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ABSTRACT

Aim: Ethanolic extracts of Kigelia africana, Nauclea latifolia and Staudtia stipitata were
investigated for their phytochemical constituents and antiulcerogenic potential on aspirin
induced ulcer in albino rats at 150mg/kg, 300mg/kg, and 450mg/kg body weights.
Place and Duration of Study: The study was carried out at Department of Biochemistry,
Adekunle Ajasin University, Akungba-Akoko, Ondo State, Nigeria, between June 2009
and August 2010.
Methodology: Ulcer was induced by administering aspirin (200mg/kg body weight) orally
to albino rats. Phytochemical screening of leaf extracts was done using standard methods
after ethanolic extraction had been concluded.  Biochemical parameters showing the
effects of ethanolic extracts of the different leaves used in treating ulcer were tested using
standard methods.
Result: The extracts gave positive results to saponin, tannins, phylobatannins,
anthraquinones and cardiac glycosides. K. africana at a concentration of 450 mg/kg body
weight gave the best results with a significant decrease in ulcer index (0.67±0.16) on
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aspirin-induced ulcerogenic animals compared to 3.0 for the reference drug (Cimetidine at
300mg/kg) and control with 1.67±0.27, while the leaf extracts of S. stipitata showed the
least efficacy.
Conclusion: This study contributes to the search for potent and locally available plant
materials for managing ulcer disease caused by non-steroidal antiinflammatory drugs.

Keywords: Kigelia Africana; Nauclea latifolia; Staudtia stipitata; antiulcerogenic; non-
steroidal antiinflammatory.

1. INTRODUCTION

Peptic ulcer is a sore (which may be an acute or chronic inflammation) of the stomach or
duodenum caused by a number of factors including bacterial infection by Helicobacter pylori,
Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) such as starvation followed by aspirin or
ibuprofen treatment, excessive drinking of alcohol, and smoking [1,2]. Patients with ulcer
produce about twice as much as hydrochloric acid which bathes the lining of the mucosa,
resulting in damage to the lining [2]. Aspirin, also known as acetylsalicylic acid is a corrosive
agent with toxicity of LD50 of 200mg/kg in rats [3]. It induces the reactive oxygen metabolites
in animal model and subsequently contributes to mucosa injury [4]. It also causes a dose-
dependent reduction in mucosa prostaglandin E2 (PGE2) and PGI 2 biosynthesis with
extension in the area covered with ulcerations [5,6]. Aspirin belongs to the group of NSAIDs.
The gastric mucosa protects itself from gastric acid with a layer of mucus, the secretion of
which is stimulated by certain prostaglandins. NSAIDs block the function of cyclooxygenase
1 (cox-1), which is essential for the production of these prostaglandins [7]. COX-2 selective
anti-inflammatories (such as celecoxib or the since withdrawn rofecoxib) preferentially inhibit
cox-2, which is less essential in the gastric mucosa, and roughly halve the risk of NSAID-
related gastric ulceration [8].  The mechanisms of mucosal damage due to Aspirin (NSAID)
could be explained as the inhibition of prostaglandin synthesis leading to vasoconstriction
and low mucin content [9], damage to mucosal barrier leading to back diffusion of H+ ions
causing tissue acidosis and lowering of pH, which in turn brings about uncoupling of
oxidative phosphorylation in mitochondria releasing oxidative free radicals [10] and induction
of inflammation and neutrophil infiltration [11,12].

Among the plants that have been reported to be useful in the treatment of ulcer include
whole plant of Diodia sarmentosa, leaves of Cassia nigricans, Ficus exasperate, and
Synclisia scabrida [13], roots of roots of Zapoteca portoricensis, Morinda citrifolia L.,
Azadirachta indica Juss. Syn. Melia azadirachta L., Asparagus racemosus Wild, Bauh{inia
variegata Linn., Aspilia africana, Kielmeyera coriacea and Carica papaya L. [14,15].

