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Abstract

Proton pump inhibitors are the most effective pharmocological means of reducing 
+ + the gastric acid secretion by irreversibly blocking the gastric acid pump H /K - 

adenosine triphosphatase (ATPase). The efficacy of this class of drugs has been 

demonstrated in the treatment of a number of acid-related gastrointestinal diseases. 

This paper signifies the inhibitory effects in the administration of Pantoprazole. This 

drug has been evaluated in number of trials for both normal people and patients. The 

clinical observations revealed the electrolyte imbalance in the body.

Introduction

astric acid secretion: Proton pump Gmechanism

Stomach is the principal organ for 

digestion and storage. Stomach mucosa 

has two types of tubular glands: the 

pyloric glands and the oxyntic glands. The 

pyloric glands secrete mucus and 

hormone gastrin. The oxyntic gland is 

composed of mucus neck cells, that 

secretes mucus and some pepsinogen; the 

peptic cells secrete large quantities of 

pepsinogen; the parietal cells, secrete 

hydrochloric acid, pepsinogen, intrinsic 

factor. The parietal cells secrete an 

electrolytic solution containing a 

maximum of about 160 millimoles of 

hydrochloric acid per liter. The pH of this 

acid solution is approximately 0.8. At this 
+pH the H  ion concentration is about 3 

million times that of the arterial blood and 

to concentrate the ions 1500 calories of 

8energy per liter of gastric juice is required.  

T h e  h u m a n  s t o m a c h  c o n t a i n s  
9approximately 10  parietal cells, and the 

number of parietal cells determines the 
2secretory capacity of the stomach.

Gastric secretion is regulated by both 

nervous and hormonal mechanism; 

nervous regulation is effected through the 

parasympathetic fibers of the vagus nerves 

as well as through local enteric nervous 

system reflexes, and hormonal regulation 

takes place mainly in response to the 
8hormone gastrin.

Fig. 1 Proton pump mechanism
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Vagal Stimulation

Nervous signals to cause gastric 

secretion originate in the dorsal motor 

nuclei of the vagi and pass via the vagus 

nerves to the enteric nervous system of the 

stomach wall and hence to the oxyntic 

glands. The vagal stimulation releases 

Acetylcholine (ACh). In response, these 

glands secrete vast quantities of both 

pepsin and acid (hydrochloric acid). 

Another effect of vagal stimulation is to 

cause the antral part of the stomach 
8mucosa to secrete the hormone gastrin.  

30% of acid secretion is by vagal 

stimulation.

Hormonal Stimulation

When food enters the stomach, it 

causes the antral portion of the stomach 

mucosa to secrete the hormone gastrin by 

G-cells, in the pyloric glands. The food 

causes release of this hormone in two 

ways:

lDistension of stomach,

lSecretagogues cause gastrin to be 

liberated from the antral mucosa.

Gastrin is absorbed into the blood and 

carried to the oxyntic glands in the body of 

the stomach, which stimulates the 

hydrochloric acid secretion as much as 

eight fold. The release of either 

Acetylcholine (ACh) or gastrin stimulates 

enterochromaffin-like (ECL) cells to 
8release histamine, aminoacid derivative.

Role of Histamine

The released histamine binds to the H2 

receptor site, stimulating the parietal cell 

to leave its basal or tubulovesicular state 

that is characterised by the presence of 

tubulovesicles, bubble like reserves of cell 

membrane as well as reduced canaliculi. 

The membrane of tubulovesicles carries 

inactive proton pumps, while the 

canaliculi membrane carries active pumps 

secrete that is characterised by the 

presence of tubulovesicles, bubble like 

reserves of cell membrane as well as 

reduced canaliculi. The membrane of 

tubulovesicle carries inactive proton 

pumps, while the canaliculi membrane 

carries active pumps secreting stomach 
2acid (HCl).  Activation of parietal H2 

receptors stimulates the cyclic adenosine 

3, 5 monophosphate (cAMP)- dependent 

pathway. The activation of muscarinic and 

gastrin receptors both result in the  
2+stimulation of the calcium (Ca )-

dependant pathway. Stimulation of cAMP-
2+and Ca -dependent pathways results in 

the activation of the hydrogen/potassium 

adenosine triphosphatase (ATPase) 
3pump.

