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Abstract
Background and Objective: There are growing evidences that non-steroidal anti-inflammatory drugs (NSAIDs)-induced depression of
mitochondrial functions and activation of collagenase by lesions in the stomach. Therefore, this study sought to investigate possible
mechanism of action of oleic acid rich fraction of n-hexane extract of Chasmanthera dependens (OHECD) in indomethacin-induced gastric
ulcer. Materials and Methods: Gastric ulcer was induced using indomethacin orally. Gastric ulceration was assessed and gastric ulcer
healing were analyzed by assessing the ulcer score, ulcer index, percentage healing, mucus content and levels of proline, hydroxyproline,
nitric oxide and activities of pepsin and citrate synthase in the serum and gastric tissues. Results: Indomethacin (IND) caused severe gastric
mucosa damage with ulcer score and ulcer index of 3.75±0.20 and 2.62±0.37 relative to control group at p<0.05, respectively. However,
treatments with OHECD and standard drug cimetidine (CIM) significantly heal the ulcer with percentage ulcer healing of 61.60±0.42,
74.36±0.86 for different doses of OHECD and CIM, 68.15±0.20 respectively. Similarly, indomethacin administration decreased mucus
content, proline, hydroxyproline, nitric oxide and citrate synthase activity with concomitant increase in pepsin activity, interestingly,
OHECD or CIM significantly increased mucus content, proline, hydroxyproline, nitric oxide and citrate synthase activity with concomitant
attenuation in pepsin activity. Conclusion: Overall, administration of OHECD stem promotes gastric ulcer healing by up regulating
connective tissue components and recovery of mitochondrial function by increasing the mucus content, proline, hydroxyproline, nitric
oxide and citrate synthase activity and decreased the peptic activity from drug-induced assault.
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Chasmanthera dependens to prepare the oleic acid-enriched

INTRODUCTION

extract (designated as OHECD in this study) and test edits
gastric ulcer healing activity in rats.

The non-steroidal anti-inflammatory drugs (NSAIDs) are
one of the most widely prescribed drugs in the world and
are extensively used to alleviate clinical cases of pain and
inflammation1, prevention and treatment of ischemic heart
disease2 and neoplasia3. However, these drugs are well
known for stomach ulceration and delayed ulcer healing
properties4 by interfering with the action of growth factors,
decreasing epithelial cell proliferation in the ulcer margin,
decreasing angiogenesis in the ulcer bed and slowing the
maturation of the granulation tissue 5 . Significant
enhancement of gastric ulcer healing is promoted by a
number of drugs including proton pump inhibitors, H2
receptor antagonists, antisecretory drugs (e.g., omeprazole),
prostaglandin analogs, mucosal defense agents (e.g.,
sucralfate) and various growth factors6, but clinical evaluation
of these drugs have shown incidence of relapses, side effects
and drug interactions7. A drug with multiple mechanism of
protective and healing action may be highly effective in
minimizing tissue injury in human diseases. It has been
observed that herbal drugs and formulations which possess
potent antioxidant property are effective in healing
experimentally induced gastric ulcer8,9. Furthermore,
mechanisms underlying delayed healing need to be well
understood so that new therapies can be developed10 and the
increasing interest in traditional medicines have been
attributed to the economic advantage they provide, the
accessibility and assumed safety they offer when compared to
conventional medicines11,12.
Chasmanthera dependens (Hochst) belongs to the
family Menispermaceae is usually used in traditional
medicine as a remedy for treating a variety of ailments. It is
used medicinally for sprains and bruises13, venereal diseases,
topically as pain killers, as a general tonic for physical or
nervous debilities14 and has also been reported to possess
anti-inflammatory and analgesic effects on laboratory
animals15,16, antimicrobial properties17, antifungal activity18 and
fertility enhancement properties19. Its phytoconstituents
include alkaloids such as; protoberberine, jatrorrhizine,
palmatine, columbamine, lysicamine
(oxonuceferine),
O,O-dimethylcorytuberine, anonaine as well as the furanoid
diterpene 8-hydroxycolumbine, flavonoids, tannins, essential
oils like oleic acid etc.
Recently, different studies shown that the methanol
extract of Chasmanthera dependens has significant gastro
protective activity against indomethacin-induced gastric
ulceration in rats20 by its antioxidant action. Hence, objective
of the present study was to observe the methanol extract of

