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Abstract

The present study was conducted to study the in vitro antioxidant, antiulcer and analgesic activities of dichloromethane
fraction (DCMF) of stem barks from Boswelli dalzielii Hutch using different models in rats and mice. The antioxidant
activity has been evaluated using 3-carotene-linoleic acid system and lipid peroxidation and which showed antioxidant
capacities. Antiulcer activity of dichloromethane fraction (DCMF) of stem barks from Boswelli dalzielii Hutch was
studied in rats by administration of ethanol-induced method and by pyloric ligation method. The analgesic activity of
dichloromethane fraction (DCMF) of stem barks from Boswelli dalzielii Hutch (Burseraceae) was tested using the model
of acetic acid induced writhing in mice. The present study exhibit maximum radical scavenging activity and has positive
effects in a dose dependent manner against ulcer induced by pyloric ligation-induced ulcers and cytoprotective model
and analgesic activity using the model of acetic acid induced writhing in mice. The obtained results allow justifying the
traditional uses of Boswelli dalzielii Hutch. This present study has clearly supported the utilization of Boswelli dalzielii
Hutch in Burkina Faso traditional medicine.
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1. Introduction

Oxidative stress is a consequence of imbalance between the production of reactive oxygen species (ROS) and
antioxidants defense system of human body [1]. Many studies indicate that antioxidants systems have the ability to treat
chronic metabolic disease by scavenging ROS due to oxidative stress systems [2]. Both enzymatic and non-enzymatic
antioxidants need to protect organisms from inflammation caused by excessive generation of ROS like superoxide,
hydroxyl, hydrogen peroxide and nitric oxide.

Peptic ulcer has unquestionably been a disease of the twentieth century. Epidemiological data for this disease and its
complications have shown striking geographical variations in incidence and prevalence. There are different types of
ulcers; most common are peptic ulcer, gastric ulcer which appeared to be due to damage to the lining of the stomach
and duodenal ulcer, which was associated with excessive acid secretion by the stomach. The etiology of peptic ulcer was
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fiercely debated. It is believed that peptic ulcers developed due to an imbalance between aggressive factors (mucin,
bicarbonate, prostaglandins) leading to an interruption in the mucosal integrity [3]. Gastric ulceration is a benign lesion
on the mucosal epithelium upon exposure of the stomach to excess acid and aggressive pepsin activity [4]. It is the most
prevalent gastrointestinal disorder ever known, accounting for an estimated 15 mortality out of every 15,000
complications yearly in the world [5]. The treatment of peptic ulcer is directed against reduction of aggressive factors
or enhancement of mucosal defense of stomach and duodenum with cytoprotective agents. Endogenous non-protein
sulfhydryl (SH) compounds are presumed to participate in gastric mucosal adaptive cytoprotection [6].

