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ABSTRACT

Aim: To compare the effect of various PPls (Omeprazole Esomeprazole & Pantoprazole) with and without Inulin on renal
functions and serum electrolytes in the rabbit model.

Study Design: An experimental study was conducted by the Department of Pharmacology and
University of Medical & Health Sciences, Jamshoro, Sindh.

Place and Duration: This study was completed in a duration of 6 months from 1st February 2021 to 31st July 2021.
Methodology: Male and female rabbits weighting 1 to 3 Kilograms apparently healthy with no known illness were selected for
the sample. In total 56 rabbits matching study eligibility criteria were included in the study and randomly divided into seven study
groups each comprising of eight rabbits. Three groups were provided with three different PPIs i.e. Omeprazole, Esomeprazole
and Pantoprazole while other three groups were provided with three different PPIs as well as inulin. However, the control group
was only provided with placebo. Blood samples were collected at day 0 and at the end of 6th week. Serum electrolytes were
analyzed for serum Magnesium, Calcium, Urea and Creatinine by using Cobas C-311 analyzer. Data was analyzed using SPSS
version 19.

Results: The study found no statistically significant differences in pre and post-intervention weight of rabbit in any of the
experimental groups. The serum urea and creatinine levels showed considerable rise following intake of PPI, indicating a
somewhat diminished efficiency of the kidneys to get rid of the body from excess urea and creatinine. However, the rise in urea
and creatinine was statistically significant for Group A and Group C with rise in creatinine level following use of Omeprazole and
Pantoprazole respectively (p-value <0.05).Electrolyte deficiencies were observed among all experimental groups. Groups that
were treated with PPIs and inulin both showed much improved results as compared to rabbits which were treated with PPIs
only.

Practical Implications: Administration of PPIs along with inulin among human subjects to reduce the adverse effects; specially
among critically ill patients or patients with compromised renal function human subject evidence needs to be established by
conducting similar trials. This can be breakthrough in treatment protocols for gastritis and patients with renal disease who are
also need to take PPIs for any medical indication.

Conclusion: Proton Pump Inhibitors significantly change the normal electrolyte composition by increasing concentration of
Serum Urea & Creatinine. However simultaneous inulin administration prevent most imbalances and possibly serves to reduce
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the adverse events associated with use of PPIs significantly.
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INTRODUCTION
Acid-related disorders (ARDs), which include dyspepsia, gastritis,
GERD, and Peptic Ulcer Disease (PUD), are common conditions
with a potentially large economic impact on the health care system.
Their workup and treatment involve hospitalizations, physician
office visits, expensive procedures such as endoscopy, and
chronic prescription medication use with H2 receptor antagonists
(H2RA), proton pump inhibitors, and pro-motility agents and
considerations of cost and cost effectiveness along with safety and
efficacy are important for deciding between therapies.™

Proton Pump Inhibitors are the drug of choice for most acid
related disorders such as GERD and Gl ulcers of various origins
around the globe for many decades. Omeprazole was the first
discovered agent of this class in 1989 followed by other drugs like
esomeprazole, rabiprazole and pantoprazole etc. The superiority of
PPls over H2 blockers lies in their complete blockage of HCL
synthesis by the stomach parietal cells.’® These agents need
enteric coating owing to their acid unstable nature to skip the
stomach and reach the duodenum to get absorbed with a
bioavailability of 30-90%, their metabolism cytochrome P450
dependent specially CYP2C19 and CYP3A4 isozymes. These
drugs are prodrugs so must be activated for effectiveness. These
agents are available in oral and parenteral form and inhibit >90%
acid secretion at standard doses. Their metabolites are excreted
through kidneys and feces.”®

Achlorhydria,  fracture  tendency, B12  deficiency,
hypomagnesemia and pneumonia are some well-established side
effects of this class of drugs. Recent research work suggests PPls

to be responsible for CKD (chronic kidney disease) in 20%-50%
patients. Chronic use of PPls results in electrolyte imbalance
hypocalcemia, hypomagnesemia and hypokalemia but persistent
low serum calcium (Ca2+) is of great clinical significance risk of
bone fractures.* *°