MATERIALS AND METHODS
Study area: Chasmanther adependens stems were collected
in July, 2017 from Iwo, Osun state, Nigeria. Iwo is located on
latitude 7.6292EN and longitude 4.1872EE.
Chemicals and drugs: Tris-HCl buffer, Triton X-100, Griess
reagent, sodium nitrite, Bovine serum albumin, sodium
hydroxide, Folin-Ciocalteu reagent, sodium hydroxide,
copper sulphate, sodium carbonate, sodium potassium
tartrate, chloramine-T, Ehrlichʼs reagent, sodium acetate
trihydrate, hydroxyproline, ammonium hydroxide solution
(NH4OH), magnesium chloride (MgCl2), ferric chloride (FeCl3),
ninhydrin, proline, tyrosine, alcian blue, sucrose, orcinol,
n-Hexane, citric acid monohydrate and n-propanol were
purchased from Sigma Chemical Co. (St. Louis, MO, USA),
indomethacin (Fabrique par: Yangzhou No.3 Pharmaceutical
Company Limited, Jiangsu, China) and cimetidine
(Glaxosmithkline) were obtained from Pharma Aid, a licensed
pharmaceutical store in Nigeria. All other chemicals/reagents
used were of analytical grade.
Plant collection, authentication and preparation: Fresh
stems of Chasmanthera dependens stems were obtained
from Iwo, Osun state, Nigeria, authenticated by Mr. Esimekhuai
DPO at the Department of Botany of the University of Ibadan,
Nigeria voucher specimen (UIH-22478) was deposited at the
University herbarium.
The shade dried Chasmanthera dependens stems were
pulverized into coarse powders using a blender (bravo 3 jars
mixer grinder). The oleic acid rich fraction of Chasmanthera
dependens was obtained using a modified method of
Ogunlesi et al.21, the essential oil from the pulverized stem was
collected into hexane with the use of a Soxhlet extractor,
yielding a pale-yellow liquid. The n-hexane was removed from
the pale-yellow liquid using rotary evaporator at 40EC and the
yellow-liquid was stored at -4EC until ready to use.
Animals: Forty adult male Wistar rats weighing (150±20 g)
were purchased from the Central Animal House, Faculty of
Basic Medical Science, College of Medicine, University of
Ibadan, Ibadan, Nigeria. Animals were kept in a temperaturecontrolled room (25±2EC) with 12 h light and 12 h dark cycle.
The rats were kept under standard laboratory conditions and
were fed with standard rat's pellet (Ladokun Feeds, Nigeria)
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with fresh water ad libitum. They were acclimatized for 7 days,
after which they were randomly divided into five groups. All
procedures in this study conformed to the guiding principles
for research involving animals as recommended by the
Declaration of Helsinki and the Guiding principles in the care
and use of animals22 and as approved by the Research Ethical
Committee, Bowen University, Nigeria. The “Principle of
Laboratory Animal Care” (NIH publication No. 85-23)
guidelines and procedures were considered in this study23. The
rats were deprived of food for 24 h but had free access to
clean water prior to the commencement of the experiment.

Determination of ulcer score and ulcer index: Degrees of
ulceration in the animals were quantified25. The damage
scores were assessed by grading the gastric injury on a 0-4
scale based on the severity of hyperemia and hemorrhagic
erosions, 0: Normal mucosa, 0.5: Hyperemia, 1: One or two
lesions, 2: Severe lesions, 3: Very severe lesions and 4: Mucosa
full of lesions (lesions-hemorrhagic erosions, hyperemiavascular congestions). The sum of the total scores divided by
the mean damage score is expressed as the damage score.
The experiments were performed by two investigators blinded
to the groups and the treatment of the rats. Percentage
healing for each group was calculated using the formula:

Experimental protocol for ulceration and assessment of
healing: Forty male Wistar rats with average weight of

