g of wheat was ground to grits fineness. The ground wheat was
extracted at room temperature for 2 h with 200 cm3ethyl acetate, the mixture
was repeatedly shaken during extraction. After extraction, the organic solu-
tion was filtered off and put aside. The residue was extracted again at room
temperature for two hours with 200 cm3methanol — water mixture (6+4 v/v).
The solution was filtered off and the two filtrates were combined. The water
content of the solution was removed by 10 g of anhydrous Na2S04, and the
solution was evaporated on a vacuum rotadest apparatus. Evaporation yielded
an oily liquid residue. This residue was dissolved in 2 cm3ofbenzene — acetone
(1+ 1v/v) mixture and poured on a 10 X1 cm column packed with Kieselgel 60.
The lipid content of the extract was eluted with 20 cm3 benzene from the
column. The mycotoxins tested were eluted with 20 cm3 benzene — acetone
(1+ 1 v/v) mixture. The eluate containing the toxins was evaporated on the
vacuum rotadest.

The substance evaporated to dryness was dissolved in 2 cm3 of acetone.
Two hundred mm3 of the acetone solution was transferred into a screw-cap
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v*al and evaporated in N2atmosphere. Two hundred mm3of BSTFA reagent
was introduced into the vial, which was then tightly closed, and heated for
15 min at 60 °C in the block thermostat. The reaction mixture was allowed
to cool after the proceeding of the reaction, and 1 mm3ofthe reaction mixture
was injected into the gas chromatograph.

Determination by gas chromatography

The column used in the apparatus was drawn from Pyrex glass of 8 mm
O.D. and 3 mm I.D. on a Hupe Bush Hewlett Packard drawing apparatus.
The deactivation of the glass surface was carried out according to Grob (1977,
1978), while the packing with a statical method. The phase ratio, B = gas

volume/wetting volume, was 250.
Column: 14 m, 0.25 mm 1.D. wall-coated open tubular column wetted with

SE 52
Temperature of thermostat: 180-260 °C, 3 °C/min.
Temperature of injector: 260 °C
Temperature of detector: 260 °C
Carrier gas: H2 entrance pressure 40 kPa.

Recovery and standard deviation of the method

Recovery and standard deviation values calculated from 11 parallel
runs of the 5 substances investigated are shown in Table I for a concentration

level of 100 jug/kg.

Results and discussion

Figure 1 shows the chromatograms of standard mycotoxins. Nineteen
feed samples were investigated with the method described.

Fig. 1. The chromatogram of standard mycotoxins (1 — deoxynivalenol; 2 — diacetoxyscir
penol; 3 — HT-2 toxin; 4 — T-2 toxin; 5 — zearalenone)
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Table 1

Recovery and standard deviation values of the five Fusarium toxins investigated

Relative standard

. Recovery, L2

Name of toxin per cent deviation,

per cent
Zearalenone 78 12
T-2 toxin 67 17
HT-2 toxin 75 13
Diacetoxyscirpenol 83 1
Deoxynivalenol 64 19

The samples selected were presumed to be positive for Fusarium toxin
on the basis of preliminary veterinary indication. The 7 samples in which no
mycotoxin could be detected were not included in the presenting of results.
Results are shown in Table Il. All the substances investigated could be detected
in the samples. In the major part of the samples, more than one mycotoxins
were found. This experimental finding supports the hypothesis that in Fusa-
rium infection several mycotoxins are formed simultaneously, and syndromes
arising in the animals are resultants of the toxic effect of several substances.
It happened in certain cases that the effect of a single toxin predominated,
and in this case only one predominant toxin could be detected in the test,
the quantity of the others was below the limit of detection.

Table M

Test results

vame ofsamgle TG TR MTET s, Pt
mgkg
Feldebré 1 maize 5.7 0.3 0 0.8 0
Feldebré 11 maize 3.2 14 0 0.5 0
Adony | wheat 0.2 19 0.2 0 0
Adony |l wheat 0 0.2 0 0 0.5
Adony Il maize 0 0.4 0 0 1.3
Imported | maize 75 0 0 2.1 0
Imported Il maize 3.7 0 0 15 0
Imported 111 maize 4.8 0 0 2.0 0
Papa | swine food 0 4.1 0 0 0
Pépa Il swine food 0 5.8 0 0 0
Baja | maize 13 4.4 0.7 0 0
Baja Il maize 0.7 3.8 0.5 0 0.2
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The influence of maternal acidosis on foetal and neonatal acid-base status and viability
was studied. Lactic acidosis was produced in seven bovine females (five heifers and two cows)
by oral administration ofa high dose of sucrose in the terminal prepartal period. Two pregnant
heifers were used as control.

Follow-up of the main acid-base parameters in blood and urine indicated that short-
term (one-day) acute acidosis of the dam did not affect adversely the acid-base statue of the
calf either in utero or post partum, but subacute acidosis, progressing to a severe condition
during 4-7 days of treatment, also involved the offspring; the calves of such dams were either
born in acidotic condition, or developed acidosis within a few hours after birth. Two acidotic
calves died soon after birth.

The influence of maternal acid-base disturbances on the foetus has been
little studied. Observations in humans have suggested that alterations in the
mother’s acid-base and electrolyte metabolism also affect the metabolic
status of the developing human foetus (Thalme, 1967). Pregnant guinea pigs
responded to artificially induced hyperventilation by hypocapnia, their
foetuses by metabolic acidosis (Morishima et al., 1964). Pregnant rats exposed
to hypoxic conditions developed a metabolic acidosis, their foetuses a com-
bined (respiratory-metabolic) acidosis (Thalme, 1967).

Interrelationships between the maternal and foetal acid-base status
have been poorly studied in the bovine, although the problem is of great
practical importance, since their special digestive system predisposes rumi-
nants to alimentary acidosis.

In the present experiments, we studied the influence of maternal acidosis
induced in the terminal stage of pregnancy on the acid-base status, and thereby
on the viability of the newborn calf.

Materials and methods

Seven primiparous heifers and two multiparous cows were used in the
experiment. The heifers weighed 375-410 kg, the cows 700 and 768 kg. Six
heifers and one cow were Hungarian Fleckvieh X Red Pied Lowland crosses,
one heifer was a Hungarian Fleckvieh X Holstein-Friesian cross, and one cow
was a purebred Hungarian Fleckvieh.
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All animals were fed 2—4 kg dairy-cow feed daily, and alfalfa hay ad lib.;
the cows of Groups Il and Ill were additionally given sucrose to induce acido-
sis. The different groups can be characterized as follows:

Group | (control, heifers nos 1 and 2). The foetus was removed by Caesar-
ean section on day 270 of gestation.

Group Il (heifers nos 3, 4 and 5). A single 12 g/kg bwt dose of sucrose
was administered orally in aqueous solution (about 0.7 kg/l) on day 269 of
pregnancy, and 24 h later the calf was delivered by Caesarean section.

Group 111 (heifers nos 6 and 7; cows nos 8 and 9). Sucrose was adminis-
tered at 7 g/kg bwt/day dose level, orally in aqueous solution as above, from
the 265th day of pregnancy on. The two heifers were subjected to Caesarean
section after 4 and 7 days, respectively, of acidogenic diet. Cow no. 8 calved
spontaneously after 4 days, the other cow (no. 9) died abruptly on the 3rd
day of treatment.

Maternal blood (jugular vein) and urine samples were taken in Group |
(control) before the Caesarean section, in Group Il 24 h after sucrose adminis-
tration, and in Group Ill on each day of acidogenic diet.

Foetal blood samples were withdrawn from the umbilical artery and vein
of each Caesarean-derived calf before lifting from the uterus; post-delivery
samples were taken from the jugular vein at 0, 10 and 60 min (occasionally
at 8, 12 and 360 min) after birth.

The blood samples were withdrawn into heparinized tubes, in anaerobic
conditions, and were examined for pH and pC02by a biological microanalyser
(OP 210/2, Radelkis, Budapest), and for haemoglobin content by a blood
analyser (Ames). The values of the other acid—base parameters, base excess
(BE); actual bicarbonate (act. HC03~) were calculated as proposed by Szenei
and Nyiré (1981). Urine samples collected by catheterization were examined
for pH by the biological microanalyser, and for net acid-base excretion by
the method proposed by Kutas (1965).

Results

The acid-base parameters of the control heifers (Group I) were within
the physiological range (Eichler-Steinhauff, 1977; Wilson et al., 1977) during
the peripartal period. The values determined in the umbilical arterial blood
of the foetuses were as follow: pH 7.29-7.34; pC026.7-7.0 kPa; act. HC03-
23.3-28.3 mmol/l; BE —2.3—|-3.2 mmol/1. The acid—base parameters of the
newborn calves indicated a shift towards the state of respiratory acidosis
during the initial postnatal hours. Ammann et al. (1974) arrived at similar
conclusions on examination of the acid—base status of newborn calves delivered
by Caesarean section on account of dystocia.
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The animals in Group Il developed an acute metabolic acidosis during
the last hours preceding the Caesarean section (pH 7.23-7.30; pC025.2-5.5
kPa; act. HCON —15.9-18.9 mmol/l; BE —5.9-—9.6 mmol/1). Drop of the
urine pH from 7.8-8.4 to 5.3-5.9, and of the acid-base excretion from -(-101—
+122 to —122-—218 mmol/l indicated a rapid development of aciduria. The
acid—base parameters determined in the umbilical arterial blood of the foetuses
were practically the same as in the control group (pH 7.30-7.35; pC02 7.0-
7.5 kPa; act. HCOj" 24.8-28.0 mmol/l; BE —0.7—\-2.1 mmol/1), and foetal
respiratory acidosis was also of similar degree. The postnatal development of
the viable foetuses was perfectly normal.

In Group Ill a subacute acidosis was produced by repeated intake of
smaller doses of sucrose. The effect of maternal acidosis on the foetal and
neonatal acid-base status is described below in greater detail (Tables I—11).

Heifer no. 6 showed a considerable drop of urine pH and a distinct
aciduria already on the first day of sucrose feeding. A major drop of blood pH
was observed from day 6 on, and severe metabolic acidosis caused a comatose
condition on day 7. Analysis of umbilical arterial and venous blood revealed
a similar degree of acidosis also in the foetus delivered by Caesarean section
on day 7 of acidogenic diet. Exhaustion of the foetal compensation mecha-
nisms led to progression of the acidotic state during the first postnatal minutes

Table |

Parameters of acid-base status
Heifer no. 6

Blood Urine
Animal Time pco, . Actual BE, add,\-‘lf;se
pH kPa b'C;rmbgl'E‘ev mmol/1 pH eﬁc;]eotlilc;n,

day 0* 7.43 5.9 284 4.5 6.9 + 21

day 1 7.39 6.2 27.1 2.7 5.6 — 165

day 2 7.35 5.8 23.1 — 14 5.6 — 160

Mother day 3 7.35 5.5 22.2 — 21 5.8 — 163

day 4 7.36 5.7 22.9 — 15 5.9 — 165

day 5 7.35 5.2 20.8 — 34 6.0 — 137

day 6 7.31 4.9 17.9 — 65 6.4 — 29

day 7 7.05 4.6 9.3 —185 4.7 —

foetal umbilical artery 7.12 7.0 16.5 —10.9 — —

umbilical vein 7.14 6.6 16.1 —11.1 — —

Calf 1 min after birth 7.08 7.2 15.3 —125 — —

8 min after birth 6.75 13.8 13.7 —19.1 — —

* after the first application of sucrose
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Table N
Parameters of acid-base status
Heifer no. 7
Blood
Animal Time pcoOf Actual
pH KPa bicarbonate«
mmol/1
day 0* 7.39 7.0 30.2
day 1 7.38 6.7 28.8
Mother day 2 7.35 6.2 24.7
day 3 7.23 5.7 17.2
day 4 7.16 7.1 18.4
foetal umbilical artery 7.37 8.5 35.2
umbilical vein 7.38 8.1 34.3
1 min after birth 7.34 8.4 32.0
Calf 10 min after birth 7.27 9.2 30.6
1h after birth 7.17 11.0 28.7
2 h after birth 7.03 12.0 22.7
6 h after birth 6.81 19.3 22.3
* after the first application of sucrose
Table HI
Parameters of acid-base status
Cow no. 8
Blood
Animal Time Actual
pH pch2, bicarcb;r?ate,
mmol/1
day 0* 7.40 6.0 26.8
day 1 7.31 5.6 20.4
Mother day 2 7.25 5.8 18.5
day 3 7.19 5.4 14.9
day 4 7.18 5.5 15.0
1 min after birth 7.07 7.5 15.7
Calf 10 min after birth 7.08 8.5 18.2
1h after birth 7.16 9.5 24.5

* after tbe first application of sucrose
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BE«
mmol/1l

5.3
4.0
— 0.2
- 85
— 8.7
9.4
9.1
6.6
3.6
0.3
— 76
—12.4

BE,
mmol/1

2.7
— 4.4
— 71
—11.1
—11.2
—12.9
—10.8
— 37

pH

8.0
6.0
5.3
5.3
5.0

8.4
5.6
5.7
4.9
5.6

Urine

Net
acid—base
excretion,

mmol/1

+ 108
— 55
—136
—169
—129

Urine

Net
acid-base
excretion,

mmol/1

+139
—138
— 77
— 80
— 60
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and to death of the calf 8 min after lifting from the uterus. The dam was
emergency-slaughtered on the same day.

Heifer no. 7 also developed aciduria on the first day of sucrose treatment,
as indicated by the values of urine pH and urinary acid-base excretion. The
condition progressed to a severe metabolic acidosis by day 4, when Caesarean
section was performed. Unlike foetus no. 6, foetus no. 7 showed a compensated
alkalosis rather than acidosis, as judged from the parameters determined in
umbilical blood samples. However, alkalosis ceased soon after birth, and a
respiratory acidosis developed, which led to fatal outcome during the sixth
postnatal hour. The dam was killed on the day of the Caesarean section on
account of acidotic coma.

Like heifers nos 6 and 7, cow no. 8 of the same group showed increased
acid excretion from the first day of treatment on. The blood parameters
indicated development of a non-compensated metabolic acidosis on the third
day. Sucrose intake was then stopped, but the acidotic condition tended
to progress. Next morning (at 9.00 a.m., on the fourth day) calving commenced
spontaneously; the amnion forced itself through the cervix, but failed to burst
and the animal showed no indication of labour. Artificial bursting of the
amnion at 6 p.m. made the delivery possible by exercising the usual amount
of traction. The blood parameters of the newborn calf indicated a distinct
metabolic acidosis immediately after birth, and a considerable compensation
thereof one hour later; the calf continued to develop normally further on, but
the dam died on the day after calving.

Cow no. 9 died spontaneously on the third day of sucrose diet. The blood
parameters indicated a severe, non-compensated metabolic acidosis (pH 7.17;
pC026.0 kPa; act. HC03- 15.8 mmol/l; BE —11.0 mmol/l). Examination of
the calf was thus not possible.

Discussion

The foetal acid-base balance is regulated indirectly, through the placenta,
by the maternal respiratory and renal functions. The H + ions and C02released
in excess in the course of foetal metabolism are passed for elimination to the
maternal circulation, via the umbilical blood. The ovine epitheliochorial pla-
centa is impermeable to the bicarbonate produced by the foetus (Curet, 1970;
Baillieet al., 1971), but enables a rapid diffusion of carbon dioxide (Wilson
et al., 1977; Kerpel-Fronius et al., 1978).

The acidosis developed in the maternal organism may affect the foetus
in two ways. Firstly, under such circumstances hydrogen ions might be
transferred in excess from the maternal blood to the foetus. Due to the acidotic
load, an increased elimination of hydrogen ions is necessary by the foetal
compensatory processes. This situation is further aggravated by parturition,
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ewhich involves accumulation of carbon dioxide and lactic acid in the foetal
organism, causing thereby a shift of the acid-base status towards the acidic
range also in normal conditions. Secondly, maternal acidosis may adversely
affect the oxygen and carbon dioxide transfer across the placenta. Reduction
of the oxygen supply creates asphyxiai conditions in the foetus which can
obtain energy mainly by anaerobic glycolysis, at the expense of converting
carbohydrate into lactic acid. The accumulation of lactic acid results in
metabolic acidosis in foetal blood. According to the present knowledge, ma-
ternal acid-base disturbance affects the foetus to a lesser degree than do
disorders in the foeto-maternal gas exchange. Foetal acid—base abnormalities
usually arise from gas exchange problems, e.g. deficiency of oxygen supply
(Gydodi, 1973).

In the present experiments, two different types of acidosis were induced
in dams during the terminal stage of pregnancy. Acute acidosis, developed in
response to oral administration of a single large dose of sucrose, was moder-
ately severe, and lasted only a day. The acid-base status of the Caesarean-
derived calves of such dams did not notably differ from the control; this has
indicated foetal ability for in utero compensation of the influence of short-
term maternal acidosis. The selective function of the placenta seems to be
a major compensation factor, for it can avert the pathological effect of short-
term maternal acid-base disturbances (Kerpel-Fronius et al., 1978).

Foetal response was, however, different to a more durable and severe
acidotic condition of the dam induced by repeated (4 to 7 day) administration
of sucrose during the last prepartal days. In the group so treated, two calves
were born with metabolic acidosis, and a third calf developed it within a few
hours after birth. Neonatal acidosis soon led to a fatal outcome in two of the
three cases, owing to in utero exhaustion of the buffer systems, which thus
failed to compensate the acidotic load of respiratory and metabolic origin
after birth.

Although the low number of animals used in the experiment does not
permit general conclusions, the fact remains that multiparous cows are ob-
viously less tolerant to alimentary acidosis than primiparous animals.
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A simple but conclusive new score system, based on a similar scheme used in human
obstetrics, is proposed for neonatal status diagnosis in calves. With this new score system,
neonatal status is judged by muscle tone, and the cardiac status is also considered in problem
cases. The use of muscle tone as sole physical parameter has been justified by close correlations
demonstrated between it and neonatal acid-base parameters. This makes possible an immediate
precise judgement of neonatal state without laboratory tests, and thereby the immediate
application of chemotherapeutic measures whenever required.

Human obstetricians have long recognized that prevention of perinatal
infant mortality requires precise knowledge of the newborn’s actual status
throughout the critical period. Neonatal status diagnosis should thus he based
on a system of reliable criteria, which also disclose prognostic information
for early postnatal life.

Initially, only the body dimensions, body weight, and certain changes
of the central nervous system had been considered as criteria of the neonatal
status; the now obsolete terms “asphyxia pallida” and “asphyxia livida”
date back to that early period (Lampé, 1973).

During the last 30-40 years, interest has been increasingly focussed on
improving neonatal status diagnosis by integration of new criteria based on
certain characteristic physical parameters. The first score system of that kind
had been pioneered by Lund (1941), hut only the next system, proposed 12
years later by Apgar (1953), has become popular all over the world. The so-
called Apgar system, named after its originator, is based on the determination
of 5 parameters (heart rate, respiration rate, muscle tone, reflex activity, skin
colour) one minute after birth.

However, present-day requirements for neonatal status diagnosis are
not fully met by the Apgar system either, for it involves a great deal of subjec-
tive judgement, which may become a souice of errors (Lampé, 1973).

In the early ‘sixties, a more objective diagnostic approach was proposed
by Saling (1961), who elaborated reliable methods for the assessment of
parameters controlling neonatal acid-base balance.
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In combination with the traditional score system, follow-up of the acid-
base parameters during and after partus enabled an immediate precise judge-
ment of the actual status, and thereby an immediate therapeutic intervention
whenever necessary. Berg (1968) observed on comparison of certain life phe-
nomena with the acid—base status interrelationships of the latter above all
with muscle tone, next to it with movement, and to a minor degree also with
skin colour; the low correlation found with the latter may have been due to
difficulties in judging the shade precisely. Based on Berg’s findings, Mihaly
(1973) evolved a simple four-score system, in which solely muscle tone, as the
physical parameter showing closest correlation with the acid—base status, is
considered as status criterion, and cardiac activity is also judged in problem
cases.

Mihaly (1973) has used the scores 0 to 3 in the following scheme:

0 — toneless, no heart action

1 — toneless, heart action present
2 — low tonicity

3 — normal tonicity

The above score system is a simple, but efficient, aid for the obstetrician
contemplating resuscitation. A simple, practicable score system, enabling
neonatal status diagnosis in calves, is greatly needed also in veterinary ob-
stetrics to reduce perinatal losses by immediate application of an adequate
drug treatment. The modified Apgar scheme (respiration rate, muscle tone,
reflex activity, skin colour) or the blood test-based diagnosis of slight or severe
asphyxia (Ammann et al., 1974; Bodenberger, 1979; Maurer-Schweizer and
W alser, 1976; Milling, 1977; Schlerka et al., 1979), which have been hitherto
employed for neonatal status diagnosis in calves, proved to be impracticable
for field use. To develop a simple new scheme, we examined the four-score
system proposed by Mihdly (1973) for interrelationships with the acid—base
parameters of neonatal calves.

Materials and methods

A total of 147 calves were examined immediately post partum for degree
of vitality (¥), which was characterized as follows:

V—O: toneless, head drooping, limbs extended, cardiac activity absent

Y—:  toneless, head drooping, limbs extended, cardiac activity present

V -11: lowtonicity, abdominal recumbency with head requiring support;
reduced number and intensity of reflectoric movements
Y—11: normal tonicity, head erect, normal reflectoric movements.

After assessment of the V, blood samples were withdrawn from the
jugular vein (in V-0 cases by cardiac puncture under anaerobic conditions)
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into heparinized syringes which were immediately closed airtight by rubber
caps and stored among ice cubes until testing. The pH, pC02 and p02were
determined immediately or within one hour after sampling at the latest, in
ABL-1 apparatus (Radiometer, Copenhagen), and biological microanalyser
(Type OP 210/2, Radelkis, Budapest), respectively. The haemoglobin concen-
tration was determined with the cyanohaemoglobin test, in a Yitatron haemo-
globinometer. With the values of pH, pC02 and p02known, the other acid-
base parameters (base excess [BE], extracellular base excess [EBE], buffer
base [BB], actual hydrogen carbonate content [act. HCO""]) were established
by calculation as described earlier (Szenei and Nyir6, 1981). 0 2-saturation
(SAT) was determined in percentual terms as proposed by Marsoner and
Harnoncourt (1976).

The mean value and standard deviation (x, SD) of each parameter was
assessed for each Y category, and was compared between categories by analysis
of variance.

Results and discussion

The acid-base values assessed for the four V categories and the signifi-
cance ofinter-category variations in acid-base parameters are shown in the
attached Table.

The V-1 calves were born in the state of a slight, mixed respiratory-
metabolic acidosis, which can be regarded as physiological. The values of acid-
base parameters for the V -111 calves corresponded to those published by other

authors (Ammann et al., 1974; Bodenberger, 1979; Milling et al., 1972;
Schlerka et al., 1979; Szenei et al., 1980; Walser and Maurer-Schweizer, 1978)
as characteristic of vigorous (Apgar 7—8) newborn calves.

The respiratory (pC02) and metabolic (pH, BE, EBE, BB, act. HCO”f)
parameters of V-1l calves differed significantly from those of V -I11 ones, and
signified over the physiological limit increase of respiratory-metabolic acidosis.
Conform to the observation of other authors (Maurer-Schweizer and Walser,
1976), the values of p02 and SAT did not differ significantly between V—}I
and V-III.

The state categorized as V-1l corresponded to that generally termed as
mild asphyxia (Apgar 4—6) (Ammann et ab, 1974; Bodenberger, 1979; Maurer-
Schweizer and Walser, 1976; Schlerka et ab, 1979). It should be noted that
while certain authors (Ammann et ab, 1974; Schlerka et ab, 1979) observed
a significant difference between the pC02-values for vigorous and slightly
asphyxie calves, others (Bodenberger, 1979; Maurer-Schweizer and Walser,
1976) failed to demonstrate significance.

The V- calves were born with a severe respiratory-metabolic acidosis,
with all tested parameters except pC02 p02and Hb, differing significantly
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(P < 0.001) from those for V—I. This state corresponded to the one generally
termed as severe neonatal asphyxia (Ammann et al., 1974).

The calves classified into the V—O category were all stillborn; intrauterine
death had been due to exhaustion of the compensation mechanisms. All acid-
base parameters assessed in heart blood samples of Y—O calves had signifi-
cantly (P < 0.001) reduced values also in comparison to Y—.

In conclusion, the Y-score system proposed by us seems to be more
practicable in field conditions than either the modified Apgar scheme, or the
asphyxia diagnosis based on blood tests. The great advantage of the V system
over the latter schemes is that it is simple enough to be mastered, yet fully
conclusive of the neonatal state, for the physical criteria used for score evalua-
tion portray the actual acid—base state of the newborn calf without requiring
laboratory evidence. This makes possible not only immediate therapeutic
intervention if required, but also the differentiation of intrauterine from
extrauterine stillbirths. According to our own experience, physical stimulation
(cold compress on the nape of the neck, rubbing of the chest) and chemo-
therapeutic stimulation of the respiratory centre (with Dopram-V®) (Szenei
et al., 1980) or Respirot® (Kdchli, 1969) after clearing the airways are suffi-
cient for normalization ofthe neonatal status in V-1l cases. V-1 calves should
additionally receive 5-7 ml/kg buffer infusion (1 mol/l NaHCO03 or 70 g/1
Tris-buffer (THAM) and 0.28-0.56 mol/1 glucose, as well as Strophanthin (Mul-
ling et al., 1972; Walser and Maurer-Schweizer, 1978) for cardiovascular
stimulation. Exhaustion of the compensation mechanisms in V-1 and to a cer-
tain degree also in V -1l cases results in late mobilization and a delay in colos-
trum intake, which predisposes the neonatal calf for E. coli enterotoxaemia.
W ithout immediate drug treatment, only a minor part of such calves can be
saved by time- and work-consuming intensive care (pail-feeding every other
hour).
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Two-year stillbirth statistics of 163 large cow herds managed in the cattle production
units of 59 state farms were evaluated by analysis of variance or the chi-square test for differ-
ences between breeds (Tables I, 1), months and years (Table Il11), primi- and pluriparous
dams (Table 1V), male and female calves (Table V), levels of milk production (Table V1),
herd sizes (Table V1), levels of attendance at calving (Table V111), levels of training of attend-
ants in charge for night duty, and on Sundays and bank holidays (Table 1X), housing condi-
tions for parturient cows, i.e. calving practice (Table X) and management practice during the
dry period (Table XI).

Stillbirth incidence varied greatly with the breed, was greatest during the cold season,
and lowest during early and late summer. It was generally significantly greater among the
primiparous than the pluriparous dams. Male stillbirths occurred significantly more frequently
than female stillbirths. Stillbirth incidence tended to increase with the level of milk production.
No significant correlation was found between stillbirths and herd size, level of attendance
to parturient cows, and housing conditions during calving. The management practice employed
during the dry period had, however, a significant impact on subsequent stillbirth incidence.

The profitability of cattle production is decisively influenced by the
number of calves born alive and reared to adulthood. The incidence of peri-
natal losses (in utero and during the first 24 h of extrauterine life) is still as
high as 4-7% (Anderson and Bellows, 1967; Bodai, 1978; Greene, 1979;
Grommers et al., 1965; Helmig-Schuman, 1964; Rodolph, 1970; Szenei et al.,
1981; Yoelker, 1967), and covers about a half (50.8% according to Koger et al.,
1967, and 47% according to Walser, 1972) of all calf losses. Closer investiga-
tions into the factors influencing perinatal calf losses are therefore of immediate
interest. An analysis of stillbirth incidence in a large group of intensive cattle
production units over a period of two years is reported in this paper.

Materials and methods

The present study covered 163 cattle production units of 59 state farms,
in years 1978 and 1979. The total numbers of calvings by primiparous and
pluriparous dams of different breeds are shown in Table I. The letter symbols
used in Table I for designation of the breeds are also used in the text.

Stillbirth incidence was analysed for distribution between breeds, years
and months, heifers and cows, male and female calves, milk yields per lacta-
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tion, herd sizes, staff size, training levels of attendants in charge during night
shifts, Sundays and bank holidays, calving house constructions, and manage-
ment practices applied during the dry period.

The data were evaluated by analysis of variance or chi-square test.

Results

1. Stillbirths in different breeds

Heifers. Stillbirth incidence was the highest (12.3%) in the lowland
breeds (fg), the lowest (3.7%) in the Hungaro-Friesian hybrid breed (e),
and ranged between 5.9-10.4% in the other breeds.

Table 1

Absolute number of calvings by primiparous and pluriparous dams within different breeds

Breed
a b c ac d e fg h i

Primiparous dams

1978 588 2426 4861 6571 1485 1930 526 1748 359 20,494

1979 1231 2127 5492 5502 2476 1660 752 938 694 20,872
Total 1819 4553 10,353 12,073 3961 3590 1278 2686 1053 41,366
Pluriparous dams

1978 2511 4003 10,460 12,360 3431 5385 2655 3061 2371 46,237

1979 2804 6361 12,056 14,447 5360 5316 2365 3160 1904 53,773
Total 5315 10,364 22,516 26,807 8791 10,701 5020 6221 4275 100,010

a Hungarian Red Pied (HRP), b Holstein-Friesian (HF), c HRPxHF, ac HRP, HRPX
XHF, d HRP, HRPxHF, HRPxRDL (Red Pied Lowland), e Hungaro-Friesian hybrid,
/Black Pied Lowland (BPL), g BPLXxHF, h HRPXRPL, i HRP, HRPXBPL, HRPXHF

Cows. Maximum (7.0%) and minimum (3.1%) incidences were associated
with the same breeds as above; in the other breeds, mean incidences of 3.8—
5.7% were found.

Analysis of variance indicated a significant (P < 0.001) inter-group
variation in both the heifer and cow category (Table II).

Other authors (Koger et ah, 1976; Lindhé, 1967; Elleby and Myqind-
Rasmussen, 1971; Laster and Gregory, 1973; Lindstrém and Yilva, 1977)
also observed significant differences in stillbirth incidence between breeds,
mainly between heifers of different breeds.
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Table N

Stillbirth (x £ SD) in different breeds

Breed
Least
a b c ac d e fg h i F significant
difference
Stillbirths of
primiparous 66 86 75 64 62 33 128 6.2 101 547 5 %= 3.25
dams (% ) P<1l %= 432
1978 36 19 22 19 30 12 65 1.7 8.1 0.001 0.1% = 5.57
Stillbirths of
primiparous 58 76 76 6.2 57 42 119 69 107 642 5 %= 272
dams (% ) P< 1 %= 361
1979 32 26 18 20 22 22 65 24 45 0.001 0.1% = 4.66
62 81 75 63 59 37 123 65 104 1223 5 %= 204
Total P< 1 %= 269
33 22 19 19 25 17 6.3 20 6.4 0.001 0.1% = 3.45
Stillbirths of
pluriparous 4.7 55 39 51 53 27 73 31 56 1734 5 %= 0.94
dams (%) P< 1 %= 125
1978 14 09 09 09 17 06 15 1.0 1.2 0.001 0.1% = 1.61
Stillbirths of
pluriparous 54 54 37 47 45 35 6.8 53 5.8 6.64 5 %= 112
dams (%) P< 1 %- 149
1979 17 12 07 07 15 08 23 14 14 0.001 0.1% - 1.92

50 54 38 49 49 31 70 4.2 57 1821 5 % - 0.73
Total P< 1 %- 097
15 10 07 08 16 08 19 16 1.2 0.001 0.1% - 1.24

2. Monthly and annual fluctuation of stillbirth incidence

Heifers. Stillbirth incidence was the greatest during the first three months
of the calendar year in both years, then it tended to decrease gradually until
it fell to a minimum (4.7 + 3.3% in 1978, and 5.6+ 2.1% in 1979) in September.
A rise followed during the last quarter of the year, showing a peak in September
(9.3%) and another in December (8.7%) in 1978, and a more even rise in
1979.

Cous. The monthly and annual distribution of stillbirth incidence was
almost identical in the two years studied. A gradual decrease beginning in
January was followed by an increase in May and by another decrease to a level
at which stillbirth incidence persisted for the rest of the year.

Analysis of variance revealed significant (P < 0.01; F = 2.66) inter-
month variations in the heifer category, in which stillbirth incidence was
significantly lower from April to September than in February (P < 0.01)
and March (P < 0.05), and also significantly (P < 0.05) lower in January,
November and December than in February (Table I11).
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Table 111

Monthly distribution of stillbirth incidence (x di SD) in primiparous and
pluriparous dam groups

Months Jan. Feb. March  April  May June July  August Sep. Oct.  Nov. Dec.
Stillbirths of
primiparous
dams (%) 9.3 8.1 8.8 7.7 75 74 47 59 93 5.4 72 87
1978 6.8 6.2 4.3 3.8 46 27 33 28 83 1.9 41 24
Stillbirths of
primiparous
dams (%) 7.5 11.0 104 5.9 6.3 6.7 56 59 6.3 7.0 79 171
1979* 26 6.7 3.7 25 27 30 21 28 24 4.9 43 37
Total** 8.4 9.5 9.6 6.8 69 7.0 51 59 78 6.2 75 79

Stillbirths of

pluriparous

dams (%) 5.4 52 5.4 4.6 57 43 44 41 45 4.8 46 4.6

1978 21 1.6 1.9 1.6 23 19 12 13 18 14 18 16
Stillbirths of

pluriparous

dams (%) 5.4 55 5.0 4.6 55 47 50 53 5.2 5.3 40 52

1979 1.6 11 1.8 17 25 11 20 23 22 1.0 07 18
Total 5.4 53 5.2 4.6 56 45 47 47 48 5.0 43 49

18 13 18 1.6 23 15 16 19 1.9 1.2 13 16

*F= 266 (P < 0.01), least significant difference 0.05% = 2.97; 0.01% = 3.91;
0.001% = 5.04
** F = 258 (P < 0.01),0.05% = 2.35; 0.01% = 3.1; 0.001% = 3.97

Lindhé (1967), Auran (1972), as well as Lindstrom and Yilva (1977)
reported a significant increase in stillbirth incidence in both primiparous and
pluriparous dams during the summer months, whereas Philipsson (1976)
found no significant seasonal differences.

3. Stillbirths of heifers and cows

The chi-square test was used to compare the numbers of live-born and
stillborn calves between primiparous and pluriparous dams within breed cat-
egories. Stillbirth frequency was significantly greater among heifers than
among cows in all breeds except a. The significance of difference was at the
P < 0.001 level for 6 of the 9 breeds (Table IV).

Similar significant differences were reported in heifer vs. cow relation
by Van Dieten (1963), Anderson and Bellows (1967), Koger et al. (1967),
Lindhé (1967), Auran (1972), Walser (1971), Laster and Gregory (1973) and
Bemmen (1976).
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Table IV

Absolute number of live-born and stillborn calves in primiparous and pluriparous dam groups

Breeds Primiparous dams Pluriparous dams o<
live-born stillborn live-born stillborn
a 1,706 113 5,038 277 n.s.
b 4,188 365 9,794 570 0.001
C 9,569 784 21,648 868 0.001
ac 11,302 771 25,470 1337 0.001
d 3,722 239 8,366 425 0.01
e 3,450 140 10,361 340 0.05
fg 1,125 153 4,661 359 0.001
h 2,509 177 5,960 261 0.001
i 944 109 4,026 249 0.001
Total 38,515 2851 95,324 4686 0.001

4. Sex distribution of stillbirths

Female calves. Considering primiparous and pluriparous dams, stillbirth
incidence was the lowest in breeds e (3.2%), and c, e (2.9%; 3.1%), and the
highest in breeds i (8%) and a, bandfg (4.6-4.8%), respectively. In the remain-
ing breeds, stillbirth incidences of 4.3-6.4% and 3.4-4.3% were established
for the female calves of primiparous and pluriparous dams, respectively.

Male calves. The minima and maxima of male stillbirths were associated
with the same breeds in both the heifer and the cow category, the lowest
incidences (4.6%; 3.3%) having been found in breed e, the highest ones in
breeds fg (17.5%; 9.4%). In the other breeds, incidences of 6.3-12.7% and
4.8—7.3% were found for the male offspring of primi- and pluriparous dams,
respectively.

The sex ratio was also established for the offspring groups of heifers and
cows; the percentage of male calves was 50.4 and 50.6%), respectively. A similar
sex ratio was found by Lindstrém and Vilva (1977).

We demonstrated by the chi-square test no significant difference in
stillborn incidence between male and female offsprings of d and h primiparous
dams, and a and e pluriparous dams. In the other breeds, the differences were
at various levels of significance.

Consistent observations were made earlier by Woodward and Clark
(1959), Van Dieten (1963), Arthur (1966), Anderson and Bellows (1967),
W alser (1972) and Laster and Gregory (1973), whereas Lindstrém and Vilva
(1977) found a significant difference exclusively in the heifer category.
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Breeds

Total

Primiparous
dams

Male Female

stillbirth

per cent
43 8.1
6.4 9.7
6.1 9.0
4.7 8.0
5.7 6.3
3.2 4.6
6.2 17.5
6.0 7.2
8.0 12.7
5.4 8.4

SZENCI and B. KISS

Table V

Sex distribution of stillbirths

Sex ratio
w

51.2
49.3
50.6
50.4
49.9
50.9
51.0
50.5
50.1

50.4

0.01
0.001
0.001
0.001
n.s.
0.05
0.001
n.s.
0.05

0.001

Pluriparous
ams
Male  Female
stillbirth
per cent
4.8 5.6
4.6 6.5
2.9 4.8
3.9 6.0
41 5.5
31 3.3
4.7 9.4
3.4 5.0
43 7.3
3.9 5.9

Sex ratio

2/0" P<
51.2 n.s.
495 0.001
50.6 0.001
50.5 0.001
51.0 0.01
50.1 n.s.
51.6 0.001
50.8 0.01
51.2 0.001
50.6 0.001

5. Interrelationship between stillbirth incidence and milk production

Stillbirth incidence was practically identical in the cow herds producing
3501-6000 kg milk per annum (87% of the herds covered in the study).

The greatest incidence (7.87%) was found in the herds with an annual
lactation yield above 6000 kg, and the lowest incidence (3.14%) in those
producing 3000-3500 kg milk.

Production
groups

N oo g b W N e

Milk production

kg/year

3000-3500
3501-4000
4001-4500
4501-5000
5001-5500
5501-6000
>6000

*number of herds

22
65
110
67
42
1

Table VI

Interrelation between stillbirth rate

Stillbirth
per cent

3.14+1.83
54 +3.13
4.94+2.93
4.89+2.14
4.86+2.64
5.28+1.44
7.87+2.73
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(P < 0.001)

4.37

Least significant
difference

Isd (0.05)== 1.06
Isd (0.01) = 1.40
Isd (0.001)= 1.79
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Analysis of variance disclosed significant (P < 0.001; F = 4.37) differ-
ences between the production groups (Table VI1). The lowest incidence (3.14%)
differed from incidences in the other groups, except groups no. 3 and 4, at
the P < 0.01 level of significance, and the highest incidence (7.87%) increased
still more significantly (P < 0.001) over the other values.

6. Relationship between stillbirth incidence and herd size

Table VII

Relationship between stillbirth rate and herd size

Herd size n* S;ielrlbcigm F
-»100 13 5.5+3.5
101-200 36 4.5%3.3
201-300 67 5.3+x2.8
301-400 74 4.9+2.6
401-500 38 5.4£3.1 n.s.
501-600 35 5.5+2.5
601-700 30 5.5+2.2
701-900 17 5.2+£2.2
901-» 16 4.9+1.9

*number of herds

This study covered 326 herds (Table VII). Variance analysis revealed
no significant difference in stillbirth incidence between herds of dissimilar
sizes. The lack of significant difference agrees well with the observations
of Oxender et al. (1973) and Hartman et al. (1974), who, however, found that
stillbirth incidence tended to increase with the herd size (10.5% and 12.1%,
respectively, for sizes of >200 and 200 — 300). According to Speicher and
Hepp (1973), there is no relationship between herd size (<25->70) and
calf mortality at birth.

7. Relationship of stillbirth incidence with staffing

One trained obstetrics technician was in charge of the calvings in more
than 50% ofthe units studied, no tr ined attendant was permanently employed
in units with small herd sizes (2.5% ofthe herds), and up to 4 trained techni-
cians belonged to th permanent staff of units with large herd sizes (2.2%
of the herds).
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Comparison by analysis of variance revealed no significant difference
between the differently staffed unit groups, nor was there a significant inter-
relationship between stillbirth incidence and the number of animals in charge
of one person (Table VIII).

Table VIII

Relationship between stillbirth rate and level of attendance

No. of trained Stillbirth
attendants per cent
1 191 51+2.6

2 76 5.1+2.5

3 44 5.3x2.1

4 7 4.5+2.5

0 8 21+1.6

* number of herds

8. Relationship of stillbirth incidence with the training level of attendants in
charge of night duty and attendance on bank holidays

Duty in the calving house at nights and on Sundays and bank holidays
was in charge of the night-man (a), obstetrics technician (in 66% of the cases)
(b), or the attendant on-duty was in charge.

Analysis of variance revealed a significant difference in stillbirth inci-
dence only between group 4, which was of small size, and the other groups
(Table 1X).

Table IX

Relationship between stillbirth rate and level of training of the attendants

Attendants on

duty at night Stillbirth ianifi
Groups and )cl)n Sur?days I incidence F Leaéitffsellger:]lélecant
and_bank (%)
holidays
1 27 5.0+3.1
2 216 53H2.4 4.0 Isd (0.05) = 0.93
3 ab 68 4.5+2.5 (P<0.01) Isd(0.0l) =1.22
4 c, be, ac 15 3.4+2.6 Isd (0.001)= 1.57

*number of herds
a night watchman; b obstetrics technician; ¢ attendant on duty for the day
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9. Relationship of stillbirth incidence with housing conditions of parturient dams

In most of the units (86.5%) the dams were conducted over to the calv-
ing stalls after the onset of labour (51.8%), or obstetric assistance was rendered
in the stand of the calving house (43.7%). Only 1.2% of the units studied
lacked special calving premises. We found no significant differences between
stillbirth incidences in the housing conditions analysed (Table X).

Table X

Stillbirth rate under different conditions of calving practices (housing)

Housing
A -
parturition
a 23 5.0£2.8
b 169 4.8+2.4
c 116 5.3x2.9 n.s.
Other 18 4.4+2.5

a foal stand; b calving stalls; ¢ stand in calving house; other: be, bd, stand in dairy cow
house (d: yard)
* number of herds

10. Relationship of stillbirth incidence with “dry” management practice

The tying-down system (a3in Table XI) was employed during the dry
period in 35.6% of the units studied, and the systems designated as a2 d and
db in Table X Il each was employed in more than 10% of the cases.

Table XI

Stillbirths and management practices during the dry period

Management " Stillbirth Least significant
system n per cent F difference
)
a 31 52+ 3.2
«1 29 5.4+2.5
a2 58 4.4+2.1 Isd (0.05) =1.12
«3 116 4.9+2.8 2.77 Isd (0.01) = 1.48
d 40 4.8+3.0 (P < 0.05) Isd (0.001)= 1.89
b 15 7.1x2.0
db 37 5.8+2.4

a tying-down system; alf a2 a3 tying-down system with exercise (yard, pasture) over
2-3 seasons of the year; b tying-down system with daytime exercise in the yard; d loose housing
system

*number of herds
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Stillbirth incidence was the lowest (4.4-4.9%) after management under
the systems a2 a3and d during the dry period, and the highest (7.1%) after
management in tying-down stalls with daytime access to the yard. Analysis
of variance showed significant (P < 0.05; F = 2.77) inter-group variations.
Under the b system, stillbirth incidence increased significantly over db (P <
< 0.05), ax(P < 0.01) and a,a2 a3and d (P < 0.001). A significant (P < 0.05)
increase was also observed in d and b over a.

Oxender et al. (1973) observed an appreciable, but statistically not
significant, increase in stillbirth incidence in loose housing conditions (7%)
compared to management in tying-down stalls (5.9%).

Discussion

The profitability of intensive cattle production greatly depends on the
relative proportion of live-born calves.

In the herds examined in this study, losses from perinatal mortality
amounted to more than 33,000,000 Forints (approximately one million dollars)
(the average price of a calf was Ft 4500). Thus, reduction of losses from
stillbirth contributes to the internal reserves of cattle production.

The bony birth canal of the bovine female offers less favourable condi-
tions for parturition than do the maternal passages in other species, yet the
well-managed and well-fed heifer or cow usually does not require human assist-
ance at calving. Lack of exercise and overfeeding account for incomplete
dilatation of the maternal passages, and thereby for an increase in stillbirth
incidence, whence human assistance is indispensable in such cases.

The survey presented in this report has shown that the frequency of
stillbirths is the greatest from late autumn to early spring (Table I11), when
extreme climatic influences, food loss or spoilage by inadequate storage, and
low roughage rations bias the conditions of management and feeding.

Further to these factors, rearing techniques and breeding conditions
(body weight, age, and measurements of the pelvis) are also responsible for
the significantly greater stillbirth incidence found among heifers vs. cows
(Table 1V). The significantly greater percentage occurrence observed among
male calves vs. female calves can be ascribed to the greater frequency of
larger fetal weight and body dimensions in the male sex (Table V).

Excessive fodder rations fed to enhance milk production account not
only for economically important metabolic disorders of dams, but also for an
increase in stillbirth incidence (Table VI).

Unlike other investigators (Oxender et al., 1973; Hartman et al., 1974),
Speicher and Hepp (1973) and we found no appreciable increase in stillbirth
incidence either within or between breeds with the elevation of herd size
(Table VII).
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Inadequate attendance to the parturient animals (at night, on Sundays
and bank holidays, or in loose housing conditions) can, however, account for
a significant increase in stillbirth incidence (Tables IX and X).
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During calving, healthy dairy cows showed a significant decrease in plasma total lipid
(TL) and total cholesterol (TCh) relative to the pre- and postparturient concentrations. The
average decrease in plasma TL was assessed as 35%.

The free fatty acid (FFA) level increased to about three times the initial value during
calving, on the average to 4.5% against the pre- and post-parturient range of 1.1-1.8%.

The hepatic TL of the parturient cow increased over 1.5-fold of the preparturient level,
and returned to approximately preparturient level by 2 months post partum.

An analysis of the fatty acid components of plasma and hepatic lipids showed the
presence of the same 12 components in both; of these, 06:0, 06:1, 08:0, 08:1, 08:2 and
€20:4 showed significant fluctuations, whereas C12:0, C14:0, C17:0, C18:3, C20:0 and C22:0
did not change significantly in the peripartal period.

C18:0, C18:1 and C18:2 made up 85-90% of the plasma lipids, and C16:0, C18:0 and
C18:1 70-80% of the hepatic lipids.

Despite diversities in the percentage participation of identical fatty acid components
in plasma and hepatic lipids, the respective changes were similar. Simultaneous monitoring
showed that the most characteristic changes in plasma fatty acids were soon followed by
consistent alterations in the liver. The changes in the relative proportions of fatty acids were
greater in the liver, and the standard errors of the mean values were also greater. During
calving, the plasma and hepatic lipids equally showed C16:0, C16:1 and C18:1 concentration
increase, and C14:0, C18:0, C18:2 concentration decrease.

The fluctuations observed in the parameters of lipid metabolism in both plasma and
liver indicate that during calving dramatic, yet physiological changes, comparable to those
observed in fasting or ketotic condition, occur in the lipid metabolism of the healthy cow,
and may give rise to diagnostic confusion, if misinterpreted.

The lipid metabolism of ruminants differs from that of non-ruminants
in several respects. Pathological alterations in the ruminant lipid metabolism
are responsible for performance-limiting conditions, above all for peripartal
metabolic disorders, which give frequently rise to serious diseases such as the
fatty liver syndrome and ketosis.

Follow-up of changes in certain parameters of the lipid metabolism
can not only inform on the pathogenesis of the above diseases, hut can also
enable their early diagnosis during the subclinical stage, and the assessment
of dietary energy levels.

For this reason, the lipid metabolism of dairy cows has been extensively
studied in both normal and pathological conditions. The survey of literary
data below will be restricted to observations related to our own investigations.

The total lipid (TL) concentration of the blood plasma of dairy cows
varies between 2 and 6 g/1, depending on the breed and the stage of lactation
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(Rindsig and Schultz, 1974). Wallenius and W hitchurch (1979) established
mean TL values of 4.24, 5.26 and 5.29 g/1 for days 33, 89 and 139 of lactation,
respectively.

Eighty-five to 90% of the TL is composed of approximately equal
amounts of phospholipids (PL) and total cholesterol (TCh = free plus esterified
cholesterol) (Storry and Rook, 1964). Seventy-five to 90% of the TCh appears
in the blood in an esterified form. In normal conditions triglycerides (TG)
cover less than 10%, free fatty acids (FFA) less than 5% of TL (Pehrson,
1971). The TG concentration is more than twice greater in dry than in lactat-
ing cows, whereas the reverse istrue for FFA (Henricson et ah, 1977).