It is particularly worrisome since even developed countries
have >28 million patients of osteoporosis or low bone mass while 1
out of every 8 citizens above the age of 50 years suffer from the
spine fracture. Prolonged use of PPIs will only add to the problem
and spell trouble for the individuals and the healthcare system as a
whole."™ " Once solution to the problem may have been hiding in
plain sight i.e. Inulin. Inulins are naturally occurring
polysaccharides also termed as fructans. Dietary supplementations
of Inulin are reported to improve these electrolyte abnormalities.
Inulin Increases the bioavailability and absorption of calcium
making the bones structure healthy both in adolescent and
elderly.™ ™

This current study is arranged to evaluate the effects of co-
administration of PPls (Omeprazole, Esomeprazole and
Pantoprazole) and inulin on the serum electrolytes and renal
functions on the rabbit model, this study will further explore the
advantages for this drug combination.” '® Hypocalcemia,
hypomagnesemia and hypokalemia are problems associated with
long term use of PPIs so there is need to find a solution for this
issue. The current research may overcome this problem by
combined use of the PPIs and Inulin. Nephrotoxic effects of PPls
are also under discussions in research and scientific communities,
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this study will also focus to explore any advantage of this
combination on renal functions.

This study aimed todetermine the effect of PPls
(Omeprazole Esomeprazole & Pantoprazole) with and without
inulin on renal function and serum electrolytes in the rabbit model.
This study also compared the effect of various PPIs (Omeprazole
Esomeprazole & Pantoprazole) with and without Inulin on renal
functions and serum electrolytes in the rabbit model.

METHODS

An experimental study was conducted by the Department of
Pharmacology and Therapeutics, Liaquat University of Medical &
Health Sciences, Jamshoro. This study was conducted with the
collaboration of Animal House of Sindh Agricultural University,
Tandojam and Diagnostic & Research Lab, LUMHS Hyderabad.
This study was completed in a duration of 6 months from 1st
February 2021 to 31st July 2021 after obtaining approval from
Male and female rabbits weighting 1 to 3 Kilograms apparently
healthy with no known illness were selected for the sample.
However, pregnant female rabbits and rabbits already participating
or enrolled in another experimental study were excluded from this
study. In total 56 rabbits matching study eligibility criteria were
included in the study. All the rabbits were randomly divided into
seven study groups each comprising of eight rabbits.

Among all the eight groups three groups were provided with
three different PPIs i.e. Omeprazole, Esomeprazole and
Pantoprazole while other three groups were provided with three
different PPIs as well as inulin. However, the control group was
only provided with normal saline as placebo. (Figure: 1) All the
pharmacological preparations i.e. tablet Omeprazole 20 mg, tablet
Esomeprazole 40mg and tablet Pantoprazole 20 mg were
obtained from local pharmacy except inulin powder which was
purchased online through a local vendor.

Group A (n=8):
Omeprazole

Group B (n=8) :
Esomeprazole

Group C (n=8):
Pantprazole

Group D (n=8): Group E (n=8) :

Omeprazole +

Group F (n=8):
Pantprazole+ Insulin

Esomeprazole +
Insulin

Insulin

Group G (n=8):
Normal Saline

Figure 1: Showing distribution of intervention (PPIs with and without Inulin)
to experimental study groups and control (n=56)

Rabbits for each study group were kept in separate cage for
acclimatization for one week under temperature and light-
controlled conditions with normal diet and drinking water access.
PPIs were given to all experimental groups by oral route through
proper dose calculation from normal human dose (0.5 mg/kg).
Inulin was also be given by oral route through proper dose
calculation from normal human dose (210 mg/kg). PPIs and inulin
were given daily up to the total experimental period of 6 weeks.
However, the control diet consisted of standard pellet chow / fresh
grass hays.

Blood samples were collected at day 0 and at the end of
experimental period i.e end of 6™ week. At one time a blood
sample of 4cc was taken from marginal ear vein under all aseptic
measures. The blood samples were analyzed in Diagnostic and
Research lab of LUMHS. Serum electrolytes were analyzed by
using NOVA-4 analyzer and serum Magnesium, Calcium, Urea
and Creatinine were analyzed by using Cobas C-311 analyzer.