Analgesics are drugs that selectively relieve pain by acting on the central nervous system or peripheral pain mechanism
without altering consciousness. Opioid and non-opioid analgesics are the most commonly employed agents for
symptomatic relief of pain. Diclofenac is a phenyl acetic acid derivative belonging to the non-steroidal anti-inflammatory
group (NSAIDs). It is relatively non-selective as a COX inhibitor [7]. It is the most commonly used NSAIDs which is
approved for long term treatment of rheumatoid arthritis, osteoarthritis and ankylosing spondylitis. Its potency against
COX-2 is substantially greater than that of indomethacin, naproxen or several other NSAIDs. NSAIDs provide effective
management of pain and inflammation, but are associated with risk of peptic ulcer, hemorrhage and perforation [8].
Natural products are the major mine for discovering promising lead candidates of drug. They play an important role in
future drug development programs. Since centuries, many plants are considered a fundamental source of potent
analgesic drugs. Also, a number of drugs including proton pump inhibitors and H2 receptor antagonists are available
for the treatment of gastric ulcer, but clinical evaluation of these drugs have shown incidence of relapses, side effects
and drug interactions [9]. Thus, there is an urgent need to identify more effective and safe antiulcer agent. In this context,
the use of medicinal plants for the prevention and treatment of different pathologies is in continuous expansion
worldwide [10]. In order to enhance the use of plants as potential sources of new therapeutic agents and to advocate
for effective treatment of diseases with fewer side effects, it is necessary to carry out pharmacological and toxicological
studies on plants used by traditional healers. To contribute to this program of study, a plant used in the treatment of
several diseases in the West Region of Burkina Faso caught our attention. This is Boswelli dalzielii Hutch belonging to
the family Burseraceae and stem barks decoctions are commonly used in traditional medicine in the treatment of
inflammation and gastric ulcer [11]. Previous studies have reported in evaluation of the aqueous extract of Boswelli
dalzielii stem barks for antimicrobial activities and gastrointestinal effects [12] and Phytochemical analysis of this plant
demonstrated the presence of saponosides, coumarins, steroids, tannins, polyphenols and flavonoids and alkaloids [11].
However, there is no data reported on antioxidant, antiulcer and analgesic activities of dichloromethane fraction
(DCMF) of stem barks from Boswelli dalzielii Hutch. Considering the potential claims of this Burseraceae, the present
study was undertaken to evaluate the ethnomedicinal use of Boswelli dalzielii Hutch (Burseraceae) in the treatment of
ulcer in the order to provide scientific basis of the traditionally use of this Burseraceae.

2. Material and methods

2.1. Plants material

The vegetable materials (fresh stem barks) of Boswelli dalzielii Hutch (Burseraceae) were collected in November 2014
in Dedougou, 230 Km West of Ouagadougou, capital of Burkina Faso. This plant was botanically identified by Dr. Traoré
Lassina from the plants Biology Department of University Nobert Zongo from Koudougou.

2.2. Preparation of aqueous acetone extract

The field grown fresh samples (stem barks) were washed with tap water followed by distilled water to remove the
adhering dust particles. After blotting, samples were air dried in shade. The dried plant materials (stem barks) were
ground to fine powder and stored in clean air tight containers. A sample of 50 g of stem barks was placed in the Soxhlet
and run by using 80% aqueous acetone (500 ml) in 1/10 ratio (w/v) for 24 h under mechanic agitation at room
temperature. After filtration all the extracts were dried in vacuum rotary evaporator at 40 °C under reduced pressure.
Extracts were weighed and stored at 4 °C for further analysis.

2.3. Extraction and fractionation

Fifty grams of powdered plant material was extracted with 80% aqueous acetone (500 mL) in 1/10 ratio (w/v) for 24
h under mechanic agitation (SM 25 shaker, Edmund BUHLER, Germany) at room temperature. After filtration, acetone
was removed under reduced pressure in a rotary evaporator (BUCHI, Rotavopor R-200, Switzeland) at approximately
40 °C. The aqueous extracts were subjected to sequential liquid-liquid extraction with n-hexane, dichloromethane, ethyl
acetate and n-butanol. Each fraction was then collected and concentrated to dryness under reduced pressure to obtain
n-hexane fraction (n-HF), dichloromethane fraction (DCMF), ethyl acetate fraction (EAF) and n-butanol fraction. The
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different fractions were freeze-dried by Telstar Cryodos 50 freeze-dryer. The fraction residues were packed in water
proof plastic flasks and stored at 4 °C until use.

2.4. Animals handling

Swiss NMRI mice (25-30 g) of both sexes were used for acute toxicity and Wister albino rats (180-240 g) of both sexes
were used for anti-ulcer profile. All animals were housed in cages under controlled conditions of 12 h light/and 12 h
without light and 25 °C. They received pellets of food enriched with 20% protein and water ad libitum. They were
deprived of food for 15 h (but with access to drinking water) and weighed before the experiments. Experiments on the
animals were performed according to the protocols already approved by the Institute of Health Sciences
Research/University of Ouagadougou (Burkina Faso) and met the international standards for animal study [13].

