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Background: Despite the use of Lannea acida A. Rich for the treatment of many ailments, its safety profile has not been well-elucidated. We 
aim to determine the acute and subacute oral toxicity of methanol extract of stem bark of L. acida on Wistar rats.

Materials and methods: For acute toxicity test, adult female Wistar rats (n = 5) received a single oral dose of 3000 mg/kg of methanol extract 
of stem back of L. acida by gavage at interval of 48 hours, and were observed for general behavior, adverse effects and mortality for 14 days. 
For subacute toxicity, 24 adult Wistar rats were divided into four groups (n = 6/group; male = female, 1:1). Group one received distilled water at 

th10 ml/kg body weight while groups two, three and four received 250, 500 and 1000 mg/kg body weight of extract orally for 28 days. On the 29  
day, rats were euthanized and morphological, biochemical, and hematological parameters determined. 

Results: Acute oral dose of 3000 mg/kg body weight did not produce any sign of toxicity or mortality in Wistar rats. Subacute treatment 
showed a decrease in the relative organ weight percent of the kidney at a dose of 1000 mg/kg body weight (P < 0.05); a decrease in the serum 
potassium across all the doses (P < 0.05), and a rise in serum alanine transaminase at 500 mg/kg (P < 0.05). Histology showed varying 
degrees of hepatic sinusoidal vascular congestion, peri-portal inflammation; as well as tubulointerstitial inflammation and glomerular 
necrosis at doses of 250, 500 and 1000 mg/kg.

Conclusion: The acute oral median lethal dose (LD ) of methanol extract of the stem bark of L. acida is greater than 3000 mg/kg body weight. 50

Twenty-eight day daily oral doses of more than 250 mg/kg may have nephrotoxic and hepatotoxic effects in Wistar rats. 
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Lannea acida (syn. Odina acida) is a dioecious, androecious or polygamodioecious 
shrubs of the genera Lannea, (family Anacardiaceae); whose bark, leaves and roots 

are used for treatment of various ailments such as conjunctivitis, sores, diarrhea, 
stomach aches, gonorrhea, rheumatism, fever, malaria, skin diseases, cough, dysentery, 
malnutrition and debility (1,2).  
The leaves could also be eaten as vegetable and the bark may be pounded to make red 
dye for clothes. In certain parts of West Africa, the fruits may be made into a fermented 
drink or used as a resinous taste. The leaves and fruits could also be used as a livestock 
fodder (3-5).
They are widely distributed in the areas covering the Sudan and Guinea savannahs, and 
extending from Sudan in east Africa to Senegal, Nigeria, Ghana, Burkina Faso in 
West Africa (6). They grow, often on gravelly (deep) soils, rocky places and hills, bare 
granite rocks or bushes far from villages; usually at an altitude of 600-1600 meters. The 
shrub or tree may be 1.5-10 meters tall, girth up to 2-3 meters, and growth requires 
precipitation at 635mm (6).  
Despite its abundant use, the toxicity of L. acida is not well elucidated. Though Etuk et al 
(7), in one study, reported that the acute oral administration of 3000 mg/kg of aqueous 
extract of the stem bark of L. acida did not produce mortality in Sprague Dawley rats after 
14 days of observation, however, further tests on the subacute use of L. acida were 
scarce. In this study, we seek to further elucidate the acute and subacute toxicity of 
methanol extract of the stem bark of L. acida in Wistar rats.

Materials and methods
Plant materials 
Fresh stem bark of L. acida was collected from a fully-grown plant at a farm center in 
Zaria, Kaduna State, Nigeria. It was identified and authenticated at the Department of 
Biological Science, Ahmadu Bello University (ABU), Zaria; and the voucher specimen was 
deposited at the ABU Herbarium (Voucher No. 7341).



Extraction
The stem bark was washed thoroughly in running 
water and air-dried under shade for 7 days. The 
material was then chopped into smaller pieces and 
ground into coarse powder using pestle and mortar, 

vand then cold macerated in methanol-water 70% ( / ) v

for 72 hours with occasional shaking. The mixture 
was filtered with Whatman size 1 filter paper and the 

0filtrate evaporated in organ bath at a temperature 45 C 
to yield the methanol extract residue.

Preparation of the stock solution
Three grams of the dry cherry red extract residue was 
dissolved in 6 ml of distilled water to yield a thick 
chocolate paste of 500 mg/ml stock solution, and the 
doses prepared in mg per kilogram body weight of the 
rats according to the formula below:

Volume to be administered:   = 

Phytochemical analysis
The extract was screened for the presence of 
glycosides, alkaloids, flavonoids, saponins, tannins, 
anthraquinones and reducing sugars according to the 
methods described by Evans (8).

