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INTRODUCTION

Inflammatory bowel disease (IBD) comprises of two main types of chronic re-
lapsing inflammatory intestinal disorders: Crohn’s disease (CD) and ulcerative 
colitis (UC)1. Among other factors, these disorders of the gut are believed to 
occur in genetically predisposed individuals due to exposure of unknown en-
vironmental and microbial agents2. Pharmacological therapies for IBD usually 
include well established drugs recognized as conventional therapies. This is 
made up of five distinct pharmacological classes: aminosalicylates, antibiotics, 
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corticosteroids, thiopurines and folic acid antagonists such as methotrexate3,4. 
Recently, a number of additional approaches to IBD therapy, such as new tar-
get molecules for biological agents and cellular therapy have shown promising 
results4. However, the use of these drugs is accompanied by a certain number of 
side effects, like the risks of infection, and malignancy5-7. Thus, there is need for 
the search for new therapies that will be able to treat the various presentations 
in IBD and at the same time have reduced side effects. 

Thus effort in this study is to explore medicinal plant for the treatment of exper-
imentally induced colitis. Trichilia monadelpha previously known as Trichilia 
heudelotii8 is used traditionally in Nigeria and Ghana for the management of di-
verse disease conditions. The plant is commonly known as tanduru/tanduro in 
Ghana8and akorere in Nigeria9. The bark is used to treat gastrointestinal com-
plaints, cough, gonorrhoea, syphilis10-11 and skin ulcer8. The bark is also used as 
an anthelmintic, aphrodisiac, abortifacient, antiplasmodial8,11  and as an anti-
inflammatory and analgesic agent in the management of inflammatory condi-
tions including arthritis11-12. Other parts, such as the leaves and roots have many 
other medicinal uses11. The beneficial effect of T. monadelpha on a rat model of 
colitis was embarked on, based on the folkloric evidence that T. monadelpha is 
useful for the treatment of inflammatory and gastrointestinal disorders.

METHODOLOGY

Chemicals and Reagents

All chemicals used in this experiment were purchased from Sigma-Aldrich®, 
UK, unless otherwise stated.

Plant collection and authentication 

Stem bark of Trichilia monadelpha was collected from the Vice Chancellor’s 
lodge, University of Ibadan. The plant was identified and authenticated at For-
estry Research Institute of Nigeria (FRIN), Jericho, Ibadan. The voucher speci-
men was given FHI number 110380.

Plant extraction 

Four hundred and ninety-six grams (496 g) of the stem bark of T. monadel-
pha was air-dried and pulverized. The dried plant material was extracted in 
70% methanol by maceration at room temperature for 72 hours. Thereafter, the 
extract was filtered and solvent removed using rotary evaporator at 400C and 
under reduced pressure. Percentage yield was calculated and extract stored in 
the refrigerator at 40C till needed for analysis.
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Experimental animals 

A total of thirty male Wistar rats weighing between 180 and 200 grams, raised 
in the animal house of Malaria Research Laboratory, Institute for Advanced 
Medical Research and Training (IMRAT), College of Medicine, University Col-
lege Hospital (UCH), Ibadan were used for the study. The rats were kept un-
der room temperature and fed with standard rat pellets and water ad libitum. 
Experimental rats were randomly distributed into six groups of five rats each. 
Three of the six groups were pre-treated with 100, 200 and 400 mg/kg of meth-
anol extract of stem bark of TM (MeTM) orally for two days before induction of 
colitis and thereafter the extract was administered daily for 7 days post colitis. 
The remaining three groups served as positive control (Daily oral administra-
tion of 2 mg/kg of prednisolone for 7 days post-colitis); untreated colitic (nega-
tive control) and healthy non-colitic rats.

Ethical consideration 

Experimental procedures and protocols used in this study conform to the 
“Guide to the care and use of animals in research and teaching” (NIH publica-
tions number 85-93 revised in 1985).