2.5. Acute toxicity study

Healthy male and female Swiss mice (25-30 g) were randomly divided into 7 groups (1 control group and 6 treated
assay groups) of 6 animals (3 male and 3 female). The control group received water containing 10% dimethyl sulfoxide
(DMSO) administered intra-peritoneally. The water/acetone of extract of stem barks from Boswelli dalzielii Hutch
(Burseraceae), suspended in 10% DMSO was administered respectively intra-peritoneally at doses of 1; 2; 2.5; 3; 4; 5
and 6 g/kg. The general behaviour of the mice was observed for 120 min after the treatment. The animals were observed
for morbidity and mortality once a day for 14 days. The number of survivors after the 14 days period was noted. The
toxicological effect was assessed on the basis of mortality for 14 days, which was expressed as the median lethal dose
(LD50) (Lethal Dose 50) was estimated from the regression of log-probit mortality rate [14].

2.6. In vitro antioxidant profiles

2.6.1. B-Carotene-linoleic acid assay

The antioxidant activity of the dichloromethane fraction (DCMF) was evaluated using 3-carotene-linoleic acid system
according to [15]. In short, 1 mL of B-carotene solution in chloroform (0.2 mg/mL) was pipetted into a round-bottom
flask. To the solution, 20 mg of linoleic acid and 200 mg of Tween 40 were added. After removing chloroform in a rotary
evaporator, 50 ml of aerated distilled water was added to the oily residue. Aliquots (5 ml) of thus obtained emulsion
were transferred to a series of tubes containing 2 mg of fraction or 0.5 mg of butylated hydroxyanisol (BHA) (positive
control). Emulsion without antioxidant served as control. After addition of the emulsion to the tubes, they were placed
in a water bath at 50 °C for 2 h. During that period, the absorbance of each sample was measured at 470 nm at 15
min intervals, starting immediately after sample preparation (t = 0 min) until the end of the experiment (t=120 min).
The rate of [B-carotene bleaching (R) for the fraction, BHA and water, was calculated according to first-order
kinetics. The percent of antioxidant activity (ANT) was calculated as described in [16], using the equation:

Rcontrol - Rsample

ANT = x 100

Rcontrol

Where Reontrol and Rsample are average bleaching rates of water control and antioxidant (flavonoids or BHA), respectively.

2.6.2. Inhibition of lipid peroxidation

Liver of male Wistar rats (160-180 g) was excised and homogenized (1% w/v) in 0.154 mol/L KCI solution. The
homogenate was centrifuged at 3000 rpm at 4 °C for 10 min and supernatant was used for the assay. Peroxidation of
the liver homogenate was induced by FeClz- H202 [17]. Briefly, 1% liver homogenate was incubated with 0.5 mmol/L of
each of FeClz and H202 with or without dichloromethane fraction (DCMF) (50 pg/mL). After incubation at 37 °C for 60
min, the formation of malondialdehyde (MDA) was measured at 535 nm [17]. BHT served as positive control. The
equation is:

I _— AC—AA
Inhibition of peroxidation (%) = A x 100

Where AC is the absorbance of the control (without any treatment) and AA is the absorbance of the antioxidants.
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2.7. In vivo biological activities

After antioxidant activities, it revealed that dichloromethane fraction (DCMF) is the best fraction comparatively to the
others. Therefore, our different activities should be evaluated with this fraction.

2.7.1. Anti-ulcer potential of dichloromethane fraction (DCMF)

Antisecretory evaluation: pyloric ligation-induced ulcers [18].

