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Butyrylcholinesterase level in poisoned patients with
phosphide compounds

Abstract

Background: Metal phosphides are widely used as a rodenticide and insecticide and
poisoning with these substances has a very high mortality. The aim of this study was to
evaluate the butyrylcholinesterase (BuCh) level in poisoning with metal phosphides.
Methods: In this case series study, 60 poisoned patients with zinc phosphide (ZnP) and
aluminum phosphide (ALP) who was admitted to poisoning ward in Hamadan, Iran,
enrolled in the study and BuCh level was measured. The sex, age, amount of ingestion,
time of consumption, signs and symptoms, ECG and arterial blood gas (ABG) changes and
clinical outcomes were evaluated.

Results: Most (58.3%) patients were males, the mean age was 32.76£17.65 years. The
average amount of ingestion was 7.5+4.6 and 2.5£2.96 gr for ZnP and ALP, respectively.
Most signs and symptoms were hypotension (97%), nausea and vomiting (82%) and
abdominal pain (32%). The average amount of BuCh level in all patients was
5163.25+2158.31 UJ/L, that's while in ZnP and ALP poisoned patients was 5608+1577 U/L
and 4721.46+£2562U/L respectively. The most dysrhythmia (26.7%) was sinus tachycardia.
Acidosis was seen in 33.3% of patients. 14 patients died after hospital admission, which
caused a 23.3% fatality rate.

Conclusion: Our results showed that, there was no significant change in BuCh level in
poisoned patients with phosphide compounds.
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Today, the use of pesticides in the world is considered as a recognized health
problem. It is estimated that around 30% of global suicides are due to pesticide self-
poisoning (1). Metal phosphides pesticides are highly toxic, low cost, and are easily accessible as
rodenticide agents and used for self-poisoning (2). Zinc phosphide (ZnP) and aluminum
phosphide (ALP) are among the most important metal phosphides. Poisoning with these
agents is frequently seen in India, Srilanka and Iran (3-8). In a recent study, the incidence
of fatal aluminum phosphide poisoning cases referred for phosphine analysis was 5.22 and
37.02 per million of population of Tehran, Iran in 2006 and 2013, respectively (9).The
mechanism of toxicity is not clearly defined. ZnP and ALP toxicity is related to the production of
phosphine gas. Phosphine inhibits cytochrome c oxidase and causes mitochondrial
destruction and inhibits oxidative respiration which leads to anaerobic metabolism, severe
metabolic acidosis, multi-organ dysfunction and death (10-13). Phosphine can lead to
severe cardiac suppression and cardiogenic shock (14). One of the proposed mechanisms of
toxicity is the reduction of the true cholinesterase and serum cholinesterase (butyrylcholinesterase)
enzyme, but usually do not show obvious clinical manifestations (15-17).
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According to the few human studies on this subject in the
world and particularly in Iran, and considering that it was not
possible for us to measure true cholinesterase enzyme level,
this study aimed to measure the butyrylcholinesterase
(BuCh) level in human poisoned patients by ZnP and ALP.
We assessed symptoms and signs, ECG and ABG changes,
liver and kidney function tests and outcome between ZnP
and ALP poisoned patient groups.

Methods

Study design: This was a case series study and all poisoned
patients with metal phosphides include ZnP and ALP was
investigated. This study was conducted in a 12-month period
from December 2016 to December 2017 and all of the
poisoned patients with ZnP or ALP who referred to the
hospital during the study period were enrolled in the study.
Totally 60 patients, including 30 ZnP and 30 ALP poisoned
patients were investigated.

Setting: The study was carried out at Farshchian Hospital in
Hamadan (west Iran). This hospital is a poison center that covers
about 1,500,000 people in the Hamadan province. This is the
only tertiary hospital for the poisoned patients in this province.
Data collection: The diagnosis of ZnP and ALP
consumption were determined based on the history, clinical
signs and symptoms and paraclinical tests such as SGOT,
SGPT, BUN, creatinine, arterial blood gas (ABG), ECG
were also checked out. In addition, BuCh was measured by
BuCh Elisa kits of Pars Azmoon Company. The reference
range of this kit was 3930-11500 U/L. Demographic data,
clinical and paraclinical signs, BuCh level and outcome of
poisoning were compared between ZnP and ALP poisoned
patients. Those patients who consumed ZnP and ALP lower
than toxic dosage and all patients who had one of the factors
affecting BuCh level, such as consumption of organophosphates
or carbamates, pregnancy and chronic liver diseases were
excluded. The data were entered into the SPSS statistical
software, Version 21. The analysis was mostly descriptive in
nature; differences between two groups were evaluated with
the unpaired student’s t-test and chi-square test. Of all
comparisons, a p-value less than 0.05 was considered significant.

