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ABSTRACT: Probiotics may offer a safe intervention for diarrheal diseases. The aim of the present study was the assess-
ment of the antidiarrheal property of probiotic bacteria. For their antidiarrheal efficacy assessment, yogurt was prepared 
using the isolated bacteria from selective regional yogurt of Bangladesh, and mice model trails were conducted using cas-
tor oil induced diarrheal mice. The probiotic treatment was applied on three mice groups, each having 6 mice and their 
respective doses were 50 mL/kg body weight in treatment group (TG) 1, 100 mL/kg body weight in TG2, and 150 mL/kg 
body weight in TG3. A four week treatment of probiotic significantly (P<0.001) reduced the percentage (67.37%) of diar-
rhea in TG3 (150 mL yogurt/kg body weight). All the treatment groups showed a significant (P<0.001) increase in the 
latent periods, reduced the total fecal output, and frequency and fecal water content compared to the negative control 
group. Serum electrolytes (Na+ and K+) and total protein levels were higher in the TG3 compared to the negative control 
group. Further research regarding molecular characterization and identification of specific genes and proteins of interest 
may help to develop the next generation bacteriocins and antidiarrheal drugs.
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INTRODUCTION

Diarrhea is defined as the passage of three or more loose 
or liquid stools per day (1,2). Diarrhea can also be de-
fined as the alteration in the bowel movement which is 
characterized by an increase in the volume, frequency, 
and weight of stools (3,4). Diarrhea is usually a symptom 
of an infection in the intestinal tract, which can be caused 
by a variety of bacterial, viral, and parasitic organisms. 
Infection is spread through contaminated food or drink-
ing-water, or from person to person as a result of poor 
hygiene. Another cause of diarrhea is the use of a broad 
spectrum of antibiotics for different purposes. Antibiotic- 
associated diarrhea (AAD) can be seen most frequently 
in older patients, and the risk increases progressively 
with longer treatment courses. The main mechanism of 
AAD is thought to be through impaired resistance to 
pathogens and as a result of disruption of the gut micro-
bial flora and subsequent changes in the metabolism of 
carbohydrates, short chain fatty acids, and bile acids (5). 
Depending on the duration, diarrhea can be classified in-
to 3 categories which are: (I) acute diarrhea, when the du-
ration is less than 2 weeks, (II) persistent diarrhea, when 

the duration varies from 2 to 4 weeks, and (III) chronic 
diarrhea, when the duration is more than four weeks (6).

Two major functions of the small intestinal epithelial 
cells are the secretion and absorption of fluids and elec-
trolytes. About 99% of the overall fluid is absorbed by 
small intestine and colon (7). Active transport of Na+, 
Cl−, and HCO3

− among others results in the net fluid 
movement across the gastrointestinal epithelium cells. 
Any genetic modification, infection or dysregulation in 
this active transport often results in diarrhea (8). Secre-
tion of chloride or bicarbonate ions or inhibition of ab-
sorption of Na+ is the basic mechanism for secretory di-
arrhea (9). Activation of chloride channels in the apical 
membrane of enterocytes such as calcium-activated chlo-
ride channels and cystic fibrosis transmembrane regu-
lator increase secretion in much secretory diarrhea (10). 
Many reasons such as non-osmotic laxative abuse, bacte-
rial toxins, ileal bile, acid malabsorption, lymphocytic co-
litis, and diverticulitis are involved in secretory diarrhea 
(11).
For the prevention and control of diarrhea, rehydration 
therapy is thought to be the best treatment (12). Oral re-
hydration solutions are used for the treatment of diar-
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rhea and prevention of fluid loss and shorten the illness 
duration. In recent years, their acceptance has been de-
creased because of their inability to reduce bowel move-
ment and frequency of fluid loss. Nowadays, antibiotics 
are used in the treatment of diarrhea, but higher doses 
of antibiotics can cause the appearance of Clostridium dif-
ficile infection (13). The gut microbiota has an effective 
role in the cure of gastrointestinal conditions like diar-
rhea (14). This introduces a new practice for diarrhea 
treatment by the use of fermented foods with probiotic 
bacteria. Probiotics are defined as live microorganisms, 
exerting beneficial health effects on the host. Their con-
sumption in the general population is primarily believed 
to contribute to the individual maintenance of gastroin-
testinal and general health. Probiotics may be an effective 
solution to the treatment of acute diarrhea. A recent met-
a-analysis has shown that used alongside rehydration 
therapy, probiotics appear to be safe and have clear ben-
eficial effects in shortening the duration and reducing 
stool frequency in diarrhea (15). When diarrhea lasts not 
more than 14 days and three or more stools per day, then 
it is called acute diarrhea. A milk drink fermented with 
Lactobacillus rhamnosus GG (LGG), Lactobacillus acidophilus 
La-5, and Bifidobacterium lactis Bb-12 significantly reduced 
the induction of AAD in the treatment group (16). Con-
sidering this perspective, the present research was con-
ducted to assess the antidiarrheal efficacy of probiotic 
bacteria isolated from selective regional yogurt.

