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Abstract 

Background:  Combretum paniculatum (Combretaceae) Vent. is commonly used in traditional medicine to treat ulcers 
and gastrointestinal disorders, including distended spleens and the liver. This study investigated the gastroprotective 
effects of C. paniculatum leaf extract and its fractions on absolute ethanol-induced gastric ulcers in rats and explored 
their effects on endogenous antioxidant (SOD, MDA, GSH, and Catalase) levels. Butanol, n-hexane, and ethyl acetate 
extracts (100 and 200 mg/kg), omeprazole (20 mg/kg), and control (3% Tween 80) were administered orally.

Results:  The methanolic extract and fractions of C. paniculatum exhibited varying degrees of ulcer protection. MECP 
exhibited significant (P < 0.05) ulcer protection (55.56%) at 200 mg/kg; at 100 and 200 mg/kg, HFCP induced consid-
erable (P < 0.01 & 0.001) ulcer reduction (64.44% and 80.00%), respectively; EAFCP offered substantial (P < 0.05) ulcer 
reduction (57.78%) at 200 mg/kg, whereas BFCP produced significant (P < 0.01) ulcer protection (73.33% and 68.89%) 
at 100 and 200 mg/kg against absolute ethanol-induced ulcer. MDA levels were substantially reduced after pretreat-
ment with the extract and fractions, whereas SOD, GSH, and catalase levels were significantly enhanced.

Conclusion:  These findings suggest that C. paniculatum leaf extract and fractions possess gastroprotective actions 
against ethanol-induced ulcers and exert these effects through antioxidant mechanisms. Therefore, the traditional use 
of C. paniculatum leaves in the treatment of ulcers is justified.
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Background
Peptic ulcer disease (PUD) is caused by a lack of 
association between stomach defensive factors and 
offensive physical, chemical, or psychological factors 
that affect the epithelium of the mucosa [1]. Physical 
stress, heavy cigarette use, caffeine, some medicines, 
notably nonsteroidal anti-inflammatory drugs, and 

Helicobacter pylori infection are among the offen-
sive factors [2]. Furthermore, ethanol intake has been 
linked to the development of stomach ulcers [3]. So, to 
screen the anti-ulcer drugs, the experimental model of 
ethanol-induced stomach ulcer is frequently used [4]. 
Alcohol-induced mucosal injury begins with oxida-
tive stress and antioxidant diminution [4]. Peptic ulcer 
disease (PUD) is one of the most prevalent gastroin-
testinal ailments worldwide, with high mortality and 
morbidity rates [5]. Gastric ulcers occur at a rate of 
0.1–0.3% each year, and the overall prevalence of this 
condition is 10% in the general population [6]. Ulcers 
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can be treated with a variety of drugs including anti-
biotics, antacids, proton-pump inhibitors (omepra-
zole), and H2-receptor blockers. In PUD, the mucosal 
damage brought on by the gastric acid and pepsin 
hyper-secretions substantially outweighs the defen-
sive systems of the gastrointestinal mucosa, including 
the bicarbonate and mucus secretions. The obvious 
symptom of the illness is a burning, night-waking epi-
gastric discomfort that is typically eased by eating or 
taking antacids [3]. Bloating, stomach pain, a decrease 
in appetite, weight loss, nausea, and vomiting are some 
other signs of gastric ulcer. PUD problems may cause 
gastroduodenal perforation, bleeding, and blockage if 
ignored or improperly treated [7].

Unfortunately, owing to their significant side effects, 
such as gynecomastia, hypoacidity, impotence, osteo-
porotic bone fracture, hypergastrinemia, and cardio-
vascular disease risks, these medications are facing 
serious challenges [7–9]. Therefore, natural products 
with a broad range of biological actions, improved effi-
cacy, and safety are required to replace chemical drugs 
[10, 11].