Healing (%) =

150.0±20.0 g were divided into five groups of eight rats per
group. Rats in group 1 served as the control rats and
received 1 mL kgG1 b.wt., corn oil. The rats in group 2, 3, 4 and
5 received 30 mg kgG1 b.wt., indomethacin to induce gastric
ulcer according to the procedure
described by
Bhattacharya et al.24. Twenty four hours after gastric ulcer
induction, rats in groups 3 and 4 were post-treated with
200 mg kgG1 and 400 mg kgG1 b.wt., oleic acid rich fraction of
n-hexane extract of Chasmanthera dependens (OHECD) and
rats in group 5 received 50 mg kgG1 b.wt., of cimetidine (CIM)
a standard drug, respectively for 7 days. All administration was
done orally (p.o) and corn oil was used as vehicle to dissolve
all the drugs.
After 24 h of the last doses of OHECD or CIM, all the rats
were anaesthetized with ether and stomach of each rat was
removed and excised along the greater curvature and
ulceration was scored. Gastric juice was used for determining
ulcerogenic parameters, post-mitochondrial fraction of the
stomach was used for all other biochemical assays and
stomach sections were used for histological assessment.

UIC  UIT
 100
UIC

Where:
UIC = Ulcer index for control
UIT = Ulcer index for test
Determination of gastric pH content, gastric juice
volume, total acidity and acid output: The effect of
indomethacin, oleic acid rich fraction of n-hexane extract of
Chasmanthera dependens (OHECD) and cimetidine (CIM) on
these parameters were determined using the method of
Boeing et al.26. The total acidity acid and outputs were
calculated using the following equations:
Total acidity (mEq LG1) = Volume of NaOH×Normality of NaOH ×100/0.1
Acid output (µEq hG1) = Acidity (mEq LG1)×Volume of
gastric juice (mL 4 hG1)

Determination of the mucin and mucus contents: Gastric
mucosal mucus content was determined by the method of
Martins et al.27 and mucin content was determined according
to the method of Winzler28.

Collection of the gastric juice: After the animals were
sacrificed, their stomachs were removed following ligature of
the oesophocardiac junction, washed with distilled water and
dried between filter paper and opened along the greater
curvature. The gastric juice was drained and centrifuged at
2000 rpm for 10 min and used for the determination of all
ulcerogenic parameters.

Determination of the levels of nitric oxide, hydroxyproline
and proline: Gastric mucosal homogenate nitrite and nitrate
were estimated as index of Nitric Oxide (NO) production and
was quantified based on the Griess reaction as described by
Cortas and Wakid29. Hydroxyproline level was determined
according to the method of Reddy and Enwemeka30 and
proline level was estimated by the method of Troll and
Lindsley31.

Preparation of gastric mucosal tissue: Portions of each
gastric tissue were homogenized with 200 mM potassium
phosphate buffer, pH 7.4 with a homogenizer. Tissue
homogenates were centrifuged for 15 min at 10,000 rpm and
4EC and then the supernatants were removed and used for
the biochemical analysis.

Estimation of pepsin activity: The effect of indomethacin,
oleic acid rich fraction of n-hexane extract of Chasmanthera

37

Am. J. Biochem. Mol. Biol., 10 (2): 35-44, 2020
5

the peptic activity was determined colorimetrically according
to the method of Boeing et al.26.

4
Ulcer source

dependens (OHECD) and cimetidine (CIM) were assessed on

Determination of gastric citrate synthase activity: Gastric
mucosal citrate synthase activity was determined by the
method described by Lewis32.

(a)

*

*

3

*
2
1
0
4

(b)

Histological assessment of the gastric tissue: The fundic
3
Ulcer index

portion of stomach was sectioned for histological studies. The
tissue samples were fixed in 10% formalin and embedded in
paraffin. The sections (5 µm) were cut using microtome,
stained with hematoxylin and eosin and assessed under an
Olympus microscope (BX41, Hamburg, Germany).
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Statistical analysis: The results were expressed as
mean±standard error of mean (mean±SE) (n = 8 in each
group). Data were analyzed by one-way analysis of variance.
Means values were compared using Duncan test. The SPSS
statistical package by IBM was used and the value of p<0.05
was considered statistically significant.
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RESULTS
Effect of OHECD on ulcer score, ulcer index, gastric content
pH and gastric juice volume: Oral administration of
indomethacin to rats caused ulceration in the gastric mucosal
of the rats as revealed in the marked increase in ulcer score,
ulcer index and gastric juice volume with concomitant
decrease in the gastric content pH as shown in Fig. 1a-d when
compared to control group. The ulcer score and ulcer index for
the indomethacin untreated group were found to be 3.75 and
2.62, respectively for the 14 days of the study. Treatment with
200 and 400 mg kgG1 OHECD produced a dose dependent
decrease in ulcer score and ulcer index. Cimetidine
significantly (p<0.01) decreased the ulcer score and ulcer
index. Furthermore, OHECD and CIM significantly (p<0.01)
decreased the gastric juice volume almost the same value with
increase in pH concomitantly.
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Fig. 1(a-d): Bar graphs showing effect of oleic acid rich
fraction of n-hexane extract of Chasmanthera
dependens on (a) Ulcer score, (b) Ulcer
index, (c) Gastric juice volume and (d) Gastric
content pH. Each bar represents mean values±S.E.
of 8 rats/group
IND: 30 mg kgG1, OHECD1: 200 mg kgG1, OHECD2: 400 mg kgG1
and CIM: 50 mg kgG1.*p<0.01 significantly different from the IND
group, #p<0.01 significantly different from the control group

