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Among the most exploited species in Cameroon, Alstonia boonei is widely used in African medicine for the relief of several
pathologies including gastrointestinal disorders. -is study was conducted in order to assess the effects of aqueous and methanol
stem-bark extracts ofAlstonia boonei on DSS- (dextran sodium sulfate-) induced intestinal colitis and to determine its antioxidant
potential.-e classes of secondarymetabolites present in these extracts were determined by chemical screening.-e production of
TNF-α, IL-6, IL-1β, and PGE2 was performed by in vitro ELISA analysis. Anticolitis effects were determined using an in vivo
model of ulcerative colitis induced by DSS. -e colitis was induced with a double dose of DSS (3% and 1%), and the aqueous and
methanol extracts were administered orally from the 6th day after commencement of induction. -e phytochemical screening
revealed the presence of six classes of secondary metabolites in these crude extracts: tannins, saponins, alkaloids, steroids,
flavonoids, and phenols. Methanol and aqueous extracts of Alstonia boonei significantly (P< 0.001) inhibited TNF-α, IL-6, IL-1β,
and PGE2 production stimulated by LPS. Both extracts at all doses significantly reduced (P< 0.01, P< 0.001) the signs of DSS-
induced colitis in the Wistar rats by decreasing inflammation and chronic colon damage. In addition, the extracts significantly
(P< 0.001) reduced malondialdehyde and nitric oxide levels in the colon and significantly (P< 0.01) increased superoxide
dismutase and catalase and reduced glutathione (P< 0.05). Both extracts showed greater activity than the reference substance
(prednisolone 4mg/kg) used in this study. -is study has demonstrated that aqueous and methanol extracts of Alstonia boonei
stem bark have healing properties against colitis experimentally induced by DSS in rats.

1. Introduction

Ulcerative colitis (UC), which is essentially confined to the
colon and rectum, is an inflammatory bowel disease that
causes noncontrolled inflammation of the bowel with dis-
ruption of the gastrointestinal tract [1–3]. In sufferers, this
pathology is characterized by the appearance of symptoms
such as diarrhea, weight loss, abdominal cramps, and

mucous ulcers causing a recurrence of blood in the stool [4].
Genetic susceptibility, imbalance between the immune 1
system and gut microbes, the environment, and/or microbes
are important factors that justify its pathogenicity [5–7]. In
addition, several proinflammatory mediators like cytokines,
eicosanoids, and ROS (reactive oxygen species) [8] play a
major role in its development and its evolution. According
to Lih-Brody et al. [9], ulcerative colitis is a disease usually
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related to a decrease in the antioxidant capacity of free
radicals (ROS); in fact, an uncontrolled increase in ROS can
cause lipid peroxidation, which results in an inhibition of the
antioxidant capacity of cells leading to the development of
significant colic inflammation [10]. Furthermore, it is known
that people with colitis develop significant lipid peroxidation of
membranes and disruption of DNA and tissue proteins as a
result of exaggerated ROS production [11, 12]. -e production
of ROS by the body is under the control of a system of en-
zymatic antioxidant defenses consisting of GPx (glutathione
peroxidase), SOD (superoxide dismutase), and CAT (catalase)
and a nonenzymatic antioxidant defense system consisting of
glutathione (GSH), nitric oxide (NO), malondialdehyde
(MDA), and ascorbic acid. During the development of ul-
cerative colitis, symptoms resulting from an aggravation of the
inflammatory process appear, which will result in an exag-
gerated production of ROS and many cytokines (proin-
flammatory) such as TNF-alpha, IL-6, and IL-1 beta [13]. Since
high levels of cytokines (proinflammatory), like those of ROS,
play a key role in the evolution and aggravation of inflam-
matory bowel diseases, it is clearly established clinically that
molecules capable of inhibiting the production and/or activity
of these proinflammatory mediators, as well as those capable of
improving lipid peroxidation and/or trapping free radicals, are
good candidates for the treatment of inflammatory bowel
diseases [14, 15].

For maintaining long-term relief and controlling
symptoms (bleeding, diarrhea, and abdominal pain) as well
as decreasing colonic inflammation in people with ulcerative
colitis, the recommended treatments nowadays are corti-
costeroids/immunosuppressants, noninflammatory anti-
TNF-alpha, aminosalicylate, and immunodyes [16–18].
Nevertheless, in the vast majority of cases, these drugs are
very inefficient and/or most of the time cause unbearable
side effects such as hyperglycemia, muscle weakness, glau-
coma, and/or even malignant tumors [17, 19, 20]. In order to
effectively relieve people with ulcerative colitis, it is urgent to
develop and implement new therapeutic substances effective
for the treatment of this pathology [21], especially with very
little or no toxic effect. In this context, the alternative
treatment with medicinal plants offers encouraging options.

Africa has enormous biodiversity resources and it is esti-
mated that it contains between 40,000 and 45,000 species of
plants with development potential, of which 5,000 species are
used for medicinal purposes [22]. Indeed, medicinal plants are
the most easily accessible health resource for the community in
many regions of Africa, and they most often represent the
preferred option for the populations.-e scientific literature has
an increasing number of publications aimed at evaluating the
efficacy of Africanmedicinal plants which are supposed tomake
an important contribution to the maintenance of health and the
introduction of new treatments [22]. Moreover several plant
species have already shown their effectiveness against intestinal
inflammation pathologies. -is is how Mehrabani et al. [23]
showed the effects ofCalendula officinalis on acetic acid-induced
ulcerative colitis in dogs as an animal model; Tanideh et al. [24]
showed the healing effects of Hypericum perforatum extract on
acetic acid-induced ulcerative colitis in rats; Rajendiran et al. [25]
showed anti-inflammatory activity ofAlpinia officinarumHance

on rat-colon inflammation and tissue damage in DSS-induced
acute and chronic colitismodels; and Shin et al. [26] showed that
Boehmeria nivea attenuates the development of dextran sulfate
sodium-induced experimental colitis.