Combretum paniculatum Vent. (Combretaceae) is a 
tropical African shrub with a deep root structure and 
widely dispersed red blossoms. The plant has been 
demonstrated to be effective in treating chronic diar-
rhea, ulcers, flatulence, and enlarged spleen and liver 
in traditional medicine [12]. It has been documented 
to have potent cytotoxic effects on breast cancer cells 
[13], possess antimicrobial activity [14], and is effec-
tive in the treatment of ringworm infection and wound 
healing [15]. Recently, the gastrointestinal effect of 
pretreatment with Combretum paniculatum metha-
nol leaf extract was demonstrated using experimental 
antidiarrheal and anti-ulcer models [16]. The current 
study was undertaken to examine the gastroprotective 
effects of Combretum paniculatum leaf extract and 
fractions in a rat model of absolute ethanol-induced 
ulcer, as well as the probable mechanisms underlying 
these benefits. The ethnomedical use of Combretum 
paniculatum for the treatment of colic, diarrhea, vom-
iting, and leprosy is widespread [13]. Phytochemical 
compounds such as cholest-5-en-3-ol, 2-phyten-1-ol, 
quercitrin-3-glucopyranoside, p-coumaric acid, 2, 
3, 8-tri-O-methylellagic acid, beta-sitosterol, gal-
locatechin, apigenin, and apigenin-7-glucoside have 
been identified from the leaves of C. paniculatum 
[14]. In addition, two diglucosylated derivatives 
from cyanidin and pelargonidin (cyanidin 3, 5-O-β-
D-diglucopyranoside and pelargonidin 3, 5-O-β-D-
diglucopyranoside) have been identified from the 
flowers [15].

Methods
Solvent, reagents, and chemicals
The solvents, chemicals, and reagents used were of 
analytical grade. Sigma-Aldrich (St Louis, MO, USA) 
provided the Bovine serum albumin, epinephrine, 20% 
tricloroacetic acid, 1% thiobarbituric acid and Dithioni-
trobenzene. Hematoxylin and eosin were obtained from 
ScyTek Laboratories Inc. (West Logan, UT, USA). Ana-
lytical grade methanol, ethanol, n-hexane, ethylacetate, 
and butanol were obtained from BDH Chemical Ltd 
(Poole, England).

Drug
Omeprazole BP 20 mg (OMEFAST-20) Greenlife Phar-
maceutical Limited, Lagos, Nigeria.

Experimental animals
Male Wistar rats weighing 120–180  g were obtained 
from the animal house of the Department of Veterinary 
Medicine (University of Nigeria Nsukka, Nigeria). They 
were raised under ideal conditions of temperature (25 
°C), humidity (50–60%), and a 12-h light–dark cycle. 
They were allowed unrestricted access to standard 
feed and water. They were allowed 14 days to familiar-
ize with the lab conditions prior to the commencement 
of the experiment. The Faculty of Pharmaceutical Sci-
ences, University of Nigeria’s ethics committee (FPSRE/
UNN/19/00015), gave approval of the experimental 
procedure in accordance with the National Code of 
Conduct for Animal Research Ethics (NCARE).

Plant collection and preparation
In February 2020, young leaves of C. paniculatum were 
collected along the bank of a stream during its flower-
ing stage at Obukpa, Nsukka Local Government Area, 
Enugu State, Nigeria. It was identified, validated, and 
issued voucher number PCG/UNN/0321 to the plant. 
Fresh leaves were cleaned twice with water and placed 
on dry water soaking papers for drying under open, 
airy, and shady place for five days. The shade-dried 
leaves were then coarsely milled using a laboratory 
blender.

Plant extraction and fractionation
Cold maceration in methanol for 48 h with occasional 
agitation was used to extract crushed leaves (2.6 kg). A 
filter cloth and No. Whatman filter paper (1) was used 
to filter the mixture. The marc was then rinsed several 
times with the new solvent until the filtrate became 
transparent. To obtain the methanol extract of C. pan-
iculatum (MECP), the filtrate was placed in a stainless 
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tray and left to air-dry. The resultant dry extract was 
collected, weighed, and stored in an amber-colored 
container in a refrigerator.

MECP was further fractionated to obtain the n-hexane 
fraction (HFCP), ethyl acetate fraction (EAFCP), and 
butanol fraction (BFCP). The MECP (50 g) was weighed 
and crushed using a mortar and pestle, and a paste was 
formed using a small quantity of water. A greater quan-
tity of water was then added until the desired consistency 
was achieved. The resultant solution was transferred 
into a separating funnel, an equal quantity of n-hexane 
was added to the separating funnel, and the mixture 
was shaken properly. The mixture was allowed to stand 
undisturbed using a retort stand until a clear separation 
was achieved. Using a beaker, the aqueous phase was 
separated from the n-hexane phase. This process was 
repeated until a clear n-hexane phase was obtained. This 
procedure was repeated for ethyl acetate and butanol.

Qualitative phytochemical screening of extract 
and fractions
Qualitative phytochemical analysis of powdered plant 
material samples was performed according to standard 
methods [17–19].

Quantitative phytochemical analysis of extract 
and fractions
Standard procedures for quantitative phytochemical 
analyses have been employed [18–22].