Induction of colitis

Colitis was induced using a previously reported method16. Food and water were 
withdrawn 18 hours prior to induction of colitisand the animals were anesthe-
tized with ketamine/diazepam (50/2.5 mg/kg). Colitis was induced by a single 
intracolonic administration of Trinitrobenzene sulphonic acid (40mg/mL) into 
the distal colon by means of a soft pediatric catheter introduced 8 cm into the 
anus and the animals were kept in a head down position for 5 minutes. They 
were returned to their cages after recovering from the anesthesia and given free 
access to food and water.

Assessment of colonic damage and response to treatment 

All the rats were euthanized on day 7 post-colitic induction with an overdose of 
ether. Once the rats were sacrificed, the distal colon of each animal was excised 
and luminal contents flushed out with cold normal saline. Thereafter, each co-
lon was opened by an incision along the mesenteric border. The weight and 
length of each of the colon was measured and scored. Macroscopic physical 
damage was assessed on a scale of 0-1017.

Biochemical assays

A known weight of freshly excised tissue was homogenized in 10 mM hexade-
cyltrimethyl ammonium bromide (HTAB) buffer (50 mg/mL). The supernatant 



456 Acta Pharmaceutica Sciencia. Vol. 58 No. 4, 2020

from the homogenized samples was used for determination of total glutathione 
content (GSH), superoxide dismutase (SOD) and Myeloperoxidase activity 
(MPO). Reduced glutathione (GSH) level was estimated according to the meth-
od described by Anderson18 and the results were expressed as nanomoles per 
gram of wet tissue. The SOD activity was determined by the method of Mistra 
and Fridovich19 and the results were expressed as unit per gram tissue. My-
eloperoxidase activity (MPO) was measured according to a method previously 
described20  and the results were expressed as MPO units per gram of wet tis-
sue; one unit of MPO activity was defined as that degrading 1 mmol hydrogen 
peroxide/min at 25°C.

Determination of total phenolic content of MeTM

The total phenolic content (TPC) of MeTM was determined by the spectropho-
tometric method13. Briefly, 0.1 mL of MeTM (1 mg/mL in phosphate buffer), was 
mixed with 0.1 ml of Folin-ciocalteu’s phenol reagent in a test tube. After 5 min, 
1 ml of 7% Na2CO3 solution and 1.3 ml of deionized distilled water were added to 
the mixture and the mixture was thoroughly mixed. The mixture was incubated 
in the dark for 90 min at 23 °C, after which the absorbance was read against a 
blank without the extract at 750 nm. The determination of TPC was done in trip-
licate. The TPC was estimated from gallic acid calibration curve and expressed as 
milligrams of gallic acid equivalents (GAE) per 100 g of dried sample.

Determination of total flavonoid content of MeTM

Total flavonoid content (TFC) was determined using aluminium chloride in a 
colorimetric method14. A volume of 0.3 mL of MeTM (1 mg/mL) was dispensed 
into a test tube and 3.4 mL of 30% methanol, 0.15 mL of NaNO2 (0.5 M) and 
0.15 mL of AlCl3.6H2O (0.3M) were added and mixed. After 5 min, 1 mL of 
NaOH (1 M) was added. The solution was thoroughly mixed and the absorb-
ance of the mixture was measured against blank without extract at 506 nm. 
The TFC was estimated from rutin calibration curve and TFC was expressed as 
milligrams of rutin equivalents per 100 g of dried fraction (mg RE/g of sample).

