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ABSTRACT
Introduction: Honey is a naturally occurring sweet substance of plant origin composed mainly of fructose, glucose, water, antioxidants and
other constituents. Its enormous constituents confer it with medicinal and nutritive usefulness.
Objectives: To assess the modulatory effects of honey on gastric acidity and plasma postprandial bicarbonate in wistar rats.
Method: A total of 24 male wistar rats weighing 200-250g were divided into four groups of six rats each; Group I served as control, Group II
received 50% Honey (10ml/kg), Group III received omeprazole (20mg/kg) and Group IV received a combination of Omeprazole and Honey. The
pH of gastric effluents in each rat was measured 15, 30 and 45mins using a pH meter after administration of the respective substances in each
group.
Result and Discussion: Both honey and omeprazole respectively caused significant increases in the pH of gastric effluents, however, while that
of honey was slow and steady, that of omeprazole was sharp and sustained. The 45-min pH level of omeprazole group was significantly higher
than that of honey group. The combined group showed an initial sharp rise similar to omeprazole alone but gradually declined in the
succeeding time interval. A combination of omeprazole and honey resulted in 27% reduction in the postprandial serum bicarbonate whereas
omeprazole alone caused 41% reduction
Conclusion: The present study concludes that honey modulated gastric pH to levels possibly favourable to gastric function by either a direct
action of reducing gastric acidity or acting as an antacid or both. Honey therefore could be described as a buffer in omeprazole stimulated
gastric acid inhibition and a potential antacid.
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INTRODUCTION
The physiology of the stomach depends largely on the rate of
secretion of gastric juice, the integrity of the gastric mucosa
as well as its musculature, all of which collectively act as
barriers against offensive agents such as non-steroidal antiinflammatory drugs, cytotoxic agents and Helicobacter pylori
infection. Gastric ulcerations would occur when the causative
factors outweigh the defensive factors [1]. However, there are
several secretory glands in the stomach which ultimately
secrete into the gastric pits. Of these glands, oxyntic gland is
made up of highly secretory cells called parietal cells that
secrete gastric acid [2,3]. Other secretory cell types of the
stomach include; the mucus neck cells which secrete mucus,
the peptic cells which secrete pepsinogen, the ‘G’ cells which
secrete gastrin [4,5].

ISSN: 2250-1177

[48]

The gastric acid, though has its essential physiological roles
in humans, its excessive secretion is implicated in peptic
ulcerations [3] especially as this may overwhelm the gastric
mucosal protective mechanisms. The secretion of gastric acid
by the parietal cells is driven by an energy dependent
process requiring H+-K+-ATPase [2]. Acetylcholine, gastrin
and histamine are well known stimulants of gastric acid
secretion that ultimately play physiological role in regulating
the secretion of gastric acid [6]. This is regulated either by a
negative feedback mechanism via stimuli originating in the
brain or locally by the entero-gastric reflex [7]. The gastric
acid thus secreted activates pepsinogen and also play a role
in innate immunity by destroying bacteria and other
microbes in the stomach. The number of acid secreting
parietal cells is genetically determined, however, studies
using guinea pig suggest that there could be parietal cell
hyperplasia following continuous stimulation of the gastric
mucosa with histamine [8].
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Honey is a naturally occurring sweet substance synthesized
from plants by bees. It has enormous economic and health
benefits [9] and is consumed in virtually all countries of the
world. Its health benefits are widely accepted because it
contains; enzymes, vitamins, minerals, flavonoids and
several other constituents [10, 11]. Studies have proven that
honey consumption could be beneficial to patients with
peptic ulcerations due to its content of antioxidants. In a
study using manuka honey, Almasaudi et al., [12] reported
that honey prevented ethanol-induced gastric ulceration by
preserving both the enzymatic and non-enzymatic
antioxidants and also by inhibiting lipid peroxidation.

was made to access the stomach from where a semitransection was made at the level of the pylorus to which a
cannula was inserted and connected to a beaker to collect
gastric effluents. An oro-esophageal tube was then inserted
into the mouth and oesophagus for perfusion of pre-warmed
distilled water to remove food debris in the stomach. This
was then followed by perfusion of the respective substances
every 15mins for 45mins according to their groups. The pH
of the obtained samples containing gastric secretions was
determined with the aid of a pH meter (Model PHS-3C,
Hanna: England). Blood sample was collected from each rat
at 45mins to determine the post-prandial bicarbonate
concentration using colorimetric method [16].

Aim and objectives
This study was aimed at investigating the effects of
administration of honey on gastric acidity and plasma
postprandial bicarbonate secretion in male wistar rats.

MATERIALS AND METHODS
The research experiment was performed in the animal house
of the department of Human Physiology, faculty of Basic
Medical sciences, University of Port Harcourt, Nigeria
following approval by the Research ethics committee of the
Centre for Research Management and Development,
University of Port Harcourt. Fresh commercial quality honey
sample was obtained from the Department of Forestry,
University of Port Harcourt, Nigeria. It was unprocessed,
pure and of good quality. The honey was subsequently
reconstituted by diluting with distilled water to produce
50% (v/v) honey. Omeprazole (Strides Shasun Ltd., Mumbai:
India) was procured and used in the investigation. All other
reagents used were of analytical grade.
Experimental Animals and Design
This experiment involved 24 male wistar rats divided into 4
groups of 6 rats each. Group 1 served as control and received
distilled water; Group 2 received 10ml/kg of 50% honey;
Group 3 received 20mg/kg of omeprazole [13]; while Group 4
received a combination of omeprazole (20mg/kg) and 50%
honey (10ml/kg).
Gastric Acid Determination
Gastric acid secretion was determined by the modified
method of Ghosh and Schild[14] and as used by Osim et al., [15].
Each animal was first positioned on the dissecting table by
using pins to restrain the limbs and then anaesthetized using
25% urethane. The trachea was cannulated to maintain
airway throughout the experiment. An abdominal incision

Statistical Analysis
Statistical analysis was done using SPSS vs 20.0 (SPSS
incorporated, Chicago, Illinois, USA) and Microsoft excel.
Tables were used to represent data. Continuous variables
were represented as mean ± SEM while discrete variables
were represented in percentages. Comparison of means was
done using one-way ANOVA test and differences in values
considered statistically significant at p<0.05.