Acute toxicity test
The acute toxicity studies on MECP were performed 
using Lorke’s method, which involves two stages. The 
toxic range was determined in the first stage by admin-
istering 10, 100, and 1000 mg/kg MECP to three groups 
of mice (n = 3). Treated mice were occasionally moni-
tored for symptoms of toxicity and death for 24  h. The 
dosages used in the second stage were determined based 
on the mortality trend of the previous stage. As no death 
occurred and no signs of toxicity were observed in the 
first phase, the second phase was initiated. A new group 
of four mice was orally administered 1000, 1600, 2900, 
and 5000 mg/kg MECP. The treated mice were monitored 
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intermittently for 24 h to assess the symptoms of toxicity 
and mortality. The LD50, geometric mean of the highest 
non-lethal dose, and least toxic dose were obtained [23].

Absolute ethanol‑induced ulcer
The absolute ethanol-induced ulcer study was performed 
according to previously described methods [3]. The rats 
were fasted for 24  h but allowed unrestricted access to 
water prior to the study and were allotted into five groups 
of six rats each. Group 1 received 3% Tween 80 (5 ml/kg) 
as a negative control, Group 2 received the standard drug 
omeprazole (20  ml/kg) with strength 5  mg/ml whereas 
Groups 3–5 received 100, 200, and 400 mg/kg of meth-
anol extract. After 1  h, the animals received absolute 
ethanol (1  ml each) and were sacrificed 1  h later using 
chloroform. The number and length of gastric lesions 
were determined by dissecting and opening their stom-
achs along the greater curvature, rinsing them under run-
ning water, and pinning them on a corkboard. The ulcer 
score was further measured using a ruler and divider. An 
absolute ethanol-induced ulcer scoring method was used.

The lesions were viewed macroscopically using magni-
fying lens (× 10) and the size of the lesions were meas-
ured with the aid of a vernier caliper.

The scoring method of An et  al., 2007, was adopted 
with slight modification [24].

The total score for each stomach divided by a factor of 
10 was calculated for each animal and expressed as ulcer 
index (UI) and the average taken as mean ulcer index 
for each group. The degree of ulcer protection for each 
treated group was calculated as a percentage of the mean 
ulcer index of the negative control group.

A similar study was also performed with solvent frac-
tions at three dose levels (100, 200, and 400 mg/kg).

Oxidative stress
Preparation of tissue homogenate
Following sacrifice, the stomach tissue was immediately 
excised, weighed, and completely homogenized in phos-
phate buffer (10  mM KH2PO4-K2HPO4 buffer, pH 7.4; 
0.1  mM EDTA). The homogenates were centrifuged at 
5000  rpm for 20  min. The supernatant was used to test 
for oxidative stress markers. Using bovine serum albumin 
(BSA) as a reference, the protein content of the superna-
tant was measured using the Lowry et al. technique [25].

Tissue catalase test
Tissue catalase activity was determined according to a 
method described previously [26]. When dichromate in 
acetic acid is heated in the presence of hydrogen per-
oxide (H2O2), it is reduced to chromic acetate, creating 
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chromic acid as an unstable intermediate. The amount of 
hydrogen peroxide produced in the reaction was propor-
tional to the amount of chromic acetate produced. The 
generated chromic acetate was quantified spectrophoto-
metrically at 570 nm. Briefly, 0.04 ml of tissue homogen-
ate was mixed with 2.96 ml of H2O2 (0.2 M)-phosphate 
buffer (0.01  M, pH 7). Dichromate/acetic acid reagent 
(2 ml) was added to this mixture to terminate the reac-
tion after a 1 min interval. To eliminate precipitated pro-
teins, the tubes were heated to 100 °C for 10 min, cooled, 
and centrifuged at 2500×g for 5 min. A spectrophotom-
eter (Jenway 6305; Jenway, Essex, UK) was used to record 
variations in absorbance at 570  nm against a reagent 
blank. Tissue catalase activity (µmol H2O2/min/mg pro-
tein) was determined from a standard curve prepared 
similarly with 0–200 mMol H2O2.

