
DOI: https://doi.org/10.53350/pjmhs22161043 

ORIGINAL ARTICLE 

 

 
P J M H S  Vol. 16, No. 10, October, 2022   43 

Inhibition of Effects of Acetylcholine at Neuromuscular Junction by 
Omeprazole 

 
ABDUL AZEEM1, AAMNA KHOKHAR2, SIDRA MUMAL3, ADNAN BASHIR4, EISHA AKRAM5, SADIA LODHI6 
1Assistant Professor Pharmacology, Watim Medical and Dental College, Rawalpindi. 
2Associate Professor Pharmacology, Islamabad Medical and Dental College, Islamabad  
3Assistant Professor Pharmacology, Islamic International Medical College, Rawalpindi.  
4Associate Professor Pharmacology, Watim Medical and Dental College, Rawalpindi. 
5Senior Lecturer Pharmacology, Watim Medical and Dental College, Rawalpindi. 
6Assistant Professor Pharmacology, Shifa College of Medicine, Islamabad.  
Correspondence to Dr. Aamna Khokhar, Email:docaamnakhokhar@gmail.com, Tel:03360531691 

 

ABSTRACT 
 

Aim: To assess the effect of Omeprazole at neuromuscular junction with and without Pancuronium. 
Study design: Experimental randomized control study.  
Place and duration of study: Department of Pharmacology, Islamic International Medical College, Rawalpindi from October 
2018 to September 2019 
Methods: In this experimental study both a student’s oscillograph and a cumulative dosage response curve were used to record 
the frog's rectus abdominis muscle contracting in response to acetylcholine (control group). Three groups' responses to 
omeprazole, both before and after adding pancuronium, were noted. The student's t test was used to conduct statistical analysis 
of variance (ANOVA) between the groups, and a p-value of 0.05 or below was regarded as statistically significant. 
Results: By blocking the neurotransmitter acetylcholine, omeprazole in a dose of 3.5 M concentration altered the curve to the 
right with a mean deviation of 23.7% (SEM ± 20.5). In the presence of 1 g of pancuronium, omeprazole likewise caused a shift of 
the curve to the right with a mean deviation of 37 percent (SEM ±10.5). The change demonstrated the agonistic impact of 
omeprazole on NMJ blockers like pancuronium at this concentration and was statistically significant (p < 0.05). 
Conclusion: Omeprazole in 3.5µM strength inhibits the effects of Acetylcholine at neuromuscular junction, however, it 
potentiates the effects of neuromuscular blockers like Pancuronium at same strength.  
Keywords: Acetylcholine, Neuromuscular Junction, Pancuronium, Omeprazole. 

 

INTRODUCTION 
 

Proton pump inhibitors like omeprazole are broadly used worldwide to 
treat gastricacid hypersecretory states including acid peptic disease, 
Helicobacter pylori (H. Pylori) and Zollinger Ellison syndrome1.Proton 
pump inhibitors reduce the gastric acid secretion by targeting the H+/K+ 
pump of the gastric parietal cells2.Aspiration pneumonia caused by 
regurgitation of gastric juice during general anesthesia is always a 
challenge for the anesthesiologist3. H2 receptor antagonists and proton 
pump inhibitors are given preoperatively for the prophylaxis of gastric 
acid aspiration4,5. 
 Daily 30 to 40 million patients receive general anesthesia for 
various surgical procedures.To achieve immobility during the procedure 
neuromuscular blocking agents are given along with other anesthetic 
agents. Non depolarizing neuromuscular junction (NMJ) blockers like 
pancuronium, vecuronium and rocuronium are administered before 
tracheal intubation and intraoperatively for muscle relaxation. Site of 
action of these drugs is the NMJ.Non depolarizing muscle relaxants 
competitively inhibit the binding of the neurotransmitter acetylcholine to 
postsynaptic receptors located at the muscular end of NMJ,causing 
paralysis of the muscle6–8.  

Histamine H2 receptor antagonists enhance the neuromuscular 
blocking action of pancuronium by potentiating the effect of acetylcholine 
at NMJ9. Proton pump inhibitors lessen the lower esophageal 
contractions10. Neuromuscular transmission is impeded by proton pump 
inhibitors.Lansoprazole when used as a component of premedication 
before anesthesia enhances the neuromuscular block produced by 
vecuronium in humans11. Omeprazole potentiates the paralysis produced 
by atracurium and succinylcholine in rodents11.It was therefore pertinent 
to determine the activity of Omeprazole at NMJ and its interaction with 
NMJ blockers like Pancuronium. 