The plasma TG level of the cow is low immediately post partum, 0.17-
0.18 mmol/1 according to Hartmann and Lascelles (1965), and 0.09-0.13 mmol/1
according to Bickerstaffe et al. (1974). It has even been suggested that occa-
sionally no detectable amount of TG was present in the plasma of lactating
dairy cows (Raphael et ah, 1973).

The fact that marked alterations take place in bovine lipid metabolism
during the peripartal period had originally been recognized by Maynard and
colleagues as early as in 1931. The plasma FFA and PL rise markedly during
the last prepartal days and the first postpartal week, then they tend down-
wards as lactation progresses. The plasma FFA and PL levels of lactating
cows increase over those of dry cows and male bovines. According to Lennon
and Mixner (1957), the TCh is significantly lower at calving than either before
or after it; Rindsig and Schultz (1974) believe that changes in TCh do not
involve appreciable alterations in the relative proportions of free and esterified
cholesterol (Ch).

The plasma TL level of the cows, examined by Duncan and Garton
(1963) dropped to a minimum at calving, and began to rise with the onset
of lactation. The concentration changes did not appreciably affect the relative
proportions of the main lipid components. No major fluctuations occurred in
the fatty acid composition of plasma TG, PL and FFA during gestation,
calving and lactation. The linoleic acid component of the Ch-esters increased
over the linolenic acid component during pregnancy, but not during calving
and lactation.

Yamdagni and Schultz (1970) observed drop of TL to about two thirds
of the normal mean value in cows diseased in ketosis. That change involved
a quantitative decrease in all components of TL except FFA, which tended
to increase. In ketosis, all plasma lipid fractions except FFA showed a change
in fatty acid composition, in that the amount of palmitic and oleic acid in-
creased, while that of stearic acid decreased; a reduction in the linoleic acid
component occurred mainly in PL and Ch-esters.

Opinions have been divergent on the ketosis-associated increase in FFA.
According to Adler et al. (1963) plasma ketone and FFA levels change in-
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dependency of one another. Kronfeld (1965) has suggested that increase in
the plasma FFA of lactating cows indicated increased lipid mobilization, and
could thus be utilized as a clinical diagnostic parameter, although the concern
tration increase of FFA was low in certain cases of ketosis. Against this, Radloff
and Schultz (1967) demonstrated a considerable increase in the plasma FFA
level already in the early stages of ketosis.

Fasting cows (starved for 6 days) showed an about fivefold increase in
plasma FFA, decrease in the TL, PL and TCh, as well as low stearic acid, but
high oleic acid content of plasma FFA and TG (Brumby et al., 1975).

The percentual fatty acid composition of plasma TL was established in
calf blood as follows: C16:0, 17.3; C16:l, 4.8; 08:0, 15.6; 08:1, 25.8; 08:2,
32.0; 08:3, 2.6; C20:3, 0.1; C20:4, 2.2 (Noble et ah, 1975).

A minor to major degree of lipid accumulation always takes place in
the liver of dairy cows during the first postpartal week (Reid et al., 1977).
The reason is in all probability the endocrinologically controlled increased
mobilization of lipids from the adipose tissues, in compensation ofthe negative
energy balance characteristic of early lactation (Reid et al., 1979).

The lipid content of the liver can be investigated morphologically, by
stereological methods, when the fractional volume of the liver cell occupied
by fat droplets is determined. The results are expressed as “m3 fat/100 fim3
liver cells. By biochemical approach, appropriately extracted lipid content is
measured in terms of g/kg wet liver mass. Biochemical determination yields
lower values than stereological measurement.

The stereologically and biochemically established values show a low
correlation in respect of TL, a close correlation in respect of TG, and no signif-
icant correlation in respect of the other hepatic lipid fractions (Collins and
Reid, 1980).

Collins and Reid (1980) demonstrated by biochemical analysis an almost
threefold increase in hepatic TL during the first postpartal week relative to
the value found 8 weeks before calving. The bulk of the increase was due to
a greater hepatocellular synthesis of TG, which increased 23 times over the
starting value. An appreciable increase was also found in the hepatic levels
of the “solvent front” (SF) and FFA, whereas the relative amounts of PL
and TCh tended to decrease. The PL was still fairly low 8 weeks after calving,
whereas the other hepatic lipid fractions showed practically the same relative
proportions as before calving.

In fasting cows, Brumby et al. (1975) observed duplication of hepatic
TL, which covered a threefold increase in both TG and FFA, and a 20%
increase in TCh. The deposition of TG has been attributed to an increased
hepatocellular FFA uptake, which was disproportionally greater than the
hepatic lipoprotein synthesis. Reid et al. (1977) attributed the accumulation
of TG to a decrease in hepatic TG-mobilization.
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Our own experiments, description of which isforthcoming, were performed
to obtain information on pre- and postparturient changes in the lipid metabo-
lism of healthy dairy cows, by simultaneous monitoring of the main lipid
fractions and fatty acid components of TL inplasma samples and liver biopsies
over three months before and two months after calving.

Materials and methods

Ten clinically healthy cows, all Holstein-Friesian X Hungarian Fleckvieh
crosses, were used after their first to third lactation. There was little difference
between the body mass and milk production (5200-5800 kg per year) of the
animals, and all were pregnant at roughly the same period of time.

The experiments were started 3 months before the expected calving
term, and were continued for 2 months post partum, i.e. they lasted from
October to March. The pre-calving diet contained, in addition to the mainte-
nance ration, nutrients ensuring even development of the fetus and, uniformly,
16 kg daily milk production. During lactation, the diet was adjusted to the
needs established from test milkings. The basal diet consisted of high-quality
maize silage and lucerne hay, and concentrate was added to it as production
ration.

The cows showed no symptoms of clinical illness during the 5-month
period of study. Each delivered a healthy calf. Monthly analyses of blood,
urine and ruminal content indicated no change either. Light microscopic
examination of liver biopsy specimens revealed presence of lipid vacuoles in
most hepatocytes during the calving period. The vacuoles were relatively
large in the centrolobular hepatocytes, and smaller in the peripheral ones.
The hepatolobular structure was intact, but occasionally masked by massive
vacuolization. The hepatocellular nuclei were also intact. Little hepatocellular
lipid, if any, could be detected after the first postpartal month, and the
microscopic appearance of the liver was in every respect normal during the
second month. The cows were under observation until the next calving;
optimal management and feeding conditions were maintained throughout,
and fertilization and calving took place on term. Blood samples were with-
drawn from the jugular vein, and liver biopsies of about 0.1 g were taken by
percutaneous (Vim-Silvermann) needle, at the beginning ofthe experiment and
subsequently at monthly intervals, on 6 occasions altogether, always after
the morning feeding.

The biopsy specimens were processed within 24 h as follows. Hepatic
TL was extracted in 2:1 chloroform—methanol,the crude extract was thoroughly
shaken with 0.9% NaCl, added in equal volume to the solvent and, after
partition of the phases, the bottom phase was collected and evaporated in
a water bath at 50 °C, in N 2-atmosphere. The mass ofthe dry residue, expressed
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in per cent related to wet liver tissue, gave the hepatic TL concentration
(Folch et al., 1957).

The extracted hepatic lipids were transformed to methylesters with
methanol, in the presence of sulphuric acid as catalyst, and were analysed for
fatty acid-methylester composition by gas chromatography in a CHROM
42 apparatus, using a 1.8 m long glass column with 3 mm inner diameter,
packed with 100-120 mesh GAS-CHROM-Q,* moistened with 10% HI-
EFF-1BP.* An isothermic column temperature (180 °C) was maintained,
and reference standards prepared from fatty acid—methylester preparations*
supplied with the apparatus were used for identification of the fatty acid
peaks. The quantitative determination of the fatty acid—methylester content
of the samples was based on measurement of the areas beneath the peaks
representing the different components, and the results were expressed in
percentual terms.

In the plasma samples TL, TCh and FFA content were determined by
the methods of Zdllner and Kirsch (1962), Wattson (1960) and Duncombe
(1964). The fatty acid composition of the TL was analysed as above, using
extracts of 5 ml blood plasma for transformation to fatty acid-methylesters
with methanol, in the presence of sulphuric acid. Gas chromatographic analy-
sis, too, was performed in the same conditions as above.

Results

a) Plasma analysis

The TL, TCh and FFA concentrations found in the blood plasma of
cows during the last 3 months of pregnancy and the first 2 months of lactation
are shown in Table I.

Table |
Peripartal fluctuations in the plasma TL, TCh and FFA concentration of dairy cows (xz*s)

e Ty e o
mmol/1

Month -3 4.6ae 1.1 49a 2.2 0.18a +0.06 l.i
-2 4.8b £1.2 48 +2.9 0.18b  +0.03 i
L1 3.6df +0.8 3.2ad +1.6 015°  +0.02 1.2
CALVING 3.labc £0.7 3.3b +1.0 0.49abcd +0.04 45
Month +1 5.1alc 1.5 41c +1.4 0.33abc +0.12 18
> 42 6.5adef+2 s 5.8bcd+1.5 0.26d 0.2 11

a, b, ¢, d identical letters indicate significant (P < 0.05) difference between values S0
marked within a category; e,/ as above, but significant at P < 0.001 level

* Applied Sei. Div., Milton Roy Co., Lab. Group, U.S.A.
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The TL andTCh content ofthe plasma decreased significantly (P <0.001;
P < 0.05) during the last prepartal month, and especially at calving, relative
to the values found in the first two months of the experiment. The low level
of TL at calving deserves special mention. Both TL and TCh increased signifi-
cantly (P < 0.001; P < 0.05) after calving.

The plasma FFA level increased significantly (P < 0.001) (to x
= 0.49 mmol/l) over the prepartal value (x = 0.15-0.18 mmol/1) during the
period of calving, and tended to decrease (P < 0.001) after it, but at 2 months
post partum it was still considerably higher than before calving.

The relative percentage of FFA in TL showed an appreciable increase
(4.5%) over the usual range (1.1-21.8%) only during the period of calving;
the reason is that the postpartal values of TL and FFA increased to similar
degrees over those found in dry cows.

The relative proportions of the fatty acid components of plasma lipids
showed distinct and characteristic changes during the peripartal period.

Gas chromatographic analysis detected 12 fatty-acid components, of
which the following six showed significant (P < 0.05) or highly significant
(P < 0.001) alterations in percentual contribution between samples with-
drawn at different times during the period of study:

palmitic acid (C16:0)

palmitoleic acid (016:1)

stearic acid (C18:0)

oleic acid (08:1)

linoleic acid (08:2)

arachidonic acid (C20:4)

The other six fatty acids were detected in the blood plasma in all the
samples, but did not show significant changes between samples:

lauric acid (02:0)

myristic acid (04:0)

margaric acid (07:0)

linolenic acid (08:3)

arachidic acid (C20:0)

behenic acid (C22:0)

The latter fatty acids generally occurred at low percentages in the plasma
samples.

The relative proportion of palmitic acid was generally 15.8-22.4% in
the plasma lipids; prepartal changes in its percentage were of low significance
(P < 0.05). Its concentration tended to rise from the beginning of the last
prepartal month, and was at peak during calving and the subsequent month,
when it increased significantly (P < 0.001) over the “dry” value, then returned
to approximately the prepartal level (Fig. 1).
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Fig. 1. Palmitic acid content of plasma lipids

The palmitoleic acid component, giving generally 2.1-4.1% of the plasma
lipids, tended to decrease slightly before calving, increased considerably
(P < 0.01) during calving and the subsequent month, and decreased again
(P < 0.005) during the second month of lactation (Fig. 2).

Fig. 2. Myristic and palmitoleic acid contents of plasma lipids. Solid line, C14:0, broken line
06:1
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Stearic acid and oleic acid represented together 27—30% of the fatty
acid components in plasma lipids. Their concentration changes having been
opposite in the period studied, they gave a C18:0 4* 08:1 maximum (X =
= 30.4%) at calving, and a minimum (x = 26.8%) during the initial months
of lactation. The plasma level of stearic acid was relatively high (x varied
between 17.2 and 18.3%) and showed no appreciable (P > 0.05) fluctuation
during the prepartal period, dropped to 60—70% of the prepartal level during
calving, and remained low relative to the “dry” value for the first two months
of lactation. Against this the oleic acid concentration increased almost twice
over the prepartal value (x varied between 8.2 and 11.7%) during calving;
postpartally, however, it decreased gradually (P < 0.001) (Fig. 3).

Fig. 3. Stearic and oleic acid contents of plasma lipids. Solid line, C18:0, broken line C18:I

Linoleic acid represents the largest component of plasma lipids, making
up generally 36—44% of these. Its relative percentage fell to a minimum at
calving, between pre- and postpartal peaks (P < 0.01). The arachidonic acid
concentration curve ran approximately parallel with the linoleic acid curve
and the changes were also significant (P < 0.01), but C20:4 represented only
a minor component (x = 1.5-3.1%) of the plasma lipids (Fig. 4).

b) Analysis of liver tissue

The hepatic TL concentration was on the average 46.8+ 6.1 g/kg at 3
months before calving, essentially the same at 2 months, and slightly higher
at 1 month before calving. The highest mean value, with considerable standard
error (x = 76.6+21.0 g/kg) was found at calving (P < 0.001). Calving was
followed by a decrease, especially during the 2nd postpartal month; the differ-
ence from the 2nd and 3rd prepartal months was not significant (P > 0.05)

(Fig. 5).
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Fig. 4. Linoleic and arachidonic acid contents of plasma lipids. Solid line 08:2, broken line
C20:4

TL xis= 488161 1 46113.7 |54.2164 | 76.6121.0 | 71.4M9.2 | 51.6197g/kg
g/kg

80

60

40

months -3 -2 -1 Calving + +2 months

Fig. 5. Total lipid concentration (g/kg) in the liver

Percentual fatty acid composition of hepatic lipids. The hepatic lipids
could be separated into the same 12 fatty acid components as the plasma lipids,
and the same fatty acid components showed significant or non-significant
fluctuations in the liver and plasma.

Palmitic acid, giving on the average 17-32% ofthe hepatic lipids, showed
a gradual concentration decrease. (P < 0.05) before calving, reached a peak
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C16:0
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Fig. 6. Palmitic acid content of hepatic lipids

during it, then tended to decrease again (P < 0.05); the values found 3
months before and 2 months after calving were close to one another (Fig. 6).

Palmitoleic acid, representing 1.2-4.5% of the hepatic lipids, did not
appreciably change during the prepartal period, having persisted below 2%
throughout. It increased to more than double the prepartal value during
calving (P < 0.001), and persisted above 4% during the first postpartal month.
There was a gradual postpartal decrease (P < 0.05), but the 06:1 percentage
was still about twofold the last prepartal value during the 2nd month of
lactation (Fig. 7).

The curve for myristic acid is also shown in Fig. 7.

Fluctuations in the percentages of stearic acid and oleic acid showed
in the hepatic lipids, just like in the plasma lipids, opposing trends. The mean
percentage occurrence of 08:0 -f 08:1 was assessed as 49-50% . This percent-
age is about twice greater than the one found in the blood plasma, thus 08:0
and 08:1 represent decisive fatty acid components in hepatic lipids, and the
fluctuations of the percentage of 08:0 -f- 08:1 also are greater in the liver
than in the blood. The contribution of 08:0 -f-08:1 was the lowest (x =
= 47.2%) during calving, and showed opposing trends of increase towards
the early prepartal and late postpartal sampling times.

The mean percentage for stearic acid was 37.5-39.5 before calving, and
less than half of that value during calving (P < 0.001). It did not appreciably
change for one month postpartum, and although it increased significantly
(P >0 .001) over the parturient level at 2 months post partum, it was still
significantly lower than the prepartal level.
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Fig. 7. Myristic and palmitoleic acid contents of hepatic lipids. Solid line C14:0, broken line
Cc1ie:l
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%
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Fig. 8. Stearic and oleic acid contents of hepatic lipids. Solid line 08:0, broken line 08:1

Unlike stearic acid, the mean oleic acid content of the hepatic lipids
rose from the prepartal value of 15.0-20.6% to 30.7 and 23.3% at calving
and one month later, respectively. A slight decrease did, however, follow
during the 2nd postpartal month (P < 0.05; Fig. 8).
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months -3 -2 -1 Calving +1 +2 months

Fig. 9. Linoleic and arachidonic acid contents of hepatic lipids. Solid line C18:2, broken line
C20:4

Changes in the percentages of linoleic acid and arachidonic acid showed
an approximate parallelism also in the hepatic lipids. The contribution of
linoleic acid to the TL was lower (x varied between 4.8 and 9.0%) in the liver
than in the blood, thus it approximated that of arachidonic acid in the hepatic
lipids. Hepatic 08:2 and C20:4 showed a concentration increase (P < 0.05)
until 1 month before calving, and a considerable decrease (P < 0.05 and
P < 0.001) at calving. The linoleic acid concentration fell to a minimum
1 month after parturition, the arachidonic acid concentration at parturition.
Each minimum was followed by a significant (P < 0.05) increase (Fig. 9).

Discussion

In five-month model experiments we monitored certain parameters of
lipid metabolism in properly managed and fed, healthy dairy cows, to obtain
information on physiological fluctuations during the peripartal period. We
determined the TL, TCh and FFA concentrations in the blood plasma, and
the TL concentration in liver biopsies at one-month intervals from 3 months
before till 2 months after parturition. We also identified the nature and esti-
m ated the percent participation of the fatty acid components in plasma and
hepatic lipids in the preparturient, parturient and postparturient periods.
Since plasma samples and liver biopsies were collected simultaneously and
tested with the same methods, a comparison of the blood and liver parameters
of lipid metabolism was also possible.
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The plasma TL and TCh changes found by us followed essentially the
pattern observed in similar studies by others but taking into consideration
the exact time of parturition our investigations have thrown more light on
certain aspects.

The plasma TL level of healthy dairy cows was on the average 35—36%
lower at calving than during the dry period, but increased to more than
double the calving level by the end of the 2nd month of lactation. We
have found that the parturient healthy cow may show a TL drop as large as
observed by Yamdagni and Schultz (1970) in ketotic cows.

The TCh level proved to he considerably lower during the immediate
preparturient months and at calving than either in the earlier stage of preg-
nancy or during lactation. It follows that only significant decrease in plasma
TCh (to less than 1.5 mmol/l) can he regarded as pathological in the period
around calving.

The plasma FFA level increased abruptly, to about 3-fold of the “dry”
value during calving, signifying a temporary, but considerable, energy deficit
in the parturient period, by analogy of the changes observed by Brumby et al.
(1975) in fasting cattle.

The obviously physiological nature of the dramatic rise of FFA during
calving supports the implication (Adler et al., 1963; Kronfeld, 1965) that
plasma FFA assays are of low value in the early diagnosis of peripartal disor-
ders in bovine lipid metabolism.

In accordance with Pehrson’s (1971) observation, we always found less
than 5% FFA in the plasma lipids, but while the parturient concentration
was on the average 4.5%, the pre- and postparturient levels were equally
one-third or one-fourth of this value.

All cows developed a mild to moderate fatty liver at parturition, as
signified by a more than 1.5-fold increase in the mean preparturient TL con-
centrations of 46.1 and 46.8 g/kg, assessed 3 and 2 months before calving,
respectively. The individual variations in hepatocellular fat accumulation
were great; the two highest values were 98.1 and 101.1 g/kg, the two lowest
ones 62.4 and 65.9 g/kg. It should be noted in this context that other authors
(Collins and Reid, 1980) found even greater TL than our higher limit in the
liver of freshly-calved, healthy cows.

The accumulation of fat in the liver around calving observed by us
caused neither clinical symptoms, nor other abnormalities detectable by the
laboratory tests employed by us, and it was always transitory. The hepatic
TL decreased to the last preparturient value during the second postpartal
month, and the cows showed no sign of illness during further observation
for a year.

It follows from the foregoing considerations that parturient changes in
plasma and hepatic TL and certain main lipid components are similar to those
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occurring in fasting cows. Increase in plasma FFA and hepatic TL, and de-
crease in plasma TL and TCh, take place equally under parturient and fasting
conditions. These changes, which normalized soon after calving, can be regarded
as physiological in the healthy parturient cow. The fatty acid composition of
plasma and hepatic lipids was also followed up during the preparturient,
parturient and postparturient periods.

Linoleic acid, palmitic acid, stearic acid and oleic acid-esters made up
the bulk (85-90%) of the fatty acid components of plasma lipids.

The fatty acid components of hepatic lipids were the same as in the plas-
ma, but their proportions were different. The hepatic lipids contained almost
twice as much stearic and oleic acid, and more palmitic acid, than the plasma
lipids; the latter three fatty acids made up 70—80% of hepatic TL. Ofthe other
fatty acids, linoleic acid made up only one fifth to one eighth of the amount
found in the plasma. Palmitoleic acid and arachidonic acid reached together
a mean concentration of 4.5-7.5% in certain time periods.

The dissimilar percentage contributions ofidentical fatty acid components
in plasma and liver are due to diversities in the quantitative relations of the
main lipids. At parturition, triglycerides represent the bulk of the hepatic
lipid, while the plasma triglyceride level is almost negligibly low. The trigly-
cerides differ in fatty acid composition from the other lipids.

The fatty acid components of the plasma and hepatic lipids changed
characteristically with pregnancy, calving and lactation.

The curves of stearic and oleic acid showed practically the same opposing
course for plasma and liver. The sum 08:0 + 08:1 also was approximately
identical in plasma and liver at all sampling times. The changes in palmitic
acid concentration, too, were very similar in plasma and liver, and certain
analogies were found between the fluctuations in the linoleic and arachidonic
acid components as well.

It should be pointed out that the changes in the relative proportions of
fatty acids were greater in the liver than in the plasma, and the standard
errors of the mean values were also greater. It appears that the fatty acid
complement of the blood lipids is more balanced than that of the liver.

The relative plasma levels of palmitic acid, oleic acid and palmitoleic
acid showed an increase, whereas those of stearic, linoleic, arachidonic and
myristic acid a decrease, in the parturient cow. The fluctuations observed in
the fatty acid compositions of the plasma lipids were similar to those observed
by Brumby et al. (1975) in fasting cows, and by Yamdagni and Schultz (1970)
in ketotic cows.

Parturient changes in hepatic lipids involved the same fatty acid com-
ponents as in the blood, but the quantitative relations of the concentration
changes were dissimilar.

The present findings have indicated a connection between the param-
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eters of lipid metabolism in plasma and liver. The concentration changes
in plasma lipids were followed soon, and in many respects consistently, by
similar alterations in liver lipids. It follows that plasma fatty acid levels in-
form us on the hepatic lipid status.

We assume that the physiological parameters of bovine lipid metabolism
established in this study can serve as reference values for judging pathological
alterations associated with disorders of lipid metabolism, such as fatty liver
and ketosis. One should however be cautious in judging the pathological or
non-pathological nature of certain changes. The healthy parturient cow, for
example, may show dramatic changes in certain parameters of lipid metabo-
lism relative to the preparturient “dry” values. While such changes are patho-
logical in advanced lactation, they are fully physiological around calving.
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Cryostat sections of hypophyses of goat and buffalo were subjected to various histo-
enzymic tests for the demonstration of alkaline phosphatase, acid phosphatase, 5-nucleotidase,
adenosine triphosphatase, glucose-6-phosphatase and nonspecific esterase.

The intensities of most enzyme activities varied considerably in different cell groups
of the pars distalis of both species. The enzyme reactions were identical in the pars distalis
of both species, except alkaline phosphatase activity, which was limited in the goat to the
endothelium of capillaries, whereas, in the buffalo it was also evident intracellularly. Adenosine
triphosphatase and 5-nucleotidase activities were lacking in the pars distalis of buffalo hypo-

hysis.

Py All enzymes studied were present in varying amounts in the cells of the pars intermedia
of both species, except adenosine triphosphatase and 5-nucleotidase, which could not be
demonstrated even in this lobe of buffalo.

In the pars nervosa, both alkaline phosphatase and adenosine triphosphatase reactions
were located in the endothelium in the goat, whereas only alkaline phosphatase was observed
in the buffalo. The 5-nucleotidase enzyme could not be demonstrated in this lobe of either
species. Acid phosphatase in pituicytes and nonspecific esterase along the nerve fibres presented
the strongest reactivity.

Literature reveals studies on the histochemical localization of phospha-
tases and esterases in the hypophysis cerebri of monkey (Holmes, 1961), man
(Fand, 1955), rabbit (Pearse, 1956), rat (Pearse, 1956; Samorajski, 1960;
Pelietier and Novikof, 1972) and cat (Romieu et al., 1951). Of the ruminants
only ox has been attempted to demonstrate the acid and alkaline phosphatases,
adenosine triphosphatase and esterase, in the pars intermedia (Raftery, 1969).
The present study was undertaken to demonstrate these enzymes histo-
chemically in all the lobes of the hypophysis cerebri of goat and buffalo.

Materials and methods

The hypophysis cerebri of five female goats ranging in age between 6
months and 5 years, and a male buffalo of 3 or 4 years were sectioned at 10 ,uT.
thickness on cryostat microtome and were incubated for the following histo-
enzyme tests: (i) Alkaline phosphatase was determined with the azodye-

Address reprint requests to Dr. B. S. Nanda, Department of Anatomy and Histology,
Punjab Agricultural University, Ludhiana — 141 004, India
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coupling method after Burstone (1958a); (ii) acid phosphatase with the azodye-
coupling method after Barka and Anderson (1963) modified from Burstone
(19586); (iii) 5-nucleotidase after Wachstein and Meisel (1956) and (iv) adeno-
sinetriphosphatase after Wachstein and Meisel (1956); (v) glucose-6-phosphatase
after Wachstein and Meisel (1957); and (vi) nonspecific esterases after Barka

and Anderson (1963).
Results and discussion

Different lobes of the hypophysis cerebri of goat as well as of buffalo
presented varying intensities for almost all the histoenzyme tests performed.
However, no glucose-6-phosphatase activity was recorded in any of the lobes

in either species.

Table 1
Relative intensities of enzymic activities in the parenchyma of hypophysis cerebri of goat and
buffalo
Pars distalis Pars intermedia Pars nervosa
Goat Buffalo Goat Buffalo Goat Buffalo
taline phosphatase (?) + to + + + (+ to ++) (+) (++++) (++++)
(-)
Acid phosphatase + + + + + + + + + + o+ o+ + 4+
5-nucleotidase + — + — — —
Adenosine triphos-
phatase + to + + — + — (+4- to —
+++>
Glucose-6-phospha-
tase —
Nonspecific esterase = to + + + + 4+
++ +

+ 4—r, very strong; + + +, strong; + +. moderate; +, weak: =+, very weak;

?, doubtful; —, negative reactivity.
Parentheses refer to reactions limited to the blood vascular wall.

The relative intensities for other enzymes studied in different lobes are
summarized in Table I. Enzyme activities are discussed individually in the
following.

Alkaline phosphatase (AKP)

Alkaline phosphatase activity was rare or absent in the cells of pars
distalis adenohypophysis of the goat. Even the blood vessels were negative,
except for rare granules in sinusoids. Samorajski (1960) also reported negative
AKP activity in the cells as well as blood vessels ofthis lobe in the rat. However,
he recorded the presence of nuclear staining and positive granules in pituitary
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“R” cells, using Gomori’s cobalt method. The present authors are of the view
that the possibility of the presence of intracellular AKP activity in the pars
distalis cannot be ignored because in buffalo (Fig. 1) a varying (very weak
to strong) degree of AKP activity was noticed in these cells. Such variation
could very likely be attributed to the status of the cells and of the organs as
a whole.

In the pituitary of the rat, blood vessels and their associated nerve
fibres were intensely stained for AKP in the pars nervosa and comparatively
weakly in the pars intermedia. The reaction was negative in the pars anterior,
except for blood vessels at the periphery of the glands (Samorajski, 1960).
No AKP activity has been reported in the pars intermedia of cat (Romieu et
al., 1951). In the pars intermedia and the pars nervosa of goat (Fig. 2) as
well as buffalo, strong AKP activity was present on the wall of blood vessels,
weaker activity in the vessels of the pars intermedia. Thus, the present obser-
vations are more or less in agreement with those on monkey (Holmes, 1961),
rat (Samorajski, 1960) and ox (Raftery, 1969).

These observations are suggestive of the role of AKP in déphosphoryla-
tion necessary for absorption and transport through the blood vessels in the
pars intermedia and pars nervosa of goat, buffalo, rat, monkey and ox. But
this function does not appear to be associated with AKP in blood vessels of
the pars distalis of all these species except the buffalo. Another factor worthy
of consideration is that fenestrated capillaries rarely exhibit AKP activity,
and those of the pars distalis, being fenestrated and attenuated, their AKP
activity may be below the threshold level of activity. Moreover, in the buffalo
at least the presence of AKP activity in the cells of pars distalis is suggestive
ofits possible role in the control ofintracellular metabolism by déphosphoryla-
tion, in the synthesis of some esterase, and probably also in the exchange of
ions across the plasma membrane. However, the functions may be dependent
on the functional status of various cellular components of the organ, and may
be species-specific.

Acid phosphatase (ACP)

Strong ACP activity was seen in the majority of the cells of the pars
distalis of the goat hypophysis (Fig. 3), concentrated chiefly near the nuclei
and being indicative of lysosomal ACP. Certain sparsely-occurring undifferen-
tiated cells were intensely reactive. These latter cells are most probably iden-
tical to the cells described by Barka et al. (1961) as ACP-reactive reticulo-
endothelial cells of the hypophysis cerebri. Also in the buffalo, an identical
pattern of reaction was observed.

ACP activity was weaker in the pars intermedia cells of the goat
and buffalo. It was not found in the nuclei, and this negative finding disagrees
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Figs 1—7. 1 Alkaline phosphatase activity in pars distalis cells (PD) and blood vessels of

pars intermedia (arrow) of buffalo, X 200. 2. Alkaline phosphatase activity in blood vessels of

pars nervosa of goat, X 200. 3. Acid phosphatase activity (arrows) in the pars distalis cells of

goat, X450. 4. ATPase activity, stronger in the periphery of pars distalis cells of goat, X450.

5. 5-nucleotidase activity in form of granules in the cells of pars distalis of goat, X450. 6.

Nonspecific esterase activity in the pars distalis of goat, X 200. 7. Nonspecific esterase activity
in the pars nervosa of goat, X 100
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with Raftery’s (1969) report. We attribute the disagreement to technical
differences.

In the pars nervosa of the goat hypophysis, the ACP activity of pitui-
cytes chiefly appeared to be lysosomal. A much stronger activity at certain
sites, probably in the nerve terminals and Herring bodies was also discernible,
which can very well be correlated with the presence of strong ACP activity
reported in the paraventricular and supraoptic nuclei of the hypothalamus
(Eranko, 1951; Samorajski, 1960; Sloper, 1955). The ACP activity was noticed
to be comparatively strong in older subjects.

Adenosine triphosphatase (ATPase)

ATPase activity varying in intensity from very weak to moderate was
observed in different cells of the pars distalis of the goat hypophysis (Fig. 4).
The activity was very weak in the cells of the pars intermedia. In the buffalo,
ATPase could not be demonstrated in any of the hypophyseal lobes. In the ox,
ATPase activity has been reported to be present in the large vessels and capil-
laries of pars intermedia (Raftery, 1969). This was not found in the goat. In the
pars nervosa, weak to moderate ATPase reactivity was seen on the wall of
capillaries and large blood vessels. This indicates that the energy requirement
for the transport mechanism of secretory products across the capillaries of
pars nervosa is probably furnished by the breakdown of ATP as well as by
phosphorylation, by the latter process only in the pars intermedia and by
some mechanism other than either of the two in the pars distalis of the goat

hypophysis.

5-Nucleotidase (5-NT)

5-NT reactivity was observed within the cells of pars distalis and pars
intermedia in form of one to three or more coarse granular precipitates (Fig.
5). No activity could be observed in the pars nervosa. In the pituitary of the
buffalo no 5-NT activity was demonstrated in any part. Amongst all tissues,
strongest 5-NT activity has been reported in the human posterior pituitary
after an incubation period of 3 h (Pearse and Reis, 1952). The present observa-
tions are not comparable to the latter study because the incubation period
was only 90 min.

Nonspecific esterases (Ease)

Ease, as demonstrable by naphthyl acetate (hexazonium pararosaniline
technique), was observed to be very variable, being strong in some and very
weak in other cells of the pars distalis (Fig. 6). Fand (1955) demonstrated Ease
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in the basophils of the human pituitary. In the present study, simultaneous
identification of various cell types was not undertaken.

The cells of pars intermedia of goat and buffalo showed a very weak
but uniform Ease activity in all the cells. The presence of Ease has also been
reported in this lobe of rabbit and rat (Pearse, 1956). In ox, Ease activity
was intense in some cells hut weak in others, probably due to the two types
of cells in pars intermedia as has been described by Raftery (1969). But this
does not appear to be the case in goat and buffalo. The pars intermedia being
the only lobe of adenohypophysis where nerve fibres are present in association
with cells, esterase activity observed in this lobe of different species can very
well be appreciated.

In the pars nervosa of the goat hypophysis (Fig. 7), very strong Ease
activity was noticed, chiefly along the nerve fibres and in the Herring bodies.
Similarly localized, but weaker, activity was found in the buffalo. The aliester-
ase activity has also been shown to be strong in paraventricular and supra-
optic nuclei (Adams et ah, 1960; Pepier and Pearse, 1957; Sloper, 1955).
Raftery (1969) recorded a stronger Ease activity in the pars intermedia than
in the pars nervosa of the ox. However, in goats much more intense Ease
activity is in the pars nervosa than in the pars intermedia of this species.
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Forty-eight 1-3 months old dogs of unknown serological background were infected
experimentally with Toxoplasma gondii cysts or oocysts. Part of the dogs was subjected to
immunodepressive treatment with the synthetic corticosteroid betamethasone (Betsolan inj.,
Glaxo) (Table I). One third of the dogs infected with cysts or oocysts and treated with beta-
methasone developed a lethal generalized toxoplasmosis by 2-3 weeks after experimental
infection. In part of the eases, a non-generalized toxoplasmosis developed, and no infection
could be established in about half of the experimental animals. In the group without immuno-
depressive treatment only a single animal developed generalized toxoplasmosis, and non-
generalized cases were considerably less frequent than in the group of dogs given the immuno-
depressant (Table I1). The experimental observations thus support the implication that general-
ized toxoplasmosis develops in dogs primarily as a sequel to the suppression of immune re-
sponsiveness by a disease or some other factor.

Dogs died in naturally acquired generalized toxoplasmosis usually
developed the condition in association with canine distemper (Yakimoff and
Kohl-Yakimoff, 1911; Campbell et al.,, 1955; Hartley, 1956; Mdller and
Nielsen, 1964; Capen and Cole, 1966; Dobos-Kovacs and Kardevan, 1976;
Girad, 1979), less often in association with other primary diseases, such as
chronic lead poisoning (Hartley, 1956), lymphoid leucosis (Alcaino et al.,
1964), etc. It has been suggested that depression of immunological responsive-
ness by the primary disease predisposes the dogs for generalized toxoplasmosis.
In certain cases, however, evidence of any other pathological condition was
lacking in dogs diseased in generalized toxoplasmosis (Hartley, 1956; Capen
and Cole, 1966; Dobos-Kovacs and Kardevan, 1976; Girad, 1979).

We investigated the pathogenesis of generalized canine toxoplasmosis
in dogs experimentally infected with Toxoplasma gondii cysts or oocysts by
oral route, under simultaneous induction of chemical immunodépression.

Materials and methods

A total of 48 dogs of unknown serological background, 1-3 months old
at the beginning of the experiment, were used. The dogs were infected orally
with Toxoplasma gondii cysts or oocysts, in five successive experiments (1-V),
performed either on own-bred (group I and Il) or purchased animals originat-
ing from two litters each (Table 1).
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The Toxoplasma gondii strain used for experimental infection was iso-
lated from the organs (liver, lung, hrain) of a dog spontaneously died in general-
ized toxoplasmosis supervening on canine distemper. Isolation was effected
by oral administration of the pooled organ suspension to albino mice and the
isolate was maintained by serial passage.

Toxoplasma gondii cysts were obtained for the experimental infection
of dogs as follows: the brain suspension of infected mice was checked for pres-
ence of cysts by microscopic examination, and was administered orally to
albino mice. The brain suspensions of the recipient mice were used three weeks
later for the experimental infection of dogs, each receiving about 800 cysts.

Toxoplasma gondii oocysts were isolated from the faeces of experimen-
tally infected young cats, and were used for the experimental infection of dogs
after sporulation. Each dog received about 50,000 oocysts.

Immunodepression was induced in part ofthe dogs (25 animals) by intra-
muscular treatment with a synthetic corticosteroid (betamethasone, Betsolan
inj., Glaxo Laboratories, U.K.) at 0.8 mg/kgbwtdose level on the day preced-
ing experimental infection and every other day after it (experimental group).
The remaining 23 dogs infected with T. gondii received no immunodepressive
treatment (control group).

The dogs which died due to the infection and the survivors exterminated
after the conclusion of the experiment (4 weeks p.i.) were autopsied. During
post mortem examination organ samples were secured for histological examina-
tion from the small intestine (several segments), mesenteric lymph node, liver,
lung, pancreas, adrenals, spleen, thymus, heart, diaphragmatic and skeletal
muscles, and brain. The samples were fixed in 8% (2.66 mol/l) formalin and
were embedded in paraffin. The paraffin sections were stained with haema-
laun and eosin; some sections from the lung were stained with Endes’strichrome
stain for fibrin detection.

Liver and brain suspensions from each dog were used for oral infection
of albino mice. Three weeks later the mice were killed and their brains were
examined by native microscopic technique for the presence of Toxoplasma
cysts (mouse inoculation test).

Some 21 and 20 dogs of the experimental and control groups, respec-
tively, were weighed and the absolute and relative weights of the lymphoid
organs (thymus and spleen) were recorded (Table IIl).

Results

I. Generalized toxoplasmosis

In the group given immunodepressive treatment, 6 of 16 cyst-infected
dogs died in generalized toxoplasmosis 8, 9, 14, 16, 16 and 20 days p.i., and
2 of 9 oocyst-infected dogs 15 and 17 days p.i., respectively. In the group not
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treated with betamethasone, one of 6 dogs infected with oocysts died also in
generalized toxoplasmosis 17 days p.i. (Table I).

Table 1

Schedule and results of the experiments

No. of dogs infected/died in generalized toxoplasmoeis

Experimental Betamethasone No betamethasone
series n
No. Toxoplasma gondii Toxoplasma gondii Toxoplasma gondii Toxoplasma gondii
cysts oocysts cysts oocysts

| 9 5/3 — 4/0 -

il 10 5/3 — 5/0 —

hi 8 2/0 2/1 2/0 2/0

1Y 11 4/0 3/0 4/0 —

\Y 10 — 4/1 2/0 4/1

Total 48 16/6 92 17/0 6/1

25/8 23/1

Post mortem findings

The spleen of the dogs which died in generalized toxoplasmosis was
usually normal, less often slightly swollen. The liver was in most cases enlarged,
yellowish-brown or brownish red; in every case, few to many greyish-white
or greyish-red foci, the size of a pin-prick, pin-head, or, infrequently, a millet
seed, could be seen in the liver parenchyma. The foci were not infrequently
surrounded by a 1 mm wide, greyish-white halo (Fig. 1). The parenchymal
structure was always indistinct on the cut surface, and the consistence of
the tissue was friable. In no case was a gastro-intestinal change found. The
mesenteric lymph nodes were in most cases enlarged, and their cut surface was
juicy. Circumscribed or diffuse dry regions were frequently found in the
lymphonodular parenchyma.

In the lung there were either numerous small (pin-prick) or few large
(size of a millet seed) greyish-white compact foci. In part of the cases the focal
lung lesions were grossly inapparent, and seen only in histological sections.

Other organs showed no alteration at post mortem examination.

H istological findings

The focal liver lesions represented essentially four histological types.
In part of the cases loss of parenchymal structure and hepatocellular necrosis
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Fig. 1. Necrotic-inflammatory foci, pin-prick to the size of a millet seed, in the liver tissue.
Many necrotic-haemorrhagic foci, surrounded by a pale halo, are interspersed between the
necrotic-inflammatory lesions. Gross appearance, slightly magnified

Fig. 2. Low-power view of a pure necrotic focus in the liver parenchyma. H. and E. (X 160)

could be seen in the area of focal change, without surrounding inflammatory
reaction (pure necrotic foci) (Fig. 2). Around most necrotic foci tachyzoites
established themselves in extra- and intracellular localizations (Fig. 3). In
other cases there were many free erythrocytes in the centre of the hepatocellu-
lar focal necrosis (necrotic-haemorrhagic foci); extracellular solitary tachyzo-
ites, and/or intracellular aggregations of these also occurred in the surround-
ings of such lesions. Foci of the third type consisted of a centrally placed
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Fig. 3. Intracellular groups of tachyzoites (/*) in liver cells adjoining the necrotic focus.
H. and E. (xIOOO)

Fig. 4. Necrotic-proliferative focus in the liver parenchyma. H. and E. (X160)

pure necrotic area, surrounded by a halo of infiltrating cells, for the most part
reticulum cells (necrotic-proliferative focus) (Fig. 4). The fourth histological
type was represented by foci formed exclusively of proliferating reticulum
cells (pure proliferative focus) (Fig. 5). Developmental stages of T. gondii
appeared hardly, if at all, near to necrotic-proliferative and pure proliferative
foci. Foci of all four types occurred mainly in the periphery of liver lobules.

In most cases, apart from necrotic-haemorrhagic foci only a single
other type of focal lesion (pure necrotic, necrotic-proliferative or pure prolifer-
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Fig. 5. Pure proliferative focus in the liver parenchyma. H. and E. (X160)

Fig. 6. Low-power view of an inflammatory-necrotic focus in the lung tissue. The alveola
lumina are filled by a fibrinous exudation admixing with minor to major amounts of nuclea
detritus. H. and E. (X60)

ative) was represented in the liver of a host, but in a few cases all four types
were present simultaneously. It should be noted in this context that a single
dog with generalized toxoplasmosis, of the group not given immunodepressive
treatment, had no necrotic-haemorrhagic foci in the liver but did have foci
of all three other types.

In the lung, microscopic lesions involving few to many alveoli could
be seen near to small vessels. The alveoli were enlarged, and a homogeneously
staining, infrequently stratified exudation was present in their lumina. The
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Fig. 7. Group of tachyzoites (/) in an alveolar epithelial cell near to an inflammatory-necrotic
pulmonary focus. H. and E. (x 1000)

homogeneous-appearing exudate contained a considerable amount of fibrin,
a varying amount of cell debris, a few desquamated alveolar epithelial cells,
1-2 neutrophilic granulocytes and solitary tachyzoites (Fig. 6). In several
cases groups of tachyzoites could be seen inside alveolar epithelial cells (Fig.
7). The above pulmonary lesions were present in all lungs except that of the
dog which died 8 days after experimental infection.

Cerebral lesions caused by toxoplasma stages were found in the brain
of all dogs except those died 8 and 9 days after infection. Most lesions were
identified as circumscribed microscopic necroses, and groups of tachyzoites
could be seen in many adjoining nerve and glia cells. In other cases intra-
cellular aggregations of tachyzoites occurred in perivascular localizations,
in association with a focal proliferation of glia cells (Fig. 8). Infrequently the
cells adjoining glia cells carrying tachyzoites or bradyzoites were not involved
by either necrotic or inflammatory change (Fig. 9). Occasionally no Toxo-
plasma stages could be seen inside and in the surroundings of circumscribed
glia cell proliferations. The focal necrotic-inflammatory lesions caused by the
developmental stages occurred for the most part in the cerebral cortex, less
often in the striated body, Yarol’s bridge or medulla oblongata.

The soft meninges of the dogs which died 8 and 9 days after infection
were thickened by serous and cellular (neutrophilic) infiltration. Bacterial
“clouds” were also present in the meningeal region involved by acute purulent
meningitis. One of the above dogs also had bacterial “clouds” in the lumina
of part of the renal and hepatic interstitial small vessels. Around the latter,
infiltrating pus cells appeared in the hepatic interstitial tissue.
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Fig. 8. Perivascular focal glia cell proliferation. A cyst near to the focus (XO

Fig. 9. Groups of bradyzoites (initial stages of cyst formation) in the cytoplasm of nerve cells.
There is no inflammatory cellular reaction around the cysts. H. and E. (XIOOOQ)

In several cases groups of tachyzoites localized in myocardial cells, which
were surrounded by a circumscribed histio-lymphocytic infiltration.

In the spleen, focal necrosis of some Malpighian corpuscles, and pres-
ence of groups of tachyzoites in the surrounding reticulum cells, was infre-
quently seen.

In about half of the cases, necrosis of a few follicular cells or of entire
follicles was observed in the cortical tissue of the mesenteric lymph nodes,
occasionally extensive lymphonodular regions were involved by necrosis.
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Near to the necrotic areas, a few solitary reticulum cells enclosed groups of
tachyzoites.

Infrequently the intracellular occurrence of tachyzoite groups, accom-
panied by solitary cell necroses, was observed in some lymph follicles of the
small intestine.

Mouse inoculation test

This was always positive in albino mice infected orally with liver and
brain suspension from dogs died in generalized toxoplasmosis.

Il. Non-generalized toxoplasmosis
Post mortem findings

No gross lesions indicative of toxoplasmosis were found in the carcases
of dogs exterminated four weeks after experimental infection.

Histological findings

Three cyst-infected and three oocyst-infected dogs of the group given
immunodepressive treatment, and 2 and_1 cyst- and oocyst-infected dogs,
respectively, of the group not given betamethasone, showed microscopic
lesions indicative of toxoplasmosis in different organs varying between hosts
(Table 11).

Table M

Results of the infection experiments

No. of dogs
Betamethasone No betamethasone
T. gondii T. gondii T. gondii T. gondii
cysts oocysts Total cysts oocysts Total
Generalized toxoplasmosis 6 2 8 - 1 |
Non-generalized toxoplasmosis 3 3 6 2 1 3
No toxoplasmosis developed 7 4 1 15 4 19
Total number of dogs 16 9 25 17 6 23

Ofthe six dogs given betamethasone, five harboured intracellular groups
oftachyzoites in the heart muscle, and one harboured them in the diaphrag-
matic muscle. The tachyzoite-carrying cells were not surrounded by cellular
reaction in the great majority of the cases, und only by a very mild histio-
lymphocytic infiltration in the remaining few cases. Three of the above six
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dogs also harboured intracellular aggregations of tachyzoites not accompanied
by cellular reaction in brain cells, as well as developing cysts inside cerebral
glia and nerve cells.

Of the three dogs exhibiting microscopic lesions in the group not given
immunodepressive treatment, two showed the changes observed in the beta-
methasone-treated dogs in the brain, one in the heart muscle.

No microscopic lesions attributable to Toxoplasma infection were found
in the other organs (liver, lung, etc.) of the experimental and control animals.

Mouse inoculation test

Contrary to our expectations, oral infection of albino mice with liver and
brain suspensions from the above dogs proved negative.

I11. Negative results of experimental infection

The other dogs exterminated after the conclusion of the experiment,
i.e. 11 and 19 of 25 and 23 animals, respectively, of the groups treated and not
treated with betamethasone, showed neither gross nor microscopic indications
of infection with T. gondii (Table II).

Mouse inoculation test

W ith liver and brain suspensions from these dogs, the test showed nega-

tive results.
The immunosuppressive treatment accounted for a significant decrease

in the relative mass of the thymus and adrenals (Table I11).

Table 111

Mean body weight and relative organ weights (x £ SE) of dogs treated (n = 21) and not treated
(n= 20) with betamethasone

Treated Not treated p*

Body weight (g) 2549 2695 >0.05
+ 309 + 325

Thymus (mg/100 g bwt) 28.3 110.4 <0.001
+ 4.3 + 137

Spleen (mg/100 g bwt) 258.8 255.9 >0.05
+ 271 + 197

Adrenals (mg/100 g bwt) 16.0 23.3 <0.05
+ 1.0 + 2.2

* assessed by Student’s t test
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Discussion

The pathological criterion of generalized toxoplasmosis is the simulta-
neous involvement of several organs by distinct gross and/or microscopic
inflammatory-necrotic focal lesions elicited by developmental stages of T.
gondii.

In the present experiments generalized toxoplasmosis could be equally
induced with T. gondii cysts or oocysts in dogs given betamethasone (Betsolan
sol. inj.) for chemical immunosuppression. About one third ofthe experimental
animals died in generalized toxoplasmosis 2-3 weeks after infection. In a few
cases death occurred earlier, on days 8 and 9 p.i. These dogs developed, apart
from generalized toxoplasmosis, bacteriaemia or purulent bacterial lepto-
meningitis owing to immunosuppression, and the bacterial complication
accounted for early death.

In groups | and Il, which represented litters reared in our Department
in conditions exclusive of Toxoplasma infection, the subgroups given immuno-
suppressive treatment showed a greater incidence of generalized toxoplasmosis
than similarly treated dog subgroups of unknown history, purchased for the
purpose of the experiment.