Tissue reduced glutathione (GSH)
The presence of reduced glutathione in the tissue was 
evaluated using a previously described technique [27]. 
When dithionitrobenzene (DTNB) combines with acid-
soluble sulfhydryl groups (non-protein thiols), a yel-
low-colored complex forms, with reduced glutathione 
accounting for > 93% of the total. The absorbance of the 
colored complex was determined at 412  nm. The tissue 
homogenate (0.5  ml) was combined with 0.1  ml of 25% 
TCA and placed on ice for a few minutes. The superna-
tant (0.3  ml) was then combined with 0.7  ml of 0.2  M 
sodium phosphate buffer (pH 8) and 2  ml of 0.6  mM 
DTNB after centrifugation at 3000 g for 10 min. A spec-
trophotometer (Jenway 6305; Jenway, Essex, UK) was 
used to determine the yellow color acquired after 10 min 
against a reagent blank at 412  nm. GSH concentrations 
(0–100 nMoles) were used to generate a standard graph. 
Using this standard graph, GSH content was computed 
and represented as nmol/mg protein.

Tissue malondialdehyde (MDA)
Malondialdehyde levels, a lipid peroxidation end-
product, were determined using a spectrophotometric 
method. The reaction of thiobarbituric acid with MDA 
produces a persistent chromogen, which can be meas-
ured using spectrophotometry. The color intensity of the 
chromogen was measured at 532  nm, which is directly 
proportional to MDA concentration. The production 
of thiobarbituric acid reactive substances (TBARS) was 
used to measure lipid peroxidation in tissues using the 
Stocks and Dormandy’s approach [28]. At room tempera-
ture, an equal volume of tissue homogenate was mixed 
with 20% trichloroacetic acid (1:1) and incubated. The 
samples were then centrifuged at 2500×g for 10 min. The 
samples were then placed in a boiling water bath (100 °C) 
for 15 min with 1.0 ml of 1% thiobarbituric acid added to 

the supernatant. The contents were cooled on ice before 
centrifugation at 2500×g for 15 min. A spectrophotom-
eter (Jenway 6305; Jenway, Essex, UK) was used to meas-
ure absorbance (A) of the supernatant against a reagent 
blank at 532  nm. A standard graph was created using 
MDA concentrations ranging from 0 to 20  nM (Sigma-
Aldrich). Louis, MO, USA). The degree of lipid peroxi-
dation (TBARS) was measured in nanomoles per mg of 
protein.

Tissue superoxide dismutase (SOD)
The activity of superoxide dismutase (SOD) in tis-
sues was measured as previously described [29]. SOD’s 
capacity to prevent the autoxidation of epinephrine to 
adrenochrome at pH 10.2 is the basis for the test. The 
homogenate (0.5  ml) was diluted with an equal volume 
of distilled water, then 0.25  ml ice-cold ethanol and 
0.15 ml ice-cold chloroform were added. This was com-
bined well in a cyclo-mixer before being centrifuged for 
10  min at 2500  rpm. 1.5  ml carbonate buffer (0.05  M, 
pH 10.2) and 0.5 ml 0.5 mM EDTA solution were added 
to the supernatant. The reaction was started by adding 
0.4 ml of 3 mM epinephrine (Sigma, St. Louis, MO, USA) 
and measuring the change in absorbance per minute at 
480  nm against a reagent blank. The enzyme unit was 
defined as the change in absorbance per minute when 
superoxide dismutase inhibited the conversion of epi-
nephrine to adrenochrome by 50%. Using 0–195 units of 
SOD (Sigma, St. Louis, Mo, USA). An enzyme calibration 
curve was generated. SOD activity was measured in units 
per mg of protein.

Histopathological studies
Tissue preparation
Histopathological analysis of the stomach sections was 
performed. Samples were fixed in 10% phosphate-buff-
ered formalin for 48  h. The tissues were subsequently 
trimmed, dehydrated in four grades of alcohol (70, 80, 90, 
and absolute alcohol), cleared in three grades of xylene, 
and embedded in molten wax.

On solidification, the blocks were sectioned, 5  µm 
thick with a rotary microtome, floated in a water bathe, 
and incubated at 60  °C for 30 min. The 5-µm-thick sec-
tioned tissues were subsequently cleared in three grades 
of xylene and rehydrated in three grades of alcohol (90, 
80, and 70%). The sections were then stained with hema-
toxylin for 15 min. Blue was performed using ammonium 
chloride. Differentiation was performed using 1% acid 
alcohol before counterstaining with eosin. Permanent 
mounts were made on degreased glass slides using DPX 
mountant.
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Slide examination
The prepared slides were viewed using ×4, ×10, and ×40 
objective lenses on a Motic™ compound light micro-
scope. Photomicrographs were obtained at ×160 mag-
nification with a Motic™ 5.0 megapixels microscope 
camera.