Hydrogen/Potassium adenosine 

triphosphatase (ATPase) pump
+ +Gastric H /K -ATPase is located in the 

apical membrane of the parietal cell and 
+ transports H into the parietal cell 

+canaliculus in exchange for K . The catins 

are exchanged in a 1:1 ratio, which 

maintains electroneutrality. The P-ATPase 
+ +family includes the enzymes: Na  /K  -

2+ + + 4ATPase, Ca -ATPase and H /K  ATPase.

Fig 2. Ion transport in Parietal cell
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Gastrin and acetylcholine lead to 
2+increase in Ca  activity; histamine 

5increases cAMP levels. (Figure2.)  
2+Stimulation of Ca  and cAMP pathways 

+ +induces the trafficking of the H /K -

ATPase to the canalicular system of the 

luminal membrane and the activation of 

luminal membrane conductance for Cl¯ 
+   nad K . Cl¯ leaves the cell across the 

-luminal membrane through Cl  channels 

that are believed to be activated by low 
5extracellular pH and by cAMP.  The 

process of acid secretion also involves the 

movement of other ions into and out of the 

parietal cell. We find that the amount of 

energy released on hydrolysis of an ATP 

mo l ecu l e  e f f e c t i v e l y  l im i t s  the  

concentration gradient that can be created 

by a P-ATPase enzyme. When a parietal 
+ +cell is in a resting state, H /K -ATPase is 

localised to tubulovesicular elements 
+within the cell. The concentration of K  in 

the tubulovesicular elements is low and 
+their membranes are impermeable to K . 

Stimulation of the parietal cell (e.g. by 

histamine) causes the tubulovesicular 

elements to fuse with the apical membrane 
+ +of the cell. The H /K -ATPase does not 

appear to undergo any chemical 

modification during activation of acid 

secretion but, as a result of the membrane 
+fusion events, the enzyme is exposed to K  - 

containing luminal fluid and can start to 
+ +exchange H  for K . The enzyme exists in 

4E1 and E2 states (Figure 3).  In E1 state, 

the ion binding site faces the parietal cell 
+cytoplasm with high affinity for H  and low 

+affinity for K ; in the E2 state, the ion-

binding site faces the extracellular 
+canaliculus with low affinity for H  and 

+high affinity for K . It is likely that the 

+shape of the K  binding site or the path 

through which the ion accesses the 

binding site is different for the E1 and E2 

forms, which may explain the relative 
+affinity of the two forms for K . In the E1 
+form, the enzyme takes up H  and then 

converts into the E2 form with the 

hydrolysis of ATP. As well as providing the 

energy for the shift between these 

conformational states, the hydrolysis of 

ATP also results in the phosphorylation of 

the enzyme (a state referred to as E2P). The 

transformation to the E2 form causes the 
+translocation of H  from the parietal cell 

membrane into the canaliculus. 

Subsequently, the phosphorylated E2 
+from binds K ,which is required for the 

+ +dephosphorylation of the H /K -ATPase.

+ +Fig 3. Catalytic cycle of gastric H /K -ATPase.

+For each H  ion that is transported into 
+ +the canaliculus by the H /K -ATPase, the 

basolateral Cl¯/HCO  - exchanger delivers 3

a HCO  - molecule into the plasma and a 3

Cl¯ ion into the cytosol. Cl¯ is secreted into 

the canaliculus via Cl¯ channels in the 

apical membrane of the parietal cell. These 

Cl¯  channels allow Cl¯  to act as a counter 
+ion for the K  flux across the membrane, 

thereby balancing the charge and 

ensuring electroneutral HCl secretion. 

