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for management of diarrhea. The problem is even more alarming 
because current teaching of medical students completely lacks 
thrust on proper case management of diarrhea. Antimicrobial 
treatment is recommended in a small fraction of cases such as 
dysentery, parasitic diseases, and severe cholera. In our study only 
22% of the patients were prescribed antibiotics. The remaining 
patients were treated with ORS or zinc, whereas other studies 
have shown that the use of antibiotics were more and in most 
cases antibiotics were irrational too. According to the studies by 
Howteerakul et al. and Singh et al., the percentage of patients 
prescribed on antibiotics were 72.6% and 64%, respectively.[4,7] 
In a study by Lazzerini and Ronfani in Italy, it is evident that in 
children aged greater than 6 months with acute diarrhea, zinc 
supplementation may shorten the duration of diarrhea by around 
10 hours.[8] Another study by Kouame et al., also supports the 
fact that oral zinc decreases the severity and reduces the number 
of episodes of diarrhea.[9] A study tested the hypothesis that daily 
supplementation of zinc had an effect on the clinical course of 
acute diarrhea, that is, frequency of stool, stool amount, and 
duration of acute diarrhea, in 117 children. Reduction in stool 
frequency per day was found to be 62% in the zinc‑supplemented 
group and 26% reduction was found in the placebo‑supplemented 
group.[5] The number of patients in whom zinc was not prescribed 
in our study was 32, hence from our observations we can state that 
prescriptions of 32% of the patients have violated the standard 
treatment protocol suggested by the IAP.

From the 100 patients considered in the study, stool culture and 
microscopy was done for only 16 cases. Among them, only three 
samples have shown traces of blood or pus and these patients were 
treated with antibiotics according to the treatment guidelines. 
Other than these 3 patients, antimicrobials were prescribed for 
19 more patients. Irrational prescriptions were encountered in 
our study to a lesser extent.  Antimicrobials should not be started 
unless the child has pus cells or RBC in the stool microscopy, 
severe protein energy malnutrition, obvious blood and mucus 
diarrhea, or associated systemic illness.[3] A relatively smaller 
sample size could also be a disadvantage of the study.

CONCLUSION

This study demonstrates that the number of irrational 
prescription of antibiotics in childhood diarrhea is less in our 
hospital and most of the prescriptions follow the standard 
treatment protocol suggested by the WHO.

Kalahasthi Priyadarshini, Vishnu Raj, 
Sadasivam Balakrishnan

Department of Pharmacology, Pondicherry Institute of Medical 
Sciences Kalapet, Puducherry, India

Address for correspondence: 
Vishnu Raj, Department of Pharmacology, 
Pondicherry Institute of Medical Sciences, 

Kalapet, Puducherry, India. 
E‑mail: rajvishnu1985@gmail.com

REFERENCES

1.	 Fischer Walker  CL, Fontaine  O, Young  MW, Black  ER. Zinc and low 
osmolarity ORS for diarrhoea: A renewed call to action. Bull World Health 
Organ 2009;87:780‑6.

2.	 Gitanjali B, Weerasuriya K. The curious case of zinc for diarrhea: Unavailable, 
unprescribed and unused. J Pharmacol Pharmacother 2011;2:225‑9.

3.	 Tanmaya M, Patil VD, Rajsekhar W, Hiremath MB. The role of antibiotics 
in childhood diarrhoea. Rec Res Sci Tech 2010;2:55‑6.

4.	 Howteerakul  N, Hogginbotham  N, Dibley  MJ. Antimicrobial use in 
children under five years with diarrhoea in a central region province of 
Thailand. Southeast Asian J Trop Med Public Health 2004;35:181‑7.

5.	 Kouame KS, Verga ME, Pittet A, Rey‑Bellet CG, Gehri M, Fontaine O, 
et al. Zinc and diarrhoea in children under 5 years: WHO recommendations 
implemented in Switzerland. Rev Med Suisse 2012;8:1244‑7.