A single control animal, infected with oocysts, developed generalized
toxoplasmosis. In that particular case there was no obvious reason for the
presumably reduced immune responsiveness of the host.

Apart from minor individual variations, no appreciable difference was
found between the nature and morphology of the gross and microscopic lesions
by cyst-infected and oocyst-infected hosts showing generalized toxoplasmosis.

The type of the lesions found in the liver, lung, brain and other organs
of dogs given immunodepressive treatment before and during experimental
infection was essentially similar to that observed by us (Dobos-Kovacs and
Kardevan, 1976) and others in naturally occurring (Campbell et al., 1955;
Hartley, 1956; Moller and Nielsen, 1964; Capen and Cole, 1966; Girad, 1979)
and experimentally induced cases (Vallée et al., 1961; Capen and Cole, 1966)
of generalized toxoplasmosis.

The necrotic-inflammatory foci were more frequent in the liver of the
experimentally infected dogs than in distemper-associated natural cases of
toxoplasmosis, and also were grossly more conspicuous. Haemorrhagic-
necrotic foci were not seen in natural cases, nor in experimentally induced
toxoplasmosis without immunodepressive treatment, having been present
exclusively in conditions of artificial immunodépression. The reason of this
might perhaps be some specific action of the applied chemical immunodepres-
sant (betamethasone).

The lung lesions were considerably less distinct and severe in experimental
cases with immunosuppression than in natural cases of generalized toxoplas-

6 * Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



132 DOBOS-KOVACS and VARGA

mosis supervening on canine distemper. Presumably a local disturbance of the
pulmonary immune mechanisms, particular to the latter disease, may also
account for the serious lung involvement. The nature of the pulmonary lesions
(serous-fibrinous necrotic-inflammatory focal change) was essentially similar
in the natural and artificially induced cases of toxoplasmosis, as suggested
also by others (Capen and Cole, 1966).

Microscopic cerebral necroses (encephalomalacia) were less frequent in
experimental toxoplasmosis than in natural disease supervening on canine
distemper, but for the time being even a hypothetical explanation is lacking
to this end.

Part of the dogs (about one fourth and one seventh to one eighth in the
experimental and control subgroups, respectively) showed no generalization
of toxoplasmosis in the pathological sense. In these cases developmental stages
of T. gondii were demonstrable in certain organs (brain, heart muscle, diaphrag-
matic muscle), as a rule without a surrounding cellular reaction. These particu-
lar cases satisfied the parasitological criteria of generalized infection, but not
the pathological criteria which foresee the simultaneous presence of character-
istic necrotic-inflammatory foci in several organs.

As to the prevalence of non-generalized toxoplasmosis, it was greater
in both cyst-infected and oocyst-infected dogs of the group givenimmuno-
suppressive treatment than in that of control. This seems to suggest that differ-
ent degrees of immunosuppression may promote the development and multi-
plication of T. gondii.

In the major part of the cases (more than half and more than three
quarters of the experimental and control dogs, respectively) no generalized
toxoplasmosis demonstrable with the applied methods developed either by
cyst-infected or oocyst-infected hosts. Apart from individual variations in
susceptibility, immunity stimulated by an earlier Toxoplasma infection during
the unknown history ofthe hosts may have been responsible for insusceptibility
in such a considerable part of the cases.

The observations of other authors and our own experience equally suggest
that, apart from infections by highly pathogenic Toxoplasma strains, dogs
develop generalized toxoplasmosis primarily as a sequel to reduced immune
responsiveness. In this light the nature of the factor responsible for seems
to be indifferent, be it canine distemper, chronic lead poisoning, lymphoid
leucosis or a chemical immunodepressant, or even some idiopathic factor.
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Insecticides Methylparathion 18 WP and Wofatox 50 EC, formulated as waterable
powder and emulsion concentrate, respectively, were tested for teratogenicity in Japanese
quail and pheasant embryos, with particular reference to osteal and muscular systems.

Both pesticides were diluted in water to three various concentration levels and the
dilutions were injected into the air cell in a volume of 0.05 ml/quail egg and 0.1 ml/pheasant

e -
% The concentrations were 0.05, 0.5, and 5.0% for Methylparathion 18 WP and 0.02.
0.2, and 2.0% for Wofatox 50 EC. Quail eggs were treated on day 9, and pheasant eggs on
day 12, of incubation. The results were evaluated on days 14 and 23 of incubation,respectively.

The applied test methods failed to demonstrate skeletal lesions in quail and pheasant
embryos with evident lordoscoliosis (the most frequent deformation seen). The gross and
microscopic appearance of the cervical vertebrae was usually normal. High doses of W ofatox
50 EC produced, however, atrophic and, occasionally, hypoplasie changes in the cervical
muscle of the embryos. The authors call attention to the possibility that organophosphates
for inhibition of embryonic innervation may be ajeontributive factor predisposing to lordoscoli-
osis. This state may secondarily induce atrophic changes of the cervical muscle and an ab-
normal posture of the neck.

It is likely that the tested pesticides are non-hazardous to the developing avian embryo
under the conditions applied in the practice, due to the considerable resistance of the eggshell
membrane against spray penetration.

The past three decades have seen a tremendous and world-wide increase
in the production and application of chemicals, among them pesticides. Gould-
ing (1975) estimated the new organic and inorganic compounds produced
per year at 200,000. The increasing use of pesticides has resulted in a need
for predicting hazards to wildlife, especially to useful birds living in plough-
land.

The teratogenic effects of pesticides are of great importance (Hayes,
1975).

The teratogenicity of the organophosphate derivatives in chick and quail
embryos has been investigated in detail (Clegg, 1964; Meiniel, 1977, 1978),
but little information refers to the pheasant. As pheasant is a non-target, it
is of importance to assess its susceptibility to teratogenic and/or fetotoxic
effects of plant-protective substances.
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This paper reports comparative teratological studies of Methylparathion
18 WP and Wofatox 50 EC in Japanese quail (Coturnix coturnix japonica)
and pheasant (Phasianus colchicus mongolicus et torquatus) embryos.

Materials and methods
Treatment

Methylparathion 18 WP (M 18 WP) and Wofatox 50 EC (W 50 EC),
containing 18 and 50% methylparathion as active ingredient, respectively,
were the test pesticides used throughout the experiments.

A total of 469 and 252 fertile eggs from Japanese quails and pheasants,
respectively, were assigned to one control and three treated groups per test
material (see Table I) and incubated in a Ragus and a National type incubator
under optimum environmental conditions (Kiss, 1973; Nagy, 1971).

The pesticides were suspended (M 18 WP) or emulsified (W 50 EC)
in water and diluted to three various dose levels, of which the intermediate
levels corresponded to the concentrations used in the field as spray (Registra-
tion document, 1976; Koénya, 1980). The applied concentrations were 0.05,
0.5, and 5.0% for M 18 WP and 0.02, 0.2, and 2.0% for W 50 EC.

Egg treatments were carried out around the middle of the normal
incubation period, i.e., on the 9tli day of the 16-day incubation period of the
quail and on the 12th day of the 25-day incubation period of the pheasant.
The pesticidal suspensions and emulsions were administered by a single injec-
tion into the air cell and in a volume of 0.05 ml/quail egg and 0.1 ml/pheasant
egg. Control eggs received the same volume of distilled water. On the basis

Table 1

Experimental data for the teratological study of Methylparathion 18 WP and Wofatox 50 EC

Treatment Evaluation Dose No. of eggs
T e
Quail Pheasant Quail Pheasant | 1 11 Quail Pheasant
Quail
Methylparathion 18 WP 9 12 14 23 2.8 28 280 232 127
Pheasant

17 17 170

Quail
Wofatox 50 EC 9 12 14 23 225 225 225 237 125
Pheasant
135 135 135
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of the average egg weight (9 g and 30 g, respectively), the doses of the organo-
phosphates in mg/kg egg weight were similar at each corresponding dose level
(see Table ).

The applied injection route was not hazardous for the developing embryo
and provided a precise dosing.

Evaluations were conducted on days 14 and 23 of incubation, respec-
tively.

Gross examination

At autopsy, all eggs were opened, and examined for gross lesions (terato-
genicity), and for the ratio of viable to dead embryos, before and after treat-
ment (embryo toxicity), and body weights were measured.

Skeletal deformities were identified in preparations stained by the method
of Simons and van Horn (1971). As skeletal changes provide an important
index in experimental teratology (Tompa et al., 1971), 3 embryos in each group
(a total of 48 samples) were processed with this technique to evaluate skeletal
defects and ossification.

Histological examination

Ossification was histochemically examined by measuring the alkaline
phosphatase enzyme activity in the osteoblasts. For this purpose, the cervical
vertebrae were sampled from 3 embryos per group, for the highest incidence of
postural anomalies occur in the head and the neck. Spine samples, 2 to 5
vertebrae in one block were fixed in 80% alcohol at 4 °C, dehydrated in ab-
solute acetone, and embedded in paraffin via benzene (Imre, 1981). Serial
cross sections, 10 pm thick, were prepared by the MPSz 2 type microtome.
The alkaline phosphatase enzyme activity was determined in identical seg-
ments of the vertebrae by using the method of Gomaori (1952) and Takamatsu
(1939).

The ultrastructure of the embryonic cartilaginous tissue was examined
in quail embryos that had received W 50 EC. Samples from the abnormal
cervical vertebrae were fixed in Karnowsky’s (1965) fixative mixture, post-
fixed in 1% osmium tetroxide, dehydrated in a series of graded alcohol, and
embedded in Durcupan-ACM resin (Fluka) (Palade, 1962). Sections were cut
by the Reichert ultramicrotome. The electron micrographs were prepared in
a Tesla BS 613 and a JEOL 100 S type electron microscope.

To determine cholinesterase enzyme activity of the apparently affected
cervical muscles (m. longus colli, m. complexus major) at the motor end-
plates, 3 quail and 3 pheasant embryos were sampled from each dose group
and processed with the histochemical method developed by Koelle (1951)
and Gerehtzoff (1953).
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For light microscopic study of teratogenic and/or fetotoxic effects in
the embryonic organs and tissues, additional 3 quail and 3 pheasant embryos
were sampled in each dose group. Whole quail embryos stripped of feathers
and the major organs from pheasants (heart, lungs, kidneys, liver, skeletal
and cervical muscle) were fixed in 4% neutral formalin, embedded in paraffin,
cut into sections 5to 7 /nT in thickness, and stained with haematoxylin—eosin
and Azan (Kiszely and Barka, 1958).

Statistical analysis

Biometrical analysis included the chi-square test, Student’s t test, and
variance analysis (Elandt-Johnson, 1971; Finney, 1952, 1972; Fisher, 1926).

Results

Gross examination revealed that M 18 WP significantly increased the
developmental abnormalities in the quail embryos that had received the highest
dose. The other parameters were apparently not affected. At the dilution
used in the field practice neither teratogenic nor fetotoxic effects (dwarfism,
embryo mortality) were observed (Table I1).

Table U

Review of the teratological study of Methylparathion 18 WP in Japanese quail embryos

Mortality
Dose No. of fertile No. of viable Embryo weight before after No. of deformed
mg/kg eggs embryos (9)* x+S.D. embryos*
treatment
Control 60 52 3.70+£0.49 4 4
2.8 6i 52 3.69+0.47 1 8 7
28.0 57 49 3.97+0.29 5 3 4
280.0 54 43 3.58+0.38 3 8 19d

* referring to viable embryos; d P < 0.01. vs control

W 50 EC produced in quails similar incidences of developmental defects
at each dose level and a significantly (P < 0.01) increased embryo mortality
at the highest level. Viable embryos showed, therefore, decrease in number
and the body weight of the survivors also tended to decrease (P > 0.05).
At the practical dilution, the increase of embryo mortality was not significant,
whereas the incidences of developmental abnormalities showed a significant
(P < 0.05) increase, compared to the controls (Table I11).
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Table 111

Review of the teratological study of Wofatox 50 EC in Japanese quail embryos

Mortality
Dose No. of fertile No. of viable Embryo weight before after No. of deforme«!
mg/kg eggs embryos (@)* S+S.D. embryos*
treatment
Control 54 47 3.05+£0.47 4 3 0
2.25 64 50 3.14+0.46 12 2 5b
225 64 57 3.04+0.52 3 4 5b
225.0 55 20 2.89%0.34 3 32d 5d

* referring to viable embryos; b P < 0.05; d P < 0.01, vs control

Pheasant embryos that had received M 18 WP elicited a dose-related
significant (P < 0.01) depression in body weight at each dose level. Embryo-
toxic effects were not noticed at any dose, but the numbers of deformed em-
bryos were significantly (P < 0.02; P < 0.01) higher than the control values,
in each group treated, even at the level tenfold lower than the dilution used
in the practice (Table V).

Table IV

Review of the teratological study of Methylparathion 18 WP in pheasant embryos

Mortality
Dose No. of fertile No. of viable Embryo weight before after No. of deformed
mg/kg eggs embryos (9)* *£S.D. embryos*
treatment
Control 31 31 18.12+0.72 0 I 0
1.7 32 32 17.42+0.48d 0 0 9C
17.0 31 29 17.56+0.32d 0 2 18d
170.0 33 28 16.30+0.12d 0 5 28d

* referring to viable embryos; 0 P <C0.02; d P < 0.01, vs control

W 50 EC caused a depression in the number of viable pheasant embryos
at the highest dose. Embryo weight showed a significant (P < 0.01) increase
at the intermediate dose and a significant (P < 0.01) reduction at the highest
level. Following treatment, incidences of dead embryos and of developmental
deformities were significantly (P < 0.01) over the control only at the highest
dose, i.e. at the level tenfold greater than the dilution used in the practice.
At this concentration, no evidence ofteratogenic and lethal effects was observed
in pheasant embryos (Table V).
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Table V

Review of the teratological study of Wofatox 50 EC in pheasant embryos

Mortality
Dose No. of fertile No. of viable Embryo weight before after No. ofdeformed
mg/kg egge embryos (9)* X+S.D. embryos*
treatment
Control 29 27 15.58+0.90 0 2
1.35 32 31 15.45+0.41 0 1
135 33 33 16.21+0.32d 0 0
135.0 31 19 14.41+0.75d 0 12b 19d

* referring to viable embryos; b P < 0.05; d P < 0.01, vs control

Among the anomalies produced by the two organophosphate derivatives
(Table VI), cervical lordosis and scoliosis, and pes debilis were the most fre-
quent in both avian species (Fig. 1). Anophthalmia developed only in quails
and in only two cases for both pesticides. Rudimentum oris and microphthal-
mia were induced by W 50 EC, in identical numbers among quail and pheasant
embryos. The incidence of thoraco-gastroschisis was twice as high in pheasants
as in quails. Osteomalacia cranii developed only in quails, in two embryos
altogether. Open umbilicus and hernia cerebri occurred only among quail
embryos which had received M 18 WP.

S|

Fig. 1. Representation of 23-day pheasant embryos, a) retarded embryo after 135 mg/kg
Wofatox 50 EC; b) control. Alizarin red and Alcian blue staining, X 1.5 (Photo: S. Kiss)
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Under the experimental conditions, skeletal defects were not caused
hy either of the pesticides.

The alkaline phosphatase enzyme activity in the osteoblasts of the
cervical vertebrae agreed with that of the controls.

The cholinesterase enzyme activity of the cervical muscles for all groups
appeared intense, except for the pheasants that had received the highest
dose of W 50 EC, in which case numerous motor end-plates were inhibited.

Table VI

Gross developmental abnormalities induced by Methylparathion 18 WP and Wofatox 50 EC
in Japanese quail and pheasant embryos

Classification of Methylparathion 18 WP Wofatox 50 EC Control
abnormalities Quail Pheasant Quail Pheasant Quail Pheasant
Lordosis and scoliosis 8 55 5 17 0 0
Anophthalmia 2 0 2 0 0 0
Microphthalmia 0 0 1 1 0 3
Pes debilis 20 54 5 24 2 0
Thoraco-gastroschisis 1 0 2 4 0 0
Open umbilicus 9 0 0 0 0 0
Rudimentum oris 1 0 2 2 0 0
Osteomalacia cranii 0 0 2 0 0 0
Hernia cerebri 1 0 0 0 0 0
Exophthalmus 0 0 0 2 0 0

Staining of the end-plates showed also a considerable variation within the
same cervical muscle.

The electron micrographs for quail embryos revealed no differences be-
tween controls and W 50 EC treatments in the ultrastructure of the cartilaginous
tissue of the cervical vertebrae.

Light microscope findings exhibited degenerative changes to varying
degree in the cervical muscle (m. longus colli) from quail and pheasant embryos
given the higher pesticidal doses. Frequently, the lesion was unilateral. The
affected muscles from pheasants showed numerous atrophied and hyperplasie
muscle fibres of varying size (Fig. 2). The lesion in quails resembled that of
pseudohypertrophia lipomatosa musculorum: the necrotic and atrophied
muscle fibres were replaced by fat tissue (Fig. 3). The most striking degenera-
tion was developed in the pheasants which had received the highest W 50 EC
dose. Quail and pheasant embryos, considerably retarded in growth compared
to the controls, exhibited hypoplasie changes of the cervical muscle.
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Fig. 2. Cervical muscle, transverse section, from 23-day pheasant embryos, a) control; b)
treated with 135 mg/kg Wofatox 50 EC, showing severe atrophy and necrosis of the fibres.
H. E. X320

Discussion

One of the most critical phases in embryonal development is the period
of tissue differentiation. Most of the teratogenical studies have, therefore, been
conducted at this stage, i.e. in chick embryos on days 0-4 of incubation. The
developmental abnormalities reported for parathion-exposed chick embryos
of this stage included lordosis, scoliosis, reduction and adhesion of the ver-
tebral bodies, pes debilis, thoraco-gastroschisis, atrophy or hyperplasia of the
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Fig. 3. Cervical muscle (m. longus colli) from 14-day quail embryos, a) control; b) treated
with 225 mg/kg Wofatox 50 EC. The atrophied muscle fibres are replaced by fat tissue. H.E.
X 320

cervical and tibial muscles, etc. (lseki and Yamada, 1966; Meiniel, 1977;
Roger, 1968).

Another critical phase in embryonal development is the onset of embry-
onic ossification and growth. Based on literary data (Terepka et al., 1971) and
our experiences, this corresponds to days 9 and 10 of incubation in the quail
and days 12 to 14 of incubation, i.e. the same time as for the chick embryo,
for the pheasant (Fujioka, 1955; Murphy et al., 1957). Hereafter begins active
calcification of the embryonic skeleton due to mobilization of eggshell calcium,
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and this is followed by umbilical closing. The eyes, the beak, the feet, etc.
acquire their final form at the same time (Kovacs and Fehér, 1966).

The embryos in the present experiments were exposed to M 18 WP
and W 50 EC at the intense period of embryonal ossification and growth.

Based on these data the following conclusion can be drawn:

— W ith identical active ingredient, the teratogenic and/or embryotoxic
effects were concentration dependent. Methylparathion, of 18% active ingre-
dient, proved to be teratogenic for both the quail and the pheasant embryos,
whereas the Wofatox formulation containing 50% active ingredient showed
embryotoxicity, besides teratogenicity (Tables Il to V).

— The pheasant was considerably more susceptible than the quail to
the teratogenic effects of M 18 WP. The developmental defects displayed by
the viable embryos occurred around threefold as frequently (62%) in pheasants
as in quails (21%). A single dose producing developmental abnormalities was
1.7 mg/kg for the pheasant vs. 280 mg/kg for the quail.

— Among the anomalies seen, lordoscoliosis, pes debilis and umbilical
hernia were the most frequent, with an incidence ranging from 27 to 100%.
The other developmental deformities (microphthalmia, rudimentum oris, etc.)
occurred in 3 to 17% altogether. Embryonic weights were reduced by 5 to
10% at the high pesticidal levels, compared to the controls.

Contrary to the literary data (Iseki and Yamada, 1966; Meiniel, 1977;
Roger, 1968), neither vertebral adhesion, nor extremital reduction alone,
could be demonstrated in the skeletons of the treated avian embryos. This is
in accordance with our previous biochemical findings. M 18 WP and W 50 EC
failed to produce a definite and significant variation in serum alkaline phos-
phatase, calcium, and inorganic phosphor levels when blood samples from
quail and pheasant embryos were used that had received similar treatments
at appropriate age (Bartalits et al., 1981; Varnagy et al., 1981). These results
might suggest that skeletal defects during intensive embryonal growth and
ossification might be influenced by other biochemical factors not studied here
(hormones, vitamins, enzymes, etc.).

In agreement with other reports (Meiniel, 1977, 1978; Upshal et al.,
1968), the Wofatox formulation of 50% active ingredient produced in the
cervical muscles partial inhibition of the cholinesterase activity at the motor
end-plates of the pheasant and atrophic or hypoplasie changes in the cervical
muscles of both avian species. As spinal vertebrae appeared normal, the
potentiality of the organophosphates for inhibiting embryonic innervation
and, as a consequence, muscular atrophy should also be considered among the
factors leading to lordoscoliosis. It is likely that such a state may also induce
abnormal distortion and curving of the neck.

In conclusion, our previous analytical (Varnagy and Fizesi, 1979)
and teratological studies using the egg immersion route (Varnagy, 1980), as
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well as the present results demonstrate that M 18 WP and W 50 EC are not ex-
pected to be teratogenic and/or embryotoxic pesticides under the wusual
practice of plant protection. The amount at which the organophosphate
sprays may reach the developing embryo via the eggshell is around one
eighthundredth of that injected into the air cell here.
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The tendon running centrally through the belly of the m. biceps brachii and the lacertus
fibrosus were studied post mortem for formation and function in 4 equine fetuses, 5 neonatal
foals and 91 adult horses aged 1-23 years. Surgical transection of the m. biceps brachii’s
tendon and lacertus fibrosus was performed in four adult horses for in vivo study of disturb-
ances in muscle function.

It has been shown that the tendon running through the belly of the m. biceps be achii
represents neither a fascial thickening, nor a septum intramusculare, but a direct contifluum
of the muscle’s tendon of origin. The tendon in question and, through it, the muscle itself,
attaches on the tuberositas radii by a single tendon of insertion. A longitudinal torsion of the
tendon in the muscle belly accounts for diminishing concussion and greatening tensing. We
therefore propose that the tendon running through the m. biceps brachii, generally referred
to as the tendinous intersection of that muscle, be named “tendo scapuloradialis”, for precise
reference to its formation, passage, and function.

The surgical modeling of the rupture of the above tendon showed that the fibres of the
pennate muscle belly can partly overtake function during rest, but the coordination of the
shoulder and elbow joints becomes less synchronous. Transection of the tendon was found to
delimit forward progression in motion.

On transection of the m. biceps brachii, the extension of the elbow joint increased to
such a degree that the hoof could be drawn up almost to knee level also without transection
of the lacertus fibrosus. This observation is of diagnostic importance for surgical approach to
the correction of ruptures of the above kind.

The lacertus fibrosus cannot be regarded as the exclusive continuum of the central
tendon running through the m. biceps brachii, nor as the lateral tendinous portion of the muscle.
It is in fact composed of one central lamina and two lateral laminae, of which only the central
one is of tendinous origin, whereas the lateral laminae derive from a fascia and make up four
fifths of the lacertus fibrosus’s entire thickness in the adult horse. Transection of the lacertus
fibrosus accounted for a light trouble in bearing weight.

The formation and function of the tendon running through the belly of
the equine m. biceps brachii, and of the lacertus fibrosus converging from the
latter muscle to the m. extensor carpi radialis have been differently interpreted
by veterinary anatomists. The conflicting views have been responsible for
occasional misdiagnosis and miscorrection of partial or complete ruptures of
the m. biceps brachii.

Certain authors describe the tendon running through the muscle belly
and the lacertus fibrosus as thickened fasciae (Kruger, 1929, 1931; Schauder,
1932; Zimmermann and Zimmermann, 1939) whereas others (Kovécs, 1962;
Fehér, 1980) have suggested that a septum intramusculare, converging to the
belly of the m. biceps brachii from the brachial fascia, gives off the tendon-
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like fascial bundle known as lacertus fibrosus, which then continues in the m.
extensor carpi radialis, and attaches on the tuberositas ossis metacarpalis.

Again others (Kadletz, 1932; Ellenberger and Baum, 1974; Nickel et al.,
1968; Sisson and Grossman, 1953; Taylor, 1959; Koch, 1960) have regarded
the tendinous bundle as a continuum of the tendon of origin — Koch even
refers to it as the central tendon of the m. biceps brachii — which divides
shortly before the insertion of the muscle into a short medial and a longer
lateral (lacertus fibrosus) portion, which furnish two insertions for the m.
biceps brachii. Barone (1968) has suggested that a fibrous bundle (corde
fibreuse) representing an elongation of the proximal tendon, runs through
the m. biceps brachii, and detaches distally a short tendon of insertion and
the lacertus fibrosus.

We investigated the morphological and functional aspects of the forma-
tion of the m. biceps brachii’stendon running through the belly and performed
experimental studies on their function and dysfunction in the resting and
moving horse. These studies have convinced us that the structure generally
referred to as the tendon of the equine m. biceps brachii is anatomically and
functionally a tendon, and should be re-named accordingly to prevent mis-
interpretations resulting from nomenclatural confusion.

Materials and methods

The structures known as tendon and lacertus fibrosus of the m. biceps
brachii were studied post mortem in 4 equine fetuses, 5 newborn foals and 91
adult horses of different ages; of the latter 43 had been sports horses and 48
draught horses. All sports horses and two thirds of the work horses were of
Eastern races, the remaining one third of the work horses descended half by
half from Eastern and Western races.

The function and role of the tendon running through the muscle belly
and lacertus fibrosus were studied at rest and in motion, by observing the
dysfunction after transection of both structures in the right forelimb of four
horses. The horses were 9-10 years old, as judged by their dentition, and
weighed 400-700 kg. The surgical intervention was performed in intravenous
chloralhydrate anaesthesia (10% solution, 8 g/100 kg) with the animal recumb-
ent on its left side, according to the so-called Danish technique. In two horses
the lacertus fibrosus was exposed and transected through a longitudinal
cutaneous incision made in the elbow region. In the other two horses the
tendon running through the belly was explored in the mid-region of the m.
biceps brachii, through the m. brachiocephalicus, and was transected without
injuring the belly of the muscle. Primary healing of the surgical wound followed
in four cases.
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Results

The m. biceps brachii has a tendinous origin and ends in a tendon of
insertion (Fig. 1). The tendon of origin is two fingerbreadths thick in the adult
horse. Aponeuroses converging from the posterior and lateral faces of the
muscle to its belly furnish attachment for muscle fibres. After detaching the
aponeuroses, the central part of the tendon of origin enters the muscle belly
in the form of an about one fingerbreadth thick, approximately cylindrical
bundle, runs through it, blends with the tendon of insertion and molds on the
radius (Fig. 2). The tendon of insertion also detaches several aponeuroses,
which impart a pennate appearance to the m. biceps brachii. The structure
generally referred to astendinous bundle develops in prenatal life (by 7months),
and can thus be identified full-length, with insertion on the radius in the new-
born foal (Fig. 3). It flattens craniocaudally, and is surrounded altogether by
fleshy muscle tissue in the proximal third of the m. biceps brachii (Fig. 4),
while after the central third of the muscle it undergoes a lateral torsion, so
that its medial margin assumes a cranial position. Distally, the tendon is
compressed mediolaterally between two faces of muscle (Fig. 5).

Fig. 1. M. biceps brachii of adult horse (lateral face; the lateral part of the belly is removed).

1, medial portion of the belly; 2, tendon running through the belly; 3, m. brachialis; 4, m.

extensor carpi radialis; 5, m. extensor digitorum communis; 6, m. deltoideus; 7, m. triceps
brachii
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Fig. 2. Tendon running through the belly of the m. biceps brachii (craniomedial view; the
medial portion of the muscle is partly removed). 1, tendon of origin; 2, tendon running through
the belly; 3, medial portion of the belly; 4, outer fascial sheath (transected and inclined later-
ally); 5, m. extensor carpi radialis; 6, m. pectoralis profundus; 7, olecranon of the ulna

Fig. 3. M. biceps brachii of newborn foal (craniolateral view; the lateral portion of the belly is
partly removed, partly inclined). 1, lateral portion of belly; 2, medial portion of belly; 3,
tendon running through the belly; 4, m. extensor carpi radialis; 5, m. triceps brachii
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Fig. 4. The tendon running through the m. biceps brachii is surrounded by the belly of the

muscle (cranial view; the belly is partly removed, partly inclined sidewards). 1, lateral portion

of belly; 2, medial portion of belly; 3, tendon running through the belly; 4, cranially detached

bundle’of thetendon; 5,5,bilateral aponeuroses converging to the detached tendinous bundle;
6, lacertus fibrosus; 7, m. extensor carpi radialis

Fig. 5. Longitudinal torsion of the tendon running through the belly of the m. biceps brachii
(craniomedial view; the medial portion of the belly is partly removed). 1, craniocaudal flatten-
ing of the tendon; 2, mediolateral flattening of the tendon; 3, cranially detached bundle of the
tendon; 4, medial portion of belly; 5, lateral portion of belly; 6, m. extensor carpi radilis
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Cranially, the tendon divides the m. biceps brachii into two unequal
portions, a lateral and a medial one. The lateral portion covers one third,
the medial portion two thirds, of the muscle’s thickness. On the surface, the
division of the muscle belly is indicated proximally only by a slight, cranio-
medially oriented oblique retraction, beneath which passes the tendon (Fig. 6).

The m. biceps brachii is invested by two fascial sheaths, an external and
an internal one. The internal sheath wraps the muscle tightly to hold its
divided parts in position. The fascial lamina of the internal sheath thickens
to a strong aponeurosis, on the medial face proximally and distally, and on the
lateral face only distally. The thickenings are already present in the equine
fetus and newborn foal (Fig. 7). The tendon which turns into the muscle as
a continuum of the tendon of origin blends distally with the aponeurosis
running in the belly and on the face of the muscle, and forms with them a thick,
strong tendon of insertion, which molds on the tuberositas radii (Fig. 8).

The tendon detaches at its anterior edge, from the centre of the muscle’s
middle third onwards, a triple, cranially narrowing tendinous bundle, which
separates from it entirely at the distal end of the belly (Figs 5 and 9), and is
joined bilaterally by the thick inner and outer aponeuroses of the muscle
belly. The aponeurosis converging to the tendon from the medial portion is

Fig. 6. Belly of the m. biceps brachii (craniomedial view; the outer fascial sheath of the muscle
is transected and inclined to both sides). 1, medial portion of the belly; 2, lateral portion of
the belly; 3, longitudinal fossa of the belly; 4, lacertus fibrosus; 5,5, outer fascial sheath
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Fig. 7. Superficial aponeuroses of the m. biceps brachii in the newborn foal (craniolateral
view; the outer fascial sheath is transected). 1, m. biceps brachii; 2, lacertus fibrosus; 3, m.
extensor carpi radialis; 4, m. triceps brachii; 5, m. brachiocephalicus

Fig. 8. Insertion of the m. biceps brachii on the tuberositas radii (medial face). 1, belly of the

muscle; 2, tendon of insertion; 3, lacertus fibrosus; 4, m. brachialis; 5, ligamentum collaterale

mediale (transected at attachment of insertion, and inclined); 6, m. extensor carpi radialis;
7, radius; 8, tuberositas radii
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thinner than the one converging from the lateral portion. Thus the lacertus
fihrosus arises from three laminae, a central one and two lateral ones; its margin
is eranially sharp, and it converges distally before the elbow joint, on the
medial surface of the m. brachialis, to the m. extensor carpi radialis (Fig. 10).
The lacertus fibrosus is loosely inclosed by the fascial sheath of the m. biceps
brachii; its terminal portion blends with the fascia of the forearm, and joins
along with the latter the tendon of the m. extensor carpi radialis (Fig. 11).
The three laminae forming the lacertus fibrosus can be distinguished already
at 7 months of prenatal life. Thickening of the lacertus fibrosus with progres-
sing age is due mainly to that of the lateral laminae, which make up four fifths
of the lacertus fibrosus’s entire thickness in the adult horse. The size of the
lacertus fibrosus varies with race, body dimensions, age and use of the horse.
The lacertus fibrosus of the adult horse is 35-55 mm wide and 3-8 mm thick.

On transection of the m. biceps brachii’s tendon, no trouble in bearing
weight was observed during rest, but the ipsilateral shoulder joint was by
about 20° more open than the contralateral one (Fig. 12). W ith the forearm
drawn backward, the extension of the elbow joint was by about 30° greater

Fig. 9. Laminae joining in formation of the lacertus fibrosus (medial view; the medial portion

of the belly is partly removed and inclined). 1, tendon running through the belly of the m.

biceps brachii; 2, tendon of insertion of m. biceps brachii, converging to the radius; 3, bundle

detached from the cranial portion of the tendon (central lamina of lacertus fibrosus); 4, lateral

portion of belly; 5, medial portion of belly; 6, aponeurosis of the muscle belly converging to

the tendon of insertion; 7, aponeurosis of the muscle belly converging to the detached tendinous
bundle; 8, lacertus fibrosus; 9, m. extensor caroi radialis
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Fig. 10. Bilateral convergence of the aponeuroses of the muscle belly to the bundle detached

from the tendon of the m. biceps brachii (craniolateral view). 1, tendon running through the

belly; 2, detached bundle of tendon; 3, m. extensor carpi radialis; 4, medial portion of the

belly and 5, its aponeurosis; 6, lateral portion of the belly (drawn sideward) and 7, its aponeu-
rosis; 8, lacertus fibrosus

Fig. 11. Lacertus fibrosus (cranial view). 1, surrounded by the fascial sheath of the m. biceps
brachii; 2, lacertus fibrosus; 3, m. extensor carpi radialis; 4, fascia antebrachii; 5, m. brachialis;
6, m. brachiocephalicus (drawn sideward)
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Fig. 12. Ten-year-old castrated male draught horse after transection of the tendon running
through the belly of the m. biceps brachii on the right forelimb

Fig. 13. Nine-year-old castrated male draught horse after transection of the lacertus fibrosus
on the right forelimb
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than in normal conditions; with the carpal and digital joints extended, the
hoof could be lifted almost to the level of the tarsal joint. Extension of the
elbow joint was followed by a lesser extension of the shoulder joint compared
to the sound limb. During walk a slight lameness, marked by a light difficulty
in extending, was observed in the operated anterior extremity. The operated
thoracic limb was occasionally dragged along the ground, accounting for par-
ing of the horn in the area of contact after 12 weeks. A slight aggravation of
the lameness was observed during trot.

On transection of the lacertus fibrosus, there was no difference during
rest between bearing weights of the operated and sound thoracic limb (Fig.
13). No change was observed either in the extension of the elbow and shoulder
joints. During progression, a slight lameness was noticed, but the forwrard
movement of the leg was hardly inhibited. Lameness was aggravated during
trot.

Total transection of the m. biceps brachii and its tendon in the central
region made possible an extreme extension so that, with the elbow joint
extended, the limb could be drawn near to the knee joint. Subsequent transec-
tion of the lacertus fibrosus did not further increase the extension of the elbow
joint.

Discussion

The present findings support the conception that the tendon running
through the belly of the m. biceps brachii represents a direct continuum of
the tendon of origin of that muscle, as suggested earlier by Nickel et al. (1968),
Taylor (1959), Sisson and Grossman (1953), and Barone (1968). We have found
that the tendon generally referred to as tendon is formed by part ofthe collagen
fibre bundles of the broad tendon of origin, and the passage of these fibres
can be followed up from the tuber scapulae to the tuberositas radii, on which
they mold for insertion. We therefore disagree with the above-cited authors
on the point that the tendon running through the belly would continue in
a single tendon of insertion, which attaches the muscle on the radius. The
tendon does not, in fact, divide into medial and lateral branches, whence the
lacertus fibrosus cannot be regarded as the longer lateral tendinous portion
of the m. biceps brachii.

We also disagree with Kriiger (1929, 1931), Schauder (1932) and Zimmer-
mann (1939), who described the tendon running through the muscle belly of
the m. biceps brachii as a detached portion of the fascia brachialis. We have
observed that, although the thickened deep portion of the muscle’s fascial
sheath does invest the tendon cranially, and the thick aponeurosis of the
sheath does account for thickening of the latter at the medial edge, the aponeu-
rosis, which blends with the tendon, does not join in the muscle’s tendinous
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insertion on the tuberositas radii, for it forms ultimately the two lateral
laminae of the lacertus fibrosus.

A further reason why the tendon of the m. biceps brachii cannot be re-
garded as a fascial thickening is its well-developed condition in the fetal and
neonatal horse. As a matter of fact, the fascial sheath portions converging to the
tendon will thicken with progressing age and special use.

The tendon of the m. biceps brachii cannot be regarded as an intra-
muscular septum either, although it divides, incompletely, the muscle into two
portions. One argument against its designation as a septum is its formation
from the muscle’s tendon of origin, and another argument is that it ends
distally, without transition, as a tendon of insertion. W ith these facts in mind,
the structure in question is anatomically and functionally a tendon, and we
propose for it the name “tendo scapuloradialis”, which refers not only to its
nature, but also to its passage through the muscle and its function.

The m. biceps brachii fixes the shoulder joint and elbow joint of the horse.
According to Zimmermann (1915, 1936, 1938, 1939), the tendon, which runs
through the belly of the muscle, ensures the simultaneity of shoulder and
elbow joints flexion. This function of the muscle presupposes the assistance
of the tendon. The horse being a characteristically fast-moving animal, its m.
biceps brachii necessarily possesses a central tendinous formation which
furnishes fixing of the shoulder joint, coordinates the movement of the latter
with the elbow joint, and facilitates standing. Our studies on the effect of
transection ofthe tendon running through the m. biceps brachii have substan-
tiated the above conclusion.

Postoperatively, there was no disturbance in the weight-bearing of the
thoracic limb, because, although the tendon was transected, the fibres of the
pennate belly remained intact and furnished the fixing of the shoulder joint
with hardly more muscle work than normally. Function of the intact muscle
belly can explain that no extreme flexion of the shoulder joint occurred
during bearing weight.

The extension of the elbow joint was, however, increased to a certain
degree during simultaneous extension of shoulder and elbow joint. Increased
extension of the elbow joint, produced by drawing the forearm backward,
was followed by a lesser extension of the shoulder joint than expected. This
can be explained by absence of the action of the transected tendon, which,
as said before, coordinates the movements of the two joints. The coordination
of these joints was less complete after transection of the tendon. So it was
possible that the extension of the shoulder joint was occasionally of a minor
degree than before the operation.

Transection of the tendon accounted for progression trouble during walk.
According to Zobundzija et al. (1977, 1978), the progression trouble gives rise
to acceleration of movement.
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In the living horse, complete rupture or transection of the m. biceps
brachii accounts for a nearly horizontal position of the scapula and an almost
complete openness of the elbow joint during rest. The elbow joint can be
extended even further if the affected forelimb is drawn backward. According
to Kémaéar (1960), B. Kovacs and Tamas (1977),a rupture of the m. bhiceps
brachii’s lacertus fibrosus can additionally occur; in such cases the extension
of the elbow joint is of such a degree that the extremity can be brought in
an almost parallel position to the body, and the limb can be drawn up near
to the level of the knee.

In the present study we were able to produce such an extreme exten-
sion of the elbow joint by total transection of the m. biceps brachii, with the
lacertus fibrosus left intact. This circumstance should be taken into consid-
eration for the diagnostic judgement of ruptures of the m. biceps brachii of
the horse.

We have found that, asto its formation, the lacertus fibrosus is composed
of one central lamina and two lateral laminae. The central lamina is of tendi-
nous origin, being detached from the middle third of the tendon that runs
through the m. biceps brachii, by separation of the tendon’s mediolaterally
flattened cranial part. The two lateral laminae are, however, of fascial origin,
since they are formed by the muscle belly’s external aponeuroses of attachment.
Thus, the lacertus fibrosus is not just a continuum of the tendon running
through the muscle belly or one of the muscle’s two tendinous insertions, as
has been erroneously proposed by several authors (Nickel et al., 1968; Koch,
1960; Sisson and Grossman, 1953; Taylor, 1959).

In the young, 1.5-2 years old horse the tendinous central portion makes
up one third of the total thickness of the lacertus fibrosus. In the adult horse,
however, functional thickening of the fascial sheaths, which takes place later
in life (Gydrd, 1981), accounts for more than four fifths of the total thickness
of the lacertus fibrosus. The lacertus fibrosus is intimately associated with the
m. biceps brachii, partly through the latter’s central tendon, partly through
the aponeuroses of the muscle belly, not only in adulthood, but already in
fetal life. Indications of that association were observed earlier by Strubelt
(1931), Zietzschmann (1925), Martin (1923) and Schmaltz (1928).

Unlike other authors, we observed a considerable alteration of stride
during motion on transection of the lacertus fibrosus. A slight trouble in bear-
ing weight of the operated limb accounted for a slight increase in extension
and flexion compared to the sound limb. The lameness was more pronounced
during trot than at rest. We attribute these changes to interruption of associa-
tion between m. biceps brachii and m. extensor carpi radialis through transec-
tion of the lacertus fibrosus, and consequent failure of the tendon running
through the m. biceps brachii to assist extension of the carpal joint by tens-
ing.
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Obviously, transection or rupture of the lacertus fibrosus also prevents
the latter’s cooperation in fixing the carpal joint, and affects adversely the
coordination of the movements of shoulder, elbow and carpal joints.
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The authors determined and compared the length and ash content of limb bones
(humerus, radius, ulna, metacarpus 1V, femur, tibia, metatarsus 1V) in Cornwall and Landrace
pigs at different ages. The limb bones grew more rapidly in Cornwall pigs than in the Land races
till the age of 80—200 days. Later the limb bones in Landraces became considerably longer
than those of the Cornwalls.

The relative bone ash was almost the same in both breeds. During the period around
weaning, the bone ash values tended downwards in almost all the limb bones of both breeds.

Thirty per cent of the Landraces of 160-day-old and 100 kg weight were suffering
lameness which can be considered a syndrome of bone weakness. The limb bones of these pigs
both in size and relative ash content were nearly the same as those of the one-year-old, healthy
Cornwalls which were not liable to lameness. In the authors’ opinion, the development of
lameness cannot be purely explained either by an inadequate growth of bones or the insuffi-
ciency of minerals.

Recently, besides the well-known limb end diseases in swine (panaritium,
ragged pad, horn infraction), the bone and joint diseases have attracted an
utmost attention. In spite of the investigations into the aetiology and the
pathogenesis of the above disorders by a number of authors, the related
questions have remained unanswered so far. The comprehensive name of the
lameness which appears as a typical bound moving is “syndrome of limb
or bone weakness” when the reason cannot be determined through the usual
clinical examinations. The disease is accompanied by pain which suppresses
appetite, lessens gain in weight and modifies the neurohormone balance.
A neurohormone imbalance, naturally, may cause losses in breeding stocks.
On the basis of observations, it can be stated that disorders in locomotion
occur firstly in overbred swine of the meat type. Many authors (Behrens,
1961; Claus, 1962; Dammrich and Unshelm, 1972; Discher, 1972; Kerk, 1974;
Nielsen, 1973; Richter, 1958; Vaughan, 1971), attribute these changes, besides
an inadequate constitution and the very quick muscular growth, to weakness
of the skeleton system and to a slow development of cartilages and bones.

The purpose of the experiment described here was to furnish data both
on the development of skeletal diseases and of disorders in locomotion. In
order to answer the questions arising, we have made researches. Part of the
results of these have already been published (B. Kovacs and Suba, 1979;
Szilagyi et al., 1978, 1979, 1980). In this study, we wish to point out whether
the development of limb bones — the longitudinal growth and the quantity
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of minerals in them — has a share in the development of disorders in locomo-
tion or not. Up to now we have had no data on the rate of development of
skeletal system in swine bred in Hungary.

We have chosen consciously (i) the Cornwall swine, which grows and
develops slowly, has a good skeletal system and constitutional rigidity and
does not give meat intensively, and (ii) the Landrace hybrid, which grows
quickly, gives long chop and ham and has a good meat-producing ability.

Materials and methods

We examined 60 Cornwall pigs (aged 1, 5, 10, 20, 30, 40, 80, 160, 360
and 720 days) and 86 Landrace hybrids (aged 1, 5, 30, 40, 50, 70 and 160 days).
In each age group, the sex ratio was 1:1. The following bones were studied:
humerus, radius, ulna, metacarpus IV, femur, tibia and metatarsus IV. After
being freed of muscle, the lengths of the bones were measured. Samples for
chemical tests were cut from the central area of the bones (corpus). After fat
extraction the samples were dried and burned to ash. The average length of
bones is given in mm and the average ash content is expressed in relation to
the fat-free weight (mg/g).

Results

The length and ash content of limb bones at different ages in Cornwall
and Landrace pigs are given in Tables | and Il, and in Figs 1-4.

Table 1

Length (mm) of the examined bones in Cornwall

n Humerus Radius Ulna

(days) c L c L c L c L
| 6 6 49.3 48.1 35.0 335 49.0 47.2
5 6 6 56.7 52.3 38.6 35.2 54.6 49.6

10 6 — 65.1 — 45.7 - 64.7 -

20 6 — 71.6 — 51.0 - 76.0 -
30 6 6 83.3 81.7 60.5 57.3 87.5 82.5
40 6 4 915 85.0 66.5 60.0 97.5 87.0
50 — 12 — 89.3 — 63.4 - 90.8
70 — 4 — 96.0 — 69.5 — 102.0

80 6 — 1135 — 81.2 — 122.5 —
160 6 48 146.3 174.0 110.3 126.2 157.8 175.9

360 6 — 181.8 - 133.1 - 188.6 -
720 6 — 233.2 — 173.2 — 237.2 —_
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Fig. 1. The length of fore limb bones in Cornwall and Landrace pigs
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Table 11

Ash content (mg/g) of limb bones in Cornwall

Age n Humerus Radius Ulna
(days) c L c L c L c L
1 6 6 545 553 509 545 499 512
5 6 6 552 556 538 537 494 516
10 6 C— 551 — 503 — 501 -
20 6 — 560 — 502 — 494 -
30 6 6 565 556 529 521 479 481
40 6 6 564 563 496 501 413 481
50 — 12 L] . 573 — 508 - 487
70 — 4 5 575 — 523 - 498
80 6 — 591 — 525 — 502 -
160 6 48 617 618 544 595 534 559
360 6 — 637 — 566 - 560 -
720 6 647 — 592 — 584 _
lerlgjh (mm) — Cornwall
— Landrace
0 50 100 150
age(days)

Fig- 2. The length. of rear limb bones in Cornwall and Landrace pigs
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Fig. 3. Bone ash in fore limb bones of Cornwall and Landrace pigs (mg/g)
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Humerus. In Cornwall pigs the humerus grew relatively quickly till days
30-40 but from this time on its growth tended to be less intensive. The growth
of the Landrace pigs’ humerus was relatively quick till the 30th day, slightly
slower between days 30 and 70 and quicker again from day 70 on. The Landrace
pigs’ humerus was shorter than the Cornwalls’ till the age of 70 days, however,
at 160 days of age the formers’ humerus was considerably longer than that of
the Cornwall (Table I, Figs 1-4).

The bone ash of the humerus (Table 11, Figs 3 and 4) remained practi-
cally unchanged inLandraces till the age of 30 days, then it increased consider-

ash content

Fig. 4. Bone ash in the rear limb bones of Cornwall and Landrace pigs (mg/g)
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ably. The bone ash in humerus of Cornwalls increased in proportion with the
age, except for those of 40 days old, in which a slight decrease was observed.

Radius. The radius in both breeds grew intensely till day 30, then it
stopped growing. This stoppage was less pronounced in the Cornwalls than in
the Landraces and it was followed by an extremely quick growth only in
the Landraces. The radius of the Landrace pigs was shorter than that of the
Cornwalls till day 70, but at the age of 160 days it reached the size of the radius
of 260-day-old Cornwalls. The growth rate can be well demonstrated by this
example.

The relative ash content of the radius in 10, 20 and 40 days old Cornwall
pigs was just the same or rather less than it was at the age of 1 day, conse-
quently it was increasing with the age. The ash content ofthe radiusin Landrace
pigs decreased strikingly till day 40, then it began to increase, at a higher
rate than in the Cornwalls.

Ulna. The growth of the ulna was rather quick till days 30-40 in the
Cornwalls but later its rate slowered. In the Landrace pigs, the ulna was
shorter only till the age of 70 days. At 160 days, it was already considerably
longer.

The relative ash content of the ulna in Cornwall pigs hardly changed till
days 10-20, but at this age it began to show a strong decrease and it had reached
its lowest level by day 40. At the age of 80 days it was approximately the same
as the relative ash content of the 1-day-old pig. After this, it increased with
the age. The ash content of the ulna in Landrace pigs was usually higher than
in the Cornwalls, however, at the age of 30-A0-50 days a considerable decrease
was observed in Landrace pigs too.

