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Abstract

Ahuja A. K., S. S. Randhawa, S. S. Rathor: Effect of Monensin in Ameliorating
Subacute Lactic Acidosis in Buffalo Calves. Acta vet. Brno, 59, 1990: 171—178.

The efficacy of monensin feeding on rumen metabolism, acid base status and gas
tension of blood in molasses induced subacute lactic acidosis in buffalo-calves was
evaluated. Subacute lactic acidosis was induced by oral administration of molasses
at a dose 10 g/kg body mass as a single dose. Monensin was found to be effective
in improving rumen liquor pH and significantly decreasing the lactic acid content
of rumen liquor. The total volatile fatty acid (TVFA) concentration and their indi-
vidual proportion was not affected following administration of first dose of mo-
nensin at 12 h after experimental induction. However, administration of second
dose at 24 h resulted in marked increase in the concentration of TVFA associated
with decrease in the ruminal acetate and butyrate production and proportionate
increase in the ruminal propionate concentration. The blood lactic acid content also
showed a significant decline in the monensin treated group indicating its efficacy
also in combatting developing systemic acidosis as reflected by improvement in
the actual bicarbonate, standard bicarbonate, acid base excess and bicarbonate
to carbonic acid ratio following acid-base analysis of the venous blood.

Rumen acidosis, Ionophore antibiotic, acid base status, tumen metabolism

It has been demonstrated that growth of major lactate producing bacteria Streprococcus bovis
and Lactobacillus spp. is inhibited by the antibiotic monensis (Dennis et al. 1981a). This anti-
biotic also helps in lowering the lactic acid content in the in vitro rumen fermentations (Na-
garaja et al. 1981). Selective inhibition of major lactate producing bacteria by monensis in vitro
suggests its potential use in controlling lactic acidosis in ruminants. The objective of this study was,
therefore, to test the efficacy of monensin feeding on rumen metabolism and acid-base status of
blood under molasses induced subacute lactic acidosis in buffalo calves.

Materials and Methods

The experiment was carried out on four Murrah buffalo calves of about one year age. Three
of the calves were placed on monensin treatment and the fourth was kept as control. After an
overnight fasting subacute lactic acidosis was induced in all the calves by oral feeding of molasses
at a dose 10 g/kg body mass as a single dose.

After the induction of acidosis, the first dose of monensin was given orally at a dose 3 mg/kg
body mass after 12 h of induction and the same dose repeated 24 h after induction.

Ruminal and blood samples were collected every 6 h from 0 to 24, then every 12 h from 24 to
48 h. Rumen liquor samples treated with 0.5 ml of saturated mercuric chloride were collected via
ruminal cannulae and the pH determined immediately. Before each collection, blood samples
were drawn into heparinized syringes for analysis of acid-base status and blood gas tensions by
blood gas analyser (Radiometer, Copenhagen, Denmark).

The rumen liquor samples were analysed for lactic acid by the method of Barker (1961).
Ammonia-N (NH;—N) was analysed by the micro diffusion technique (Conway 1957). Total
volatile fatty acids were analysed according to the method of Annison (1954) and molar proportion
of individual fatty acids by gas chromatography (Bernard and Boucque 1968).
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Table 1

Biochemical and microbial changes of rumen liquor under monensin fed subacute
lactic acidosis

Time (hrs)
Parameters 18 24 36 48
0 12
c | M cC | M cC | M c | M

Rumen pH 6.80 5.03 | 4.87 549 | 4.90 546 | 550| 6.72 | 5.99 6.61

+0.06 | +-0.03 +0.25 +0.11 +0.17 +0.26
Lactid acid 0.32 | 13.55 | 16.60 | 11.08 | 20.70 | 11.28 | 11.29 222 | 892| 0.29
(mM/L) +0.07 | +0.57 +0.38 +1.02 +0.27 40.06
Rumen
NH;—N 13.72 9.14 | 6.84| 10.87 | 7.49 7.74 | 5.60 9.25 | 5.85 9.03
(mM/L) +0.97 | +0.59 +0.79 +0.24 +0.31 © | £0.44
TVFA 102.00 | 50.50 | 20.00 | 27.30 | 16.00 | 30.66 | 24.00 | 81.00 | 30.00 | 95.56
(mM/L) +3.95 | +4.69 +1.18 +3.06 +1.34 +1.78
Molar
proportion
Aceticacid | 50.71 | 54.35 | 60.62 | 64.47 | 62.27 | 64.48 | 49.13 | 37.77 | 47.51 | 34.91
(%) +1.73 | +1.01 +5.20 +1.06 +2.70 +2.86
Propionic 28.05 | 25.64 | 27.64 | 24.93 | 30.18 | 28.23 | 26.05 | 47.54 | 37.07 | 46.84
acid (%) +1.74 | +1.24 +3.20 + 0.88 +3.01 +0.85
Butyric 21.20 | 20.00 | 11.84 | 10.58 | 7.55 7.27 | 24.82 | 14.68 | 15.42 | 18.91
acid (%) +1.61 | +1.27 +2.53 +1.49 +0.64 +3.34

C = Control

M = Monensin

Results and Discussion

There was a decline in the ruminal pH from 6.80 4 0.06 to 5.03 - 0.3 at 12 h
post-induction. The value further declined to 4.87 at 18 h in the untreated calf
(Table 1).