Effects OHECD on total acidity and acid output: Oral
administration of indomethacin increased the total acidity and
acid output of the ulcerated untreated group when compared
with the control group as shown in Fig. 2a, b, but treatment
with different doses of oleic acid rich fraction of C. dependens
and cimetidine decreased these parameters significantly
(p<0.01) with the higher dose of oleic acid rich fraction from
C. dependens (400 mg kgG1) more effective than cimetidine.

Effect of OHECD on mucin and mucus contents: Oral
administration of indomethacin caused a significantly (p<0.01)
decrease in the mucin and mucus contents in the stomach of
the rats when compared with the control group (Fig. 3a, b).
Groups treated with 200 and 400 mg kgG1 of OHECD showed
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Fig. 4: Effect of oleic acid rich fraction of n-hexane extract of
Chasmanthera dependens on (a) Hydroxyproline level
and (b) Proline level

IND: 30 mg kgG1, OHECD1: 200 mg kgG1, OHECD2: 400 mg kgG1
and CIM: 50 mg kgG1. *p<0.01 significantly different from the IND
group, #p<0.01 significantly different from the control group

IND: 30 mg kgG1, OHECD1: 200 mg kgG1, OHECD2: 400 mg kgG1 and
CIM: 50 mg kgG1. *p<0.01 significantly different from the IND group,
#
p<0.01 significantly different from the control group
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Effect of hydroxyproline and proline levels: Compared to the
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control group, tissue hydroxyproline and proline levels were
decreased in the ulcerated untreated rats (Fig. 4a, b). But
treatments with OHECD or cimetidine significantly increased
hydroxyproline and proline. OHED at 400 mg kgG1 showed a
marked increase than cimetidine.
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a dose dependent increase in these parameters. Furthermore,
group treated with the standard drug showed notable
increase in the mucin and the mucus contents.
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Fig. 2(a-b): Effect of oleic acid rich fraction of n-hexane extract
of Chasmanthera dependens on (a) Total acidity
and (b) Acid output
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reduced tissue NO level and citrate synthase activity in the
ulcerated untreated rats when compared to the control
group (Fig. 5a-c). Tissue level of NO and citrate synthase
activity were markedly increased in the OHECD-treated

Dose

groups, respectively. Also, group treated with CIM showed
Fig. 3(a-b): Effect of oleic acid rich fraction of n-hexane
extract of Chasmanthera dependens on (a) Mucin
content and (B) Mucus content

marked increase in NO level and citrate synthase activity
with 400 mg kgG1 of OHECD showing a better up regulation of
citrate synthase than cimetidine. Mucosal pepsin activity was

IND: 30 mg kgG1, OHECD1: 200 mg kgG1, OHECD2: 400 mg kgG1
and CIM: 50 mg kgG1. *p<0.01 significantly different from the IND
group, #p<0.01 significantly different from the control group