Metacarpus IV . The length of this bone was about the same for the pigs
in both breeds till the age of 30 days. Later, in the Cornwalls it was growing
steadily, while in the Landrace pigs first (at the age of 40, 50 and 70 days)
a low growth rate, then an extremely intense lengthening was characteristic.

The bone ash level at the age of one day was considerably lower in the
Cornwall pigs than in the Landraces and it was even lower at the age of 5 days,
then it increased strikingly. After birth, the bone ash in this bone of Landrace
pigs tended to decrease, too, and it reached its lowest level at the age of 30
days.

Femur. This bone grew steeply in both breeds till day 30. In Landrace
pigs it grew at a slower rate at the age of 30-70 days; subsequently the growth
was extremely quick. In Cornwalls the growth rate of the femur slowed down
steadily.

The mineral content of the femur was higher for each age group in
Landraces than in the Cornwalls. The bone ash displayed hardly any change
till days 40-50, or it rather lessened at the age of 40-50-70 days in the
Landraces. However, later it increased strikingly.
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Tibia. The growth of this bone was very intensive for both breeds only
till day 30. Till the age of 70-80 days, the tibia in Landraces was shorter than
in the Cornwalls in each age group, while at the age of 160 days it was already
longer by about 20 mm.

The bone ash showed hardly any change till days 30—40, in Landrace
pigs it was even smaller, but in the following period the growth was intense
and steady.

Metatarsus 1V. This bone was shorter in each age group up to the age of
70-80 days in the Landrace pigs than in the Cornwalls, but then it lengthened
quickly in the former, and became considerably longer than the same bone of
the Cornwalls.

There was a great difference in bone ash between the two breeds in the
first 5 days of life; this value was extremely high for the Landraces but
then it showed a slight decreasing tendency till day 30. In the Cornwalls
the bone ash level was rather low but continuously increasing.

Discussion

The longitudinal growth of fore and hind limb bones in Cornwall pigs
was not linear. Their growth was rapid till days 30-40, moderate till day 160,
then even slower, but it had not stopped growing even by the age of 720 days.
Related to the length at birth, the hind limb bones grew more quickly than the
corresponding bones of the fore limbs.

In spite ofthe fact that the Landrace hybrids grow quickly and intensely,
their limb bones were shorter up to the age of 70 days than those of the Corn-
walls at the same age, but due to their subsequent intensive growth, the limb
bones of the Landraces of 160 days were almost as long as the corresponding
bones of the 360-day-old Cornwall pigs.

Richmond and Berg (1972) reported that the growth rate of limb bones
except the humerus, in Duroc, Yorkshire and Hampshire breeds decreased
after the body weight had reached 90 kg. The femur and the tibia in Landrace
hybrids of 100 kg body weight examined by GrOndalen (1974) were almost as
long as the same bones in our pigs.

The relative ash content of different limb bones ranged between wide
limits in both breeds even at the seme age. The highest values were found in
the humerus and in the femur. The ash content of these bones in each age
group was higher than all the others. The lowest relative bone ash value was
measured in the ulna, metacarpus and metatarsus, respectively. The chemical
composition of certain limb bones in pigs of the same breed and age was found
to be different by Brown (1972), too. This author concluded that the bone
metabolism and the calcium absorption and desorption were different related
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to either the bones or the age. Field (1974), who studied the data of pigs only
in two age groups, also showed that the bone ash per cent for a bone increased
with the length of the bone and the age of the pig. He also found the highest
ash content in the femur among the bones examined. In Stockland’s (1973)
study, the bone ash ratio of metacarpus in pigs for slaughter was similar to,
while in Doige’s study (1975) it was slightly higher, than our values.

The relative mineral content of bones, i.e. the degree and speed of mineral-
ization showed different values, depending on age. The ash content of the
humerus, femur and tibia displayed little, if any, change till the age of 3-6
weeks, but showed a downward tendency in the radius, ulna as well as in the
metacarpus and metatarsus of Landraces. However, subsequently, the minerals
working their way into the bones considerably exceeded in quantity that of
the organic matter. The upward tendency of the data in Table Il, in accord-
ance with our other examinations, show that the increase of mineral quantity
in limb bones of Cornwall pigs had not reached an end by the age of 720 days.

Comparing the two breeds we can state that the mineral content in the
Landraces’ bones generally exceeded that of the Cornwalls. The difference
was especially striking in the case of the radius and the femur.

The data of our examination also showed that neither the metabolism
nor the linear growth of the Cornwall and Landrace pigs were the same. Dur-
ing the first days after birth, the bones grew quickly, while the relative bone
ash changed almost nothing.

During the period around weaning, the bones grew at a high rate, but
in many of the bones the relative ash content was the smallest at the same
time. Consequently, at that time the minerals infiltrated the bones slowly,
indicating that organic compounds took a greater part in the bone develop-
ment. We observed an intense growth both in length and ash content of the
bones during the period from weaning till the age of 160 days.

The growth in length and ash content of limb bones of Cornwall pigs
became slower after this period, but it reserved its upward tendency till day
720, suggesting that it did not stop even at that age. The bones in Landraces
reach the size of bones in Cornwalls within a shorter period, indicating a higher
degree of mineralization.

In the stock where the examined Landraces of 160 days and 100 kg
were chosen from, we observed lameness which can be considered a syndrome
of bone weakness. According to the data in Tables | and Il, the limb bones
of Landraces were almost the same in both size and ash content as those of
the one-year-old, healthy Cornwalls not being liable to lameness. Consequently,
this type of lameness cannot be attributed either to inadequate growth of
bones or to insufficiency of minerals alone.
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PE3IOME

BO3MOXXHAS 3MM300TOMOMMUYECKASA POJSIb COBAKW, 3APAXKEHHOW Br. suis,
B PACMNPOCTPAHEHNN CBMHOIO BPYLIEJ/I/IE3A

B. KEPMEHAW u Ab. HAAb

[oKnafbIBaeTCs 0 3apaKeHNU OAHOTO CBMHOTO MOMIOBbS OPYLIE/INIE30M, CTaBLUMM MyTem
3aMeHbl NOros10Bbs 6/1aronosyyHbIM Mo 3TOWM 3apase. Ha 0CHOBaHWM 3MM300TOIOrMYECKOro pac-
CNefoBaHNs 1 NabopaTopHbIX UCC/EA0BaHWI aBTOPbI MPULLIM K 3aK/THOUEHNIO, YTO UCTOUHUKOM
3apaXXeHns y>e 01aromnoslyyHoro norosioBbs GpyLensie3om SBMAach 6pyu,enne3Ha;| cobaka-
(hepmbl, KOTOpast Gbu1a B KOHTAKTe C HE6/1aronoslyUHbIM MorosioBbeM. Mocrie sKCrnepumeHTaslb-
HOr0 3apaXkeHnsl NPy MOMOLLY PacTepTbIX TKaHel 3TOM, Ceponormyeckn NoMoXMTeNbHO pearu-
pyHoLLEN, CobaKM M30/MPOBaH LLTavMm 6roTuna 2 Brucella Suis, KOTOPbIA OKa3asics TOXAECTBEH-
HbIM C 6pYLeNesHbIM LLTAMMOM, M30/IMPOBaHHbLIM M3 MEPTBbLIM POAVBLLIMErOCS MOPOCEHKA Mocsie
HacTynieHns 6pyLienIe3HON BCMbILLIKWA

AHTVBAKTEPUANBHOE JEVNCTBUE CUBYUYMX XKWPHbIX KNC/IOT B TO/ICTOM
OTAEJIE KMLUEYHVKA HA TIPEOCTABUTEJIEW CEMENCTBA
ENTEROBACTERIACEAE

Nn. MTPOXACKA u ®. BAPOH

B aKkcnepumeHTax in vitro aBTopamMy M3yvasioch aHTUGaKTepuasibHoe AeicTBUE Copep-
XKMMOT0 TO/ICTOrO OT/g/Na KULLEYHMKA 3[10p0BbIX KPO/IMKOB W CBMHEMW, CBSA3aHHOE C HA/INUVEM B
HEM CMBYYUMX XXMPHbIX KWCMOT. [elicTBMe MPOBEPS/IOCh Ha LUTaMMax MpeAcTaBUTENe cemeit-
ctBa Enterobacteriaceae (Salmonella, Shigella, kuweuHas nanoyka, Proteus). HanuueBcTByto-
Lyie B KALLIEYHOM COAEPXKMMOM CUBYUME XXUPHbIE KUCIOTLI Npuv pH 6,0—6,5 1 KoHLeHTpauuu
70—120 MMO/IL/KT TOPMO3W/IN My/IbTUTIIVKAUMIO GaKTepuid. JtoT aHTI/IﬁaKTEpVIaﬂbeIVI 3epexT
BbiLLe pH 6,8 nepectan AelicTBoBaTh. M3yueHHble 55 LiTaMMa YKasaHHbIX POfoB 6aKTepuii Moka-
3blBa/I OAVUHAKOBYH) YyBCTBUTE/IbHOCTb K aHTMbGaKTepuabHOMY [eVCTBUIO CUBYUMX XUPHBIX
KUC/IOT.

VIHTEHCMBHOCTb aHT6aKTepUasibHOrO AeCTBUS COAEPXKUMOr0 TOCTbIX KULLOK KPOMKa
N CBMHBW MPU TeX XKe nokKasaTensax pH He oT/myanuck Apyr oT gpyra. Ha ocHoBaHUM JaHHbIX
N3yYeHNs COEPKMMOrO TO/CTOr0 OTAe/a KULLEYHMKA YenoBeka MOXHO 3aK/IHUNUTb, YTO Hau-
LIEBCTBYIOLLE B HEM CMBYUME XVPHbIE KUCNOTbI BbI3bIBAIOT TOXE aHTVI6aKTepVIaI'IbeIVI atdeKT.
B avckyccum o6eyxaeTcst posib aHTMGaKTEPMabHOTO SEKTa, CBSA3AHHONO C Ha/IMYMeM B Ku-
LLIEYHOM COZEPKMMOM CUBYUMX XMPHbIX KUCMOT, B NMaToMeXaH3Me SHTepPaslbHbIX MOPaKeHWIA.

3HAUYEHWE M3MEHEHWIA B MEYEHW B MATOMEHE3E U AVMATHOCTUKE
YYMbIl ¥YTOK

n. KANMN, . BETEWMW n B. NAA

CornacHo HabMoaeHUAM aBTOPOB MPM OCTPbIX Cy4Yasx YyMbl YTOK (BUPYCHbIA SHTEPUT
yToK, duck plague) pasBuBaeTcs ocTpas AUCTPOdnsA neveHW. B3ammocBA3b MeXAy AvucTpodvelt
MeyveHn 1 Bo3OYyAUTENEM aBTOPbI AOKAa3bIBAOT MOPGI0/IOMMYECKUMU MUcCefoBaHNAMN. Hanbonee
APY>KHYIO PENniKaumio BUpyca aBTopbl 3apercTprpoBayi B MedeHr MosofbIX YTOK Mpu nepe-
POXAEHUN MEYEHOUHbIX KIETOK, COMPOBOXAAIOLLEMCS 06pa3oBaHVeM SepHbIX BKITHOYUEHWIA.

YKasbIBaeTcs Ha TO, YTO Y 6O/bLUOr0 MPOLeHTa XKMBOTHbIX, 3a00/1EBLUMX OCTPOIA YyMoi
YTOK, HaCTynatoT U3MeHeHWs B MeyeHK, No3ToMy NPy AnarHoCcLMpoBaHUM 60/1e3HM Lieniecoobpas-
HO MOMbITaTbCA BbIABUTL HA/IMYME BMPYCa NMPU NMOMOLLM 3/IEKTPOHHOrO0 MUKPOCKONa 1 130Mpo-
BaTb BUPYC.



Ha ocHOBaHWMM MOPOMONMYECKOTO M3yUYeHUsl NeYeHU YTOK B GoJlee MO3AHKE CPOKW BPEMEHM
nocsie MH(EKLMM aBTOPbI MOAYEPKMBAIOT, UTO — B Paspe3 C HACTOSLLMMU YTBEPXKAECHUSMN —
uyma YTOK AB/ISETCA He TObKO OCTPOrO TeueHWs 60/1e3HbI0, 160 B MOMOAHSAKE WK B3POC/IbIX
YTOK OHa MPOSIB/ISETCA B XPOHWYECKOV (hopMe. B TakuX Cny4asx B MOrvGLUMX XMBOTHbIX Ha-
NMLEBCTBYET MOYOCTPbIA UM XPOHUYECKUIA MHTEPCTULMATBHBIA TEeNaTuT, KOTOpbIA B MOro-
JIOBbSIX BbI3bIBAET TOBKO CMOPAAVNYECKYH TUBE/b CPEAUN YKMBOTHBIX.

[JnarHocuypoBaHme XpOHUYECKO (hopMbl YyMbl YTOK aBTOPbI CHATAOT OUYeHb BaXXHLIM B
CWITy TOTO (PaKTa, UTO B JAHHOM CJlyYae MeXy HalULEBCTBYIOLLMM BO3GYAUTENEM U 3ALLATHBIM
MEXaH/3MOM OpraHM3Ma BO3HUKAET OTHOCWUTE/IbHOE PaBHOBECME U B MOFO/I0BbE MOMYT OCTAaThCs
BUPYCOHOCUTESN.

BOCMPVMMUBOCTb BOAOM/ABAROLLEEN AOMALLHEW MTULIbI K BUPYCY UYMbI
NTUL 1 EE POJIb B PACIMNPOCTPAHEHUU 3APA3bI

M. A. Al UMAOWN n A. TAHWN

[HeBHble yTATa, MOMIOAHAK M B3pOC/ble YTKW, fasibLle, pasHOro Bo3pacTta rycu sapaxa-
JCb Yepe3 HOCOBYHO C/IM3UCTYIO N KOHBIOHKTUBY BAKLMHHBIMW BbIPYCHbIMM LLITaMMaMy — JieH-
ToreHHbIM ([a Cota), Me3oreHHbIM (XepTdopaLlalip) 1 BeNoreHHbIM yIMdHbIM — Npuy pastasre-
HAM TuTpa 106 1 102 LUSYMN pagu onpefeneHns Ux BOCTIPUMMUMBOCTM K BUPYCY YyMbl MTUL,
(BYIM) n mx ponn B pacnpocTpaHeHWM 3apasbl. 3apaXkeHHble XMBOTHblE M3ydYasUCb MOTOM
BMPYCOANArHOCTUYECKVMUN  METOLAMM.

OGHapy>keHo, YTO BCE BO3PACTHbIE MPYMMbl JaHHbLIX XXMBOTHBLIX BOCMPUMMYMBLI K BCEM
M3yyeHHbIM LWTamMMaMm BUTT, HO MX BOCMPUMMYMBOCTL He3HauuTeNbHa. ycu okasanimch 6onee
BOCTIPUUMYMBBLIMU, YEM YTKU. BOCI‘IpVIVIM‘-WIBOCTb XXMBOTHbIX C BO3PacTOM ocnabnsnack. 3aTo cepo-
NIOrMYeckue OTBETbI, MOJyYeHHble NPOGOA TOPMOXEHWS FemMarrlTUHAUUKM, C BO3PacToM CTa-
HOBWNCL 60Nee BbIpasnTe/TbHLIMU.

BaKUMHHbIE BUPYChI PA3MHOXANNCH TO/IbKO 6/13 MECTa BHEAPEHWS], TO €CTb B [/IOTKE U ee
HernocpeCTBEHHOM OKPECTHOCTM U KOPOTKOE BPEMSI BbIAENSNCH CIM3bIO MPY HA3KOM MH(EKLVIOH-
HOM TUTpE.

BesoreHHble BUPYCHbIE LUTaMMbl Y BOAOM/IABAOLUMX MTUL, BbI3bIB/IM BUPEMUIO U OHU
BbIfE/IANIN BMPYC CO BCEMM BbIE/IEHVSAIMM B TeueHvie 8 AHell. C BO3PacTOM YacToTa BbliesieHNs
BMPYCA U €ro KOHLEHTPALWA MOCTENEHHO YMeHbLua/iCh. OT 60/bLUeli KOHLEHTpaLwy B1pyca
[HeBHble rycata Bcerga 3abosnenu nocre MHKy6aumoHHOro BpemeHn 3—8 aHell n K |-y—b-y
[HI0 60M€e3HM normbann. Y [HEBHbIX YTAT, YTUHOrO MOJSIOAHAKA U B3POC/bIX YTOK WU ryceil 60-
Ne3Hb NPOoXoAuna B HEBUAMMOWA JOPME M O ee HaMuMM yAanoch Y6eanTbes TOMbKO BMPYCAU-
arHOCTUYECKMMM METOJaMM.

MockonbKy 419 3apaXKMHNS BOAOMIaBatoLLei Ntuubl BUT HyxXHbI 60MbLUMe KOMYECTBA
BMPYCa, ee 3apakeHue MM BO3MOXHO TO/IbKO MPW TECHOM KOHTaKTe C 3apadKeHHbIMK Kypamuw.
V13 60/1bHbIX WM 3aPaXKEHHbBIX XXUBOTHBIX BbIAENAOTCA TO/IbKO BYPEMMIO Bbi3bIBatOLLME BE/IO-
reHHble LUTaMMbl HapYXXy A0BO/bHO L/IUTENIbHOE BPEMS U B HaANeXallleid KOHLEeHTpauum, Takum
06pa3oM OHM MOrYT ObITb OMacHbIMK /15 60/1ee BOCMPUMMUMBbLIX KYP-

HeT fokasatenbCTBa 0 TOM, YTO BOAOMN/IaBaoLWas NTuLa MOXET ObITb J/IMTENIbHOE BPeMst
BUPYCHOCUTESIEM.

Ee ponb B pacnpocTpaHeHnn BUI mMoxeT 6bITb 0NacHol TobKO B NpuycagebHbIX ycro-
BMSAX WM B NMPUPOLE, HO 3TY OMacHOCTb KapaHTUHHBLIMM MEPOMPUATUSIMA BO BPEMS aMU300TUA
MOXHO [I0 MAHVMYMa CHU3UTb.

CPABHEHVE TEMAIT/IIOTUHALIMIOHHOM AKTVBHOCTU U MMMYHOIMEHHOIO
OEVCTBMA BUPYCHbIX LUTAMMOB BblUbf MAPAMM®/IFO3HLIA-3

B. KEBEW, W. BENAK u M. PYWBAW

Mpn M3yyeHVM BUMPYCHLIX LITaMMOB nNapanHposHua-3 (MA-3), 13onmposaHHbIX 13
6—8-Hefe/IbHbIX ¥ 5—1,2-MecsuHbIX TensT, G0MetoLX pasHbIMM opMamii 6o/esHN AbixaTeb-
HbIX MyTei, aBTopamm 06Hapy>KeHo uTO remarr/itoTUHaunoHHas ('A) aKTUBHOCTb M30NATOB Ta-
KOro XK€ MH(EKLIMOHHOIO TUTPA CYLLECTBEHHO OTKJ/IOHANAck APYr OT Apyra v 3Toro CBOCTBA
OHW He Tepsiv 1 Nocne psga naccakew.

BupycHble wrammbl MA-3 cunbHo MTA aKTVBHOCTU MOABEPrasivcb TSHXENbIM (Pr3nyec-
KVM 1 XVIMAHECKM BO3ENCTBUAM MPKY YeM KOHCTATUPOBaHO, YTO HEKOTOPbIE CPEAN HUMX, KaK To,
BO3felicTBMe TemnepaTypoii 50°C B TeueHne 120 MUHYT nnn obpaboTka 0,1%6-HbIM TPMINCUHOM B



TedeHvie 30 MUHYT paBHbIM 00Pa3oM YHUUTOXAKT UX UHEKTUBHOCTL U MA crnocobHOCTb. A py-
rve crnocobbl BO3AENCTBYSA, KaK TO, Bblaep>kka npy Temnepatype 50°C B TeueHne 50 MUHYT nam
06paboTka 0,25%-HbIM TPUMCMHOM B TedeHue 30 MUHYT NPU HENOBPEXAEHUN NX NHEKTUBHOCTA
MOSHOCTBIO YHUUTOXAKOT A CNOCOGHOCTb 3TUX BUPYCHbIX LUTaMMOB. [lpyrve BO3fencTBYs, Kak
Hanpvimep 00paboTka (opMasIMHOM WM 6eTa-NPONMONAKTOHOM YHUUTOXAIOT WUH(EKMBHOCTb
BUpYCa ¥ B Pa3HOI Mepe MOBPEXAAIOT reMarr/IoTUHUHBI. B 1cciefoBaHMsAX aBTOPOB 3TU/IEHUMUNH
WHEKTUBHOCTb MA-3 MOMHOCTBI0 YHUUTOXWI, HO He fielicTBOBas1 Ha A aKTVBHOCTb.

Mexgy MMMYHOreHHbIM JelicTBrEM 1 TA aKTVBHOCTBIO KaK OPUMHa/IbHO BbICOKOM, TaK 1
OPVMMHANTBHO HU3KOM A aKTVBHOCTW LUTaMMOB, JaibLue, pasHbIM 06pasoM MOBPeXaeHHbIX Ta-
KOBbIX VMEETCS MOSIOKMTENIbHAA B3aUMOCBS3b.

B fABa pasa NPMBUTBLIX KPO/MKAX WMHAKTVBMPOBAHHBIM 3TUNEHMMUHOM BUpycom [1A-3
06HapY>KeHO, YTO reMarr/IloTMHALUMIO TOPMO3SiLLMe aHTUTeNa MOSIBAISIIOTCA YXKe Mnocsie nepsoi
NPVBMKK, a 3aMETHOE TMOBbILLEHME BUPYC-HEMTPAM3NPYIOLLIMX TaKoBbIX Hab/HOfaeTCst TONMbKO
rocsie BTOPO MPUBUBKW.

OKCIMNEPUMEHTbLI O MMMYHUSALMN NHAKTWUBUPOBAHHBLIM BUPYCOM
MNAPAVH®JTFOOH3A-3

B. KEBEW, W. BEJAK, M. PYWBAW u P. TNABNY

ABTOpaM/ 13yYasICb O0COBEHHOCTU MMMYHOSIOTMYECKOTO OTBETA, BbI3BAHHOIO M30/1MPO-
BaHHbIM V3 [ibIXaTe/lbHbIX MyTeid 60/1bHbIX TENAT CUIbHOM reMarroTuHaumoHHon (MA) akTuB-
HOCTW BUPYCHbIM LLITAMMOM MapanHptosHsa-3 (MA-3), nHaKTUBMPOBaHHLIM 3TUNeHUMUHOM. O6-
Hapy>KeHO, YTO yPOBeHb remar rloTMHaLUmuio TopMosamx (FAT) 1 BUpyHeATpanmsupytowwmx (BH)
aHTUTeN y ABaXAbl — C NPOMEXyTKamu BpemeHn 7, 10, 14 n 21 pHeit cOOTBETCTBEHHO — MpW-
BUTLIX M B T€ XK€ CPOKW M3YyHYeHHbIX XXUBOTHbIX CU/IbHO OT/IMYaUICs ApYr OT Apyra. KacatenbHo
aHTuTen AT 3aperncTpypoBaHO MaTeMaTUYeCKU JOCTOBEPHOE 3aMETHOE MOBbILLIEHWE TUTPA M0
CpaBHEHWIO C OCHOBHbLIM TaKOBbIM BO BCEX MPMBMBOYHBIX NMporpamMax. BH aHTUTena nossunmco
rocsie NPYBMBKW M MaTeMaTUYeCKN JOCTOBEPHOE MOBbILLIEHME UX TUTPa Haboganock To/bKO Noc-
e BTOPOA TAKOBOA, KOTfj2 OHM OCYLLIECTB/IS/ICH C MPOMEXYTKOM BpemeHm B 14 iHeid. Mpu cpaBHe-
HUN NPUBMBOYHBLIX MporpavMm K 14-y v 28-y AHAM Mocne BTOPOW MPUBUBKW B OTHOLLeHUn BH
aHTVTeN 06HAPYXKEHO MATEMATVYECKM [JOCTOBEPHOE MPEBOCXOACTBO TOW, FAe BTOPYIO MPUBMBKY
ocyLecTBMAN 14 fHeld mocne nepBoi, Torga Kak no Hanmumio AT aHTWTeN CyleCTBEHHOM
pasHVLBI He 6bU10 MEXAY PasHbIMA NMPUBMBOYHBLIMM MPOrpaMMamu.

Mocne MMyHU3aLMK ArHAT BUpycoM MA-3 aBTopbl M3yYan UMMYHOOMMYECKUIA OTBET.
B cpok (hopmMMpoBaHWs KpYBOW aHTUTEST BHI3 XXMBOTHBIX Mepesapaxkanv supycom MA-3. He-
NMMVMYHW3MPOBABLUMECS XXMBOTHbIE KITMHUYECKM 3a60/1e/11, BbIAENAN BUPYC U Y HUX HaCTYnuau
NaTorucTo/IOrMYeCKMe "M3MEHEHVSI. Y VMMMYHU3MPOBABLUMXCA XMBOTHBLIX KMHUYECKUX MPUs-
HaKoB 3a00/1eBaHNA He Habnofav, BUPYC OHW He BbIAENANN, HO He3HauuTe/bHble MaTorucTo-
JIOTNYECKME N3MEHEHWS Y HUX UMEMChb. TeppUTOPMM OTBETCTBEHHBLIX 33 LEMHONAPHBIA MMY-
HUTET K/IETOK MOKasbiBa/IM B NIMMKATUYECKOW CUCTEME CU/IbHYHO NMPOINKEPALIAIO.

PesynbTaTbl UCCEA0BaHMI MOKA3bIBAIOT, YTO BYPYCOM C BbICOKOI A aKTUBHOCTbIO, MHaK-

MBUPOBAHHBLIM 3TWIEHWIMHOM, MOXHO BbI3BaTb MMMYHUTET NPOTUB BUPYCHON 3apasbl MMA-3.

CEPOJIOI'MYECKOE U3YYEHWE HAMTNYUNA AHTUTEN MPOTMB POTABUPYCOB
B CBUMHOMOIOJ/IOBbAX BEHIPUW TIYTEM VMMMYHOS3JIEKTPO®OPE3A C
NMPOTVBOTOKOM

3. MOYAPWU, MPEH XOPBAT u 3. KYAPOH

552 ob6pasua KposwW, cobpaHHble U3 44 KpynHbIX cBUHOodepM 13 obnacTeii BeHrpun, msy-
YeHbl Ha Ha/umMe CneumgmryeckmxX A1 poTaBMpPyCcOB aHTUTEN MyTeM MMMYHO3/MEKTpodopesa ¢
npoTvBoTOKOM (NOPIT). Cpean TEXHWUYECKMX YCMOBWIA, CKa3bIBAIOLLWIXCH HA HafeXHOCTU U
CreLmMUYHOCTL NMPOoBbI KAYECTBO aHTUreHa Y TUM arapo3bl ABNAKOTCA OMpPeaenAoLLyM.

AHTUIEH NPUFOTOB/IEH U3 MCMPaXKHEHWIA UCKYCCTBEHHO 3apakeHHOro TesleHKa MyTem
LEHTPUYTMPOBaHUs, (MNbTPaLMN 1 YNbTPaUeHTPUGpYrmposaHus. Ero Tutpbl Konebasvco B
npegenax 1 :16-1 : 128. MO®PIIT ocyLLeCcTBNANICA HA MUKPOCKOMUYECKMX MPEAMETHBIX CTEKNAX,
NOKpPbITbIX 4,5 M1-amm >kensa 1%-Hoit araposbl A (Papmaumsi) B 6apbutanbHom 6ydepe npy pH
6,8. SnekTpoopes NPOXoANA NP CKOpocT 7 V/cm B TedeHne 90 MUHYT.



Cpean m3yueHHbIX epm 41 (91,2%) oKasanacb Heb/1arornoslyyHoii Mo poTaBupycy.
K poTaBupycy cneuuduyeckie aHTUTeNna obHapyxeHbl B 167 o6pasuax kposu (31,2%). Konu-
UYECTBO MOJIOKMTE/IbHO PearvpyroLyx CBUHeN Ha M3yYeHHbIX (hepMax Kosiebasioch B npeaesax
6,7—100%. Hanmuve aHTUTeN B 4-X, 6-1, 8-MECAYHbIX W TOA0BasIbIX 1 CTapLUe CBUHEN PaBHSI-
nock 26, 50,6 33,3 1 25,2%-am COOTBETCTBEHHO. Pe3y/ibTaTbl MCC/IEA0BaHWIA MOKa3am, YTo 60/1b-
LLMHCTBO CBUHEI 3apaXkaeTcsl pOTaBUPYCOM B BO3PacTe Mocsie OTOMBKM.

KO/IMYECTBEHHOE OMPEAENEHWVE HEKOTOPbIX ®Y3APUNHbIX TOKC/HOB
A30BO-XPOMATOIPAOUNYECKVM METOAOM

A. BAHW, A. BATA n NACTNY P.

PaspaboTaH MeTO4 CMMY/NbTAHHOTO OnpefesieHns MNATU dy3apUiiHBbIX MUKOTOKCVHOB:
[eOKCHMBaAVIEHOMa, AualeTokeuumpneHona, HT-2, T-2 n 3eapaneHoHa.

O6pasLibl 3epHOBLIX KOPMOB 3KCTPArMpoBa/ICL YKCYCHOKMC/IbIM 3TU/IEM, NOTEM CMECHIO Me-
TaHo/1a C BOAOW COOTHOLLEHNS! 6 1 4. SKCTPAKT OUULLIAICS MPU MOMOLLK chemKenb 60 KOMoHYa-
TOlA XpomaTorpadumeii. OLII/ILLI'eHHbIe npw nomoLy Kncemkenb 60 KooHYaToM XpoMartorpadgueii.
OumLLieHHbIe 06pasLbl PEaKTUBUPOBASICH W, 0-61C (TpUMETUCUANN)-TPUdTOpaLeTaM1aom. IMpo-
M3BOAHbIE CUNMIathMpa 06pasLioB aHa/IM3MPOBA/TUCH MPU MOMOLLM OTKPbLITOW TyOYNSAPHO KOMOH-
Ku SE 52, HaHeceHMeM Ha CTEHKY. UMCTble TOKCUHBI CMELLMBAIMCL ¢ 06pasLiaMy 3epHOBLIX KOp-
MOB U OCYLLECTBNANNCL MAEHTU(NKALMA TOKCUHOB M TECTbI CTaHAaPTHOM AeBrauinm. 70 —80%6-0B
TOKCVHA YaBa/10Ch BbISIBUTb M OTHOCUTE/NbHASA CTaHAapTHas eBrauma Konebanack B npegenax
10—18%-0B. Pa3paboTaHHbIi MeTog 6bl1 MPOBEPEH HA KOHKPETHBLIX 06pasLax.

OEVICTBUVE BbI3BAHHOIO B MATEPVHCKOM OPIAHM3ME ALIA03A HA
BAJIAHC KUCJ/IOTA-LLE/IOYb Y HOBOPOXAEHHOIO TENEHKA

O. CEHUW, ©. KYTAW un 4. XAPACTMU

HenocpeAcTBEHHO Mepef POAOM Y CEMU HeTesneil U KOpOB aBTopamMy BbI3BaH MeTabosu-
Ueckuii aumz03 o6aB/eHeM K KOPMY TDOCTHVKOBOIO caxapa. [iBe CTeslbHble HETeNN CAYXUN
KOHTpO/ieM. Llenbio 1ccnefoBaHmii SBUMOCL M3yUeHKe TOrO, YTO HaCKOMbKO AeiCTBYeT aKCrepm-
MeHTa/IbHbIA aumao3 MaTepy Ha GanaHC KUC/OTa-LUEMoUb U XKU3HEHHOCTb M/104a U HOBOPOX-
JEHHOT0 TesieHKa.

CornacHo napaMeTpaM KpOBU M MOYM OCTPbIA aumio3 MaTepy, NPOAO/HKAIOLLMIACA OfHN
CYTKV He CKa3bIBAETCA OTPULIATE/IbHO Ha 6aiaHce KWC/IoTa-LLe104b HOBOPOXKAEHHOTO TeNleHKa;
OH He 0T/IMYa/ICA OT TaKOBOI0 KOHTPO/BbHbIX TENIAT. 3aT0 Npogo/bKatoLLmiicst 4—7 fHeid v nocTe-
MEHHO YCWIMBAIOLLMIACA aumMao3 Matepy 06YC/IOB/IMBAET POXKAEHWE auuao3HbIX TeNsT; B 06-
paTHOM C/lyuae y MOC/eAHNX HECKO/IbKO YacoB CMyCTsl pasBUBAaeTCs auuios. [Ba aumiosHbIx
TefleHKa Moc/ie POXKAEHWS] CKOPO Mornéu.

M3YUYEHWE B3AVMOCBA3M MEXAY HOBOW BA/INIOBON CUCTEMOW
OMPEAENEHUNA COCTOAHUNA HOBOPOXXAEHHbLIX TEAAT N X BAJIAHCOM
KNCJTIOTA-LLE/1IO4Yb

0. CEHLM

AI'II'I]'II/IKaLI'VIeVI MEAVLINHCKOIO  OnbITa  AMarHoCTMKW =~ COCTOSAHMST  M/1afieHLIEB  aBTOP
PEKOMEHAYET HOBbIIA, I'IpOCTOVI N Nerko yCBOI/IMbII/I 6aNbHbIN METOA ANarHOCTUKWN COCTOAHUA
HOBOPOXAEHHbLIX TENAT, KOTOprI/I CpaBHMBAETCA C 6an1aHCOM KucnoTa- LLIE/IOYb.

Mpw nomowy gaHHoro 6a/1NbHOro MeToda B corsiackn C 6anaHcom KucnoTa- LLieNoYb 6e3
na60paT0pHoro M3MEPEHNSA MOXKHO OMNPEENNTL COCTOAHWE HOBOPOXXAEHHOrO TEJ/IEHKA U TEM
CaMbIM 3&6ﬂaFOBp€M6HHO MOXXHO MPUCTYNUTb K H€O6XO,D|I/IMOVI Tepanun >XMBOTHOIO.

NEPUHATAJIBHAA CMEPTHOCTb HA ®EPMAX KOPOB TOCYOAPCTBEHHbIX
XO3ANCTB

O. CEHUW »n M. Knwn!

ABTOpaMU MpoaHa/IM3MPOBaHHbI faHHble 163-x hepm KopoB 59-U rocyfapCTBEHHbIX
X03AMCcTB 3a 1978—79 rogpl. PoxaeHWe MepTBbIX TeNIST rpynnupoBa/Iv CreayoLyiM 06pasoM:
no nopogam (tabn. 1,;2,), B pasdmeke No rogam u mecsAuam (Tabn. 3), Mo Koposam 1 HETeNAM



(Tabn. 4), no nonam (Tabn. 5), cornacHo Konu4yectsy Mosioka (Tabn. 6), no pasmepy gepmbl
(Tabn. 7), no Konn4yecTBY 0NeppaboTHNKOB MO 0TeNy (Tabsn. 8), Mo 06pa3oBaHUIO AeXYPSALLUX B po-
[OVUNBHOM MOMELLIEHUM HOYBIO M B BbIXOAHbIE AHW (Tabn. 9), COrnacHo CTPYKTYPe POAUSILHOIO
NnomeLLieHVs1 U TexHonorum otena (tabn. 10), No cofep>xaHuio B NepUOL cyxocTos (Tabn. 11).

N3MEHEHWA HEKOTOPbLIX IMMUAHbIX COCTABHbIX YUACTEW B CbIBOPOTKE
MOJIO4HbIX KOPOB B MEPVNOA OTENA

¢®. XYWBET, . KAPWAWN n T. TAAN

ABTOpamu 06HapyeHo, YTO B MEPUO/ OTefla CoAepXKaHme BCero IMnuaa 1 BCero XonecTe-
pona B CbIBOPOTKe MOJIOYHBLIX KOPOB MaTeMaTMYeCKM [OCTOBEPHO CYLLECTBEHHO MeHbLLIE, YeM 10
WM nocsie JaHHOro BpeMeHW. Y poBeHb BCEro NNuAa NoHMKaeTcs B cpefHem Ha 35%.

KonnyecTBo cBOBOAHBLIX XUPHbIX KUC/IOT BO BpeMsi 0Tesla MoBbICK/IOCh B TPY pasa paHb-
e onpefeneHHOro nokasatens. CogepXaHue CBOOGOAHLIX >XMPHbIX KUCMOT BO BCEM SMNUAe
CbIBOPOTKM BO BpeMsi O0Tesa paBHAI0Ch 4,5%0-aM, TorJa Kak paHbLLe U No3)e OHO 6bI10 TONbKO
11 12%.

CogeprkaHue BCero nMnuaa B rneveHn B nepuog otena 6bu1o B NonTopa pasa 6osbLue cpes-
Hero nokasatens. [lBa MecsiLia rnocse oTena ypoBeHb /INNUAA B NeYeHV NOHU3UICA [0 ero roka-
3aTesil BPEMEHU CyXOCTOS.

B nunufe Kak CbIBOPOTKM TaK M MeYeHW paBHbIM 06pa3om OnpedesieHo Nno 12 >XMpHbIX
kucnot. Cpean Hux C16 :0, C16 :1, C18 : 0, C18 : 1, nC20 : 4 nokasbIBasio MaTeMaTU4eCKN 40CTO-
BEpHble OTK/MOHeHuA, a C12 :0, C14:Q C17 :0, C18 :3, C20:0 n C22 :0 maTtemaTU4ecKn He-
[lOCTOBEPHbIe TaKoBble.

B nunuge cbiBopoTku cooTtHowleHve C18 0, C18 :1 u C18 :2 pasBHanocb 85—90%-am.
B nununge neyeHn cootHoLueHme C16 :0, C18 :0 n C18 : 1 paBHsanocb 70—80%-am.

Bonpeky Ko/MyecTBEHHbIM OTK/IOHEHUSIM BO (HOPMMPOBaHUN YPOBHS XMUPHbIX KUCMOT B
CbIBOPOTOYHOM W MEYEHOYHOM NUMUAax 0BHapy>KeHa MHOFOCTOPOHHAS CXOAHOCTb. OpfHoBpe-
MEHHO MOJyYeHHble JaHHble MOKasa/iv, YTO B 3TUX ABYX BELLUECTBAX XapaKTepHble M3MEHEHUS
HEKOTOPbIX XXUPHbIX KUCNOT BbICTPO 1 KOHCEKBEHTHO C/liefoBany apyr 3a apyroMm. OfHako pas-
HULEA HY)XXHO CcuMTaTb TOT (DaKT, YTO MPOLEHTHOE COOTHOLLIEHWE XXUPHbIX KUCIOT B NNWAe ne-
YeHM NOKa3bIBas10 6o/bLLNIA Anana3oH KonebaHus, YeM B CbIBOPOTOYHOM /inuae. B nepuog otena
paBHbIM 06pa30M KaK B CbIBOPOTOYHOM, TaK W MEYeHOUYHOM NMnuaax Habnogain MoBbILLEHWE,
ypoBHa C16 :0, C16 :1, n C18 :1 1 noHwxkeHune Takosoro C14 :0, C18 :0, C18 :2 un C20 :4.

Ha ocHoBaHMM OTKMOHEHWI NapamMeTPoB 06MeHa CbIBOPOTOYHOMO M MEYEHOHHOr0 IMMNA0B
MOXXHO 3aK/TI0UNTb, YTO B MEpUog 0Tesa Y 3L0POBbIX KOPOB B 0OMEHE XXMPOB HACTYMNakoT CYLLEeCT-
BEHHble, HO (hU3MOMOrMYECKME M3MEHEHWS, KOTOPble Hab/io4atoTCA NPy rofiojaHnum NN KeTose.
Takoe [ONOXKEHNE MOXET 3aTPyAHWUTL AudhepeHUMaLmMio HOPMaslbHbIX 1 MATONOr MHECKMX
SABNEHWIA.

MCTONOIMYECKOE N3YYEHNE ®OCPATA3 N HECTELPNYHECKNX SCTEPA3 B
TMMAODU3E Y KO3bl U BYMBOSA

P. M. CANTAN, 6. C. HAHAA un C. K. HATNAN

KpriocTatnueckyie cpesbl rvnogmsa Kosbl 1 GyiiBona Mofsepra/c PasHbIM rUCTO 3H-
3MMATMNYECKVIM UCCMEA0BAHNAM AN BbISBIEHNA B HAX LLENOYHOM (hociaTasbl, KUCIOoA docdata-
3bl, 5-HYK/1e0TUAA3bI, 8fieHO3MH TprdoctaTasbl, rKo3a-6-thocdaTasbl M HeCMeLMPUYECKO 3CTe-
pasbl.

VIHTEHCUMBHOCTb 6GOMLLUMHCTBA SH3UMATUYECKNX aKTUBHOCTEW CYLLECTBEHHO OT/INHaIvCh
B PasHbIX K/IETOYHbIX FPyMnnax AUCTaslbHOW YacTu runotmsa y 060Mx BUAOB KMBOTHBIX. OH3MW-
MaTuyecKme peakuymn BbUIn Te Xe B ANCTa/IbHOW YacTy rvnogmsa y 060mX BULOB XXMBOTHbIX 3a
UCKJTKOHEHVEM LLIENOYHON dhocthaTasbl, KOTopas y Ko3bl 6blia OrpaH/yeHa K 3HA0TeNI0 Kanuns-
poB, TOrJa Kak oHa y 6yiB0/10B Ha/IMLEBCTBOBa/1A U BHYTPULIENIIONSAPHO. AKTUBHOCTEN afeHo-
31H TpurdochaTasbl U 5-HyK/eoTasbl He Habnogan B AUCTa/IbHOM YacTu rvnodmsa 6yiBona.

Bce u3yyaBLLVeCS 3H3UMbI 06HAPYXXMBa/IMCh B PA3HON KOHLIEHTPaLMKM B K/IETKaxX CcpeaHei
YacTy rmnodimsa 060MX XMBOTHbIX 38 CK/THOUEHVEM afieHO3WH TpurdocdaTasbl 1 5-HyKIeoTnaasbl,
KOTOpble y GyliBOMa U B 3TOM YacTy rMnogmsa 0TCyTCTBOBASIN.

B HepBHO YacTy runodmsa peakuum 3H3MMOB LLE/IOHHOM docaTasbl 1 aaeHOo3MH Tprdoc-
(haTasbl y K0O3bl HabNOAANCH TOMLKO B3HAOTENMK, TOrAa Kak y OyiiBona 3aeck Habnoganm Tonb-



KO pPeaKLMIo LUeMoYHol octhaTasbl; peakUmm 5-HyK/IeoTuaasbl B 3TON YacTy opraHa He o6Hapy-
YKEHO HU Y OfHOIO BWZA WM3Y4aBLUMXCS >KMBOTHbIX. HaubGonee CubHYl0 peakuuio B NUTYW-
LMTax rokasbiBasia Kucnast qocatasa, a BAO/b HEPBHBLIX BOIOKOH — HeCreumdgmyeckas ac-
Tepasa.

MNOlNbITKA 3KCMNEPUMEHTAJIBHOIO U3YYEHWA MATOIMEHESA
FEHEPAJTIM3NPOBAHHOIO TOKCOIT/IASMO3A Y COBAKN

M. JOBOW -KOBAY n N. BAPTA

Ceposiornyecky paHbLLe Hemsy4YeHHbIX 48 0fHO-TPEXMECAYHbIX LLEHKOB aBTOPbI 3apasuin
Yepes poT umucTamm un ooumctamm Toxoplasma gondii. Pagu nonyyeHus MMMyHogenpeccum
YaCTb LLUEHKOB 06paboTasin GeTameTasoHoM (BeTconaH MHb. [nakcoBeT; cM. Tabn. 1). Y opHoi
TPeTbM 06paboTaHHbIX GETAMETA30HOM LLEHKOB MOC/E UHBa3UM LMCTaMM WM 00LMCTaMy BO3-
HMK FeHepaIM3MpOBaHHbI TOKCOMIa3M03 U OHW MormMbaun. eHepaM3npoBaHHbIA TOKCOMIa3mo3
W, CNIef0BATENBbHO, MBe/b SKCMEPUMEHTA/IbHBIX XXUBOTHBIX HACTYNWUAW MeXAY 2-1 1 3-11 Heaenei
roc/ie MHBasUW. Y OfHOI YaCTW XMBOTHbIX TOKCOM/1a3M03 He FeHepasim3npoBasica U MPUMEPHO Y
MOI0BUHBI LLIEHKOB He MOJTyHeHO 3apadkeHns. Cpean HeobpaboTaHHbIX GeTaMeTasoHOM XMBOTHBIX
reHepa/IM31pPoBaHHbI TOKCOMMa3Mo3 06HapyXXMBasiCA TOMbKO C/Ty4aHO 1 YacToTa HereHepavi-
3MPOBaHHOr0 TOKCOMMa3Mo3a 6blia CyLLECTBEHHO PeXXe, YeM B 06paboTaHHol rpynne (cM. Tab.
2). [aHHble 3KCMepMMEHTOB SAB/SKOTCA A0KA3aTe/IbCTBOM TOr0, UTO Y C06aKM reHepaM3nMpoBaH-
HbI/A TOKCOMN/1a3M03 Pa3BUBAETCS TONbKO BC/IEACTBME MOHVXKEHUS MMYHOJIOTVYECKON pearvpye-
MOCTV OpraHu3Ma.

M3YUYEHUE TEPATOJ/IOMMYECKOrO JAEWNCTBUA METW/INAPATMOH 18 BM W
BO®ATOKC 50 EL| HA SMBPNOHAX HEMOIO MNEPEMENA N ®PASAHA C OCOBbIM
BHMMAHVEM HA KOCTHbI CKEJIET U MbILULBI

N. BAPHAAb, POXA MMPE, T. PAHYUN n A. XALXA3N

ABTOpaMV U3y4eHO TepaTosornMyeckoe AelicTBIE MHCEKTULMAOB NbL1eobpasHoro MeTuna-
patvoHa 18 BIT v B3Becb obpasytowlero Boghatoke 50 ELL Ha ambpuroHax Hemoro riepenena v
hasaHa € 0COObIM BHUMaHVEM Ha KOCTHbIA CKEMET U MblLLLbI.

ObpaboTka any, ocywectensanace 0,05, 0,5, 1 5,0%-HbIMY CycrieHCUAMU METUNapaToHa
18 BIM 1 0,02, 02, 12,0%-HbiMn B3BecsAMM BoghaToKe 50 ELL. 3T BellecTBa BBOAWIUCE B BO3AYLL-
Hyl0 Kamepy auy, B konudectse 0,5 1 0,1 M1 COOTBETCTBEHHO, B C/lydae Mepenesnos K 9-y, a B
cnyyae (pazaHOB — K 12-y AHIO MHKYy6aumn. M3ydeHue aMOBPUMOHOB OCYLLECTBNANOCh K 14-y n
23-y AHI0 MHKybaumm cOOTBETCTBEHHO.

B KOCTSIX 3MOPMOHOB C JIOPAOKCOMIMO30M (Havyalle OBHapyXeHHas HeHOpMaslbHOCT
pasBUTKS) MPUMEHSBLLMMICA METOLAMM M3YUeHUS 3MEHEHUIA He 06Hapy>keHo. LLleliHble MO3BOH-
K1 MaKpo- 1 MMKPOCKOMUYECKU Gb HOpMasbHbIMU. B LeliHOl MyCcKyiaType aM6proHOB, 06pa-
60TaHHLIX BbICOKVMM f03aMK BohaToke 50 ELL, Habntoganack rmcTonormyeckast KaptuHa, Haro-
MUHatoLLas aTpodmio UM MecTamu TUnoriasmio.

Ha ocHoBaHWM cBOWX HabMoAeHUIA aBTopbl 06paLlaloT BHYMaHWE Ha To, YTo 06paboTka
NTUYLUX 3MOPUOHOB (HOCHOPOPTraHNYECKUMM COEANHEHUAMM, OCOGEHHO MPW SIOPAOCKO/INO3E,
MOXET TOPMO3UTb MHHEPBAaLMIO. BCreacTBre 3TOr0 COCTOSAHMA MOXET HacTyNUTb aTpotms Luei-
HbIX MbILLL, U, TEM CambIM, BbI3BaTb HEHOPMa/IbHYHO MOCTAHOBKY LLEW W FO/10BbI.

Mpy XopoLLein NpaKTUKe 3aLWTbl PACTEHWI C IKOTOKCUYECKOW TOUKW 3pEHNS M3yUeHHbIe
npenapaTbl aBTOPbl He CUMTALOT OMacHbIMY, MOCKO/IbKY CTPYKTypa sLeBoi 060/104Kku obecneym-
BaeT HaJ/1eXalLlyto 3aLUmMTy SMOPMOHa OT (PaKTOPOB OKPYXKaoLLel cpedbl, B TOM YWC/E OT U3yYeH-
HbIX WHCEKTULMAOB B YKasaHHbIX KOHLEHTpaLuaX.