Alstonia boonei, a member of the large family Apoc-
ynaceae (approximately 60 species), is a large deciduous tree
with an average size of 45 meters and a diameter of about 1.2
meters [27]. -is tree is widely distributed in Africa: Central
African Republic, Egypt, Ghana, Ivory Coast, Nigeria, and
Cameroon [28]. In the African pharmacopoeia, the roots,
barks, and/or leaves of this tree are very widely used for
primary healthcare of the populations. -us, barks are used
to relieve pain and to treat fever, chronic diarrhea, and
rheumatoid arthritis, besides its use as antivenom for snake
bites [29]. In addition, A. boonei has been reported in several
scientific studies, and it appears that the extracts of this plant
have antioxidant [30], antimicrobial [31], anti-inflamma-
tory, antipyretic, analgesic, and antimalarial [32, 33]
properties. Similarly, several phytochemical studies have
shown that this plant is rich in alkaloids, saponins, flavo-
noids, terpenoids, steroids, tannins, and cardiac glycosides
[30, 31, 34]. In addition compounds such as echitamine, Nα-
formylechitamidine, echitamidine, akuammidine, voa-
cangine, Nα-formyl-12-methoxyechitamidine, beta-amyrin,
alpha-amyrin, ursolic acid, and lupeol have been isolated
from foliage and/or bark of A. boonei [28]. Okoye et al. [35]
showed the anti-inflammatory and antiulcer properties of
beta-amyrin and/or alpha-amyrin isolated from A. boonei,
while Obiagwu et al. [36] showed the in vitro antioxidant
properties of the methanol extract of this plant. Other
studies have shown that this plant was effective against lipid
peroxidation [37] and was a nontoxic plant [37, 38]. In this
study, we evaluated the effects of the aqueous and methanol
extracts of the stem bark of A. boonei on the model of ul-
cerative colitis experimentally induced by DSS.

2. Materials and Methods

2.1. Reagents, Chemicals, and Equipment. -e chemicals
included methanol, dimethyl sulfoxide (DMSO), and sodium
chloride purchased from Geochim Sarl, West Region of
Cameroon. Dextran sodium sulfate was purchased from Tokyo
Chemical Industry Co., LTD, Japan. Luminol, lymphocyte
separation medium, lucigenin, and Hank’s balanced salt so-
lution were obtained from MP Biomedicals Inc., Research
Organics, and Sigma. Phorbolmyristate acetate and zymosanA
were purchased from Fluka. Human monocytic leukemia cells
were gotten from European Collection of Cell Cultures.
Ammonium chloride of analytical grades and ethanol were
fromMerck Chemicals, Darmstadt, Germany. Human TNF-α,
IL-1β, IL-6, and PGE2 ELISA Kit were from R&D Systems,
Minneapolis, USA. Glass fiber filter and cell harvester were
from Inotech, Dottikon, Switzerland. Prednisolone (Solupred)
and pediatric catheter were purchased from local pharmacy.

2.2. Plant Material: Collection and Preparation. -e stem
bark of A. boonei was collected in Loum, littoral region of
Cameroon, in March 2019. -e plant species was identified
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by Mr. Nana Victor, a botanist at Cameroon National
Herbarium in Yaoundé where our sample was authenticated
by comparison with the available specimen having a voucher
number 43368/HNC.

-e barks were cleaned, cut into small pieces, dried
under the shade, and crushed using a grinder to give a fine
powder. -e distilled water (4 L) was poured into a vessel
previously containing 400 g of A. boonei powder, and then
themixture was boiled at 100°C for 25min. After cooling, the
mixture was filtered using a filter paper (No. 2) and dried in
an oven set at 40°C, to obtain the crude extract (14.57 g, 3.7%
extraction yield of aqueous extract). Another amount of A.
boonei powder (300 g) was macerated in methanol (4.5 L) for
72 hours to give the methanol extract (16.18 g, 5.4% ex-
traction yield) after filtration and removal of the solvent
using a rotary evaporator.

2.3. Phytochemical Screening of A. boonei. -e qualitative
determination of triterpenes, steroids, phenols, tannins,
flavonoids, saponins, alkaloids, and steroids in the aqueous
andmethanol extracts ofA. booneiwas carried out according
to the standard protocols described by Matos [39].

3. In Vitro Assay

3.1. Assessment of Proinflammatory Cytokines and
Prostaglandin E2

3.1.1. Peritoneal Macrophages Isolation from Mice. Two
NMRI (Naval Medical Research Institute) mice, weighing 24
and 26 grams each, received 1mL (i.p.) of fetal bovine serum
(FBS). Seventy-two (72) hours later, they were sacrificed by
cervical dislocation. RPMI (10mL, 10%) was injected into
the peritoneum. Twominutes later, a 10mL syringe was used
to collect the contents of the peritoneal cavity which were
immediately introduced into the tube and then centrifuged
(20min, 400 g, 4°C). After centrifugation, the supernatant
was removed and 5ml of incomplete RPMI added to the
tube, followed by another centrifugation (10min, 300 g, 4°C),
after which 1ml of the supernatant was once again removed
and the incomplete RMPI diluted in HBSS. -e trypan blue
viability and hemocytometer count were assessed. -e final
concentration used for each test was 1× 106 cells/mL
[40, 41].

3.1.2. Isolation of Human Polymorphonuclear Neutrophils
(PMNs). Neutrophils were isolated by density gradient
centrifugation (Ficoll-Hypaque). In fact, blood (10mL)
collected (aseptically) from a donor (33 years, voluntary and
healthy) was immediately poured into a tube containing an
anticoagulant (heparin), and then the solution of HBSS and
the lymphocyte separation medium (LSM) were also in-
troduced into the same tube at equal volume. After 30
minutes, the contents of the tube showed two layers; the
upper layer was immediately removed and poured into
another tube containing the LSM (5mL) which was
centrifuged (20min, 400 g, room temperature). At the end of
20 minutes and after removal of the supernatant, distilled

water (1mL) was introduced into the tube, and after exactly
1 minute the HBSS (1mL) was also introduced into the tube.
Subsequently, 5mL of HBSS was again introduced into the
tube, and after centrifugation (10min, 300 g, 4°C) and re-
moval of the supernatant, 1mL of HBSS was introduced into
the tube which was stored in the ice [42]. Trypan blue vi-
ability and hemocytometer count were assessed. -e final
concentration used for each test was 1× 106 cells/mL.