6.	 Bhatnagar S, Lodha  R, Choudhary P, Sachdev HP, Shah N, Narayan S, 
et al. IAP guidelines 2006 on management of acute diarrhea. Indian Pediatr 
2007;44:380‑9.

7.	 Singh J, Bora D, Sachdeva V, Sharma RS, Verghese T. Prescribing patterns 
by doctors for acute diarrhea in children in Delhi, India. J Diarrhoeal Dis 
Res 1995;13:229‑31.

8.	 Bajait C, Thawani V. Role of zinc in pediatric diarrhea. Indian J Pharmacol 
2011;43:232‑5.

9.	 Lazzerini  M, Ronfani  L. Oral zinc for treating diarrhoea in children. 
Cochrane Database Syst Rev 2012;6:CD005436.

Access this article online
Quick Response Code:

Website: 
www.jpharmacol.com

DOI: 
10.4103/0976-500X.114601

Comparison of efficacy of 
Saccharomyces boulardii 

strain in the treatment 
of acute diarrhea in 

children: A prospective, 
single‑blind, randomized 

controlled clinical trial

Sir,
Probiotics are defined as “live microorganisms which when 
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administered in adequate amounts confer a health benefit on the 
host”[1] and used as an adjunctive in diarrhea. They are gaining 
popularity without established efficacy[2] or with mild benefit 
regardless of strain[3] or depending on strain.[4]

There are different probiotics available in the Indian market, 
but the efficacy and superiority over each other is not 
established with certainty.

The sample size was calculated from the data shown in 
previous studies.[5] Accordingly with predictive power of 90%, 
an alpha error of 5, in each group 35 patients were included.

After approval from Institutional Ethical Committee, the study 
was conducted from July 2009 to July 2011 as a prospective, 
parallel, single‑blind, randomized controlled clinical trial with 
allocation ratio 1:1, in a tertiary care hospital attached with 
Medical College, including the children who were diagnosed as 
acute diarrhea [child having ≥3 unformed stool in last 24 h with 
a duration of <48 h] with no dehydration or some dehydration 
as per the WHO criteria by experts in pediatrics. Children with 
any concurrent chronic illness, severe, and very severe under 
nutrition (weight for age <60% of 50th percentile of CDC 2000 

Standards), severe dehydration (as per WHO criteria) allergy 
or history of use of probiotic, antibiotic, or antidiarrheal in 
last 24 h were excluded. Non-infective cases were defined as 
acute diarrhea negative for Vibrio cholarae by a hanging drop 
method, Entamoeba histolytica and Giarrdea lamblia by stool 
microscopy examination. Children found positive for above 
organisms were excluded from the study. The study protocol was 
explained in detail to the parent and informed written consent 
was obtained.

Patients were assigned a study number corresponding to 
their entry in the trial. They were randomized by simple 
randomization with the help of computer‑generated random 
numbers. As per the allocation, drugs were prescribed to the 
patients by the pediatrician. All children included in the study 
received oral rehydration solution (ORS) ad libitum (as much 
as required after passing of each stool or vomiting or both and 
whenever child demand for it) till resolution of diarrhea and 
zinc 10 mg/day in a child of <6 months and 20 mg/day for a 
child >6 months a day for 14 days.

Children in the study arm also received Saccharomyces 
boulardii 250 mg orally twice a day for 5 days as lyophilized 

Figure 1: Patient flow through the trial

 

Patients screened for the eligibility 
criteria (n = 100) 

28 patients excluded from the 
study 
4-No informed consent 
3-Already started antibiotics 
1-Chronic diarrhea 
5-Food allergy 
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6-Infective diarrhea 
3-Severe dehydration 
2-Severe malnutrition 
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study groups 
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1 patient lost to follow-up 1 patient lost to follow-up 

35 patients completed the 
treatment and included 
for analysis 

35 patients completed the 
treatment and included 
for analysis 
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powder in a sachet weighing 282.5 mg equivalent to 250 mg 
of yeast.