markedly increased in the ulcerated untreated rats when
compared to the normal control. But treatment with OHECD
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Fig. 6(a-e): Representative histology of gastric tissue sections
are shown at 10x magnification, (a) Normal
control showed normal architectural structure of
the gastric mucosa and submucosal layers, (b)
Ulcerated untreated showed gastric lesion
ulceration with inflammatory cells infiltration
(arrow) and oedema in submucosal layer,
(c) Ulcerated+200 mg kgG1 OHECD showed
reduced gastric lesions with normal mucosa
and oedema in submucosal layer, (d) Ulcerated+
400 mg kgG1 OHECD: showed normal mucosal and
submucosal layers with very few infiltration and
(e) Ulcerated +50 mg kgG1 CIM: showed markedly
reduced gastric lesions with normal mucosa and
some inflammatory cells infiltration (arrow)
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Fig. 5(a-c): Effect of oleic acid rich fraction of n-hexane extract
of Chasmanthera dependens on (a) Nitric oxide
level, (b) Citrate synthase activity and (c) Pepsin
activity
IND: 30 mg kgG1, OHECD1: 200 mg kgG1, OHECD2: 400 mg kgG1
and CIM: 50 mg kgG1. *p<0.01 significantly different from the IND
group, #p<0.01 significantly different from the control group

and CIM significantly (p<0.01) reduced the activity of this

DISCUSSION

enzyme with 400 mg kgG1 OHECD given a better reduction
than CIM (Fig. 5c).
Assessment

of

The process of gastric ulcer healing is a tightly
coordinated process which is regulated by transcription
factors, growth factors and cytokines33. The balance between
the aggressive and protective factors in the stomach is vital to
obtain good quality of gastric ulcer healing34. Reports have
shown that oleic acid has some notable gastroprotective and
healing activities, as it reduces acid secretion, stimulates
prostaglandins synthesis (especially prostaglandin E2 known
to increase cell proliferation and prostacyclin known to
stimulate mucosal blood flow and mucus-bicarbonate
secretion), thus increasing the pH and setting the conditions
for faster healing35,36. The remarkable healing ability of the

ulcer healing: Administration of

indomethacin (30 mg kgG1) orally extensive ulceration in the
glandular portion of the gastric mucosa in the stomach of
the rats as evident in the histological assessment of
indomethacin untreated group when compared with the
control group as shown in Fig. 6a, b. Rats treated with
OHECD (200 and 400

mg kgG1)

produced

a

better

architectural structure (Fig. 6c, d) and rats that received
50 mg kgG1 CIM also show some level of healing as revealed in
Fig. 6e.
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methanol extract of Chasmanthera dependens stem in our
previous study against the indomethacin-induced gastric ulcer
encouraged us to delve into this present study of the probable
modulatory effect of the OHECD on gastric ulcer healing.
Biochemical analysis of gastric secretions (for pH, gastric
volume, bicarbonate and pepsin) and mucosal integrity for
stomach is usually employed to ascertain its status following
exposure to pharmacological agents37. The pH gives an idea of
the level of acidity and volume of gastric secretions. Low pH
value is a manifestation of decreased hydrogen ion
concentration in gastric juice. This has been linked to
pathogenesis of gastric ulceration and delayed healing in
experimental animals38. Abdallah et al.39 have also attributed
gastrointestinal injury to eroded mucin content. This erosion
is facilitated by onslaughts of both internal (pepsin and
oxidants produced in the gastric lumen) and external (drugs
and chemicals) aggressive agents on mucosal epithelia.
This present study revealed that indomethacin induced
aggressive factors via increase gastric juice volume, free and
total acidity as well as a decrease in gastric juice pH indicated
altered hydrophobicity, this is in accordance with the earlier
report of Sabiu et al.40.
In the present study, the significant increase in ulcer
score, ulcer index and gastric juice volume following oral
administration of indomethacin in the ulcerated rats may be
attributed to either free radicals formation or inhibition of
prostaglandin synthesis. Decreased prostaglandin level has
been attributed to impaired gastric ulcer healing and
increased gastric acid secretion which are important events in
the etiology of mucosal ulceration. This correlates with
numerous reports37,41,42 where indomethacin was reported to
have caused alterations in gastric secretions of rats.
Conversely, post-treatments with the OHECD significantly
reduced these parameters. Furthermore, CIM also decreased
these parameters suggested that both the extract and CIM
may have similar mechanisms of action. These results agree
with other studies26,43.
Gastric mucus and mucin content are the first line of
defense of the stomach, which prevents acid and pepsin from
destroying the gastric wall44,45. Moreover, gastric mucus has
been reported to play important role in healing of ulcer46. A
combination of events including release of preformed mucus,
wound retraction and re-epithelialization are involved in
ulcer-healing process after toxicological injury47,48. Besides
providing significant buffering capacity for the neutralization
of luminal acid, the mucus also offers protection against both
endogenous aggressors and exogenous gastro toxic agents
such as indomethacin, thereby enhancing the rate of local
healing process49. In this study, the increased pepsin activity