-e treatment of the animals was in agreement with the
ICCBS Committee for the Protection, Use and Standardi-
zation of Animals (IACUC) (Protocol No. 1209004), and the
study protocols were approved by the ICCB Ethics Com-
mittee, University of Karachi, Pakistan. -e blood donor
agreed on the use of his blood for the purpose of conducting
this study.

3.1.3. Chemoluminescence Assay. -e aqueous or methanol
extracts (25 μl) of A. boonei or ibuprofen (3.125, 6.25, 12.5,
25, 50, and 100 μg/mL) were introduced into wells (96-well
white plate). -en diluted blood (1: 50 HBSS++), PMNs
concentration of 1× 106 cell/mL, or macrophages of con-
centration 1× 106 cell/mL were also introduced into the
wells; wells considered to be controls contained only HBSS++
and blood, PMNs, or macrophages. After incubation
(luminometer chamber) of the plate for 20 minutes at 37°C,
each well received 25 μl of zymosan or PMA and/or 25 μl of
luminol or lucigenin of concentration 7×105M. Plaque
yielded results as a relative light unit (RLU), and the percent
inhibition was then calculated [40, 41].

Inhibition(%) �
RLUcontrol − RLUsample􏼐 􏼑 × 100%

RLUcontrol
. (1)

3.1.4. Cytokine and Prostaglandin E2 Assay. -e two washed
macrophages (PBS) (1× 106 cells/ml) were kept in culture in
5% CO2 (37°C, 24 h) and then in RPMI alone or mixed (2 μg/
ml of LPS), and then the extracts (2, 10, and 50 μg/mL) were
added, while the macrophages representing the controls
were incubated only with the solvent. All the mixtures were
then centrifuged (2500 g, 20min), and then the supernatants
were removed for the determination of TNF-α, IL- 6, IL-1β,
and PGE2 using the ELISA kits obtained with the manu-
facturer’s instructions [43].

3.1.5. Cell Proliferation Test. For this test, a white round
bottom plate (96 wells) and T lymphocytes concentrated at
2× 206 cells/ml were used. -e test wells received the cells
(50 μL), 50 μL of each extract or prednisolone diluted in
RPMI (5%) at 2, 10, and 50 μg/mL, and 50 μL of phytohe-
magglutinin-L (PHA-L) of concentration 7.5 μg/mL. -e
wells representing the negative control received 50 μL of cells
and 150 μL of RPMI (5%), while the wells representing the
positive control received the cells (50 μL), 50 μL of PHA, and
100 μL of RPMI (5 %). -e plate was then incubated (5%
CO2, 72 h, 37°C); then each well received 25 μL of con-
centrated (methyl-3H) thymidine at 0.5 μCi; after a second
incubation (18 hours), cells were harvested using a glass filter
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(Inotech, Dottikon, Switzerland); and then counts per
minute (liquid scintillation counter LS65000) were used to
determine the level of thymidine infiltrated into the cells and
to calculate percentage inhibition [42].

Inhibitory activity(%) �
CPM(Control group) − CPM(Test group)

CPM(Control group)

× 100.

(2)

3.1.6. Cytotoxicity Essay. A cell suspension (100 μL) of
concentration 6×104 cell/mL was introduced into flat-bot-
tomed plates and incubated in 5% CO2 at 37°C for 24 hours.
-e test wells received the extract (3.125, 6.25, 12.5, 25, and
50 μg/mL) and the complete DMEM for a final volume of
200 μL.-e positive control wells received only the complete
DMEM, whereas the negative control wells received Triton
X-100 (0.5%). -e plate was incubated (CO2, 37°C, 48 h),
then the supernatant was removed, 50 μL of MTT (0.5mg/
mL) diluted in PBS of 5mg/mL was then introduced into
each well, and the plate was further incubated for 4 h. One
hundred microliters (100 μL) of DMSO was added to each
well after aspiration ofMTT, and the plate was stirred (for 10
to 15min) with an orbital shaker.-e absorbance was read at
540 nm using a spectrophotometer, and the percent inhi-
bition was determined [44].

%Inhibition � 100 −
ODtest group − ODblank

ODControl group − ODblank
× 100. (3)

4. In Vivo Assay

4.1. Animals. For this test, Wistar rats of both sexes with an
average mass of 225 g and an age between 2.5 and 3 months
were used. -e Animal House of the Department of Animal
Biology of the Faculty of Science of the University of
Dschang in Cameroon served as a framework for animal
husbandry. -e animals were fed a standard diet for rodents
and had water ad libitum. -e animals were then divided
into groups according to their weight and left for acclimation
for 48 hours before the start of any experiment.

-e experimental procedures were approved by the local
ethics committee and complied with the guidelines for the
study of pain in awake animals, published by the NIH Pub-
lication No. 85-23 “Principles of Animal Protection,” “Labo-
ratory,” Study of Pain, Ministry of Scientific Research and
Technology, which adopted the European Union guidelines on
animal care and experimentation (Conseil CEE 86/609).

4.2. Colitis Induction. Forty-two (42) rats were divided
according to their weight into 7 groups of 6 rats each. With
the exception of group I, considered as a neutral control,
which did not receive any DSS solution, all the other groups
received the double DSS solution. From the 6th day after the
commencement of colitis induction, all animals were treated
as follows: group I (neutral control) received distilled water
(1ml/100 g bw), group II (negative control) received a so-
lution of DMSO (5%) + PBS, group III (positive control)

received a solution of prednisolone (4mg/kg), groups IV and
V (treated) were given the aqueous extract (125 and 250mg/
kg), and groups VI and VII (treated) received the methanol
extract (125 and 250mg/kg). All treatments were given orally
from the 6th day to the 15th day after the start of induction.

4.3. Evaluation of Body Weight and Stool Condition. Body
weight (estimated as relative body weight) and stool status
(estimated as a Bristol stool score [45]) of all animals were
evaluated daily, from day 0 before the start of induction of
colitis to the 15th day following start of induction of colitis.

