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Abstract

Randhawa S. S., A. K. Ahuja, P. P. Gupta,

S. S. Rathor: Evidence of Toxic Factors in the Rumen Liquor of
Healthy and Acidotic Buffalo Calves (Bubalus bubalis). Acta vet. Brno, 56,
1987: 455-464.

Normal and acidotic rumen liquor samples from buffalo calves we-
re subjected to various treatments and injected intraperitoneally
to mice. The mortality rate was recorded up to 48 h of post inject-
ion. The toxic factors present in the acidotic rumen liquor were
heat resistant and were found to be concentrated in the high cen-
trifuged sediment. It was observed that the acidotic rumen liquor
was about 1.63 times more toxic than the normal rumen liquor.

In the second experiment, the severity of toxicosis and inten-
sity of histopathological alterations were quite apparent between
30 to 45 min. and death often occurred within 3 h of intraperi-
toneal injections. The toxic factors present in the acidotic ru-
men liquor might be endotoxic in nature.

Mice, i.p. administration, rumen liquor treatments, toxicosis.

Exclusive feeding of roughages to ruminants is associated with
proliferation of Gram-negative bacteria whereas a sudden change
to carbohydrate-rich diet results in predominance of Gram-positive
flora (Hungate 1966; Slyter 1976). A number of toxic factors
have been implicated in the pathogenesis of lactic acidosis in ru-
minants. The various compounds considered as possible toxic factors
include lactic acid, biogenic amines, ethanol, bacterial toxins and
unidentified toxic factors (Sanford 1963; Dunlop and Ham-
mond 1965; Hungate 1966; Ahrens 1967; Slyter 1976;
Nagaraja et al. 1979). These compounds may accumulate in the
rumen due to microbial alterations associated with rumen dysfunct-
ion. A preliminary study was, therefore, carried out to assess the
effect of normal and acidotic buffalo rumen liquor on mice mortali-
ty and to identify the nature of toxic factors that are lethal to

mice on clinico-pathological basis.
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Materials and Methods

Acute lactic acidosis was induced in buffalo calves by oral
feeding of molasses at the rate of 15 g/kg body weight. Rumen liquor samples
were collected at 12 and 24 h post-feeding from healthy and aci-
dotic buffalo calves with the help of a stomach tube. These sam-
ples were strained through four layers of muslin cloth, pooled and
used for this study.

In the first experiment normal and acidotic rumen liquor was
subjected to various treatments, viz. Seitz filtered, boiled (5 mi- -
nutes); as such; low-speed centrifuged supernatant (2000 rpm for 5 mi-
nutes); high-speed centrifuged supernatant (18000 rpm for 20 minu-
tes) and high-speed centrifuged sediment. The volume in each treat-
ment was restored to the original level of the rumen liquor with
pyrogen-free normal saline solution.

Seventy albino mice of both sexes (20-28 g) were procured local-
ly. They were maintained on a commercial pelleted feed and had free
access to water. On the basis of body mass, they were randomly di-
vided into six duplicate groups (normal and acidotic) having five
mice in each group. The rumen liquor samples subjected to various
treatments as described above wefe intraperitoneally injected at
the rate of 0.5 ml/mouse. The clinical symptoms and mortality rate
were recorded up to 48 h.

In the second experiment, the lethality of strained rumen liquor,
drawn from normal (roughage based) and lactic acidotic *buffalo cal-
ves was tested with another set of 66 mice. Serial dilutions (0.125,
0.250, 0.500, 0.750 and 1.0 ml) of differently treated, normal and
acidotic rumen liquor were made and the volume was raised to 1 ml
with pyrogen-free normal saline. A group of six mice was subjected
to each of the above treatments. In addition, a control group was
also maintained in which the mice were given intraperitoneal inject-
ions of pyrogen-free normal saline. A close observation on clinical
symptoms and mortality was recorded up to 48 h post injection. The
LD 6 and LD of normal and acidotic rumen liquor was calculated as
pet® the methd of Litchfield and Wilcoxon (1949).

In both experiments, representative tissues from each group were
processed for histopathological examination as per conventional pro-
cedure. : ’

Results

Intraperitoneal .injections of strained rumen liquor from healthy
or acidotic buffalo calves was lethal to mice within 48 h but the
rumen liquor samples from acidotic calves were more toxic than those
of roughage fed calves (Tables 1 and 2). The LD,, and LDy, values of
normal rumen liquor were 0.13 and 0.31 ml where%g that of"“acidotic
rumen liquor were 0.07 and 0.19 ml, respectively. The lethality re-
sults reflected that the acidotic rumen liquor was 1.63 times (LD 0)
more toxic than the normal rumen liquor. No mortality was recordeé
in the control, Seitz-filtered groups with normal as well as acido-
tic rumen liquor. However, the mortality was 100 percent in mice
injected with boiled acidotic rumen liquor, indicating that toxic
factor was heat resistant. The effect of toxins present in high cen-
trifuged sediment equalled that of the original strained rumen li-
quor. In the high centrifuged sediment from acidotic group, 100% mor-

talit¥ was recorded as compared to only 20% in high centrifuged su-
pernatant group.
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Fig. 1. ©Section of liver showing portal hepatitis H.E. X 70.