Animals
Adult Wistar rats weighing between 100-200 grams 
were provided by the Animal House of the Department 
of Pharmacology and Therapeutics, Ahmadu Bello 
University (ABU), Zaria. They were housed under 
standard conditions and fed with standard rodent diet 
and water ad libitum. Animal care and handling were in 
accordance to Good Laboratory Practice (GLP) and 
the Organization for Economic Cooperation and 
Development (OECD)guidelines (9,10). The protocol 
for the study was approved by the Animal Research 
Ethics Committee of the Ahmadu Bello University, 
Zaria.

Acute oral toxicity study
The acute oral toxicity test was performed according 
to the OECD Fixed Dose Procedure guideline 420 (9). 
Five healthy female, nulliparous, non-pregnant Wistar 
rats weighing between 150-200 grams, labeled A1, A2, 
A3, A4 and A5 were used. 
Food but not water was withheld overnight before the 
test. A test dose of 3000 mg/kg of methanol extract of 
L. acida was administered orally as a single dose to 
the first animal, and at a sequential interval of 48 
hours, to each of the remaining 4 animals by gavage 
using a gastric tube. Food was withheld for further 3 
hours after the dosing before feeding the animals. 
Each animal was observed immediately after the 
dosing for any sign of acute toxicity for at least 1 hour 
and then at least once daily for 14 days. Weight was 

measured weekly until the end of the experiment. All 
the surviving test animals were euthanized with 
chloroform anaesthesia and subjected to gross 
necropsy and histological examinations of the 
organs.

Sub-acute oral toxicity test
The subacute dose oral toxicity test was performed in 
accordance to the OECD guideline 407 (10). Wistar 
rats were divided into four groups (n =6/group; male = 
female, 1:1). Group one (control) received 10 ml/kg 
body weight/day of distilled water while groups two, 
three and four received 250, 500 and 1000 mg/kg 
body weight per day of the extract, served at the same 
time for 28 consecutive days. Toxic manifestations 
and mortality were monitored at least twice daily for 
28 days.

Body weight and relative organ weight percent
The weights of the animals were measured using a 
sensitive electronic weighing scale (Cammry EK 
5055, India) before the start of the experiment and 
subsequently, weekly and on the day of sacrifice. On 

ththe 29  day, after an overnight fast, rats were 
euthanized with chloroform anaesthesia. Gross 
necropsy was performed on all animals and organ 
weights (liver, kidney, thymus, and spleen) were 
measured as a percentage of body weight of each rat.

Hematological test
Blood samples were collected from the euthanized 
animals on the last day of the studies into a sterile 
EDTA-coated bottle. Aliquot (~10μL) of the sample 
was used for the quantification of total white blood 
cells (WBCs), lymphocytes, monocytes, red blood 
cells (RBCs), hemoglobin (Hb), hematocrit (HCT), 
platelets, mean corpuscular volume (MCV), mean 
corpuscular hemoglobin concentration (MCHC), and 
mean corpuscular hemoglobin (MCH) using 
Complete Blood Count (CBC) machine (Automated 

TMCBC Analyzer: Sysmex KX-21 , Kobe, Japan).

Biochemical test
Blood samples from the euthanized animals were 
collected into a plain bottle and separated into serum 
after centrifuging at a revolution of 3000 per minute 
for 10 minutes. The supernatant was transferred into 
an Eppendorf tube and immediately analyzed for 
alanine and aspartate transaminases, alkaline 
phosphatase, serum proteins, creatinine, urea, and 
electrolytes. All test were done using commercial kits 
f r o m  R e c k o n  D i a g n o s t i c  L t d  I n d i a  a n d 
Spectrophotometer 20D (Technel & Technel, USA).

Histopathological study
Histopatholgical examinations of the preserved 
organs was done according to the method of Pieme et 
al (11). The organ pieces (3-5 μm thick) were fixed in 
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10% formalin, dehydrated in graded alcohol and 
embedded in paraffin. The samples were cut with 
microtome and the slides stained with hematoxylin-
eosin. Two experienced scientists, a histopathologist 
and a histologist carried out detailed microscopic 
examination in those organs of both the control and 
treatment groups. 

Statistical Analysis 
The data was analyzed using Stata statistical 

©software package (Stata , version 14.1, Stat Corp, 
Texas, USA). Numerical data were expressed as mean 
± standard error of the mean (SEM) with Confidence 
Intervals (CI). Between and within group comparison 
was done using the one-way analysis of variance 
(ANOVA) and post hoc pairwise comparison was 
done using Bonferroni test; repeated measures 
ANOVA was used to compare changes in factors that 
were measured repeatedly. Statistical significance 
was when p < 0.05. 

Results
Phytochemical constituents
The methanol extract of the stem bark of L. acida 
contained reducing sugars, alkaloids, glycosides, 
anthraquinones, triterpenes, cardiac glycosides and 
tannins. Sterols, cardenolides, saponin glycosides 
and flavonoids were absent.