In Nigeria, Kigelia africana (Sausage tree, uyan tree in Yoruba), Nauclea latifolia (Pin
cushion tree and egbesi in Yoruba), and Staudtia stipitata Warb. commonly known as noive
and oropa or Ewe Gbomorin in Yoruba belongs to the Family: Myristicaceae. They are
tropical trees in Africa used for treating various ailments and remedies. The multipurpose
nature of these herbal trees makes them important for everyday use in the African set up.
Bark extracts of K. africana is reported to have anti malarial, anti cancer, anti aging
potentials with additional abilities to treat venereal diseases, wounds, renal ailments,
eczema, depression, body weakness and impetigo [16]. Antibacterial and antidiarrhoeal
nature of the ethanolic extract of the leaves has been reported by Grace et al. [17]. Kigelia
africana also called "sausage tree" because of the shape of its fruit is part of the family
Bignoniaceae and Scrophulariaceae order. It is traditionally used for its effectiveness in
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improving the firmness and elasticity of the skin. Other traditional uses include, use of the
fruit for its antimicrobial properties in combating skin problems such as acne, eczema,
wound dressing, and as water disinfectant [16]. Kigelia africana had been reported to contain
antibacterial and antifungal properties, analgesic and anti-inflammatory, antidiarrhoeal,
antiprotozoal, antimalarial and antineoplastic potentials [18,19,].

N. latifolia bark is used in the management of pain, fever and malaria; wounds, coughs and
gonorrhoea in eastern and southern Nigeria [20]. The roots of this plant are used to induce
abortion, as a purgative and for treating hypertension [21]. N. latifolia has been found to be
useful in treating malaria caused by Plasmodium falciparum and against enteric bacteria:
Bacillus subtilis, Escherichia coli, Salmonella enteritidis, Pseudomonas aeruginosa and
Klebsiella pneumonia [22]. The extract of Nauclea latifolia were reported to contain
strictosamide, naucleamides A, naucleamide F, quinovic acid-3-O-beta-
rhamnosylpyranoside and quinovic acid 3-O-beta-fucosylpyranoside [23]. Further analysis
on these compounds yielded 10-hydroxystrictosamide, 10-beta-glucosyloxyvincoside lactam
and 16,17-dihydro-10-beta-glucosyloxyvincoside lactam which exhibited different levels of
anti-GST and anti-fungal activities. Nauclea latifolia is noted to be anti-nociceptive, anti-
inflammatory and anti-pyretic activities that justifies its use in malaria ethnopharmacy and
subsequent development for clinical application [24]; leaves of N. latifolia possesses
hypoglycaemic activity when used on alloxan-induced diabetic rats [24].

S. stipitata is most commonly exploited for timber [25]. The leaves are also used for catching
naked-handed crustaceans and shellfish [26], and nutlets used for beads and necklaces in
Ghana [27].

This study was to assess the efficacy of Kigelia africana, Nauclea latifolia, and Staudtia
stipitata as antiulcerogenic plants useful in traditional medicine.

2. MATERIALS AND METHODS

2.1 Collection of Plant Materials and Animals

The leaves of Kigelia africana, Staudtia stipitata, and Nauclea latifolia were obtained from
Iwaro-Oka in Ondo State, Nigeria. They were authenticated in the Department of Plant
Science and Biotechnology, Adekunle Ajasin University, Akungba-Akoko, Ondo State. The
specimen had been deposited at their herbarium under the reference number 3:157. Healthy
albino rats (male and female weighing 110 g - 165 g) were used in the study. The rats were
fed on Top Feed produced by Premier Feed Mills Co. Ltd., Ibadan, Nigeria. The animals
were given water ad libitum and kept under standard environment (12 hr light, 12 hr
darkness and temperature of 28±2ºC). This continued for eight (8) weeks in animal house
before sacrificing them. The animals were separated and kept in individual cages, but given
the same food throughout this period.

2.2 Extraction Procedure

The leaves were cleaned, air-dried in the shade, blended using warring blender. After
blending, the pulverized leaves were soaked in 50v/v methanol then put on an electronic
shaker for 3 days according to the methods of Nworgu et al. [22]. On the 3rd day, the filtrate
was extracted using vacuum pump. The filtrate was then kept in a rotary evaporator to allow
the ethanol to evaporate for further analysis.
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2.3 Phytochemical Screening of Test Plants

2.3.1 Test for alkaloids

Each dried extract (0.05 g) was stirred with 5 ml of 1% aqueous hydrochloric acid (HCl) on a
steam bath; 1 ml of the filtrate was treated with three drops of Mayer’s reagent and a second
1 ml portion was treated with Dragendrff’s reagent. Turbidity (reddish-brown) with either of
the reagents was taken as preliminary evidence of the presence of alkaloid in the extract
[28].