4.4. Hematology, Biochemical Parameters,Weight, andOrgan
Length. On the nineteenth day, all the animals received
thiopental (50mg/kg, 0.1ml/100 g bw) intraperitoneally for
anesthesia, and then the blood was taken by catheterization of
the abdominal artery and introduced into tubes with antico-
agulant (heparin) for the estimation of red blood cells, white
blood cells, and blood platelets. -en the liver and spleen were
isolated, freed from fat, and then weighed using a scale. -e
complete colon located between the ileocolic junction and the
anus was also rapidly removed, opened longitudinally along the
mesenteric fixation line, washed with saline in an ice-water
tank, and lightly dried with filter paper; then, the length and
weight of all two points were measured. Subsequently, the
colon was cut into two parts: one part was stored in 10% PBS-
buffered formalin for histological analysis while the other was
ground in phosphate buffer for evaluation of oxidative stress
parameters including catalase (CAT), glutathione (GSH), su-
peroxide dismutase (SOD), malondialdehyde (MDA), and
nitrogen monoxide (NO).

4.5. Macroscopic and Microscopic Evaluation of the Colon.
Immediately after isolating (between the ileocolic junction
and the anus) and washing the complete colon, photographs
were taken using a Canon camera (Cyber-shot, 7.2 mega-
pixels, China). Colon samples fixed in 10% PBS-buffered
formalin were fixed, cut into 5 μm pieces each, and stained
with hematoxylin-eosin (H&E) for microscopic evaluation.

4.6. Statistical Analysis. -e values are expressed as mean-
± SEM. Statistical analysis between the means was per-
formed using one-way ANOVA, followed by the Tukey
posttest (hematology, length, and weight of the organs,
biochemical parameters), two-way ANOVA, and the Bon-
ferroni posttest (body weight and stools condition). Sig-
nificance was statistically acceptable at a level of P< 0.05.
-e Graph Pad InStat software was used for all data analysis.

5. Results

5.1. Chemical Composition. -e aqueous and methanol
extracts of A. boonei were subjected to phytochemical
screening. Our results indicated that both extracts contain 6
classes of secondary metabolites including tannins, sapo-
nins, alkaloids, steroids, flavonoids, and triterpenoids
(Table 1).
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6. In Vitro Test

6.1. A. boonei Extracts on Intracellular ROS Production.
-e aqueous and methanol extracts of A. boonei were
evaluated for their ability to inhibit the production of in-
tracellular ROS in whole blood, by PMN and by macro-
phages after stimulation of cells with zymosan A.-e results
showed that the aqueous extract inhibited the production of
ROS with IC50 values of 10.04± 0.55 μg/mL (whole blood),
8.80± 0.24 μg/mL (PMNs), and 9.48± 1.24 μg/mL (macro-
phage). Similarly, the methanol extract also inhibited the
production of intracellular ROS in whole blood, by PMN
and by macrophages with IC50 values of 7.08± 0.24 μg/mL,
5.47± 0.03 μg/mL, and 5.98± 0.03 μg/mL, respectively.
Ibuprofen used as a reference substance inhibited intra-
cellular ROS production with IC50 values of 15.81± 0.22 μg/
mL (whole blood), 15.20± 0.64 μg/mL (PMNs), and
15.69± 1.45 μg/mL (macrophages) (Table 2).

6.2. A. boonei Extracts on Extracellular ROS Production.
PMA has been used to stimulate the production of extracellular
ROS in whole blood, PMNs, andmacrophages in the presence of
various extracts ofA. boonei.-e results showed that extracellular
ROS production in whole blood, by PMN and by macrophages
was inhibited by both extracts of A. boonei with IC50 values of
11.58±0.65μg/mL, 8.26±0.22μg/mL, and 7.16±0.13μg/mL for
the aqueous extract and 7.12±0.19μg/mL, 6.60±0.16μg/mL,
and 7.08±0.27μg/mL for the methanol extract. Ibuprofen
inhibited extracellular ROS production with a maximum IC50
value of 15.55±0.54μg/mL (for PMNs) (Table 2).

6.3. A. boonei Extracts on Cytokines and Prostaglandin E2.
-e effects of the aqueous andmethanol extracts ofA. boonei
on the production of TNF-α, IL-1β, IL-6, and PGE2 by LPS-
activated macrophages were evaluated. It appeared that the
concentrations of 2 μg/mL and 10 μg/mL of the aqueous
extract and 2 μg/mL of the methanol extract did not cause
any significant effect on the production of TNF-α, IL-1β, IL-
6, and PGE2. At the concentration of 50 μg/ml, the aqueous
extract significantly inhibited the production of TNF-α
(P< 0.05) and of PGE2 (P< 0.01), whereas the methanol
extract at the same concentration significantly inhibited the
production of TNF-α (P< 0.01), IL-1β (P< 0.05), IL-6
(P< 0.01), and PGE2 (P< 0.001) (Figure 1).

6.4. A. boonei Extracts on the T-Cell Proliferation Assay.
-e aqueous and methanol extracts of A. boonei were tested
on the proliferation of T-cells. It is clear from this test that

the aqueous extract, methanol extract, and prednisolone
inhibited the cell proliferation with IC50 values of
46.00± 1.17 μg/mL, 8.19± 1.10 μg/mL, and <3.10 μg/mL,
respectively (Table 2).

6.5. Cytotoxicity of A. boonei Extracts on 3T3 Cells.
Aqueous and methanol extracts of A. boonei showed po-
tential inhibitory effects in various immunoassays when they
were tested for possible toxic effects. It was noticed that
compared to cyclohexamide (which is considered to be a
toxic substance with an IC50 value of 0.10± 0.13 μg/mL), the
aqueous extract was found to have no toxic effect with an
IC50 value of 87.00± 1.23 μg/mL, while the methanol extract
had a very moderate level of toxicity with an IC50 value of
37.03± 0.56 μg/mL (Table 2).

7. In vivo Assay

7.1. A. boonei Extracts on Body Weight. Figure 2 shows that
the body weight of all animals treated with DSS decreased
significantly (P< 0.05, P< 0.001) at days 3 and 4 compared
to animals in the neutral control group. At a dose of 125mg/
kg, the aqueous and methanol extracts of A. boonei sig-
nificantly increased (P< 0.05, P< 0.01) the body weight of
the treated animals on the 7th day. In addition, at the dose of
250mg/kg, the increase in body weight was significant on
day 3 (P< 0.05) for the aqueous extract and on day 6
(P< 0.01) for the methanol extract.