OJAHHBIE K AHATOMUN CYXOXUNNA ABYXIJTABOIO MYCKYNA TJIEHA
JIOWWAON N LACERTUS FIBROSUS

®. AIOPKO n N. BANEP

Ha Tpynax 4-x nnogos, 5-1 HOBOPOXAEHHbIX XXepebsT 1 91 B3pocnoli nowaay (Bo3pacTta
1—23 neT) aBTOpPaMM N3y4EHO CYXOXW/Ine, MPOXofsLLee B OPIOLLIKe ABYXI1aBoro MycKysa nnieya
nowagn u lacertus fibrosus. Ha AByx orepypoBaHHbLIX /IOLLIAAAX KPOME 3TOr0 U3yyasinch nepe-
601 B hyHKUMM KOHEYHOCTW 0oC/e nepeceyeHunst cyxokunms u lacertus fibrosus.



OGHapy>XeHo, UTO CyXOXunmne B GPIOLLIKe ABYXINaBoro MycKysna reya soway aTo He
YNAOTHeHVe (hacLMM 1eYa, ero Henb3s CUMTaTb MEXMYCKY/IbHOW MPOC/IONKOW, a ABNseTcs
HEMoCPeACTBEHHBLIM MPOJO/DKEHMEM €ro HayaslbHOro CyXOXunums. [Ipoxofsilee B OprOLLIKe
MYCKY/ia CyXOXW/IME W CaM MYCKY/ eAUHBLIM CYXOXWU/IMEM MPUKPEN/ISETCS K LLIePOX0BaTOCTU
Jly4eBoiA KOCTW. B 6pIOLLIKE MYCKY/Ia CYXOXMW/WE B NlaTepaibHy0 CTOPOHY CKPYYeHo, HTO o6ec-
MeyrBaeT SyyLniA MPY>XUHHDBIA 3hheKT 1 NOBbILLAET CUMY HaNPSHKEHNS. Ha ocHosaHMM BO3HU-
K:—_IOBeHVIH NPOXOXAEHWA 1 YHKLMM aBTOPbI PEKOMEHYIOT ero HasbiBaTb “tendo scapuloradi-
alis”.

TMpy nomoLy onepaLymn AoKasaHo, HTO Moc/e NepeceyeHnst JaHHOTO CYXOXWUANS [BYX-
rnaBbli MyCKy/ Meya OCTAeTcs HerocBpeXAeHHbIM, ero BO/IOKHA CBOH (hyHKLMIO 6e3 0TKasa
BbIMO/HAIOT, XOTS CUHXPOHHAsA (DYHKLWA MNIeHEBOro W SIOKTEBOIO CYyCTaBOB HEMHOXKO yXyALula-
etcs. IMpwn aBYXXeHWM HabnofatoTes Nepebov B MPOABVKEHNW KOHEHHOCTU Brepes,

lMocsie NoJHOroO MepeceyeHV st ABYXIN1IaBOro Myckysa rnseda, Ge3 repeceueHus lacertus
fibrosus noKTeBOVi CycTaB MOXXHO HACTOIbKO PasorHyTb, YTO NMPWU HATSHXKEHMN KOHEYHOCTW Hasaj,
KOMbITO MOXHO MPUOIN3UTL K KOMeHY. 3TO SIB/IEHWE HY)XXHO CUMTaTb AMarHOCTUYECKOro 3Ha-
YeHus.

Lacertus fibrosus He/b3a CHMTaTh 6ANHCTBEHHBLIM NPOAO/MKEHVEM MPOXOAALLETO B 6PIOLL-
Ke CyXOXW/INA ABYXT/1aBOro MycKy/ia nieya 1 B HoBevilLiee BPeMs B ITepaType (urypupyoLLeri
natepasibHON BETBbIO Cyxoxunus. Lacertus fibrosus obnafaeT ueHTpanbHOM M ABYMS 6GOKO-
BbIM/_NNACTUHKaMW. TO/IbKO ero LieHTpasibHasi YacTb SB/ISIETCS CYXOXU/IbHOTO MPOMCXOXK/ae-
HWA. Ero 60KoBble MIaCTUHKU SBMSIOTCA MPOM3BOAHBIMM (hacLii, KOTOpble Y B3POCbIX foLLafel
npeacTaBNstoT coboii 4/5 TonwwHbl lacertus fibrosus.

Mpwn nepeceveHnm lacartus fibrosus npu gBrXeHUM HabnOAAETCA HerHauMTelbHas Xpo-
MoTa TUMa HarpysKu.

PA3BUTUE KOCTEN KOHEUYHOCTEW ¥ CBV/HbW

M. CUNALQWN, T. KEKEHb n A. B. KOBAY

ABTOPamMV ONPEJEANMCL 1 CPaBHUBAIMCH J/IMHA W COAiEp>KaHMe 30/1bl KOCTEA KOHEYHOC-
TeiA (N/1e4eB0A, Sly4eBOA, JIOKTEBOM, NACTHOM 1V, 6efipeHHoiA, 60/1bLLIOI 6epLIOBOiA, N/ocHeBoiA 1V)
CBYHeli pasHOro BO3pacTa Mopoj, KOPHBO/ M HU3MEHHas rnbpuaHas.

O6Hapy»XeHo, YTO [/IHA KOCTell KOHEUHOCTE y Nopofbl KOPHBO/ NprMepHo Ao 80—100-
OHEBHOro BO3pacTa poc/ia BbICTpee, YeM Y CBMHEN HM3MEHHOW Mopofbl, HO MOC/E 3TOF0  KOCTW
KOHEYHOCTEA CBUHEVi HV3MEHHOW MOPObl CTAHOBW/MCL CYLLECTBEHHO A/IMHHEe.

CogepxaHvie 30/1bl KOCTe COpasMepHO BO3PacTy MOYTM 04MHAKOBbIM 06pasoM pocno y
06enx Nopog 3a UCK/IKOYEHVEM Meprofa OKO0 OTOMBKM, KOrfa BO BCEX KOCTSX MO CPaBHEHWIO C
paHbLLMMKX TOKa3aTeNsIMU OHO MOHW3WMOCh.

MpumepHo y 30%-0B CBMHEN NOPOAbI HU3MEHHbIV FMopua, Bo3pacTa 160 AHER 1 XMBOro
Beca 100 Kr Hab/104any XpoMOTy, MPUHAAMEXALLY0 B MOHATUE CUHAPOM Cr1abocTy KOCTeil.
[OnviHa v cofiepXkaHme 3071bl B KOCTAX 3TUX CBUHEN MPAKTUYECKMN He OT/INHA/IMCh OT TeX XKe Mo-
KasaTesiel 0AHOrOANYHbIX, 3[A0POBbIX HECK/IOHHBLIX K XPOMOTE >KMBOTHbIX MOPOAbl KOPHBOJI.
Cor/iacHo aBTopam BO3HMKHOBEHWE XPOMOTbI He/lb3si 06bACHUTL HEHOPMa/IbHBIM POCTOM A/TUHBI
KOCTeld NN HeJOCTaTKOM MUHEPa/TbHbIX BELLECTB.
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SECONDARY RENAL AMYLOIDOSIS AND
ITS CONSEQUENCES IN THE DOG

M. Dobos-Kovacs, Gy. Deak and Liliana Baktalits

Department of Pathology, University of Veterinary Science, 1400 Budapest 7, P.O. Box 2;
Department of Pathology, University Medical School, 7643 Pécs, Szigeti u. 12; and Clinical
Laboratory Department of Péterfy Hospital, 1076 Budapest, Péterfy S. u. 8/20, Hungary

(Received July 21, 1982)

The occurrence of five spontaneous cases of renal amyloidosis in the dog is reported on
the basis of necropsy findings. Among dogs submitted for necropsy, 2 were diagnosed as having
nephrotic syndrome associated with renal amyloidosis, 2 showed thrombosis of the pulmonary
artery, pulmonary veins and vena cava caudalis as sequelae to nephrotic syndrome, and 1 had
amyloid nephrocirrhosis complicated with prolonged uraemia. In all five cases the diagnosis of
secondary renal amyloidosis was confirmed by histopathological methods.

The presumptive pathogenesis of the thrombotic tendency as a complication of the neph-
rotic syndrome associated with renal amyloidosis is discussed.

The occurrence of different disease entities characterized by regressive
changes of glomeruli (glomerulonephrosis) in animals has rarely been reported.
Although renal amyloidosis of the dog has long been known, it has only rarely
been mentioned in the literature.

Amyloidosis in the dog is considered to he a secondary pathological
condition following a primary disease. It occurs at most in 1% of dogs sub-
mitted for necropsy (Osborne et ah, 1968). Recently it has been reported to
occur in dogs in association with tuberculosis (Dahme and Weiss, 1978; Eik-
meir and Moegle, 1958), systemic lupus erythematosus (Lewis and Hathaway,
1967), blastomycosis (Sherwood et ah, 1967), cyclic neutropenia (gray collie
syndrome) (Cheville, 1968), pleuritis caused by Nocardia asteroides, coccidio-
mycosis, chronic purulent metritis, purulent arthritis complicated with osteo-
myelitis, lymphosarcoma, pyoderma (Slauson et ah, 1970), pyoderma and
ulcerative perianal adenoma, purulent prostatitis and phlegmone (Osborne et
ah, 1969). Amyloid deposition in the dog frequently occurs in a generalized
form, affecting several organs, while in other cases it is restricted to the kidney
(Osborne et ah, 1968; Watson, 1971).

In cases when renal lesions are in the foreground or only the kidneys
are affected, a unique disease entity, nephrotic syndrome, may develop in the
dog. Nephrotic syndrome has already been reported by several authors
(Lapras, 1979; Osborne et ah, 1968, 1969; Slauson et ah, 1970; W atson,1971).
Thrombosis of certain blood vessels has also been observed in connection with
renal amyloidosis and with the so-called nephrotic syndrome associated with
amyloidosis (Slauson and Gribble, 1971).
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172 DOBOS-KOVACS et al.

Materials and methods

During the last few years, renal amyloidosis was diagnosed in 5 dogs of
those submitted for necropsy, viz. a 6-year-old smooth-haired male Hungarian
retriever (Case 1), a 9-year-old female Polish sheepdog (Case 2), a 5-year-old
black male Puli (Case 3), a 13-year-old female mongrel (Case 4) and a 9-
year-old female skye terrier (Case 5). It should he noted that none of the
5 animals was subjected to previous clinical examination, since dogs Nos 1
and 2 were killed due to their progressed state of illness at their owners’ re-
quest, without a thorough previous examination, while dogs Nos3, 4 and 5
had died before their owners could have consulted a veterinarian.

Organs of dogs subjected to necropsy were fixed in a neutral formalde-
hyde solution of 2.66 mol/l1 (8% ) and embedded in paraffin wax. In preparing
the slides for histopathology, in addition to the usual haemalaun-eosin stain-
ing, the Congo red and gentian violet staining and the iodine reaction were
used to detect amyloid. To render identification of amyloid possible, the sec-
tions stained with Congo red were covered with gum arahic and the prepara-
tions were subjected to polarization-optical studies (Romhéanyi, 1971 and
1979).

For determining the nature (primary or secondary character) of amyloid,
the deparaffinized sections were pretreated with a specific mixture of con-
centrated formic acid and hydrogen peroxide (so-called performic acid), as
recommended by Romhanyi (1979), then stained with Congo red, covered
with gum arabic, and examined in a polarization microscope.

For further studies on the properties of amyloid, deparaffinized sections
were pretreated with a 1 :1 mixture of 0.25% potassium permanganate and
0.3% sulphuric acid, according to the method of Romhanyi (1972 and 1979).
This was followed by the digestion of the pretreated sections with trypsin
for 2 and 24 h.

For the demonstration of amyloid, the macroscopic iodine reaction was
also performed on the cut surface of kidneys of dogs, with Lugol’s solution
acidified with sulphuric acid.

For electron microscopic examinations, kidney samples from dogs were
fixed also in an osmium tetroxide solution prepared with Caulfield’s buffer.
The material was embedded in Durcupan. Semi-thin sections prepared from
the embedded material were stained with Jones’s staining combined with
Congo red. Ultrathin sections were examined by transmission electron micro-
scopy.

Urine samples taken from the urinary bladder of dogs submitted for
necropsy were subjected to the sulphosalicylic acid test for protein demonstra-
tion. In addition, in urine samples collected from urinary bladders of dogs
Nos 3, 4 and 5, specific gravity determinations and a quantitative détermina-
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tion of total protein and albumin content were performed. Total protein con-
tent was determined by the biuret reaction (Weichselbaum, 1946), while albu-
min was demonstrated by the bromocresol green reaction (Gustafson, 1976).
Determinations were made in a Satellite NK-230 automatic one-channel
clinicochemical analyser (Székely and Bartalits, 1979).

Results
Necropsy findings

Dogs Nos 1 and 2 were in a severely emaciated condition before killed.
There was marked subcutaneous oedema along the sternum in both animals,
and in the male dog also around the prepuce. The abdominal cavity contained
approximately 3 1and 1.5 1 of transparent serous exudate in Cases 1 and 2,
respectively. There were 100 ml and 200 ml quantities of serous exudate also
in the thoracic cavities of dogs Nos 1 and 2, respectively. The liver showed
congestive hyperaemia, the lungs acute oedema, while in the heart a general
simple dilatation was observed.

The kidneys of carcases were pale, moderately enlarged and of increased
consistency; on their cut surfaces the glomeruli were clearly visible, and the
fine structure of the cortex of kidneys was indistinct. There were no patho-
logical lesions in other organs.

The sulphosalicylic acid test demonstrated the presence of large quanti-
ties of protein in urine samples obtained from the urinary bladder of both dogs.

Dogs Nos 3 and 4 were in an average body condition prior to their
death. In dogs Nos 3 and 4, respectively, the abdominal cavity contained

Fig. 1. Macroscopic iodine reaction on the cut surface of the kidney. Amyloid-containing
glomeruli stain deeper. (Magnified)
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approximately 1.5 1 and 300 ml, while the thoracic cavity approximately
300 and 100 ml of straw-coloured serous exudate. The renal capsules were
tight and the kidneys pale, swollen and of increased consistency. Glomeruli
were clearly visible on the cut surface, and the fine structure of the renal
cortex was indistinct. The consistency of the cortex was friable. In the macro-
scopic iodine reaction performed with Lugol’s solution acidified with sulphuric
acid, glomeruli showed a bluish-brown colour characteristic of amyloid (Fig. 1).

Fig. 2. Mixed (stratified) thrombus obliterating the pulmonary artery (the wall of the artery
is opened). T = trachea, B bronchus, Thr = thrombus. (Magnified)

Fig. 3. Amyloidic contracted kidney of greyish-white network pattern. (Magnified)
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Fig. 4. Glomerular amyloidosis. Clearly visible glomeruli on the cut surface of the renal cortex.
(Magnified)

The lungs were hyperaemic and oedematous in both cases. In dog No. 3,
the trunk of the pulmonary artery and the pulmonary artery itself in both
lung halves (from its origin to the small arterial branches 1 mm in diameter)
was filled with a fresh thrombus of mixed character (Fig. 2). In dog No. 4,
the lumina of the pulmonary veins and the vena cava caudalis contained
obstructing thrombi. These were not adhered to the wall of the vessels. Blood
vessels of other organs were not found to contain thrombi. The liver showed
severe acute congestive hyperaemia in both cases. No important lesions were
found in other organs.

The total protein contents of urine samples collected from the urinary
bladder of the two canine carcases were 9.3 and 38.0 g/1, respectively, and
their albumin concentrations were 4.2 and 3.7 g/1, respectively. The respective
urinary specific gravity values were 1.012 and 1.026.

At necropsy, the body condition of dog No. 5 (which had also died) was
poorer than average. Both kidneys were slightly reduced in size, pale, firm
and of slightly uneven surface, and their substances had a greyish-white
mottled appearance (Fig. 3). On the cut surface of the kidneys the glomeruli
were clearly visible in the thinned-down cortex (Fig. 4). The structure of the
kidneys was indistinct and their substance was harder to tear than usual. In
the macroscopic reaction performed with Lugol’s solution and diluted sul-
phuric acid, the glomeruli showed a discoloration characteristic of amyloid.

In addition to renal lesions, myocardial hypertrophy of the left half of
the heart, chronic endocarditis associated with connective tissue proliferation
in the atrioventricular valves of both heart halves, endometrial cystic hyper-
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plasia and — as a consequence — incipient pyometra were observed. Uraemic
erosions and incipient ulceration were seen on the mucosal membrane of the
oral cavity. The gastric mucosa showed the symptoms of acute catarrh and
had a pungent odour characteristic of ammonia.

Total protein and albumin concentrations of the urine collected from the
urinary bladder of the carcase were 4.6 g/1 and 2.9 g/1, respectively. The urine
had a specific gravity of 1.009.

Fig. 5. Homogeneously-staining amyloid deposition in the walls of the glomerular blood
vessels. The glomerular structure is disintegrated. Congo red staining, approx. X420

Fig. 6. Biréfringent amyloid in the glomerulus. Congo red staining, section covered with gum
arabic. Polarization optical photograph, approx. X330
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Histopathological examination

Histopathological examination performed by light microscopy revealed dis-
integration of glomerular structure in all five cases. In the relatively cell-
deficient glomeruli, the capillary loops had an unevenly thick appearance due
to the deposition of a homogeneously-staining substance (Fig. 5). The depo-
sited material showed staining reactions characteristic of amyloid: orange-red
with Congo red, brown with Lugol’s solution, red with gentian violet. When
examining the sections stained with Congo red and covered with gum arabic
in polarized light, birefringence of greenish-yellow polarization colour was
observed (Fig. 6).

It was apparent in both the conventional light-microscopic and the semi-
thin sections that amyloid deposited primarily between the basement mem-
brane of glomerular capillaries and the endothelial cells lining the capillaries
(subendothelially), producing uneven deposits. Amyloid deposits caused mark-
ed stenosis of certain capillaries (Fig. 7). In some places, amyloid deposited
not only subendothelially, but also between the podocytes (visceral epithelial
cells) covering the capillary loops and the basement membranes of capillaries
(subepithelially). The amyloid deposited subepithelially consisted of radial
bundles located in the interspaces between the projections of podocytes
(Fig. 8). In the basic substance of the mesangium, amyloid was demonstrated
neither in the semi-thin sections, nor by electron microscopic examinations.

In dogs Nos 1, 2, 3 and 4, the majority of tubules were found to show
accumulation of homogeneously-staining material (hyaline cylinders) in their
lumina. In these cases the epithelial cells of the proximal convoluted tubules

Fig, 7, Stenosis of the lumen of glomerular capillaries (arrow), due to subendothelial deposition
of amyloid. Jones’s staining, approx. X420
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showed a hyaline degeneration of varying extent associated with karyopycnosis
of epithelial cells. The intertubular connective tissue was usually moderately

infiltrated with serous exudate.
In the kidneys of dog No. 3, a very mild, focal, subacute inflammation

resulting from ascending urinary infection was observed.
In the kidneys of dog No. 5, in addition to glomerular lesions, many
tubules exhibited signs of degeneration and atrophy, or complete destruction

Fig. 8. Narrowed lumen of blood vessel due to subendothelial deposition of amyloid (arrow).
Amyloid forms radial bundles on the outer surface of capillaries. Jones’s staining, approx.
X 850

Fig. 9. Deposition of calcium in Bowman’s capsule and along the basement membrane of tu-
bules. Amyloidic contracted kidney. Kossa’s staining, approx. X206
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Fig. 10. Amyloid deposit of subendothelial localization (A) and radial bundles of amyloid

(arrow) between the foot processes of podocytes. Between them, note the loosened basement

membrane (BM) of the capillary. Transmission electron micrograph of necropsy material,
X3600

Fig. 11. The light-microscopically homogeneous amyloid deposit is of filamentous structure.
Transmission electron micrograph of necropsy material, X 18,000

of the tubule. On the other hand, other tubules showed hyperplasia (enlarge-
ment, and dilatation ofthe lumen). The intertubular connective tissue widened,
particularly between atrophic or destroyed nephrons. In the fibrous or fibril-
lary connective tissue, an infiltration with mononuclear cells (mainly plasma
cells) was seen; the extent of the infiltration was variable in each area. In the
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proliferated connective tissue of the renal interstitium, primarily between the
collecting tubules in the medulla, the deposition of a substance characterized
by greenish polarization light typical of amyloid was seen in smaller or larger
areas. In Bowman’s capsules of numerous glomeruli and in basement mem-
branes of many tubules, the deposition of granules consisting of calcium com-
pounds was seen, indicating prolonged uraemia (Fig. 9).

In cases Nos 1, 2, 3 and 4 amyloid deposition was not seen in other
organs (liver, spleen, pancreas etc.). In case No. 5, amyloid was observed in
the wall of the small arteries of the spleen, in addition to renal glomeruli and

Fig. 12. Studies on the nature of amyloid deposited in the glomerulus. Congo red staining,
sections covered with gum arabic, approx. X220. a Light-microscopic photograph. Amyloid
is seen in the form of homogeneously staining deposits, b Polarization-microscopic photograph
of the same glomerulus. Amyloid shows strong birefringence, ¢ Polarization-microscopic
photograph taken after performic acid pretreatment. Amyloid stains with Congo red but it
has lost its birefringence, d Light-microscopic photograph. Trypsin treatment performed after
oxidation with a mixture of potassium permanganate and sulphuric acid solutions resulted in
complete digestion of amyloid
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smaller intertubular areas of amyloid deposition found in the renal inter-
stitium .

Transmission electron microscopy revealed that the material deposited in
the glomeruli had a filamentous and fibrillar structure typical of amyloid
(Figs 10 and 11). In other areas of the kidneys (in blood vessels other than
glomerular capillaries, and along the basement membrane of tubules) amyloid
deposition was not observed in any of the cases.

In studies on the nature of amyloid, after performic acid pretreatment of
deparaffinized sections, in preparations stained with Congo red and covered
with gum arabic, the material deposited in the glomeruli lost its birefringence
in all five cases, typically of the structurally labile secondary amyloid (Figs
12a, 6, ¢). Similarly, the amyloid focally distributed in the renal interstitium
and deposited in the wall of arterioles of the spleen did not show birefringence
in sections prepared (as described above) from the organs of dog No. 5.

After pretreatment with a mixture of diluted potassium permanganate
and sulphuric acid solution, and digestion with trypsin for 2 and 24 h, the
amyloid which had deposited in the glomeruli and, in Case No. 5, in other
areas of the kidney, was digested after 2 h digestion in all cases, as typical
of secondary amyloid (Fig. 12d).

Discussion

Amyloid is considered to be a substance of protein nature (glycoprotein)
which deposits extracellularly and shows marked variation between species,
individuals and cases. Several authors have suggested the importance of im-
munobiological processes in the production of amyloid and in the pathogenesis
of amyloidosis. Amyloid has been considered to result from antigen-antibody
coupling, and its appearance in different organs has been postulated to indicate
the accumulation of antigen-antibody complex (Smith and Jones, 1961;
Vazquez and Dixon, 1956). This postulation was supported by observations
that amyloidosis occurred after persistent or recurring antigenic stimuli in
both spontaneous and experimental cases (Rothbard and Watson, 1954;
Theilum, 1954). It was also demonstrated that globulin concentrations of the
serum increased in both cases (Giles and Calkins, 1958; Huestis and Jaeger,
1960). By immunofluorescent procedures it was confirmed that amyloid depo-
sits contained large amounts of globulin (Vazquez and Dixon, 1956).

Depending upon its characteristics (molecular weight etc.) and rate of
production, the produced antigen-antibody complex deposits in different sites,
to different degrees and intracellularly (in the wall of smaller blood vessels
and in the connective tissue surrounding them, and along the basement mem-
branes in different organs).

Presumably, mechanisms other than those mentioned above also play
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significant roles in the production of amyloid. The variability of these mecha-
nisms, which are yet insufficiently known, is expressed also in the complex
composition of amyloid.

In amyloidosis, the kidneys (and particularly their glomeruli) are the
affected organs. The conditions predominating in these sites (anatomical
structure of glomeruli, the relatively high blood pressure ensuring ultrafiltra-
tion) predispose glomeruli for deposition of different substances including
amyloid.

As it was observed also in our cases, amyloid deposits primarily in the
glomeruli and glomerular capillaries. In the dog, extraglomerular amyloid
deposition (in the wall of small blood vessels outside the glomeruli, sometimes
in the interstitium and exceptionally along the basement membranes of
tubules) can be observed only in more severe cases of amyloidosis.

In both man and animals, amyloid initially forms deposits in the glome-
ruli between the basement membrane of capillaries and the endothelial cells
(subendothelially), as a characteristic, light-microscopically homogeneous and
electron-microscopically filamentous substance (Osborne et ah, 1968, 1969).
Primarily this was found also in our cases. However, in some cases deposition
of amyloid in the basement membrane of capillaries was also observed. This
led to structural disintegration of the basement membrane. In some sites,
amyloid appeared also in the form of radial bundles between the projections
of podocytes (subepithelially).

In preparations stained with Congo red, covered with gum arabic and
examined in polarization microscope, amyloid shows intensive birefringence
(additive topo-optical reaction), while collagen is isotropic or exhibits mild
negative birefringence (inverse topo-optical reaction). This method is parti-
cularly suitable for the selective optical detection of the finest amyloid struc-
tures (Romhanyi, 1971, 1979).

On the basis of ultrastructural stability studies, two types of amyloid
can be distinguished: (i) the structurally labile amyloid, e.g. the (generalized)
secondary amyloid; and (ii) the structurally stable amyloid, e.g. in case of
(generalized) primary amyloidosis, local and senile amyloidosis. This classifica-
tion is consistent with that of Benditt and Eriksen (1971), in which A and
B types of amyloid were discerned.

Two major directions of stability studies are known: studies on the
resistance (i) to performic acid, and (ii) to proteolytic enzymes. Following
treatment with performic acid, the structurally labile amyloid loses its bire-
fringence, due to the break-up of disulphide bonds. On the other hand, struc-
turally stable amyloid retains its birefringence even after performic acid treat-
ment (Romhéanyi, 1979).

Resistance to proteolytic enzymes including trypsin is a characteristic
feature of amyloid fixed in formaldehyde solution. If the section is subjected
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to pre-oxidation of medium degree (e.g., in the present cases to treatment
with a mixture of diluted potassium permanganate and sulphuric acid solu-
tions), secondary amyloid of all organs will be digestible with trypsin, while
primary amyloid will retain its resistance to trypsin digestion (Romhanyi,
1972).

Relying upon the results of tests on the resistance of amyloid to digestion
with performic acid and trypsin, it may he stated that the cases included in
the present studies represented secondary amyloidosis.

Although at necropsy, apart from renal amyloidosis, no lesions indica-
tive of disease were found in our cases, the stability tests unanimously sup-
ported the diagnosis of secondary amyloidosis. This suggests that a disease,
presumably of inflammatory nature, must have taken place earlier, so that
its lesions were already unobservable at the time of necropsy.

Occasionally the extensive subendothelial deposition of amyloid in the
glomeruli may even cause obstruction of capillary lumina and discontinuation
of ultrafiltration, due to the fact that glomerular capillaries become impen-
etrable for the blood. If this condition becomes extensive, it may lead to acute
kidney failure (renal insufficiency).

However, the condition characterized by damage of the filtration barrier,
which has a decisive role in ultrafiltration of blood plasma, seems to be far
more frequent. The damage is due to subendothelial deposition of amyloid.
As a consequence, the filtration barrier becomes permeable for high-molecular-
weight proteins, resulting in the appearance of protein (primarily albumin) in
the urine. Although tubular epithelial cells may reabsorb considerable amounts
of protein, similar amounts (30-34 g/1) of protein (of which 6.7—4.2 g/l is
albumin) are excreted from the organism in the secondary urine (Watson,
1971). Due to the considerable (up to even 10 g daily) total protein loss (as
much as half of which may be albumin), the nutritional status of the animals
may undergo marked deterioration (Osborne et ah, 1969). The prolonged
albuminuria leads to hypalbuminaemia. Deficiency in albumins, the plasma
constituents most important in maintaining colloidal-osmotic pressure, results
in oedema in several parts of the body (Lapras, 1979; Osborne et ah, 1968,
1969).

The protein present in the primary urine is partly reabsorbed by the
tubular epithelial cells (primarily those of the proximal tubules), which will
be seen as hyaline degeneration of the cells. Reabsorption may reach such an
extent that the tubular epithelial cells overloaded with lysosomal protein
drops become incapable of any other function. The disturbance ofthe selective
reabsorption process may further complicate the process of secondary urine
formation and the disorders of blood plasma homeostasis.

The hypalbuminaemia caused by disturbed renal function results in the
formation of oedema in the subcutaneous tissues and in the body cavities
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(so-called renal oedema). Certain authors (Opitz, 1966) noted that, in case of
hypalbuminaemia, oedema developed far less frequently in dogs than in
human beings, as compared to its expected occurrence. In dogs, formation
of diffuse oedema may be reckoned with if the albumin concentration of the
plasma drops below 8 g/1 (Yamauchi et al., 1964).

In addition to hypalbuminaemia, hypercholesteraemia is also charac-
teristic of the condition. The cause of the development of hypercholesteraemia
is yet insufficiently known (Osborne et al., 1968, 1969; Slauson and Gribble,
1971).

We observed massive proteinuria in all five cases. Two dogs (Nos 1 and 2)
showed considerable deterioration of nutritional status and diffuse oedema,
both attributable to the prolonged protein loss. Although the necropsy material
did not allow the examination of all parameters involved, oedema was con-
sidered to be a symptom of the nephrotic syndrome.

In two dogs (Nos 3 and 4), in addition to amyloidosis of renal glomeruli
and the resulting nephrotic syndrome, thrombosis occurred: in both branches
of the pulmonary artery in one of the dogs, and in the pulmonary veins and
in the vena cava caudalis in the other.

In this context, we refer to the studies of Slauson and Gribble (1971),
who found 52 cases of renal amyloidosis among 61 canine amyloidosis cases.
Of the 52 dogs, 20 were found to have thrombosis in different organs; occa-
sionally blood vessels of several organs (pulmonary artery, coronaries of the
heart, arteries of the spleen and kidneys, artéria mesenterica, artéria iliaca,
a. brachialis and vena portae) were found to contain thrombi simultaneously.
According to Slauson and Gribble (1971), thrombus formation accompanying
renal amyloidosis is a consequence of the nephrotic syndrome.

Apart from glomerular amyloidosis, nephrotic syndrome may associate
with other glomerulopathies. Therefore, the risk of thrombosis is to be reckoned
with also in these cases, as it was pointed out by Miller-Peddinghaus et al.
(1978) in the case of the dog. Thrombus formation associated with nephrotic
syndrome is known to occur not only in animals but also in human beings.

Also in our opinion, thrombus formation observed in the present cases
in the pulmonary artery, pulmonary veins and vena cava caudalis is a con-
sequence of renal amyloidosis and the resulting nephrotic syndrome.

The pathomechanism of thrombosis observed in cases of glomerular
amyloidosis is not completely understood yet; for its clarification, changes of
all factors involved in the mechanism of blood coagulation should be studied.
However, certain phenomena are worth mentioning: among others, the fact
that the colloidal-osmotic pressure of the blood plasma undergoes a significant
decrease due to hypalbuminaemia, losses occur in the quantity of plasma
fluids, resulting in thickening of the blood. This leads to increased viscosity
and reduced flow rate of the blood. Because of the latter, the cellular elements
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of the blood (including thrombocytes) get to the periphery of the circulation.
The adhesion between the endothelial cells of blood vessels and the cellular
elements of blood offers favourable conditions for the initial processes of
thrombus formation (Slauson and Gribble, 1971). In cases of glomerular amy-
loidosis, hyperfibrinogenaemia, another phenomenon favouring thrombotic
tendency, is also frequently observed (Slauson et al., 1970; Slauson and
Gribble, 1971).

In addition to the above facts, development of thrombotic tendency may-
be furthered by the production of larger amounts of alpha-globulin in the
organism, as a reaction to albumin loss and decrease of colloidal-osmotic
pressure. This protein was shown to possess antifibrinolytic properties (Jacobs-
son, 1955). Based mainly upon experiences gained by human medicine, the
increased lipid (primarily cholesterol) content of blood plasma, which is a con-
comitant feature of the nephrotic syndrome associated with amyloidosis, is
considered to be a significant factor predisposing to thrombosis (Mustard et
al., 1964). In the process of thrombus formation associated with the nephrotic
syndrome, the injuries of the intima of blood vessels, apart from the accom-
panying hypoxaemic phenomena, are not considered characteristic.

It is obvious from the phenomena indicated above that in the develop-
ment of thrombosis the most important part is played by the increased co-
agulability (hypercoagulability) of blood which may be supported by the dys-
function of the fibrinolytic system (Slauson and Gribble, 1971). In all proba-
bility, other factors may also have a role in inducing thrombotic tendency in
nephrotic syndrome, apart from the involvement of the factors described
above, the degree of which varies from case to case.

Glomerular amyloidosis is usually accompanied by regressive changes of
tubular epithelial cells and atrophy and destruction of nephrons. Together
with the changes of tubules, infiltration of the renal interstitium with inflam -
matory cells can be observed in the initial stages, as a reactive process. Sub-
sequently, during the process of reparation, destroyed nephrons are replaced
by collagenic connective tissue (amyloid nephrocirrhosis, contracted kidney)
which also leads to renal insufficiency (prolonged uraemia) (Dahme and
Weiss, 1978), as it was observed in one (No. 5) of the present cases.
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The trypsin- and chymotrypsin-inhibiting factor of cell extracts of Proteus vulgaris
was studied. The inhibitor was purified by affinity chromatography. It was confirmed by
enzymatic pretreatment that identical (or very closely adjacent) sites were responsible for the
inhibition of both trypsin and chymotrypsin. The molecular weight of the inhibitor was in
the range of 30,000-32,000 as determined by gel chromatography.

As opposed to other protease inhibitors, bacterial protease inhibitors
have been little studied. Hoyem and Skulberg (1962) detected a trypsin in-
hibitor in supernatants of Clostridium botulinum cultures, while Brecher and
Pugatch (1969) demonstrated the presence of a non-dialysable, heat-stable
trypsin- and chymotrypsin-inhibiting factor in extracts of sonicated E. coli
cells.

Fossum’s work (1970) was a major contribution to the studies on bac-
terial protease inhibitors. It included extensive studies on Gram-positive and
Gram-negative bacteria. Fossum (1970) found that while sonicated cells of
Gram-positive bacteria did not show inhibitory activity, among Gram-negative
bacteria the extracts of sonicated cells of Proteus mirabilis, Proteus vulgaris,
E. coli, a Klebsiella sp., Serratia marcescens and Pseudomonas aeruginosa in-
hibited the activity of trypsin, chymotrypsin A and of extracellular proteases
of certain microorganisms. Electrophoretically, the trypsin- and chymotryp-
sin-inhibiting factor appeared as a single band.

The present work was aimed at studying the trypsin- and chymotrypsin-
inhibiting factor of Proteus vulgaris, a Gram-negative bacterium species with
relatively high inhibitory activity.

Materials and methods

Preparation of inhibitor-containing crude extract

A modification of Fossum’s method (1970) was used. The strain was
inoculated on nutrient agar plates in Petri dishes, incubated at 37 °C for
2 days and the colonies were removed from the surface of the agar by washing.
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The cells were washed 3 times in physiological saline, centrifuged at 19,000 g
for 10 min and suspended in 50 times their wet weight of distilled water. Sub-
sequently, the cells were sonicated in an MSE sonifier (1.2 A) for 40 min. The
inhibitor was heat-stable, thus its further release from the cells could be
facilitated by boiling for 5 min. After centrifugation at 19,000 g for 40 min,
the supernatant was examined for inhibitory activity (it had been freeze-
stored until used). The procedures described above were performed in two
parallel series.

Determination of enzyme and inhibitory activities

Enzyme activity was measured spectrophotometrically, in TRIS-buffer
of pH 7.8. The trypsin- and chymotrypsin-activities were determined by the
method of Schwert and Takenaka (1955) and by that of Hummel (1959),
respectively. Since in preliminary experiments the time of formation of the
enzyme—inhibitor complex had been found to be 1-1.5 min, a preincubation
time of 2 min was employed in all determinations. Inhibitory activities were
expressed as the rate of enzyme activity decrease.

One unit (U) of enzyme activity is defined as the amount of enzyme
hydrolysing 1 jUmol substrate per min. One unit of inhibitory activity is de-
fined as the amount of inhibitor which inactivates one unit of enzyme.

If chymotrypsin pretreatment was used, the inhibitor was reacted with
chymotrypsin A having 50 times as high activity as that of the inhibitor.
Ten minutes later, the inhibitor-chymotrypsin complex thus formed was
examined for trypsin-inhibiting activity. Trypsin pretreatment was performed
in a similar manner: the inhibitor was reacted with trypsin treated with tosyl-
phenylalanine chloromethyl ketone (TPCK trypsin, which is completely free
of chymotrypsin activity). The trypsin-inhibiting activity of the complex was
determined after an incubation of 10 min.

Affinity chromatography

Chymotrypsin A (bovine pancreatic, 4 Xcrystallized; British Drug
House, BDH) was coupled to CNBr-activated Sepharose 4B (Pharmacia)
according to the method of Feinstein (1971). The conjugate was packed into
a column of 0.9x10 cm and was equilibrated with 0.1 mol borate buffer
(pH 9.0). The extract was eluted with borate buffer and the bound inhibitor
was desorbed with 0.05 N HC1 (pH 1.6). Fractions of 2 ml were collected.

Gel chromatography

Sephadex G-75 gel (Pharmacia) was used in a column of 2.6x40 cm,
with 0.1 mol/l TRIS-HC1 buffer (pH 8.0) containing 0.2 mol NaCl/1 used for
equilibration and elution, collecting 5-ml fractions. The column was calibrated
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with proteins of known molecular weight: bovine serum albumin (Calbiochem
M r 67,000), soybean trypsin inhibitor (BDH, Mr 21,500), cytochrome ¢ (Koch-
Light, Mr 12,400), Cysticercus pisiformis protease inhibitor (own preparation,
Nemeth and Juhasz, 1980; Mr 7,100). The molecular weight was calculated
from the following regression equation:

log Mr= 5.8084 — 1.5902 Kav (r2= 0.9989)

All determinations were carried out in triplicate.

Results

The crude extracts possessed neither trypsin nor chymotrypsin activity.
The inhibitory activities are shown in Table 1.

For purification, 4 ml volumes of both extract 1 and 2 were applied on
a Sepharose-chymotrypsin column. The results are indicated in Table II.

No inhibitory activity was demonstrable in the eluate obtained by elu-
tion with borate buffer. Upon elution with HC1, both trypsin and chymo-

Table |

Inhibitory activities of crude extract and bacterial cell mass of Proteus vulgaris

Trypsin inhibitor Chymotrypsin inhibitor
Bacterial
cell mass Vo,'#{ne U/g of U/g of
g U/ml bacterial cell U/ml bacterial cell
mass mass
Extract 1 0.225 11.25 130 6,500 176 8,800
Extract 2 0.190 9.50 142 7,100 208 10,400

Table 11

Recovery of the trypsin and chymotrypsin inhibitor from extracts of
Proteus vulgaris by affinity chromatography

Inhibitory activity (U) for

trypsin chymotrypsin
extract 1 extract 2 extract 1 extract 2
Crude extract (4 ml) 520 568 704 1132
Fractions eluted by borate buffer
(40 ml) 0 0 0 0
Fractions eluted by HC1 (4 ml) 340 344 485 715
Recovery (%) 65.4 60.6 68.9 63.2
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Fraction number

Fig. 1. Chromatography of the protease inhibitor of Proteus vulgaris on Sephadex G-75 column.

The trypsin- and chymotrypsin-inhibiting activities of the 2-ml sample applied to the column

were 170 and 242 U, respectively. ¢« —e trypsin inhibitory activity; o—o, Chymotrypsin
inhibitory activity. Absorbance at 280 nm was not measurable

trypsin inhibitory activities were desorbed from the gel, with an efficacy of
60—0%. The high degree of purification achieved by affinity chromatography
was indicated by the immeasurably low E280 value of the HC1 eluate, as
opposed to values obtained for the first and second extract (0.254 and 0.310,
respectively).

Our further studies were performed to elucidate the closer structure of
the inhibitor; namely, to determine whether the trypsin- and chymotrypsin-
inhibiting activity can be attributed to the same active site or whether there
are two separate active centres localized at different sites of the molecule.

After chymotrypsin pretreatment, the inhibitor solution purified by
affinity chromatography showed no trypsin-inhibiting activity. Similarly,
pretreatment of the inhibitor with TPCK trypsin resulted in complete dis-
appearance of chymotrypsin-inhibiting activity.

The inhibitor was studied by gel chromatography, using a Sephadex
G-75 column (Fig. 1), and it eluted as a single symmetrical peak (Kiv= 0.83),
which fact indicated its homogeneity. The molecular weight of the inhibitor
tvas 30,000-32,000, as estimated by comparing it to standard substances of
known molecular weight.

Discussion

The subject of our studies was the trypsin- and chymotrypsin-inhibiting
factor which was first described by Fossum (1970) as an electrophoretically
homogeneous substance. The present results confirmed the homogeneous
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nature of the inhibitor from the functional point of view, since during puri-
fication by affinity chromatography the inhibition of both homologous enzymes
was found to be the property of the same molecule. In addition to the trypsin
and chymotrypsin inhibitor, Fossum (1970) separated electrophoretically an-
other factor inhibiting bacterial proteases. This latter inhibitor was not the
subject of the present studies.

By affinity chromatography, the inhibitor was obtained in a highly
purified form.

By enzymatic pretreatment, evidence was produced that the inhibition
of the two homologous enzymes is the property of the same active site, or
of two very closely adjacent sites, of the inhibitor molecule; therefore, the
inhibitor is not of the “double-headed” type.

Among natural protease inhibitors, the ones inhibiting both trypsin and
chymotrypsin and similar to the inhibitor of Proteus vulgaris are of frequent
occurrence: e.g. the protease inhibitors of plants, the basic pancreatic trypsin
inhibitor, the inhibitors of egg white etc. (Kassel, 1970) and the inhibitors of
parasitic helminths (Juhasz, 1982).

The molecular weight of the inhibitor was determined by gel chromato-
graphy. Because of the estimated molecular weight of 30,000-32,000, thera-
peutic application of the inhibitor may meet with difficulties, for it may be-
have as an antigen, causing anaphylactic side effects.

Studies on the biological function of the inhibitor are reported in a
separate paper (Juhéasz and Prohéaszka, 1983).
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Changes in the thyroid and gonadal function of male and female domestic chickens
were followed up during the period of forced molt induced by 2-day deprivation of feed, drink-
ing water and light, plus cold exposure. The layers showed a significant increase in plasma
progesterone during the period of feather loss, followed by a gradual decrease, whereas plasma
17-jS-oestradiol persisted at a low level throughout. The plasma thyroxine rose initially along
with progesterone, persisted at an elevated level during the molt period, and tended to decrease
as the new feathering was acquired. The triiodothyronine concentration tended to decrease
initially, then tended to increase during feather growth.

The roosters showed an initial drop of plasma testosterone, which remained at a low
level subsequently. The plasma thyroxine concentration tended to increase parallel to testo-
sterone decrease. The plasma triiodothyronine concentration changed similarly to the layers,
but in a not significant degree.

These experimental observations suggest the responsibility of altered thyroid-gonadal
interaction for molt control in the male and female domestic chicken. In layers, increased
concentrations of progesterone and thyroxine induced feather loss, through their effect exerted
on the papillae. In roosters, the increase of thyroxine concentration and its effect on the feather
papillae were rendered possible by the low testosterone level.

At the time of new feather outgrowth, both male and female chickens showed high
plasma levels of thyroxine and triiodothyronine, and low plasma levels of sexual steroids.

Molting, a characteristic physiological process in birds, has been studied
extensively by various experimental approaches in both domestic and wild
birds. Investigations into its endocrine control had initially suggested the
primary responsibility of the thyroid gland (Brake et ah, 1979; Cole and
Hutt, 1928; Davis and Davis, 1954; Glazener and Juli, 1946), but later evidence
of the major involvement of other endocrine organs, such as the pituitary
gland (Juhn and Harris, 1956), adrenals (Brake et al., 1979; Perek and Sul-
man, 1959), or gonads (Harris and Shaffner, 1957; Juhn and Harris, 1956,
1958; Tanabe et al., 1956) led to postulate an endocrine cooperation. Investiga-
tions into the influence of thyroid-adrenal interaction (Brake et al., 1979)
failed to detect an unequivocal interrelationship. W ith the experimental facts
in mind, a functional interaction between the thyroid gland and gonads seems
to represent the underlying mechanism of molting, but the substantiation of
this hypothesis requires investigations by hormone-analytical methods (com-
petitive protein-binding analysis, radioimmune analysis) which, as far as we
are informed, have not yet been performed to this end.
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To obtain more information on the problem, we studied fluctuations in
the plasma thyroid and gonadal hormone levels of male and female domestic
chickens in the course of forced molt.

Materials and methods

Two parent flocks of the Eurohyb breed, aged 57 and 67 weeks, respec-
tively, were used in two experimental series. Blood samples were collected
from a representative group of 9 birds on each occasion, at weekly intervals
from the beginning of molting till the new feathering was acquired. In the first
experimental series 6 roosters were sampled along with the layers.

At the beginning of forced molt, egg production was low (21 and 14%)
in both flocks, and the sexual activity of the roosters was considerably re-
duced. The daily ration of the female birds consisted of 0.162 and 0.171 kg
layer feed, respectively, plus 0.014 kg barley grains; this level of feeding in-
creased over that consistent with the applied management technique. A con-
stant photoperiod of 18 h daily illumination plus 6 dark hours was employed.
The ambient temperature of the layer houses was maintained at 12—16 °C
during the last stage of the production period.

Molt was induced by depriving the birds of feed, drinking water, daily
illumination and heating for 2 days. The level of feeding was risen to the daily
ration of 0.140 kg layer feed -f 0.010 kg barley, as scheduled under the given
management technique, only by 6 weeks of experiment. Table | shows the
feed and drinking water supplies, and light regimens applied during the molt-
ing period.

Blood samples were withdrawn from the brachial vein cnce weekly at
the different stages of forced molt. The first blood sampling was carried out
before the beginning of the experiment. The second and third blood samples
were withdrawn after the loss of contour feathers and down feathers. Next
week the down feathers grew out again in the cervical and thoracic region
but the contour feathers were still lacking. At the fifth sampling, the down
feathers were present everywhere except in the tail region, and of the contour
feathers the pinions had reappeared. By the last blood sampling all birds had
acquired a complete new feathering. Forced molt had a less drastic effect on
roosters than on layers. The male birds did not exchange all primary feathers,
and the loss and reappearance of the secondary feathers was less sharply
delineated in time. The forced molt of the roosters resembled naturally occur-
ring molt in many respects.

Forced molt resulted in termination of egg production within 1-2 days.
The egg yield reached 50% of the original level during the 11th week after
the beginning of molting.
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Table |

Schedule of feeding, watering and lighting during the first six weeks of forced molt

Days of Amount of food Access to Lighting
forced molt day/animal wahter h
1-2 — — —
3-9 0.05 kg barley 2 2
10-15 0.07 kg barley 4 4
15-18 0.07 kg barley 6 6
19-21 0.04 kg barley 8 8
0.04 kg barley
22-28 0.04 kg barley 10 10
0.04 kg starter feed
29-32 0.04 kg barley 12 12
0.10 kg laying feed
33-35 0.04 kg barley 12 12
0.12 kg laying feed
36-39 0.04 kg barley 12 12
0.13 kg laying feed
40-42 0.04 kg barley 12 12

0.14 kg laying feed

The plasma levels of thyroid hormones (triiodothyronine, thyroxine)
were determined as proposed by Pethes et al. (1977, 1978). Of the ovarian
hormones progesterone was determined according to Abraham et al. (1971),
and 17-/3-oestradiol according to Mikhail et al. (1972). Testosterone assay was
carried out by the method of Jallageas and Assenmacher (1972).

Results

A. Layers

Group I. Plasma progesterone had increased significantly over the control
by the 5th day of forced molt, then tended to decrease; the concentration
decrease found at the end of the experiment also was significant. The plasma
level of 17-/3-oestradiol remained evenly low throughout the period of forced
molt (Fig. 1).

The plasma thyroxine level tended to rise initially, persisted at an evenly
high level until the birds acquired feathering again, then tended to decrease
significantly (P <7 0.001). Plasma triiodothyronine decreased significantly in
the early stage of forced molt, increased significantly when feather outgrowth
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began, and tended to decrease again, to a significant degree (P < 0.05), by
the end of the experiment (Fig. 2).

