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Abstract

Diverse pathobionts, undeveloped or disturbance in intestinal micro biota, unhygienic managemental
practices, emergence of antibiotic resistant strain as a consequence of inappropriate use of antibiotic and
various environment factors may account for acute calf diarrohea. Suppression of pathobionts and
restoration of good intestinal health via use of herbal drug or synbiotics may be alternative strategy to
combat diarrohea. The comparative therapeutic efficacy of different herbal-synbiotic formulations in
combination with oral rehydration solution (ORS) were systematically evaluated in 24 diarrhoeic buffalo
calves of either sex up to 12 weeks post-partum both in the organized and unorganized dairy farms in
Jabalpur (Madhya Pradesh). The haemato-biochemical profiles of the diarrhoeic and apparently healthy
calves were also monitored. The herbal anti-diarrhoreal agent (Kutaja/ Bael) in combination with
synbiotics (prebiotics + probiotics) and ORS brought prompt relief to the diarrhoeic calves as evidenced
by abatement of shooting diarrhoea, restoration of faecal consistency and the suckling impulse, improved
skin tonicity and normal behaviour profile. The best results were obtained with the oral package:
Kutaja+Synbiotic+ORS followed by Bael+Synbiotic+ORS clearly reflected in favourable changes in the
internal milieu explored with the highly dependable haemato-biochemical indices.
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Introduction
Calf diarrhoea (calf scouring) is a clinical condition associated with increased frequency,
fluidity or volume of the faecal excreta and the patho-biochemical alterations characterized by
imbalanced fluid, electrolyte and acid-base status Y. Diarrhoea in the pre-weaned calves
inflicts considerable long-term economic losses to the dairy farmers especially in the
developing countries including India. In U.S. 57% (USDA, Dairy 2007 Part 1l) and in Korea
53.4% [ calf mortality rate was reported earlier due to diarrhoea. Similarly, in Norway, the
acute diarrhoea leads to huge economic loss around 10 million US dollars in 2006 I,
Pathogenic bacteria, viruses and endoparasites often collaborate to induce diarrhoea in the
susceptible malnourished or immune compromised calves * 3. Holarrhena antidysenterica,
Wall (Sanskrit, Kutaja), growing in the wild as a medium sized tree is important in the
indigenous system of Medicine as a remedy for diarrhoea in humans [, its bark exhibits
astringent, anti-bacterial and anti-diarrhoreal activity 1. A variety of photochemical, reducing
sugars, tannins and marmelosin in the half-ripe fruit of Aegle marmelos, Linn (Bael) have
remarkable astringent s activity 8 and subside irritation in the digestive tract of diarrhoeic
calves I, arising from histopathological degenerative changes in the lining epithelium (%, The
potent anti-bacterial activity of methanol extract of Aegle marmelos is on record [*3,
Prebiotics are non-digestible food ingredients that benefit the host animal through stimulation
of growth promoting beneficial gut micro-flora and micro-fauna 3, On the other hand,
probiotics are live microorganisms which markedly improve the health status in a similar
biological mode. For example, Lactobacillus spp. is known to be highly beneficial to the
growing calves, promoting the establishment of friendly cellulolytic rumen bacteria and
stabilizing the itinerant consortium of micro-flora faster. Thus, the favourable bio-response to
probiotic, L. acidophilus, L. planatarum and L. acidiphilus in terms of improved body weight
gain concurrent with enhanced IgG titre in neonatal male calves is well-established 3 4],
The protozoan population in the rumen develops subsequently, the process expedited in the
calves fed Streptococcus cerevisiae. It is noteworthy that the remission of calf diarrhoea was
associated with the reduced coliform counts (cfu/ml) following probiotic bacteria adhesion
along with favourable changes in the gut histo-architecture.
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Improved epithelial wall permeability and modulation of the
immune function reduced the severity of calf diarrhoea 231, A
combination of probiotics with different modus operandi
would amplify the bio-protective range of therapeutic
preparations and thus the potentiated probiotics being more
effective (161, Synbiotics are synergistic blends of probiotics
and prebiotics conferring health benefits to the pre-ruminant
calves. The purpose of this paper is to use herbal drugs mainly
Holarrhena antidysenterica, Wall (Kutaja) and Aegle
marmelos, Linn (Bael)) along with synbiotic and ORS to
relief animals from calf diarrhoea as well as may help to
control the disease spreading in effectual manner.