Descriptive statistics were calculated for all the study
variables. Quantitative continuous variables were calculated as
mean and standard deviation while qualitative variables were
estimated as frequency and percentage. Wilcoxon signed-rank
testwas applied to compare the pre and post treatment serum
electrolytes and weight of rabbits in each treatment group. Kruskal-
Wallis test was applied to compare the mean weight and mean
serum electrolytes among various study groups. P-value of less
than 0.05 was considered statistically significant.

RESULTS

The overall pre-intervention mean weight of the rabbits was 1.84
Kgs (IQR = 0.52 Kgs) while the post-intervention mean weight of
all rabbits was 1.61 Kgs as recorded at the end of study. However,
there were no statistically significant changes inpre and post-
intervention weight of rabbit in any of the experimental group
(Figure:2).

The serum urea and creatinine levels showed considerable
rise following intake of PPI, indicating a somewhat diminished
efficiency of the kidneys to get rid of the body from excess urea
and creatinine. However, the rise in urea and creatinine was
statistically insignificant for all the experiment or intervention group
except for Group A and Group C which shows statistically
significant rise in creatinine level following use of Omeprazole and
Pantoprazole respectively (p-value <0.05)(Figure:3 and Figure 4).

Electrolyte deficiencies were observed among all
experimental groups with the most notable findings in Group A
(Omeprazole Group).

The mean levels of serum Mg, Na and Ca showed a decline
on 42™ dayin the Group A rabbits (given Omeprazole), however
this decline was statistically significant only for Mg and Na.
Similarly the mean levels of all serum electrolytes showed a
decline on 42”dday in the Group B (given Esomeprazole), but this
decline was not statistically significant. Meanlevels of Serum
Potassium were found to be markedly decreased on 42M day
among the Group C rabbits (treated with Pantoprazole) and this
decline was statistically significant (Table:1).

The mean levels of all serum electrolytes were found to be
slightly decreased on 42M dayin Group D, and Group F which were
all treated with Omeprazole, Esmoperazole and Pantaprazole
respectively in combination with inulin. However, the post-
treatment decline in median levels of serum electrolytes of Group
D, Group E and Group F was not statistically significant. Moreover,
the median levels of serum electrolytes in Group G i.e. Control
Group did not show any significant variation after completion of
experiment.

Rabbits in Group A and Group C showed major declined in
kidney functions as evident by increase urea and creatinine
quantity in blood. Rabbit Groups that were treated with PPIs and
inulin both showed much improved results as compared to rabbits
which were treated with PPIs only.

Figure 2: Body weight (In Kilograms) changes observed in Rabbit Model pre
and post intervention (PPls ) administeration (n = 56)
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Figure 3: Serum Creatinine levels (in mg/dl) changes observed in Rabbit
Model pre and post intervention (PPls ) administeration (n = 56)
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"= p-value< 0.05 i B AR
Figure 4: Serum Urea levels (in mg/dl) changes observed in Rabbit Model
pre and post intervention (PPIs ) administeration (n = 56)

Table 1: Pre and post Intervention (PPI administration) Serum Electrolyte levels measured on Day-0 and Day 42 of Intervention (n =58)

El Serum Sodium Serum Potassium Serum Chloride Serum Serum
ectrolytes . )
Magnesium Calcium

Experiment Day Day 0 Day 42 Day 0 Day 42 Day 0 Day 42 Day 0 Day 42 Day 0 Day 42
Group A — (Omeprazole) 139 132** 4.3 4.1 105 102 1.8 0.7 8.9 7.4
Group B — (Esomeprazole) 140 135 3.9 34 100 98 2.0 1.4 9.6 8.4
Group C — (Pantoprazole) 137 131 4.0 2.9% 104 99 22 1.7 10.2 8.1
Group D — (Omeprazole + Inulin) 142 139 4.6 4.2 103 101 2.1 1.7 9.4 9.2
Group E — (Esomeprazole + Inulin) 142 138 4.0 3.9 108 98 1.9 1.5 10.4 9.4
9.4Group F — (Pantoprazole + Inulin) 139 133 4.7 4.3 106 103 2.3 1.4 8.9 7.3
Group G- (Control) 140 137 4.3 4.1 105 102 2.1 1.9 9.2 9.4
** = p-vale <0.05