2.3.2 Test for phylobatannins

Deposits of red precipitate when an aqueous extract of the plant part was boiled with 1%
aqueous hydrochloric acid indicated presence of phylobatannins [28].

2.3.3 Test for glycosides

Five millilitres of 25% H2SO4 was transferred into a tube and 0.5 ml of the extract was added
and boiled in water bath for 15 mins. Fehling’s solution (5 ml) was then added to the boiled
mixture. A reddish brown colour indicated the presence of steroidal ring of glycosides.

2.3.4 Test for tannins

Five grams of each portion of the plant extract was stirred in 10 ml distilled water and filtered
with Whattman’s filter paper. Ferric chloride reagent was then added to the filtrate. A blue-
black or blue-green precipitate indicated presence of tannins [29].

2.3.5 Test for anthraquionones

To 5 g of the extract of the leaves was added 5 ml benzene and shaken properly until it
dissolved. Five millilitres of 10% ammonia solution (NH3) was then added to the filtrate and
the mixture shaken. Pink, red, or violet colour in the ammoniacal (lower) phase indicated the
presence of free hydroxyl anthraquionones [30].

2.3.6 Test for saponins

Each plant extract (0.5 g) was shaken with water in a test tube. Frothing which persisted on
warming was taken as preliminary evidence of the presence of saponins. In order to remove
‘false-positive’ result, the blood haemolysis’ test was performed on those extracts that
frothed in water. Half gram of each extract was boiled briefly with 50 ml phosphate buffer of
pH 7.4, and allowed to cool, then filtered. Five millilitres of the filtrate was passed for 3 hr
through an asbestos disc (1.5 mm thick and 7 mm in diameter), which had been previously
soaked with 2-3 drops of 1% cholesterol in ether and dried. After filtration, the disc was
washed with 0.5 ml of distilled water, dried and boiled in 20 ml xylol or 2 hr to decompose
the complex formed between cholesterol and any saponin in the extract. The disc was then
washed in ether, dried and placed on a 7% Blood Nutrient Agar. Complete haemolysis of red
blood cells around the disc after 6 hr indicated the presence of saponins [30].
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2.3.7 Other tests

Other tests performed on the dried extract include the presence and absence of steroidal
ring, steroidal nucleus, cardenolides and deoxyribose sugar using standard procedures
[29,31,32,33].

2.4 Induction of Ulcer

A modified methods of Sivaraman and Muralidharan [34] was employed. Ulcer was induced
by administering aspirin at 200 mg/kg orally, based on body weight of the individual rat in a
suspension prepared in 1% CMC with distilled water. Later, the animals were denied feeding
for 2 days according to the methods of Zeeyauddin et al. [35] and Borikar et al. [36].

2.5 Treatment with Extracts

The animals were treated after the induction of ulcers. They were divided into 12 groups of 5
animals each and fasted for 2 days to allow free access to water only. The first 3 groups
were differently administered with 150 mg/kg concentration of the leaves extract each. The
next three groups were treated each to 300mg/kg doses of the 3 ethanolic extracts
respectively, while the 450 mg/kg concentrations of K. africana, N. latifolia and S. stipitata
were orally administered differently to a group of five animals each. One group of 5 albino
rats were given aspirin (200 mg/kg) and water only; another group was administered with
standard drug: Cimetidine at concentration of 300mg/kg. The control group was
administered with water only. The test drugs (aspirin, cimetidine and the ethanolic extracts)
were orally administered twice daily for a period of two days.

2.5.1 Estimation of ulcer index

The ulcer index (UI) was calculated by the following equation:

UI = UN + US + UP × 10-1
Where,
UN = Average number of ulcers/animal,
US = Average severity scores,
UP = Percentage of animals with ulcers.
Ulcer index is the mean of total number of ulcers in particular group.
UN= total no of ulcers per animal in a group÷no of animals in the group
US= average severity score= total animals with ulcers of 3mm size above to perforated
ulcers÷total animals

Ulcer index and acidity of the gastric content of the treated animals were compared with the
control.