Results
In 60 poisoned patients by phosphide compounds 35
(58.3%) were males and 25 (41.7%) were females. The mean

age of the poisoned patients was 32.76+17.65 years
(30.46+19.82 years in ZnP and 35.06+15.16 years in ALP,
respectively). Most patients (50 patients or 83%) had
ingested phosphide compounds less than 6 hours before
referring to the emergency ward and for the rest 10 patients
(17%) the referral time was more than 6 hours. 14 out of 60
poisoned patients died after hospital admission, which
showed a 23.3% fatality rate among patients. The
demographic data, time of ingestion and final outcome in
ZnP and ALP poisoned patients are presented in table 1.

Table 1: Demographic characteristics of 60 hospitalized
patients with phosphide compounds consumption.

Variables ZnP* ALP** Pvalue
(N%) (N%)

Sex

Male 14 (46.7) 21(70) 0.06

Female 16 (53.3) 9(30)

Age (y)

10-20 11(36.7) 6(20)

21-30 11(36.7) 7(23.3)

31-40 3(10) 7(23.3) 0.32

41-50 1(3.3) 4(13.3)

>50 4(13.3) 6(20)

Time of ingestion (h)

<2 12(40) 13(43.3)

2-6 11(36.7) 14(46.7) 0.37

>6 7(23.3) 3(10)

Fatality rate 4(13.3) 10(33.3) 0.06

* Zine phosphide ** Aluminium phosphide

The average ingestion of ZnP was 7.5+4.68 gr. 23
(76.7%) patients had ingested 5 gr, 2 (6.7%) patients
ingested 10 gr and 5 (16.6%) patients had more than 10 gr.
The average ingestion of the ALP was 2.5+2.96 gr; from
them 13 (43.3%) patients ingested 0.5 gr, 4 (13.3%) patients
consumed ate 1.5 gr, 8 (26.7%) patients had 3 gr and 5
(16.7%) patients ingested more than 3 gr.

The most frequent symptoms in 60 poisoned patients
were: hypotension (58 patients, 97%), nausea and vomiting
(49 patients, 82%), loss of conscious (21 patients, 35%),
abdominal pain (19 patients, 32%), tachypnea and shock
(each of the 14 patients, 23%) and agitation (7 patients,
12%). According to ECG disturbances, in all 60 poisoned
patients, 50% (30 people) had normal sinus rhythm and in



Caspian J Intern Med 2019; 10(4):458-462

Afzali, et al.

another 30 patients, frequency of dysrhythmia was as
follows: 16 (26.7%) patients had sinus tachycardia, 11
(18.3%) patients had ventricular tachycardia and 3 (5%)
patients had supra ventricular tachycardia. According to
ABG analysis acidosis was seen in 20 patients (33.3%)
patients.

In a total of 60 patients, the average amount of BuCh
level was 5163.25+2158.31 U/L. The minimum and
maximum level of BuCh in the patients was 435 U/L and
10076 U/L. In ZnP and ALP poisoned patients, the mean
level of Buch was 5608+1577 U/L and 4721.46+2562U/L
respectively (graphl). According to liver enzyme change
(AST, ALT); only 1 (1.7%) patient had abnormal liver
enzyme level.
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Figure 1. Mean butyrylcholinesterase level in the participants

Discussion

Poisoning by pesticides is a common problem in
developing countries. These properties are the best products
for self- poisoning. Among them, poisoning with phosphide
compounds such as ZnP and AIP is associated with a very
high mortality. ZnP as a rodenticide is a gray-black powder
with an odor similar to garlic. Ingestion of 1 gr of ZnP can
cause toxicity in humans and death has been reported after
ingestion of 4-8 gr (18). AlP exists as yellowish to dark gray
granular or powdered solid which is formulated as tablets,
pellets, or small sachets of powder and used as
a rodenticide, insecticide, and fumigant for stored cereal
grains. Each tablet contains 3 gr of ALP and ingestion of 1 —
1.5 gr can be lethal (19, 20).