Statistical analysis
GraphPad Prism version 7.0 was used to analyze the data. 
One-way ANOVA was used, followed by Dunnett’s mul-
tiple comparisons post hoc test. Data are presented as 
mean ± standard error of the mean (SEM). P < 0.05, 0.01, 
and 0.001 were considered statistically significant.

Results
Percentage yield of extract and fractions of C. paniculatum
The percentage yields of the C. paniculatum methanol 
extract and fractions are presented in Table 1.

Extract and fractions phytochemical analyses
Alkaloids, tannins, steroids, terpenoids, phenols, 
and flavonoids were found in HFCP, EFCP, and BFCP, 
but saponins and glycosides were absent (Table  2). 

Quantitatively, phenol had the highest concentration, 
followed by tannins and flavonoids, whereas saponin 
and steroids had the lowest concentrations (Table 3).

Effects of methanol extract of Combretum paniculatum 
on absolute ethanol‑induced ulcer in rats
The rats developed ulcers one hour after receiving 
absolute ethanol. MECP demonstrated a dose-depend-
ent level of ulcer prevention, with significance (P < 0.05) 
observed at 200 mg/kg (55.56%) compared to the nega-
tive control. It can also be observed that the percentage 
ulcer protection offered by 200 mg/kg of MECP is com-
parable to omeprazole (57.78%) Table 4.

Acute toxicity test (LD50)
Administration of MECP at doses of up to 5000  mg/
kg did not result in mortality or significant signs and 
symptoms of observable toxicity in mice. This indicates 
that the LD50 was greater than 5000 mg/kg. As a result, 
MECP is regarded as safe, as proposed by Lorke [23].

Table 1  Percentage yield of methanol extract and fractions of C. 
paniculatum 

HFCP n-hexane fraction, BFCP butanol fraction, EAFCP ethyl acetate fraction

Samples Percentage 
yield (w/w)

MECP 17.92

HFCP 14.00

EAFCP 18.00

BFCP 13.50

Table 2  Qualitative screening of C. paniculatum extracts and 
fractions

MECP methanol extract, HFCP n-hexane fraction, EFCP ethyl acetate fraction, 
BFCP butanol extract; + presence of phytochemical constituents, − absence of 
phytochemical constituents

Phytochemicals MECP HFCP EFCP BFCP

Flavonoid +  −  +   + 

Phenol  +   +   +   + 

Tannin  +   +   +   + 

Alkaloid  +   +   +   + 

Saponin  +  − −  + 

Terpenoid  +   +   +   + 

Glycoside  +  − − −
Steroid  +   +   +   + 

Table 3  Quantitative analysis of extract and fractions of C. 
paniculatum (mg/100 g)

Values are expressed as mean ± SEM, n = 2

HFCP n-hexane fraction, EAFCP ethyl acetate fraction, BFCP butanol fraction, 
MECP methanol extract

Phytochemicals MECP HFCP EAFCP BFCP

Flavonoids 9.42 ± 0.22 0.00 ± 0.00 18.63 ± 0.03 6.38 ± 0.65

Phenolics 58.15 ± 2.19 19.70 ± 1.95 54.65 ± 1.05 53.63 ± 0.63

Tannins 14.17 ± 2.27 3.15 ± 0.83 16.78 ± 1.82 12.42 ± 1.45

Alkaloids 8.31 ± 0.01 0.75 ± 0.11 0.80 ± 0.06 4.26 ± 0.26

Saponins 1.86 ± 0.08 0.00 ± 0.00 0.00 ± 0.00 0.43 ± 0.01

Terpenoids 4.25 ± 0.03 4.94 ± 0.06 2.81 ± 0.03 0.43 ± 0.00

Glycosides 2.93 ± 0.01 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

Steroids 1.48 ± 0.01 2.48 ± 0.00 2.02 ± 0.02 1.80 ± 0.04

Table 4  Effect of methanol extract of C. paniculatum on 
absolute ethanol-induced ulcer in rats

Values are expressed as mean ± SEM; n = 6; *P < 0.05 significant difference 
relative to negative control

MECP methanol extract of C. paniculatum

Treatment Dose (mg/kg) Ulcer index Percentage 
protection 
(%)

3% Tween80 5 ml/kg 0.90 ± 0.04 –

Omeprazole 20 0.38 ± 0.12* 57.78

MECP 100 0.53 ± 0.11 41.11

200 0.40 ± 0.14* 55.56
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Effects of C. paniculatum fractions on absolute 
ethanol‑induced ulcer in rats
The C. paniculatum fractions showed varying degrees 
of ulcer protection and significance relative to the nega-
tive control. The HFCP offered the highest ulcer pro-
tection (80.00%) at 200 mg/kg; HFCP 100 mg/kg, BFCP 
100, and 200 mg/kg gave significance (P < 0.01), whereas 
EAFCP 200 mg/kg and omeprazole caused 57.78% ulcer 
protection in comparison with the negative control 
(Table 5).