2.6 Collection of Gastric Juice

A modified method of Devaraj et al. [37] was used. The albino rats were anaesthetized in a
desiccator before sacrificing. They were then dissected and the stomach carefully removed
and incised along the greater curvature to expose the mucosa layer of the lumen. Color
Atlas of the Rats Olds, [38] was used to examine for the presence of ulcers. They were
subsequently confirmed by examining the tissues under magnification with obliquely
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reflected light (magnified light). The GI was observed for ulceration >1 mm to <5 mm in
diameter and up to 5 intestinal perforations. The glandular lining of the stomach was then
scrapped and suspended in normal saline before being homogenized. The homogenate was
then centrifuged at 3500 rpm for 10 minutes. The volume of the centrifuged gastric juice and
the pH were measured and stored for further analysis.

2.7 Biochemical Tests

2.7.1 Determination of free acidity

The gastric content was centrifuged at 1000 × g for 10 minutes. One millilitre was pipetted
out of the supernatant liquid and diluted to 10 ml with distilled water. Then total acidity of
gastric juice was estimated by titration with 0.01 N sodium hydroxide using phenolphthalein
as an indicator. The result was expressed as the free acid output, expressed as mEq/liter of
body weight [39].

2.7.2 Determination of protein content

Protein estimation was carried out using the methods described by Lowry et al. [40]. One
millilitre of gastric juice and 9 ml of 95% alcohol was mixed, shaken, and then the mixture
was centrifuged at 3000 × g for 15 minutes to obtain the precipitation. The precipitate was
dissolved in 1 ml of 0.1 N NaOH. Then 0.9 ml of distilled water was added to 0.1 ml of the
above-mentioned solution. Out of this solution, 0.4 ml was taken in another test tube. Four
milliliters of alkaline reagent was added to the test tube and kept for 10 minutes. Then 0.4 ml
of phenol reagent was added to this test tube and kept for 10 minutes for color development.
The readings were taken against the blank prepared with distilled water. Protein content was
obtained by calculating with the use of standard curve prepared with bovine albumin. The
concentrations of proteins were expressed in terms of micrograms per millilitre of gastric
juice ± SEM.

2.7.3 Determination of total carbohydrate

One milliliter of 5% phenol was pipetted into test tubes containing 0.15 m gastric juice and a
blank containing 0.15 ml of distilled water, it was mixed thoroughly. Five milliliters of 96%
H2SO4 was added and mixed slowly. After 10 minutes, the test tubes were shaken and
placed in water kept at 20ºC for 20 minutes. The optical density of the developed yellow
orange chromophore was read in a UV spectrophotometer at 482 nm. Several
concentrations of glucose standard solutions were run to prepare a standard curve. Total
carbohydrates were expressed in terms of micrograms per millilitre liberated in gastric juice
[41].

The hexose, hexosamine, fucose and sialic acid content were also determined [41,42].

2.8 Statistical Analysis

The results were expressed as means and Standard Error of Means (SEM). Analysis of
Variance was obtained and the means were separated using Tukey’s Kramer post hoc test
at p ≤0.05.
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3. RESULTS

3.1 Phytochemical Screening of Leaf Extracts

The analysis of the three plants showed that the three plants (Kigelia africana, Nauclea
latifolia, and Staudtia stipitata) contained saponin, tannins, phylobatannins, cardiac
glycosides, and cardenolides in their leaves (Table 1). Other constituents were deoxyribose
sugars and anthraquinones. K. africana lacks steroidal ring while steroidal nucleus was
absent in N. latifolia and S. stipitata. The result is shown in Table 1 below.

Table 1. Phytochemical constituents of leaf extracts

Phytochemicals Kigelia africana Nauclea latifolia Staudtia stipitata
Saponin + + +
Tanins + + +
Phylobatannins + + +
Cardiac Glycosides + + +
Steroids - + +
Anthraquinones + + +
Cardenolides + + +
Deoxyribose Sugars + + +

Keys: + = Present; - = Absent

3.2 Percentage Yield of Extracts

The percentage yield of each plant extract from the sample using ethanol and water as
solvent resulted in Kigelia africana 25%, Nauclea latifolia 15%, and Staudtia stipitata 10%.

