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1. Introduction  

Capsicum specie are edible spices that contain capsaicin, a natural vanilloid compound responsible for their pungency 
and hot sensation associated with the taste of these peppers. Gastric acid is secreted by parietal cells and concentrated in the 
fundic area of the stomach. Early scientific queries on gastric acid secretion led to the carbonic anhydrase theory of gastric 
acid promulgated by Horace Davenport in 1943 (Ibu,1987).   Ibu, (1987) elucidated that the mechanism of gastric acid 
secretion occurs at both the basolateral surface of the parietal cell and the apical/secretory surface of the canalicular 
membrane. This was corroborated in a review by Samuelson and Hinkle, 2003.  They described the importance of the H+/ K+ 
ATPase, also referred to as the ‘proton pump’ which is magnesium dependent and is located in the canalicular membrane (Ibu, 
1987, Samuelson and Hinkle, 2003).   

Ibu et al., 1993 in a review, discussed various hypothesis that have been propounded to explain receptors involved in 
gastric acid secretion. The review stated that the hypothesis that is most accepted are the one receptor (histamine) hypothesis 
and the three-receptor hypothesis. The one receptor hypothesis suggests that histamine is the final common mediator of acid 
secretion and that only H2 receptors found on the parietal cell are concerned with gastric acid secretion in the stomach. 
Therefore, acetylcholine and gastrin first act first to release of histamine. Subsequently the released histamine through the H2 
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Abstract:  
Capsicum frutescens has been found to increase gastric acid secretion (Ibu et al., 1993). Capsicum frutescens is a species of 
pepper that is widely used as spice both in Nigeria and elsewhere (Ibu et al., 1993). There is paucity of literature on its action 
on gastric acid secretion. This prompted the present study. 40 male and female albino Wistar rats weighing between 200-300 
g were randomly placed in five groups having 8 rats per group. The method of Alnaqueeb (1996) was used to prepare 
aqueous extract of Capsicum frutescens which was administered through a gastric fistula created at the fundus. 10%, 20%, of 
LD 50 and supramaximal doses of 10mg, 20mg, 30mg, 40mg, 50mg, 60mg, 70mg and 80mg of the aqueous extract were 
administered. Ghosh and Schild 1958 method as modified by Ibu (1987) was employed to measure gastric acid secretion.  The 
result of gastric acid secretion on administration of 10% of LD 50 dose in mmol/L/hour for basal acid output (BAO) was 16.2± 
0.01 and 18.1 ± 0.04, 18.6 ± 0.03, 18.6 ± 0.10, 17.4 ± 0.9, 16.02 ± 0.9 and 15.36 ± 0.16 at 70, 80, 90, 100, 110 and 120 minutes 
respectively. It was observed that gastric acid secretion increased and rose to a maximum between 50 and 70 minutes. It then 
began to decline in acid secretion between 80 and 120 minutes. This decline is due to a phenomenon called tachyphylaxis. 
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receptor activation leads to secretion of gastric acid by the parietal cells. In the three-receptor hypothesis, each of 
acetylcholine, histamine and gastrin acts on its own specific receptor to cause acid secretion, but synergistic interaction occur 
between the mediator and histamine occupies a central position in the relationship (Ibu, 1993). 

 Capsaicin binds on transient receptor potential vanilloid 1 (TRPV1) (Green, 1996). Other naturally occurring 
vanilloids that are TRPV1 agonists include piperine, resiniferatoxin, zingerone and gingerol (Szallasi and Blumberg, 1999; 
Dedov et al., 2002). They contain the vanillyl group 4- hydroxyl-3-methoxy benzyl (Szallasi and Blumberg, 1999; Dedov et al., 
2002). TRPV1 is mainly expressed in dorsal root ganglia, trigeminal ganglia, in small sensory C fibers and some alpha delta 
fibers. TRPV1 is also found in brain, spinal cord, bowel, liver, spleen, lung, bladder, kidney and testis (Gunthorpe et al., 2002). 
It is a member of the acid sensing system and is involved in homeostasis of gastric acid secretion through activation of the 
sensory nerves and release of calcitonin gene related peptide (CGRP) (Holzer, 2006, 2007a, 2007 b). TRPV1 can be activated 
by histamine through phosphorylation by protein kinase C (PKC) (Jara- Oseguera, 2008).  
The different effects of capsaicin have been described as involving excitation, a sensory-blocking effect, long-term selective 
neurotoxic impairment and irreversible cell destruction (McNamara et al., 2005).  
 
