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Introduction: Peptic ulcer disease represents a worldwide health problem because of its high
morbidity, mortality and economic loss. It is a very prevalent condition affecting around 10%—
15% of the general population worldwide. Most of the available antiulcer drugs are costly and
have an incidence of relapse, drug interactions and several side effects upon chronic usage.
Hence, the use of herbal medicine may be safe, economical and effective in such cases when
drugs are used for long periods. Ethnobotanical reports showed traditional claims on the use of
Cordia africana seeds for the treatment of gastric ulcers. However, the safety and efficacy of
these remedies are not well known. The aim of this study is, therefore, to evaluate the antiulcer
activity and safety of a crude extract of C. afiicana seeds in animal models.

Methods: Shade-dried seeds of C. africana were extracted by 80% methanol and dried by
the rotator evaporator and lyophilized. The crude extract was used to evaluate antiulcer
activity in vivo with pylorus ligation method, on Wistar albino rats weighing 230-250g.
Preliminary phytochemical screening was performed using a standard procedure. Acute
toxicity study was carried out in Swiss albino mice before antiulcer activity tests.

Results: No sign of toxicity was observed upon the administration of 2000 mg/kg of the
crude extract to mice. Single-dose administration of 400 and 600 mg/kg extract showed
a significant reduction in the volume of secretion and acidity of the stomach (p <0.01). The
doses 400 and 600 mg/kg have reduced the ulcer score by 83.58% and 88%.

Conclusion: The result of this study showed that the hydromethanolic crude extract of
C. africana has strong antisecretory and ulcer protective activities against ulcers produced by
pylorus ligation.

Keywords: antiulcer, Cordia afiricana, seeds, pylorus ligation, ulcer parameters, ulcer score,

ulcer index, percent protection

Introduction
A peptic ulcer is defined as the disruption of the mucosal integrity of the stomach
and/or duodenum due to imbalance between aggressive factors like Helicobacter
pylori (H. pylori), nonsteroidal anti-inflammatory drugs, alcohol, fatty foods and
smoking, acid-pepsin hypersecretion, stress, free radical generation (ROS &
LPOs)' bile, and reduced local blood flow are the major factors that disrupt this
balance® ° and protective factors like alkali mucus secretion, mucosal microcircula-
tion, PGE PGI, NO,*’ gastric mucosal glycoproteins HSPs® and GSH."

Number of modern drugs including Proton pump inhibitors, prostaglandin analogs,
histamine receptor antagonists and cytoprotective agents are costly and have an
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incidence of relapse, drug interaction and several side effects
like
infections.®* Hence, herbal medicines are generally used in

impotence, gynecomastia, galactorrhea and GI
such cases when drugs are used for chronic periods and may
also be safe, economical and effective as well as ease of
availability.>” The extracts from medicinal plants and other
natural products have become the widely accepted sources
of therapeutic agents for the treatment of peptic ulcers.*>®
Peptic ulcer disease represents a worldwide health pro-
blem because of its high morbidity, mortality and eco-
nomic loss. It is a very prevalent condition affecting
around 10-15% of the general population worldwide.>'°

Cordia africana, a vernacular name, ‘“Wanza”
(Ambharic), is a tree of the family Boraginaceae and
genus Cordia. Ethnopharmacological studies have shown
that different parts of C. africana have been traditionally
used for different ailments. In Burkina Faso, it is used for
its appetite suppressant (fruit) and antibacterial activity.''
In Ethiopia use of C. africana for liver disease (leaves),
amoebiasis (root),'? trachoma stomach ache and diarrhea

12,13 gastric ulcer (seeds),'* Ascariasis,

(root, root bark),
rabis eye disease wound dressing (stem bark)'® and acute
febrile illness'' have been reported.

Difterent parts of C. afiicana (leaves, stem, park, and
fruit) were screened to show their antioxidant activity via
DPPH assay. The extract of leaves, stem, bark, and fruit
with different solvents gave antioxidant activity of
74-91%. An in vitro antibacterial and antifungal evalua-
tions of Cordia africana conducted in Sudan reported that
the zone of inhibition of C. africana extracts was 18-20
and 20 —30 for bacteria and fungi, respectively.'® An
in vivo Antidiarrheal activity screening of methanolic
extract of the root bark of Cordia africana in Ethiopia
reported that C. africana has antidiarrheal activity compar-
able to atropine.'” No in - vivo or in - vitro studies have
been done on the seed of C. africana in Ethiopia.