Effects of methanol extract and fractions of C. paniculatum 
on gastric malondialdehyde
The extract and fractions significantly reduced gastric 
MDA levels compared to the negative control. MECP 
(100 and 200  mg/kg), HFCP (100  mg/kg), EAFCP 
(100  mg/kg), and BFCP (100 and 200  mg/kg) signifi-
cantly (P < 0.001) reduced gastric MDA levels as well 
as EAFCP 200 mg/kg) (P < 0.01) relative to the negative 
control. HFCP (200 mg/kg) lowered MDA levels; how-
ever, the difference was statistically insignificant com-
pared to the negative control (Table 6).

Effects of methanol extract and fractions of C. paniculatum 
on superoxide dismutase
Compared to the negative control, oral treatment with 
MECP (100 and 200  mg/kg), HFCP (100 and 200  mg/
kg), and EAFCP (200  mg/kg) resulted in substantial 
(P < 0.001 and P < 0.01) decreases in serum SOD lev-
els. It was also discovered that EAFCP (100 mg/kg) and 

BFCP (100, 200  mg/kg) had no significant lowering of 
SOD levels Table 7.

Effects of the methanol extract and fractions of C. 
paniculatum on catalase levels
The extract and fractions significantly increased the 
catalase activity. HFCP (200  mg/kg) caused the greatest 
increase (621.00 ± 44.50), whereas BFCP produced the 
least increase (211.00 ± 15.70). The increase in catalase 
levels caused by the extract and fractions was also dose 
dependent (Table 8).

Table 5  Effect of fractions of C. paniculatum on absolute 
ethanol-induced ulcer in rats

Values are expressed as mean ± SEM; n = 6

HFCP n-hexane fraction, EAFCP ethyl acetate fraction, BFCP butanol fraction

*, **, ***P < 0.05, 0.01, 0.001 significant difference relative to the negative control

Treatment Dose (mg/kg) Ulcer index Percentage 
protection

3% Tween 80 5 ml/kg 0.90 ± 0.04 –

Omeprazole 20 0.38 ± 0.12* 57.78

HFCP 100 0.32 ± 0.10** 64.44

200 0.18 ± 0.13*** 80.00

EAFCP 100 0.53 ± 0.11 41.11

200 0.38 ± 0.14* 57.78

BFCP 100 0.24 ± 0.04** 73.33

200 0.28 ± 0.14** 68.89

Table 6  Effect of methanol extract and fractions of C. 
paniculatum on gastric malondialdehyde levels

Values are expressed as mean ± SEM; n = 6

*, **, ***P < 0.05, 0.01, 0.001 significant difference relative to the negative control

HFCP n-hexane fraction, EAFCP ethyl acetate fraction, BFCP butanol fraction, 
MECP methanol extract

Treatment Dose (mg/kg) nmol/mg pt

3% Tween 80 5 ml/kg 1.64 ± 0.22

Omeprazole 20 0.45 ± 0.07***

MECP 100 0.38 ± 0.04***

200 0.42 ± 0.08***

HFCP 100 0.64 ± 0.06***

200 1.41 ± 0.19

EAFCP 100 0.31 ± 0.05***

200 0.96 ± 0.18**

BFCP 100 0.79 ± 0.11***

200 0.63 ± 0.09***

Table 7  Effect of methanol extract and fractions of C. 
paniculatum on serum superoxide dismutase level

Values are expressed as mean ± SEM; n = 6

HFCP n-hexane fraction, EAFCP ethyl acetate fraction, BFCP butanol fraction, 
MECP methanol extract

*, **, ***P < 0.05, 0.01, 0.001 significant difference relative to the negative control