http://www.phytojournal.com

Materials and Methods

A total 100 pre-weaned (1-3 months post-partum) buffalo
calves from the Veterinary University Instructional Livestock
Farm Complex (ILFC), Adhartal and some privately owned
periurban dairy units in Jabalpur (MP) were screened for the
prevalence of diarrhoea. Twenty four untreated diarrhoeic
calves of either sex were randomly divided into 4 equal
treatment groups (T1-T4). Six apparently healthy calves of the
same age served as the control group (Tc). A separate line of
treatment was given to each group which is mentioned in
table 1. Composition of Oral Rehydration Solution (ORS) is
mentioned in table 2.

Table 1: Experimental design of herbal drugs for therapeutic study on diarrhoeic calves

Treatment groups | No. of Animals Treatment
Tec 6 Healthy (non-diarrhoeic) control group
T1 6 Aegle marmelos (Bael) unripe fruit powder + Oral Rehydration Solution (ORS)
T2 6 Aegle marmelos unripe fruit powder + synbiotics + ORS
Ts 6 Holarrhena antidysenterica (Kutaja) bark powder + ORS
T4 6 Holarrhena antidysenterica bark powder + synbiotics + ORS

e The acute diarrhoeic calves of all the groups (T1-T5)
were treated with ORS @ 50ml/kg b.i.d. for 5 days.

e Only group T2 and T4 were treated with synbiotics @ 5g
t.i.d. for 5 days.

e Aegle marmelos (Bael) unripe fruit powder was given to
group T1 andT2 @ 5g tid. and Holarrhena
antidysenterica bark powder was given to group T3
andT4 @ 5g t.i.d., for 5 days.

Table 2: Composition of oral rehydration solutions (ORS) used in acute diarrhoeic calves

Ingredients

Sodium chloride

Quantity (g)
3.5

Potassium chloride

15

D-glucose

20.0

Total weight

27.5

Solution

Dissolve in 1 litre of water

Clinical profile

The affected calves were clinically examined for all physical
parameters i.e. rectal temperature, pulse rate, respiration rate
and body weight .The faecal consistency tissue dehydration

status and suckling reflex score (mild, moderate and severe)
was mentioned in Table 3 and each calf score was recorded
on day O (pre-treatment) and on day 5, 10 and 15 (post-
treatment).

Table 3: Clinical scores of faecal consistency, tissue dehydration and suckling reflex recorded in calves under study

Score Faecal consistency Tissue dehydration status Suckling reflex score
0 Normal No dehydration Normal vigorous suckles
1 Pasty faeces Mild dehydration, skin tent < 3 sec. Slight depression, calf suckles but not vigorously
5 Semi-liquid faeces Moderate dehydration, skin tent >3 sec. Moderate depression, cal;_unable_to stand, suckling is weak or
isorganized
3 Watery faeces Severe dehydration, skin tent >8 sec. Severe depression, unable to stand and suckle.

Haematology

From jugular vein, 10 ml of venous blood was aseptically
collected from each calf in clean and dry glass tube at each
interval out of which 5 ml was promptly transferred into a
labeled glass vial containing 5mg EDTA followed by gentle
shaken. The haematological parameters viz. total erythrocyte
count (TEC), total leukocyte count (TLC), haemoglogin
concentration, packed cell volume (PCV), mean corpuscular
volume (MCV), mean corpuscular haemoglobin (MCH) and
mean corpuscular haemoglobin concentration (MCHC) were
determined using Auto Cell Analyzer (model MEDONIC CA
530).