The current experiment was executed to assess the effect of 
Omeprazole at NMJ with and without the effect of Pancuronium at NMJ. 
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MATERIALS AND METHODS 
 

This is an experimental study that wasconducted in the 
Department of Pharmacology and Therapeutics, Islamic 
International Medical College, Rawalpindi after obtaining approval 
from ethical review committee of the same institute.Twenty-four 
adult Rana tigrine frogs of either gender, weighing 100 to 150 
grams were selected and divided in to four different groups 
randomly. Rectus abdominis muscles from allfrogs were isolated 
after dissection and kept in frog ringer solution at room 
temperature and aerated continuously with 100% oxygen.Muscular 
contractionson oscillograph via isotonic transducer were taking for 
different drugs after mounting a single tissue in organ bath.  

In group A, Cumulative dose response curve was recorded 
for various cumulative doses of Acetylcholine (ACh) from 2µg to 
32µg and labelled as control. In group B, Cumulative dose 
response curve for various cumulative doses of Ach before and 

after 1g Pancuronium was obtained. In group C, similar readings 

were obtained with AChas in group B but with 3.5M solution of 
Omeprazole. In group D, cumulative dose response curve with 
ACh was recorded before and after Pancuronium and Omeprazole 
for every preparation. 

The student's t test was used to do statistical comparison 
between the groups, and a p-value of 0.05 or below was deemed 
statistically significant.  
 

RESULTS 
 

Responses in group A were 12%, 31%, 57%, 82%, 95%, and 
100% for doses of 1, 2, 4, 8, 16, and 32 µg of ACh, respectively. 
However, the responses for each dose were 8%, 24%, 50%, 80%, 
92% and 96% after drug wash and break of 30 minutes. By using 
the percentage responses, semi-log dosage response curve was 
constructed using percentage responses (taken after drug wash) 
was shifted to the right and downwards.For each dose, the percent 
deviation was calculated, and the results were 29.4%, 23.94%, 
11.94%, 2.54%, 2.94%, and 4.14%, respectivelywith mean value of 
12.45 (SEM± 4.77) (Fig. I). 
 

tel:03360531691


Effects of Acetylcholine at Neuromuscular Junction 

 

 
44   P J M H S  Vol. 16, No. 10, October, 2022 

In Group B, responses were 6%, 24%, 42%, 62%, 83%, 
91%, 98% and 100%for doses of 1, 2, 4, 8, 16, 32, 64, and 128 µg 
of ACh, respectively. However, the responses for each dose were 
1%, 1%, 9%, 19%, 47%, 75%, 90%, and 96%  after drug wash and 
break of 30 minutes and adding 1µg of Pancuronium. By using the 
percentage responses, semi-log dosage response curve was 
constructed using percentage responses (taken after drug wash 
and treatment with 1µg of Pancuronium) was shifted to the right 
and downwards. For each dose, percent deviation was calculated, 
and the results were 88%, 94%, 79.7%, 69%, 43.1%, 17.3%, 8.0% 
and 4.3% respectively with mean 50.4 (SEM±15.17) (Fig. II) 
 
Figure-I: Cumulative log dose percent response curves for ACh-induced 
contractions, before and after washing with frog-Ringer solution (Group A) 

 
In Group C, responses for nine cumulative doses of ACh that 

is from 1 to 256 µgwere calculated to be 4%, 10%, 22%, 34%, 
53%, 75%, 85% 93%, and 100% for each cumulative dose 
respectively. However, the responses for each dose 1%, 4%, 17%, 
25%, 44%, 65%, 77%, 89%, and 95% after drug wash and break 

of 30 minutes and adding 3.5M of Omeprazole. By using the 
percentage responses, semi-log dosage response curve 
wascharted down using percentage responses (taken after drug 
wash and treatment with 3.5µM Omeprazole) was shifted to the 
right and downwards with prominent central portion.For each dose, 
the percent deviation was calculated, and the resultswere60.2%, 
53.7%, 24%, 26.3.%, 16.7%, 12.9%, 9.7%, and 4.7%and 4.9% 
respectively with mean 23.7% (SEM ± 8.35).(Figure-III). 
 