Four groups of albino Wistar rats (n=6) of both sexes were selected. In this model, Group 1 served as normal control
(vehicle) received 0.5% carboxymethyl cellulose (CMC), p. 0., and Group 2 ranitidine (50 mg/kg, p. 0.), whereas Groups
3 and 4 animals received dichloromethane fraction (DCMF) of stem barks from Boswelli dalzielii Hutch (Burseraceae)
(200 and 300 mg/kg, p. o. respectively) daily for 3 days. Animals were fasted overnight prior to start of the experiment,
and were given water ad libitum. Pyloric ligation was applied by ligating the pyloric end of the stomach of rats on 3rd
day under phenobarbital anaesthesia a dose of 35 mg/kg b.w., after 30 min of fraction or ranitidine treatment. Animals
were allowed to recover and stabilize in individual cage and were deprived of water during post-operative method,
after 4 h of surgery. Rats were sacrificed with over dose of ether, stomach was removed and gastric juice was collected
for performing gastric secretion study and ulcer scoring was done in stomach as described in the method of [19]. The
gastric juice that was collected and centrifuged. The volume and pH was recorded and subjected to bio-chemical
estimations like free acidity and total acidity. The ulcer score was divided by a factor of 10 to get the ulcer index. % ulcer
protection was calculated using Ulcer index values.

. Ulcer index in control — Ulcer index in test
Ulcer index = - - x 100
Ulcer index in control

Study of gastric fluid

The various biochemical parameters like secretions viz, gastric volume, pH, free and total acidity were evaluated.

Gastric volume

This was measured after centrifuging the gastric fluid; it was allowed to stand, decanted, and poured into the measuring
cylinder of graduation 0.01 ml.

Determination of pH

The pH of gastric juice was measuring using the PH meter (Cyber Scan, India).

Determination of free acidity and total acidity [20]

1 ml of gastric juice was pipetted into a 100 ml conical flask. Two to three drops of Topfer’s reagent were added and
titrated with 0.01 N sodium hydroxide (NaOH) which was previously standardized with 0.01 N of oxalic acid. Until all
traces of the red colour disappears and the colour of the solution was yellowish orange. The volume of alkali was noted.
This volume corresponds to free acid. Then 2 or 3 drops of phenolphthalein solution was added and titration was
continued until a definite red tinge reappeared. Again the total volume of alkali added was noted. This volume
corresponds to total acidity. Acidity was calculated by using the formula:

Volume of NaOH X Actual Normality of NaOH X 100 meq/1t/100 g

Acidity =
cidity 01

Cytoprotective model: ethanol-induced ulcer [21]

After 12 h of fasting, albino Wistar rats of both sexes were divided into four groups of six animals each. Group 1 served
as normal control (vehicle) and received 0.5% Carboxyl methyl cellulose (CMC), and the group 2 was treated with
Ranitidine (50 mg/kg). The groups 3 and 4 received 200 and 300 mg/kg of dichloromethane fraction (DCMF) of stem
barks from Boswelli dalzielii Hutch (Burseraceae) respectively. All are administered orally. One hour after treatment, all
rats received ethanol (1 ml/200 mg/kg, body weight) to induce gastric ulcer. After 4 h the animals were sacrificed by
cervical dislocation, the stomachs were removed and opened along the greater curvature. Stomachs were gently rinsed
with water to remove gastric contents and the mean ulcer index was calculated as described earlier [19].

10
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2.8. Analgesic activity

The analgesic activity of dichloromethane fraction (DCMF) of stem barks from Boswelli dalzielii Hutch (Burseraceae)
was tested using the model of acetic acid induced writhing in mice [22, 23]. Experimental animals were randomly
selected and divided into four groups denoted as group-I, group-II, group-III and group IV consisting of 5 mice in each
group. Each group received a particular treatment i.e. control, positive control and one dose of the fraction. Group-I was
served as the control and received only distilled water and tween-80. Group-II was received diclofenac sodium (25
mg/kg of body weight, IP), the standard drug for comparison of potencies. The group-III was administered orally with
dichloromethane fraction suspensions (200 mg/kg of body weight) and the last group i.e. group-IV was administered
orally with dichloromethane fraction suspensions (300 mg/kg of body weight). Thirty minutes interval was given to
ensure proper absorption of the administered substances. Then the writhing inducing chemical, acetic acid solution
(0.7%, 10 ml/kg) was administered intraperitoneally to each of the animals of a group [24]. After an interval of five
minutes, which was given for absorption of acetic acid, number of squirms (writhing) was counted for 15 minutes.
Number of writhes for each animal in all groups was recorded and the analgesic potency of the tested extract was
determined as protection % against writhing according to the following formula below:

o Control mean — Treated mean
0) Inhibition =
(%) Inhibit x 100
Control mean

2.9. Statistical analysis

Results were expressed as mean * SEM. Statistical significance was determined by one way analysis of variance (one
way ANOVA) followed by Dunnett’s t-test with level of significance set at P < 0.05.

3. Results

3.1. Antioxidant potential

3.1.1. Antioxidant capacity of 5-carotene-linoleic acid assay

The basis of -carotene-linoleic acid assay is degradation of (-carotene in reaction with linoleic acid free radical.
Antioxidants present in the solution can hinder this reaction and consequently prevent discoloration of 3-carotene
solution. The reduction of absorbance of [(-carotene-linoleic acid emulsion was showed in presence of the
dichloromethane fraction (DCMF). Comparison of the ANT values of the samples (Figure 1) indicates that the
dichloromethane fraction (DCMF) was less successful at inhibition of bleaching of f-carotene emulsion comparatively
to BHA (P<0.05 and P<0.001).

3.1.2. Lipid peroxidation

BHA
80 - BHT

10 | = ANT(%)
M Li.Perox (%)

Percentage of Inhibition

AAE n-HF DCMF EAF n-BF STD

Test samples

Figure 1 Antioxidant activity in 3-carotene-linoleate test (ANT), and metal chelating activity of aqueous acetone
extract, fractions and Standards (STD)

The endogenous basal of malondialdehyde in the rat liver homogenate was 40.02 mmol/g tissue. After 30 min of

incubation FeClz- H202, the incubation of malondaldehyde increase was measured at 535 nm. The inhibition of lipid
peroxidation activity by the dichloromethane fraction (DCMF) is presented in Figure 1. We noticed that

11
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dichloromethane fraction (DCMF) showed different statistically significant percentages of inhibition as compared to
BHT (P<0.001 and P<0.0001).

3.2. In vivo biological activity

3.2.1. Acute toxicity study in mice

The effect of intraperitoneal treatment of the aqueous acetone extract from Boswelli dalzielii Hutch (Burseraceae), on
mortality, LDsois 3270.8 mg/Kg body weight for intraperitoneal administration. No significant difference in body weight
gain of the treated assay groups over the period of observation. No statistical difference was observed between the
organ weights in the control and the intraperitoneal route groups.

3.2.2. Pyloric ligation-induced ulcers

The results of the ulcer score and effect of dichloromethane fraction (DCMF) from Boswelli dalzielii Hutch (Burseraceae)
in Pylorus ligation model were shown in Table-1 and Table 2.

Table 1 Treatment schedule for ethanol-induced ulcers method

Sr. No. Stomach colour Ulcer score
1 Normal colour 0
2 Red colour 0.5
3 Red spot 1
4 Hemorrhagic streaks 2
5 3>5 Ulcer 2.5
6 5 >Ulcer 3

Table 2 indicated that fraction at the dose levels of 200 mg/kg and 300 mg/kg produced a significant decrease in the
ulcer index, which was also evidenced by significant increase in percentage protection from ulcers at three the dose
levels (76.87% and 80.41%) respectively. The activity was comparable and equipotent with that of standard drug
Ranitidine (85.14%).