Serum biochemical parameters

The remaining sampled blood (5 ml) was allowed to set in a
slant (20 minutes) and clear, unhaemolysed serum was
carefully aspirated off and transferred into a fresh labeled tube

and preserved (4 °C). Serum sodium and potassium
concentrations were estimated by flame photometric analysis
(model Elico, CL 378) and the values were expressed in
mEqg/l. Serum chloride concentration was determined using
the standard diagnostic kits and blood Chemistry Auto
Analyzer (model Erba Mannheim CHEM-5 plus v2) and the
values were expressed in mEg/l. Serum total protein (TP) and
albumin (A) concentrations were estimated using the standard
diagnostic kits and the specified Auto Analyzer. Serum
globulin (G) concentration was estimated by calculation (TP-
A=G) and the values were expressed in g/dl. The A/G ratio
was also determined by simple calculation.

Statistical analysis

The data were analyzed with the Hierarchical model for the
Analysis of Variance and the Mean values were compared
with Duncan’s Multiple Range Test (1],
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Results and Discussion

Clinical profile of diarrhoeic calves after using ORS-cum-
herbal anti-diarrhoeal preparations

The clinical profile of the diarrhoeic calves in general
revealed anorexia, lethargy, dullness, depression and
moderate (6-8% of body weight) dehydration. Some of the
animals exhibited sunken eyes and congested visible mucous
membranes. The faecal consistency varied from watery to
pasty occasionally blood-tinged with foul odour. Our low cost
home-made ORS-cum-herbal anti-diarrhoea preparations of
Kutaja/ Bael in synergistic combination with synbiotics
brought prompt relief to the diarrhoeic buffalo calves.

http://www.phytojournal.com

Shooting diarrhoea in individual patients was effectively
checked with improvement in posture and gait. Suckling
impulse was restored and the calves became alert and playful
(Table 4). The skin became supple and the muzzle appeared
moist. The eyes looked bright as compared to previous. The
best results on clinical appraisal of the overall body condition
and covert signs of physical well-being were obtained with
the combination therapy T, (Kutaja+Synbiotic+ORS) and
closely followed by T, (Bael+Synbiotic+ORS). A therapeutic
response of relatively less efficacy was observed with Tj
(Kutaja+ORS), and T1 (Bael+ORS).

Table 4: Faecal consistency, tissue dehydration and suckling reflex (clinical score) of diarrhoeic calves in different treatment groups at different

intervals.
Faecal consistency
Groups day 0 day 5 day 10 day 15
Tc 00.08 +0.1 00.06 +0.1 0.04 +0.1 0.00 +0.0
T1 1.2+0.1 0.6722+0.1 0.33+0.1 0.248 0.1
T2 2.09° +0.1 0.78 £0.2 0.52+0.1 0.13+0.1
T3 2.02+0.1 0.88* +0.1 0.68° +0.1 0.18° 0.1
T4 2.14 0.2 0.82#0.1 0.54 +0.1 0.12+0.1
Tissue dehydration score
Tc 00.08 +0.0 00.06 +0.0 0.03 +0..0 0.00 £0.0
T1 1.76 £0.2 1.64% £0.2 1.58°¢ +0.1 1.34° +0.1
T2 1.822 +0.2 1.542 £0.2 1.24 +0.1 0.884+0.1
T3 1.822 0.2 1.72240.2 1.43B +0.1 1.36" £0.1
T4 1.68% 0.2 1.422 0.1 1.08 +0.1 0.75+0.1
Suckling reflex
Tc 00.00a +0.0 00.00 +0.0 0.00a +0.0 0.00a +0.0
T1 1.41° 0.1 1.36" +0.1 1.34°+0.1 1.24°+0.1
T2 1.782 0.1 1.62% 0.1 1.422+0.1 1.36% +0.1
T3 1.68% 0.2 1.472 0.2 1.242 +0.1 1.042 +0.1
T4 1.66% £0.2 1.372+0.1 1.18% +0.1 0.872+0.1

Mean values between treatments (A,B,C) and between intervals (a,b,c) with different superscripts vary significantly (P<0.05).