In our study, the average consumption of the ALP was
2.5 gr and in Shadnia’s study was 5.1 gr (7). After exposure
of these compounds to the air, moisture and gastric
hydrochloric acid produce a highly toxic phosphine gas.
Although the exact mechanism of phosphine toxicity is
unknown but after rapidly absorbed throughout the
gastrointestinal tract, leading to systemic toxic effects. The
mechanism of toxicity includes failure of cellular respiration
due to the effect on mitochondria, inhibition of cytochrome
C oxidase and formation of highly reactive hydroxyl
radicals. Cellular injury due to lipid peroxidation is also
suggested. The exact underlying mechanism  of
cardiotoxicity and acute circulatory failure caused by
phosphine is not well defined (20). There is a decrease in the
level of catalase and increase in the activity of superoxide
dismutase in patients of phosphine poisoning (21). Also, the
reduction of glutathione concentration in different tissues
explains the cellular injury as glutathione is a protecting
factor against oxidation by catalysing the reduction of the
oxygen peroxide in O2 and H20 (13).

Phosphine, either during inhalation or exhalation after
ingestion, directly produces injury to the alveolar capillary
membrane, in addition to oxidative injury leading to acute
lung injury (20). Reducing the BuCh enzyme is one of the
other effects of phosphine gas (17). Based on Al-Azzawi and
Mittra’s studies which were done on the rat and the human
serum exposed to phosphine, BuCh level decreased (15-16).
In our study, during a-12 month period, 60 patients who
were admitted due to poisoning by ZnP and ALP were
evaluated. The results showed that there was no significant
change in the BuCh level in phosphide compounds
respecting the normal level and only in a small number of
patients, enzyme reduction was observed. Despite the
decrease of this enzyme in a small number of patients, no
cholinergic symptoms and signs were observed.

Self-poisoning with pesticides, especially phosphide
compounds is one of the most common cases of poisoning
among males and females. The prevalence varies between
males and females in different parts of the world, as in the
present study, the number of female ZnP poisoned patients
were more than males, while in another study, male patients
were more than females (9). Also, in our study, the number
of ALP poisoned male patients was more than females, while
in Shadnia’s study males and females were equal and in
Soltaninejad’s study, males were more than females (7, 22).
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Suicide by pesticides, as in other cases of deliberate
poisoning is more common in young adults (23). The
average age of patients in the present study was 32.8 years
and most of them were between 20-30 years and in
Shadnia’s study was 27.1 years and were between 20-30
years (7). Due to the high toxicity of phosphide compounds,
the mortality rate is very high and the most common cause of
death usually is cardiac arrhythmias and cardiogenic shock
(24). The mortality rate is highly variable, ranging from 37
to 100%, and can reach more than 60%, even inexperienced
and well-equipped hospitals (25).

In this study, the fatality rate in ZnP and ALP poisoned
patients was 16.7% and 33.3%, respectively, whereas in
Trakulsrichai’s study ZnP fatality was 7 % (20) while in
Soltaninejad’s and Bhalla’s studies, ALP fatality was 57.5%
and 40%, respectively (22, 26). The most clinical
manifestations include vomiting, abdominal pain, agitation,
tachy dysrhythmias, tachypnoea, acidosis, hypotension,
palpitation and unresponsive shock (24). In most studies,
similar to our study, cardiovascular and gastrointestinal
symptoms were the most clinical manifestations (7, 9).
About 50% of our patients had dysrhythmia which was
similar to the Soltaninejad’s study (22). The most
dysrhythmias in our study were sinus tachycardia,
ventricular tachycardia, supraventricular tachycardia while in
Jha’s study was sinus tachycardia and sinus bradycardia
(27).

In this study, like the other studies, the most finding in
ABG was acidosis and most patients who had severe
acidosis died (7, 28).

Considering that the present study was a case series study
and carried out within a one — year period, a limited number
of patients were assessed. On the other hand, regarding the
fact that most of the studies measuring the cholinesterase
enzyme have been performed on animal samples,
comparison of the results of our study with other studies will
be of limited value. Also, considering that it was not possible
to measure the true cholinesterase enzyme of this medical
center, it would be better to consider this issue in future
studies.

In Due to lack of a specific antidote, poisoning with ZnP
and ALP still causes fatalities. Cardiovascular and Gl tract
symptoms were the most important clinical manifestations.
These symptoms were more frequent in ALP poisoned
patients. Most patients who had decreased of BuCh enzyme
were ALP poisoning patients.

Acknowledgments

The authors wish to thank the staff in Poisoning Ward of
Farshchian Hospital especially to Shohreh Attar that assisted
us in this study.

Funding and support: This study was carried out as a
project research and approved and funded by the Ethics
Committee of Hamadan University of Medical Sciences,
contract code: IR.UMSHA.REC 1395.418.

Declaration of Conflict of Interest: The authors have
declared no conflicts of interest.