Each study day was defined as 24  h counted from the 
administration of drugs. Patient was monitored till recovery 
from diarrhea (passage of two consecutive formed stools as 
per the Kings scoring system[5] or having no stool till 12 h) and 
vomiting (duration in days in till the last episode of vomiting) 
or up to 14 days whichever occurred later. We also noted for 
any possible adverse events like hypersensitivity reactions.

A total of 100 patients were screened and 28 were excluded 
due to various reasons and one patient in each group lost 
follow‑up [Figure 1], so 35 patients from each group were 
included in the analysis. The demographic statistics were 
described in Table 1. Difference between these parameters was 
nonsignificant between the study and control group and equally 
distributed. Associated symptoms such as cold, sneezing, 
cough, and irritability were treated by steam inhalation in 
both groups at home while fever was treated by paracetamol 
5 mg/kg three times a day till temperature come to normal. 
For weakness, pain in abdomen and dehydration, ORS was 
given as per protocol. Gripe water was not given to any of the 
children. All these symptoms were reduced to nil by the end 
of 3 days in both groups.

Average time for recovery from loose motions, for the study 
group was 3.4 days ± 1.4 days and for the control group was 
5.5 days ± 2.1 days (Z value = 4.9). Eleven patients in the study 
group and eight patients in the control group were also having 
the vomiting. Average time of recovery for the study group was 
2.5 ± 1.2 days and for the control group was 3.3 ± 1.2 days 
(a value of two‑tailed unpaired Student t‑test at the degree of 
freedom of 7 was3.3, P < 0.01).

Reduction in duration of diarrhea by S.boulardii was found 
significant by some authors[6] while nonsignificant by others.[7] 

Table 1: Demographic characteristics and 
associated symptoms
Characteristic Study group, 

n=35
Control group, 

n=35
Mean age±SD (months) 11.46±8.64 13.55±12.84
Mean weight±SD (kg) 7.98±3.21 8.51±3.81
Male 17 (48.6) 14 (40)
Female 18 (51.4) 21 (60)
Cold 2 (5.7) 1 (2.9)
Sneezing 0 (0) 1 (2.9)
Fever 16 (45.7) 13 (37.1)
Cough 2 (5.7) 2 (5.7)
Irritability 1 (2.9) 1 (2.9)
Pain in abdomen 5 (14.3) 7 (20)
Weakness 3 (8.6) 2 (5.7)
Some dehydration 3 (8.6) 4 (11.4)
No dehydration 32 (91.4) 31 (88.6)
Values in parentheses are percentages

Grandy et al.[8] showed significant reduction in duration of 
vomiting by S.boulardii. In our study, the S.boulardii group 
have the significantly early recovery from diarrhea and vomiting 
and may have indirect benefits such as decrease absenteeism 
and less risk of postdiarrheal consequences like malnutrition.

The beneficial effects of S.boulardii may be due to antitoxin 
effect, antibacterial activity, modulation of intestinal flora, 
increasing the short chain fatty acids in lumen, increased 
enzymes against viral infection, increased IgA activity, and 
decreased synthesis of inflammatory cytokines.[9]

The strength of our study is to see the effect of probiotic 
in the Indian perspective as we may not extrapolate the 
results of western population in Indian children due to the 
higher breast feeding rate and different microbiological 
colonization.[10]

We conclude that addition of S.boulardii in treatment of acute 
diarrhea significantly reduce the duration of diarrhea as well  
as vomiting.
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Modulation of 
inflammatory pain in 

response to a CCR2/CCR5 
antagonist in rodent model

Sir,
Chemokines are small  (8 to 14  kDa) secreted chemotactic 
cytokines that interact with G‑protein‑coupled receptors 
with a highly conserved seven‑transmembrane domain. 
They play essential roles in recruiting leukocytes to sites of 
injury, infection and inflammation. There are four groups of 
chemokines, which are divided according to their characteristic 
cysteine sequence motifs: The CXC, CC, CX3C and C families.