Haematological parameters

There was a relative increase in haemoglobin, TEC and the
PCV levels resulting from haemo-concentration associated
with the loss of a large quantum of body fluids due to
diarrhoea (Table 5). Similar findings have been reported in
literature on this aspect [** 8. Remedial therapies especially
T, and T, resulted in restoration of normal values on day 15
post-treatment (Table 5). Leucocytosis in calf diarrhea of
varying intensity has been attributed to microbial infection
and associated with neutrophilia. Presumably, the potent
antibacterial agents in Kutaja/ Bael 1% 20 effectively blocked
the rapid multiplication of pathogenic bacteria with no
significant increase in TLC in the present clinical trial (Table
5). The observed increase in the value of MCV in the

diarrhoeic buffalo calves in all four treatment groups
compared to the healthy control group on day 0 (pre-
treatment), though statistically not significant and may be
related to accelerated release of immature large sized red
blood cells . The MCV exhibited a progressive declining
trend and on day 15 near normal values were restored in all
treatment groups (Table 5). Decreased MCH values
concurrent with reduced haemoglobin concentration in the
severely diarrhoeic buffalo calves observed might be a
consequence of considerable faecal blood loss following
notably damaged histo-architecture of the intestinal lining
epithelium in autopsy tissue samples %, However, such a
clinical contingency as evidenced by the haemogram did not
arise in the present study.

Table 5: Haematological attributes in response to different remedial therapies in pre-weaned diarrhoeic buffalo calves in different interval

Indices Intervals (days)
day 0 day 5 | day 10 | day 15
Groups Haemoglobin (g/dl)
Tc 10.03°+0.2 10.128+0.2 10.208+0.2 10.25B+0.2
T1 12.332+0.5 12.08°+0.5 11.92°+0.5 11.65°+0.4
T2 11.404+0.4 12.12°B+0.5 10.8748+0.4 10.6078+0.4
T3 11.332B+0.5 11.18B+0.5 11.107B+0.5 10.927B+0.5
T4 10.858¢+0.4 10.708+0.4 10.578+0.4 10.338+0.4
Packed cell Volume (%0)
Tc 38.085+1.8 38.16°+1.9 38.31¢+1.9 38.27¢+1.9
T1 45.407+1.2 42.65"%+1.0 40.37°°+0.5 39.15°+0.4
T2 44.53%%+1.2 40.60780+0,7 39.68°+0.5 38.85°+0.3
T3 42.88%%+0.7 41.7878%+0.7 39.88%+0.4 38.12°+0.4
T4 43.53%+1.1 39.00 BCP+0.7 38.69°+0.6 38.20°+0.5
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Total erythrocyte count (x 108/ul)
Tc 7.3520.3 7.47+0.3 7.60£0.3 7.8740.3
T1 8.83+0.2 8.72+0.4 8.58+0.6 7.78+0.6
T2 9.31+0.5 8.82+0.6 8.47+0.6 8.07+0.7
T3 8.98+0.6 8.64+0.6 8.55+0.6 7.85+0.6
T4 9.27+0.5 8.63+0.6 8.15+0.5 7.93+0.5
Total leucocyte count (x 10%/ul)
Te 10.22+0.4 10.26+0.4 10.28+0.4 10.26+0.4
T1 13.93+1.2 13.93+0.5 13.75+0.4 13.25+0.3
T2 16.42+3.1 13.86+2.2 12.45£1.6 12.04+15
Ts 13.52+1.1 13.83+1.1 13.42+1.1 12.5040.9
T4 13.83+1.5 13.54+15 12.65+1.0 12.44+1.0
MCV (fl)
Tc 45.77x1.9 47.44+1.9 48.05£1.9 48.73+1.9
T1 51.54£1.6 51.53£3.3 48.26+1.9 48.03+2.7
T2 49.74+3.7 48.27+1.9 47.85+2.7 46.68+2.0
Ts 50.55+3.7 49.34+3.0 48.68+2.7 47.68+3.0
T4 52.01+2.8 51.36+2.8 50.50+2.7 48.92+2.8
MCH (pg)
Tc 12.00£0.5 12.54+0.5 13.08+0.5 13.12+0.5
T1 15.18+0.6 14.10+£0.4 13.88+0.3 13.74+0.6
T2 13.55+1.1 13.08+0.8 12.83+0.8 12.39+0.7
T3 14.21+1.0 13.24+0.9 13.17+0.9 12.86+0.9
T4 13.98+0.5 13.66+0.6 13.52+0.6 13.15+0.6
MCHC (%)
Tc 12.01+0.5 12.54+0.5 13.08+0.5 13.1240.5
T1 15.18+0.6 14.10+£0.4 13.88+0.3 13.74+0.6
T2 13.55+1.1 13.08+0.9 12.83+0.8 12.39+0.7
T3 14.20£1.0 13.24+0.9 13.17+0.9 12.86+0.9
T4 13.98+0.5 13.66+0.6 13.52+0.6 13.15+0.6

Mean values between treatments (A,B,C) and between intervals (a,b,c) with different superscripts vary significantly (P<0.05).