MATERIALS AND METHODS

Experimental animals
Healthy Swiss albino mice of either sex weighting 15∼ 

25 g and aged 5∼6 weeks were used for the experiment. 
The mice were obtained from the animal house of Inter-
national Center for Diarrheal Diseases Research, Bangla-
desh. The animals were kept in cages at room tempera-
ture and on a 12 h light/dark cycle. All the animals were 
fed standard diet and water ad libitum. All the mice were 
acclimated for one week prior to the experiment. The care 
and handling were according to the ethical guidelines ap-
proved by Animal Ethics Committee, Khulna University, 
Khulna, Bangladesh (Research Ref. No.: KUAEC-2017/ 
07/01), which agrees with the EU Directive 2010 for an-
imal experiments.

Grouping and dosing
Thirty six mice (18 male and 18 female) were assigned 
for the study. Male and female mice were separately 
grouped into six groups each having six mice. The groups 
were randomly assigned to the study design. All groups 
were provided their respective treatment orally. The first 
group was assigned as a standard group and received only 

basal diet with water during the study period. The sec-
ond group was assigned as a negative control group and 
received basal diet and castor oil. The third group was 
assigned as positive control group and standard drug, lo-
peramide (3 mg/kg) was administered orally for all the 
test. For the rest three groups, three doses of yogurt (50 
mL/kg, 100 mL/kg, and 150 mL/kg) per mice per day 
were determined respectively for the treatment group 1 
(TG1), treatment group 2 (TG2), and treatment group 3 
(TG3). Yogurt was started to administer from the day of 
the experiment until the 27th day of the experiment in 
order to increase the probiotic bacteria in the guts of 
mice.

Yogurt preparation
Ten probiotic bacteria were isolated and biochemically 
characterized according to the method described by Hoque 
et al. (17) from regional yogurt of Bangladesh through 
their morphological (size, shape, and motility), biochem-
ical (Gram staining and catalase test), and physiological 
(pH tolerance, bile salt tolerance, NaCl tolerance, phenol 
tolerance, and antimicrobial activity) properties (17). 
Cow milk was collected from a regional farm and was 
heated at 100oC for 15 min and then cooled to 43oC. Then 
inoculated with a 5% (v/v) liquid culture of the isolated 
probiotic mixture. The inoculated milk was poured into 
containers and incubated at the anaerobic condition at 
37oC for 8 h. After coagulation, fresh yogurt were pre-
served in 4oC for further usage.

Castor oil induced diarrhea
The method used in this study was described by Umer 
et al. with slight modifications (18). Briefly, Swiss albi-
no mice of the described group were kept fasted for 24 h 
with excess to water. Mice in the positive control group 
were administered (3 mg/kg) loperamide 1 h before ad-
ministration of castor oil. All mice were given 0.5 mL of 
castor oil orally and white blotting paper was lined under 
each of the cages. Diarrhea was considered by the pres-
ence of stool or any fluid materials that stained the blot-
ting paper placed under every cage lined with the floor. 
When the feces became unformed, muddy or watery was 
considered to as diarrhea. Time taken before the first def-
ecation was considered as the ‘latent period’. Total num-
bers of fecal output as well as the diarrheic feces (muddy 
or watery feces) excreted by the experimental animal for 
a period of 4 h after the latent period was determined. Af-
ter 4 h of observation, blood was drawn from each of the 
mice for determination of electrolytes fluctuation from 
the baseline. 