During acid secretion, the stabilisation of 

intracellular pH and cell volume is a 

continuous challenge for parietal cells. 
+ +The basolateral Na /H  exchangers play a 
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pivotal role in maintaining the pH 

homoeostasis, volume regulation, and 
5survival of parietal cells.  In common, the 

+K  level in the parietal cell is higher than in 
+the plasma. The higher intracellular K  

level is dependent on the activity of the 
+ +Na /K -ATPase. This enzyme is located on 

the basolateral membrane of the cell where 
+it exchanges intracellular Na  for 

+ +extracellular K . The level of K  within the 
+cell is also regulated by K  channels that 

allow ion movement across the basolateral 
4membrane.  When there is an imbalance 

in the rate of gastric secretion, it causes 

gastrointestinal disorders. The Physician 

prescribes medications like Proton pump 

inhibitors for these disorders. For surgical 

patients because of increased intake of 

antibiotics, the blood becomes more acidic 

thereby altering the pH, Proton pump 

inhibitors are prescribed for this condition 

to maintain the acid-base balance in the 

body.

Proton pump inhibitor

Antacids are of two types: H2 

antagonists, and proton pump inhibitors. 

The H2 antagonist work by blocking the 

signals generated by histamine receptors 

on cells, responsible for acid secretion; 

whereas Proton pump inhibitors shut 

down the cell pumps that maintain the 

acidic environment in the stomach. Proton 

pump inhibitors (PPI) are a group of drugs 

whose main action is a pronounced and 

long-lasting reduction of gastric acid 

production. PPIs are substituted 

b enz im idazo l e  r i ng s ,  They  a r e  

administered as prodrugs and require 

activation. In most cases, PPIs are 

administered as enteric-coated tablets or 

capsules. This is necessary to ensure their 

intact passage through the stomach to 

allow for absorption in the intestines and 

secretion from plasma into secretory 

canaliculi where activation takes place. 

PPIs block up to 80% of active proton 

pumps. In order to secrete more acid, 

parietal cells must either synthesise new 

proton or activate resting pumps. 

Synthesising new proton pumps takes 36 

to 96 hours. Maximal intragastric pH 

control occurs when PPIs are taken 30 

minutes before meals when more proton 

pumps are active. Since all proton pumps 

will not be active at any given time, a single 

dose of a PPI will not completely inhibit all 

acid secretion. Proton pump inhibitors 

(PPIs) like pantoprazole, omeprazole, 

esomeprazole,  lansoprazole,  and 

rabeprazole are the most effective 

pharmacological means of reducing 

gastric acid secretion. In this paper, 

Pantoprazole has been administered for 
3clinical trials.

Pantoprazole

Pantoprazole is a proton pump 

inhibitor drug used for short-term 

treatment of erosion and ulceration of the 

gastrointestinal tract. The Iupac Name for 

Pantoprazole is 5-(difluoromethoxy)-2 

[ ( 3 , 4 - d i m e t h o x y p y r i d i n - 2 - y l )  

methylsulf inyl ]-3H-benzoimidazole 

(Figure 4).6

Figure 4. Structure of Pantoprazole

The Pharmacokinetics of Pantoprazole 
6has been tabulated in the Table 1.
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Table 1

Pantoprazole is weak base carried in 

the circulation and delivered to the 

parietal cell as prodrugs. In this form, it is 

capable of crossing cell membranes. The 

parietal cell is the only membrane - 

enclosed space in the body with a pH below 

4.0. In this acidic environment of pH~1.0, 

it accumulates in the secretory 

canaliculus of the parietal cell - at the 
+ +luminal side of the gastric H K -ATPase - as 

a result of protonation of the pyridine 

moiety. Once on the acidic surface of the 

pump, undergoes a second protonation on 

the benzimidazole or imidazopyridine 

moiety  that  e f fec ts  a  chemica l  

rearrangement involving nucleophilic 

attack on the (unprotonated) pyridine by 

the now electrophilic 2C of the protonated 

benzimidazole, producing a planar 
4,5cationic sulphenic acid.  This thiophilic 

cation, or the sulphonamide form 

produced by dehydration of the sulphenic 

acid, is the active form of the drug that 

reacts with cysteine sulphhydryls on the 

pump to form one or more covalent 

disulphide bonds, thus inhibiting the 
6activity of the proton pump.