The rise and fall of ruminal pH has been correlated with the lactic acid concen-
tration. At Oh the concentration of lactic acid was 0.32 - 0.07 mM/L which signi-
ficantly increased to 13.55 4 0.57 mM/L at 12 h post-induction in the treated cal-
ves. When the first dose of monensin was administered, the level of lactic acid
decreased from 13.55 -+ 0.57 to 11.08 4- 0.38 mM/L at 18 h post-induction. The
concentration significantly decreased to 2.22 4 0.27 mM/L after administration
of 2nd dose at 24 h post-induction. At 48 h the level of lactic acid was at par
(0.29 4 0.06 mM/L) with 0 h (0.32 4 0.07 mM/L) thus indicating the ability of
monensin to control ruminal lactic acid. This ability of monensin to prevent extre-
me reduction in ruminal pH during acidosis, that usually accompanies overcon-
sumption of readily fermentable carbohydrates, may be a result of the selective
inhibition of major lactic acid producing bacteria, Streptococcus bovis and Lacto-
bacillus spp. .

The buffalo calves exhibited a gradual decrease in the TVFA concentration
in control as well as monensin-treated calves at 18 h post-induction. This decreased
TVFA concentration was found to improve in the treated calves with the admi-
nistration of second dose of monensin, where the level reached 95.66 4+ 1.78 mM/L
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Table 2
Effect of monensin on ruminal protozoan changes in subacute lactic acidosis
Time Total Differential protozeal count (%)
inter- | protozoal
val count | i . ha Dasytri- | Entodi- | Diplodi- | Epidi- | Ophryo- | Uniden-
(hrs) | (10%) sotric cha nium nium nium scolex tified
0 2.92 27.75 7.25 21.00 31.75 5.50 1.75 5.75
+0.16 +1.43 +0.73 +1.11 +0.73 +0.55 +0.41 +0.40
6 0.38* 8.30* — 46.20* 43.00* - — 2.50*
+0.04 +1.06 +5.28 +4.43 +0.09
12 — — — - — - — -
18 — — — — — — — -
M - - - — — j— —_— —
36 — — — - - — - -
48 — — — — — - — -

* Significant at P < 0.05
(—) Activity absent

at 48 h post-induction, whereas there was a constant decline in TVFA concentra-
tion in the untreated calf.

The administration of monensin at 12 h did not increase the molar proportion
of individual volatile fatty acids. However, administration of second dose resulted
in a decrease in the ruminal acetate and butyrate production at 36 and 48 h (Tab-
le 1) post-induction. Ruminal concentrations of propionate were not affected by
monensin treatment during the initial 24 h, however, after this the propionate
level increased in response to monensin treatment. The increase in molar propor-
tion was largely the result of a decreased concentration of acetate and butyrate;
although Shell et al. (1983) attributed similar changes in the molar proportion
to a direct increase in the propionate production. Similar observations have also
been recorded in cattle by Burrin and Britton (1986).

It has been demonstrated by Chen and Wolin (1979) that monensin alters
the proportions of ruminal VFA production by selective inhibition against
gram-positive species that produce acetate, butyrate, hydrogen, formate and
allowing gram-negative propionate producing species to proliferate.

Regardless of monensin treatment, calves did not exhibit any increase in ammo-
nia nitrogen (NH;-N) concentration at 24 h post-induction; however, after 36 and
48 h. NH;-N concentration was less in the non-treated calf in comparison to mo-
nensin administered calves.