2. Materials and Methods 

Capsicum frutescens were bought from the local market (Wadata Market) in Makurdi, Benue State, Nigeria. The 
pepper was identified by a taxonomist in the department of Botany, Faculty of Sciences of Benue State University, Nigeria and 
a specimen voucher deposited in their herbarium.  

 

 
Figure 1: Specimen of Capsicum Frutescens Fruit 

 
2.1. Drugs and Chemicals 

Analytical grade Sodium hydroxide (NaOH), Sodium Chloride (NaCl) and phenolphthalein made by May and Baker 
(Dagenham, England) and urethrane made by Sigma Chemical Co. (Poole, UK).  
 
2.2. Animals 

Forty Albino Wistar rats weighing 200-300g of both sexes were obtained from the animal house of the College of 
Health Sciences, Benue State University, Makurdi and nursed under the same conditions in the animal house research 
laboratory. They were subjected to a 12-hour light and dark photic cycle. And fed on normal rat chow (Pfizer Limited, Kaduna, 
Nigeria) and given water ad libitum. Permission for the use of the animals was obtained from the Animal Ethics Committee of 
Benue State University Makurdi, Nigeria. 
 
2.3. Preparation of the Extract 

The aqueous extract preparation was being modified following the method of Alnaqeeb et al., (1996). 50g (Wt 1) of 
the fresh fruit was thoroughly washed and placed in clean beakers (Pyrex, 500 ml). It was homogenized in 75ml (V1) of cold 
sterile 0.9 % saline in the presence of some crushed ice using an electric blender. The homogenous mixture was filtered with 
What man no1 filter paper and centrifuged at 2000 rev/min for 10 minutes and the clear supernatant was collected and 
volume noted (V2). The volume of the wet residue was noted as Wt 2. The volume of the supernatant was subtracted from the 
volume of the cold saline used in homogenization (V1 – V2) or V3 which was noted as Wt 3. The yield of each of the three 
preparations was used to determine the stock concentration. 
stock concentration         =       Wt1 - (Wt2 + Wt3) ÷ V2 
                       [ yield = Wt1 - (Wt2 - Wt3)] 

The above formula was used to calculate the stock concentration of each which was then stored in refrigerator until 
used. The required amount was administered in mg / 100-gram body weight of each animal.  
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50 g of Capsicum frutescens contains 0.206 ± 0.02 g of capsaicin (Ekwere et al., 2016). Oral LD 50 values of Capsaicin 
are 161.2 mg / kg (16.12 mg / 100 g body weight) and 148.1 mg / kg (14.81 mg / 100 g body weight) for male and female rats 
respectively (Saito et al., 1996). 

The above information from literature was used to determine the dose of capsicum extract that will be administered. 

3. Animal Grouping and Experimental Design 
40 Wistar rats weighing between 200 - 300 grams were randomly assigned to five groups consisting of 8 each as 

follows: 
 Group 1- Control group for Capsicum frutescens which were administered normal saline.  
 Group 2-  were administered 10% LD 50 of Capsicum frutescens. 
 Group 3-  were administered 20% LD50 of Capsicum frutescens. 
 Group 4- Control group for successive supramaximal doses of Capsicum frutescens which were administered normal 

saline. 
 Group 5 - were administered successive supramaximal doses of Capsicum frutescens of 10mg, 20mg, 30mg, 40mg, 

50mg, 60mg, 70 mg and 80mg.  
 
4. Experimental Protocol 

After a 12 hour fast, each animal was anaesthetized with 25 % Ethyl Carbonate (urethane) at a dose of 0.6 ml /100 g 
body weight intraperitoneally. 