Chemical composition of MeTM using Gas Chromatograhy-Mass 
Spectrometry 

The chemical composition of the MeTM was identified using the GC-MS ac-
cording to a previously described method15 using Agilent technologies 7890 
GC system with an Agilent technology 5975 Mass Spectrometry Detector. The 
automatic injector injects the 1μL of MeTM into the liner. The initial oven tem-
perature of 80°C wasprogrammed to hold for 1 minute, it increased by 10°C 
per minute to the final temperature of 240°C to hold for 6 minutes. The mobile 
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phase [a carrier gas (Helium, 99.99% purity)] pushed the sample from the liner 
into the column (HP5 MS with length 30 m, internal diameter 0.320 mm and 
thickness is 0.25 μm) where separation takes place into different components at 
different retention time. The compounds were identified by comparison of their 
retention time and mass spectra fragmentation against the National Institute 
Standard and Technology (NIST) mass spectra library of GC-MS data system.

Statistical Analysis

All results were expressed as mean ± SEM (standard error of mean). Differences 
between means were tested for statistical significance using a one way analysis of 
variance (ANOVA) with the turkey post hoc test. Statistical analyses were carried 
out with Graph Pad Prism version 6.0 and statistical significance set as p < 0.05.

RESULTS AND DISCUSSION 

Macroscopic characteristics of colon of the colitic rats such as hyperaemia, swell-
ing, oedema, ulceration and necrosis were scored and referred to as damage score 
(Table 1). Treatment of colitic rats with MeTM at 400 mg/kg (4.5 ± 0.3) and pred-
nisolone at 2 mg/kg (2.3 ± 0.3) resulted in lower colonic damage score in com-
parison to the colon of untreated colitic rats (6.0 ± 0.4, p≤0.05, Table 1). This 
beneficial effect was associated with reduced colonic weight/length ratio observed 
in colitic rats treated with MeTM at 400 mg/kg dose (143.6 ± 5.2 mg/cm) and 
prednisolone (140.5 ± 3.5 mg/cm) in comparison to the colonic weight/length ra-
tio of the untreated colitic animals (166.8 ± 4.8 mg/cm, p ≤ 0.01, Table 1).

Table 1 . Macroscopic colon damage index and colonic weight/length ratio of colitic rats, non-
colitic rats and treatment groups

Treatment Groups Damage score (0-10)
Colonic weight/length ratio 

(mg/cm)

Healthy (Non-colitic)
Negative control 

Prednisolone (2mg/kg)
T. monadelpha

100 mg/Kg
200 mg/Kg
400 mg/Kg

0.0 ± 0.0*

6.0 ± 0.4
2.3 ± 0.3##

5.0 ± 0.3
5.2 ± 0.2

 4.5 ± 0.3#

91.3 ± 5.8*

166.8 ± 4.8
140.5 ± 3.5§

160.8 ± 8.2
159.3 ± 9.6

143.6 ± 5.2§§

*Healthy vscolitic and treatment group p < 0.05 
Damage score ## Prednisolone &# 400 mg/Kg vs untreated colitic group p < 0.05 
Colon/weight length ratio §Prednisolone &§§400 mg/Kg vs untreated colitic group p ≤ 0.01
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Furthermore a significant reduction in leucocytes infiltration indicated by de-
creased colonic MPO activity was an additional beneficial effect of MeTM ob-
served in colon of colitic rats (3.70 ± 0.28 - 4.41 ± 0.32 U/mg tissue) and pred-
nisolone (3.77 ± 0.09 U/mg tissue) in comparison with untreated colitic rats 
(6.03 ± 0.35 U/mg tissue, p ≤ 0.005, Figure 1). The two higher doses of MeTM 
200 & 400 mg/kg (83.78 ± 2.16, & 82.37 ± 1.92 nmol/mg tissue) and predniso-
lone (130.13 ± 10.15 nmol/mg tissue, Figure 2) significantly prevented the de-
pletion of colonic GSH level in colitic rats in comparison with untreated colitic 
rats (56.96 ± 9.19 nmol/mg tissue, p≤0.02). In contrast, The MeTM was unable 
to significantly prevent depletion of SOD level (0.005 ± 0.001 to 0.006 ± 0.001 
U/mg tissue) when compared with untreated colitic rats (0.003 ± 0.002 U/mg 
tissue). In contrast, the prednisolone prevented the depletion of SOD (0.034 ± 
0.001 U/ mg tissue, p < 0.0001, Figure 3). 