7.2.A. booneiExtracts onStoolCondition. Figure 3 shows the
stool condition of the animals treated with A. boonei
aqueous (A) and methanol (B) extracts (125 and 250mg/kg)
and prednisolone (4mg/kg) according to the stool diagram
of Bristol. It appeared that the score increased significantly
(P< 0.05, P< 0.01, P< 0.001) in all animals treated on day 2
after induction of colitis compared to animals in the neutral
control group. On the 10th day, 5 days after the start of
treatment, the score of the animals treated with the different
extracts and with prednisolone was significantly (P< 0.05,
P< 0.01, P< 0.001) improved compared to that of the an-
imals of negative control group (DMSO 5%+PBS). In ad-
dition, the score of all treated animals was almost similar to
that of the neutral control group between day 14 and day 15.

7.3. A. boonei Extracts on Some Hematological Parameters.
Table 3 shows the hematological variations of the animals
after 15 days of treatment. It appeared that the level of red
blood cells decreased significantly, while the levels of white

Table 1: Phytochemical profile of A. boonei.

Extracts
Phytochemical compounds

1 2 3 4 5 6
Aqueous extract + + + + + +
Methanolic extract + + + + + +
−: absent; +: present; 1: tannins; 2: saponins; 3: alkaloids; 4: steroids; 5: flavonoids; 6: triterpenoids.
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Figure 1: Effect of extracts of Alstonia boonei on cytokines and prostaglandin E2 secretion levels by mice macrophages activated by LPS.
Data represent mean± SD of triplicates and are analyzed by one-way ANOVA followed by Tukey post hoc test; aP< 0.05, bP< 0.01,
cP< 0.001 when compared with nontreated group (0mg/kg).

Table 2: IC50 values of aqueous and methanolic stem-bark extracts of A. boonei on human whole blood evaluated by luminol and/or
lucigenin amplified chemoluminescence, on T-cells proliferation, and on cytotoxicity on 3T3 cells.

Treatment
Oxidative burst (IC50 μg/ml) T-cells

proliferation
(IC50 μg/ml)

Cytotoxicity on
3T3 cells

(IC50 μg/ml)
Luminol/zymosan PAM/lucigenin

WB PMNs MQ WB PMNs MQ
Aqueous extract 10.04± 0.55 8.80± 0.24 9.48± 1.24 11.58± 0.65 8.26± 0.22 7.16± 0.13 26.46± 1.17 87.80± 1.23
Methanolic
extract 7.08± 0,24 5.47± 0.03 5.98± 0.03 7.12± 0.19 6.60± 0.16 7.08± 0.27 8.19± 1.10 37.03± 0.56

Ibuprofen 15.81± 0.22 15.20± 0.64 15.69± 1.45 17.83± 0.16 15.55± 0.54 16.57± 0.54 — —
Prednisolone — — — — — — <3.10 —
Cyclohexamide — — — — — — — 0.10± 0.13
-e IC50 values are presented as mean± SD of triplicates. WB: whole blood, PMNs: polymorphonuclear neutrophils, MQ: mice peritoneal macrophages.
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blood cells and blood platelets increased significantly in the
animals having received the mixture DMSO-PBS compared
to the animals of the neutral control group. Treatment with
the aqueous and methanol extracts of A. boonei, as well as
prednisolone, resulted in a significant increase in red blood
cell count and a significant decrease in white blood cells and
blood platelets compared to animals in the negative control
group.

7.4. A. boonei Extracts on Mass of Some Selected Organs.
Table 4 shows that the treatment with DSS resulted in a
nonsignificant reduction in the masses of the colon, the liver,
and the spleen compared to those of the animals of the
neutral control group. Furthermore, the administration of
the aqueous and methanol extracts of A. boonei led to a
nonsignificant increase in the masses of the organs studied
compared to those of the animals in the negative control
group.

7.5. A. boonei Extracts on Colon Length. Figure 4 shows the
variation in colon length in animals after 15 days of ob-
servation. It appeared that the DSS caused a significant
decrease in the length of the colon in the animals treated
with the DMSO-PBS mixture compared to that of the

animals of the neutral control group. Both extracts and
prednisolone caused a significant increase in colon length in
all treated animals compared to animals in the negative
control group. -is increase became identical to that of
animals in the neutral control group at a dose of 250mg/kg.

7.6. A. boonei Extracts on Few Biochemical Parameters.
Figure 5 shows the effects of the aqueous and methanol
extracts of A. boonei on SOD, CAT, MDA, GSH, and NO
levels. It was found that, after DSS administration, SOD and
CAT activity decreased significantly (P< 0.05, P< 0.01,
P< 0.001) in all animals. Administration of the different
extracts at doses of 125 and 250mg/kg significantly
(P< 0.01, P< 0.001) increased SOD and CAT activity in all
treated animals compared to animals that received DMSO
(5%) + PBS. Prednisolone (4mg/kg) provoked a significant
(P< 0.001) increase in SOD and a not significant one in
CAT.

In addition, the administration of DSS resulted in a
significant increase (P< 0.001) in MDA and NO levels,
followed by a significant decrease (P< 0.001) in GSH levels
in DMSO (5%) + PBS-treated animals compared to the
neutral control groups. -e aqueous and methanol extracts
(125 and 250mg/kg) as well as prednisolone (4mg/kg)
resulted in a significant decrease (P< 0.001) in MDA and
NO levels compared to the animals in the negative control

c

c
cc
c

c
c

c
c

c

c

Normal control
DMSO (5%) + PBS
Prednisolone 4mg/kg
Aqueous extract 125mg/kg
Aqueous extract 250mg/kg
Methanolic extract 125mg/kg
Methanolic extract 250mg/kg

2 3 4 5 6 7 8 9 10 11 12 13 14 151
Period (day)