Tracheostomy was performed. A naso gastric tube was passed. A duodenostomy was performed and normal saline 
was used as gastric lavage to wash out the debris from the stomach until clear effluent was obtained. A duodeno gastric canula 
was passed and ligated insitu for subsequent collection of gastric acid secretion. 10 minutes aliquot samples were collected 
from the duodenal canula. A gastric fistula was created in the fundus with insertion of a 2-way canula to allow the 
administration of the extract. The aliquots were each titrated to a phenolphthalein end point using 0.01M NaOH and the acid 
output or concentration is calculated as described by Ibu (1986), Ibu and Ebieme (1993) as follows: 
Where Normality   = Molarity 
MA VA = MB VB 
MA =           MB VB ÷ VA 
Where,  
MB    = Molarity of base known (0.01N) = 10mMol 
VB   = Volume of base known (titrate of NaOH) used 
VA   = Volume of acid (effluent volume) = 10ml 
Substituting for MB and VA   
MA   =        10 x VB ÷ 10 
 Therefore MA=VB  
Acid output / 10 minutes = VB mMol / L / 10 mins 
Acid output per hour =   VB x 6 mMol/ L / hour (Ibu, 1987). 
The results were analysed for graphics and statistics using SPSS version 23. Statistical differences were accepted at 95% 
Confidence limit when P <0.05.  
 
5. Results 
 

 
Figure 2 
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Figure 2 shows the result following the administration of 10 % of LD 50. The acid produced increased steadily until it 
reached a plateau between 70 and 90 minutes. After that acid secretory response decreased between 100 and 120 minutes. 
This decline in acid secretory response is called tachyphylaxis. 
 

 
Figure 3  

 
  Figure 3- A graph depicting the effect of administering a dose of 20% of LD50 of Capsicum frutescens extract.  A peak 
response is seen between 80 and 90 minutes. A decline in acid secretory response at 100, 110 and 120 minutes is also 
observed denoting tachyphylaxis. 
 

 
Figure 4 
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Figure 4 shows the graph of administration of 10mg supramaximal dose of Capsicum frutescens. A peak response is 
observed at 70, 80 and 90 minutes with decline in acid secretory response at 100, 110 and 120 minutes. This decline in acid 
secretory response is called tachyphylaxis. 

 

 
Figure 5 

 
Figure 5- Graph showing the administration of 20mg supramaximal dose. A peak response occurred at 70 minutes, 

with decline in acid secretory response at 100, 110 and 120 minutes. This decline in acid secretory response is called 
tachyphylaxis. 

 

 
Figure 6 
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Figure 6- Shows a graph of administration of 30mg supramaximal dose of Capsicum frutescens. A peak response is 
seen between 60 and 80 minutes, with decline in acid secretory response at 90, 100, 110 and 120 minutes. This decline in acid 
secretory response is called tachyphylaxis. 

 

 
Figure 7 

 
Figure 7- Shows a graph of administration of 40mg supramaximal dose of Capsicum frutescens. A peak response is 

seen between 60 and 80 minutes, with decline in acid secretory response at 90, 100, 110 and 120 minutes. This decline in acid 
secretory response is called tachyphylaxis. 

 

 
Figure 8 
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Figure 8- Shows a graph of administration of 50mg supramaximal dose of Capsicum frutescens. A peak response is 
seen between 50 and 80 minutes, with decline in acid secretory response at 90, 100, 110 and 120 minutes. This decline in acid 
secretory response is called tachyphylaxis. 

 

 
Figure 9 

 
Figure 9- Shows a graph of administration of 60mg supramaximal dose of Capsicum frutescens. A peak response is 

seen between 50 and 80 minutes, with decline in acid secretory response at 90, 100, 110 and 120 minutes. This decline in acid 
secretory response is called tachyphylaxis. 

 

 
Figure10 
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Figure 10- Shows a graph of administration of 70mg supramaximal dose of Capsicum frutescens. A peak response is 
seen between 60 and 70 minutes, with decline in acid secretory response at 80, 90, 100, 110 and 120 minutes. This decline in 
acid secretory response is called tachyphylaxis. 
 