Materials

Chemicals and Drugs

The chemicals and drugs used in the study are; Ranitidine
tablet (ACICLOC Cadila pharm, Ethiopia), conc.H2SO4
(Mettle-Toledo Ltd, Switzerland), Glacial acetic acid (Lobe
chemi, India), aqueous 5% ferric chloride and 10% alcoholic
ferric chloride (Lab Tech Chemicals, India), conc. HCL & 1%
Aqueous hydrochloric acid (Nice chemicals Ltd India), 20%
NaOH solution and 0.1 N NaOH solution (Central drugs
house (p) Ltd India), phenolphthalein (Rankem India),

Distilled water (Gondar hospital lab), Normal saline
(Ethiopia pharmaceutical factory, Ethiopia), chloroform,
Wagner reagent and Mayer reagent (Mettle-Toledo Ltd,
Switzerland), dilute ammonia (Techno. Pharm. Chem.,
India), Disposable glove, catgut chromic reverse cutting
with a needle (Swico Sweden), Centrifuge, Desiccators,
Sensitive balance, separator funnel, beaker, Erlenmeyer
flasks, measuring cylinder, cotton gauze, Watt man paper
(EXACL, India), Oral gavages, scissors, centrifuge, Rotary
evaporator and lyophilizer (Ningbo-Scientz-Biotechnology).

Plant Collection and Authentication

Fresh ripen C. africana fruits were collected from Tinsaye
about 15 km North of Gondar town. The plant was identi-
fied and authenticated as C. afiicana by a botanist
(Mr. Abiyu Eneyew) and a Voucher specimen was depos-
ited (No.YE0O1) at the Herbarium, Department of
Biology, College of Natural Computational Sciences,
Gondar University, for future reference.

Experimental Animals
Wistar albino rats of mixed-sex weighing between 230 and
250 g.

Methods

Preparation of the Extract

The fruits of C. africana were processed to remove the
mucilage from the seeds. Then, the seeds were shade dried
and powdered using the electrical grinding mill. After grind-
ing, 1.6 kg of fine powder (150gm in 500 mL of 80%
methanol) was macerated in a conical flask with frequent
steering for 3 days. After 3 days the mixture was filtered
using a fine muslin cloth followed by paper filtration
(Whatman No. 1). The residue was macerated for another 3
days. Methanol from the combined filtrates was removed
under reduced pressure by rotary evaporator at 45 rpm and
40°C to obtain the crude extract. Then, the extract was further
concentrated to dryness with a lyophilizer at 40°C. A total of
425 g (percentage yield of 26.56%) of the dried extract was
obtained and stored in a desiccator with an airtight container.

Acute Oral Toxicity Test

Acute toxicity studies were conducted for the crude metha-
nolic extract of the seeds of C. afiricana (single dose
2000 mg/kg) using the OECD guideline for the testing of
chemicals. Five female Swiss albino mice weighing 25—
35g were used. Each mouse received the extracts at a dose
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of 2000 mg/kg body weight.'® Signs of toxicity were
continuously observed for the first 2 hours and every
2-hour for 6 hours. Finally, the number of survivors was
noted after 24 hours. Then for any gross physical and
behavioral changes further up to 72 h, and followed for
14 days for any mortality. Based on the results of the acute
toxicity study, 1/10 of the limit dose was used as the
starting dose.

Phytochemical Chemical Screening Test

The 80% methanolic crude extract of Cordia africana
seeds were screened for the presence of secondary meta-
bolites that may have correlations with the antiulcer activ-
ity of the extract. Hence, tests for alkaloids, saponins,
cardiac glycosides, flavonoids, terpenoids, steroids, phe-
nols, and tannins were performed using standard tests as

stated below.'* %2

Animal Grouping and Treatments
Albino rats weighing 230 to 250 g were randomly divided
into 5 groups (n=6 in each group).

Negative Control (group I) animals were treated with
vehicle (3% Tween 80). Test groups (I, III & IV) were
treated with graded doses of 200, 400 and 600 mg/kg
methanolic extract of C. africana seeds. Standard group
(V) was treated with the standard antiulcer drug (ranitidine
50 mg/kg, p.o,).* The 10-day repeated-dose study was
carried out in 3 groups by using the most effective dose
of the extract in the single-dose study; the other groups
remain similar to the single-dose study.?