Table 2 Effect of dichloromethane fraction (DCMF) from Boswelli dalzielii Hutch (Burseraceae) on pylorus ligated rat
model indicating ulcer index and percentage ulcer protection

Sr. No. Treatment Ulcer index Percentage of
Ulcer Protection

1 Solvent control (0.5% CMC) 1 ml/kg 60.02+0.60 -

2 Ranitidine (50 mg/kg) 8.92+0.47** 85.14
3 fraction (200 mg/kg) 13.88+0.51**  76.87
4 Fraction (300 mg/kg) 11.76+0.10**  80.41

Above value are mean +SEM; No. of animal in each group=6; * P- value < 0.05, ** p value <0.01 compared with the corresponding control.

Table 3 shows the results of gastric volume determination of dichloromethane fraction (DCMF) treated groups. It
indicated that there was a significant decrease in the volume of the gastric juice. The activity was comparable and
equipotent to that of Ranitidine (P<0.01). The results of gastric pH determination of dichloromethane fraction (DCMF)
(Table 3) treated groups indicated that there was a significant increase in the pH of the gastric juice. The activity was
comparable and equipotent to that of Ranitidine (P<0.01). The results of free acidity and total acidity estimation of
gastric juice of dichloromethane fraction (DCMF) (Table 3) treated groups indicated that there was a significant
decrease in the free acidity and total acidity of the gastric juice when compared to control animals.

12
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Table 3 Effect of dichloromethane fraction (DCMF) from Boswelli dalzielii Hutch (Burseraceae) on pylorus ligated rat
model indicating pH, gastric volume, free acidity and total acidity of gastric juice

Sr. Treatment Gastric volume pH Free acidity Total acidity
No. (ml) (meq/1/100g) (meq/1/100 g)
1 Solvent control (0.5% CMC) 1 ml/kg 7.01+0.20 4.02+0.24 73.92+1.63 133.02+1.63

2 Ranitidine (50mg/kg) 4,92+ 0.19** 4.12+0.20** 43.88+1.10** 97.86+1.57**

3 Fraction (200mg/kg) 3.88+0.28** 3.97+0.28* 49.02+1.57** 94.01+1.15%*

4 Fraction (300mg/kg) 3.02+ 0.26** 4.01+0.19** 41.98+1.10** 88.62+1.05**

Values are meanz* SEM, No. of animal in each group= 6; * P value< 0.05, **P value < 0.01 compared with the corresponding control.

3.2.3. Cytoprotective model: ethanol-induced ulcer

The effect of dichloromethane fraction (DCMF) from Boswelli dalzielii Hutch (Burseraceae) on ethanol induced
ulceration model was shown in Table 4. The results showed that the tested extracts have protective activity for gastric
mucosa, since at doses 200 mg/kg and 300 mg/kg of fractions. The results of ethanol induced ulceration model
suggested that dichloromethane fraction (DCMF) at the dose levels of 200 mg/kg and 300 mg/kg produced a significant
decrease in the ulcer index (P<0.01), which was also evidenced by significant increase in percentage protection from
ulcers at the dose of 200 mg/kg and 300 mg/kg (77.06% and 79.73%) respectively. The activity at both the dose levels
was comparable and equipotent to that of Ranitidine (80.40%) treated group (P<0.01).

Table 4 Effect of dichloromethane fraction (DCMF) from Boswelli dalzielii Hutch (Burseraceae) on ethanol-induced ulcer
model indicating ulcer index and percentage ulcer protection

Sr. Treatment Ulcer index Percentage of ulcer
No. protection

1 Solvent control (0.5% CMC) 1 ml/kg 91.88 £ 0.20

2 Ranitidine (50mg/kg) 18.01% 0.53** 80.40

3 Fraction (200mg/kg) 21.07+ 1.10** 77.06

4 Fraction (300mg/kg) 18.62+0.54** 79.73

Above value are mean +SEM; No. of animal in each group=6; * P- value < 0.05, ** p value <0.01 compared with the corresponding control.