 
Figure 11 

 
Figure 11- Shows a graph of administration of 80mg supramaximal dose of Capsicum frutescens. A peak response is 

seen between 50 and 70 minutes, with decline in acid secretory response at 80, 90, 100, 110 and 120 minutes. 
There was statistically significant difference between BAO and the acid secretion at   60, 70, 80 and 90 minutes (p< 

0.01). Also, the difference between the peak acid output (PAO) and the acid secretions at the levels of decline at 90 to 120 of 
the different doses was statistically significant (p< 0.01). 

ANOVA 
 Sum of 

Squares 
df Mean Square F Sig. 

Between Groups 9.441 11 .858 15.759 .000 
Within Groups 4.575 84 .054   
Total 14.016 95    

Table 1: 10% LD50Capsicum Frutescens 
 

Table 1- The table shows ANOVA for 10% LD50Capsicum frutescens. There is no statistical difference within group, 
however there was significant statistical difference (p<0.001) between groups. Similar ANOVA results were obtained for all 
the other doses studied. 
 
6. Discussion  

Hot peppers such as Capsicum frutescens contain capsaicin as the active principle. Capsaicin exerts it activity through 
the capsaicin-sensitive sensory afferent nerves. Capsaicin-sensitive afferent neurons play a central role in the neuronal 
mechanism of the stomach (Holzer,1998). These afferent neurons control several actions such as mucosal blood flow, 
secretion, motility and maintenance of the mucosal integrity of the stomach (Holzer and Sametz; 1986 Holzer, 1998; Takeuchi 
et al., 1991, 1992).  Capsaicin has several actions, its effects on gastric acid secretion has been studied by a few researchers 
(Ibu et al., 1993, Akwaraset al., 2018). Some studies report that low-dose capsaicin can decrease gastric acid secretion while 
high-dose may increase gastric acid secretion (Ibu et al., 1993, Ericson et al., 2009, Akwaraset al., 2018)   Red chili ingested 
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daily over 3 weeks resulted in an increased secretion of gastrin, while a chili-rich diet lowered gastrin secretion (Ericson et al., 
2009). Repeated exposure of the esophageal mucosa to red chili pepper sauce initially increased heartburn, but subsequently 
exerted an analgesic effect, (Bortolotti etal., 2002) and 2.5 g of red pepper daily over 5 weeks resulted in a decrease in the 
intensity of dyspepsia after 3 weeks. A mechanism of initial sensitization, followed by desensitization of gastric norciceptive C-
fibers, has been suggested (Bortolotti et al., 2002). Also, Imatake et al., 2009 Capsaicin inhibited gastric acid output, and the 
mechanism underlying this effect appears to involve vagal nerve inactivation. So, the final effects of capsaicin depend on the 
dosage and timing. 

Vanilloid receptor type 1, a nonselective cationic channel, has been recently cloned as the binding site of capsaicin 
(Caterina et al.,1997) and, more recently, has been shown to be one of the transient receptor potential (TRP) family of ion 
channels (Clapham et al., 2001). Although the TRP family is activated by a diverse range of stimuli, including depletion of 
intracellular Ca2+ stores (Caterina et al., 1997), the vanilloid receptor type 1 receptor remains the only channel activated by 
vanilloids such as capsaicin and is now known as TRPV1 (Gunthorpe et al., 2002). The difference in the effects of capsaicin on 
gastric acid secretion may be related with the location of vanilloid receptor subtype 1, dose of capsaicin, route of 
administration, and the release of some substances such as calcitonin gene-related peptide, neurokinin A, vasoactive intestinal 
peptide and substance P (Tan et al., 2009). 

It is concluded that tachyphylaxis is exhibited by Capsicum frutescens stimulated gastric acid secretion in albino 
wistar rats. The tachypylaxis shown in this study may explain why people who take peppers in their diet repeatedly and at 
high doses eventually end up not having the expected increased acid secretory response. 
 
7. Conclusion and Recommendations 

 The results of the present study may be helpful to pharmaceutical manufacturing companies when they are doing 
their national formulary for the populace. 

 Health education to give public awareness related to the findings in this research will be of importance for pepper 
consuming persons. 
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