Biochemical parameters

The circulatory protein profile reflects the patho-physiological
status/ nutritional plane of the animals. The apparently higher
values of serum total protein (TP) in the treatment groups Ts
and T4 (Table 6) as compared to the healthy control group T.
on day O pre-treatment (Table 6) is in conformity with the
earlier reports [& 10 21 There was a definitive end result of
abnormal loss of body fluids in the clinical episode. Further
the near normal values observed following effective remedial
therapies reflect the restoration of water homeostasis. The
best response was elicited in treatment groups T, and T,
followed by T; and Ti. The significantly (P<0.05) higher
serum albumin concentration in the diarrhoeic buffalo calves
in all treatment groups compared to the healthy control group
Tc on day O (pre-treatment) is in agreement with the earlier
reports in literature 2. This observation is also a direct
consequence of abnormal loss of tissue fluids. However, the
values decreased significantly (P<0.05) on day 5 in Tsand Ta
and the declining trend persisted till near normal values were
restored on day 15 post-treatment. The serum globulin
fraction did not vary significantly in the diarrhoeic and non-
diarrhoeic calves.

A significantly (P<0.05) lower circulatory sodium (Na*) level
pointing to hyponatremia in the diarrhoeic buffalo calves in
all four treatment groups T1, T2, Tz and T, as compared to the
healthy control group T, (Table 6) due to fecal loss which was
consistent with the earlier reports in literature [0 23 24,
However, on day 5 post-treatment a significant (P<0.05)
increase towards restoration of normalcy was recorded in the
treatment group T, followed by T,, T3 and Ti. This trend
continued and the values were virtually at par with that
recorded in the healthy control group T. on day 15 post-

treatment. On the other hand, the circulatory (K*) levels in the
diarrhoeic buffalo calves in all four treatment groups: T, Ta,
T3 and T4 was significantly (P<0.05) higher than the healthy
control group T. (Table 6) signifying hyperkalemia. This
observation is in conformity with the earlier reports 22 23 241,
The values declined progressively in all treatment groups,
significantly (P<0.05) in T4 and T, Accentuated
hyperkalemia may be a major factor contributing to the high
mortality rate in calf diarrhoea [°1, mainly because of cardiac
arrhythmia ™. This underscores the importance of early
restoration of electrolyte balance in the diarrhoeic calves.

The significantly (P<0.05) higher circulatory chloride (CI)
concentration signifying hyperchloremia in the diarrhoeic
buffalo calves in all treatment groups: Ti, T2, T3, and T4
compared to the healthy control group T. on day O (pre-
treatment) is corroborated by the documented reports 24 251,
Temporary hepatic malfunction may lead to increased
capillary permeability and the associated passage of
particulate colloidal protein into the tissues which may result
in increased serum chloride concentration. Electrolyte
imbalance marked by high [H*] along with [Na HCOg3]
depletion is implicated in metabolic acidosis [® as a
consequence of over production of H* ion, CI- ions were
released from the circulating erythrocytes to maintain
electrical neutrality in the cells by compensating loss of
bicarbonate (HCO3") leading to hyperchloremia. In all herbal-
based treatment groups (present study), the CI- ion titre
declined markedly and near normalcy was restored on day 10
or day 15. Similar observations were recorded earlier with
synthetic anti-bacterials 4. In brief, clinical profile along
with haemato and biochemical alteration after treating with
herbal synbiotic combination was measured.
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Table 6: Biochemical attributes in response to different remedial therapies in pre-weaned diarrhoeic buffalo calves in different interval.

