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ABSTRACT 
 

Introduction: Inflammatory bowel disease (IBD) comprises Crohn's disease (CD) and ulcerative 
colitis (UC) which are defined as chronic and relapsing inflammations of the gastrointestinal tract 
caused by variable pathophysiological mechanisms. Synthetic chemical moieties with antioxidant 
potential are the present treatment regimens, but their high relapse rate and toxicities limit their 
utility in treatment. 
Aims: The aim of this work was to investigate the possible toxic effects that the aqueous extract of 
Guiera senegalensis will elicit on the bone marrow of experimental animals.  
Methods: Experimental colitis was induced in animals using acetic acid to mimic human IBD. The 
effects of oral administration of the extract on the bone marrow were assessed using appropriate 
tools. A control, colitis control and a treatment control (prednisolone) were used as a guide in the 
assessment of the findings in this study. 
Results: Animals receiving the extract showed essentially normal erythroid nests and granulocytic 
precursors as well as several lymphocytes. Animals receiving prednisolone, on the other hand, 
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showed predominantly granulocytic progenitors with an overall decrease in cellularity of the bone 
marrow. No toxic effect was observed in bone marrow of animals receiving the extract. 
Conclusion: The G. senegalensis extract showed no toxicity to the bone marrow and may elicit 
immunomodulatory properties. 

 
 
Keywords: Guiera senegalensis; colitis; bone marrow; toxicity. 
 
1. INTRODUCTION 
 
Inflammatory bowel disease (IBD) comprises 
Crohn's disease (CD) and ulcerative colitis (UC) 
which are defined as chronic and relapsing 
inflammations of the gastrointestinal tract caused 
by variable pathophysiological mechanisms 
characterized by clinical manifestations including 
diarrhoea, blood in the stool, abdominal pain, 
and weight loss [1]. Although the aetiology of IBD 
still remains poorly understood, complex 
interactions among genetic, environmental, 
immunological and reactive oxygen species 
(ROS) have been implicated in the pathogenesis 
of IBD [2,3]. IBD occurs throughout the world but 
is more common in urban areas and presents in 
the teens and early 20s [4]. 
 
Although there are few epidemiologic data from 
developing countries, epidemiological studies 
from all over the world have stated that the 
incidence and prevalence of IBD are increasing 
with time and in different regions around the 
world — indicating its emergence as a global 
disease [5]. 

 
Guiera senegalensis (Combretaceae) commonly 
known as ‘Sabara’ in Hausa (the most widely 
spoken language in West Africa especially 
Northern Nigeria) is a shrub of the savannah 
region of west and central Africa. G. 
senegalensis has also been shown to positively 
contain alkaloids, saponins, tannins, flavonoids, 
amino acids, ascorbic acid, and anthraquinones 
and also displayed antimicrobial activity. 
Alkaloids and saponins have received the 
greatest attention with regards to their possible 
medicinal potentials [6]. Elemental analysis 
showed that the values of all the elements 
analysed compares favourably with values 
obtained for other plants [7] and thus indicated 
that G. senegalensis leaf contains a significant 
amount of essential mineral elements. Their 
quantity is in the order Ca > K > P > Na > Mg > 
Fe > Zn > Cu. This justified the widespread 
usage of G. senegalensis leaves as medicine 
traditionally and also showed that the plant has a 

lot of potentials in traditional and orthodox 
medicine [7]. 

 
Several studies have indicated the presence of 
alkaloids, flavonoids, quercetin, catechins, 
saponin, tannins, amino acids, ascorbic acid, 
anthraquinones and a bitter principle, elastine, in 
the roots and leaves of G. senegalensis with 
potential anticancer and other forms of biological 
activities [8]. Their functions and mechanism of 
actions may include the following among others: 
antioxidant activity, hormonal action, stimulation 
of enzymes, interference with DNA replication 
and antibacterial properties [9]. 
 