3.2.4. Analgesic activity

The effect of dichloromethane fraction (DCMF) from Boswelli dalzielii Hutch (Burseraceae) on acetic acid-induced
writhing in mice. At dose of 200 mg/kg and 300 mg/kg of body weight, the dichloromethane fraction (DCMF)
respectively produced 44.01% and 60.43% writhing inhibition in test animals (Table 5). The results were statistically
significant (P< 0.001) and were comparable to the standard drug diclofenac sodium, which showed about 82.51%
writhing inhibition at the dose of 25 mg/kg (P < 0.001).

Table 5 Effect of dichloromethane fraction (DCMF) from Boswelli dalzielii Hutch (Burseraceae) on acetic acid induced
writhing in mice

Treatment Number of (% Writhing) Inhibition
writhing (%)

Group-I (Control) 1% tween-80, 10 ml/kg, P.O. 51.12+ 1.56 100 -

Group-II (Positive control) Diclofenac-Na, 25 mg/kg, P.O0. 8.94+ 1.19 17.49 82.51

Group-III (stem barks) DCMF 200 mg/kg, P.O. 28.62+2.01 55.98 44.01

Group-IV (stem barks) DCMF 300 mg/kg, P.O. 20.23+ 0.54 39.57 60.43

Above value are mean *SEM; ** *p value <0.001 compared with the corresponding control.

13
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4., Discussion

Nowadays, it is noteworthy that traditional medicine is gaining popularity in developing countries. Medicinal plants are
often believed to be harmless because they are natural and are commonly used for self-medication without supervision.
This increase in popularity and the scarcity of scientific studies on their safety and efficacy have raised concerns
regarding toxicity and adverse effects of these remedies [25]. These products of plants contain bioactive principles with
the potential to cause adverse effects [26].

Free radicals are continuously generated and metabolized as the result of metabolic processes in the body and interact
with the environmental stimuli. Under normal physiological conditions wide range of antioxidant defense mechanism
protects the body against free radicals [27]. In normal conditions, the human body undergoes a number of the
physiological and biochemical processes leads to the production of several radicals. Several researchers reported that
natural herbs or plant based medicine could suppress the production of oxidative stress by increasing the antioxidants
systems [28]. The activity might be due to the presence of phenolics compounds, carotenoids, vitamins, and terpenoids.
These compounds have potency to scavenging the free radical in order to reduce the development of oxidative stress in
many chronic diseases [29].

The ulcer is a major health hazard both in terms of morbidity and mortality. It is generally accepted that gastric ulcers
result from an imbalance between aggressive factors and the maintenance of the mucosal integrity through the
endogenous defense mechanism. The role of free radicals is also reported in the indication of ulcers. Prostaglandins
(PG) offer protection to duodenum through both increases in mucosal resistance as well as the decrease in aggressive
factors, mainly acid and pepsin. Ethanol-induced gastric ulcers have been widely used for the evaluation of the
gastroprotective activity. Ethanol is metabolized in the body and releases superoxide anion and hydroperoxy free
radicals. The incidence of ethanol-induced ulcers is predominant in the glandular part of the stomach. It was reported
to stimulate the formation of leukotriene C4 (LTC4), mast cell secretory products and reactive oxygen species resulting
in the damage of rat gastric mucosa. It has been found that oxygen-derived free radicals are implicated in the mechanism
of acute and chronic ulceration in the gastric mucosa and scavenging these free radicals can play an appreciable role in
healing these ulcers. Investigation of dichloromethane fraction (DCMF) from Boswelli dalzielii Hutch (Burseraceae) in
the present study provides sample indications of its strong gastric anti-ulcerogenic property.

At acute toxicity level, the results showed that the plant extract did not cause any death at the end of the 14 days of
experimentation. Moreover, some behavioral modifications that were observed after administration of extract at higher
doses, returned to normal after 48h. According to [30], any product with LD50 higher than 5 g/kg is regarded as non-
toxic supporting the hypothesis that the extract might not be toxic. The drop in sensitivity and social interaction could
be related to a depressive effect caused at the level of the central nervous system as previously mentioned by [31].