During the observation period of 4 h, latent period 
(time interval between the administration of castor oil 
and the first defecation in a minute), total fecal output, 
and fecal water content were recorded for an individual 
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Table 1. Biochemical and physiological characteristics of the isolated bacteria

Isolate 
no. Shape Gram 

staining Catalase Coagulase Motility pH 
tolerance

Bile 
tolerance NaCl tolerance Phenol tolerance

1 rods + − + − pH 3.0 0.3% 2% 4% 6% 8% 0.1% 0.2% 0.3% 0.4%
2 rods + − + − ++ ++ ++ ++ + − ++ ++ ++ ++
3 rods + − + − ++ ++ ++ ++ + − ++ ++ ++ ++
4 rods + − + − ++ ++ ++ ++ + − ++ ++ ++ ++
5 rods + − + − ++ ++ ++ ++ + − ++ ++ ++ ++
6 rods + − + − ++ ++ ++ ++ + − ++ ++ ++ ++
7 rods + − + − ++ ++ ++ ++ + − ++ ++ ++ ++
8 rods + − + − ++ ++ ++ ++ + − ++ ++ ++ ++
9 rods + − + − ++ ++ ++ ++ + − ++ ++ ++ ++

10 rods + − + − ++ ++ ++ ++ + − ++ ++ ++ ++

+, the excellent tolerant against the condition; −, no tolerance against the condition.

mouse. Because only after castor oil induction the feces 
of mice were converted to muddy or watery than the 
normal state in castor oil induced mice. The time period 
from day 1 to day 26 was considered only for increasing 
of probiotic bacteria in guts of mice. This period was not 
considered for data collection. 

Percentages of diarrheal inhibition, as well as the weight 
of total and wet fecal output was determined according 
to the formula follows:

Inhibition %=
ATFPC−ATFT×100

ATFNC

where ATFPC is average number of wet feces in the pos-
itive control group, ATFT is average number of total fe-
ces in the test group, and ATFNC is average number of 
wet feces in the positive negative group.

Total fecal output %=
Mean fecal weight of each group

×100
Mean fecal weight of positive control

Fecal output and fecal water content in mice
After administration of castor oil, when the faces became 
unformed, muddy, or watery was considered to as diar-
rhea. All of the faces were collected after each defecation 
and put into a covered vessel for each animal to prevent 
the faces from drying. All the faces collected over a 4 h 
period were dried for about 1 h at 100oC in a ventilated 
oven. Fecal water content was determined according to 
the following formula:

Fecal water content=fecal wet weight−fecal dry weight

The effect in serum metabolites
After 4 h of observation, all the animals were sacrificed, 
and blood was obtained by heart puncture. Then the 
blood was kept in the anticoagulant tube and analyzed 
for determining total protein, albumin, sodium, potassi-
um, calcium, phosphate, white blood cell (WBC), and he-

moglobin.

Statistical analysis
All the statistical analysis were performed using Statisti-
cal Analysis System for analysis of variance (SAS Insti-
tute, Cary, NC, USA) and Graphpad Prism (version 5.0, 
GraphPad Software, San Diego, CA, USA). 

RESULTS AND DISCUSSION

Isolation of probiotic bacteria
Bacterial characteristics presented in the Table 1, show 
that, all the isolated bacteria were gram positive, catalase 
negative, rod shaped, non-motile, and coagulase posi-
tive. All the bacteria were tolerant to harsh condition at 
low pH, NaCl (1∼8%), phenol (0.1∼0.4%), and bile salt 
(0.3%). All the results showed that the bacteria were 
typical Lactobacillus spp.