2.5

λ

λλ
λ

λ

λ

λ
λλ
λ

λ
λλ

λ
λλ λλλ λλ

λ
λ
λ λ
λλλλ

λ
λ
λ

λ λ λ λ
λ

λ λ

λ λ
λ λλ
λ λ λλb

λb
λb

λc

λc
λc

λc λc
λc

λc

λc

λc
λc

λ
λ

λ

λλ

λ

λ
λ

λ

ββ

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

St
oo

l s
ta

te

Figure 3: Effects of aqueous and methanol stem-bark extracts of A.
boonei on stool state in DSS-induced colitis in rats. Values are
expressed as mean± SEM for six animals and analyzed by two-way
ANOVA followed by Bonferroni post hoc test; aP< 0.05, bP< 0.01,
cP< 0.001: significant difference compared with DMSO
(5 %) + PBS; αP< 0.05, βP< 0.01, λP< 0.001: significant difference
compared to normal control.
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Figure 2: Effects of aqueous and methanol stem-bark extracts of A.
boonei on relative body weight in DSS-induced colitis in rats.
Values are expressed as mean± SEM for six animals and analyzed
by two-way ANOVA followed by Bonferroni post hoc test;
aP< 0.05, bP< 0.01, cP< 0.001: significant difference compared
with DMSO (5 %) + PBS; αP< 0.05, βP< 0.01, λP< 0.001: signifi-
cant difference compared to normal control.
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groups. In addition, only the 250mg/kg dose of the aqueous and
methanol extracts resulted in a significant (P< 0.05, P< 0.001)
increase in GSH compared to the control negative group.

7.7. Histopathological Evaluation. Histological analysis of
colon tissues revealed untreated (negative control) alter-
ations such as loss of tissue architecture, mucosal infiltrate,
thickening of the submucosal muscle, and hemorrhage in
themucosa crypts after DSS injection in animals treated with
all doses (Figures 6(d)–6(g)) of extracts of A. boonei com-
pared to the control group (Figure 6(b)). -is effect was also
observed for prednisolone used as a reference product
(Figure 6(c)).

7.8. Macroscopic Assessment of Colon Damage. Figure 7
shows the macroscopic presentation of the intestine of
animals after induction of DSS-induced colitis in the rats. It
was found that DSS causes bleeding development and edema
in animals treated with DMSO (5%) + PBS (Figures 7(b) and
7(c)). On the other hand, the animals that received the
aqueous and methanol extracts of A. boonei as well as
prednisolone showed no bleeding or edema (Figures 7(d)–
7(f)).

8. Discussion

Ulcerative colitis, which is one of the major forms of in-
flammatory bowel disease, is a chronic inflammatory disease

characterized by inflammation, mucosal ulcerations, tissue
cell influx, and exaggerated production of many proin-
flammatory mediators [46, 47]. Several animal models have
been developed to allow the understanding of inflammatory
bowel diseases and to promote the development of new
management strategies for patients suffering from these
diseases [48]. One of the most widely used models is the
administration of DSS in drinking water which causes
chronic intestinal inflammation in animals, thus allowing
important observations on the immune system and the study
of many mediators and the important cellular influx in-
volved in the chronic development of inflammatory diseases
of the intestine [49, 50]. -e repeated administration of DSS
causes an amplification of the inflammatory response in
ulcerative colitis with an exaggerated production of ROS,
TNF-alpha, IL-1 beta, and IL-6 which will be responsible for
the severity of the colitis and the appearance of symptoms
related to inflammatory bowel diseases [51, 52]. Similarly,
during the development of colitis, elevated levels of
proinflammatory cytokines are accompanied by elevated
levels of prostaglandin and eicosanoids as a result of in-
creased expression of COX-2 [53].

In this study, in vitro tests demonstrated that the aqueous
andmethanol extracts ofA. boonei significantly inhibited the
release of TNF-α, IL-6, IL-1β, and PGE2. -e results also
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Figure 4: Effects of the aqueous and methanol stem-bark extracts
of A. boonei on colon length in DSS-induced colitis in rats. Values
are expressed as mean± SEM for six animals and analyzed by one-
way ANOVA followed by Tukey post hoc test; aP< 0.05, bP< 0.01,
cP< 0.001: significant difference compared with DMSO+PBS;
αP< 0.05: significant difference compared to normal control.

Table 4: Effects of the aqueous and methanol stem-bark extracts of
A. boonei on colon, liver, and spleen mass in DSS-induced colitis in
rats.

Treatment Dose
(mg/kg)

Mass (g)
Colon Liver Spleen

Normal control — 176± 0,09 5.43± 0.10 0,66± 0,06
DMSO (5
%) + PBS — 1,42± 0,05 4,87± 0,09 0,55± 0,02

Prednisolone 4 1,67± 0,05 5,08± 0,49 0,51± 0,01

Aqueous extract 125 1,65± 0,07 5,60± 0,52 0,64± 0,05
250 1,43± 0,12 5,01± 0,32 0,64± 0,02

Methanol
extract

125 1,45± 0,08 5,32± 0,21 0,64± 0,04
250 1,60± 0,07 5,61± 0,24 0,66± 0,03

Values are expressed as mean± SEM for six animals and analyzed by one-
way ANOVA followed by Tukey post hoc test.

Table 3: Effects of the aqueous and methanol stem-bark extracts of A. boonei on hematology in DSS-induced colitis in rats.

Treatment Dose (mg/kg) RBCs (million/μl) WBCs (109/L) Platelets (109/L)
Normal control — 8.16± 0.15 4.90± 0.42 327.20± 13.53
DMSO (5 %) + PBS — 6.08± 0.26λ 10.45± 0.37λ 744.20± 61.36λ
Prednisolone 4 7.95± 0.40c 8.24± 1.17α 520.80± 57.62αa

Aqueous extract 125 7.10± 0.10αa 7.18± 0.79a 460.20± 42.13c
250 7.64± 0.16c 6.38± 0.70b 468,60± 36.56b

Methanol extract 125 7.37± 0.09b 6.46± 0.38b 490.20± 28.85b
250 7.67± 0.12c 6.22± 0.43b 410.60± 35.87c

Values are expressed as mean± SEM for six animals and analyzed by one-way ANOVA followed by Tukey post hoc test; aP< 0.05, bP< 0.01, cP< 0.001:
significant difference compared with DMSO+PBS; αP< 0.05, λP< 0.01: significant difference compared to normal control.