Indices Intervals (days)
day 0 day 5 day 10 | day 15
Groups Total protein (g/dl)
Tc 7.10+0.3 7.04+0.8 7.19+0.3 7.14+0.3
T1 7.79+0.4 7.78+0.5 7.13+0.4 7.15+0.3
T2 7.71+0.2 7.74+0.3 7.37+0.2 7.17+0.2
Ts 7.70°+0.1 7.32°+0.1 7.25+0.1 7.08+0.1
T4 7.94%+0.3 7.34+0.2 7.14+0.2 6.99°+0.2
Albumin (g/dl)
Tc 3.65/+0.2 3.68+0.2 3.71+0.2 3.760.2
T1 4.498+0.2 4.30+0.2 3.97+0.2 3.860.1
T2 4.408+0.1 4.14+0.2 3.96+0.2 3.82+0.2
T3 4.365%+0.1 3.88%+0.1 3.84+0.2 3.79°+0.1
T4 4.88%+0.1 4,12°+0.2 3.95°+0.2 3.71°+0.2
Globulin (g/dl)
Tc 3.45+0.3 3.36+0.3 3.48°+0.3 3.39°+0.3
T1 3.30+0.4 3.43+0.4 3.26+0.3 3.2940.2
T2 3.32+0.2 3.33+0.2 3.41+0.1 3.35+0.1
Ts 3.34+0.0 3.44+0.1 3.41+0.1 3.29+0.1
T4 3.05+0.2 3.22+0.2 3.19+0.2 3.27+0.3
Albumin/ Globulin (A/G) ratio
Tc 1.06+0.2 1.09+0.2 1.07+0.2 1.11+0.2
T1 1.36+0.2 1.25+0.1 1.22+0.1 1.17+0.1
T2 1.33+0.1 1.24+0.1 1.160.0 1.14+0.1
T3 1.30+0.0 1.13+0.0 1.13+0.0 1.15+0.1
T4 1.60+0.1 1.78+0.1 1.24+0.1 1.13+0.1
Sodium (m Eqg/l)
Tc 146.47°+1.2 146.53+1.2 146.59°+1.2 146.63°+1.2
T1 125.2689+2.3 131.50¢¢+2.4 137.83°P+2.5 142.25%+1.8
T2 127.67%42.3 138.74%°+0.9 143.337B2+0.9 144.4°8241.0
T3 126.448+0.9 134.60°+0.8 141.008¢%+0.9 143.24783+0.8
T4 128.365°+0.6 142.238%+1.0 145.19/%+0.9 146.3582+0.8
Potassium (m Eqg/l)
Tc 4.93%+0.3 5.0352+0.3 5.117%+0.3 5.15%+0.3
T1 5.6174+0.1 5.44"3+0.2 5.307%+0.1 5.16%%+0.1
T2 5.32%%+0.2 5.267Bb+0.1 5.17A°+0.1 4.98°°+0.2
T3 5.6844+0.1 5.37AB3+0,1 5.257%+0,1 5.08°°+0.1
T4 5.674%+0.1 5.28°Ba+0.1 5.01°°+0.1 4.952+0.1
Chloride (m Eqg/l)
Tc 95.85¢+1.1 95.80°+1.0 95.74°+1.0 95.69°+1.0
T1 112.6052+2.1 110.874%+0.7 105.74°+1.0 100.42A°+0.5
T2 114.10B2+1 4 105.0880+1.1 101.158¢+0.4 97.64489+0,3
Ts 113.10%+1.4 109.374°+0.2 102.3075°+0.3 98.62484+0.5
T4 117.107%+2.3 108.3748%+0.5 100.748°+0.5 96.74%9+0.3

Mean values between treatments (A,B,C) and between intervals (a,b,c) with different superscripts vary significantly (P<0.05).

Conclusion

In conclusion, the comparative therapeutic efficacy of
different herbal-synbiotic formulations in combination with
oral rehydration solution (ORS) revealed that the herbal anti-
diarrhoreal agent (Kutaja/ Bael) in combination with synbiotic
(prebiotics + probiotics) and own formula ORS was found to
be most efficacious and lead to prompt relief to the diarrhoeic
calves evidenced by improvement in clinical score i.e. tonicity
of skin, suckling impulse, restoration of faecal consistency
along with haemato-biochemical indices.
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