Material and Methods

15 healthy male and female subjects 

(age range 22-56) volunteered for the 

study. Each subject received Pantoprazole 

tablets like, Pan40, Pantashoot, Pantosec, 

Pantodac of 40 mg dosage level for 14 days, 

Urine sample tests, Arterial blood 

analysis, ECG, Blood analysis, Height, 

Weight, and Body mass index were done 

for the subjects. Four trials were 

performed on the control subjects. 

Baseline being the first trial was done 

before the medication. The next three 

trials were done after the medication, 

Pantoprazole tablet 40 mg x 2/day taken 

in the morning and in the night before 

food) approximately every 14 days. 

Graphical representation of baseline and 

trials for all the electrolytes are shown. 

(figs 5,6,7,8)

Graphical Representation of the Electrolytes

Fig. 5: Graphical Representation of 

Urine Sodium values

Fig 6: Graphical Representation of 

Serum Sodium values

Fig 7: Graphical Representation of

Urine Potassium values

PARAMETER PANTOPRAZOLE

Bioavailability 77%

Enteric coated formulation Tablet

Time to peak plasma 2.5 hours

concentration

Half-life (plasma) 1 hour

Protein Binding 98%
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Fig 8: Graphical Representation of

Serum Potassium values

Baseline : Before medication 

Trial 1 2 3 4 : After Medication

Observation

Subjects 5, 9, 15 showed side effects 

like severe stomach pain, nausea, low 

blood pressure and tiredness. The 

physician stopped the dosage for them, in 

the next trial the level of electrolyte 

concentration of sodium and potassium 

improved. Because of two weeks of dosage 

twice per day, most of the subjects showed 

increased level of electrolyte concentration 

(sodium and potassium) constantly in 

urine and decreased level in blood serum. 

Hence the dosage level was reduced by the 

physician to one tablet per day. Past 

medical history of subject 6 showed 

wheezing for ten years, prescribed 

medication was Seroflo inhaler 1 puff at 

night daily. Later Subject 6 showed drastic 

reduction in the concentration of 

potassium ions in the blood serum (from 

3.9 to 2.9 mmol/L) due to overdose of 

salmeterol. The signs and symptoms of 

th is  are  tremor,  headache and 

tachycardia. Additionally, hypokalaemia 

can occur and potassium replacement 
7should be considered.  Hence, physician 

advised to stop the intake of Pantoprazole. 

Next trial showed increased in potassium 

ions in blood serum (from 2.9 to 3.2 

mmol/L). Subject 8 showed certain 

complaints like tiredness, lack of 

concentration towards activities. Dosage 

was reduced to one tablet per day. In trial 

4, the serum K+ was drastically reduced to 

2.4 (below the critical value (3-3.5). 

Subject 7, 11, 12, and 13 were unable to 

complete the tests due to severe nausea 

and vomiting. Subject 14 complained of 

dizziness due to the medication, hence 

couldn't proceed with the tests. 

Result

The Urine and Blood serum 

electrolytes like sodium and potassium 

levels, were statistically analysed using 

Paired 't' test and Friedman test. Tests 

were done comparing the baseline with the 

trials. Results indicated significance.

# Not enough sample to compare. We can ignore trial 4 

from the analysis.

** : P value less than 0.01

* : P value less than or equal to 0.05

NS : P value greater than 0.05

Inference

The reason for the increased level of 

potassium and sodium in urine and 

decreased level in the blood serum is due 

to the inhibitory effect of Pantoprazole 

PARAMETER Group Paired 't' Test

t-TEST P-value Result

Baseline-Trial 1 3.41 0.0042 **

Baseline-Trial 2 0.24 0.8133 NS

Urine Baseline-Trial 3 1.45 0.1683 NS

#
Sodium Baseline-Trial 4 5.84 0.0000 **

Baseline-Trial 1 1.58 0.1360 NS

Urine Baseline-Trial 2 0.44 0.6668 NS

Potassium Baseline-Trial 3 0.85 0.4092 NS

#Baseline-Trial 4 0.85 0.0000 **

Baseline-Trial 1 3.46 0.0038 **

Serum Baseline-Trial 2 2.06 0.0587 NS

Sodium Baseline-Trial 3 2.63 0.0197 *

#
Baseline-Trial 4 7.48 0.0000 **

Baseline-Trial 1 0.370 0.0024 **

Serum Baseline-Trial 2 2.26 0.0403 *

Potassium Baseline-Trial 3 3.04 0.0088 **

#Baseline-Trial 4 7.85 0.0000 **
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+ +tablets on gastric H /K -ATPase. After 