RESULTS AND DISCUSSION
Effect of honey on the pH of gastric effluents
The physiologic characteristic of the stomach relies mainly
on the rate of secretion of gastric acid, thickness of the
gastric mucosa and the presence of gastric trefoil peptides
[17]. In the present study, the control showed no significant
change in the pH from 15mins to 45mins with a value of 5.96
at 45mins. The pH of honey used in this experiment was
considerably similar to previous reports [18]. However, with
honey administration, the pH of gastric effluent increased
gradually reaching a maximum of 6.71 after 45mins (Table
1). To prevent gastric ulcerations, the gastric mucosal
protective agents must be reinforced to prevent being
overcome by the causative agent [1, 19]. Therefore, one of the
modalities in prevention and treatment of gastric ulcerations
would be to reduce the rate of gastric acid secretion or to
neutralize it in the gastric mucosa. Using honey alone, the
initial pH (at 15mins) was significantly higher than that of
the control and increased gradually within the 45-min
period. This gradual change in the pH and by implication a
gradual reduction in gastric acid showed that honey might
have a slow onset of action in reducing gastric acid secretion.

Table 1: Effect of honey on the pH of gastric effluents
Time (mins)

Control

50% honey

Omeprazole
Omeprazole (20mg/kg) +
(20mg/kg)
50% Honey
15
5.96 ± 0.09
6.27 ± 0.24*
6.90 ± 0.02*
6.90 ± 0.02*
30
5.96 ± 0.09
6.56 ± 0.10*
6.98 ± 0.08*
6.83 ± 0.02*
45
5.96 ± 0.09
6.71 ± 0.01*#
6.98 ± 0.01*
6.78 ± 0.01*
N=6; *significant change compared to pH of control, # significant change compared to the pH at 15mins.

Omeprazole, the well-known proton pump inhibitor caused
an initial sharp rise in the gastric pH within 15mins of
administration which was sustained until the 45-min period.
A combination of honey and omeprazole showed an initial
significant but sharp rise in gastric pH similar to that caused
by omeprazole alone and thereafter it gradually declined in
the succeeding 30mins interval. Honey alone resulted in a
slow but steady increase in the gastric pH which was
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however; lower than the omeprazole group at 45mins. The
present study suggests that honey might have acted
synergistically with omeprazole to cause a rise in gastric pH
and that the presence of honey would control the pH to
levels that are favourable to gastric function. Gastric acid is
involved in innate immunity, aids digestion (by activation of
pepsinogen), enhances the absorption of certain
micronutrients and vitamins including iron, calcium, and
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vitamin B12[20]. Therefore, prolonged use of omeprazole
alone might reduce gastric acid continuously to levels that
could impair these aforementioned processes leading to
indigestion of certain proteins, increased susceptibility to
infections in the gastrointestinal tract, micronutrient
deficiency, osteoporosis and other consequences. This

therefore, underscores the need for honey in the drug
treatment of peptic ulcer. The present study thus reports
that the mechanism of action of honey in reducing gastric
acidity could probably be due to either its direct action of
reducing acid secretion or by acting as an antacid to
neutralize gastric acidity or both.

Table 2 Post-prandial serum HCO3- concentration
Groups
Bicarbonate concentration (mmol/l)
Control
30.23 ± 1.09
50% honey
26.30 ± 1.01*
Omeprazole (20mg/kg)
17.70 ± 0.80*
Omeprazole (20mg/kg) + 50% honey
21.93 ± 0.33*#
N=6; *significant compared to control, # significant compared to omeprazole group
To determine the activity of honey in inhibiting gastric acid
secretion, the postprandial serum bicarbonate was
measured. This is because gastric acid secretion can also be
assessed indirectly by determining the post-prandial plasma
bicarbonate concentration due to the activity of the proton
pump. So that following a meal, the level of plasma
bicarbonate is directly proportional to the level of gastric
acidity [21]. In the present study, honey administration caused
a 13% reduction in the 45min-postprandial serum
bicarbonate concentration relative to the control (Table 2).
However, administration of omeprazole alone resulted in as
much as 41% reduction in post-prandial bicarbonate relative
to the control but when honey was co-administered with
omeprazole, only 27% reduction was noted relative to
control. Again, prolonged administration of omeprazole
alone could cause severe reduction in plasma bicarbonate
(or metabolic acidosis) and its consequences but its coadministration with honey helped to improve the level of
bicarbonate and thus could prevent the problems associated
with low bicarbonate (such as fatigue, confusion, tachypnoea,
etc.,). Results of the present study therefore indicates that coadministration of honey and omeprazole controlled both the
acid output in the gastric lumen and the post-prandial serum
bicarbonate suggesting that honey possibly moderated the
activity of the proton pump.
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CONCLUSION
The present study concludes that honey modulated gastric
pH to levels possibly favourable to gastric function by either
a direct action of reducing gastric acidity or acting as an
antacid or both. Honey therefore could be described as a
buffer in omeprazole stimulated gastric acid inhibition.
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