Fig. 2. Section of intestine showing necrotic enteritis of all
the layers H.E. X 70.
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Section of kidney showing perivascular infiltration of
lymphocytes H.E. X 300.

Section of kidney showing nephrotic changes in the tu-
bular epithelial cells and necrosis of glomerulus
H.E. X 300.
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In the second experiment, 100% mortality was recorded with in-
traperitoneal injection of 1.0 ml normal rumen liquor as compared
to 0.75 ml of acidotic rumen liquor. The onset and severity of
signs of toxicosis and intensity of histopathological alterations
depended upon the amount of rumen liquor injected and the type of
treatment given. Usually the signs were observed between 30 to 45
minutes and death often occurred within 3 h of i.p. injection of
low speed supernatant and high speed sediment component of the ru-
men liquor. The clinical signs of toxicosis were in the form of
marked dullness and depression, reflected by the decreased activi-
ty and disinclination to eat or drink. This was followed by symp-
toms of ataxia associated with generalized muscular weakness and
hyperventilation with dyspnoea. In the terminal stages, complete
immobilization with unresponsiveness to external stimuli was ob-
served. Some of the mice exhibited lateral recumbency and occasio-
nal convulsions just before death. However, the control mice given
the normal saline solution did not show any ill effects.

No significant gross lesions were detected during necropsy except
for congestion of the intestine observed in some of the mice. The
histopathological examination revealed that intensity of the le-
sions was more marked in the high centrifuged sediment as well as
low centrifyged supernatant rumen liquor injected groups as compar-
ed to the boiled and untreated rumen liquor injected groups. Histo-
pathological alterations in the liver sections revealed fatty chan-
ge, congestion and foci of coagulative necrosis with disorganisat--
ion of hepatic cords and non-purulent portal hepatitis (Fig. 1).
The examination of lungs revealed severe congestion, pulmonary -oede-
ma, haemorrhagic and interstitial pneumonia with marked infiltrat-
ion of lymphocytes and plasma cells around the blood vessels and
the bronchioles, and in the lung parenchyma. Necrotic enteritis of
all the layers of intestine (Fig. 2) was observed in mice that
succumbed to the effect of toxicosis.

The sections of kidneys revealed nephrotic changes in tubular
epithelial cells with focal non-purulent interstitial nephritis
and perivascular lymphocytic cuffing (Fig. 3). Necrosis of glomeru-
1i (Fig. 4) was also observed in some of the mice. No abnormal chan-
ges were detected on histopathological examination of heart and
brain injected with untreated and boiled, normal as well as acido-
tic rumen liquor, whereas in other groups,- areas of foci of coagu-
lative necrosis of cardiac muscles (Fig. 5) and non-purulent peri-
carditis with infiltration of plasma cells and lymphocytes was ob-
served. Lymphocytic meningo-encephalitis and acute necrotic gastri-
tis (Fig. €) were also observed.

Discussion

The results of the biochemical analysis revealed that the rumen
liquor from normal calves was devoid of ethanol and contained only
negligible quantities of histamine and lactic acid. But intraperi-
toneal injection of this liquor to mice also showed symptoms of to-
xicity. Similarly non-toxic to least toxic nature of the cell free
high centrifuged supernatant fraction of rumen fluid and other meta-
bolites such as volatile fatty acids, lactic acid and histamine are
the possible factors responsible for mouse mortality. The non-toxi-
city of the Seitz filtered normal and acidotic rumen liquor and heat
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Fig. 5. Section of heart showing necrosis in myocardium
H.E. X 70. :

Fig. 6. Section of stomach showing necrotic gastritis H.E. X 70.
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supernatant, reflected by high mortality revealed that toxic
factors were concentrated in the bacterial fractions which pos-
sessed the properties of endotoxins. Such observations have also
been made by Mullenax et al. (1966) and Nagaraja et al.
(1979) with cattle rumen fluid.