References
1. World Health Organization. Suicide. WHO 2018.
Available at:

http://www.who.int/mediacentre/factsheets/fs398/en/

2. Abder-Rahman HA, Battah AH, Ibraheem YM, Shomaf
MS, Ei-Batainch N. Aluminum phosphide fatalities, new
local experience. Med Sci Law 2000; 40: 164-8.

3. Bogle RG, Theron P, Brooks P, Dargan PIl, Redhead J.
Aluminium phosphide poisoning. Emerg Med J 2006; 23:
e3.

4. Gargi J, Rai H, Chanana A, Rai G, Sharma G, Bagga IJ.
Current trend of poisoning--a hospital profile. J Indian
Med Assoc 2006; 104: 72-3.

5. Goel A, Aggarwal P. Pesticide poisoning. Natl Med J
India 2007; 20: 182-91.

6. Murali R, Bhalla A, Singh D, Singh S. Acute pesticide
poisoning: 15 years experience of a large North-West
Indian hospital. Clin Toxicol (Phila) 2008; 47: 35-8.

. Shadnia S, Sasanian G, Allami P, et al. A retrospective 7-
years study of aluminum phosphide poisoning in Tehran:
opportunities for prevention. Hum Exp Toxicol 2009;
28: 209-13.

8. Jain RK, Gouda NB, Sharma VK, et al. Esophageal
complications following aluminum phosphide ingestion:
an emerging issue among survivors of poisoning.
Dysphagia 2010; 25: 271-6.

9. Etemadi-Aleagha A, Akhgari M, Iravani FS. Aluminum
phosphide poisoning-related deaths in Tehran, Iran, 2006
to 2013. Medicine (Baltimore) 2015; 94: e1637.

10. Mehrpour O, Jafarzadeh M, Abdollahi M. A systematic
review of aluminium phosphide poisoning. Arch Hyg
Toxicol 2012; 63: 61-73.

~


http://journals.sagepub.com/author/Abder-Rahman%2C+H+A
http://journals.sagepub.com/author/Battah%2C+A+H
http://journals.sagepub.com/author/Ibraheem%2C+Y+M
http://journals.sagepub.com/author/Shomaf%2C+M+S
http://journals.sagepub.com/author/Ei-Batainch%2C+N
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dargan%20PI%5BAuthor%5D&cauthor=true&cauthor_uid=16373788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Redhead%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16373788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gargi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16856585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rai%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16856585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chanana%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16856585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rai%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16856585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16856585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bagga%20IJ%5BAuthor%5D&cauthor=true&cauthor_uid=16856585
https://www.ncbi.nlm.nih.gov/pubmed/16856585
https://www.ncbi.nlm.nih.gov/pubmed/16856585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murali%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18608278
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhalla%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18608278
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18608278
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18608278
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shadnia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19734272
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sasanian%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19734272
https://www.ncbi.nlm.nih.gov/pubmed/?term=Allami%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19734272
https://www.ncbi.nlm.nih.gov/pubmed/19734272
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jain%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=19727954
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gouda%20NB%5BAuthor%5D&cauthor=true&cauthor_uid=19727954
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=19727954
https://www.ncbi.nlm.nih.gov/pubmed/?term=Etemadi-Aleagha%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26402837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akhgari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26402837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iravani%20FS%5BAuthor%5D&cauthor=true&cauthor_uid=26402837
https://www.ncbi.nlm.nih.gov/pubmed/26402837

Caspian J Intern Med 2019; 10(4):458-462

Afzali, et al.

11. Proudfoot AT. Aluminium and zinc phosphide poisoning.
Clin Toxicol 2009; 47: 89-100.

12.Singh S, Bhalla A, Verma SK, Kaur A, Gill K.
Cytochrome-C oxidase inhibition in 26 aluminum
phosphide poisoned patients. Clin Toxicol 2006; 44: 155-
8.

13.Hsu CH, Chi BC, Liu MY, et al. Phosphine-induced
oxidative damage in rats: role of glutathione. Toxicology
2002; 179: 1-8.

14.Changal KH, Latief M, Parry M, Abbas F. Aluminium
phosphide poisoning with severe cardiac dysfunction and
the role of digoxin. BMJ Case Rep 2017; 2017. pii: bcr-
2017-220125.

15. Al-Azzawi M, Al-Hakkak Z, Al-Adhami B. In vitro
inhibitory effects of phosphine on human and mouse
serum cholinesterase. Toxicol Environmen Chem 1990;
29: 53-6.