8 Evidence-Based Complementary and Alternative Medicine



NC

λ

λc

λb
αc

λa

DMSO +
PBS

Pred 4 AE125 AE250 ME125 ME250

c

0.000

0.005

0.010

0.015
SO

D
 (U

/g
 o

rg
an

)

(a)

λ

λ

λb λb λb

NC DMSO +
PBS

Pred 4 AE125 AE250 ME125 ME250

c

0.00

0.01

0.02

0.03

0.04

CA
T 

(U
/g

 o
rg

an
)

(b)

λ

βc

NC DMSO +
PBS

Pred 4 AE125 AE250 ME125 ME250

cccc

0.0

0.1

0.2

0.3

M
D

A
 (M

ol
/g

 o
rg

an
)

(c)

λ

λ
λ

βc

λa

βc

NC DMSO +
PBS

Pred 4 AE125 AE250 ME125 ME250
0.0

0.1

0.2

0.3

0.4

0.5

G
SH

 (M
ol

/g
 o

rg
an

)

(d)

λ

β

NC DMSO +
PBS

Pred 4 AE125 AE250 ME125 ME250

cccc

0.0

0.2

0.4

0.6

0.8

N
O

 (μ
m

ol
/g

 o
rg

an
)

(e)

Figure 5: Effects of the aqueous (AE) andmethanol (ME) extracts ofA. boonei on some parameters of oxidative stress in DSS-induced colitis
in rats. Values are expressed as mean± SEM for six animals and analyzed by one-way ANOVA followed by Tukey post hoc test; aP< 0.05,
bP< 0.01, cP< 0.001: significant difference compared with distilled DMSO+PBS; αP< 0.05, βP< 0.01, λP< 0.001: significant difference
compared to normal control.
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suggest that the inhibitory activity of aqueous and meth-
anol extracts of A. boonei on the production of these
proinflammatory cytokines has clinical significance. -is
inhibitory activity of the release of TNF-α, IL-6, IL-1β, and
PGE2 by A. boonei extracts indicates that this plant is rich
in compounds having an anti-inflammatory potential with
a possible capacity to intervene in the immune response,
since the inhibitory effects of certain compounds on the
production of TNF-α, IL-6, IL-1β, and/or PGE2 is an
important marker taking into account their major role in
growth, differentiation, and death of immune cells, just as
in the effective treatment of most inflammatory diseases
[54].

In many inflammatory states, there is significant poly-
morphonuclear cell infiltration followed by an increase in
the chemokine (CXCL1/KC) required for migration of
neutrophils to the lesional focus [55, 56]. -us, the effects of
the aqueous and methanol extracts of A. boonei have been
evaluated on another important aspect of the immune re-
sponse which is cell proliferation. It is apparent from the
results that the extracts significantly inhibited cell prolif-
eration in a dose-response manner. It is important to suggest
that the inhibitory activity of extracts on this cell prolifer-
ation could be the consequence of a significant reduction in
the production of proinflammatory cytokines. -e results
also suggest that the compounds present in A. boonei
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Figure 6: Effects of the aqueous and methanol stem-bark extracts of A. boonei on microphotographs of colon (hematoxylin-eosin, x100).
(a) Normal control; (b) negative control; (c) prednisolone (4mg/kg); (d) aqueous extract (125mg/kg); (e) aqueous extract (250mg/kg);
(f ) methanol extract (125mg/kg); (g) methanol extract (250mg/kg). 1: intestinal lumen, 2: mucosa, 3: submucosa, 4: muscularis, 5: serosa, 6:
lymphocytic hyperplasia.
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Figure 7: Photographs of colon following treatment with the aqueous and methanol stem-bark extracts of A. boonei. (a) Normal control;
(b) negative control; (c) DMSO (5 %); (d) prednisolone (4mg/kg); (e) aqueous extract (250mg/kg); (f ) methanol extract (250mg/kg). 1:
bleeding, 2: edema.
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extracts are capable of significantly influencing the immune
response of phagocytes and monocytes at different stages,
since macrophages and neutrophils play a very important
role in mucosal inflammation [57, 58], given that macro-
phages are an important source of proinflammatory cyto-
kines that regulate epithelial barrier and/or cell proliferation
while neutrophils contribute significantly to tissue damage
[59]. -is antiproliferative activity of the aqueous and
methanol extracts of A. boonei could be associated with the
presence of compounds such as alpha-amyrin and beta-
amyrin which are compounds possessing antiproliferative
properties [60] and are present in the extracts of A. boonei.

Clinically, it is known that people suffering from ul-
cerative colitis have overproduction of ROS that would be
responsible for lipid peroxidation, inhibition of the anti-
oxidant capacity of cells, and attack of tissue proteins and
also of DNA [10–12]. -e aqueous and methanol extracts of
A. boonei showed good antioxidant capacity in this study,
significantly inhibiting the production of extra- and intra-
cellular ROS in whole blood and various phagocytic cells
(neutrophils andmacrophages). As we know that, during the
inflammatory reaction, the NF-kB/AP-1 axes play an im-
portant role in the production of TNF-α, NO, IL-1β, and
PGE2 [61, 62] and that the phosphorylation of NF-kB factor
by many compounds significantly decreases the T-cell
proliferation process [63], it is possible that the inhibitory
properties of the aqueous and methanol extracts of A. boonei
are associated with an action on the factor NF-kB. Since this
study showed that this plant was rich in flavonoids, sapo-
nins, steroids, and terpenoids and several studies have
shown that several terpenoids and flavonoids have inhibi-
tory effects on NF-kB factor phosphorylation [64, 65], this
justified their anti-inflammatory and antiproliferative
properties. In addition, the work of Vitor et al. [66] has
shown that the alpha- and beta-amyrin compounds that
have been found in A. boonei extracts are able to inhibit the
phosphorylation of NF-kB factor just as the expression of
COX-2. Moreover, Beserra et al. [67] reported that lupeol
which has also been isolated from A. boonei extract has an
inhibitory effect on NF-kB factor phosphorylation.