C‑C chemokine ligand 2  (CCL2), previously referred to as 
monocyte chemoattractant protein‑1 (MCP‑1), a 78 amino acid 
secreted protein, belongs to the CC subfamily and controls 
the recruitment of monocytes, memory T‑cells and natural 
killer cells to sites of inflammation through its chemokine 
receptor. CCL2 binds to Chemokine receptor type 2 (CCR2), 
the receptor for CCL2, exclusively and with a high affinity. 
CCL2 has been implicated as an important mediator of several 
diseases, including multiple sclerosis, rheumatoid arthritis, 
diabetes, and atherosclerosis. We previously reported that 
a CCR2 antagonist reduced swelling and joint destruction 
in rat models of rheumatoid arthritis and nearly produced a 
complete resolution of symptoms in a mouse model of multiple 
sclerosis.[1] In addition, recent reports suggest that chemokines 

may play roles in the experience of pain.[2‑4] Indeed, Abbadie 
reported that CCR2‑deficient mice showed a decrease in paw 
lifting and licking in a formalin‑induced inflammation model. 
Furthermore, in response to nerve ligation, the persistent and 
marked up‑regulation of CCR2 mRNA was evident in the nerve 
and dorsal root ganglia.[5] These results suggest that CCL2 may 
contribute to both inflammatory and neuropathic pain states. 
In this study, we investigated whether our CCR2 antagonist 
might exhibit an anti‑nociceptive effect in animal models.

TLK48462, a novel dual antagonist of CCR2 and Chemokine 
receptor type 5 (CCR5) antagonist (CCR2/CCR5 antagonist), 
inhibited chemotaxis mediated by human CCL2 and human 
C-C chemokine ligand 4 (CCL4) with a similar potency. The 
chemotaxis of human PBMC (peripheral blood mononuclear 
cell) IC50 values for CCL2 and CCL4 were 1.2 mM and 1.8 
mM, respectively. We also confirmed that TLK48462 inhibited 
chemotaxis mediated by human and rat CCL2 with similar 
potencies. The chemotaxis of rat spleen cells IC50 values was 
0.4 mM.

We first evaluated the effect of TLK48462 using a formalin test. 
Animal care and experimental procedures were approved by the 
Animal Experimental Committee of Sanwa Kagaku Kenkyusho 
Co., Ltd. The formalin test is a widely used model that enables 
two different types of pain to be evaluated: Neurogenic pain is 
caused by the direct activation of nociceptive nerve terminals, 
while inflammatory pain is mediated by a combination of 
peripheral input and spinal cord sensitization. Seven week‑old 
male mice were used for the study  (n = 4‑5). Formalin  (25 
mL, 1%) was injected into the plantar surface of the left paw. 
The time mice spent either licking or lifting the injected paw 
was recorded at 5 min intervals for 45 min. A test compound 
suspended in 5% (w/v) aqueous gum arabic or an equal volume 
of the vehicle was administered by gavage at 17 h and at 1 h 
before the formalin injection.

In the presently reported formalin test, the first phase (neurogenic 
phase) was observed 0‑10  min after injection; the second 
phase (inflammatory phase) was then observed 15‑45 min after 
injection [Figure 1a]. Mice treated with TLK48462 showed 
a significant reduction in paw licking and lifting during the 
first phase. Furthermore, TLK48462 also significantly reduced 
the pain during the second phase, compared with that in the 
control  [Figure  1a and b]. The anti‑nociceptive effect of 
TLK48462 was approximately equal to that of indomethacin, 
which was used as a positive control.

Next, we examined the effect of TLK48462 using a rat 
carrageenin model. The injection of carrageenin reportedly 
induces an inflammatory reaction that produces thermal or 
mechanical hyperalgesia. Ten week‑old male Wistar rats were 
used for the model (n = 4‑5). Inflammation was induced in 
the rats by the injection of 0.1 mL of 1% λ‑carrageenin into 
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