16. Mittra S, Peshin SS, Lall SB. Cholinesterase inhibition
by aluminium phosphide poisoning in rats and effects of
atropine and pralidoxime chloride. Acta Pharmacol Sin
2001; 22: 37-9.

17.Potter WT, Garry VF, Kelly JT, et al. Radiometric assay
of red cell and plasma cholinesterase in pesticide appliers
from Minnesota. Toxicol Appl Pharmacol 1993; 119:
150-5.

18. Oghabian Z, Afshar A, Rahimi HR. Hepatotoxicity due
to zinc phosphide poisoning in two patients: role of N-
acetylcysteine. Clin Case Rep 2016; 4: 768-72.

19. Agrawal VK, Bansal A, Singh RK, Kumawat BL,
Mahaja P. Aluminum phosphide poisoning: Possible role
of supportive measures in the absence of specific
antidote. Indian J Crit Care Med 2015; 19: 109-12.

20. Gurjar M, Baronia AK, Azim A, Sharma K. Managing
aluminum phosphide poisonings. J Emerg Trauma Shock
2011; 4: 378-84.

21.Chugh SN, Chugh K, Arora V, Kakkar R, Sharma A.
Blood catalase levels in acute aluminium phosphide
poisoning. J Assoc Physicians India 1997; 45: 379-80.
Availible at:
http://www.japi.org/japi_archives_contact.html.

22. Soltaninejad K, Beyranvand MR, Momenzadeh SA,
Shadnia S. Electrocardiographic findings and cardiac
manifestations in acute aluminum phosphide poisoning. J
Forensic Leg Med 2012; 19: 291-3.

23.Nabih Z, Amiar L, Abidli Z, Windy M, et al.
Epidemiology and risk factors of voluntary pesticide
poisoning in Morocco (2008-2014). Epidemiol Health
2017; 39: e2017040.

24.Singh Y, Joshi SC, Satyawali V, Gupta A. Acute
aluminium phosphide poisoning, what is new? Egypt J
Intern Med 2014; 26: 99-103.

25.Wahab A, Rabbani MU, Wahab S, Khan RA.
Spontaneous self-ignition in a case of acute aluminium
phosphide poisoning. Am J Emerg Med 2009; 27: 752-6.

26.Bhalla A, Mahi S, Sharma N, Singh S. Polyserositis: an
unusual complication of aluminum phosphide poisoning.
Asia Pac J Med Toxicol 2012; 1: 14-17.

27.Jha SC, Mukhopadhyay A, Singh BK. A study on cardiac
arrhythmia in patients with aluminium phosphide
poisoning in North Bihar. J Med Sci Clin Res 2017; 5:
24031-4.

28. Trakulsrichai S, Kosanyawat N, Atiksawedparit P, et al.
Clinical characteristics of zinc phosphide poisoning in
Thailand. Ther Clin Risk Manag 2017; 13: 335-40.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Proudfoot%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=19280425
https://www.ncbi.nlm.nih.gov/pubmed/19280425
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16615671
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhalla%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16615671
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verma%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=16615671
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaur%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16615671
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gill%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16615671
https://www.ncbi.nlm.nih.gov/pubmed/16615671
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hsu%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=12204537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chi%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=12204537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=12204537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Changal%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=28801325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Latief%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28801325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parry%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28801325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbas%20F%5BAuthor%5D&cauthor=true&cauthor_uid=28801325
https://www.ncbi.nlm.nih.gov/pubmed/28801325
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bansal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25722553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=25722553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumawat%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=25722553
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahajan%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25722553
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4339895/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gurjar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21887030
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baronia%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=21887030
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azim%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21887030
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21887030
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3162709/
http://www.japi.org/japi_archives_contact.html
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nabih%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=28882026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amiar%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28882026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abidli%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=28882026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Windy%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28882026
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5675979/
http://www.esim.eg.net/searchresult.asp?search=&author=Yatendra+Singh&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.esim.eg.net/searchresult.asp?search=&author=Subhash+C+Joshi&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.esim.eg.net/searchresult.asp?search=&author=Vivekanand+Satyawali&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.esim.eg.net/searchresult.asp?search=&author=Abhisek+Gupta&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://jmscr.igmpublication.org/home/index.php/archive/139-volume-05-issue-06-june-2017
http://jmscr.igmpublication.org/home/index.php/archive/139-volume-05-issue-06-june-2017
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trakulsrichai%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28352183
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kosanyawat%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28352183
https://www.ncbi.nlm.nih.gov/pubmed/?term=Atiksawedparit%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28352183
https://www.ncbi.nlm.nih.gov/pubmed/28352183