Acute toxicity   
A test dose of 3000 mg/kg of the extract did not cause 
mortality in the Wistar rats and there were no signs of 
physical and behavioral abnormalities after 
observation for 2 weeks. The mean ± SEM of the 
weights of the animals at the beginning of the study 
(Day 0) was 142 ± 2.0 g (95% CI: 136.4 – 147.6); this 
increased to 156.4 ± 2.9 g (95% CI: 148.3 – 164.5) at 
Day 7; and decreased to 149.2 ± 3.8 g (95% CI = 138.7-
159.7) at day 14 (Figure 1). Likewise, the mean ± SEM 
of the relative organ weight percent of the liver, spleen, 
kidney and thymus were: 4.02 ± 0.24, 0.48 ± 0.06, 
0.71±0.03 and 0.32 ± 0.05 respectively (Table 1).

Sub-acute oral toxicity
General behavior and mortality of rats
There were no observed behavioral changes and 
mortality in the Wistar rats during the 28 days of study.

Body weight changes
The weight increased from day 0 and peaked at day 7 
for the control and the experimental groups, and then 
declined up to day 14. After day 14, both control and 
experimental group experienced weight gain up to the 

th28  day. However, there was no significant difference 
in the mean body weight changes between the control 
and the experimental groups; F (3, 20) = 2.35, P > 0.05, 
but the effect of time (time interaction) for each 
treatment and the control was significant and 
maximum at day 28; F (4,12) = 17.87, P < 0.05 (Figure 
2).

Relative organ weight changes
The mean ± SEM of the relative organ weight percent 
of the spleen increased at the doses of 250 and 500 
mg/kg body weigh compared to the control but this 
was not significant, P > 0.05; and then decreased 
significantly at the dose of 1000 mg/kg, F (3,18) = 
4.61, P < 0.05.  Also, the dose of 1000 mg/kg body 
weight caused a significant decrease in the relative 
organ weight percent of the kidney, F (3, 18) = 3.58, P < 
0.05.  For liver and the thymus, there was no 
significant difference in the relative organ weight 
percent between the control and the experimental 
groups; F (3, 18) = 0.45, p > 0.05 for liver and F (3, 18) = 
1.10, p > 0.05 for thymus respectively (Table 2). 
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Effects on the hematological parameters of rats 
There was no statistically significant difference between the experimental 
animals and the control in the hematological parameters measured; P > 
0.05 (Table 3).

Effects on the hepatic indices of rats
There was no difference in the serum levels of aspartate transaminase 
(AST), alkaline phosphatase (ALP), serum protein and albumin between the 
experimental and the control groups, P > 0.05. However, there was a 
significant rise in the serum alanine transaminase level at the dose of 500 
mg/kg body weight which then normalized at the dose of 1000 mg/kg body 
weight, F (3, 18) = 3.54, p < 0.05 (Table 4).

Effects on the renal indices of rats
The serum levels of urea, creatinine, sodium, bicarbonate and chloride are 
not significantly different in the control vs. experimental group, P > 0.05. 

+However, there was a significant difference in the serum potassium (K ) 
level between the control vs. experimental group across all the doses, (F (3, 

18) = 22.81, P < 0.05 (Table 4).

Morphological analysis
Liver
The photomicrograph of the liver 
of the rats showed mild vascular 
congestion and Kupffer cells 
hyperplasia at the dose of 250 
mg/kg body weight of extract. At 
the dose of 500 mg/kg, there was 
m i l d - m o d e r a t e  v a s c u l a r 
congestion while at 1000 mg/kg 
group, there was mild-moderate 
peri-portal inflammation and 
focal necrosis (Figure 3).

Kidneys
Figure 4 shows sections from the 
kidneys of the rats with varying 
degrees of infiltration of the 
interstitium with inflammatory 
c e l l s  ( p o l y m o r p h s  a n d 
lymphocytes) and glomerular 
necrosis at the doses of 250 and 
500mg/kg body weight of the 
extract. However, at the dose of 
1000 mg/kg, there were areas of 
focal glomerular and tubular 
necrosis.