3.3 Biochemical Analysis

The group of 5 animals treated with only aspirin (200mg/kg) and water had the highest pH
3.2±0.09 and highest ulcer index of 5 was also observed showing its ability to induce ulcer in
rats. Table 2 shows the effects of administering varying doses of the plant extracts on the
rats.  Extracts from K. africana and N. latifolia significantly (P=0.05) reduced the ulcer index
(Figure 1), from 4.33±0.27 to 0.67±0.16 and 2.67±0.27 to 1.0 respectively while S. latifolia
showed best effects of 2.6±0.27 at 450mg/kg body weight (Table 2).
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Table 2. Biochemical Parameters of gastric juice of rats treated with the plant extracts

Group Gatric
Volume
(ml)

pH Free
acidity
(Meq/l)

Total
acidity
(Meq/l)

Hexose
(µg/ml)

He
hexosamine
(µg/ml)

fucose
(µg/ml)

Sialic
acid
(µg/ml)

Protein
(µg/ml)

Control 6.0±0.47a 2.8±0.16a 25±0.47a 30±1.41a 198±12.70a 108±9.24a 23±1.15a 19±0.58a 240±0.27a

Aspirin 5.0±0.47b 3.2±0.09b 27±1.7a 40±1.89b 200±11.55a 115±1.15a 31±1.15b 30±1.15b 270±17.32b

Cimetidine 6.0±0.47a 2.0±0.08c 25±0.94a 30±2.36af 250±17.32b 130±10.00b 20±1.15ce 22±1.00c 225±8.66c

K. africana
150 mg/kg 6.0±0.19a 2.0±0.09c 5.0±0.47b 20±0.94d 280±11.55c 270±11.55c 18±1.15c 17±0.58d 165±8.66e

300 mg/kg 5.0±0.21b 1.0±0.00d 5.0±0.24b 20±2.05d 295±10.41c 320±5.77d 16±0.58d 18±1.15d 145±25.98e

450 mg/kg 4.0±0.47c 1.1±0.07e 5.0±0.94b 5.0±0.47e 300±36.06c 350±10.00e 15±0.58d 23±1.15c 125±20.21c

N. latifolia
150 mg/kg 4.0±0.47c 2.0±0.05c 10±0.47d 25±1.89g 245±8.66b 210±5.77h 26±0.58f 11±0.58g 210±11.55e

300 mg/kg 5.0±0.47b 1.8±0.05g 5.0±0.94b 20±3.74dh 258±9.24b 225±5.00i 25±.58fg 14±1.15h 250±11.55ab

450 mg/kg 6.0±0.47a 1.4±0.09h 14±0.47e 25±0.47g 275±14.47b 214±5.77h 19±0.58h 15±0.58h 290±11.55bf

S. stipitata
150 mg/kg 4.0±0.47 c 1.5±0.09 f 15±0.47c 30±3.00 a 255±10.41 b 160±5.77 f 22±1.00 e 6.0±1.00 e 200±11.55f

300 mg/kg 4.0±0.47 c 1.0±0.07de 5.0±0.94b 25±2.75fgh 260±17.32 b 170±10.0 f 21±1.00 c 8.0±0.58 f 162±6.13d

450 mg/kg 6.0±0.24 a 1.1±0.05 e 15±2.16ce 20±0.94 d 263±21.36 b 190±5.77 g 24±.58a g 9.0±1.53 f 155±4.49d

Tabulated results are means of five determinations ± SEM. Values with different letters superscripts are significantly different (p≤05).
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Figure 1. Ulcer Index for gastric ulcer model in albino treated with leaf extracts

Figure 2. Protein content for gastric ulcer model in albino rats treated with leaf
extracts

A dose of 450 mg/kg of K. africana showed the best protection of 0.67±0.16 ulcer index
followed by N. latifolia at a dosage of 150mg/kg body weight and ulcer index of 1. Free
acidity, pH, and total acidity content decreased in all three tested concentrations of the three
extracts, except for S. stipitata when administered at a dose of 150 and 300mg/kg (Figure 2).
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The administration of K. africana and N. latifolia extracts and the reference drug Cimetidine
showed reduction (P=0.05) in the protein content, unlike S. stipitata that showed increased
protein content (Table 2). The sugars: hexose and hexosamine increased from 280-
300µg/ml and 270-350µg/ml on the administration of K. africana, 255-265µg/ml and 160-
190µg/ml for S. stipitata, and N. latifolia (240-275µg/ml, 210-214µg/ml) respectively, while
fucose concentration (31±1.15µg/ml) was highest on administration of aspirin. It was
observed that, the higher the concentration of the administered extracts, the lower the
hexose, hexosamine, and fucose values. The Sialic acid content of the gastric juice was
highest on aspirin administered rats (30±1.15µg/ml) and lowest for K. africana administered
albino rats at concentration of 450mg/kg (6.0±1µg/ml).