DISCUSSION studies conducted among human subjects have already reported

This study is among the few valuable researches intended to
explore the effects of PPIs on renal function using rabbit model.
This study adapted a novel approach by comparing the effects of
PPIs on rabbit model while administrating PPIs with and without
inulin. This study found a reduction in weight among rabbits
administered with PPlIs irrespective of inulin treatment. The study
reported an overall pre-intervention median weight of 1.84 KGs
(IQR=0.52) which was reduced to a median weight of 1.61 KGs.
This decline in weight is suggestive of PPI's effect on the general
health and wellbeing of the animals. However, this finding was not
statistically significant which can be explained by the small sample
size in each experiment group The finding is contrary to recent
research conducted on human subjects which report weight gain
as a common side-effect associated with prolong use of PPIs."”
Moreover, in this study the serum urea level were found to
show a rise following intake of PPI without inulin, indicating
depends on the dose and duration of PPIS exposure.18 Literature
suggests that world-wide frequent use of PPIs as an over-the-
counter medication can cause reduction in kidney function or
capacity to get rid of the body from excess urea. Similarly this
study also evident the rise in serum creatinine levels after
administration of PPIs without inulin in all the related experiment
groups. This finding further supports the hypothesis that PPIs use
adversely affect the kidney function. The hazardous role of PPls
use in development of acute and chronic kidney injury is well
supported by previous studies.'” ® However, the severity of PPls
induced kidney injury can possibly attribute to a large burden of
Kidney disease. Hence it is required to monitor the use of PPI to
avoid unnecessary long-term exposure or use without appropriate
medical indication.?’ However, among all the PPIs the use of
Omeprazole was associated with most severe alterations in serum
levels of urea and creatinine. This finding warrants about safety
and unnecessary use of most commonly used PPl i.e. Omeprazole
particularly and needs further exploration.The adverse effect of
PPIs on kidney function were also evident by the development of
electrolyte imbalances i.e.hypocalcaemia, hyponatremia and
hypomagnesaemia which were prevalent among all experimental
groups. However, the p-values were not statistically significant for
most of the findings which can be explained by small sample size.
The role of PPIs on electrolytes is need to be studied in detail as

decrease in serum magnesium levels as a result of exposure to
PPIS.ZZ' 23

However, the protective role of inulin on kidney in
maintaining electrolyte balance, creatinine and urea can be
explained by its complex action on kidney receptors.2**® Although
the understanding of detailed mechanism of inulin on kidney
functioning in presence of PPIs may require further exploration.

Despite a limited scope; this study have few strengths such
as; this study is among the only few attempts made at studying the
effects of the complete range of common PPl (omeprazole,
pantoprazole, esomeprazole) therapy. This study also provides
unique opportunity to compare the effects of PPls when
administered in combination with and without inulin. This study
also provides insight about the role of inulin in ensuring safety of
PPls and advocates for PPl use in combination with inulin.
Nevertheless this study have few inherent limitations such as this
study did study the effect of PPIs on rabbit model for a relatively
short duration of 6 weeks only. Furthermore this study did not
compare the effects of PPIs on non-diabetic rabbits hence cannot
provide conclusion about PPIs effects on subjects with diabetes
mellitus.

CONCLUSION

Proton Pump Inhibitors significantly change the normal electrolyte
composition of the body which may lead to unhealthy
consequences as it was evident by increase concentration of
Serum Urea & Creatinine ; indicative of reduced kidney
functioning. However simultaneous inulin administration prevent
most imbalances and possibly serves to reduce the adverse
events associated with use of PPIs significantly. Large scale
studies with advanced methodology are required to estimate the
exact magnitude of risk of Kidney injury due to short-term as well
as long-term PPIs use.
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