Treatment Dose (mg/kg) U/mg pt

3% Tween 80 5 ml/kg 0.39 ± 0.05

Omeprazole 20 0.84 ± 0.03***

MECP 100 0.93 ± 0.04***

200 0.87 ± 0.03***

HFCP 100 0.69 ± 0.03**

200 0.71 ± 0.05**

EAFCP 100 0.51 ± 0.10

200 0.71 ± 0.05**

BFCP 100 0.42 ± 0.08

200 0.46 ± 0.01
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Effect of methanol extract and fractions of C. paniculatum 
on reduced glutathione levels
In comparison with the control, pretreatment with MECP 
(100 and 200  mg/kg) resulted in a substantial (P < 0.05; 
0.001) dose-related increase in GSH levels. The HFCP, 
EAFCP, and BFCP, on the other hand, caused no substan-
tial rise in serum GSH level. The increase in reduced glu-
tathione caused by 200 mg/kg MECP (18.10 ± 1.43) was 
higher than omeprazole (15.10 ± 1.50). The increase in 
reduced glutathione caused by the extract and fractions 
was also dose dependent (Table 9).

Macroscopical findings
The stomachs of normal control rats were macroscopi-
cally examined and revealed an entirely healthy pink 
gastric mucosa with typical mucosal thickness (Fig. 1K). 
Elaborate tissue responses were observed in the nega-
tive control group, including significant dark red submu-
cosal hemorrhagic streaks of various sizes and mucosal 
thickening (Fig.  1J). The hemorrhagic vascular response 
was reduced in the omeprazole-treated group, but 
the mucosa remained slightly congested and inflamed 
(Fig.  1I). Pretreatment with C. paniculatum extract and 
fractions at 100 and 200 mg/kg resulted in moderate tox-
icity, hemorrhage, and congestion of the gastric mucosa 
(Fig. 1A, B, F, G) as well as normal non-congested gastric 
mucosa with normal thickness (Fig. 1C, D, E, H).

Histopathological examination
Pretreatment of ethanol-induced rats with C. panicula-
tum extract and fractions at 100 and 200 mg/kg resulted in 
tiny regions of moderate necrosis and bleeding restricted 
to the upper layers of the stomach mucosa, according to 
histopathological findings (Fig.  2A–H). Similar changes 
were observed in the omeprazole-treated group (Fig. 2I). 
The gastric mucosa of the negative control group exhib-
ited many large ulcers with extensive necrosis of the epi-
thelial and glandular cells, bleeding, and varied infiltration 
of inflammatory cells (Fig. 2J). A normal structure of the 
gastric mucosa (Fig. 2K) was also observed. The findings 
reveal mucosal necrosis (black arrow), blood vessel con-
gestion in the lamina propria (red arrow), epithelial cell 
desquamation, and necrosis (white arrow).

Discussion
Peptic ulcers are known to result from an imbalance 
between offensive and defensive factors [1]. The gastro-
protective activity of C. paniculatum methanol extract 
and its fractions against ethanol-induced ulcers was 
investigated in this study.

Flavonoids, phenols, tannins, alkaloids, saponins, and 
terpenoids were found in the phytochemical analysis of 
the C. paniculatum extract and fractions. These phyto-
constituents, particularly flavonoids and tannins, were 
previously established to be among the possible cytopro-
tective agents involved in reducing gastric ulcer [30, 31]. 
The presence of these phytochemicals in the extract and 
fractions of C. paniculatum may account for its use in the 
treatment of ulcers.

In this in vivo study, absolute ethanol was deleterious 
to gastric tissue because it enters the gastric mucosa 
quickly and readily, causing gastric ulcers [32]. As a 
result, the ethanol-stimulated gastric lesion model is 

Table 8  Effect of methanol extract and fractions of C. 
paniculatum on catalase

Values are expressed as mean ± SEM; n = 6

HFCP n-hexane fraction, EAFCP ethyl acetate fraction, BFCP butanol fraction, 
MECP methanol extract

*, **, ***P < 0.05, 0.01, 0.001 significant difference relative to the negative control

Treatment Dose (mg/kg) µmol/min/mg pt

3% Tween 80 5 ml/kg 108.00 ± 11.40

Omeprazole 20 848.00 ± 48.30***

MECP 100 367.00 ± 52.10*

200 516.00 ± 72.40***

HFCP 100 230.00 ± 34.40

200 621.00 ± 44.50***

EAFCP 100 422.00 ± 61.30**

200 514.00 ± 53.70***

BFCP 100 211.00 ± 15.70

200 610.00 ± 86.30***

Table 9  Effect of methanol extract and fractions of C. 
paniculatum on reduced glutathione level

Values are expressed as mean ± SEM; n = 6

HFCP n-hexane fraction, EAFCP ethyl acetate fraction, BFCP butanol fraction, 
MECP methanol extract