Ulcer Induction
The rats were placed in cages with elevated wide wire and
fasted for 24 hours from food but water ad libitum before
the experiment. Then

Group I animals were given the vehicle, group II, III
&IV animals were given 200, 400 and 600 mg/kg metha-
nolic extract of C. africana seeds, respectively. Group
V animals were given ranitidine 50 mg/kg, p.o.* After 60
minutes, the animals were anesthetized with ether, the
abdomen was opened below the xiphoid process and pylo-
ric end of the stomach was uplifted and ligated. The
stomach was then returned and the abdomen was stitched
by catgut. Care was taken not to damage the internal
organs and blood supply to that area. 4 hours after surgery,
rats were sacrificed with cervical dislocation and the abdo-
men was incised with care. Then, the gastric juice was
collected for the estimation of free and total acids.>

Based on the results of the single-dose study, the most
effective dose was 600 mg/kg and this dose was used for
the 10 days repeated-dose study. For the 10 days repeated-
dose study, Group I animals were given the vehicle, group
IT animals were given 600 mg/kg methanolic extract of
C. africana seeds. Group III animals were given ranitidine
50 mg/kg, p.o. All groups of animals were given their
respective treatments for 10 days and the pyloric ligation
was done after the 10th day of treatment. After 60
minutes of the last dose, the animals were anesthetized
with ether, the abdomen was opened below the xiphoid
process and pyloric end of the stomach was uplifted and
ligated. The stomach was then returned and the abdomen
was stitched by catgut. Care was taken not to damage the
internal organs and blood supply to that area. 4 hours after
surgery, rats were sacrificed with cervical dislocation and
the abdomen was incised with care. Then, the gastric juice
was collected for the estimation of free and total acids.*”

Determination of Gastric Secretion

Parameters

Measurement of Acidity of Gastric Juice

After sacrificing the rats with cervical dislocation, the
stomachs were removed and the contents of each stomach
were squeezed into a test tube. The samples were centri-
fuged at 2000rpm for 10 minutes. ImL of the aliquot was
taken to a flask containing 10mL distilled water and ana-
lyzed for hydrogen ion concentration by colorimetric titra-
tion with 0.1 N NaOH solutions using phenolphthalein
indicator. The acid content was calculated and expressed
as mEq/1.2**

Vol. of NaOH x N x 100mEq/L

Acidity =1 + 01

Determination of PH

After centrifugation, an aliquot of ImL gastric juice was
diluted with ImL of distilled water and the pH of the
solution was measured using PH meter.**

Quantification of Ulceration

After sacrificing the animals by cervical dislocation, sto-
machs were removed and open along the greater curvature.
The macroscopic examination was carried out with a hand

lens and the lesions were scored as follows:?

Normal stomach ... ............. (0)
Red coloration ... ... ............(0.5)
Spotulcer............... ... ... ... (D)
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Hemorrhagic streak ... ... ... .... (1.5) Table | Results of Phytochemical Screening of Cordia africana
Uleers ... oo v ciicieeee e (2) Seeds Extract
Perforation ... ... ... ... ......... ... (3 Tests Were Done Results
The mean ulcer score for each animal was expressed as Tannins

the ulcer index. Flavonoids
Ul= UN+US+Upx107! Glycosides -

UN, average of the number of ulcers per animal, US, Alkaloids -
average of severity scores, UP, percentage of animals with Saponins
Phenols

ulcer
The percentage of ulcer protection was determined as
follows:
negative control test meanulcer
meanulcer index index

negative control meanulcer
index

x100

%Protection =

Statistical Analysis

The data analysis was done by SPSS version 20. The mean
values of each parameter were analyzed by one way
ANOVA followed by Tukey’s post hock multiple compar-
ison test for significance of the difference of means.

Ethical Clearance

Throughout the experiments, all animals were handled with
humanly caring according to the guideline for the housing of
mice in scientific institutions®® and the ethical clearance with
Reference no. of SOP4/70/09 was obtained from the
Experimental Animals Ethics Committee, Department of
Pharmacology, University of Gondar, Ethiopia.

Results

Phytochemical Screening

The preliminary phytochemical screening test of 80%
methanolic crude extract of C. africana seeds revealed
the presence of important secondary metabolites as indi-
cated by Table 1.

Acute Oral Toxicity Test

No sign of toxicity or mortality was observed in mice after
oral administration of the hydromethanolic seed extract of
C. africana at a limit dose of 2000 mg/kg, signifying that
the median lethal dose was quite above 2000mg/kg.

Effects of Cordia dafricana Seed Extract
Antiulcer effects of the hydroalcoholic leaf extract of CA
on gastric ulcers induced by pylorus ligation were assessed
by macroscopic evaluation (Figures 1 and 2).