coupled with decrease in mucin secretion in the
indomethacin-ulcerated rats reduced protective ability of the
mucosal membrane against hemorrhage, thus, resulting in
tissue damage. This implied decreased ability of the gastric
mucosa to withstand the offensive onslaught of
indomethacin. Treatment with OHECD facilitated ulcer healing
process, which is associated with decreased pepsin activity
and elevated mucin level in the gastric mucosa. This in turn
has encouraged speedy wound healing of the ulcerated areas
of the mucosal epithelia and shielded the gastric membrane,
thus abrogating the catastrophic influence of indomethacin in
the ulcerated rats47. This is indicative of enhanced mucus
secretory potential of the OHECD and suggestive of their
significant role in ulcer healing process. CIM also increased the
mucus and mucin contents in the gastric tissue but to a lesser
extent.
Hydroxyproline, a modified amino acid is a major
component of collagen50, which forms part of the connective
tissue and plays key roles for collagen stability. Induction of
gastric ulcer leads to increase in collagenase activity which
breaks the peptide bonds in collagen which in turn leads to
decrease in collagen levels and apparently, decrease in
hydroxyproline levels51. Reports of various workers have
shown that glyprolines (gelatin short peptides) consist of the
amino acids glycine and proline and they are natural peptides
generated in the organism in the course of collagen synthesis
or decomposition50. They protect the stomach mucous tunic
from injuries. This study revealed decreased hydroxyproline
and proline levels in the indomethacin ulcerated untreated
rats which is an indication of reduced collagen levels thus
implying decreased structural protein of connective tissues.
These is consistence with previous literature 50,51.
Nitric Oxide (NO) is a mediator of gastrointestinal mucosal
defense but inconsistently, it also contributes to mucosal
damage. Although nitric oxide synthase is responsible for
synthesis of nitric oxide it has many isoforms. Mainly,
cytoprotective endothelial (eNOS) and cytotoxic inducible
(iNOS)52. Nitric oxide from cNOS improves the mucosal blood
flow, protects the integrity of epithelial tissue and inhibits
activation, adhesion and migration of leucocytes in the
inflammatory53 resulting in increasing mucus synthesis and
accelerating ulcer healing54. This study showed down
regulation of NO with indomethacin treatment leading to a
decrease in mucus synthesis and mucosal barrier content
which confirmed by biochemical and histopathological
analysis, this result agreed with the previous studies55,56.
Meanwhile treatment with OHECD or CIM increased NO level
leading to increasing in mucus synthesis and restoration of the
depleted gastric mucus levels.
41

Am. J. Biochem. Mol. Biol., 10 (2): 35-44, 2020
Pepsin has important proteolytic enzyme, activated at pH
of 1-426. In this present study indomethacin significantly
increased the activity of this enzyme in the ulcerated
untreated rats indicated reduced protective ability of the
mucosal membrane, thus decreased ability of the gastric
mucosa to with stand the onslaught of indomethacin. This is
in accordance with other studies37,57. Post-treatment with
OHECD decreased the activity of this enzyme indicated that
oleic acid suppresses acid secretion and interferes with
proteolytic digestion. This result agreed with the reported
work of different studies26,43. Cimetidine, also decreased the
activity of this important enzyme.
Citrate synthase is one of the mitochondrial enzymes that
are used to assess the integrity of the mitochondrion. The
decreased activity of citrate synthase in the indomethacin
ulcerated rats indicated that there was impairment of the
mitochondria integrity after ulceration. This agreed with the
previous report of El-Abhar58. Post-treatment with the oleic
acid rich fraction of n-hexane extract of Chasmanthera
dependens markedly elevated citrate synthase activity
thereby indicated enhancement of the mitochondria integrity.
Also, cimetidine elevated citrate synthase activity which
indicated the enhancement of the mitochondrial integrity.
This agreed with the report of El-Abhar58. The implication
of this study would be to utilize oleic acid rich fraction of
n-hexane extract of Chasmanthera dependens stem as an
effective and alternate therapy for gastric ulceration.
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