Bone marrow is the flexible tissue in the interior 
of bones. In humans, red blood cells are 
produced by cores of bone marrow in the heads 
of long bones in a process known as 
hematopoiesis [10]. Bone marrow is also a key 
component of the lymphatic system, producing 
the lymphocytes that support the body's immune 
system. The bone marrow and thymus constitute 
the primary lymphoid tissues involved in the 
production and early selection of lymphocytes. 
Furthermore, bone marrow performs a valve-like 
function to prevent the backflow of lymphatic fluid 
in the lymphatic system [11]. 

 
Synthetic chemical moieties like 5-amino 
salicylate, corticosteroids, antimicrobials and 
immunosuppressive agents such as azathioprine 
and mercaptopurine, etc. with antioxidant and 
anti-inflammatory potential are the present 
treatment regimens for IBD, prednisolone, 
among others. But, their disadvantages like high 
relapse rate, immune suppression and a wide 
range of side effects limit their utility in the 
treatment of IBD [12]. 

 
The aim of this work is to investigate the possible 
effects that the extract of the plant will elicit on 
the bone marrow of experimental animals. A 
control, colitis control and a treatment control will 
serve as a guide in the assessment of the 
findings in this study. 
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2. METHODOLOGY 
 
2.1 Experimental Animals 
 
Adult Wistar rats (110-150 g) were procured from 
the animal house of the Faculty of 
Pharmaceutical sciences, Usmanu Danfodiyo 
University, Sokoto. They were kept in a well-
ventilated room with optimum environmental 
conditions of temperature, relative humidity, 
dark/light cycle and were fed standard feed 
pellets and tap water ad libitum. They were 
acclimatized for two weeks prior to the 
experiment. 
 
2.2 Plant Collection 
 
The fresh leaves of G. senegalensis used for this 
study were collected from a bush around Arkilla, 
Wammako Local Government Area of Sokoto 
State, Nigeria. The plant was authenticated by 
the Herbarium Officer at the Botany unit of 
Usmanu Danfodiyo University, Sokoto. It was 
given a voucher number – UDUH/ANS/0144 and 
deposited at the herbarium. 
 

2.3 Extract Preparation [13] 
 
The leaves were cleaned and air-dried at room 
temperature for 7 days and ground to fine 
powder using mortar and pestle. Three hundred 
and fifty (350) grams of the powdered material 
was macerated in 1.5 L of distilled water and left 
for 24 hours after which it was filtered using 
Whatman’s filter paper Number 4. The filtrate 
was dried in a hot air oven at 40°C to give 34.5 g 

of the aqueous leaf extract which was used for 
the study. The percentage yield was calculated 
to be 9.86% and the dried extract stored in an 
airtight container. 

 
2.4 Acute Toxicity Testing 
 
Acute toxicity testing was conducted using 
Lorke’s Method [14]. In Phase I, nine (9) rats 
were used and randomly assigned into 3 groups 
of 3 rats each. The 1st group was administered 
10 mg/kg body weight of the extract using an oral 
cannula, the 2

nd
 and 3

rd
 groups received 100 

mg/kg and 1000 mg/kg body weight respectively. 
The animals were then observed for 24 hours to 
monitor their behaviour for signs of toxicity as 
well as mortality. In Phase II, three (3) rats were 
used and randomly placed into 3 groups of an 
animal each. The animals were administered 
high doses of 1600 mg/kg, 2900 mg/kg and 5000 
mg/kg respectively. They were then observed for 
24 hours for signs of toxicity, morbidity and/or 
mortality. 
 
2.5 Colitis Induction 
 
All animals (except group I) were fasted for 6 
hours prior to study, with access to water ad 
libitum and given mild anaesthesia before 
induction of colitis, 2 ml acetic acid (4% v/v) in 
0.9% saline were infused for 30s using a soft 
flexible paediatric catheter size of 6F 2 mm in 
diameter, inserted through rectum into the colon 
up to a distance of 8cm and maintained in a 
supine Trendelenburg position for 30 seconds to 
prevent leakage of the intracolonic instil [15]. 