Anthraquinones -
Steroids -

Single-Dose Study

Untreated groups produce a gastric secretion of 5.92+0.63
but treatment with the ranitidine, 200mg/kg 400mg/kg and
600mg/kg crude extract reduces this secretion to 3.01+0.11
(p<0.001), 4.45+0.37, 4.05+ 0.29 (p<0.05) and 3.67+0.23
(p<0.01) respectively. The acidity of the stomach was

% CA 200

Figure | Single-dose study pyloric ligation method.

Notes: As shown in CA600, the extract demonstrated a better antiulcer effect at
the higher dose (CA600). As shown by the pictures; the crude extract decreases
the number and severity of ulcer dose-dependently.

Abbreviations: NC, negative control; R50, ranitidine 50 mg/kg; CA600, Cordia
africana 600mg/kg of extract; CA400, Cordia africana 400 mg/kg of extract; CA200,
Cordia africana 200 mg/kg of extract.
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Figure 2 Ten days of pretreatment or repeated-dose study.

Notes: As shown by CA600n and R50 pretreatment with CA 600mg/kg for 10 days
prevents ulceration comparably with ranitidine.

Abbreviations: NC, negative control; R50, ranitidine 50 mg/kg; CA600, Cordia
africana 600mg/kg of extract.

5.67 +3.07 for the negative control and significantly reduced
by ranitidine (p<0.001), CA400 (p<0.05) and CA600 (p<
0.001) compared to the negative control. A significant dif-
ference was also observed between the lowest dose and
ranitidine (p <0.01). Compared to the negative control, both
ranitidine and CA 600 increase the stomach pH with
a significance level of P <0.001 and P < 0.05, respectively.
Ranitidine also significantly (P <0.01) increased the stomach
pH compared to the lowest dose of the extract.

Regarding ulcer protection, ranitidine, the middle and high-
est dose of the crude extract significantly reduced the ulcer
scores 91.04% (p <0.001), 83.58% (p < 0.01) and 88%
(P <0.001) respectively compared to the negative controls.
Ranitidine showed a significant reduction in ulcer number
and ulcer index (P <0.05). But the effects of the crude extracts

were not statistically significant for the two ulcer parameters
(Table 2).

Repeated-Dose Study

The dose of the seed extract that was noted as the most
effective in the single-dose study produces a significant
reduction in the volume of gastric juice and ulcer number
was similar to that of the standard drug. It reduces the
acidity of the stomach and ulcer severity score at
a significant level of p <0.05 and p< 0.01, respectively,
whereas that of the standard drug reduces both acidity of
the stomach and ulcer severity score at a significant level
of p <0.001. Even if it was not statistically significant, the
dose of extract decreased the ulcer index. But ranitidine
significantly (p <0.05) reduced the ulcer index compared
to the negative control. The crude extract showed a better
effect on the percent reduction of ulcers (75.61% -R50
Vs78.05%- CA600). The percentage reduction of ulcer
index was shown to be 59.55% with ranitidine and
59.27% with CA600 (Table 3).

Discussion

The extraction of CA seeds with 80% methanol produced
a reddish-brown color crude extract with a 26.56% yield.
This mucilaginous crude extract was used to evaluate the
safety and antiulcer activity of C. africana in Swiss Albino
mice and pyloric ligated rats, respectively. Cordia africana
extract was safe at a limit dose of 2000 mg/kg in mice. It
did not cause mortality or sign of toxicity in the test
animals. This indicates that the median lethal dose of CA
is quite above 2000 mg/kg.

Although the exact etiology of peptic ulcer is not
known in most of the cases, it is generally accepted that
it results from an imbalance between aggressive factors
and the endogenous protective factors. To restore the bal-
ance, different therapeutic agents that reduce the aggres-
sive factors and/or increase the defensive mechanism are

Table 2 Effect of Cordia dfricana Single Dose on Pyloric Ligated Rats

Test The Volume of The Acidity of Gastric | The PH of Gastric | US %Red. UN 8] %Red.
Group Gastric Juice Juice Juice uUs ]}
NC 5.92+0.63 51.67+3.07 3 +0.25 5.58 £1.51 - 4124 15.92+1.04 -

R 50 3.01£0.11°¢ 25.4#3.07¢ 5+0.36° 0.5+0.34° 91.04 0.83+0.54* 4.36+2.76" 726
CA200 4.45+0.37 43.3+£4.227 3.620.21" 2.47+0.89 64.18 2.83+0.87 11.85+2.47 25.53
CA400 4.05+0.29* 36.6745.57° 4 +0.22 0.91£0.3° 83.58 1.5 £0.43 10.32+2.09 35.18
CA600 3.67£0.23 ® 29.17+2 © 4.16£0.3% 0.5+0.18 © 88 | +0.37 8 + 254 49.74