Effects of probiotic on castor oil induced a diarrheal model
In the castor oil induced diarrheal model as presented in 
Table 2, probiotic yogurt significantly prolonged the on-
set of diarrhea and reduced the frequency and weight of 
total stool (Fig. 1) compared with the negative control. 
All the probiotic fed the treatment groups showed statis-
tically significant (P<0.001) effects on the onset of diar-
rhea, the total number of feces, the average weight of to-
tal feces, and average fecal water content compared to the 
negative control group. TG2 (100 mL/kg body weight) 
and TG3 (150 mL/kg body weight) showed significant 
(P<0.001) differences with TG1 (50 mL/kg body weight) 
regarding onset of diarrhea. Moreover, a significance dif-
ference (P<0.05) was observed in onset of diarrhea 
when compared with TG3 and TG2. The total number of 
feces was significantly (P<0.001) reduced in all of the 
groups compared with the negative control group. How-
ever, no significance difference was observed in the total 
number of feces in the all of the treatment groups com-
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Fig. 1. Mean fecal output (g) from 1st to 4th hour after induction of castor oil. The feces were collected from the blotting paper 
lined under the cage after administration of castor oil orally and weighted in order to measure the total amount of defecation 
in the mice groups. Values are mean±SEM. NC, negative control; PC, positive control; Std., standard; TG1, treatment group with 
50 mL/kg of yogurt; TG2, treatment group with 100 mL/kg of yogurt; TG3, treatment group with 150 mL/kg of yogurt. 

Table 2. Antidiarrheal effects of probiotics against castor oil induced diarrheal mice

Groups The onset of 
diarrhea (min)

Total number 
of feces

Average weight 
of total feces (g)

Average fecal 
water content (g)

Total fecal 
output (%) Reduction (%)

Std 42.50±1.839 6.50±0.76 0.214±0.010 0.020±0.003
NC 22.00±1.18 15.83±1.49*** 0.59±0.008*** 0.090±0.006***
PC 120.50±4.02*** 4.67±0.21 0.20±0.010 0.018±0.001 33.99 73.68
TG1 74.00±2.42*** 6.83±0.79 0.33±0.004 0.028±0.002 56.29 56.84
TG2 87.00±1.10***§§§ 6.167±1.10 0.295±0.011 0.020±0.002 50.14 61.05
TG3 105.33±3.31***§§§† 5.167±0.47 0.238±0.011 0.015±0.001 40.48 67.37

NC, negative control group; PC, positive control group; Std, standard group; TG1, treatment group 1; TG2, treatment group 2; 
TG3, treatment group 3.
Values are mean±SEM (n=6).
Analysis was performed using one way ANOVA followed by Tukey‘s adjustment.
***P<0.001 compared with NC group, §§§P<0.001 compared with TG1 group, and †P<0.05 compared with TG2 group.

pared with the positive control group.
Total stools weight (Fig. 1), TG3 and the positive con-

trol group showed significant (P<0.001) reduction of to-
tal stool weight compared with TG1 and TG2. When total 
fecal weight was compared within the treatment groups 
as well as the positive control group, no significance dif-
ferences were observed. Besides, the results revealed that, 
the percentage of diarrheal inhibitions were 56.84%, 
61.05%, 67.37%, and 73.68%, in TG1, TG2, TG3, and 
positive control group, respectively. And the percentages 
of total fecal output were 56.29%, 50.14%, 40.48%, and 
33.99%, in TG1, TG2, TG3, and the positive control 
group, respectively.

Effects of probiotics on blood serum electrolytes and me-
tabolites
At the time of diarrhea electrolytes are known to be de-
creased with fecal output and duration of diarrhea. The 
effects of probiotic yogurt on serum electrolytes, sodium, 
potassium, and chloride were measured (Table 3). Serum 
total protein level, albumin, globulin, WBC, and hemo-
globin were also measured. Sodium levels in all of the 
groups were significantly (P<0.001) different compared 
with the negative control group. TG2 was significantly 
(P<0.01) different compared with the standard group, 
and TG3 was different compared to the standard group 
(P<0.001). Moreover, TG3 was significantly (P<0.001) 
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Table 3. Effects of probiotics on blood serum electrolytes and metabolites 

Groups Sodium (mmol/L) Potassium 
(mmol/L)

Chloride 
(mmol/L)

Total protein 
(mg/dL)

Albumin 
(mg/dL)

Globulin 
(mg/dL)

WBC 
(103/mm3)

Hemoglobin 
(mg/dL)