 
Table 1. Experimental design 

 

Group Saline 
(intrarectally) 

4% acetic acid 
(intrarectally) 

A.L.E.G.S. (orally) Prednisolone 
(orally) 

I (control) 2 ml                 

Day 1 

- - - 

II (Colitis control) - 2 ml                             
Day 1 

- - 

III - 2 ml                              
Day 1 

100 mg/kg Day 1-7 - 

IV - 2ml                             
Day 1 

200 mg/kg Day 1-7 - 

V - 2 ml                             
Day 1 

400 mg/kg Day 1-7 - 

VI (Treatment control) - 2 ml                              
Day 1 

- 2 mg/kg                     
Day 1-7 

Note: A.L.E.G.S. stands for Aqueous Leaf Extract of Guiera senegalensis 
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2.6 Experimental Design 
 
Colonic inflammation was induced in fasted rats 
using a modification of the method of Jagtap et 
al. [16]. The study comprised of thirty (30) 
animals and was divided into six groups (I - VI). 
Each group consists of five (5) animals. It is 
worthy to note that the symptoms of IBD may be 
controlled by immunosuppression using, among 
others, prednisone [12]. 
 

On the 8th day, animals were sacrificed by 
anaesthetic (propofol) overdose.  Bone marrow 
was obtained by cutting off the femur, aspirating 
the tissue and smearing it on a clean grease-free 
glass slide. Air dried slides were stained 
appropriately with Giemsa stain and commented 
on. 
 

It is recommended to use descriptive terms to 
assess bone marrow analysis; this is consistent 
with the STP position paper: Best Practice 
Guideline for the Routine Pathology Evaluation of 
the Immune System [17]. However, a semi-
quantitative method will be used to assess the 
groups, 
 

2.7 Bone Marrow Cellularity Assessment 
and Scoring 

 
Point counting method as used by Kerndrup et 
al. [18] was employed to assess cellularity since 
the counting method was ideal for aspirated 
smears [19]. The 4-point scoring method of 
Gruppo et al. [20] was used which is supported 
by the European consensus on grading bone 
marrow cellularity [21]. 
 
Severely hypocellular  - 0 
Moderately hypocellular - 1 
Normocellular   - 2 
Hypercellular  - 3 
 

3. RESULTS 
 
Acute toxicity study revealed no morbidity, 
behavioural changes or mortality in the rats 
indicating that the lethal dose is above 5000 
mg/kg. There was negligible difference in the 
volume of bone marrow aspirated from the 
femurs of the experimental animals. However, 
microscopic changes were evident. 
 

Control animals showed normal bone marrow 
aspirate revealing erythroid nests and 
granulocytic progenitors of varying maturity. A 
few lymphocytes were seen as well as abundant 

adipocytes of various sizes. Smears from colitis 
control animals showed an increase in 
granulocytic progenitors and lymphocytes 
indicating active inflammation. 
 
Animals fed with the extract showed normal 
erythroid nests with a good number of 
granulocytic progenitors and lymphocytes. 
Treatment control animals, however, had few 
erythroid and lymphoid progenitors but abundant 
granulocytic progenitors. They also showed an 
overall reduction in cellularity of the bone marrow 
confirming its immune suppression and/or 
toxicity. 
 

4. DISCUSSION 
 
Acetic acid induced colitis bears close 
resemblance to human IBD in terms of 
pathogenesis, histopathological features and 
inflammatory mediator profile [22] and is, 
therefore, a reliable animal model that can be 
useful for evaluation of drugs for IBD [23]. 
 
Acute toxicity study revealed no morbidity, 
behavioural changes or mortality in the rats 
indicating that the lethal dose is above 5000 
mg/kg. This is an indication that the extract is 
safe for consumption. This result is consistent 
with the findings of several authors including 
[7,13,24,25]. 
 
Changes in bone marrow cellularity can be an 
indicator of systemic toxicity and, therefore, bone 
marrow should be included in the battery of 
tissues examined because many compounds 
that target the bone marrow have been 
associated with profound alterations in immune 
function [26,27]. In fact, many compounds that 
target the bone marrow have been associated 
with profound alterations in immune function [28] 
which is implicated in IBD progression [2,3]. 
 