Notes: Values are expressed as mean  SEM (n=6). *P<0.05, °P<0.01, P<0.00! - compared to the negative control. *P<0.05, ’P<0.01, - compared to the positive control.
Abbreviations: NC, negative control; R, ranitidine; CA, C. africana; SEM, standard error of the mean.
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Table 3 Effect of Cordia africana 10 Days Repeated Dose on Pyloric Ligated Rats

Test The Volume of The Acidity of The PH of uUs % UN Ul %

Group Gastric Juice Gastric Juice Gastric Juice Red. Red.
uUs 8]}

NC 6.6310.2 43.33 £2.2 3.16£0.16 3.58+0.62 3.66+0.33 14.63+0.38 | —

R 50 3.7840.2¢ 25.83+2° 4.67+0.33° 0.41+0.2° 75.61 0.5+0.40° 5.91+2.64* | 59.55

CA600 4.58+0.2¢ 33.33+2.2° 4.33+0.217 0.33+0.17° | 78.05 0.67+0.47° | 5.96+2.67* | 59.27

Notes: Values are expressed as mean = SEM; (n=6). P< 0.05; °P < 0.01; °P < 0.001. All are compared to the negative control.
Abbreviations: US, ulcer score; UN, ulcer number; Ul, ulcer index; NC, negative control; R 50, ranitidine 50mg/kg; CA, C. africana; SEM, standard error of mean.

used. Different plant extracts may also be used to restore
the balance.”> Cordis Africana extract is one such herbal
drug used in the present study primarily to evaluate the
antiulcerogenic effect in pylorus ligation.

The most frequently prescribed antiulcer drugs are the
proton pump inhibitors and the H, receptor blockers. The
mechanism of this group of drugs is the inhibition of acid
secretion. Proton pump inhibitors irreversibly inhibit the
HYK" ATPase in the gastric parietal cells and decrease
gastric secretion. The H, receptor blockers block H, recep-
tors and decrease histamine stimulated gastric secretion. The
crude extract showed a significant reduction in gastric secre-
tion and acidity of the stomach. It also showed a significant
increase in pH. This action of the crude extract resembles the
action of the above group of drugs. The antisecretory activity
of this plant may be consistent with its flavonoid content.
Flavonoids are known to decrease histamine secretion from
mast cells by inhibition of histidine decarboxylase and inhibit
H+/K+-ATPase.®***"*® Treatment of animals with crude
extract also significantly inhibited the formation of ulcers in
the pylorus ligated rats. These activities of the extract may be
attributed to the phytochemical constituents that have anti-
inflammatory, antioxidant and mucosal secretion stimulants.

The phytochemical studies performed in the present
study demonstrated that the seed of CA contains flavo-
noids, saponins, tannins, and phenols. The antiulcer activ-
ity of C. africana could be due to the presence of
flavonoids tannins, saponin, and phenolic compounds.
These secondary metabolites are effective as antioxidants,
antineoplastic, antiulcer, anti-inflammatory, and immune-
stimulating agents.

Flavonoids are free radical scavengers and have the
potential cytoprotective and antiulcerogenic effect. The
antiulcerogenic activity of these compounds is since
these compounds increase mucus, bicarbonate and prosta-
glandin secretion and counteract the deleterious effects of

reactive oxidants in the gastrointestinal lumen ®*%*°

Saponins may activate mucous membrane protective fac-
tors, and tannins render the outermost layer of the mucosa
less permeable, for instance, to chemical irritation.”*°
As evidenced by the phytochemical contents, CA seed
extract may have anti-inflammatory, antisecretary and free
radical scavenging activities. It is expected that the gastro-
protective effect exerted by this plant could be credited to
its aforementioned activities. Also, the extract may have
direct physical protection to the mucosa from irritants like

alcohol and NSAIDs as it is highly mucilaginous.

Conclusion

Based on the results of the present study we can conclude
that the crude methanolic seed extract of Cordia africana
is safe at doses as high as 2g/kg, and have significant ulcer
protection effects against pylorus ligation induced ulcers.
The free radical scavenging secondary metabolites (flavo-
noids and phenolic compounds) and the mucosal stimulat-
ing metabolites like saponins may contribute to the ulcer
protective activity of the extract. The plant’s crude extract
has shown significant antisecretory and acid-neutralizing
activities in pyloric ligated rats, this effect may contribute
to the antiulcerogenic activity of the plant.
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