The average total rumen protozoan count recorded at 0 h was 2.92 4+ 0.14 X
X 10%/ml of rumen liquor and differential protozoal count revealed predominance
of Diplodinium with counts of 31.75 4 0.73 9, followed by Isotricha 27.75 + 1.43,
Entodinium 21.00 +- 1.11, Dasytricha 7.25 4~ 0.73, unidentified protozoan 5.75 +
<+ 0.40, Epidinium 5.50 4 0.55 and Ophryoscolex spp. (Table 2) 1.75 4+ 0.41 per
cent. However, following induction of subacute lactic acidosis, complete disappe-
arance of the protozoa was observed by 12 h which persisted subsequently throug-
hout the period of observation of 48 h post-induction both in monensin-treated
and untreated buffalo calves. The disappearance of the protozoa in the present
observation could be related to the fact that lysis of the rumen protozoa has been
reported when the rumen pH falls below 5.5 (Hungate 1966) and may also be
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due to increased osmotic pressure of the
'é’g;gi g, 5988y ruminal environment. Richardson et al.
=S 8§ ~ Hrdon (1978) have shown that monensin fee-
ding decreases protozoa population in the
32 ~ rumen. Dennis et al. (1981) also de-
Q. ; § R BN monstrated that monensin reduces the
rotozoa population in both in vitro an
o3 prot populat both d
in vivo studies. However, no revival of
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and Burrin and Britton (1986) which



175

confirmed the inhibitory effect of monensin on amylolytic bacteria. In the untrea-
ted calf, Lactobacilli spp. could be isolated up to 36 h post-induction with signifi-
cant decrease in the number of coliform colonies and proportionate increase in
Streptococcus bovis persisting even up to 48h of observation indicating active
proliferation of gram-positive amylolytic bacteria which helps in maintaining ru-
minal pH to a significant low level with excessive accumulation of lactic acid in
rumen liquor.

At 0 h the concentration of lactic acid was 1.81 mM/L and the level increased to
9.78 mM/L at 24 h post-induction in the untreated calf. Subsequently, the concen-
tration decreased at 36 and 48 h and the values were 6.32 and 5.02 mM/L, respecti-
vely. However, in the treated group, though initially the blood lactate concentra-
tion increased significantly from 0 h mean value of 2.18 to 4.94 mM/L by 12thh
post-induction, this increase persisted even after administration of first dose of
monensin. However, with the oral administration of second dose of monensin,
the blood lactate concentration declined sharply approaching normal values by
48 h of observation. The decline in blood lactate concentration in the treated group
correlated with the significant reduction in the ruminal lactic acid concentration
probably resulting due to inhibitory effect of monensin on lactate production
in the rumen. The decreasing blood lactate concentrations might also be as a re-
sult of its metabolism by the ruminal epithelium during absorption or utilization
by hepatic gluconeogenesis or incorporation into fatty acids in adipose tissue.
Comparative analysis of the ruminal and blood lactic concentrations revealed that
lactacidemia between 18 to 24 h following induction of lactic acidosis was not only
of gastrointestinal origin but also from tissues setting in systemic lactic acidosis
as a result of failure in aerobic metabolism in view of the decreasing systemic
blood pressure leading to decrease in tissue perfusion with subsequent cellular
conversion to aerobic glycolytic means for energy production. Studies on blood
lactic conversion were contrary to those reported by Nagaraja et al. (1981,
1982). The differential response in buffalo calves in the present study may be
a result of differences in experimental conditions.

An acid base analysis of venous blood revealed a significant decrease in pH,
PO,, HCO,;, HCO,;/H,CO,, ABE, SBE, SBC and TCO, by 12 h post-induction
indicating that ruminal acidosis resulted in metabolic acidosis (Table 3). This
was accompanied by respiratory acidosis since carbonic acid content and PCO,
increased appreciably which may be due to pulmonary insufficiency and hypoven-
tilation. This is similar to the observations of Vestweber et al. (1979) and Rand-
hawa et al. (1980). There was a significant increase in blood pH, HCO,, ABE
and SBE following oral administration of second dose of monensin in the treated
_group reaching normal values by 36 h post-induction (Table 4). These alterations
indicated that buffalo calves experienced significant systemic acid-base changes
up to 24 h followed by their restoration towards normal values following monensin
treatment probably due to marked reduction in the ruminal lactate concentration
resulting in its decreased absorption into the systemic circulation. Significant
difference in the HCO,;, SBE, TCO,, ABE and SBE in response to monensin
treatment by 36 h post-induction observed in the present study is contrary to
‘the findings of Burrin and Britton (1986). They reported no differences in
blood HCO; in response to monensin treatment. These differences could be ascri-
bed to the differences in experimental design and species variation. However,
in the untreated calf the peak ruminal acidity was correlating with the systemic
acidity indicating inability of the body systems to utilize the compensatory me-
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chanisms to neutralize the systemic acidosis even by 48 h after induction of lactic:
acidosis (Table 1).