Figure 1 . Effect of methanolic extract of T. monadelpha on colonic MPO content in colon 
tissue

*All the extract treated groups and prednisolone group are significantly differ-
ent from the colitic group (p ≤ 0.05). 
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Figure 2 . Effect of methanolic extract of T. monadelpha on the level of colonic GSH in a rat 
model of colitis 

*200, 400 mg/Kg and prednisolone treated groups (positive control) showed a 
significant difference when compared with the colitic group (p ≤ 0.05).

Figure 3 . Effect of methanolic extract of T. monadelpha on the level of colonic SOD in a rat 
model of colitis. 
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Values are means ± SEM, the groups treated with the various doses of the plant 
extract does not show significant difference when compared to the colitic group. 

*, the positive control group showed a significant difference compared to the 
negative control (colitic group) (p < 0.0001).

In this study, MeTM at the highest dose tested significantly ameliorates colonic 
damage and reduce weight/length ratio. Severe colonic damage and high co-
lonic weight/length ratio are associated with TNBS induced colitis in rats21. The 
macroscopic observation of resolution of intestinal oedema and colonic damage 
in the colon of colitic rats at 200 and 400 mg/kg MeTM signified that MeTM 
produce beneficial effect against intestinal inflammation.  Furthermore, the 
activity of myeloperoxidase (MPO) an enzyme found in azurotrophilic of poly-
morphonuclear neutrophils and macrophages, widely used as an index for the 
severity of intestinal inflammation22-23 was used to evaluate the intestinal anti-
inflammatory activity of MeTM. A reduction in MPO activity is considered as 
a marker of tissue recovery while an increase activity is indicative of intestinal 
inflammation. An increase in activity of the enzyme was observed in untreated 
colitic rats in this study and previous studies17,24,25. The administration of MeTM 
to colitic rats in this study was able to produce a moderate but significant re-
duction in the colonic MPO activity. This observation suggests that MeTM was 
able to inhibit granulocyte infiltration, thereby reducing the activity of MPO. To 
further explore the beneficial effect of MeTM in colitis, the ability of MeTM to 
control oxidative stress was investigated. Oxidative stress which is due to the 
activity of reactive oxygen species/nitrogen species (ROS/RNS) has been impli-
cated in a number of human diseases, including inflammatory bowel diseases26. 

The loss of antioxidant defences may severely compromise the inflamed muco-
sa and render it more susceptible to injury and make recovery of inflamed tissue 
difficult. Antioxidant agents have been shown to prevent IBD in animal models 
and in human disease27,28. The colonic content of the antioxidant peptide glu-
tathione (GSH) was depleted in untreated colitic rats; this is probably due to the 
oxidative stress that occurs in the inflamed tissues of the colon. Interestingly, 
administration of 200 and 400 mg/kg doses of MeTM significantly prevented 
the depletion of colonic glutathione in the colitic rats, thus maintaining the co-
lonic antioxidant status. However, all the doses of MeTM administered was not 
able to significantly prevent the depletion of colonic SOD in colitic rats. The 
partial antioxidant activity of MeTM observed in this study might be the reason 
for its overall moderate beneficial effect.
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Table 2 . Identification of chemical components of methanol extract of T. monadelpha using 
GC-MS 