It was also observed, on Gram s staining that normal rumen li-
quor contained a higher proportion of Gram-negative bacteria.
Predominantly Gram-negative isolates were also found on aerobic
cultural isolation of the normal rumen liquor. However, in the
acidotic rumen liquor there was a shift in the proportion with
predominance of Gram-positive bacteria, as confirmed by the aero-
* bic cultural isolation studies. These observations also support-
ed the results of lethality to mice with normal and acidotic ru-
men liquor indicating thereby that a qualitative increase in the
concentration of toxic factors in the acidotic rumen fluid occur-
red probably due to disintegration of Gram-negative bacteria in
the acidotic ruminal environment (Slyter 1976 and Nagaraja
et al. 1979). The presence of toxic factor in the normal and aci-
dotic rumen liquor as well as clinical symptoms and histopatholo-
gical alterations observed in mice are comparable to the findings
of Mc Manus et al. (1979), Nagaraja et al. (1978) and Na -
garaja et al. (1979). These changes could be ascribed to the
effect of ruminal bacteria and/or their toxic factors. However,
the severity of:toxic factors in the acidotic rumen liquor was
not as marked as observed by these workers. This could be attri-
buted to the fact that the degree of lactic acidosis reflected by
the very low rumen liquor pH, was more intense in the present stu-
dy. This might be due to the different sampling timings (12 to
24 h) in the present study as compared to 6 h by other workers.

A marked increase in the rumen fluid accumulation due to increas-
ed intraruminal osmotic pressure in the present study might have

resulted in the dilution of toxic factors in the acidotic animals
which explains the variability in the degree of toxicity produced
by acidotic rumen fluid.

It may be postulated that the toxic factors, though present in
the intact rumen of healthy buffalo calves, are not exerting any
undersirable effect but under conditions of carbohydrate engorge-
ment more production and subsequent absorption of toxic factors
from the inflamed and denuded rumen epithelium might lead to phy-
siological disturbances, thus resulting in the shock-like syndro-
me which ultimately led to the loss of animals.

Prikaz toxickych faktord v bachorové tekutiné& zdravych
a acidotickych telat buvold (Bubalus bubalis)

Vzorky bachorové tekutiny zdravych a acidotickych telat buvold
byly osetfeny rliznym zpisobem a intraperitonedlné injikovédny my-
81Im, u nichZ byla v né4sledujicich 48 h sledovdna mortalita. To-
xické faktory pritomné v acidotické bachorové tekutin& byly tepel-
né resistentn{ va&i teplu a byly koncentrovény v odstfedéném sedi-
mentu. Acidotickd bachorové4 tekutina byla asi 1,63 x toxictéjsi
neZ tekutina ze zdravych telat.

V druhém pokusu mé&la toxikoza prudky prab&h a patohistologické
zmény byly zjevné b&hem 30 aZ 45 minut po aplikaci bachorové te-
kutiny. Pokusné my%i hynuly b&hem 3 h. Toxické faktory v acido-
tické bachorové tekutin& mohou byt svou povahou endotoxiny.
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OnpeneneHMe TOKCHUECKHMX PAKTOPOB B COKaxX pybua 3OOPOBHIX
M aUMOOTHUECKHX 6yhBoneHKoB (Bubalus bubalis)

O6pasubl COKOB MEpBOrO XeNynkKa 3NOPOBHX H AUHOOTHUECKHX
6YABOJIEGHKOB HCCJIeOBANIM pPa3HbBIMH CNOCO6aMH M HHTparnepHTOHealbHO
BBOIOHWJIM MBIIAM, Yy KOTOPHIX B roclenywmHe OBOe CYTOK Hab6iwnanu
CMEepTHOLUTb. [I[pUCYCTByKmMHEe B ALHONOTHUYECKOM COKe pyb6lla TOKCHUECKHe
GaKTOPE OTJMHUYANKUCH TEPMHUYECKOA PE3HCTEHTHOCTBHI K Tenny H ObNH
CKOHUEHTPHPOBaHe B LUEHTPHOYIHPOBAHHOM oOcapkKe. AUHOOTHYECKas XHIO-
KOCTb Dy6La IO CPAaBHEHHI0 C COKOM 3OPOBbX 6yABONEHKOB OTJIHYEIACH
B 1,63 pasza 6onbmed TOKCHUHOCThIO.

B xXopme BTOpPOr'o 3KCNEepHMEHTa Ha6iogalid 6oJjiee GHCTpOe MNpoTe-
KaHHe TOKCHKO3a H IMaTOJIOrHYeCKHe H3IMEeHEeHHUs MPOsSIBHJIIHCh B TEeuYeHHe
30 - 45 MuHYT. [lOOOMHITHHIE MENK MOrH6aNH B TEYEHHe 3 YacOB nocne
TNPUMEHEHHsI COKa MepBOoro xenynka. ToxCHueckHe (axTOpel B AUHOOTH=-
YeCKOM XeJNyOOYHOM COKe MOXHO IO CBOEeMy XapakKTepy CUYHTAThb 3HOO-
TOKCHHaMH.
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