In the present study, the cytotoxic activity of various
extracts of A. boonei was evaluated on a 3T3 cell line. -e
aqueous extract showed no toxic effect with an IC50 value
equal to 87.80 μg/ml, while themethanol extract with an IC50
value equal to 37.03 μg/ml showed a very low toxicity.
Nevertheless, in order to better estimate the toxicity of a
compound in humans and to identify toxic products, in vitro
cytotoxicity tests are generally used [42], depending on the
substance tested [68]. In an in vitro test, which can increase
the reliability of the results obtained, more than one test
should be required to determine cell viability. However,
Nkono Ya Nkono et al. [38] and Enechi et al. [37] showed
that, during acute and/or subchronic treatment, the meth-
anol and aqueous extracts ofA. boonei did not cause death in
rats during toxicity with an LD50> 5 g/kg body weight,
which classifies this plant as a nontoxic plant [69].

One of the animal models of experimentally induced
colitis is the addition of DSS to drinking water which can be
induced in hamsters, rats, and mice [49]. During the

development of this model, the pathological changes are
similar to those observed in inflammatory bowel diseases in
humans [17]. -e most common symptoms are bloody
diarrhea, weight loss, shortening of the colon, ulceration of
the mucosa, and neutrophil infiltration. Several authors have
shown that, during the course of DSS-induced colitis, the
onset of various symptoms is accompanied by an increase in
oxidative stress, an increase in inflammatory markers (TNF-
alpha, IL-1, NO, and NF-kB), and an increase in the ex-
pression of iNOS [70–73]. In the present study, the aqueous
and methanol extracts of A. boonei showed significant ac-
tivity against all clinical symptoms of colitis. -ey signifi-
cantly increased body weight in all treated animals,
improved stool condition, and increased colon length. -is
important activity ofA. boonei extracts is probably due to the
presence of compounds such as lupeol, alpha-amyrin, and
beta-amyrin in this plant, since these compounds have
shown their ability to remarkably inhibit colitis induced in
mice by TNBS by reducing inflammatory cytokines and
COX-2 expression and/or inhibition of NF-kB factor
phosphorylation [66, 67].

In pathogenicity of inflammatory bowel disease, the
overproduction of free radicals, ROS, and even proin-
flammatory cytokines can be explained by the multiple
interactions that exist between environmental, genetic, and
immune factors. -us, we can observe the installation of a
cascade of inflammatory processes accompanied by an
oxidative stress resulting from an imbalance between the
prooxidant and antioxidant systems in favor of the proox-
idant one [74, 75]. Decreased antioxidant capacity con-
tributes to the pathogenesis of colitis and other
inflammatory disorders [76]. -e first endogenous defense
line, capable of preventing oxidative damage, includes en-
zymatic (SOD and CAT) and nonenzymatic antioxidants
(GSH, MDA, and NO) [77]. Malondialdehyde (MDA) is a
major end product of lipid peroxidation. Increasing MDA
content may contribute to increased free radical generation
and reduced activity of antioxidant defense systems [17]. In
this study, DSS resulted in a marked increase in lipid per-
oxidation, expressed as MDA content. At the same time,
SOD is a metalloprotein that catalyzes the dismutation of
two superoxide radicals to form hydrogen peroxide and
molecular oxygen [17]. -e decrease in SOD activity and
catalase may be due to the increased generation of reactive
oxygen species, such as superoxide and hydrogen peroxide.
Glutathione (GSH) is an important intracellular antioxidant
that plays an important role in protecting cells against
oxidative stress [17]. Under physiological conditions, NO,
which plays an important role in the regulation of the
motility and cytoprotection processes of the large intestine,
is synthesized from L-arginine by the constituent forms of
NO synthase [78]. In addition, some authors have found that
animals with DSS-induced colitis have significantly in-
creased level of NO in the intestine [79]. -ese results show
that a treatment with the aqueous and methanol extracts of
A. Boonei (125 and 250mg/kg) significantly reduced levels of
MDA, GSH, and NO; this decrease could be attributed to the
free radical scavenging potential of the compounds present
in these extracts. At the same time, treatment with both
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extracts significantly attenuated SOD and CAT levels. Both
extracts were rich in polyphenols which are compounds that
exert some of their antioxidant effects by promoting the
secretion of antioxidant enzymes (e.g., SOD and CAT) and
by inducing HO-1-related detoxification enzymes. Gluta-
thione is involved in the detoxification of xenobiotics [80].
In addition, aqueous and methanol extracts contain flavo-
noids and saponins that exert their antioxidant power by free
radical scavenging [81, 82]. -ese results are also in
agreement with those reported by Akinmoladun et al. [30]
on the in vitro antioxidant properties of aqueous and
methanolic extracts of A. boonei.

Relapses observed in stool consistency of all groups are
common in ulcerative colitis. However, normal stool con-
sistency was observed and maintained in the treated groups
on day 13. -is may be due to the effect of administration of
A. boonei extracts, as this has been reported earlier by us to
possess antidiarrheal properties [83]. Both extracts of A.
boonei significantly increased the length of the colon in the
treated groups, effects that were similar to those of pred-
nisolone. -is could be attributed to the antiulcer properties
of A. boonei extracts by the action onmucosal defense factors.
-is is justified by a previous work reported by Okoye et al.
[35] on this plant showing antiulcer properties on the ulcer
models induced by pyloric ligation and acetic acid in rats, an
activity that is related to its antiproliferative and antioxidant
properties. Administration of DSS to mice or rats in their
drinking water for a short period of time resulted in limited
inflammation in the colon characterized by erosions/ulcers,
loss of crypts, and granulocyte infiltration [49, 51]. Micro-
graphs of histological sections showed that inflammation,
ulcer, and edema decreased in animals treated with the
aqueous andmethanol extracts ofA. boonei and prednisolone.
Complete recovery was observed earlier in the groups treated
with the methanol and aqueous extracts, similarly to the
normal control group, and it was evident by intact mucosa.
-ese results show that A. boonei is effective in reducing
macroscopic and histological damage in the same way as the
reference drug, prednisolone, and that it could be useful in the
treatment of colitis.

9. Conclusion

Based on the results, it could be concluded that the ad-
ministration of the aqueous and methanol extracts of A.
boonei significantly reduces the symptoms and morpho-
logical and biochemical characteristics of ulcerative colitis.
Decreasing the release of inflammatory markers with
modulation of oxidative/antioxidant balance in colon tissues
could probably explain the protective role of A. boonei
extracts. However, further studies are needed to evaluate
whether similar efficacy can be achieved in other models of
experimental colitis simulating human inflammatory bowel
disease.
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