Peak No. Compound RT (min)  % abundance M/Z Value

1 cis-Vaccenic acid 16.02 2.57 282

2 Octadec-9-enoic acid 16.29 0.82 282

3 9-Octadecenoic acid (E)- 16.62 3.69 282

4
13-Octadecenoic acid, methyl 
ester

19.19 3.34 296

5 6-Octadecenoic acid, (Z)- 19.28 0.36 282

6
i-Propyl 11,12-methylene-
octadecanoate

19.45 1.48 338

7
9-Octadecenoic acid (Z)-2,3-
dihydroxypropyl ester

19.49 0.60 356

8 Oleic acid 20.04 79.14 576

9 Pyridine-3-carboxamide 20.53 1.42 281

10 n-Propyl 11-octadecenoate  20.74 0.31 324

11 trans-9-Octadecenoic acid 20.76 0.28 352

RT - retention time, M/Z – Mass to charge ratio

The percentage yield, following the extraction of MeTM in 70% methanol was 
8%. The total phenolic and flavonoid content of MeTM were 801.58 ± 0.48 mg 
gallic acid equivalent/g and 308.38 ± 0.48 mg rutin equivalent/g respectively. 
In addition, 11 compounds were identified in the GC-MS analysis of MeTM. The 
chromatogram of the different compounds is shown in Figure 4 -14.
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Figure 4 . Mass spectra of cis-Vaccenic acid, a plot of relative abundance against mass to 
charge ratio

Figure 5 . Mass spectra of Octadec-9-enoic acid, a plot of relative abundance against mass to 
charge ratio

Figure 6 . Mass spectra of 9-Octadecenoic acid, (E)- a plot of relative abundance against mass 
to charge ratio
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Figure 7 . Mass spectra of 13-Octadecenoic acid, methyl ester, a plot of relative abundance 
against mass to charge ratio

Figure 8 . Mass spectra of 6-Octadecenoic acid, (Z)-, a plot of relative abundance against 
mass to charge ratio

Figure 9 . Mass spectra of i-Propyl 11,12-methylene-octadecanoate acid, a plot of relative 
abundance against mass to charge ratio
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Figure 10 . Mass spectra of 9-Octadecenoic acid, a plot of relative abundance against mass to 
charge ratio

 

Figure 11 . Mass spectra of Oleic acid, a plot of relative abundance against mass to charge ratio

Figure 12 . Mass spectra of Pyridine-3-carboxamide, a plot of relative abundance against 
mass to charge ratio
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Figure 13 . Mass spectra of n-Propyl 11-octadecenoate, a plot of relative abundance against 
mass to charge ratio

Figure 14 . Mass spectra of trans-9-Octadecenoic acid, pentyl ester a plot of relative 

abundance against mass to charge ratio

Oleic acid (79%), 6-Octadecenoic acid (3.69%), 13-Octadecenoic acid, methyl 
ester (3.3%), cis-Vaccenic acid (2.57%) were the most abundant compounds. 
Oleic acid, an Omega 9 monounsaturated fatty acid has been shown to produce 
an increase in the survival rate, decreased neutrophil accumulation, lowered 
plasma TNF-α, prostaglandin E2 and leukotriene B4 levels in the peritoneal cav-
ity after LPS-induced endotoxic shock in rodents29. Oleic acid is a main constit-
uent of Olive oil. Octadec-6-enoic acid also known as petroselinic acid is a fatty 
acid classified as a monounsaturated omega-12 fatty acid. It occurs naturally in 
several animal and vegetable fats and oil. Cis-Vaccenic acid is a naturally oc-
curring trans-fatty acid. It is found mostly in human milk. Mammals convert 
it into rumeric acid a conjugated linoleic acid CLA30. Some studies have shown 
a direct association between vaccenic acid and reduced risk of cancer, such as 
breast and prostate cancer. In a 16-week trial involving rodent models, a diet 
enriched with vaccenic acid significantly improved immune function31-35. The 
other prominent compound found in the extract is 13-Octadecenoic acid methyl 
ester also have anti-inflammatory and cancer preventive activities. 
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Consequently, The presence of the phytochemicals in this plant might contrib-
ute to the beneficial effect of methanol extract of T. monadelpha in the rat coli-
tis observed in this study. Treatment with methanol extract of T. monadelpha 
resulted in prevention of depletion of glutathione and inhibition of MPO activ-
ity in TNBS-induced colitis.
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