Gastric ulcer result of an imbalance between aggressive and defensive factors of the gastric mucosa factors [32]. To
consolidate this balance, different therapeutic agents including medicinal plants are used to reduce gastric acid
secretion or enhance mucosal defense mechanisms through increased mucus production [33]. This study was
conducted to evaluate the preventive and curative properties of dichloromethane fraction (DCMF) from Boswelli
dalzielii Hutch (Burseraceae) on gastric ulcer induced by ethanol. The results obtained from this work showed that
dichloromethane fraction (DCMF) from Boswelli dalzielii Hutch (Burseraceae) significantly reduced the ulceration.
Dichloromethane fraction (DCMF) from Boswelli dalzielii Hutch (Burseraceae) showed significant dose dependent ulcer
protective effect against Pylorus ligation induced ulcers and Ethanol induced ulcers it was comparable to the standard
drug Ranitidine. Moreover, gastric acid is an important factor for the genesis of ulceration in pylorus-ligated rats. The
activation of the vagus-vagal reflux by stimulation of pressure receptors in the antra gastric mucosa in the hyper
secretion model of pylorus ligature is believed to increase gastric acid secretion [33]. Our current data clearly
demonstrated that, dichloromethane fraction (DCMF) from Boswelli dalzielii Hutch (Burseraceae) dose dependently
decreased the gastric acid and pepsin secretion which showed antisecretory activity of dichloromethane fraction
(DCMF) from Boswelli dalzielii Hutch (Burseraceae).The antiulcer activity of dichloromethane fraction (DCMF) from
Boswelli dalzielii Hutch (Burseraceae) was detected in absolute ethanol-lesions in rats. These models evaluate the drug’s
capacity to protect the gastric mucosa, differentiating only the severity of gastric lesions. Ethanol-induced gastric
damage may be due to stasis in gastric blood flow, which contributes to the development of the hemorrhagic and
necrotic aspects of tissue injury. In addition, ethanol also induces solubilization of the mucus constituents, decreases
the difference of potential in mucosa thus increasing the flow of Na*and K* to the lumen and pepsin secretion, and also
increases H* ions and histamine [34]. The results showed that the fraction had an important protective activity for
gastric mucosa, since at doses 200 and 300 mg/kg of fractions; they were effective in reducing ulcer lesions in the
ethanol model.
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About the analgesic activity, it is well new that pain has been officially defined as an unpleasant sensory and emotional
experience associated with actual or potential tissue damage. Pain acts as a warning signal against disturbances of the
body and has a proactive function [35]. Analgesic activity of dichloromethane fraction (DCMF) from Boswelli dalzielii
Hutch (Burseraceae) was tested by acetic acid induced writhing model in mice. Acetic acid-induced writhing model
represents pain sensation by triggering localized inflammatory response. Acetic acid, which is used to induce writhing,
causes algesia by liberation of endogenous substances, which in turn excite the pain nerve endings [36]. Increased levels
of PGE2 and PGF2a in the peritoneal fluid have been reported to be responsible for pain sensation caused by
intraperitoneal administration of acetic acid [37]. Dichloromethane fraction (DCMF) from Boswelli dalzielii Hutch
(Burseraceae) produced significant writhing inhibition comparable to the standard drug diclofenac sodium (Table 5).
The polar compounds present in the plant extract may be responsible for the obtained analgesic activity. Based on this
result, it can be concluded that the dichloromethane fraction (DCMF) from Boswelli dalzielii Hutch (Burseraceae) might
possess analgesic activity.

5. Conclusion

In conclusion, the oral administration of dichloromethane fraction (DCMF) of stem barks from Boswelli dalzielii Hutch
(Burseraceae) exhibits anti-ulcer activity in experimental ulcer models. The probable mechanism for its activity may be
due to anti-secretary and cytoprotective properties.
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