Group Il. Changes in progesterone level follow exactly the pattern
obtained in the case of the former experimental group. The suddenly rising
first part reaches significant difference, later on the level of progesterone drops
and turns out to be significantly lower. The concentration of 17-/?-oestradiol
exhibits a low and non-fluctuating pattern also in this group (Fig. 3).

[1 progesterone

17-B-oestradiol
P< 001

Fig. 1. Changes of progesterone and oestradiol levels of hens (Exp. 1; n = 9)

U triiodothyronine (T3)
[1 thyroxine IT;)

Fig. 2. Changes of thyroxine and triiodothyronine levels of hens (Exp. 1; h = 9)
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[1 progesterone

Fig. 3. Changes of progesterone and oestradiol levels of hens (Exp. 2; n = 9)

Ll triiodothyronine (T3)
[1thyroxine (T4)

P< 0.001 T

Fig. 4. Changes of thyroxine and triiodothyronine levels of hens (Exp. 2; n = 9)

Plasma thyroxine tended to rise from the beginning of the experiment;
owing to great individual variation, increase over the control was not signi-
ficant until the third week, but then a plateau followed, as in the first experi-
ment. The initial significant decrease in plasma triiodothyronine was also
observed in the second experiment, but the concentration increase ensuing
at the beginning of feather growth was not significant in that instance. Since
the last blood sampling could not be carried out in the second experiment
for technical reasons, no evidence was obtained of the supposed final con-
centration decrease of the two thyroid hormones (Fig. 4).

Acta Veterinaria Academiae Scientiarum Hungaricae 30 .1982



198 PETHES et al.

“testosterone (Test)

Fig. 5. Changes of testosterone, thyroxine and triiodothyronine levels of roosters (n = 6)

B. Roosters

Group Il. The plasma testosterone showed an abrupt significant decrease
at the beginning of forced molt, and remained at a reduced level throughout.

The initial significant rise of plasma thyroxine was followed by a gradual
decrease, which reached a significant degree by the conclusion of feather ex-
change. Triiodothyronine tended to decrease when molting began, and rose
slightly when feather outgrowth became more intensive (Fig. 5).

Discussion

The plasma progesterone concentration of layer hens is generally low,
except for a peak observed 4-7 h before ovulation (Furr et ah, 1973; Laque
et al., 1975; Péczely et al., 1980; Shababi et al., 1975). The basic level is repre-
sented by the control groups. The concentration increases observed during
forced molt made up only one third or one fourth of the pre-ovulation peak.
This can probably account for lack of ovulation, and consequent absence of
oviposition during forced molt. The relatively high progesterone level tended
to decrease later. The important role of progesterone in molting is indicated
by the fact that it was found to induce molt in chicks and hens in experi-
mental conditions (Adams, 1956; Harris and Shaffner, 1957; Juhn and Harris,
1956). Although the last-cited authors used pharmacological doses of pro-
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gesterone, it may be inferred in view of the pertinent literary data that in-
crease in progesterone concentration isprobably one of the factors responsible
for the induction of molting.

Further to low plasma progesterone, the evenly low 17-/3-oestradiol con-
centration also was indicative of a reduced ovarian activity. Certain authors
(Petterson and Common, 1972) observed regular, while others (Laque et al.,
1975; Péczely et al., 1980) irregular peaks, whose precise role is still obscure.
Little information is also available on the role of sexual steroids in molting
(Farner and King, 1972). A molt inhibitor effect of exogenous oestrogen has
been reported. Our own experimental observations have indicated that 17-/3-
oestradiol is not involved in the control of certain molting stages, since its
plasma concentration did not change during the forced molt process.

However, a permissive effect of low oestradiol on the molt-controlling
action of progesterone cannot be ruled out with certainty.

Thyroid involvement in molt control has long been postulated, but some
evidence against it has also been reported (Sulman and Perek, 1947; Wilson
and Farner, 1960).

Decrease in the plasma testosterone concentration of roosters indicated
a reduced testicular activity. This accords well with the observation that
castration does not prevent molting (Morton et al., 1962), but exogenous
testosterone (Kobayashi, 1954; Yaugien, 1955) or testosterone implantation
does (Farner et al., 1980). Wild male birds also had low plasma testosterone
levels during the molt period (Temple, 1974).

Brake et al. (1979) observed in birds fasted during the initial period of
forced molt a decrease in plasma thyroxine with the onset of feather loss, a
subsequent increase, and decrease again after fasting was terminated. Against
this Assenmacher (1958) was able to produce serial molts by thyroxine treat-
ment, and May (1977) observed an abrupt rise of plasma thyroxine in fasting
birds. In our own experiments, the considerable increase in plasma thyroxine
concentration may have been due to the joint effect of fasting and cold envi-
ronment, and may have been, in our view, directly or indirectly, responsible
for the induction of feather loss. Decrease in plasma triiodothyronine, as found
by us, has also been observed by other investigators. May (1977) and Brake
et al. (1979) unequivocally found a decrease in plasma triiodothyronine during
the fasting period. Starvation may have been of a lesser degree in roosters than
in layers, since the former take up more feed than the layers, consistent with
their stronger body conformation, as suggested also by the lesser decrease
in T3.

The layers showed a distinct, whereas the roosters a less distinct, in-
crease in plasma triiodothyronine during the period of featheroutgrowth. These
facts support Hocker’s (1967) implication that an increase in T3 secretion
enhances feather growth.
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By contrast, Brake et al. (1979) arrived at the conclusion that the T3
concentration increases, rather than decreases, in the initial stage of forced
molt, and the increased concentration is responsible for feather loss. Our own
experimental results suggest that molt-associated alterations in the gonadal-
thyroid functional balance characteristic of the adult male and female chicken
are of decisive importance. This functional interrelationship had been inferred
earlier by Himeno and Tanabe (1957).

Significant increase in plasma progesterone along with thyroxine during
the early stage of molting seems to develop a direct synergistic action on the
feather papillae and to account thereby for feather loss in female birds. This
assumption agrees well with the observation of Harris and Shaffner (1957)
that simultaneous feeding of thyreoprotein enhanced the molt-inducing effect
of exogenous progesterone.

Decreased testicular function, observed in roosters during the early stage
of molting, was accompanied by an increase in thyroid function. Association
of decrease in plasma testosterone with an increase in thyroid hormone levels
also occurs in male birds (Jallageas and Assenmacher, 1972, 1974; Péczely
et al., 1979).

We believe that while triiodothyronine enhances feather growth, plasma
progesterone, 17-/3-oestradiol and testosterone remain at low levels.

The available experimental observations do not permit unequivocal con-
clusions on the mechanism of molting when analysed by aspects of comparative
physiology, owing in all probability to species-specific differences in the hor-
monal control of the molting cycle (Payne, 1972). Further investigations into
the problem should be based, as proposed by Farner (1981), on studies of the
hormone receptors of feather follicles by radio receptor assay.
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In three series of experiments, the effect of NaCl and water loading was investigated
on the electrolyte and water metabolism in sheep provided with rumen fistulae, and catheters
in the parotid duct, ureter and v. jugularis. The animals were supplied with different amounts
of NaCl and water previously. 2Na+ was used in the experiments.

The Na+ concentration in the saliva decreased and the K+ concentration increased
considerably on the effect of insufficient NaCl supply. This resulted in a significant decrease
of the Na+/K+ quotient. In the case of sufficient NaCl supply, 2Na+ appeared in the saliva
four times faster than in the case of insufficient NaCl supply.

Close connection was found between the secretion of saliva and urine flow. The decrease
of the NaCl supply caused a diminution of the diuresis and saliva secretion as well as a decrease
in the amount of Na+ and K+ excreted with the saliva and urine. The urine flow increased
on the effect of NaCl loading but the saliva secretion did not change. Large amounts of Na+
and K + were excreted in the urine. Thirst, through the consequent water overcharge changed
the volume of rumen fluid and its osmotic pressure. This made an alteration in the diuresis
and saliva production and in the amount of Na+ and K+ excreted with urine and saliva.
In conclusion, the change of the osmotic pressure ofthe rumen fluid influences the water and
electrolyte metabolism of ruminants rapidly and significantly.

The water and electrolyte content of the rumen has an important role
in the regulation of water and electrolyte metabolism in the sheep (Wilson,
1968; Warner and Stancy, 1972a, 6; Tomas et al., 1973; Wilson and Dudinski,
1973).

The ion concentration of the rumen fluid fluctuates within a wide range
(English, 1966, 1967). Data on fluid exchange between the rumen content and
the epithelium postulate that extensive water and electrolyte transport takes
place across the rumen wall (Scott, 1967; Warner and Stancy, 19726). Thus,
a change in the osmotic pressure of the rumen fluid can modify the water
space of the body (Engelhardt, 1970).

Diuresis is mainly responsible for the relative constancy of the water
space as well as the distribution of electrolytes, although saliva secretion is

* Work performed under Contract No. 1886/Ri/RB, International Atomic Energy
Agency (IAEA), Vienna. This report constitutes a contribution to the FAO/IAEA Coordinated
Research Programme on the Water Requirements of Tropical Herbivores as supported by the
Swedish International Development Authority (SIDA).
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also of great importance in ruminants (Coats and Wright, 1957; Potter, 1961,
1963; Stancy and Brook, 1964; Pickering, 1965).

In previous experiments (Juhéasz et al., 1977) on sheep, we studied the
effect of water or salt loading, as well as the effect of water plus salt loading,
on the extracellular (EC) space and on urine flow. According to our results,
water loading caused a gradual enlargement of the EC space and developed
a hypoosmotic hypervolaemia together with a hypoosmotic diuresis. Admi-
nistration of salt did not alter the EC space essentially. Similarly, the diuresis
changed only slightly, and a highly concentrated urine was excreted. The
water-plus-salt loading was followed by absorption of both substances from
the rumen. The Na+ was absorbed slower than the water, therefore, the
plasma Na+ concentration did not change in the first hour, but the EC space
increased. First an isoosmotic hypervolaemia, then a hyperosmotic hyper-
volaemia developed, the tubular re-absorption of Na+ decreased and the di-
uresis increased. Thus, a relatively large amount of hyperosmotic urine was
excreted.

In our present experiments, the mechanism of regulation of water and
electrolyte metabolism was examined in sheep supplied previously with dif-
ferent quantities of salt or water and after an acute salt, or water, loading

Materials and methods

The experiments were carried out in 15 Merino sheep weighing 30 kg,
provided with rumen fistulae and indwelling catheters in the parotid duct,
ureter and jugular vein.

In the first and second series of the experiments, the animals were
divided into three groups (A, B, C), in which the NaCl supply in the diet was
plentiful (5.0% NaCl; groups A), sufficient (1.0% NaCl; B) and deficient
(0.1%; C) for 4 weeks. Each group consisted of 5 animals. The diet contained
0.4 kg mixture of coarse meal (with vitamin and mineral premixes) and 0.5 kg
hay. In the acute experiments, 300 ml water containing 17.1 g NaCl/kg body
weight and 7.4 MBqg 24N a+ were given into the rumen.

In the third series of the experiments, animals were given water ad lib.
(groups D and F) and others were deprived of water for 48 h (group E). The
salt load was 17.1 mmol/kg body weight in groups D and F and 12.8 mmol/kg
body weight in group E. In all cases, the NaCl was dissolved in 300 ml water,
together with 7.4 MBqg 2Na+. The water load was 80 ml/kg body weight
(group F), which also contained 7.4 MBq 2Na +.

The change of Na+ and K + concentrations, as well as the radioactivity,
were determined in plasma, saliva, urine and rumen fluid. The rate of saliva
secretion and diuresis was measured and registered automatically and each
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was collected into fractions. In the acute experiments, which lasted 400 min,
the values were determined in the first 40 min, before loading with salt or
water (Juhasz et al., 1975, 1976a, 6; 1977).

Each value presented in Tables I-V I represents the mean of the results
obtained during the experimental period. We did not present the values of all
statistical calculations because only those results which showed the greatest
changes were evaluated biologically.

Results

In the first series of experiments, we studied the Na+ and K+ con-
centrations of the plasma and the saliva, furthermore, the Na+/K + quotient
in the saliva on animals provided with different salt supplies (A, B and C)
after an intraruminal NaCl overcharge. We measured the activity of the 24Na +
(cpm) in the plasma absorbed from the rumen and its appearance in the saliva.
We determined the space of time required by the activity of the saliva to
exceed the activity of the plasma. In the first experiments, the mean con-
centrations of Na+ in the plasma before the salt loading were between 141 and
149 mmol/l and those of K + between 4.3 and 4.8 mmol/1 (Table I). After the
salt loading, changes could be observed only in groups A and B.

Table 1

The effect of different salt supplies on Na+ and K+ concentration of plasma and
saliva in sheep before and after salt loading™

Plasmia Saliva
NaCl in
Groups Salt supply fodder Na+ K+ Na+ K+ Na+/K+ Minutes**
% .
mmi 1

before 142 4.7 182 4.8 38

A plentiful 0.60 "
after 157 4.6 178 4.3 41
before 141 4.8 155 5.4 28

B sufficient 0.45 42
after 152 4.7 173 5.2 33
before 149 4.3 116  12.6 9

C deficient 0.20 40
after 153 4.2 147 8.9 17

*NaCl load was 1 g/kg body weight given into the rumen.
** The time being necessary for the radioactivity of saliva (cpm2Na) to exceed that of plasma.
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In contrast to the plasma, the Na+ concentration of the saliva before
salt loading was different in the various groups and showed a positive correla-
tion with the salt intake. The K+ concentration in the saliva changed in-
versely to the Na+ intake (A, 4.8; B, 5.4 and C, 12.6 mmol/1). After salt load-
ing, the Na+ concentration rose only in groups B and C. The K + concentration
did not alter in groups A and B and decreased in C.

Before the salt load, the Na+/K + ratio in the saliva had the following
average values: 38 (group A), 28 (B) and 9 (C). After the salt load, the Na+K +
ratio increased significantly in group C.

In group A, the time necessary for the radioactivity of saliva to exceed
that of plasma was 11 min, whereas in groups B and C it averaged 41 min
(Table 1).

In the second series (Table Il) the rates of saliva production and diuresis,
furthermore, the rates of secretion and excretion of Na+ and K + were studied
before and after salt loading in animals with different salt supplies (A, B and C).

By plentiful salt supply, the rate of saliva secretion was 0.81 ml/min
before, and 0.88 ml/min after, salt loading (group A). The rates of Na+ and
K + secretion did not change significantly. The rate of urine production in-
creased after salt loading, as did Na+ and K + excretion.

The saliva production rate of sheep with sufficient salt supply (group B)
decreased. The rate of salivary Na+ and K + secretion decreased from 97 to
66 and from 3.2 to 2.8 /rmol/min, respectively. After salt loading the rate of
diuresis and the Na+ and K + excretion increased.

In the animals with deficient salt supplies (group C) the saliva secretion
and the rate of Na+ and K + secretion decreased. In contrast, the rate of

Table 11
The effect of salt load* in sheep supplied previously with different quantity of NaCl

Saliva secretion Salivary Na+  Salivary K+ Urinary volume Urinary Na+ Urinary K +

before after before after

Groups before after before after before after before after
load load load load  load load load  load load  load
ml/min /jmol/min ml/min Amol/min

A

plentiful 0.81 0.88 161 159 3.8 3.9 0.79 1.24 44 184 243 305

B

sufficient 0.70 0.45 97 66 32 28 066 084 36 140 42 104

C
deficient 0.56 0.40 50 43 26 24 039 0.56 15 87 61 113

* NaCl load 1 g/kg body weight, given into the rumen.
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diuresis, the Na+ and the K + excretion increased after salt loading. As shown
in Table Il, the rate of Na+ excretion in the urine and saliva was related to
the level of Na+ intake.

In the third series of experiments we studied the effect of salt loading
on animals with water supply ad lib. (group D) and on thirsting animals (E).

We compare the results of these experiments with the values of experi-
ments carried out on animals previously supplied with water ad lib. and after
overcharged with water (group F). The Na+ concentration and the volume
of rumen fluid was increased by the salt overcharge (Table I11). In both of
groups D and E the Na+ concentration became more than double and the
rumen fluid increased to 1.3-fold in volume. The K + concentration did not

Table 111

The change of Na+, K+ and fluid content in the rumen

Water supply and Na+ K+ Rumen fluid
loading litre
mmol/1
D) ad lib. 92 29 2.1
NaCl loading 1.0 g/kg bw* 241 28 2.7
E) thirst, 48 h 164 20 0.7
NaCl loading 0.75 g/kg bw* 431 18 1.0
F) ad lib. 100 26 18
water loading 80 ml/kg bw* 60 16 5.0
r weight.
Table IV
The Na+ and K+ concentration of the pilasma
Na+ K+
ater sappey and Minutes*
mmol/1
D) ad lib. 143 4.4 -
NaCl loading 1.0 g/kg bw 150 3.7 32
E) thirst, 48 h 156 4.1 -
NaCl loading 0.75 g/kg bw 158 4.1 14
F) ad lib. 153 4.3 -
water loading 80 ml/kg bw 148 3.7 38

*The time being necessary for the radioactivity of saliva (com 2Na) to exceed the activity of
the plasma.
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change appreciably. On the effect of water overcharge, the volume of rumen
fluid increased from 1.8 to 5.0 litres, and the Na+ and K + concentration
decreased from 100 to 60 and from 26 to 16 mmol/l, respectively.

In animals supplied previously with water ad lib. (groups D and F) the
N a+ concentration of the plasma after NaCl or water loading did not change
significantly (Table IV). In both groups, the K+ concentration of the plasma
decreased. After thirst (group E), the Na+ concentration showed a high value
(156 mmol/l) which increased little on the effect of NaCl loading; the K+
concentration of the plasma did not change.

After salt loading, the time being necessary for the activity of saliva to
exceed the activity of the plasma was 32 min in the animals with water supply
ad lib. (group D). In the case of salt loading after thirst (group E) this time
was considerably shorter. After water overcharge in the animals with a pre-
vious water supply ad lib. (group F), the process was slower and lasted 38 min.

The Na+ concentrations of the saliva were nearly identical in groups
D, E and F before loading (Table V). On the effect of NaCl loading the con-
centrations increased slightly, whereas they decreased after water overcharge.
In the same groups, the K + concentrations were 5.0 mmol/l before the over-
charge and of thirsting animals (group E) 4.6 mmol/1, which in the saliva did
not change after salt overcharge. In animals supplied with water ad lib. (groups
D and F), both salt and water loading caused a decrease in the K + concentra-
tion of saliva.

Before the loading, the rate of saliva secretion was 1.41 ml/min in the
thirsting animals (group E) and in the groups of water supply ad lib. (groups
D and F) 0.86 and 0.57 ml/min. On the effect of NaCl loading, the values
decreased particularly in thirsting animals. The water overcharge did not
change the rate of saliva secretion.

Table V

The Na+ and K+ concentration and the secretion rate of saliva,
as well as the rate of Na+ and K+ secretion

Na+ K+ Secreted

Water supply and t Na+ K+
loading mmol/1 mrl7n$in :

/jmol/min
D) ad lib. 176 51 0.86 152 4.4
NaCl loading 1 g/kg bw 181 4.7 0.68 122 3.2
E) thirst, 48 h 179 4.6 141 255 6.2
NaCl loading 0.75 g/kg bw 189 4.6 0.84 157 3.7
F) ad lib. 173 5.0 0.57 98 2.8
water loading 80 ml/kg bw 169 4.2 0.59 100 2.5
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Table VI

The Na+ and K+ concentration of urine, the rate of urine flow and
the rate of Na+ and K+ excretion

Na+ K+ . . Excreted
xcretion
Wateﬁosﬁﬁﬁéy and rate Na+ K+
mmol/1 ml/min

/imol/min
D) ad lib. 107 218 1.07 114 233
NaCl loading 1 g/kg bw 211 62 142 300 88
E) thirst, 48 h 167 284 0.51 85 145
NaCl loading 0.75 g/kg bw 284 291 0.35 100 105
F) ad lib. 16 47 4.90 78 230
water loading 80 ml/kg bw 50 71 4.90 245 348

Before the loading, the rates of Na+ and K + secretion were the highest
in the thirsting animals (group E). In the animals supplied with water ad
lib. the values were lower. On the effect of salt loading all values became
considerably lower, especially those of thirsting animals in group E. In the
case of water overcharge, the rate of Na+ secretion did not change but that
of the K + secretion decreased.

The Na+ and K+ concentrations of urine were higher for thirsting
animals than for animals supplied with water ad lib. before the overcharge
(Table YI). The NaCl, as well as the water overcharge, caused an increased
Na+ concentration in all cases. On the effect of salt loading, the K+ con-
centration did not change in the urine after thirst, but became far lower after
ad lib. water supply; it fell from 218 to 62 mmol/l. After overcharge with
water, the K+ concentration of urine increased from 47 to 71 mmol/1.

In group F the rate of urine flow was 4.9 ml/min before the water over-
charge and did not change after it. In spite of this fact, the rates of Na+ and
K + excretions increased, due to the increase of their concentrations in the
urine. The salt loading resulted in an increased rate of diuresis and of Na+
excretion (from 114 to 300 pmol/min), and in a reduced K + excretion.

After thirst the rate of urine flow was very slow (0.51 ml/min) and on
the effect of NaCl overcharge it became still slower (0.35 ml/min). The rate
of Na+ excretion increased only and the K+ decreased slightly.

Discussion

The quantity of the N a+ secreted in the ovine saliva is dependent on
the total salt content of the sheep organism, which in turn depends on the
NaCl intake in the fodder. The Na+ secretion in the saliva increases with an
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increasing intake of NaCl. In case of deficient saline supply (group C) the con-
centration of K + redoubles in the saliva. The time required by the cpm-
number of 2Na+ to become higher in the saliva than in the plasma is the
shortest in animals with plentiful salt supply and in the control group; in the
case of animals with deficient salt supply, the space oftime is longer (Denton,
1956; Coats and Wright, 1957; Dobson et al., 1960; Warner and Stancy,
1972a; Scott, 1967).

Our experiments have shown that the saliva secretion and the urine flow
change reciprocally during the regulation of water and electrolyte metabolism,
mainly in the case of sufficient and deficient salt supply after NaCl or water
loading. After load with saline, the Na+ surplus is excreted only by the urine,
while the Na+ concentration and secretion in the saliva decreases. When the
NaCl intake in the food is low the Na+ and K+ quantities secreted in the
saliva and in the urine decrease (Potter, 1961, 1963 and 1968; Pickering, 1965;
English, 1966, 1967; Anderson and Olsson, 1970). In all cases, the NaCl load
increases the excreted quantities of Na+ and K+ in the urine but not in
the saliva.

Comparing the results of rumen experiments with those of saliva and
urine experiments we can state that the increase of the electrolyte (Na+)
concentration in the rumen content — in consequence of saline loading —
causes a higher Na+ and a lower K + concentration in the urine (Scott, 1967,
1975). In this case the rate of salivary secretion decreases and that of the
urine flow increases. In this way, the urinary excretion of Na+ becomes six
times higher but the salivary secretion of Na+ decreases (Scott, 1969).

Thirst causes an increase of Na+ concentration in the rumen content;
it redoubles the rate of salivary secretion and reduces the diuresis to its half.
The secretion and excretion of Na + increases. In the case of thirst, more fluid
and Na+ returns to the rumen in the saliva, but less is excreted in the urine.

The intake of NaCl after thirst increases the Na+ concentration of the
rumen content (Wilson, 1966, 1967 and 1968; Warner and Stancy, 19726;
Wilson and Dudinski, 1973; Tomas et al., 1973). This results in an increase
of N a+ concentration of the urine. The parotid glands and the kidneys react
to this with a decrease of the secretion rate and thus the urinary Na+ excre-
tion does not change.

The water overcharge increases the quantity of the rumen content and
reduces the Na+ and K + concentrations in it. At the same time, the Na+ and
K + concentrations increase in the urine and their excretion increases, too.
Comparing our experimental results again we can establish that the intake
of electrolytes and water, or the thirst do not change significantly the isotonia
and isoionia, but they have a quick and significant effect on the electrolyte
concentration and on the secretion of saliva and urine. The NaCl loading
increases generally the Na+ concentration in the urine, as well as the urine
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flow, and it decreases the K + concentration in the urine and the secretion
of the saliva. Thirst redoubles salivary secretion, but decreases the diuresis.
Thirst is followed by an increase in the Na+ secretion in the saliva and by an
increase in N a+ excretion in the urine. The salt loading after thirst decreases
both the salivary secretion and the diuresis, as well as the Na+ secretion in
the saliva. The water overcharge increases the Na+ concentration in the
urine by the effect of rumen fluid increase and the excretion of Na+ increases
threefold in the urine.

The following conclusion can be drawn from our results: the change
of the osmotic pressure in the rumen influences the water and electrolyte
metabolism of the organism quickly and significantly.
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The effects of sexual steroids (17-/?-oestradiol alone and of its combination with pro-
gesterone and/or testosterone) on blood levels of total lipid, carotene and lipid-soluble vitamins
A and E were investigated in non-laying hens. During a treatment of four weeks, the plasma
levels of these compounds were measured weekly.

The total lipid content increased systematically in the groups treated with oestradiol,
and oestradiol -f- progesterone. The carotene level showed non-significant variations. The
vitamin E content of plasma increased significantly in the oestradiol-treated group at the
end of the first week of treatment. The retinyl ester level showed a peak in the second week
in the oestradiol-treated group. The changes in the retinol level were similar to those in
vitamin E.

Fat-soluble vitamins are important factors in poultry nutrition. The
requirement is difficult to determine because it depends on age, body mass
and sexual maturity.

The plasma levels of sexual steroids fluctuate during the ovarian cycle.
The effects of their changes extend to the vitamin transport as well. Effects
of sexual steroids on vitamin A transport were first published more than
30 years ago. Chapman (1947) found that in immature chicken the vitamin
A level in plasma increased after treatment with 17-/3-oestradiol. Mézes and
Bardos (1981) reported that 17-/?-oestradiol and progesterone increased plasma
vitamin A level in immature chickens. Sexual steroids are involved in lipo-
lytic activity as well (Gydrgy, 1947). The excessive deposition of liver lipid
is one of the side effects of oestrogens associated with the fatty-liver syndrome
in laying hens (Akiba et al., 1982).

Materials and methods

The experimental birds were 65 weeks old Tetra-SL laying-type hybrids
(Agricultural Combinate Babolna) which had reached the end of their laying
period. Non-laying hens were used to exclude the disturbing effects of endo-
genous changes in hormone production.
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Commercial food of laying hens and drinking water were available ad
libitum .

Intramuscular injections of 17-/?-oestradiol propionate, testosterone
phenylpropionate and progesterone (G. Richter Pharmaceutical Works, Buda-
pest) were given daily, dissolved in sterilized sunflower oil.

The animals were grouped as follows: Group 1, 1.5 mg oestradiol kg-1
body mass; Group 2, 1.0 mg oestradiol -j- 0.5 mg progesterone kg-1 body
mass; Group 3, 1.0 mg oestradiol -j- 0.5 mg testosterone kg-1 body mass;
Group 4, sterilized sunflower oil.

The treatment lasted four weeks. Blood was taken weekly from wing
vein into heparinized tubes.

The carotene content of plasma was measured according to McLaren
(1967). The vitamin A derivatives (retinol, retinyl esters) in the plasma were
separated by the method of Vahlquist (1974) and their quantity was measured
with trichloroacetic acid chromogen (Bardos, 1975). The retinyl ester content
was expressed in retinyl acetate, which was used as standard. The total lipid
content was measured turbidimetrically with Kunkel’s reagent (MOM, 1971).
Vitamin E was measured by the Emmerie-Engel reaction, using the method
of Bieri (1975).

Student’s t test was used for the statistical evaluation.

Results

The plasma levels of total lipid, carotene, retinol, retinyl and tocopherol
are presented in Table 1.

Significant differences were not found in the carotene level.

The vitamin A derivatives (retinol, retinyl esters) showed significant
differences only between Group 1 and Group 4. The retinol content in Group 1
increased significantly after one week of treatment (P <7 0.001) but dropped
to the control level after the third week. No differences could be observed in
Groups 2 and 3.

The retinyl ester level showed a peak at the end of the second week of
treatment (P m<0.001) in Group 1, but then it dropped to the control level.

The vitamin E level showed a significant (P << 0.001) increase at the
end of the first week, but decreased later.

The effective compound was 17-/?-oestradiol at the dose of 1.5 mg kg-1
body mass.

The total lipid content increased in both of Groups 1 and 2, but these
differences were significant only from the second week of treatment on.
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Table 1

Variations of plasma levels of lipid, carotene and vitamins A
and E in non-laying hens treated with sexual steroids

Day of Group Total lipid Carotene Retinol Retinyl Tocopherol
treatment No. ali mag/l WM/l A<M/ mM/1
1 X 56.48 1.07 2.87*** 0.83*** 2.50***
si 1238 0.33 0.49 0.09 0.32
2 X 40.70 1.30 0.51 1.26 0.91
h s+ 11.82 0.25 0.20 0.24 0.18
L 3 X 37.53 1.03 0.35 143 1.03
s+ 13.95 0.12 0.10 0.16 0.32
4 X 39.07 0.81 0.31 151 0.71
s+ 14.15 0.15 0.13 0.14 0.19
X 73.20%* 1.33 1.59* 3.67*** 2.41*
S + 9.44 0.24 0.55 1.23 0.53
2 X 63.30* 0.76 0.88 0.96 0.78
o st 6.07 0.31 0.29 0.17 0.23
lat x 5756 0.60 0.68 1.10 0.77
s+ 1211 0.17 0.29 0.37 0.26
X 44.70 0.88 0.56 0.81 1.18
si 1035 0.34 0.21 0.13 0.50
X 94.00** 1.22 0.51 0.83 1.27
s+ 3432 0.60 0.28 0.41 0.40
2 X 77.43* 0.73 0.50 1.23 0.66
s+ 2239 0.32 0.27 0.24 0.16
21st o x  80.02 0.95 0.31 1.21 0.72
s+ 37.75 0.40 0.10 0.53 0.18
X 49.52 0.66 0.55 0.99 0.93
S + 3.73 0.33 0.24 0.18 0.19
X 113.52** 0.87 0.41 0.96 0.68
1 s+ 12.09 0.27 0.16 0.29 0.16
X 108.00** 1.07 0.51 1.26 0.74
N 2 s+ 14.45 0.46 0.26 0.60 0.19
28t
X 93.60 1.07 0.53 1.05 0.72
3 s+ 19.93 0.30 0.21 0.23 0.11
X 63.47 1.03 0.41 1.19 0.60
4 s+ 13.27 0.38 0.17 0.13 0.23

In each group there were 10 animals.
*= P < 0.05 **= P< 0.01; *** = P < 0.001
Discussion

The present results agree well with the view that sexual steroids affect
not only the sexual organs (Knox, 1956), but also the transport of minerals
(Kemény et al., 1970), lipids (Gydrgy, 1947) and lipid-soluble vitamins (Chap-
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man, 1947; Mézes and Bardos, 1981). The observable variations of vitamin A
derivatives and vitamin E do not extend to the carotene transport. It seems
that the effect of sexual steroids, mainly 17-/?-oestradiol, is not a regulatory
function on the intestinal absorption of vitamin A and carotene, but increases
the mobilization of retinol from the liver and enhances the production of vita-
min A from carotenes. This enhance was detected by the increased plasma
retinyl ester content because this form of vitamin A is transported from the
intestinal epithelial cells to the liver. At the same time, plasma carotene
content did not change. The detected increase of vitamin E content shows
that the effect of sexual steroids extends, besides vitamin A, to other fat-
soluble compounds. This general non-specific effect was detected in the in-
crease of total plasma lipid content.

The variations in vitamins A and E and total lipid content were differ-
ent. The vitamin levels were significantly higher only in Group 1 while total
lipid content increased in Group 2 as well. It means that the changes in plasma
levels of vitamins A and E are dose-dependent of sexual steroids.
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Serum alkaline phosphatase, Ca, inorganic P and haematocrit values and erythrocyte
counts were determined in chicken, pheasant and quail embryos in the period preceding
hatching. The simple blood sampling technique described and the use of appropriate diagnostic
and biochemical micro-methods render possible the determination of several parameters from
the blood or serum of embryos.

The 1311 determinations reported may serve as reference values, previously missing
in the literature.

In toxicological studies on chemicals, among them pesticides, ecotoxico-
logical investigations occupy an important place. These are aimed at detect-
ing the toxic effects exerted on non-target animals. The last decade has seen
an increase in the number of publications reporting embryotoxic and terato-
genic effects of certain pesticides in avian (chicken, quail, pheasant) embryos.
These, primarily Japanese, French and American, publications have almost
exclusively dealt with the morphological aspects of the problem.

However, at the present time the studies on certain morphological and
functional relationships are also considered important. By their help a more
thorough understanding of the embryotoxic effects of the compounds and
of the mechanism of these effects can be achieved. In addition, the potential
perinatal (postnatal) hazards created by the materials examined can also be
evaluated with more certainty.

The present paper attempts to be of help for those undertaking embryo-
logical and teratological studies on avian embryos, including studies on the
changes occurring in certain blood and/or serum parameters.

Materials and methods

Fertile Japanese quail (Coturnix coturnix japonica), chicken (Shaver
Starcross 288) and pheasant (Phasianus colchicus mongolicus et torquatus) eggs
were used. Blood samples were withdrawn from quail, chicken and pheasant
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embryos on the 14th, 19th and 23rd day of incubation, respectively. After
having removed the calcic egg shell from a circumscribed area, we passed the
scissors’ tip through the shell membrane, into the blood vessel network of the
intact allantois. The appearing drop ofblood originating from the a. umbilicalis
was collected in heparinized glass capillaries (Varnagy, 1981). Haematocrit
values and erythrocyte counts were determined in several series of tests
(Béalint, 1963).

For biochemical studies, the cellular elements ofthe blood were separated
from the plasma. The capillary part containing the sedimented cells was cut
off, while the part containing the blood plasma was sealed airtight and stored
until use.

For the determination of serum alkaline phosphatase (SAP) enzyme
activity (Hausamen et al.,, 1967) a Satellite one-channel chemical analyser of
discrete system and an LKB Ultrolab System 7400 Calculating Absorptio-
meter were used. The determination was made at 404 nm. Ca and inorganic
P concentrations were determined (Richterich, 1971) by using a semi-auto-
matic Spektromom 410 Modul S and the above LKB devices. Ca was deter-
mined at 570 and 584 nm, while inorganic P at 600 and 658 nm. La Roche
1028 and 1023, and Galenopharm reagents were used throughout the above
determinations.

Results

A total of 1311 blood and serum samples obtained from embryos of the
three avian species were examined for three parameters. Detailed data are
given in Tables I and Il. The SAP activities of the quail and the chicken
embryo were similar, while for pheasant embryos a slightly higher mean SAP
value was obtained. The mean Ca values were almost identical for pheasant
and quail embryos, while in chicken embryos a somewhat lower value was
found. Chicken and pheasant embryos showed nearly identical, while quail
embryos had slightly higher, inorganic P values.

Table 1

Some serum parameters of chicken, pheasant and quail embryos (x 4; S.D.)

Parameter Chicken Pheasant Quail
SAP (U/l) 756+ 217 n= 59 931+ 169 n= 101 734+ 180 n=61
Ca (mmol/1) 188+ 048 n= 71 267+ 044 n= 102 2.66 + 056 n= 61

Inorganic P (mmol/1) 244 + 067 n= 76 234+ 065 n= 104 3.01 + 087 n= 61

n = number of samples
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Table 11

Some blood parameters of chicken, pheasant and quail embryos (x H S.D.)

Parameter Chicken Pheasant Quail
Haematocrit value 0.2870 + 0.0110 0.3006 + 0.0290 0.2198 + 0.0485
n= 148 n = 180 n= 186
Erythrocyte count 2.92 + 0.32 2.39 + 0.66 1.45 + 0.37
(1012/1) n=26 n=27 n= 48

n = number of samples

Haematocrit values were the lowest in quail, and the highest in pheas-
ant embryos, chicken embryos showed an intermediate value. Lowest and
highest mean erythrocyte counts were found in quail and chicken embryos,
respectively.

Discussion

The blood sampling technique described above was found to be reliable
and reproducible. In the period preceding hatch-out the blood vessels of the
chicken embryo are well-developed (Kovacs and Fehér, 1966; Romanoff, 1960)
and the volume of its blood is considerable. The allantoic membrane of quail
and pheasant embryos also contains well-developed blood vessels (Varnagy,
1981), from which blood can easily be withdrawn by puncture at the end of
the incubation.

Examination of the embryonic skeleton occupies an important position
in teratological studies. The Ca content of the chicken embryo as a function
of incubation time was studied by Romanoff (1967). At the time chosen by us,
both the Ca and the inorganic P concentrations of the serum can easily be
determined. Since the osteoblasts having an important role in bone develop-
ment are also involved in the synthesis of SAP, the SAP value can he con-
sidered indicative of the actual osteoblast activity.

From blood and serum collected in heparinized glass capillaries, certain
serum parameters can be determined by micro-methods using automatic
analysers (Satellite, LKB) (Bartalits et al., 1978; Toshijuki, 1979). The amount
of blood obtainable by this sampling procedure varies between species; usually
it is between 100 and 500 [A, a volume sufficient for the determination of
several parameters.

By describing the above blood sampling technique, determination
methods and experimental data, the present paper attempts to be of use for
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research workers interested in avian embryology, particularly in teratological
problems. It also supplies some previously missing haematologic and bio-

chemical data.
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Serum creatine phosphokinase (CPK) and lactate dehydrogenase (LDH) enzyme acti-
vities were studied in pigs slaughtered either immediately after their arrival at the abattoir
following careful transportation to a distance of 35 km, or after having been exercised on a
350 m long course. The studies were extended to pigs transported in the summer, autumn and
winter periods, and both hybrid pigs and those of a simple crossing were studied.

The season and the ambient temperature wEre found to influence the serum parameters
studied. The lowest (i.e. the most advantageous) enzyme activities were observed in pigs trans-
ported in October, while the highest (least advantageous) values in those transported in January
and February.

The adverse effect manifested itself not only in altered average values within the groups
but also in the particularly high enzyme activities found in some individuals.

The exercise between transportation and slaughtering, as an additional stress, failed
to induce demonstrable changes in the parameters studied.

No breed differences were found in the parameters of blood withdrawn from pigs in
the same season and under similar circumstances. Thus, no differences in stress susceptibility
could be established on this basis.

The increased stress susceptibility of pig breeds selected for high meat
production and growth rate, the occurrence of porcine stress syndrome (PSS)
and of pale, soft, exudative (PSE) and dark, firm, dry (DFD) meat cause
more and more trouble for both producers and pork industry.

Animals of increased stress susceptibility hardly tolerate moderate
physical exercise, transportation, unfamiliar environmental factors, and they
may respond to a moderate stress with death. Their muscles show enhanced
anaerobic metabolic activity, the amount of lactic acid and the body tempera-
ture increase, and muscle spasms occur. Several authors (Bickhardt et al.,
1977; Ludvigsen, 1980; Ollivier et al., 1975; Steinhardt et al., 1975) suggest
that the low stress tolerance is correlated with the decreased capacity for
aerobic energy production, while the temperature rise is primarily due to the
aerobic metabolism of muscles, and only to a lesser extent to the anaerobic
processes (Lister et al., 1976).

Stress susceptibility is of hereditary nature (Hwang et al., 1978; Ollivier
et al., 1975; Schmidt et al., 1970; Schmitten and Schepers, 1979; Schulman,
1980; Webb, 1980). Factors other than genetic have also been incriminated,
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e.g. weather conditions on the day of slaughter and on the day preceding it,
have been shown to influence meat quality in 10%. The distance of trans-
portation and the effects exerted on the animal at the abattoir influence the
frequency of PSE/DFD meat in 15-17%. If the pigs are kept waiting at the
abattoir too long before slaughter, this results in the evolution of DFD meat.
On the other hand, a too short preslaughter waiting period leads to PSE meat.

In addition to the above factors, the managemental and keepingtechnol-
ogy is also known to have a significant influence on the development of stress
susceptibility and substandard meat quality (Szilagyi and B. Kovacs, 1979;
Szilagyi and Takacs, 1981; Szilagyi et al., 1981).

The present investigations were undertaken to determine the influence
of transportation under different weather conditions and at different tempera-
tures, and of the additional physical exercise performed immediately after
transportation and before slaughter, on certain serum parameters and stress
susceptibility of the two pig breeds studied.

Materials and methods

A total of 174 hybrid and Hungarian Large White X Dutch Landrace F-1
pigs were used. The pigs were transported to the abattoir (to a distance of
35 km) by motor trucks in July, October or January. Half of the animals

Table 1

CPK and LDH enzyme activities (U/l) in sera of hybrid and
crossbred pigs exposed to different preslaughter stress conditions

Temperature
Date of at trans- Number CPK LDH
transportation portation of pigs u/ u/l
°C

Hybrid pigs July 10 17 18 341 + 102 346 + 68
slaughtered after exercise October 9 4 14 183 + 34 347 + 81
January 22 —8 18 612 + 416 463 + 98
slaughtered immediately July 24 17 16 285 + 63 310 + 65
after arrival October 23 —4 12 371 + 95 384 + 79
Crossbred pigs August 5 19 16 320 + 98 342 + 65
slaughtered after exercise October 2 2 14 238 £+ 103 295 + 54
January 29 —10 18 560 + 327 456 + 88
slaughtered immediately July 17 15 16 329 + 88 390 + 44
after arrival October 16 7 16 243 + 45 269 = 70
February 12 -6 16 449 + 348 429 + 91

Acta Veterinaria Ac.idemiae Scientiarum Hungaricae 30, 1982



EFFECT OF PRESLAUGHTER FACTORS ON SERUM ENZYME ACTIVITIES IN PIGS 223

were slaughtered immediately after arrival at the abattoir, while the remain-
ing pigs after having been exercised on a distance of 350 m.

Blood samples were taken at slaughtering. The serum activities of
creatine phosphokinase (CPK, EC 2.7.3.2) and lactate dehydrogenase (LDH,
EC 1.1.1.27) were determined. Enzyme activity was determined by the Boeh-
ringer test collection (CPK activity was determined by an *“activated mono-
test”, while LDH activity by an “optimized standard method”). The results
were evaluated by analysis of variance.

Results

CPK and LDH enzyme activities found in the serum of pigs exposed
to different preslaughter effects are shown in Table I, while the results obtain-
ed by analysis of variance in Tables Il and III.

The lowest enzyme activities were usually observed in sera of pigs trans-
ported in October, while both enzymes consistently showed the highest
activity in sera of pigs transported in the winter months.

Table 11

CPK enzyme activity (U/l) in sera of hybrid and
crossbred pigs exposed to different preslaughter effects

Season
Treatment Average
summer autumn winter
Hybrid pigs
exercised 341 183 612 379
not exercised 285 371 — 328
Crossbred pigs
exercised 320 238 560 373
not exercised 329 243 449 340
Average 319 259 540
Mean values (x) for
Hybrid pigs 313 277 612 354
Crossbred pigs 324 240 504 356
Exercised pigs 330 210 586 375%**
Non-exercised pigs 307 307 449 334

The difference between averages for seasons is 102 (S.D. = 1%); the value of interrela-
tionship between treatment and season is 66 (S.D. = 10%).
*** = P < 0.001.
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Table 111

LDH enzyme activity (U/l) in sera of hybrid and
crossbred pigs exposed to different preslaughter effects

Season
Treatment . Average
summer autumn winter
Hybrid pigs
exercised 346 347 463 385
not exercised 310 384 — 347
Crossbred pigs
exercised 342 295 456 365
not exercised 390 269 428 362
Average 347 324 449
Mean values (x) for
Hybrid pigs 328 365 463 366
Crossbred pigs 366 282 442 363
Exercised pigs 344 321 460 370
Non-exercised pigs 350 326 428 368

The difference between the averages for seasons is 33 (S.D. = 1%).

The enzyme activities of hybrid and crossbred swine transported in the
same season were nearly the same. No considerable differences were demon-
strable between serum parameters of pigs slaughtered immediately after
transportation and of those subjected to exercise after transportation and
prior to slaughter.

Discussion

Due to their characteristic function, muscles contain a number of en-
zymes catalysing processes associated with energy generation or deposition,
or oxidation-reduction. From muscle cells suffering damages of various origin,
these enzymes getinto the extracellular space, thus resulting in altered enzyme
activities of the blood serum (Kolb, 1979).

Therefore, rises in serum enzyme activities primarily indicate muscle
damage and stress susceptibility (Addis et al., 1974; Bickhardt et al., 1977;
Szilagyi and Felkai, 1978). Increased muscle work also leads to a rise in the
activity of these enzymes.

In the present work, the highest CPK and LDH activities were found
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in pigs transported in the winter months. The ambient temperature averaged
—8 °C at the time of transportation. Temperature has been reported to have
a role as a stress factor (Reddy et al., 1971). The unfavourable effect of trans-
portation in the summer months, at higher temperatures (17 °C) is also ex-
pressed in the average values of the enzymes studied. On the other hand,
in January and February the effect of temperature is exerted in a different
manner. At low temperatures the animals obviously feel cold, and the result-
ing shivering and enhanced muscular exertion lead to increased enzyme
activities (P <7 0.01). Relatively high CPK and LDH activities were found
in sera of pigs transported on an extraordinarily cold autumnal day, October
23 (mean temperature for the time of transportation, —4 °C). The high values
of standard deviation indicated that some pigs were particularly sensitive
to cold stress.

In the CPK activity the interrelationship of macroclimate and exercise
(P < 0.1) was expressed. In addition to the seasonal effect, the exercise was
demonstrated to enhance serum enzyme activities (at the level ofP < 0.01).
Upon exposure of pigs to cold, LDH activity increased significantly (P <[ 0.01),
as compared to the other two seasons. This was also related to enhanced heat
production and muscular trembling caused by transportation at low tem-
peratures.

In pigs subjected to load, metabolic activity and flux of substrates
through cellular membranes are enhanced due to hormonal influence. The flow
of enzymes also corresponds to the concentration decrease (Lengerken and
Pfeiffer, 1977). The altered cellular energy balance due to load results in in-
creased permeability of the cell membranes. Therefore, certain authors (Donath
and Strauzenberg, 1975) are of the opinion that changes in plasma enzyme
activities fail to give primary information on the actual status of metabolism;
these changes indicate only structural alterations due to the effect of altered
intracellular energy balance. In such cases, primarily enzymes of skeletal
muscle, heart and liver origin show concentration rises.

The effect of the additional physical load, the exercise of animals after
arrival at the abattoir and prior to slaughter, on serum parameters could not
be determined consistently. Although several authors (Berschneider and
W ilsdorf, 1976; j orgensen and Hyldgaard-Jensen, 1975; Laiblin and Jaeschke,
1979; Lowe et al., 1977) reported increased CPK and LDH activities upon
intensive muscle work, e.g. exercise, these results were obtained in animals
that had been forced to make only minimal muscular exertion. In the present
case, the pigs were transported by motor trucks, thus, from the viewpoint
of enzyme activity, forced moving did not prove to be an excessive physical
load, as compared with the stress represented by loading and unloading.

Serum parameters of hybrid and crossbred pigs transported and slaugh-
tered under similar conditions gave consistent values.
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Forty-four artificial insemination (A. 1.) bulls of the Hungarian Fleckvieh breed were
divided into two groups according to their reproductive records (semen picture, freezability
and fertility). Seminal plasma glutamic-oxalaeetic transaminase (GOT), glutamic-pyruvic
transaminase (GPT) and hyaluronidase enzyme activities were examined and correlated with
the semen picture. GOT and GPT activities were measured, while the hyaluronidase enzyme
was estimated by an immunodiffusion technique with rabbit anti-hyaluronidase serum. All the

three enzyme values were higher in the seminal plasma of the bulls of poor reproductive quality
than in that of the excellent bulls.

Different theories have been advanced concerning the site of action of
the seminal plasma, which was considered a poor medium for storage of
spermatozoa. The spermatozoa of most animal species survive only for a short
time in it (Salisbury and Lodge, 1962). This is remarkable, for the composition
of bull semen and seminal plasma was thought to provide valuable informa-
tion for investigators interested in preservation methods. Certain parameters
have been studied comparatively. The GOT content in epididymal and seminal
plasma showed direct correlation to the sperm concentration (Einarsson, 1971).
This is of special interest, for GOT being an enzyme of intracellular origin,
its level in the plasma must reflect the degree of the injury in the spermatozoa.
The GOT enzyme level was found to be lower in the seminal plasma than in
the sperm, while the GPT enzyme activity is somewhat higher in the seminal
plasma than in the sperm. No real difference was found between the cauda
epididymidis and the ejaculate (Einarsson et al., 1970). In earlier investiga-
tions into the role of the testicular hyaluronidase, the dispersal activity of this
enzyme prompted several workers to postulate that denudation of the ovum
was a necessary antecedent to the penetration of the spermatozoon into it.
On this basis, other workers reported that either direct or indirect addition
of hyaluronidase preparation to the semen promoted fertility in artificial in-
semination. It has been found that in animals, such as the rabbit, in which
the cumulus cell mass is not dispersed before fertilization, hyaluronidase
released by spermatozoa may aid penetration through this layer (Austin, 1960).
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In animals, e.g. the sheep, in which the cumulus cells are dispersed before
fertilization, there is hardly any evidence for the presence of hyaluronidase
in the acrosome.