reaching the acidic environment of the 

stomach, the Pantoprazole undergoes 

protanation and binds to the gastric 
+ +H /K -ATPase thus inhibiting the enzyme 

+ +action. So, no exchange of H  and K  
+occurs. The H  is retained within the cell 

+and K  remains in the extra cellular fluid. 

The drugs irreversibly binds to the 

enzyme. It results in blocking the 

potassium ions from entering the cell and 

it is quickly removed by the kidney thereby 

increasing its concentration in urine.

Potassium is an important constituent 

of extracellular fluid because it influences 

the muscle activity notably the cardiac 

muscle. Within the cell it functions by 

influencing the acid-base balance, osmotic 

pressure and water retention. Variations 

in the extracellular potassium result in 

atonicity and abnormality in the 

conduction activity of cardiac muscle 

(arrhythmia). Low serum potassium leads 

to hypokalaemia. Prolonged deficiency 

may produce severe damage to the kidney. 

The symptoms of low serum potassium 

concentrations include muscle weakness, 

irritability, paralysis, tachycardia and 

dilatation of heart with gallop rhythm. 

Changes in the ECG record are also a 

feature of hypokalaemia including first a 

flattened T wave; later, inverted T wave 

with sagging ST segment, A-V block and 
1finally cardiac arrest.

Conclusion 

Statistical results clearly indicate 

there is drastic reduction in the blood 

serum potassium level. Hence, prolonged 

intake of Pantoprazole showed symptoms 

of hypokalaemia. Continuous usage of this 

drug in patients ailing from myocardial 

infarction may lead to cardiac arrest.

Acknowledgement 

Fig 1, 2 - Dirk Heitzmann and Richard Warth, "No 

Potassium, No Acid: K+ Channels and Gastric Acid 

Secretion", Physiology, October 2007,Vol. 22, No. 5, 

335-341.

Fig 3 - John P Geibel, "Role of potassium in acid 

secretion", World J Gastroenterol 2005; 11(34): 

5259-5265, World Journal of Gastroenterology ISSN 

1007-9327.

Fig 4 - G. Sachs, J. M. Shin and C. W. Howden. "The 

Clinical Pharmacology of Proton Pump Inhibitors". 

Table 1 Alexandra Skipper, Pharm. D., Ambulatory 

Care Resident, Suwannee River Area Health 

Education Centers, and Laura G. Annis, Pharm. D, "A 

Review of Proton Pump Inhibitors".

References

1. Harold A. Harper, "Review of Physiological 

Chemistry".

2. Seigfried Waldegger, "Heartburn: cardiac 

potassium channels involved in parietal cell 

acid secretion", Published online: 27 March 

2003 - Springer-Verlag 2003.

3. Alexandra Skipper, Pharm. D., Ambulatory Care 

Resident, Suwannee River Area Health 

Educaton Centers, and Laura G. Annis, Pharm. 

D "A review of proton inhibitos"

4. John P Geibel, "Role of potassium in acid 

secretion", World J Gastroenterology 2005; 11 

(34 ) :  5259-5265,  Wor ld  Journal  o f  

Gastroenterology ISSN 1007-9327.

5. Dirk Heitzmann and Richard Warth, "No 

Potassium, No Acid: K+ Channels and Gastric 

Acid Secretion", Physiology, Vol. 22, No. 5, 335-

341, October 2007.

6. G. Sachs, J. M. Shin and C. W. Howden, "The 

Clinical Pharmocology of Proton Pump 

Inhibitors."

7. Seroflo hfa Inhaler.pdf

8. Textbook of Human Medical Physiology - Guyton

76 Bombay Hospital Journal, Vol. 54, No. 1, 2012


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