Figure-III: (ACh + Omeprazole) Cumulative log dose percent response 
curves for ACh-induced contractions Pre- and post-treated with 3.5µM 
omeprazole (Group c) 

 
In Group D, responses for nine cumulative doses of Ach 

were recorded as in group Cfrom 1 to 256 µg dose. The 
percentage response of nine doses of Ach were 8%, 14%, 20%, 
29%, 42%, 54%, 69%,93% and 100%for each cumulative dose 
respectively. However, the responses for each dose 2%, 7%, 8%, 
16%, 24%, 44%, 62%, 80% and 90%after drug wash and rest of 

30 minutes and adding1µg Pancuronium and3.5M of 
Omeprazole. By using the percentage responses, semi-log dosage 
response curve wascharted down using percentage responses 
(taken after drug wash and treatment with 1µg Pancuronium and 
3.5µM Omeprazole) was shifted to the right and downwards.For 
each dose, the percent deviation was calculated, and the 
resultswere75.0%, 68.6%, 58.6%, 45.3%, 33.7%, 17.7%, 10%, 
13.7% and 10.2%. with mean 37% (SEM ± 10.59). (Figure-IV) 

Comparison of Control Group A (ACh) and Group C (ACh + 
Omeprazole): Percent deviations produced in Control Group A 
with doses of 1, 2, 4, 8, 16, and 32µg of AChwere 29.4, 23.9, 11.9, 
2.5, 2.9, and 4.1 % respectively. The mean deviation was 12.5 
percent ± 4.7. Percent deviations produced with the same doses of 
ACh in the group C were 60.2, 53.7, 24, 26.3, 16.7, and 12.9 
percent respectively. The mean deviation was 32.3 percent ± 8.11. 
The p value comparing the two groups was < 0.05. (Fig.-V). The 
difference between the two groups' deviations in response to ACh 
was statistically significant (p 0.05). 
 
Figure-IV: (ACh + Pancuronium + Omeprazole) Semi log dose percent 
response curves for ACh-induced contractions Pre- and post-treated with 
1µg pancuronium and 3.5µM omeprazole (Group D) 

 
Figure-V: Comparison of percent deviation of group A (ACh) with 
percentage deviation of group C (Omeprazole) 

 
 
Comparison of Group B (ACh + Pancuronium) and Group D 
(ACh + Pancuronium + Omeprazole): Percent deviations 
produced in Group B with doses of 1, 2, 4, 8, 16, 32, 64, and 
128µg of ACh were 88, 94, 79.7, 69, 43.1, 17.3,8, and 4.3 % 
respectively. The mean deviation was 50.4 percent. ± 15.17. 
Percent deviations produced with the same doses in the group D 
were 75, 68.6, 58.6, 45.3, 33.7, 17.7, 10, and 13.7 % respectively. 
The mean deviation was 40.33 percent ± 10.44. (Figure-VI).The 
difference between the two groups' deviations in response to ACh 
was statisticallysignificant (p 0.05). 
 
Figure-VI: Comparison of percent deviation of group B (ACh + 
Pancuronium) and Group D (ACh + Pancuronium + Omeprazole) 
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DISCUSSION 
 

In the current experiment omeprazole in 3.5µM strength shifted the 
curve to the right especially in the middle portion of the curve and 
the mean deviation was 23.7%±8.35 S.E.M which was statistically 
significant. This rightward shift was also present when the 
experiment was repeated by adding 1µg pancuronium as a 
constant dose. The statistically significant average deviation of 
40.33%±10.44 S.E.M was observed. 

These findings when are compared with the control Group 
A& Group B show that the right deviation seen with omeprazole is 
significant statistically with P <0.05. Thus showing that 
Omeprazole itself has NMJ blocking properties and it also 
enhances the NMJ blocking properties of NMJ blockers like 
Pancuronium. 

These findings are consistent with the findings of Mishra and 
Ramzan that showed that omeprazole when used in rats in vivo 
enhanced the effects of both atracurium and succinylcholine12. 
Enhancement of effect of succinylcholine by omeprazole is also 
documented by its greater ability to inhibit cholinesterase and 
increasing the levels of ACh especially in Phase I 
block13.Cholinesterase inhibiting ability of omeprazole has also 
been documented in a study by Margarida Ramos and others14. 
Similarly, pantoprazole-induced neuromuscular blockade has also 
been documented15.   