Foulkes and Watson (1975) showed that sperm damage is due to loss
of acrosomal integrity. The increase in hyaluronidase activity in the seminal
plasma from the diluted semen after freezing and thawing suggests that acro-
somal damage had occurred at this stage and it might be inferred that those
samples demonstrating a larger increase in the total hyaluronidase activity
would exhibit lower fertility. The purpose of this investigation was to study
the normal enzyme levels of the seminal plasma, in relation to semen quality.
We assumed that the enzyme levels might provide parameters useful in
choosing semen samples for storage.

Materials and methods

Semen samples were collected from 44 A.l. bull sires of the Hungarian
Fleckvieh breed. The animals were used as semen donors at the state farm
of the Artificial Insemination Centre of Budapest. The animals were divided
into two groups on the basis of their reproductive record and, after 10 weeks,
on the basis of their clinical examination.

Group 1 included 20 bulls of excellent semen quality, characters and
deep-freezing ability. Group 2 included 24 bulls of poor semen quality. Semen
samples were considered to be of poor quality if their clinical parameters
showed values unacceptable for using the samples as fresh or stored sper-
matozoa. This means samples of low fresh motility, low sperm concentra-
tion, high incidence of abnormal spermatozoa, low sperm motility after deep-
freezing and thawing. The bulls of such semen samples displayed low fertil-
ity. Seminal plasma samples were separated by centrifuging the bulls’ semen
samples at 3000 g for 10 min and were immediately used for enzyme assays.
GOT and GPT enzymes were measured with colorimetric methods at 546 nm.
Hyaluronidase enzyme was estimated by an immunodiffusion method.

Composition of the agarose medium:

Phosphate buffer of pH 6.0 50 mM
Sodium chloride 0.25 M
Agarose gel 1%

Hyaluronic acid, 1 mg/ml was added to the medium after the latter had been
boiled, and cooled to 55 °C.

To obtain monospecific antiserum to bovine hyaluronidase, we employed
an improved procedure. From several plates in which rabbit antiserum formed
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precipitate with bovine hyaluronidase, the precipitate lines were cut out and
emulsified with complete Freund’s adjuvant. Rabbits were immunized with
this emulsion. The antiserum obtained from rabbits was better than the
original one.

The immunodiffusion reaction was carried out on 76x51 mm slides.
Three ml of the agarose gel and 50 (til antiserum were used on each slide. Each
sample was examined in three wells, viz., undiluted, and diluted 1:2 and
1:4. In a further well, a reference sample and in another a pool of seminal
plasma samples collected from normal bulls were placed (standard reaction).
The slides were placed in a polystyrene box containing cotton saturated with
water, and kept at room temperature for 24 h. The diameters expressed in
millimetre were compared with the corresponding standard reaction, which
was 11.5, 9.4 and 7.8 mm on the average (sum: 28.7) for the 1:1, 1:2 and
1 : 4 dilutions of the standard pool, respectively. The data within both groups
were subjected to analysis of variance.

Results

All three enzymes determined in the fresh seminal plasma significantly
differed (P <[ 0.001) between the two groups of semen. The mean ~S.D. for
the GOT and GPT values were 273.75759.55 U/l and 64.50+22.86 U/I, res-
pectively, for the group of good semen quality (group 1) and 399.16797.68
U/l and 149.33795.32 U/l for the group of poor semen quality (group 2),
respectively (Tables | and I1).

The hyaluronidase immunodiffusion reactions extended to 12, 10, and
8 mm diameter (sum, 30 mm) in group 1 and 16, 12 and 9 mm (sum, 37 mm)
in group 2. Expressed the sums in per cent of the sum of the standard reac-
tions (28.7 mm), the hyaluronidase reaction was 104% for group 1 and 129%
for group 2. The group of excellent semen quality showed highly significantly
better results than the group of bad semen quality (Table II1).

Discussion

Bulls’ semen and seminal plasma analysis is of major importance for
many scientists in their studies on male reproductive processes and in evalua-
tion of spermatozoa before using them for storage and artificial insemination
purpose. It must be emphasized that seminal plasma analysis can give valu-
able information not only on semen quality, but also on the secretory function
of the accessory genital glands. Investigations into the enzymes examined in
the present study have been reported by several authors and the results have
been related to sperm motility (Austin, 1960). The present results are directly
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Table |
GOT, GPT and hyaluronidase enzyme activities in groups of bulls with good and
bad semen
Bulls of good semen (ni = 20) Bulls of bad semen (n = 24)
Hyaluronidase* Hyaluronidase*
ifi 12 1/4 ﬁ% (GJ/B ifi 12 1/4 %L(J)/B %&IT)
dilution dilution
12 10 8 150 15 16 " 8 350 50
14 1 9 250 56 15 12 9 370 69
12 10 8 240 70 14 12 9 340 180
1 9 7 290 60 15 1 8 480 125
12 10 9 185 50 16 n 8 370 80
12 9 8 250 50 15 12 10 450 285
13 1 9 320 120 16 12 8 740 500
14 1 9 310 45 17 13 1 350 160
1 9 7 150 45 15 1 9 380 100
12 10 8 310 50 16 12 10 210 150
11 9 8 370 80 16 1 10 335 245
13 1 8 300 84 16 12 9 490 115
11 9 7 300 95 16 12 8 390 140
12 10 8 285 40 15 12 9 300 200
11 10 8 350 85 16 12 10 370 105
12 10 8 295 75 18 13 10 350 75
1 9 7 350 70 16 12 8 410 130
14 1 9 250 80 18 13 9 335 130
10 10 7 290 60 17 13 9 420 240
12 1 8 250 55 17 13 9 385 95
16 12 8 445 80
18 13 10 480 120
15 1 8 350 100
15 12 9 480 114
X 12 10 8 273.75 64.50 16 12 9 399.16  149.33
SD *1.55 1.27 1.08 59.55 22.86 2.01 112 1.63 97.68 95.32

* Hyaluronidase values are expressed as the diameter of the immunodiffusion ring (mm).

comparable with sperm viability and storability. Besides, it should be noted
that the fertility and freezability of sperm was found to be affected by the
great loss of these enzymes from sperm head, which takes place during pre-
paration for use in artificial insemination.
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Table 11

GOT, GPT and hyaluronidase enzyme activities in seminal plasma,
and clinical parameters of bull semen

Bull semen quality

Parameters

Group t%Hesxcellem Grou;éutljlg poor
Seminal plasma enzymes studied
GOT (U/l) 273.75 399.16
GPT (U/l) 64.50 149.33
Hyaluronidase (mm) 12/10/8 16/12/9
Laboratory clinical parameters (mean + S.D.)
pH 6.4+ 0.13 6.3+ 0.17
Volume (ml) 6.0+ 3.8 40+ 058
Sperm count ( X109ml) 14+ 0.17 09+ 042
Abnormal sperm (%) 21.0+ 126 33.0 + 104
Motility (%) 68.0+ 6.4 59.0 + 131
Motility after rethawing (%) 43.0+ 87 380+ 45
Fertility (%) 49.0+ 8.1 38.0 + 145

Table 111

Analysis of variance of semen characteristics between groups of bulls
with excellent and poor semen quality

Motility
Concentra- Abnormal ili i ili
Treatment pH VorI#me tion sperm Moé}lny %ifetgy;-f%egl-n Fel‘é}hty
X 108ml % ° ing and
thawing
Between Groups
1 and 2 N.S. N.S. P< 0001 P< 0001 P< 0001 P < 0.001 P < 0.001

N. S. = not significant; P < 0.001 = highly significant.

The results of William (1972) are in good accordance with our present
results that hyaluronidase is structurally inactivated by being bound in or
under the plasma membrane. A chemical agent or an event, such as sperm
death, that labilizes membranes, releases enzymes into the surrounding medium
(seminal plasma). The present results agree well with the results of Foulkes
and Watson, 1975, Zaneveld et al., 1973, Erickson and Krzanowska, 1974,
Gould and Bernstein, 1973, that sperm damage means loss of acrosomal
integrity. The increase in the concentration of hyaluronidase and other sub-
stances in the seminal plasma indicates that acrosomal damage had occurred
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at this stage. On the other hand, high level of these enzymes in seminal plasma
can be considered an indicator of damaged sperm cells. Morton (1975) showed
that hyaluronidase and proteolytic enzymes are the best-characterized penetra-
tion enzymes and it seemed possible that strain-specific variations in their
activities might be related to the different fertility.

The experiments described above are an extension of the study by
Foulkes and Watson (1975) and were designed to develop a new simple tech-
nique. Since many procedures for processing liquid semen have been utilized,
in part for frozen semen without further testing sperm motility, acrosome
morphology, oxygen utilization and enzyme activities before cooling, after
cooling to 5 °C, before freezing and after freezing and thawing, we considered
necessary to measure all these parameters. We conclude that the determination
of the above enzymes in the seminal plasma provides far better standard
parameters for evaluating A.l. bulls’ spermatozoa and to detect the delicate
sperm which are not suitable for storage and deep-freezing processes,
parameters which are valuable in male fertility control.

The entire and accurate system of A.l. bulls’ semen handling in straws
and deep-freezing processes should be tested in field trials in order to ensure
optimum fertility with this method. The author strongly suggests that these
enzymes are needed for moving of the sperm cell and fertilizing the ovum,
therefore, must be checked regularly especially in semen samples to be used
for artificial insemination and storage. The values of these enzymes can in-
form us about the condition of sperm cells more clearly than a lot of param-
eters and factors used for controlling and evaluating semen. An increased
activity of these enzymes in the surrounding medium means that (i) the
sperm has lost its fertilizing ability, (ii) the sperm has become abnormal,
(iii) the sperm has been damaged or lost its acrosomal integrity, (iv) the
sperm ultrastructure has changed, (v) the sperm has died, or (vi) the sperm
has lost its normal shape, morphology and contents. All these explain the
importance of determining these enzymes in the evaluation of semen for
storage and artificial insemination.
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A deeper understanding of the physiology, pathophysiology and morphology of the
male genital tract and spermatozoal structure can give us a better chance to diagnose and
treat dysfunctions in this organ system and also a basis for rational research on new means to
control male fertility.

One hundred A. 1. bull sires of Hungarian Fleckvieh breed were used in this study.
The changes of the acrosome picture were scored using the method of acrosome score types
0-3 in different stages, viz. (A) fresh semen without treatment, (B) semen diluted and equi-
librated for 3¥2 h, (C) semen frozen at —196 °C and thawed at 46 °C for 1 h, and (D) semen
frozen at —196 °C, stored in liquid nitrogen for 24 h and rethawed. The number of defective
spermatozoa and acrosome disruption increased under the freezing conditions. There was a
positive correlation between acrosome picture and sperm motility, motility after thawing and
fertility. Acrosomal structures can be estimated by the simple and rapid acrosome score techni-
que which can be used in routine semen evaluation, sperm behaviour, sperm freezability and
fertility control as a further criterion and excellent light-microscopic parameter. This parameter
is accurate and sensitive enough for controlling the normality of the cells.

Frozen semen of many animal species has proved to be less fertile than
fresh semen even if 60 to 70 per cent of the spermatozoa may remain motile
after freezing and thawing. It seemed, therefore, to be justified looking for
additional parameters, first of all morphological in nature.

Moench (1931), Williams (1964), Eliasson and Treichl (1971), Eliasson
(1975) and W atson (1975) established that the morphology of spermatozoa is
an important parameter in the routine evaluation of male fertility. A few
reports have mentioned sterility of bulls which in their sperm population
showed a dominant morphological defect located mainly or exclusively in
the sperm tail (Blom and Birch-Andersen, 1966).

Coulter and Foote (1975) concluded that the ability of sperm to survive
at body temperature after freezing and thawing decreases from stage to stage
of semen processing. Acrosome damage increased at each successive stage.
These observations prompted researchers interested in artificial insemination
projects to pay attention to light- and electron-microscopic changes of the
sperm head (Veres and Ocsényi, 1968a, b, ¢, 1973; Veres et al., 1972; Ocsényi
and Veres, 1968).
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Materials and methods

Bulls. The semen donors were 100 A. I. bull sires of Hungarian Fleckvieh
breed used in the Artificial Insemination Centre. The parameters of the semen
quality of the bulls were recorded (pH, volume, sperm count, abnormalities,
progressive motility, motility after thawing, and fertility). The investigations
of sperm head and acrosome in the present study included the changes of
the acrosome picture in different steps of deep-freezing.

Samples. Semen samples were collected by the means of artificial vagina.
All clinical parameters of semen were examined and then every ejaculate was
diluted according to its spermatozoa concentration (x 10 9ml) in buffered egg
yolk-glucose diluent, by using routine procedures of semen deep-freezing as
performed at the Artificial Insemination Centre, G6doll6.

The diluted semen was equilibrated for 3 1/2 h to 4 °C and then sealed
in artificial straws (0.25 ml) by an automatic machine. The straws were frozen
to — 120 °C (9 min) in liquid nitrogen and transferred for storage at —196 °C
into liquid nitrogen containers. From each diluted semen some samples
(straws) were chosen and thawed in a water bath of46 °C. Spermatozoa motility
was recorded immediately and after 1 h.

Acrosomal structures were investigated during the chilling and deep-
freezing procedures as follows. A drop of diluted semen was smeared on a slide
and dried in a current of warm air. From every bull semen sample, 4 smears
were prepared: (A) a drop of diluted fresh semen; (B) a drop of diluted semen
after being equilibrated for 3 1/2 h; (C) a drop of diluted semen frozen at
— 196 °C for 9 min and then thawed at 46 °C for 1 h; and (D) a drop of diluted
semen frozen at — 196 °C, stored in liquid nitrogen for 24 h and thawed.
The smears were immersed in buffered 10% formalin for 20 min and then
washed in running tap-water for 30 min. Subsequently, the slide smears were
transferred into buffered 10% tannic acid for 5 min and washed once more
in running tap-water for 10 min. Finally, the slide smears were dried and then
immersed in buffered 3% Giemsa solution for 100 min, rinsed briefly in distil-
led water and dried. Stained spermatozoa were examined randomly with a
light microscope (see Legends to the figures). A subjective scoring (W atson,
1975) was used for evaluating the progressive disruption of acrosomes. The
score ranged from 0 (undamaged acrosomes) to 3 (severely damaged or com-
pletely lost acrosomes) (Figs 1-4). The percentage of normal acrosomes was
calculated for 10 spermatozoa selected at random on each slide. The mean
score for 10 spermatozoa on each slide was used in the analysis of the results.
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Fig. 1. Line drawing of sperm acrosome picture (score 0, normal acrosome). Light micrographs
of A. I. bulls’ spermatozoa acrosomes (normal acrosome, score 0). Phase contrast x 1350

Fig. 2. Line drawing of sperm acrosome picture (score 1, damaged acrosome). Light micro-
graphs of A. I. bulls’ spermatozoa acrosomes (score 1). Phase contrast X1350
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Fig. 3. Line drawing of sperm acrosome picture (score 2, completely damaged acrosome).
Light micrographs of A. 1. bulls’ spermatozoa acrosomes (score 2, completely damaged
acrosomes). Phase contrast X 1350

Fig. 4. Line drawing of sperm acrosome picture (score 3, sperm with complete loss of acrosome).
Light micrographs of A. I. bulls’ spermatozoa acrosomes (score 3, sperm with complete loss
of acrosome). Phase contrast X 1350
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Results

The percentage distribution of scores calculated for smears of fresh
spermatozoa is shown in Table I. In the semen of most bulls, the proportion
of normal sperm acrosomes was 91% (undamaged acrosomes, 0). When semen
had been equilibrated for 3 1/2 h (stage B), the acrosome score showed 87%
normal sperm acrosomes. Frozen-thawed spermatozoa acrosome (stage C)
showed a highly significant change in the frequency of normal acrosomes.
Spermatozoa stored in the frozen state for 24 h (stage D) were not significantly
different in distribution from C-stage spermatozoa, but highly significantly
(P <C0.001) differed from spermatozoa of stages A and B (Table I).

Table 1

Percentage distribution of acrosomes of A. I. bulls’ spermatozoa,
sampled in stages A-D

Acrosome score %

Treatment 0 1 ? s
A 91 6 2
B 87 9* 3 1
C 67** 11* 13* 9*
D 71** 10* ™ 12*

*significant (P < 0.05).
** highly significant (P < 0.01).

Table 11

The effect of acrosome score (0-3) of bull spermatozoa on semen characteristics during
and after the freezing processes

Semen quality

Treatment M Motility M awing Fertility

% % %

A Acrosome score (0) 90 72 41 47.4
Acrosome score (1-3) 10 64* 36* 37.5*

B Acrosome score (0) 85 65 40 49.6
Acrosome score (1-3) 15 61.5 37.2* 43.4*

C Acrosome score (0) 69 62 45 51.6
Acrosome score (1-3) 31 55* 30** 38.0**

D Acrosome score (0) 65 65 40 49.3
Acrosome score (1-3) 35 60* 34.5* 37.2**

*significant (P < 0.05).
** highly significant (P < 0.01).
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The results clearly show that the frequency of defective spermatozoa
and of acrosome disruption increased under the freezing conditions. There
was a significant decline of sperm motility during the freezing processes, and
the significant result obtained regarding the sperm acrosome score is of special
interest. The samples of normal acrosome picture were highly significantly
more fertile than the samples showing acrosomes of scores 1-3.

From the results shown in Table Il a positive correlation was established
between the stage of disruption of acrosomes and sperm fertility.

Discussion

It has long been suggested that the morphology of spermatozoa is an
important parameter in the routine evaluation of male fertility (Eliasson,
1975). The morphology of bull spermatozoa is well-known. Many different
types of spermatozoa have been described in detail but the acrosome changes
in different phases of freezing in liquid nitrogen and thawing have not been
investigated so far.

Acrosome formation begins very early in spermatogenesis and shows
configurational changes that continue in spermatozoa passing through the
epididymis. The plasma membrane overlaying the acrosome has been a sub-
ject of interest in recent years. Watson and Martin (1972) succeeded in classify-
ing the state of the acrosomal structures reproducibly. In their studies, freez-
ing was accompanied by a progressive derangement of the acrosome. Our
present observations have confirmed these results. The decline in staining
intensity and in contrast after freezing (Watson, 1975) may indicate loss of
stainable material from the membranes or the contents of the acrosome and
would, therefore, be further evidence of acrosomal damage. The present results
of the decline of sperm motility and motility after thawing, and the highly
significant decrease of fertility prove the suggestion of Watson and Martin
(1972) and Watson (1975), and the results obtained by us (Moustafa A. R.
Ibrahim, 1979, 1980) on the release of some chemical substances and enzymes
into the surrounding medium as indication of acrosomal damage. The fertility
of frozen spermatozoa is probably influenced by several factors, among them
the survival of spermatozoa in the dilutions, during freezing processes and
in the reproductive tract. The acrosome scoring used by us is suitable for
evaluating the harmful effects of the diluents, glycerolation, semen handling,
equilibration time needed for the sperm of different species to survive in
diluents, and of temperature treatments during frozen storage.

The present results agree with those of Claus (1976) who showed that
the increasing concentrations of dimethyl sulphoxide (DMSO) between 2% and
10% in the extender caused a significant increase in motility and a significant
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drop in the proportion of normal acrosomes. Testing NAR (normal apical
ridge) in frozen semen does allow a better prediction of the later fertilizing
capacity than MOT (motility) does. These facts confirm our finding that acro-
some scores (0-3) may be used as a parameter better than motility control
for sperm fertility. Carlos (1975) proved the importance of the microscopic
examination of acrosome morphology for finding the optimum diluent con-
centration for the protection of acrosomal structure. We conclude that, by
light microscopy, the integrity of the acrosomes can be assessed, and the
technique of acrosome scoring is useful for estimating the state of the acro-
some structure. The method can be used in routine semen evaluation as
a further criterion, independent of motility, of the intactness of the cells. It is
also a good criterion for assessing the abnormalities of the acrosome reaction
under several conditions.

We suggest that these results and methods can be useful in further studies
on sperm maturation, capacitation and fertilization, and for detecting acro-
somal changes and defective acrosomes.
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Boar semen was obtained by the hand method from 50 boars, descendants of four sires
(Duroc, Estonian, GDR Lowland and German Oves boars). In the breeding period of 1979,
1218 doses of deep-frozen boar sperm were made from 190 ejaculates in special rubber tubes
(artificial straws). For deep-freezing, 11% lactose solution was used as diluent, then 0.1%
skimmed milk-powder and freeze-protective (cryoprotective) materials, glycerol and Orvus
Es Paste were added. The deep-frozen sperm was thawed in water bath of 52 °C for 52 s, while
the sperm warmed up to 20 °C, then it was diluted in thawing liquids (Beltsville or OLEP
Liquid), and sows were inseminated. Pregnancy was determined by ultrasound 40 days after
insemination. Of the 397 sows inseminated with deep-frozen boar semen, 184 (46.3%) farrowed,
with an average litter size of nine pigs. The morphology of the boar sperm head was examined
before and after deep-freezing, using light and electron microscope. Significant differences
were observed with respect to age and sire.

Polge et al. (1970) applied the technology of bovine sperm freezing to
the freezing of boar sperm. The thawing results were remarkable (25 to 30%).
The main aim of research conducted by other authors (Roy, 1955; Bane, 1959;
Baier, 1962; Bader, 1964; Rostéi, 1976) was to determine the optimum equi-
libration time of sperm to freezing. The materials used for conservation were
considered to be suitable even for deep-freezing and for durable storage of
diluted centrifuged sperm. Plastic tubes or glass ampoules were used for
storing deep-frozen boar sperm, but these technologies showed no improve-
ment (Carbo and Einarsson, 1971; Boehnke, 1973). Since 1970, boar sperm
has been deep-frozen in granulated (pelleted) form (Einarsson et al., 1971;
Graham et al., 1971; Rohloff and Allmelling, 1971; Paquignon et al., 1972;
Klenner 1975).

W hen the method of Pursel et al. (1972) was used, the motility of thawed
sperm increased to 35%, and the proportion of intact acrosomes rose to 50 to
55%. Eleven sows which were slaughtered 10 days after insemination showed
fertilized ovules.

W estendorf et al. (1977) examined the freezing of sperm in polyamide
plastic tubes (Hiilsenberg Pailette) and achieved a 38% litter rate. The thawed
sperm showed 30 to 35% motility and 55 to 60% normal acrosome rate.
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Schrader et al. (1977) compared the method of pelleting (Pursel et ah, 1972)
with the Westendorf method of artificial straw. By the method of split-sample,
half of the ejaculates were granulated and the other half were examined
in plastic tubes. Motility proved to he better with artificial straw than with
the pellet technology. The rate of intact acrosomes did not show a significant
difference. The advantage of this method over the pellet one is that the arti-
ficial straws can be signed originally, so their identification is sure. Thawing
is difficult if the sperm is granulated, while the sperm frozen in artificial straws
is simple to thaw. In spite of the good results, the artificial straw method has
not been widely applied because of its high costs.

The present study in Hungary was started on the basis ofthe experiments
conducted in West Germany (Neustadt a. d. Aisch, Hulsenberg) in 1979.

The aims of the examinations were to work out a technology for deep-
freezing boar sperm in large artificial straws, and toimprove biological param -
eters and reproducibility. These are very important factors in the practice.
Practical use of deep-frozen boar sperm makes possible to use sperm from
excellent boars apart from the time. Boars, descendants of which are control-
led, can be used in stock-breeding systematically, and special characters, stock-
ing of genes and boar SPF technology can be introduced in the practice.

Materials and methods

The experimental animals were 50 boars, 1.5 to 5 years of age, from four
sires (Duroc, Estonian, GDR Lowland and German &6ves) used for semen col-
lection from the Artificial Insemination Centres of Budapest and Filizesabony,
Hungary. The animals were prepared and semen was obtained by hand from
the first phase, on the average 80 to 100 ml. Semen was collected in centrifuge
tubes of 20 ml, warmed up to 35 °C and filtered through double gauze. Then
the tubes were placed in a water bath at 35 °C for 10 min. During this period,
motility and morphology of the sperm, rate of intact acrosomes and number
of sperm were registered. Only sperm reaching 75 to 80% motility were frozen.
Abnormal sperm and sperm of low motility in 20 to 25% or more were dis-
carded. Morphology of the sperm was examined in preparations stained with
1% methyl violet and dried (X 1350).

The sperm of normal construction and of abnormal form were noted;
in the latter, head, neck and tail deformations were also indicated. Abnor-
malities of sperm were grouped as follows: (1) giant and pigmy forms; (2) de-
formed heads; (3) abnormal joining to connecting part; (4) doubled forma-
tions; (5) other formations on head, neck and tail; (6) wound tail; (7) missing
cap, and disorder in acrosomes.

The sperm concentration was determined by a colorimetric method. The
average values of the density of ejaculates are 0.1 to 0.5 X 109 per ml. The
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semen was extended in a diluent and allowed to equilibrate for 2 h at room
temperature before cooling and freezing. The diluent consisted of 120 g glucose,
7.4 g selecton B2, 7.5 g sodium citrate, 2.4 g sodium hydrogencarbonate, 1.0 g
sigmamycin diluted in 2000 ml double-distilled water. Cooling and freezing
dilutions were made during this time.

Table |

Composition of the cooling and freezing dilution
(quantity needed for ejaculates)

Cooling dilution Quantity
Lactose solution (11%) 40 80 100 120 160 200 ml
Egg yolk 10 20 25 30 40 50 ml
Total volume 50 100 125 150 200 250 ml
Enough for 1 to 2 2to 3 3to4 5
ejaculates
Freezing dilution Quantity
Cooling dilution 46 92 138 184 230 ml
Orvus Es Paste 1 2 3 4 5 ml
Glycerol 3 6 9 12 15 ml
50 100 150 200 250 ml
Enough for 1 to 2 3 to 4 4t05
ejaculates

The cooling dilution (Table 1) was pre-cooled to 15 °C and the freezing
dilution to 4 °C. The sperm was placed for 2 h in a thermostat at 15 °C for
equilibration, then it was centrifuged at 540 g for 10 min. In this step, seminal
plasma separated from sperm and gathered as a pellucid liquid above the
sedimented cells. Seminal plasma ranged from 185 to 190 ml, and sperm from
10 to 15 ml, in volume.

The centrifuged sperm cell mass was diluted to the final volumes in-
dicated in Table Il1. Semen was cooled to 5°C during 1.5 h and freezing diluent
was added to yield the concentration of 1X109spermatozoa per ml.

The sperm was diluted with freezing dilution (Table I1), precooled in
artificial (PYC) straws and equilibrated for 20 min. The straws were 30 cm
in length, 9 mm in diameter, 0.6 mm in thickness, final volume of 10 ml,
closed by 2 steel balls from the two ends. The data of the boar and information
were indicated on the straw.
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The straws were transferred to containers of liquid nitrogen on ramps
being over the liquid level of 5 cm and frozen for 20 min in nitrogen steam
of — 120 °C. After freezing, the artificial straws were placed in containers
of — 196 °C liquid nitrogen for storage. After 24 h, the motility of the deep-
frozen sperm, the rate of normal acrosomes and the progressive motilitv were
determined. Before insemination the deep-frozen semen straws were thawed
in water bath of 52 °C for 52 s. During this time, the temperature of both the

Table N

Dilution of sperm samples depending on the total number of spermatozoa
in prediluted settling

spern';‘:{o%a in Volume of Volume of Fig;aclfx)(;léjgne Ot;\ﬁ%i.n%léle
prediluted settling cooled sperm  freezing dilution sperm artificial
ml mi ml straws
5.0 to 95 4.0 2.0 6.0 |
10.0 to 145 8.0 4.0 120 2
15.0 to 19.5 12.0 6.0 18.0 3
20.0 to 245 16.0 8.0 24.0 4
25.0 to 29.5 20.0 10.0 30.0 5
30.0 to 34.5 24.0 12.0 36.0 6
35.0 to 39.5 28.0 14.0 42.0 7
40.0 to 44.5 32.0 16.0 48.0 8
45.0 to 49.5 36.0 18.0 54.0 9
50.0 to 54.5 40.0 20.0 60.0 10
and so on
Table 111

Heat resistance of boar sperm deep-frozen in two types of diluents

Deep-frozen sperm at 0 h Deep-frozeni sperm after 5h at 37 °C
Boar Motility Normal acrosome Motility Normal acrosome
a b a b a b a b
A 023 35.4 33.1 65.3 61.4 25.0 23.3 23.3 31.6
A 057 40.2 37.3 64.2 61.2 20.0 21.6 23.6 28.3
A 074 36.2 34.5 62.5 65.0 216 24.6 29.3 39.2
A 110 355 31.4 65.0 67.1 19.2 21.3 27.2 313
A 111 37.2 34.4 58.0 60.4 21.6 26.2 29.3 36.5
A 112 375 355 60.5 66.5 20.6 22.6 26.5 31.6

a = lactose diluent; b = milk-powder diluent
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LLI *

Fig. 1. a Stained boar spermatozoa showing normal and damaged sperm acrosomes — winding

and breaking of the tail, abnormal sperm head. X 1350. b Electron micrograph of native normal

boar sperm head and acrosome, outer acrosomal membrane (oam), inner acrosomal membrane
(iam) and plasma membrane (pm). X37,000
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sperm and the thawing dilution rose to 20 °C. The layer of the sediment was
cooled to 20 °C and stored at this temperature. It was used as a dilution which
contained 50% seminal plasma. Before being used, it was thawed, and centri-
fuged for 20 s at 6000 g. The upper sediment, free from sperm, was diluted
to contain 30% seminal plasma. Seminal plasma treated in this way can be
stored at 4 °C for 4 days. Semen was thawed in either Beltsville thawing
solution (Pursel et al., 1972) or OLEP Diluent (Larsson and Einarsson, 1976).

The diluent was added (70 ml) to thawing spermatozoa, and the sows
were inseminated twice at a 12-h interval. Pregnancy was determined by
ultrasound 40 days after insemination. An additional diluent containing 11%
powdered milk, 20 ml egg yolk and 80 ml distilled water was used for cooling
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Fig. 2. a—e Electron micrographs of portions of boar sperm. Note outer (oam) and inner

acrosomal membranes (iam) and nuclear envelope. The oam can be identified by the stained

acrosome contents. The plasma membrane is widely separated from the oam (Fig. 26—d),
note the damaged acrosomal membrane. X37,000
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and freezing ejaculates of 6 boars for comparison with the lactose diluent.
Half of these ejaculates was treated with lactose and the other half with milk-
powder dilution. The ejaculates were then frozen. Heat resistance was deter-
mined in the sperm deep-frozen in the two kinds of dilutions at 37 °C for 5 h
as follows: (1) 0.6 ml of each thawed sperm sample was poured into a 10-ml
tube containing 8 ml of thawing dilution of the same temperature. (2) The
samples were placed in a water bath at 37 °C, and (3) motility and number
of intact acrosomes were determined (Table IIl).

Results

Fresh semen samples from the 50 boars showed on the average 75 to
80% motility and the rate of normal acrosomes was 92 to 95%. After deep-
freezing and thawing spermatozoa, good quality semen was maintained in
only 25 of the boars.

The first morphologically demonstrable damage occurred during centri-
fugation of the diluted semen. The damage was characterized by wound tails
and disappearance of agglutination and motility. Winding and breaking of
the tail appeared at different levels and were used for evaluating the sperm
quality. After sperm agglutination, i.e. head-head, head-tail and tail-tail
agglutination, had occurred, the numbers of moving spermatozoa and the
frequencies of the following phenomena were reduced significantly: abnormal
acrosomes in native sperm, abnormal-headed and abnormal-tailed sperma-
tozoa in native sperm, normal acrosomes in diluted sperm at 5°C, motility
in thawed sperm, and normal acrosomes in thawed sperm. The effects and
damages are shown in Figs 1to 3. The sperm samples from 25 boars that were

Fig. 3. Lead-stained section through portions of normal boar sperm tail; only the plasma
membrane (pm) is heavily stained; mitochondrial (m) membranes are not stained. X37,000
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not suitable for deep-freezing showed further damage during freezing at
— 120 °C. Sperm motility from these animals was 15 to 20%, and the pro-
portion of sperm having intact acrosomes was very low, 15 to 30%. At first
the outer membrane of the acrosome was damaged, but later fusion of outer
and inner membranes, deformation of heads and formation of plasma drops
also occurred. Semen examination was repeated three times and yielded
similar results. The 25 boars were examined further. Table IV gives informa-
tion on the biological characteristics of ejaculates from the 25 boars present-
ing good results, and on the changes during deep-freezing.

Data in Table IV prove that the average number of spermatozoa obtained
from first-phase ejaculation was 37.4 X109. There were significant differences
(P <7 0.05) between sires and ages. The number of spermatozoa averaged
45 X 109 for the Duroc boars, while for Estonian and GDR Lowland boars it
was about 34 X H09. Total sperm number of German Oves boars was 36x10°.
Differences by age were also considerable: ejaculates of young boars contained
32 to 35 X 109spermatozoa, while those of old boars had 35 to 48 XO9sperma-
tozoa.

During our examination, 1218 doses of boar sperm were deep-frozen in
artificial straws. Nine hundred thawed artificial straws showed 37% motility;
the proportion of intact acrosomes was 60.4%; of the 397 sows inseminated
during one breeding cycle, 184 sows (46.3%) farrowed. There were no dif-
ferences in results between sperm thawed after 30 days and that thawed
after 12 months, or in the litter size obtained.

Discussion

One of the important factors in the deep-freezing of boar sperm is the
maintenance of motility. On motility examination, Westendorf et al. (1977)
proved that the head is 8 pm in length and 4 pm in width, the neck is 12 pm
in length and the tail is 30 pm in length. The quick reduction of the boar
sperm motility can be explained by the fact that the ratio of head to tail
is less favourable than in bovines, viz. the head of the same size is associated
with a tail 40% shorter than that found in bovines. Boar spermatozoa move
around in a circle of 100 pm, and the duration of this movement depended
on the time of storage: the longer the storage, the shorter was the duration
of the movement. Larsson and Einarsson (1976) found that motility of thawed
sperm can be increased by adding 10 mmol caffeine. Gustafsson and Einarsson
(personal communication) showed that prostaglandin Fa added to the thaw-
ing solution accelerated the movement of sperm.

Another important factor is acrosome morphology, which plays a key
role in fertilization biology (Hillmann, 1972; Jones, 1973; Miller and Brandi,
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Table TV

Biological and physical traits used for

No. of boar 1 2 3 4 5 6 7 8 9
A 023 85 36.2 75 7.2 25 4.7 0.2 1.0
A 057 80 32.2 75 7.3 4.3 3.0 0.3 l.i

59 14 100 36.2 80 6.5 2.7 33 0.2 0.3
A 074 90 35.2 75 6.5 25 4.2 1.3 0.0
A 077 80 34.2 78 9.6 2.3 7.3 0.0 0.0
A 102 90 32.2 76 6.0 2.6 6.5 6.0 0.0
A 103 15 100 36.1 80 7.8 2.9 5.0 0.5 0.5
A 108 4 90 38.2 75 7.2 2.6 4.4 0.2 0.5
A 110 14 90 42.2 80 7.6 31 3.6 0.2 0.1
A 111 14 96 48.3 80 7.2 2.9 35 1.0 0.5
A 112 14 95 42.2 85 75 3.0 3.9 0.3 0.2
A 113 14 90 36.2 80 9.0 3.2 3.0 0.4 0.4
A 139 90 36.5 76 8.5 3.0 55 15 15
A 141 90 30.2 75 9.6 3.6 6.0 2.0 1.0
A 143 95 36.8 76 9.1 3.2 5.6 1.6 14
A 144 90 375 80 9.2 31 5.4 15 1.2
A 149 10 95 38.3 80 7.6 3.0 41 15 0.5
A 150 95 36.5 80 6.1 2.7 3.6 1.0 0.3
A 151 80 325 75 7.0 2.4 45 0.3 0.6
A 158 90 38.2 80 7.2 2.8 4.0 15 0.4
A 159 90 38.8 80 7.5 2.6 3.8 1.6 0.3
A 195 10 90 44.2 80 7.4 3.0 3.7 1.0 0.5
A 19 10 95 435 80 7.6 2.8 35 1.0 0.6
A 321 4 80 36.6 76 7.0 2.0 4.3 0.2 0.6
1069 6 90 36.5 76 6.8 2.7 35 1.0 1.0
| 7.6 90.2 374 78 7.6 2.8 4.3 1.0 0.5
1 7.3 91.1 35.3 73 9.0 3.0 5.0 3.2 2.8

I: Average values for semen of good boars; Il1: Average values for semen of “bad” boars; 1: No.

of ejaculates; 2: Volume of ejaculate (ml); 3: Total nhumber of spermatozoa in the ejaculate,
X 109; 4: Moving spermatozoa, per cent; 5: Plasma drops hanging on spermatozoa, per cent;
6: Spermatozoa with plasma drop of proximal position in native sperm, per cent; 7: Spermatozoa
with plasma drop of distal position in native sperm, per cent; 8: Spermatozoa with abnormal
acrosome in native sperm, per cent; 9: Abnormal-headed spermatozoa in native sperm, per cent;

1975). The acrosome (cap) formula covered by double membrane covers 3/4 of
the head (see Fig. Ib). During deep-freezing, it is mainly the acrosome which
is damaged (Fig. 2a, b, ¢, d and e). Damage in construction may occur on its
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evaluating deep-frozen boar sperm

10 1n 12 13 14 15 16 17 18
6.7 94.2 35.0 65.0 1.2 5.9 2.4 4.7 6.0
6.0 87.5 40.0 64.2 13 5.9 1.7 35 53
6.0 92.5 40.0 60.0 11 5.9 2.5 3.8 6.0
7.1 93.3 36.2 62.5 1.2 5.9 3.3 5.0 5.8
5.0 82.5 38.0 60.0 11 5.2 2.5 4.0 5.6
0.0 90.0 36.0 58.0 0.8 5.2 1.9 2.9 5.3
5.0 92.5 36.5 60.0 11 5.9 2.0 4.0 6.0
6.7 91.0 36.2 61.0 0.9 6.1 2.0 4.5 6.3
5.8 86.5 35.0 65.0 11 6.5 2.5 3.0 7.0
5.9 90.5 37.0 58.0 1.2 6.5 2.7 4.0 8.0
6.0 91.0 38.0 60.0 11 6.0 2.4 4.1 7.0
5.8 92.0 38.0 61.5 1.2 5.9 2.5 3.8 6.0
4.6 91.5 36.0 56.0 13 59 1.8 3.6 6.0
4.5 92.0 35.5 56.0 1.2 6.0 17 3.5 5.0
4.6 86.0 36.0 60.0 11 6.0 2.0 3.4 6.1
4.4 88.5 36.0 58.0 13 6.0 18 3.7 6.2
6.0 91.5 40.0 61.0 1.2 6.1 21 3.6 6.3
5.6 90.5 36.5 60.5 13 6.0 15 3.5 6.0
6.0 92.5 38.0 58.5 13 5.9 1.6 5.2 54
5.6 91.0 38.0 60.5 1.2 6.1 1.8 3.7 6.4
5.8 925 35.5 62.0 13 6.1 2.0 4.0 6.5
6.0 90.5 36.8 61.0 1.2 6.0 2.0 3.4 7.3
5.4 915 38.5 60.5 11 6.1 2.5 4.0 72
6.1 91.5 36.0 61.0 13 5.9 2.0 4.3 6.0
5.5 91.6 35.5 60.0 1.4 5.9 1.8 3.6 6.0
5.4 90.6 36.9 60.4 11 5.9 2.1 3.8 6.2
7.2 70.8 22.9 41.4 0.9 5.6 11 29 51

10: Abnormal-tailed spermatozoa in native sperm, per cent; 11: Normal acrosomes in diluted
sperm at 5 °C, per cent; 12: Motility in thawed sperm, per cent; 13: Normal acrosomes in thawed
sperm, per cent; 14: Density of semen in thawed sperm, million/mm3; 15: Number of spermatozoa
in one artificial straw ( X 109); 16: Number of moving spermatozoa in one artificial straw (X109);
17: Number of spermatozoa with normal acrosomes in one artificial straw ( X 109); 18: Number
of artificial straws

apical part, the outer acrosome membrane can be deformed, it mixes with
the inner membrane or parts from the head. This effect is due to the release
of enzymes ensuring penetration. Low fertility rate of the boars corresponds
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to increased rate of disruption of the acrosomal membrane, visible by light
microscope. Acrosome damage similar to that found by Pursel et al. (1972)
was also found in motile sperm of boar. Further improvement in deep-freezing
of boar sperm can be expected only by increasing the percentage of spermato-
zoa surviving thawing, and preventing litter size from being reduced for some
unknown physiological reason.

To solve this problem, a method is to be worked out according to which
the motility is 45 to 50% after thawing. Better results can be expected from
artificial seminal plasma prepared from OLEP one. Presently, there is a signi-
ficant improvement in fertilization of sows by flowing sperm. According to
the present storage technology, the sperm is used up within 24 to 48 h. So,
50% of the delivered sperm is used for fertilization. If deep-frozen sperm is
used for fertilization, the conception rate is 80%, after first or repeated in-
seminations. Our aims for the future are to use machines in handling artificial
straws, to increase the percentage of motile sperm after thawing and to im-
prove litter size by increasing the dose of sperm in the ejaculate.
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Buffalo calves were fed with a single dose of molasses orally (Group 1) or with crushed
wheat grains intraruminally (Group 2). In Group 1 there was an initial increase in the lactic
acid concentration of ruminal fluid and blood while in Group 2 there was a continuous increase
in lactic acid content throughout, culminating at a 2-fold-3-fold increase. Molasses feeding
caused hypoglycaemia while the grain-fed animals developed hyperglycaemia. Concurrent to
these changes in biochemical parameters, there were differences in quality as well as magnitude
of histopathological changes in the cerebrum, exocrine and endocrine pancreas, rumen, reti-
culum, omasum and liver. The histopathological changes were correlated with the biochemical
changes.

Rumen acidosis due to sudden access to carbohydrate-rich diets occurs
commonly all over the world. Different workers have studied the problem
from different angles, but there are only few publications on histomorphological
changes in the organs of the affected animals. Dunlop and Hammond (1965),
Ahrens (1967) and Dirksen (1970) reported histopathological changes in aci-
dotic cattle, Delak and Adamic (1959), Hartig and Heboid (1973), Vestweber
and Leipold (1974) and Dshurov (1976) recorded the same in sheep. In the
buffalo (Bubalus bubalis), such changes have only been recorded by Nauriyal
et al. (1978). The present work constitutes part of a comprehensive study deal-
ing with biochemical and histomorphological changes in different tissues of
acidotic buffaloes. In this study, the degree of involvement of the organs as
well as the histomorphological changes were comparatively examined in
buffaloes with ruminal acidosis induced by feeding of crushed wheat grains
and that induced by feeding of molasses.

M aterials and methods

Ruminal acidosis was induced in four buffalo calves (Group 1) aged
2-2 1/2 years by oral feeding of molasses, mixed with water, at the rate of
10 g/kg body weight. In five animals of the same age range (Group 2), acidosis
was induced by intraruminal feeding of crushed wheat grains at the rate of
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50 g/kg body weight. Before feeding, the normal pH of the ruminal fluid and
urine, lactic acid content of the ruminal fluid and blood, and glucose con-
centration of blood were recorded. The pH values were recorded in a systronic
GRIPH pH meter immediately after the samples had been withdrawn. Rumen
lactic acid and blood lactic acid were estimated colorimetrically by the method
of Barker (1961). Blood glucose was estimated using Haden’s modification
of the Folin-Wu method as described by Frankel et al. (1970). The same
parameters were assessed at 24-h intervals on the next five days. Of the four
animals of Group 1 and the five of Group 2 one (72 h) and two animals (96 h
and 120 h), respectively, died. One animal of Group 1 was killed 72 h post
feeding. The parameters of these animals are shown in Table I. The other
animals survived the five-day period and later on responded to treatment

Tissues were collected in 10% buffered neutral formalin, Zenker formalin
and alcoholic formalin solutions immediately after death of the four animals.
The tissues were processed routinely and paraffin sections 5 fim in thickness
were cut. The following staining techniques were employed: haematoxylin and
eosin (Luna, 1968); PAS— alcian blue (pH 1.0, Luna, 1968), Best’s carmine
for glvcoeen (Luna, 1968) and diamine silver for enterochromaffin cells
(Lillie, 1965).

Results

The oral feeding of molasses induced acidosis in the rumen more quickly
than intraruminal feeding of crushed wheat grains. In the molasses-fed animals
there was a sudden drop in the pH of ruminal fluid, which, however, improved
gradually, whereas in the grain-fed animals there was a gradual increase in
acidosis throughout the entire period. A similar trend was observed in the
lactic acid content of ruminal fluid and blood, and also in the blood glucose
concentration (Table I).

Table 1

Biochemical changes observed in acidotic buffaloes fed with molasses
(Group 1) and grains (Group 2)

Lactic acid, mmol/1 Blood glucose,

Time of Rumen fluid pH Urine pH /1
samﬂling Rumen fluid Blood mmo

Group 1 Group 2 Group 1 Group 2 Group 1 Group2 Group 1 Group2 Group 1 Group 2

0 6.80 6.83 8.05 7.95 0.12 0.12 2.02 1.98 3.18 3.32
24 4.76 5.21 6.55 6.43 9.39 7.94 6.83 5.47 4.18 4.66
48 4.84 4.57 5.60 5.85 9.10 10.75 7.11 7.65 3.80 4.92
72 5.00 4.19 5.73 5.70 8.39 13.50 6.43 9.49 2.64 5.56
96 5.35 4.03 5.95 5.40 7.93 14.80 558 11.33 2.52 6.35

120 5.68 3.93 6.60 5.48 6.80 16.14 4.64 12.68 2.92 6.94
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In the rumen of molasses-fed animals the cells of certain layers of the
stratified epithelium exhibited chromatolysis and nucleolysis. The nuclei of
the majority of the cells appeared as large empty vacuoles. The cytoplasm
was comparatively dense. There was severe congestion of the blood vessels
in all layers of the organ. The tunica intima of capillaries and arteriolae was
hyperplastic. Certain parts of the lamina propria within the papillae exhibited
alcian blue-positive fibres and ground substance, indicating an increase in acid
mucopolysaccharides. Ulceration, exfoliation and necrosis of the surface epi-
thelium so prominent in the grain-fed animals (Fig. 1) were not observed
in these.

In the reticulum and omasum of molasses-fed animals almost identical
changes were observed. The lamina propria was oedematous and rich in acid
mucopolysaccharides. In the secondary papillae, the concentration of the

Fig. 1. Rumen showing exfoliation and ulceration in grain-fed animals. H. and E. X75

Fig. 2. Reticular papilla showing oedematous separation of the epithelium and vacuolation
of epithelial cells in molasses-fed animals. H. and E. X75
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alcian blue-positive material was elevated. The deeper cell layers of the epi-
thelium exhibited cytoplasmic vacuolation (Fig. 2). The epithelium appeared
separated from the basement membrane, with a clear oedematous space in
between. There was general congestion in all the layers with hyperplastic
changes of the tunica intima in arterioles. Perivascular oedema was also
conspicuous. In addition, ulceration of surface epithelium was evidentin grain-
fed animals.

The abomasum, small intestine and large intestine were congested and
oedematous. The goblet cells in the intestine were more numerous. The entero-
chromaffin cells appeared more numerous and were packed with secretion
granules (Fig. 3).

The liver in molasses-fed animals exhibited characteristic changes. There
was general congestion in all vessels, and oedema. Haemorrhage very pro-

fig. 3. Duodenum showing enterochromaffin cells laden with secretion granules in molasses-fed
animals. Diamine Silver X400

Fig. 4. Liver showing coagulative necrosis of hepatic lobules and pycnotic changes in molasses-
fed animals. H. and E. X400
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Fig. 5. Liver showing microabscess formation in grain-fed animals. H. and E. X400

Fig. 6. Cerebral cortex showing perineuronal and perivascular oedema in molasses-fed animals.
H. and E. X400

nounced in grain-fed animals was evident in some parts of the organ. In some
of the hepatic cells, the nucleus was pycnotic (Fig. 4). Many hypertrophic cells
with enlarged nuclei were present in the organs of molasses-fed animals. In
general, the cytoplasm contained little glycogen and appeared foamy. In many
lobules the cell cords, sometimes even entire lobules had undergone coagulative
necrosis. Microabscess formation and extensive degeneration of the paren-
chymatous lobules occurred only in grain-fed animals (Fig. 5).

In the lungs, there was severe congestion with oedema, and haemorrhage
into the alveolar wall, in both groups of animals. The septal cells were hyper-
trophic and the alveolar mass was rich in lymphocytes. Emphysema, which
was predominant in grain-fed animals, was not observed in the other group.