*, **, ***P < 0.05, 0.01, 0.001 significant difference relative to the negative control

Treatment Dose (mg/kg) nmol/mg pt

3% Tween 80 5 ml/kg 8.52 ± 0.62

Omeprazole 20 15.10 ± 1.50**

MECP 100 14.20 ± 1.43*

200 18.10 ± 1.43***

HFCP 100 12.60 ± 0.91

200 13.60 ± 1.80

EAFCP 100 12.60 ± 0.86

200 12.20 ± 1.38

BFCP 100 10.40 ± 1.35

200 12.30 ± 0.91
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frequently used to study the etiology of stomach ulcers 
and assess the gastroprotective actions of medicines 
[4]. The etiology and progression of ethanol-induced 
gastric ulcers are linked to increased formation of reac-
tive oxygen species (ROS) and antioxidant (SOD, GSH, 
CAT) diminution [33, 34]. Superoxide radicals are con-
verted to hydrogen peroxide by superoxide dismutase 
(SOD), whereas hydrogen peroxide is converted to 
water and oxygen by catalase (CAT) [35]. GSH acts as 
a ROS scavenger and a cofactor for GSH peroxidase 
in the neutralization of hydrogen peroxide by react-
ing non-enzymatically with superoxide, nitric oxide, 
hydroxyl radicals, and peroxynitrite [36]. MDA is a 
frequently used oxidative stress marker formed by the 
breakdown of cell membrane lipids [37]. The current 
investigation showed that ethanol induced substantial 

reductions in GSH concentration as well as SOD and 
CAT activities. However, pretreatment with C. panicu-
latum extract and fractions significantly enhanced SOD 
and CAT activities while simultaneously replenishing 
diminished GSH levels and lowering MDA levels.

In a recent investigation, we found that the extract 
of C. paniculatum prevented ulcers from being caused 
by indomethacin and reduced gastrointestinal motil-
ity [16]. As a result, it was hypothesized that C. pan-
iculatum might treat digestive disorders. In the current 
work, we showed that C. paniculatum extract and frac-
tions prevented damage to the gastric mucosa caused 
by an ethanol-induced ulceration model, as shown by 
macroscopic assessment of ulcer lesions, biochemical 
studies, and histopathologic evaluation. It was discov-
ered that ethanol-induced stomach ulcers responded 

Fig. 1  Effects of C. paniculatum extract and its fractions on gross lesions induced by absolute ethanol. MECP 100, 200 mg/kg (A, B); HFCP 100, 
200 mg/kg (C, D); EFCP 100, 200 mg/kg (E, F); BFCP 100, 200 mg/kg (G, H); omeprazole 20 mg/kg (I); 3% Tween 80 (J); and normal control (K)
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therapeutically to the extract and fractions of C. pan-
iculatum in a dose-dependent manner.

This confirmed that the C. paniculatum extract and 
fractions had gastroprotective activities against the for-
mation of ethanol-induced ulcers, demonstrating its 
antioxidant activity. The substantial free radical scaveng-
ing activity of the C. paniculatum extract and fractions 

may be related to the presence of a considerable num-
ber of potent antioxidants, flavonoids, and phenolic 
compounds.

The negative control group showed severe gastric 
lesions one hour after absolute ethanol administration, 
according to the macroscopic and histopathological find-
ings of the gastric tissues. Necrotic tissue injury, loss of 

Fig. 2  Effects of C. paniculatum extract and fractions on histopathological changes in the stomach of rats with ethanol-induced gastric ulcers. 
Histopathological changes were analyzed by staining with H&E, followed by observation at ×160 magnification. MECP 100, 200 mg/kg (A, B); HFCP 
100, 200 mg/kg (C, D); EFCP 100, 200 mg/kg (E, F); BFCP 100, 200 mg/kg (G, H); omeprazole 20 mg/kg (I); 3% Tween 80 (J); and normal control (K)
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gastric mucosa integrity, and an inflammatory response 
marked by infiltration of inflammatory cells (neutrophils 
and eosinophils) characterize this damage. However, in 
animals pre-treated with extract and fractions of C. pan-
iculatum, the microscopic investigation revealed a lower 
level of infiltration by inflammatory cells, less hemor-
rhage, and a more regular architecture in the gastric 
mucosa.

Conclusion
The methanol leaf extract and fractions of C. panicula-
tum possess significant gastroprotective activity against 
ethanol-induced ulcers, which further justifies its use in 
the treatment of ulcers.
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