In any toxicologic study, the bone marrow from 
the treated animals should be compared with 
age- and sex-matched control animals due to the 
variation in normal cytological features that can 
be seen between sexes, strains and species of 
animals [17]. By implication and because 
hematopoietic and lymphopoietic lineages share 
a common progenitor stem cell, it is reasonable 
to anticipate that systemic toxicity could affect 
multiple cell lineages [17,26,27]. Although the 
best indicator of immunomodulation would be a 
change in the lymphocyte population, lymphoid 
lineage cells are difficult to distinguish from many 
of the other nucleated cells in the bone marrow 
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and a general description should be made 
[17,27]. 
 
Colitis control animals showed a decrease in 
erythroid progenitors compared to control 

animals in their bone marrow aspirate (Fig. 2). 
This might indicate an active inflammatory 
process [26] or as a result of reduction in food 
intake [29]. 

 

 
 

Fig. 1. Photomicrograph of bone marrow aspirate from a control animal. Smear shows an 
erythroid nest (black arrow), granulocytic progenitors (red arrow), lymphocyte (white arrow) 

and fat cells (green arrow) (Giemsa stain. Mag. x1000) 
 

Table 2. Observed effect on various bone marrow cell lineages 
 

 Control animals Colitis control *A. L. E. G. S. Treatment control 
Erythroid progenitors 1.8±0.45 0.8±0.45 2.2±0.45 1.4±0.55 
Granulocytic progenitors 2.2±0.45 2.2±0.84 2.2±0.45 2.8±0.45 
Lymphoid progenitors 2.0±0.00 0.6±0.55 2.8±0.45 0.4±0.55 
Adipocytes 1.8±0.45 2.4±0.55 1.6±0.45 2.4±0.55 

P value = 0.8306 considered not statistically significant. Kruskal-Wallis statistics = 0.9839 
* Ranked highest according to Kruskal-Wallis statistics 

 

 
 

 
Fig. 2. Photomicrograph of bone marrow aspirate from colitis control animal. Smear shows 

increased number of granulocytic progenitors (white arrow).  A few adipocytes are visible (red 
arrow). (Giemsa stain. Mag. x1000) 
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Fig. 3. Photomicrograph of bone marrow aspirate from animal that received 400 mg/kg of the 
extract. Smear shows erythroid nest (black arrow), granulocytic precursors (red arrow) and 

lymphocytes (white arrow). (Giemsa stain. Mag. x1000) 
 

 
 

Fig. 4. Photomicrograph of bone marrow aspirate from treatment control animal. Smear shows 
a megakaryocyte (black arrow) and scanty erythroid progenitors (red arrow) with abundant 

granulocytic precursors (white arrow). (Giemsa stain. Mag. x1000) 
 
Animals that received the extract showed 
essentially normal erythroid nests and 
granulocytic precursors as well as several 
lymphocytes (Fig. 3). It was more comparable to 
the control animals indicating an improved 
immune process in the animals [29]. This is in 
line with the work of Azza et al. [24] who found 
no haematological abnormality in animals 
administered an aqueous extract of the plant. 
The increase in lymphocytic progenitors may 
point to immunomodulation given the role of 
lymphocytes in general immunity [26]. This may 
be due to its phytochemical properties [6,7] 
especially alkaloids and saponins. 

Animals that received prednisolone, on the             
other hand, showed predominantly granulocytic 
progenitors with an overall decrease in cellularity 
of the bone marrow (Fig. 4). This further confirms 
the toxic effect of the drug on the bone marrow 
[30]. 
 

5. CONCLUSION  
 

The extract does not bear the side effects of 
immune suppression and lymphoid tissue toxicity 
that prednisolone have as evidenced by physical 
and microscopic evaluation of the bone marrow. 
The similarities with the cytology of the bone 
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marrow of control animals as well as lymphoid 
populations indicate the safety of the extract as 
well as its potential immunomodulatory 
properties. 
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