 Std 135.83±0.70*** 3.60±0.05* 98.20±0.62 6.61±0.14 3.48±0.14 3.13±0.08 7.90±0.25 10.46±0.19
 NC 129.67±1.45 3.10±0.05 95.67±1.14 5.83±0.08 3.27±0.06 2.57±0.06 8.80±0.45 9.18±0.45
 PC 141.50±1.31*** 4.47±0.18*** 99.67±1.43 7.20±0.20** 4.15±0.09*** 3.05±0.16 10.78±0.31* 12.30±1.70
 TG1 138.17±1.42*** 4.07±0.18** 100.50±1.47 7.05±0.19** 3.87±0.12* 3.18±0.27 9.73±0.35 10.78±0.50
 TG2 142.67±1.28***‡‡ 3.77±0.04*§ 100.50±1.20 7.01±0.23** 3.91±0.07** 3.10±0.17 10.23±0.38 9.93±0.67
 TG3 147.67±0.84***#§§§‡‡‡ 4.55±0.24***§ 99.83±1.49 6.78±0.24* 3.72±0.17 3.07±0.09 10.53±0.50* 9.60±0.37

NC, negative control group; PC, positive control group; Std, standard group; TG1, treatment group 1; TG2, treatment group 2; 
TG3, treatment group 3.
Values are mean±SEM (n=6).
Analysis was performed using one way ANOVA followed by Tukey’s adjustment.
*P<0.05, **P<0.01, and ***P<0.001 compared with NC group, #P<0.05 compared with PC group, §§P<0.01 and §§§P<0.001 compared 
with TG1 group, and ‡‡P<0.01 and ‡‡‡P<0.001 compared with Std group.

different compared to TG1 and the positive control group 
(P<0.05).

Serum potassium levels were compared with the neg-
ative control group and all the treatment groups and 
standard groups. TG3 and the positive control group 
were statistically significant (P<0.001) different from 
the negative control group. But TG1 and TG2 showed a 
difference at the level of significance that was P<0.01 
and P<0.05, respectively. The difference was found be-
tween the TG3 and TG2 at P<0.05 level of significance. 
No differences were found between the TG3 and positive 
control group. Moreover, the probiotic yogurt showed 
no effects on serum chloride levels. When the total pro-
tein level of all the groups was compared with the neg-
ative control group, there was a significant difference be-
tween the groups. The level of significance was P<0.01, 
P<0.01, and P<0.05 for TG1, TG2, and TG3, respective-
ly. The positive control group showed the highest level of 
significance (P<0.001) compared with the negative con-
trol group. There was no statistically significance differ-
ence between the treatment groups and positive control 
group. The positive control group, TG1, and TG2 showed 
significant differences with the negative control group re-
garding total albumin levels, and the levels of significance 
were P<0.001, P<0.05 and P<0.01, respectively. Where-
as there was no significant difference between the groups 
for globulin and hemoglobin. When the WBC count was 
compared to the positive control group, the positive con-
trol group was significant (P<0.05) compared to the neg-
ative control group. There were no significant differences 
in the treatment groups compared to the standard group.

DISCUSSION

All the isolated bacteria showed probiotic characteristics. 
Isolates were isolated using de Man, Rogosa, and Sharpe 
(MRS) media. Some of the components of MRS culture 
media such as sodium acetate, magnesium sulfate, and 

Tween-80 are known to act as special growth factors for 
the growth of lactic acid bacteria. Among them, Tween- 
80 is a surfactant which facilitates the uptake of nutri-
ents and sodium acetate, and ammonium citrate act as 
selective agents (19). In the present study, the isolates 
were sub cultured six times and incubated anaerobically 
which might decrease the many fastidious unwanted mi-
croorganisms and favor the growth of lactic acid bacteria. 
From their colony morphology, physiological characteris-
tics, and biochemical characteristics (Gram positive, cat-
alase negative, non-motile, sugar fermentation pattern, 
and resistance to inhibitory substances such as pH 2.2, 
0.3% bile acid, 0.1∼0.4% phenol, and 1∼4% NaCl) all 
the ten isolates were considered probiotic bacteria. Hoque 
et al. (17) identified Lactobacillus species from yogurt 
samples by observing their morphological characteristics 
and different biochemical characteristics such as Gram 
positive, catalase negative, non-motile, sugar fermenta-
tion pattern, and resistance to inhibitory substances such 
as pH 2.2, 0.3% bile acid, 0.1∼0.4% phenol, and 1∼10% 
NaCl. Microscopically the isolated bacteria were Gram 
positive, rod shaped, non-motile, catalase negative, and 
coagulase positive. Therefore, the results of the presents 
study were similar to Hoque et al. (17).