4. DISCUSSION

Aspirin at 200mg/kg concentration caused the highest ulcer index of five. Mc Cord [43]
reported the ability of aspirin to generate Reactive Oxygen Species (ROS), which plays a
role in inducing gastric mucosa lesions. Aspirin decreases the carbohydrate concentration,
carbohydrate/protein ratio of the gastric juice resulting into ulceration of the mucosa wall
[35]. Non-Steroidal Anti-Inflamatory Drugs (NSAIDs) causes ulceration by interfering with
prostaglandins, which helps the gut linings to resist corrosive acid damage in the stomach.

The presence of sugars, saponins, flavonoid, alkaloids, glycosides in Kigelia africana and
Nauclea latifolia agreed with the reports of [16,22,44]. The authors reported the lack of
recent and sufficient scientific information on the use of K. africana as a veritable medicinal
plant; the same can be said of Staudtia stipitata. K. africana at 450mg/kg showed the lowest
ulcer index, followed by N. latifolia at 150mg/kg. The efficacy of K. africana and N. latifolia
may be due to the presence of saponin, tannins, phylobatannins and other secondary
metabolites present in them. Atolani and Olatunji [45] and de Sousa Falcão et al. [50]
reported that flavonoids and alkaloids have anti-ulcer properties. Alkaloids accelerate the
ulcer healing process and subsequently increases gastric mucus production after the lesion
had been formed [46]. Alkaloids protect the stomach from hemorrhages and increase the pH
gradient/gastric fluid volume from damages induced by aspirin [47]. These alkaloids function
by increasing free mucus and prostaglandin in the mucosal gastric, and subsequently
causing reduction of exfoliation of superficial cells, haemorrhages and blood cell infiltration
that can be mediated by increase in gastrin secretion and mRNA expression of epidermal
growth factors [48].

Tannins have been reported by Thirunavukkarasu and Ramanathan, [1] to have anti-ulcer
properties by precipitating microprotein at the site of wounds, thereby creating a
vasoconstricting effect. These may be responsible for the low ulcer index observed. Abu-
Darwish and Ateyyat, [49] highlighted that some anthraquinones decreased the production of
hydrochloric acid (HCl acid) and pepsin, while increasing the production of mucosa. It acts
on arylamine N-acetyltransferase enzyme which help the development of Helicobacter pylori.
The action of anthraquinone may also be responsible for anti ulcerogenic activities observed
in the leaf extracts.

The ulcer indexes in animals treated with different concentrations of S. Stipitata were mostly
higher than those treated with K. africana and N. latifolia. This implied that the plant contains
possibly low or ineffective alkaloids since the extract tested positive to their presence.
Generally, K. africana and S. Stipitata extracts demonstrated dose-dependent anti-ulcer
properties, while N. latifolia did not. The protein content of gastric juice decreased with
increasing concentration of K. Africana, but increased with increasing concentration of N.
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Latifolia, while no regular pattern was followed by S. stipitata. Colfer [25] reported S. Stipitata
as a plant that is most commonly exploited for timber, as well as yielding medicinal products,
which is in agreement with the results obtained in this study. It may be inferred that the
450mg/kg body weight dosage of K. africana may be proteolytic, while the 150mg/kg
concentration may be toxicologically safer. Increases observed in the resistance factor like
pH, hexose, hexosamine, fucose, and sialic acid of the extracts may be due to presence of
saponins and glycosides. Further studies on these plants may provide more insight on
etiopathogenesis of ulceration and ulcer managing activity of these plants.

5. CONCLUSION

This study contributes to the determination of potent compounds like alkaloids,
phylobatannins, cardiac glycosides, saponins and steroids in the locally available plant
materials. Kigelia africana, Nauclea latifolia and Staudtia stipitata extracts showed different
efficacy, and therefore could be employed in the management of ulcer disease caused by
non-steroidal antiinflammatory drugs.
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