Clinically, all typical symptoms of subacute lactic acidosis like anorexia, ruminal
stasis, marked dullness and depression with drooping head, reluctance to move,.
ataxic gait and passing diarrhoeic faeces with moderate abdominal distension were
seen in buffalo calves. However, following treatment by 36 h all the calves in the
treated group restored their normal appetite with restoration of ruminal move-
ments and passing normal faeces, but in the untreated group, the calf was still
anorectic, passing diarrhoeic faeces with ruminal stasis. It would be, thus, inferred
from the results of the present trial that oral administration of monensin was
effective in combating ruminal acidosis and subsequently developing systemic:
acidosis in buffalo calves as confirmed by detailed clinico-biochemical and micro-
biological analysis of the rumen liquor and acid-base analysis of the blood.

Utinek monensinu na zmirnéni subakutni laktacidézy u telat buvola.

Byl hodnocen uc¢inek poddvini monensinu na bachorovy metabolismus, acido--
bazicky stav a tlak krevnich plynd u subakutni laktacidézy vyvolané u telat buvola.
podinim melasy. Subakutni laktacidéza byla vyvoldna jednorizovym orilnim
podénim melasy v mnozstvi 10 g . kg-! télesné hmotnosti. Bylo zji§téno, Ze mo-
nensin je u¢inny pfi upravé pH bachoru a Ze vyznamné snizuje obsah kyseliny
mlécné v bachorové §tiv€. Koncentrace celkovych té€kavych mastnych kyselin
(TMK) a C,/C; nebyla ovlivnéna prvni ddvkou monensinu 12 hod. po experimen--
talnim vyvoldni acidézy. Avsak poddni druhé davky za 24 hod. zpusobilo zfetelné
zvySeni TMK souvisejici s poklesem tvorby acetitu a butyratu v bachoru a pro--
porciondlnim zvySenim koncentrace propionitu v bachoru. Také obsah kyseliny
mlééné v krvi vyznamné poklesl u skupiny s aplikaci monensinu, coZ ukéizalo
jeho Glinnost v zabrinéni vyvoje systémové acidézy. Pfi acidobazické analyze
venézni krve se projevilo zlepSeni hodnot aktudlniho bikarbonatu, standardniho-
bikarbonatu, pfebytku bazf a poméru bikarbonitu ke kyseliné uhlicité.

Bo3peiicTsue MOHIH3MHA Ha CMsrueHue NOAOCTPOro NaKTauuho3a
Tensr 6yWsonos

MNpoBoaune oueHky BO3AEHNCTBUA AauM MOHSH3MHaA Ha MeTa6onusM pyo6-
ua, KACNOTHO-OCHOBHOE COCTOSIHWE W AaBNeHWe KPOBW rasos y NoAOCTPOro:
nakTauuaosa, Bbi3BaHHOro y Tenst OyiBonos Aaueit menaccbl. [oaoCTpbii:
nakTauuao3 Obin BbI3BaH OJHOKpaTHOW OpanbHOW Aaueil Menaccbl B KOMU-
yectse 10 r.kr-1 maccbl Tena. Bbino ycTaHOBNEHO, UTO MOH3H3WH AelicTBe-
HEeH npu npuseAeHUU B HopMy pH py6ua M uTO OH CYLIECTBEHHO MOHHU-
XaeT coAepXaHWe MONOYHON KUCNOTbl B cokax py6ua. KoHueHTpauus o6-
Wnx netyunx XupHbix kucnot (MKK) u C2/Cs He oka3zanacb Noj BAUSHWUEM
nepBoW A03bl MOH3H3MHa B TeueHue 12 yacoB nocne 3KCNepUMEHTaNbHO-
Bbi3BaHHOro auuMpgosa. OgHako Aaua BTOpPOW A03bl uepe3 24 uaca Bbi3Bana.
sisHoe nosbliweHne /KK, cBszaHHOe ¢ noHMeHUeM ob6pasoBaHUA auerTaTa:
u 6yTupata B py6ue M NPONOPLUOHANbHbIM MNOBbILIEHWEM B HEM KOHLEH-
Tpauun nponuoHata. CogepxaHWe MONOUHOW KWUCNOTbi B KPOBW Takxe Cy-
LEeCTBEHHO MOHWU3UNOCH Y Tpynmnbl, NPUHUMAEMOH MOHSIH3WUH, UTO CBHUAE-
TENbCTBYET O €ro BO3AEWCTBUMW, NPENATCTBYIOLIEM Pa3BUTHUIO CHUCTEMHOrO-
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ayngosa. B xoae KHMCNOTHO-OCHOBHOrO aHanu3a BEHO3HOW KPOBWU 6bino
BbIIBNEHO YNyulWEHWe BENWUMH aKTyanbHoro Gukap6oHaTa, CTaHAApTHOro
6ukap6oHarta, U3n1LIKa OCHOBbI U COOTHOWEHUA OGUkap6oHaTa U YronbHOM
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