One of the major selection criteria of probiotics is re-
sistance to low pH. Chou and Weimer reported that pro-
biotic bacteria need to be resistant at low pH (pH 1.5∼ 

3.0) while they pass from the stomach. The time between 
the first entrance and release from stomach requires ap-
proximately 3 h and by this time probiotic must be viable 
(20). In most in vitro assays, pH 3.0 has been preferred 
cause significant decrease in viability is often observed 
at pH 2.0 or bellow (21).

All of the isolates obtained from the present study were 
more or less tolerant at pH 3.0. However, all of them 
showed resistance to low pH after a 4 h of period, which 
needs to pass the stomach. Bao et al. isolated 90 strains 
of Lactobacillus fermentum, among them 35 strains showed 
tolerance against low pH, which indicated the similarity 
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with our findings (22). A similar research was conducted 
with 13 strains of Lactobacillus plantarum, and 7 strains 
were highly tolerance against low pH (23). L. acidophilus 
NIT isolated from infant feces showed resistance to pH 
2∼4, which directly indicate the similarity with this pres-
ent study (24).

Probiotics exhibiting antidiarrheal activity may have a 
potential to retard the onset of diarrhea significantly as 
seen in TG2 and TG3. According to the WHO criteria, a 
decrease in consistency and an increase in frequency in 
bowel movements to greater than 3 stools per day gen-
erally describes diarrhea. Even though diarrhea has been 
defined over time by various scientific groups in different 
ways, the emphasis is given on the consistency of stools 
rather than the numbers. Gidudu et al. (25) defined di-
arrhea, when the water percentages exceed 90% whereas 
the water percent of stools normally 60∼90%. However, 
the percentages of inhibition were mainly focused on the 
frequency and total stools as a good marker of antidiar-
rheal activity. 

Diarrhea is also presented as an increase in weight of 
defecations (3). Accordingly, this study displayed a dose 
dependent reduction in percentages of total fecal output 
(P<0.001) indicating the antidiarrheal potential of the 
study models. This study is concordant with other stud-
ies in which Lactobacillus sporogenes significantly reduce the 
episodes (P<0.002) and shorten the duration (P<0.001) 
of acute rotavirus diarrhea in infants than placebo (26). 
Another double-blind randomized study investigated 
that Lactobacillus reuteri DSM 17938 significantly reduced 
watery diarrhea than placebo (2.1±1.7 days vs. 3.3±2.1 
days; P<0.03) as well as relapse rate of diarrhea (15% 
vs. 42%; P<0.03) (27). Foster et al. (28) reported that, 
injection of Lactobacillus preparation in infected ileal loop 
significantly reduced the enterotoxin response against 
Escherichia coli enterotoxin-induced diarrhea in the rabbit. 
Another study reported that Lactobacillus GG reduced the 
duration of non-bloody diarrhea compared to the control 
(31% vs 75% at 48 h) admitted for severe diarrhea and 
malnutrition which explain the similarity of the findings 
of this present study (29).

A milk drink fermented with LGG, L. acidophilus La-5, 
and B. lactis Bb-12 was administered to a treatment group 
in a double-blind design. Only 5.9% patients developed 
ADD, which was a significant reduction compared to the 
placebo group (27.6%) (P=0.035) (16). Another random-
ized double-blind study was conducted to investigate the 
antidiarrheal efficacy of a mixture of LGG, B. lactis Bb- 
12, and L. acidophilus La-5. The results showed that there 
was no incidence of severe diarrhea in the probiotic group 
compared to 6 cases in the placebo group (P=0.025) 
even though there was only one episode of minor diar-
rhea compared to 21 in the placebo group (P<0.001) 
(30). All the results show similar findings to the present 

study. For assessing the antidiarrheal activity of probi-
otic bacteria, an in vivo mice trail was conducted with a 
castor oil induced diarrheal rat model. In an animal mod-
el, latent period, total fecal output, the frequency of def-
ecation, and the total water content of feces were meas-
ured. Blood serum levels of electrolytes, total protein, al-
bumin, and globulin were measured. Hematological pa-
rameters of hemoglobin level and white blood cell count 
were also measured. The isolates showed significant anti-
diarrheal properties in castor oil induced diarrheal mice.
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