The cerebral cortex manifested severe lesions only in the molasses-fed
animals. There was marked congestion and perineuronal and perivascular
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oedema (Fig. 6). There was tigrolysis of cells in many parts of the cortex,
along with satellitosis.

The spleen was congested and the subcapsular sinus was narrow. The
germinal centres of splenic corpuscles were conspicuous. The pancreas showed
general congestion, hypertrophy of the parenchymal cells with enlargement
of their basal zones, and degranulation. There was hyperplasia of the islet
cells. The epithelial lining of interlobular ducts was denuded at places. In the
grain-fed animals, the islet cells were hypertrophic with vacuolated cytoplasm.
Hyperplasia was not evident in these cells. The exocrine pancreatic cells were
atrophic and, due to congestion and oedema, appeared to have lost their
typical acinar arrangement.

The kidneys showed general congestion, thickening of the basement
membrane around the glomerular capillaries and hypertrophy of the macula
densa cells. Degenerative changes in the tubular epithelium, evident in grain-
fed animals, were not present in the other group. In the adrenal gland, histo-
morphological changes were evident in the zona fasciculata of the cortex, and
in the medullary cells. The zona fasciculata cells of grain-fed animals were
hypertrophic with a large number of cytoplasmic vacuoles; many cells were
binucleated, and polyhedral in outline. The medullary cells, particularly the
epinephrine cells of the outer medullary zone, were strikingly enlarged. These
changes were mild in the molasses-fed animals. Other organs showed general
hyperaemia without any significant cytological change.

Discussion

The biochemical analysis presented in Table | clearly indicates the dif-
ferences between the two groups of animals. While the grain-fed animals
developed severe acidosis due to a steady increase in the lactic acid con-
centration of both the ruminal fluid and blood as a result of slow but con-
tinuous fermentation by amylolytic bacteria, the animals of the other group
soon showed an improvement. A marked decrease in the rumen pH to 4.76
(minimum) after 24 h of induction may be due to complete and faster fer-
mentation of simple carbohydrates by rumen microbes, thereby leading to an
abrupt increase in rumen lactic acid content and subsequently leading to an
increase in blood lactic acid content as a result of lactic acid absorption
through the rumen wall (Dunlop, 1972). The blood levels were maintained
subsequently by constant absorption from the rumen and inability of liver
to convert lactic acid into glucose and also due to decreased tissue oxidation
of lactic acid. This is in accordance with the observations recorded in lactic
acidosis induced in sheep with simple sugars (Juhasz and Szegedi, 1968) and
molasses (Losada et al., 1971).
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In the grain-fed group, blood glucose concentration increased steadily,
leading to hyperglycaemia while in the other group the initial hyperglycaemia
was followed by hypoglycaemia, which is a more serious condition. This is
similar to the observations of Dirksen (1970); Losada et al. (1971) and Vest-
weber and Leipold (1974). The hyperglycaemia in wheat-induced acidosis
might be due to an increase in glycogenolysis or glyconeogenesis or to reduced
utilization of glucose by peripheral tissues (Dirksen, 1970); Kaneko and Cor-
nelius, 1970), or it might be a consequence of decreased level of circulating
immuno-reactive insulin. The hypoglycaemia observed in molasses-induced
ruminal acidosis might have been caused by a deficiency in volatile fatty acids,
particularly in propionic acid, which is the main glucose precursor (Losada
et al., 1971), or it might he due to a decreased glyconeogenesis and an in-
creased tissue oxidation ofthe remaining blood glucose in the acidotic animals.

In general, the histopathological changes were similar to those reported
by Dunlop and Hammond (1965), Hartig and Heboid (1973), Vestweber and
Leipold (1974) and Nauriyal et al. (1978). Qualitative differentiation of the
lesions produced by feeding of grains and molasses has not been reported in
any ofthe works, apart from the fact that Nauriyal et al. (1978) reported more
severe pathological lesions in acidotic animals after molasses feeding. The
present finding that acidosis appears earlier after feeding of molasses is in
agreement with the observations of Nauriyal et al. (1978).

However, in the present study different organs were affected to variable
degrees in the two groups of animals. The ruminal mucosa was severely affected
in grain-fed animals with exfoliative changes leading to ulceration in many
parts of the organ. The same was observed by Nauriyal et al. (1978) in buf-
faloes, by Dshurov (1976) in sheep and by Ahrens (1967) and Dirksen (1970)
in cattle. But in the animals fed with molasses exfoliation and ulceration of
the mucosa was not evident in any compartment of the forestomach.

The observations of Ahrens (1967), suggesting that submucosal con-
gestion may be caused by an increased osmolarity of the acidotic rumen con-
tents, are supported by the present results, viz. hyperaemia in general form
was observed in the stomach as well as other organs of the body in both forms
of acidosis. Toxaemic factors might also be responsible for this, which will also
account for the hyperplastic changes of small arterioles.

In the animals fed with molasses, the severity of lesions was of a lesser
degree in the liver and pancreas than in animals of the other group. The bio-
chemical changes are consistent with these histopathological findings. Dirksen
(1970) reported congestion and necrosis of the liver as an early sign of liver
damage in acidotic cattle, and it has also been suggested that invasion of
certain bacterial groups through the damaged ruminal mucosa may contribute
to this. The rumenitis-liver abscess complex as observed in wheat-induced
acidosis might be due to these bacteria as suggested by Jensen et al. (1954).

Acta Veterinaria Academiae Scientiarum Hungaricae 30, 1982



264 RANDHAWA et al.

In the cerebrum, the lesions of molasses-fed animals are identical to those
observed by Losada and Preston (1973) and Vestweber and Leipold (1974).
The severity of lesions in this organ may be attributed to hypoglycaemia
as was suggested by Losada and Preston (1973) and/or to an increased
level of histamine (Ahrens, 1967). As was observed by the former authors,
the molasses-induced acidosis also revealed a fall in blood glucose after an
initial increase. This may also be a contributing factor for the hypertrophic
condition of some of the hepatic cells.

The enterochromaffin cells of the gastrointestinal tract secrete several
hormones for normal functioning of the stomach and intestines. The stasis
observed in these cells may be the reason for atonicity of the reticulo-rumen
and small intestine.
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Effects of dl-tetramisole and rafoxanide at 50 /tg/ml were studied on adult Haemonchus
contenus in vitro after 8 and 12 h of incubation, respectively. Upon in vitro incubation in
drug-free Tyrode solution, glucose levels increased and glycogen content and the amount of
total volatile fatty acids (TYFA) decreased. The decrease in glycogen levels might be due to
initial expulsion of eggs or to higher rate of glycogen degradation than that of glucose
utilization.

Tetramisole inhibited glucose uptake and increased glycogen utilization and TVFA.
With rafoxanide no effects were observed. The effects of the drug are explained on the basis
of inhibition of ATP synthesis and the inhibition of metabolic flow along the phosphoenol-
pyruvate-succinate branch of the respiratory pathway.

For helminths, carbohydrates are the main, if not the only, source of
energy, and production of a variety of reduced organic acids as end products
is an important feature in the carbohydrate metabolism. Any difference in
the carbohydrate metabolism of helminths and their hosts might he usefully
exploited in helminth control (Ward, 1982). Previous studies on the energy
metabolism of adult Haemonchus contortus (Rud., 1803), the most pathogenic
gastrointestinal nematode parasite of sheep, goats and other ruminants, have
shown that the worm readily utilizes glucose and fixes C02, producing propan-
I-ol and propionate as the major excretory products (Ward, 1974; Ward and
Huskisson, 1978, 1980).

To the best knowledge of ours, the mode of action of anthelmintics affect-
ing biochemical constituents related with carbohydrate utilization and meta-
bolism has not been examined in H. contortus. The present studies were under-
taken to study the effect of dl-tetramisole (TMS) and rafoxanide (RFX) on
total glucose and glycogen contents, and total volatile fatty acids in H. con-
tortus under in vitro conditions.

* Address reprint requests to Dr. M. L. Sood, Dept, of Zoology, Punjab Agricultural
University, Ludhiana-141004, India.
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Table |

Glucose content, glycogen content and amount of total volatile fatty acids

Control |
Normal worms Worms % change
Biochemical constituent collected incubated for 8 h from
from goats in Tyrode’s solution normal
in vitro
Glucose, mg glucose/g fresh weight 2.32 £ 0.02 3.08 £+ 0.02 +24 (S)
Glycogen, mg glycogen/g fresh weight 11.33 + 0.12 5.68 + 0.12 -50 (S)
Total volatile fatty acids, /wwl total volatile
fatty acids/50 ml medium — 3.52 + 0.12 —

Values are expressed as mean + SE; n = 4

Materials and methods

Adult worms of H. contortus were collected from the abomasums of in-
fected goats (Capra hircus) slaughtered locally. The parasites were thoroughly
washed in 0.9% saline and processed for further experimentation.

In vitro anthelmintic studies

Concentrations of TMS ranging from 0 to 50 *g/ml| were measured into
conical flasks each containing 15 worms in 25 ml of Tyrode’s solution (Ward,
1974). The flasks were incubated at 37 °C in air-C02 (95 : 5). A hundred per
cent mortality was achieved with the highest concentration (50 /rg/ml) after
10 h. This concentration was, therefore, chosen for subsequent studies. For
comparative studies, the same concentration (50 /tg/ml) of RFX was used;
100% mortality was achieved after 14 h. The worms were fixed at 8 and at
12 h with TMS and RFX treatment, respectively, i.e. before their expected
death. Control I and control Il worms were incubated in Tyrode’s solution
for 8 and 12 h, respectively, and then fixed.

Chemical assays

Glucose content was determined by the method of Nelson (1944), glyco-
gen content by the method of Krisman (1962), and the amount of total volatile
fatty acids (TVFA) by the method of Kromann et al. (1967).

Results

The mean and standard error (SE) for glucose, glycogen and TVFA in
normal, control and drug-treated H. contortus under in vitro conditions are
presented in Table I.
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in normal, control and drug-treated Haemonchus contortus (Rud., 1803)

Control 11 i
Worms incubated % change Worms % change V}/Oormiz 'hnciﬂb?ﬁid % change
for 8 h in the from control incubated for 12 h from normal presence of from control
presence of TMS | in Tyrode’s solution RFEX 1
in vitro
2.75 = 0.02 -10 (S) 3.10 + 0.02 + 25 (S) 3.12 £+ 0.02 +0.6 (N.S.)
3.90 £ 0.12 -31 (S) 5.65 + 0.12 -50 (S) 5.62 + 0.12 -0.5 (N.S)
1.30 + 0.16 —63 (S.) 3.81 + 0.15 - 3.84 £ 0.16 +0.7 (N.S.)

S. = significantly different at P < 0.05; N.S. = Non-significant.

After incubation for 8 and 12 h in Tyrode’s solution, the glucose content
increased by 24% and 25%, and the glycogen content dropped by 50% and
50%, respectively. After treatment with TMS, the glucose content was reduced
by 10%, the glycogen content by 31% and the amount of excreted TVFA
by 63%. All the three differences are significant. After RFX treatment, no
significant change was observed.

Discussion

Adults of H. contortus have a readily available and constant source of
glucose from the blood and the wall of abomasum of sheep (Ward, 1974).
Previous studies on the carbohydrate metabolism of adult H. contortus (W ard
and Huskisson, 1978, 1980) and the presence of most of the enzymes of the
glycolytic pathway (Kaur and Sood, 1982) have shown that the energy demand
of the worm depends almost entirely on glucose catabolism.

It is generally accepted that the glucose pool is relatively low when the
parasites are removed from the host, and during their in vitro incubation in
the presence of glucose, internal glucose concentrations increase significantly
as the parasite equilibrates with the medium (Cornish and Bryant, 1976).
These findings accord well with the results drawn from the present study that
upon in vitro incubation in the presence of glucose, glucose concentration
increases. The increased glucose pool in itself does not mean an increased flux
through the system (Cornish and Bryant, 1976). However, in the present work,
an increased glucose content was associated with a significantly decreased
glycogen content. These findings are similar to those observed in Fasciola
hepatica (Threadgold and Arme, 1974). The drop in glycogen levels may
probably be due to initial expulsion of eggs or, possibly, to the higher rate
of glycogen degradation than that of glucose utilization.
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All these changes do not follow an increased flux through the system
and this imbalance is most likely associated with the increase in the amount
of TYFA excreted. A similar situation was observed in Ascaris incubated in
a bacteria-free glucose medium (Epps et al., 1950).

Van den Bossche (1972) has shown that in Ascaris and in some other
nematodes, mebendazole inhibits glucose uptake and depletes glycogen re-
serves. These effects, he suggests, are ultimately responsible for lowering ATP
levels within the parasites. Our studies have shown similar observations in
H. contortus after TMS treatment. Therefore, as in Ascaris (Beames, 1971),
glucose uptake in H. contortus is an active process. Raj and Kurup (1967)
observed decreased glucose and glycogen contents after treatment of Ascaris
with palasonin. However, no significant effect on the glycogen content was
observed when Ascaridia galli was exposed to TMS treatments (Chakraborty
et al., 1976). Even though uptake of glucose is inhibited in the presence of
TMS, the carbon flux is maintained and production of TYFA declines. Van
den Bossche and Janssen (1967) observed a similar situation in Ascaris.

Anaerobically, the phosphoenolpyruvate-succinate pathway is the major
source of ATP. The effects of the drug can, therefore, be explained in terms
of inhibition of ATP synthesis. The drug might impair the energy status of
the parasite, and ATP levels as well as total nucleotides decrease. As ATP
levels fall, there will be a balance between the stimulation of metabolic flux
due to the removal of allosteric inhibition of regulatory enzymes such as
hexokinase, phosphofructokinase, pyruvate kinase and phosphoenolpyruvate-
carboxykinase (Rahman and Bryant, 1977).

The present study has indicated effects of TMS on some biochemical
constituents related with carbohydrate utilization and metabolism. It is,
however, difficult to tell whether the effects initiate one another, or whether
they are exerted simultaneously. Thus, the inhibition of glucose uptake may
be a consequence of diminished ATP levels or may be a direct effect of the
drug. It is, therefore, probable that an early effect of the drug is on the phos-
phorylation of ADP and on the turnover of nucleoside phosphates.
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ANTHELMINTIC STUDIES ON SETARIA CERVI:
HISTOCHEMICAL ALTERATIONS IN
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TRIPHOSPHATASE AND MALIC DEHYDROGENASE
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The effect of the anthelmintics diethylcarbamazine citrate (DEC), tetramisole and leva-
misole on the enzymatic activity of Setaria cervi was demonstrated histochemically. Glucose-6-
phosphatase, malic dehydrogenase, and adenosine triphosphatase were found to be normally
localized in the cuticle, subcuticle, fibrillar part of muscles, oesophagus, intestine, boundary
walls of vagina and uteri, developing embryos, chords and microfilariae parasitizing untreated
control rats. The activities of these enzymes were found to be appreciably decreased in the
worms parasitizing drug-treated rats.

Glucose-6-phosphatase (G-6-Pase), adenosine triphosphatase (ATPase)
and malic dehydrogenase are important enzymes of parasitic nematodes. The
biological significance of these enzymes in the functional integrity of the worms
has been established beyond doubt. The normal activities of these enzymes
have been reported to be interrupted by the use of certain anthelmintics such
as dithiazanine, suramin and levamisole (Bueding et al., 1961; Van den Bossche,
1972; Anwar et ah, 1978). However, it is not clear whether the observed bio-
chemical or histochemical changes are the primary cause or result from the
functional damage produced by the drugs.

The present paper deals with the histochemical alterations in G-6-Pase,
ATPase and malic dehydrogenase in Setaria cervi following treatment with
diethylcarbamazine citrate (DEC), tetramisole or levamisole. The chemo-
therapeutic efficacy of these drugs has earlier been proved against Setaria
cervi (Baqui and Ansari, 1976).

Materials and methods

Twenty laboratory-bred white rats (Rattus norvegicus), weighing 100-
125 g, were used. Live Setaria cervi worms, collected from the freshly slaughter-
ed buffaloes at the local abattoir, were transplanted intraperitoneally into
white rats (Khatoon and Baqui, 1981). The infected rats were divided into
four groups. Groups I, Il and Il were treated with levamisole, tetramisole
and DEC, respectively, from the second day following infection. Levamisole
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and tetramisole were given orally at the dosage of 15 mg/kg/day, whereas
DEC at the dosage of 100 mg/kg/day, on 5 consecutive days. Group IV served
as untreated control. Rats of all the four groups were autopsied on the 6th
day when the treatment was over. Treated and untreated worms, recovered
on autopsy, were fixed in various fixatives and processed histochemically for
the localization of G-6-Pase, ATPase and malic dehydrogenase according to
the methods of Pearse (1960).

Results

All the drugs used in the present experiment were found to be effective
and showed inhibitory effect in respect of these enzymes (G-6-Pase, ATPase
and malic dehydrogenase) of Setaria cervi. However, tetramisole and levamisole

Fig. 1. Section of the control worm (Setaria cervi). G-6-Pase activity in the subcuticle, intestine,
uterine wall and developing embryos. X 400

Fig. 2. Section of a female worm showing decreased G-6-Pase activity in the subcuticle,
uterine wall and developing embryos, following tetramisole treatment. X 400
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Fig. 3. Section of the control worm. Malic dehydrogenase activity in the fibrillar part of
muscle and uterine wall. X400

Fig. 4. Section of a worm showing decreased malic dehydrogenase activity in the subcuticle,
musculature and uterine wall following levamisole treatment. x 400

were found to be more effective than DEC. Figs 1-6 show the localization of
these enzymes in the untreated control worms and the inhibitory effects of
the drugs in respect of these enzymes.

G-6-Pase activity was noted in the subcuticle, oesophagus, intestine,
boundary wall of vagina and uteri, developing embryos, microfilariae and
chords in the untreated worms (Fig. 1). Appreciable decrease in its activity
was noticed in the tetramisole-treated worms. The oesophagus, intestine,
boundary walls of vagina and uteri, developing embryos and microfilariae
showed marked reduction of G-6-Pase activity. However, no change in the
enzyme activity was noted in the subcuticle (Fig. 2).
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Fig. 5. Section of the control worm. ATPase activity in the subcuticle, muscle tails, intestine
and uterine wall. X400

Fig. 6. Section of a worm showing decreased ATPase activity in the subcuticle, musculature
and uterine wall following DEC treatment. X400

Malic dehydrogenase activity was localized in the subcuticle, the fibrillar
part of the muscles, oesophagus, boundary walls of uteri and vagina (Fig. 3).
The enzyme activity was reduced in the worms treated with levamisole (Fig. 4).

ATPase activity was found to be normally localized in the subcuticle,
muscle tails, chords, boundary walls of the vagina and uteri, developing em-
bryos and microfilariae (Fig. 5). The activity of this enzyme was found to be
decreased in all these organs of the worms (Fig. 6) following DEC treatment.
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Discussion

Earlier studies have shown that tetramisole, levamisole and DEC cause
adverse effects on the adult worms and microfilariae of Setaria cervi, which
are characterized by the complete disappearance of microfilariae, and im-
mobility, early degeneration and irreversible paralysis of the worm (Baqui and
Ansari, 1976; Khatoon and Baqui, 1981).

Evidence is available which indicates that several antiparasitic drugs
exert their primary action by interfering with the normal metabolic activities
of parasites, especially with some phase of the glycolytic and/or oxidative
metabolism of parasites (Van den Bossche, 1976).

Active anthelmintic compounds have been reported to interfere with
the carbohydrate metabolism at different levels, especially with the absorption
of carbohydrates and their intracellular utilization (Von Brand, 1966). Accord-
ing to Von Brand (1966), interference with the carbohydrate metabolism by
antiparasitic drugs is not surprising in view of the enormous importance of
carbohydrates in the metabolism of the parasites. In vitro studies of Anwar
et al. (1978) have revealed that glucose uptake and glycogen synthesis are con-
siderably decreased in Litomosoides carinii and Setaria cervi following treat-
ment with levamisole and DEC. However, W alter (1979), W alter and Schulz-
Key (1980) and Khatoon et al. (1982) have reported a decrease in lactate,
malate and succinate dehydrogenase activities in Dirofilaria immitis, Oncho-
cerca volvulus and Setaria cervi following treatment with suramin, DEC,
tetramisole and levamisole. In our investigations the activities of the three
examined enzymes have been found to he decreased in treated worms.

Von Brand (1966) has contended that many anthelmintics are not
specific in the sense that they just inhibit a single enzyme system but attack
a number of other components also. A somewhat similar line of reasoning can
be employed to prove the corresponding mechanism in the case of the anthel-
mintic activities of DEC, levamisole and tetramisole against Setaria cervi.
The earlier investigations have revealed that the drugs also inhibit the acid
and alkaline phosphatase and cholinesterase activities of Setaria cervi, a filariid
of buffaloes (Khatoon and Baqui, 1982; Baqui and Khatoon, 1982).
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PE3IOME

BTOPUYHbIN AMWTIONA03 MOYEK Y COBAKU U EFO NMOCNEACTBUSA

M. 4OBOW-KOBAY, Ab. AEAK n TUANAHA BAPTANWNM

Ha OcHOBaHWM MaTO/IOr0aHATOMUYECKUX WCC/IEA0BAaHUI aBTOpaMU [OK/afbIBAETCA O
CMOHTAHHOM ammsiongoe3e MouveK y 5 cobak. Y [AByX cobak aMWUonfo3 MoyYeK COMpPOBOXAA/ICS
Hehpo30M, Y ABYX COBAK B KaUecTBE OC/IOKHEHUS K HE(PO3Y MPUCOEANHINCH TPOMOO3 JIErOUHO
apTepuy, SIeroYHbIX BeH 1 3a[Heli Nosiold BeHbl, B 04HOM C/lyuae Lppo3 MoYeK NPy OC/I0KHEHUM
NPOAO/KNTENBHOW Ypemun. [TMCTOMOrMYECKUMI MCCMEA0BAHMSIMUA JOKa3aHO, YTO BO BCEX MSATU
CNyyasix Ha/IMLEBCTBOBa/T BTOPUYHBIA aMUION03 MOYEK.

B AucKyccuy 06CYXAaloT BO3MOXHBIA MaToMeXaHW3M BO3HWKHOBEHUSI CKJIOHHOCTU K
TPOMGO3yY, NMPUCOEAVHSIFOLLIEroCs B KAUYeCTBE OC/IOKHEHUSI K CUHAPOMY Hedhposa.

UNCTKA N YACTUHHAA XAPAKTEPUCTUKA VNHIMBUTOPA TTIPOTEAS3bI

. KOXAC

ABTOPOM M3y4eH B K/IETOYHOM 3KCTPAKTE U3 Proteus vulgaris (DAKTOP, TOPMO3ALLWIA aK-
TVBHOCTb TPUMCUHA W XUMOTPUNCUHA. VIHTUBMTOP OUMLLASICA adPUHUTET-XPOMATOr patiHecKnm
nyTem. SH3MMHOV NpeaBapuTe/IbHON 06pPaboTKON fOKa3aHO, YTO TOPMO3ALLMK SEKT ABYX IH3U-
MOB 06YC/I0B/IMBAETCS TeM Xe (W1 OUeHb 6/IMSKUMM ApYT Apyry) ueHTpomM(amuy). Morekynsp-
HbIli BEC MHIMOMTOPA, ONPeLeneHHbIN XpoMaTorpadueli Ha rene, paBHsieTca 30 000—32 000.

N3MEHEHWSA KOHLEHTPALIM TOPMOHOB LUMTOBUAHOW >XENE3bI U .
MOJTOBbIX CTEPOVAOB B CbIBOPOTKE MNETYXOB N KYP MNPV ®OPCUPOBAHHOW
JIMHbKE

Ab. METEW, 3. CENEHW nv N. NEUENN

Mi3yyannck 1smeHeHNA (DYHKLMN LUMTOBMAHON JKenesbl 11 MOMOBbIX XKesles Bo BpeMs (hop-
CMPOBAHHOM NMHBKY, BbI3BAHHOW MyTEM OFPaHUYEHNS] KOPMa, MUTLEBON BOfbl U CBETA, AasibLLg,
MpY MOMOLLY MOHVKEHUS TEMMEPATYPbl. Y Kypbl KOHLEHTPALWSI MPOrecTepoHa B CbIBOPOTKE BO
BPEMSI SIMHbKM MaTeMaTWU4eCKW [OCTOBEPHO MOBbILLIAETCS, MOTOM GecrpepbiBHO MOHVKAETCS,
Torja Kak 17-/?-3cTpagvmosn Bo BpeMsl AaHHOFO MPOLIECCA HAXOAUTCS HA HW3KOM YpoBHe. TUpOK-
CVH Y Kypbl CHa4a/1a BMECTE C MPOrecTepOHOM MOBbILLIGETCS, BO BPEMSl /IMHbKN OCTAETCs Ha Bbl-
COKOM YPOBHE, & Y)Ke Y OMepUBLLMXCS XXMBOTHbIX MOKa3bIBAET CHOBA HY3KMIA YPOBEHb B ChbIBO-
poTKe.  TpWOATVPOHUH B HAYa/lbHOM MEPUOfE MOHWKAETCS, a Y OMEPUBLLUMXCH YXMBOTHBIX
CHOBA MOBbILLIAETCS.

Y NeTyXoB B Ha4asle /MHbKY KOHLIEHTPALIMS TECTOCTEPOHA MOHVDKAETCS U B TEUEHUE BCETO
nepuvofia OCTAeTCs Ha HU3KOM YpoBHe. IMapasinesibHo ¢ MafieHeM YPOBHSI TECTOCTEPOHA MOBbILLIA-
€TCS YPOBEHb TUPOKCUHA. TPUAOATUPOHUH MOJ0GHO OMMCAHMID Y Kyp — HO MaTeMaTUyecky He
[OCTOBEPHO — W3MEHSIETCS.

CornacHo Mosly4eHHbIM JaHHBLIM Y KYpbI M METyXa B YC/IOBUSX (hOPCUPOBAHHOM IMHLKM
CMeHa peryimpyeTcs M3MeHeHVEM B3aVMOZEACTBUS LLMTOBUAHON dKefe3bl 1 MOMOBbIX XESes.

MOBbILLIEHVE KOHLIEHTPALMI NPOrecTepoHa 1 TUPOKCUHA Y Kypbl, AeCTBYS Ha (IUINKY-
Jbl, BbI3bIBAET MOTEPHO MEPLEB. Y METYXa NOBbILLEHWE KOHLEHTPALWMMN TUPOKCHHA 1 €r0 eiicTBre
Ha NepbeBble (HONIMKY/IbI 0GECMEUMBAETCS HU3KVM YPOBHEM TECTOCTEPOHA.



Bo Bpemsi pocTa HOBbLIX MEPBLEB Y XMBOTHBLIX 060MX MO/OB Kak TUPOKCYH, Tak 1 Tpuiioa-
TUPOHWH MOKa3bIBAOT BbICOKYH) KOHLIEHTPALMIO B CbIBOPOTKE, TOrJa KakK TakoBasi CTepoMoB
MOJIOBbIX KE/1e3 SABMSETCA HUKONA.

METABOJ/IM3M BOAbl U 3JIEKTPOJINTOB ¥ OBLbI

b. OXAC, 6. CETEAN v M. KEPECTELW

B Tpex cepursix 9KCrepryMeHToB aBTopamii U3y4asioch eiCTBME Harpy3Ku nosapeHom COMbo
N BOAOA Ha MeTabonM3M 3/1IEKTPOSIUTOB U BOAbl Y OBEL, CHabXeHHbIX (DUCTYON B pybeL, 1 Ka-
TeTepamMn B OKOJIOYLLHYHO C/IOHHYIO Xere3y, B MOYeBOj U ApeMHYH0 BeHy. XKMBOTHbIX 3apaHee
CHabXan pasHbIM KOMMYECTBOM MOBOPEHO ConMM W Boabl. B vccnefoBaHMsX MpUMEHSICS
nsoton 2Na.

O6Hapy>KeHO, YTO MPY HEAOCTATOYHOM CHAGXXEHMW MOBAPEHOM COJbI0 KOHLEHTPaLMst B
cntoHe Na+ CyLLeCTBEHHO MOHM3KUIACk, a TakoBast K+ pe3ko noBbicuiach. JT0 1 6bU10 MPUUMHONA
PE3KOro NMOHWXEHWUSI HYacTHOro Na+/K+ Mpn focTaTOMHOM CHaGXXeHUM MOBapeHoii combio 2Na
NosABNAJICA B YeTbIpe pas3a 6bICTpee, YeM MpY HeJOCTATOUHOM CHaBGXEHUN €lo.

O6Hapy)eHa TeCHasi B3aUMOCBSA3b MEX[Y BblfeNeHNeM COHbI 1 TakoBbIM Moun. Mpu
MOHVKEHUN CHABXeHUsI MOBAPEHON CO/bI0 HacTynuio YMeHbLLIEHWe Anypesa U Bblfe/ieHuns
C/IOHbI 1, no,u,o6Ho 3TOMYy, MOHVDKeHMe BblaenieHns Na+ n K+ citoHoin 1 moueid. Mpw Harpyske
NMOBapEeHO COMbHO MOBLICW/IOCH BbIAE/IEHVE MOYM, HO _He Gbl/10 M3MEHEHVSI B BbIAENIEHUMN C/IOHb .
BonbLuoe konmyecTBo Na+ 1 K+ Bbigensinocb mMoueld. COOTBETCTBEHHO 3TOMY Harpyska BOAOi
M3MeHM/Ia 06BEM XKMAKOCTY pybLa 1 ee 0OCMOTUHECKOTO AaB/IEHWSI. 3TO BEJIO K U3MEHEHWIO BAWY-
pese 1 BbIAeNeHNN CIIKOHbI U B KO/IMYECTBE BbIAENISIEMbIX MOYeli 1 citoHoli Na+ n K+. Ha ocHo-
BaHWM MOJTyYeHHbIX AaHHbIX MOXHO 3aK/IO4YATL, YTO U3MEHEHWE OCMOTUYECKOTO aB/eHNs XINj-
KOCTU py6Lia 0YeHb ObICTPO M Pe3KO CKasblBaeTcs Ha MeTabonvsame BOfbl W 3MEKTPONUTOB Y
XXBaYHbIX.

OEVICTBVE MOMOBbIX CTEPOVAOB HA TPAHCMOPT AVMUAOB U B INMNAAX
PACTBOPAKOWLNXCA BUTAMVNHOB Y KYPbI

Ab. NEHYEW wn M. ME3EW

[elicTBYe MOMOBbIX CTePOUAOB — 17-/3-3CTpaamona 1 ero KoMouHauwid ¢ NporecTepoHoM
WWnM TeCTOCTEPOHOM — M3YYEHO Ha YpOBeHb BCEro NMuAa, KapoTvHa 1 PacTBOPAIOLLIMXCA B
vnNugax BUTaMUHOB A 1 E B KPOBY Kyp MUMO Ce30Ha SALeKNafKu. Bo BpeMsl YeTbIpex Heaemb
06palboTKMN YXUBOTHBIX CTEPOMAAMM YPOBEHb 3TUX MPENapaToB B CbIBOPOTKE OMPEJE/IsiivA exe-
Hefle/IbHO.

OGHapy)eHo, UTO KO/IMYECTBO BCEFO SIMNMAA CUCTEMATMYECKM MOBLILLANIOCH B Fpynnax
Kyp, 06paGoTaHHbIX 3CTPaAVIONIEM 1 3CTPAAVON + MPOrecTePOHOM. YpoBeHb KapoTiiHa He MoKa-
3blBa/I MaTemMaTuyeckun 0CTOBEPHBIX M3MeHeHniA. CoepkaHne BUTaMVHa E B CbIBOPOTKe MaTe-
MaTWYeCKM JOCTOBEPHO MOBLICK/IOCK B FPyNnax Kyp, MoayYaBLUMX 3CTPaAVON, Ha NepBoii Hedene
06paboTKU. PeTUHWIOBBIA 3CTEP HAVBLICLLYI0 KOHLEHTPALMIO MOKa3blBa/l Ha BTOPOIA Hefene
06paboTKU 3CTPAAMONIEM. VI3MEHEHUS YPOBHS PETMHOMA BbUIN NOAOBHLIMU TaKOBbIM BUTaMUHA E.

OMPEAENEHMNE HEKOTOPbLIX HOPMAJIbHbIX MNMAPAMETPOB B KPOBW
OMBPUNOHOB KYPbl, ®ASAHA W MEPEMENA

Nn. BAPHAb

B paboTe npeAcTaB/eHbl MokasaTesn LeoYHoN tocaTasbl, HeopraHuyeckoro Ca u P,
remMaToKpuTa U KOJIMYeCcTBa 3PUTPOLMTOB B KPOBU 3MGPUOHOB Kypbl, (hasaHa W Meperena He-
MOCPEACTBEHHO Mepes BbUTyr/ieHeM. Mpy MOMOLLM OMMCAHHOIO MPOCTOro croco6a MosyyeHus
KPOBV W COOTBETCTBYIOLLMX /1aG0PATOPHO-ANArHOCTUHECKUX M GUOXMMUYECKUX METOLOB ECThb
BO3MOXHOCTb OMPE/ie/leHns Psifia MapaMeTpOB KPOBM U CbIBOPOTKM 3MBPVIOHa.

Ha 0CHOBaHWM MHOTOUVC/IEHHBIX UCCef0BaHMIA B ;laHHOW paboTe aBTop MPYBOAWUT OCHOB-
Hble MOKa3aTe/I1, KOTOpble 10 CUX MOP B MTepaType HUTfe He 6bUin NMpeacTaB/eHbl. HekoTopble
HOpMa/TbHbIe MOKA3aTe/ M MOryT 6bITb MOME3HBIMI /151 TEX, KTO 3aHVMAtOTCA BOMpocamu amMopu-
0/10r1K, TePaTONorAN Ha AMBPUOHAX MTUL,



OENCTBUE HAPY>XHbIX ®AKTOPOB MEPE/[, YEOEM HA AKTVBHOCTb 3H3MMOB
KPEATVHNH-®OCPOKNHA3bl (KPK) N NAKTA3SA-AETMAPOrEHA3bl (1460
Y CBVHbA

M. CUNAON, M. BUTTMAHH, . TYBA n 1. BUT

ABTOpaMK M3yyanacb aKTUBHOCTb 3H3MMOB KPK n JIAT nocne 6epeXkHOro TpaHcnopTa
M3 Ma/Ioro pacCTOsSHUA TPAcropTUPOBaHHbIX (35 KM) M YOUTbIX CBUHEN M TakoBbIX MojBepras-
LLUMXCA MOoc/e TPaHCMopTa MOLMOHY Ha paccTosiHUM 350 M. XKMBOTHbIE 6bUM TMOPUAHBIMA U
NPOCTOr0 CKpeLLeBaHWA. KiccnesoBaHnsl NPOBOAWINCH B JIETHIOW, OCEHHIOID U 3VIMHIOK MOpbI
roga.

A OG6Hapy>keHO, YTO pasHble Mopbl rofa Mo PasHOMY CKa3bIB/IMCL Ha YKa3aHHbIX rnapameT-
pax KposBu. HanMeHbLLIas aKTUBHOCTb, TO eCTb Havbosee NPUATHbIE NapamMeTpbl KPOBK Nosyye-
Hbl OCEHbIO MMEHHO B OKTSI6pe MecsiLie, a Hambonee nioxve, To ecTb Havbosee BbICOKME, B HBA-
pe-theBpasie MecsALAX.

Ha He6iaronpusTHOe AeiCTBYie B Fpynne MOKasbIBa/i He TOMbKO CPEAHYE NoKasaTe/u,
HO OHO MPOAB/SANOCH U B TOM, YTO 3H3VMHAs aKTMBHOCTb Y HEKOTOPbIX 0COOei 6113 0COBEHHO
BbICOKOM.

MoLmoH Mexay TpaHCropToM U yBoeM, Kak Ao6aBoyYHas Harpyska, He oTpaswiacb Ha
M3YYeHHbIX NapameTpax.

MapameTpbl KPOBY CBUHEN, MOMTyYHeHHbIE B Te XKe Mopbl rofa 1 Npy Taknx XKe YCNoBrUsxX
He OT/IMYaUTNCb APYT OT Apyra, TakvM 06pa3om pasHuLy B YyBCTBUTEILHOCTU K AaHHOMY CTpec-
COpYy He yAanocb BbISBUTDL.

WCCNEAOBAHWA MO 3H3VIMHOW AKTVIBHOCTU MIA3Mbl CEMEHW BbIKOB AJ/14
KOHTPOIA MOABVXKHOCTW, Orn1040TBOPAIOLLEN CIMOCOBHOCTU U
3AMOPAXXVMBAEMOCTW XXBUNKOB

M. A. P. NBPATUM

CopoK YeTblIpe GblKa BEHrepCKOM MecTPOi MOPOLbl, UCMOMb3YIOLLMXCSA B UCKYCCTBEHHOM
OCEMEHMW, pa3fefieHbl B BE PyMnbl, COracHO UX BOCMPOM3BOAUTENBbHBLIX AaHHBLIX (KapTUHA
CeMEHW, ee 3aMOPaKMBAEMOCTb, OM/IOA0TBOPSAIOLLAS CMOCOBHOCTL). WM3yuanach aKTMBHOCTb
3H3VIMOB CEMEHM, KaK TO, FlyTaMMH-NMPYBaT TpaHcamyHaskl (MTTT), FyTamMyH-LLaBe/IeBOKIC/ION
TpaHcaMUHa3bl (FLLI,T) N ranypoHnfasbl U faHHble cpaBHEHbI C KAPTUHOW CeMeHW. AKTMBHOCTY
FLUT v TTIT v3mepsnncb, Torga Kak rvanypoHvaasa onpedensnac VMMyHOAUA(Y3VIOHHBIM
METOZAOM MpPY MOMOLLW aHTU-TMOTYPOHUAA3HOM CbIBOPOTKM OT Kpo/nvKa. MokasaTtenu Bcex Tpex
3H3VMOB IV1a3Mbl CeMeHW OblUn 601ee BbICOKUMM Y ObIKOB CnabLueii BOCMPOM30ANTENbHONR Cro-
cobHoCTW.

MOP®OJIOI MYECKME M3MEHEHUNA XMBUMKOB BbIKA TP 3AMOPOXEHNI
N PACTAAHN

M. A. P. UBPATUM, N. KOBAY n b. 1. TOT

Jlydiiee noHUMaHue r3NoIornK, NaTopU3MoNorumM 1 MoposiorMn MosioBoro TpakTa v
CTRYKTYPbI )XVBUMKOB 0GECMEUMBAET /TyULLIME LLIAHCHI HA AMarHOCLINPOBaHMe 1 ieYeHiie ANCHYHK-
LM 3TOro opraHa v paLmoHaibHOe 0OCHOBaHMe Ha U3y4eHrie HOBbIX MOAXOA0B fieveHns becrnnogus
camLoB.

5 JaHHOoMy 1ccneaoBaHUIO MOABEMKEHO CTO ObIKOB MPOU3BOAWTESNel BEHIePCKOW MecTpoi
nopoAbl. V3ydeHne KapTVHbI akKpoCcOMbIl OCYLLIECTBAANIOCH G6asibHbIM MeTogoM 0 -3 npy pasHOM
COCTOSIHUM CeMeHU: A) cBexxee ceMsl 6e3 06paboTKu; B) pa3bas/ieHHOe U ypaBHOBELLEHHOE CEMS
Ha 3,5 yaca; B) 3amopoxxeHHoe npu —196°C 1 pacTasiHHOe CeMsi B TeueHue 4aca npu +46°C;
[) 3amopoxkeHHoe npu - 196°C, XpaHWBLLEECS B TAKOM COCTOSIHUWM B TeYeHWe OfHUX CYTOK U
MOTOM PacTasHHOE CeMsi.

O6Hapy>eHo, UTO KO/IMUECTBO AE(EKTHBIX KMBUMKOB U TaKOBbIX C ANCHYHKLEN akpo-
COMbI B COCTOSHWV 3aMOPOXKEHWS MOBbILAETCA. COOTHOLLEHVIE MEX[Y KapTUHOW aKpoCoMbl,
MOABVKHOCTBIO 11 OMNJI040TBOPSIOLLEN CMOCOGHOCTLIO KaK HE3aMOPOXEHHBIX, Tak 1 3aMOPOXeH-



HbIX YXMBYMKOB, GbUI0 NMOMOXKMTENBbHBIM. CTPYKTYpa aKpoCOMbl, 3TO HOBbIiA, CBETOBbLIM MMKPOC-
KOMOM MOJTyYaemMbliA KPUTEpUiA, MPU MOMOLLM KOTOPOr0 MPOCTO U GbICTPO, 6a/l/IbHbIM METOAOM
MOXHO OLEHWTb B PYTUHHO paboTe cemsl, MOBEAEHUE XXVBUMKOB, WX 3aMOPaKMBAEMOCTb U
OM/I0A0TBOPSIOLLYIO CMOCOGHOCTb. 3TO aKKypaTHbIA 1 UyBCTBUTE/NBHBIA NapamMeTp HaJeXHOro
onpezeneHnst HOPMAIbHOMO COCTOSIHWS KIIETOK.

OENCTBUE FTYBOKOIMO 3AMOPOXXEHWA HA CMIEPMY XPSKA

M. A. P. UBPATUM wun 1. KOBAHY

[JeicTBre rny6oKoro 3aMOpPOXeHWs U3ydeHO Ha criepMe 50 XPsIKOB Mpov3BOaWTeneit
MopoA AMPOK, 3CTOHCKOW, HM3MeHHol I[P M repmMaHCKoOi MOSiCHAYHOW. Crepmy Monyyam
PYYHbIM METOAOM. B nnemeHHbI nepuog 1979-oro roga n3 190 3sikynsaToB nNpyrotoseHo 1218 fo3
rNy60KO0-3aMOPOXKEHHO CMEPMbl XPSKOB B CreLyaibHbIX Pe3HOBBLIX THOOMKaxX (MCKYCCTBEHHbIX
CO/TIOMUHKaX). [Mpy ryboKOM 3aMOPOXEHWUM B Ka4ecTBe pazbaBuTena mnosb3oBainck 11%-HbM
pacTBOPOM /1aKTO3bl K KOTOpoMy fiobaBnsny 0,1% MnopoLLKa CHATOro MOJIOKa U KPMOMPOTEKTUB-
Hble BELLIECTBA, KaK To, ruuepuH 1 nacta Opsyc Ec. I'ny60K0-3aMOpPOXXeHHYI0 CrepMy pactasim
Ha BoasiHoI 6aHe TemnepaTypbl 52°C B TeueHme 52 ceKyHA. MoTtom cnepmy HarpeBanv o 20°C n
pas36aBnsn Tatowen >xugkoctbio (Beltsville wnm OLEP Liquid v npoBogmnm ocemeHeHvie
CBMHOMATOK. CyMOpOCHOCTb CBMHOMATOK OMPefensnn ynbTpasBykom 40 AHeld criycTsi nocne
ocemeHeHnsl. Cpean 397 0OCeMEHeHHbIX [/TyDOKO-3aMOPOXKEHHOM CMepMoi  CBUHOMATOK 184
(46,3%) onopocuiocb NpY CpeaHeR Benm4mnHe NOMeToB B 9 nopocAT. Mopho1orms rofloBKU XXMB-
YMKOB [I0 W Noc/e ry6oKo 3aMOPOXEHNS U3ydasiacb CBETOBbLIM U 3/IEKTPOHHBIM MUKPOCKOMOM.
MaTemaTnyecku [OCTOBEPHbIE PasHMLbI B MOPKOSIOrN 06HapYXKeHbI COrnacHo BO3pacTy W Mo-
poabl GbIKOB.

CPABHUTENBbHBLIE BUOXUMWYECKUE W MATONOIMNMYECKMNE NCC/IEJOBAHNA
Mo OCTPOMY ALMAO3Y Y BYUBOAAT OT KOPMJIEHMA MEJTACCOU 1 SEPHOM

C. C. PAHOABA, 1. H. OAC n C. K. MUCPA

Byiisonsitam pas ckopmuny Mefaccy (rpynna 1) wam MuleHnuHyto Kpyny (rpynna 2).
Y XMBOTHbIX FPyNbl 1 HACTYNIO BPEMEHHOE MOBbILLIEHVE KOHLEHTPALWN MOJIOUHOM KUC/IOThI B
COMEPKMMOM pybLa M B KPOBU, TOFAa Kak Yy OylBOMAT, MOMYYUMBLUMX MLLEHUYHYKO Kpymy,
2—3-XKpaTHOe MOBBbILLIEHVE KOHLEHTPALMU MOJIOUHON KUCIOTbI GbII0  MPOAO/KATEBHBIM.
CKOpPM/IEHVE MefacChl BbI3B/IO FUMOTIMKEMMIO, @ MLLEHWLUA - TUNeprinkemmto. CaTummn 13me-
HEHUSIMU  BUOXVMIMUYECKMX MapaMETPOB COBMafia/in OTK/IOHEHNSI B MHTEHCMBHOCTM U KauecTBe
NaTorMCTONONMYECKUX M3MEHEHUIA MO3ra, 3K30KPUHHON 1 3HAOKPUHHOW YacTeld NofpkenynoUHoi
enesbl, py6La, CETKU 1 NedeHu. MaTorcToornyeckue U3MeHeHNs 6bUN B KOPPENSILMM ¢ G1o-
XUMUYECKVMI TaKOBbIMU.

. HAEMONCHUS CONTORTUS :
OJEVNCTBUE AHTIE/IBMUHTUKOB HA OBLUEE COJAEP>XXAHWE T[JTFOKO3bI,
MMMNKOIMEHA U CMBYYUNX XKXUPHbBIX KUCTIOT

PAHBWP KAYP u M. 1. COO/A

Msyuanock peiictere 50 /ir/mn DL-TeTpamusona M padiokcaHupa Ha MosioBO3pesibIX
0C06eil Haemonchus contortus iN Vitro nocre WHKy6auum 8 M 12 4acoB COOTBETCTBEHHO.
Mpu nHKy6aumn B pacTBope Talipoga 6e3 aHTre/lbMUHTUKOB COepXKaHue TH0KO3bl U FIMKOreHa
MOBbICUNCE, & TAKOBOE CUBYUMX XXMPHbIX KUC/IOT MOHU3MIOCh. [PUUNHOA NOHWKEHWS YPOBHS
rNIMKOreHa MOXET ObITb HaYasIbHOE BblfesieHre AWL, UK 6osee 3HepPrnyHOe PacLLEn/eHre ero, a
He CTeneHb UCMOMb30BaHUA T/IHOKO3bI.

TeTpamu3os TOPMO3U/T NPUEM T/IHOKO3bI 1 MOBBICU/ UCMOMb30BaHWE TIMKOreHa U CUBYUMX
XXUPHBbIX KucnoT. OT pacdoKcaHuga He MosyyeHo 3Toro adipeTa. SpeKT AeCTBUSE aHTereb-
MUHTUKA OODBACHSAETCA Ha 06ase TOPMOXeHWs cuHTe3a ATP 1 TOPMOXXEHUS MeTabo/IMYECKUX
0TMpas/ieHUii B Hanpas/ieHnn (hocho3HONMMPYBAT-CYKLMHATHON BETBU.



AHTITE/IbBMUHTO/TIOMMYECKVE WNCCNEOOBAHUA HA SETARIA CERVI :
MCTOXMMWYECKNE UM3MEHEHUA TNMFOKO3A-6-POCPATA3bI, AJEHO3NH
TPNDPOCDHATA3LI N ABNNOYHOKNCIOM OETMMAPOIMEHASDLI

X. KATOH, BAUMUXYNNAX, A. BAKU u S. A. AHCAPU

MMCTOXVMUYECKN M3YYeHO JECTBME HECKOMbKUX aHTTe/IbMUHTUKOB, Kak TO, JIMMOHHO-
KUC/Oro AvaTuiKap6amasvHa (J149K), TeTpaMu3ona 1 sieBaMm13ona Ha aKTYBHOCTb HEKOTOPbIX
9H3UMOB Y Setaria cervi. B HOpMasbHbIX YC/IOBUSIX — [/OKO03a-6-pocthaTasa,  afeHO3MH
TpudocthaTasa U S6/I0YHOKMCIAs LerUaporeHasa SIOK/IM3YOTCsl B KyTUKYe, CyGKYTUKYIe,
(OMBPUNNSIPHON YacTV MbILLLL, MULLEBOAE, KULLEYHMKE, CTEHKE BaruvHbl Ha TIepexofe B MaTKy,
Pa3BMBAOLLIMXCS 3MGPUOHAX, XOpPAaxX M MUKPOUASPUSX. AKTUBHOCTb MEPEUUCTIEHHBIX 3H3U-
MOB 1oc/ie 06paboTKY HEMATOoAbl YKa3aHHbIMY aHTre/IbM/HTUKaMM 3aMeTHO ocrabrna.
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