The reason for enhancing the NMJ blocking activity of both 
depolarizing and non-depolarizing blockers are rather perplexing 
because if it was due to the cholinesterase inhibition property of 
omeprazole13,then it should enhance the effects of depolarizing 
blockers and antagonize the action of non-depolarizing blockers. 
As only a single dose was used in this study perhaps further 
investigations are required at other concentrations as well. 
 

CONCLUSION 
 

Our current experiment showed that the omeprazole in 3.5µM 
strength decreases the effects of ACh at NMJ of frog’s rectus 
abdominis muscle and also enhances the activity of NMJ blockers 
like pancuronium at same strength. 

Conflict of interest: Nothing to declare 
 

REFERENCES 
 

1. Chamniansawat S, Kampuang N, Suksridechacin N, Thongon N. 
Ultrastructural intestinal mucosa change after prolonged inhibition of gastric 
acid secretion by omeprazole in male rats. Anat Sci Int. 2021;96(1):142–56.  

2. Engevik AC, Kaji I, Goldenring JR. The physiology of the gastric parietal 
cell. Physiol Rev. 2020;100(2):573–602.  

3. Bhirowo BK, Vitraludyono R. Management Anesthesia of Esophagostomy in 
a patient with a double outlet right ventricle. J Anaesth Pain. 2021;2(2):89–
92.  

4. Sheen MJ, Chang F-L, Ho S-T. Anesthetic premedication: new horizons of 
an old practice. Acta Anaesthesiol Taiwanica. 2014;52(3):134–42.  

5. Hirota K. H2 antagonists, proton pump inhibitors and COVID-19. Journal of 
Anesthesia. Springer; 2022. p. 1–3.  

6. Renew JR, Ratzlaff R, Hernandez-Torres V, Brull SJ, Prielipp RC. 
Neuromuscular blockade management in the critically Ill patient. J Intensive 
Care. 2020;8(1):1–15.  

7. Davis MT, Eaton MP. Neuromuscular Blockade. In: Pediatric Critical Care. 
Springer; 2021. p. 831–59.  

8. Grosse-Sundrup M, Henneman JP, Sandberg WS, Bateman BT, Uribe JV, 
Nguyen NT, et al. Intermediate acting non-depolarizing neuromuscular 
blocking agents and risk of postoperative respiratory complications: 
prospective propensity score matched cohort study. Bmj. 2012;345.  

9. Azeem A, Waheed A, Mumal S, Bakhtiar S, Iftikhar J, Zafar T. Potentiation 
Effects of Acetylcholine at Neuromuscular Junction by Ranitidine. J Islam Int 
Med Coll. 2021;16(4):237–42.  

10. Yurtsever AS, Pektas M, Ozkur M, Un I, Erenmemisoglu A, Buyukafsar K. 
Proton pump inhibitors omeprazole, lansoprazole and pantoprazole induce 
relaxation in the rat lower oesophageal sphincter. J Pharm Pharmacol. 
2011;63(10):1295–300.  

11. Vadgama VK, Patel YA, Patel TK, Tripathi CB. Pharmacodynamic 
interaction between pantoprazole and vecuronium at neuromuscular 
junction. Auton Autacoid Pharmacol. 2011;1(31):31–5.  

12. Fu C, Mishra Y, Ramzan I. Omeprazole potentiates atracurium and 
succinylcholine paralysis in vivo in rats. Anesth Analg. 1994;78(3):527–30.  

13. Mequid S, Ramzan I, Ramzan I, Professor A. Serum cholinesterase 
inhibition by omeprazole and lansoprazole. 2004.  

14. Ramos M, Salústio P, Serralheiro L, Fazão F, Marques H. Stability and 
enzymatic studies with omeprazole: Hydroxypropyl-β- cyclodextrin. In: 
Journal of Inclusion Phenomena and Macrocyclic Chemistry. 2011. p. 407–
14.  

15. Patel TK, Patel PB, Tripathi CB. Effect of pantoprazole and its interactions 
with vecuronium on the neuromuscular junction. Indian J Pharmacol. 
2010;42(1):36. 

 
 