Discussion
The phytochemical screening of 
the methanol extract of the stem 
bark of L. acida showed the 
presence of reducing sugars, 
a l k a l o i d s ,  g l y c o s i d e s , 
anthraquinones, triterpenes, 
cardiac glycosides and tannins; 
a n d  a b s e n c e  o f  s t e r o l s , 
c a r d e n o l i d e s ,  s a p o n i n 
glycosides and flavonoids. 
These findings are consistent 

 with that of Etuk et al(7) in Sokoto 
but different from Ouattara et al 
(2) and Muhaisen (12) who 
s h o w e d  t h e  p r e s e n c e  o f 
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flavonoid which was absent in our preparation. The reasons for these 
differences may probably be geographical and extraction techniques.  
The study by   Ouattara et al used stem bark of L. acida collected from 
Burkina Faso which has different climatic conditions from Nigeria (2); and 
Muhaisen used sequential solvents such as acetone, petroleum ether, 
chloroform and ethylacetate for extraction which may have helped in the 
yield of flavonoids (12). 
The oral administration of a single dose of 3000 mg/kg body weight of the 
methanol extract of the stem bark of L. acida did not show any visible sign 
of toxicity or cause death in the animals within the first 24 hours and 
during the two weeks of follow-up. This finding which is similar to that of 
Etuk et al (7) implies that the median lethal dose (LD ) of L. acida is 50

greater than 3000 mg/kg, and this places it in category 5 (low acute 
toxicity) (9) of the global harmonized classification system (GHS) of toxic 
substances. Other studies by Diallo et al (13) and Olatokunboh et al (14) 
on other members of the genus Lannea showed that members of this 
genus have generally relatively low acute oral toxicity. 
The 28-day oral daily doses of 250, 500 and 1000 mg/kg of the extract of 
L. acida did not cause any behavioral change or death in Wistar rats during 
the period of observation. There were also no significant differences in 

the weight gain between the 
experimental groups and the 
control ;  however,  there were 
significant weight changes across 
all the time points in all the groups. 
Initially, there was an increase in 
body weight which plateaued at Day 
7, then declined to its lowest value 
at Day 14, after which the animals 
experienced continuous weight 
gain up to the end of the experiment 

that 29  day. This means that our 
extract may not have significantly 
affected the appetite of  the 
animals, and that the initial weight 
loss may have been due to the initial 
maladaptation of the animals to the 
s t r e s s  o f  t h e  e x p e r i m e n t a l 
environment. Also, the weight gain 

thfrom the 14  day up till the end of 
ththe experiment at 29  day may 

represent the natural growth of the 
animals which was only evident 
after adequate adaptation. 
The mean of the relative organ 
weight percent of the liver and 
thymus were not significantly 
different between the experimental 
groups and control group; however, 
there were significant differences in 
the relative organ weight percent of 
the spleen and kidney between the 
control and experimental groups. 
These differences which was 
marked at the dose of 1000 mg/kg 
dose could signify toxicity. The 
relative organ weight percent for 
the thymus and the spleen are 
considered to be of limited value in 
toxicity studies because of their 
inherent variability from factors 
such as dissection techniques, age-
related involution, and stressors 
effects and therefore, must be 
interpreted with caution (15,16).  
However, a relative organ weight 
change for the kidney, as in our 
study, should be taken seriously 



because it is considered sensitive in predicting toxicity 
and often correlates well with the histopathologic 
changes (15).
The hematopoietic system is very sensitive to toxic 
effects of phytomedicines (17,18), and in our study, 
there were no statistically significant difference 
between the control and the experimental groups for 
the white and red blood cells as well as the platelet 
indices measured. These suggest that L. acida may be 
non-toxic to circulating blood cells and platelets. 
Furthermore, the result of the hepatic indices also 
showed no significant difference between the control 
and the experimental groups in all the parameters 
measured except for serum alanine aminotransferase 
which showed a significant rise at the dose of 500 
mg/kg. This implies that the extract may be toxic to the 
liver (19, 20). However, this might be a spurious 
elevation since it is expected that 'real' increase in ALT 
would have also occurred at a higher dose of 1000 
mg/kg; and other indicators of hepatotoxicity such as 
aspartate transaminases (AST), alkaline phosphatase 
(ALP) and serum protein and albumin should also have 
been affected.   
Renal indices such as creatinine and urea levels, as 
well as serum electrolyte levels are used as 
biochemical markers of renal function (21). In this 
study, the renal indices showed significant differences 
in serum potassium level of the control verse the 
experimental groups. This is seen as a progressive 
decline in serum potassium from the dose of 250 mg 
/kg up to the dose of 1000 mg/kg.  When juxtaposed 
with the findings of significant decrease in the relative 
organ weight percent of the kidney, the finding of 
hypokalemia may suggest renal potassium loss 
induced by the extract and may be an indication of 
nephrotoxicity. 
Histological evaluation of the organs and tissues still 
represent one of the cornerstones of assessing 
general toxicity of chemicals (22). In our study, the 
histopathological changes in the liver following 28-day 
oral administration of different doses methanol extract 
of L. acida to Wistar rats shows mild hepatic vascular 
congestion at the dose of 250 mg/kg body weight of 
animal. This becomes more pronounced at the dose of 
500 mg/kg body weight and at the dose of 1000 mg/kg, 
there was mild-to-moderate periportal inflammation 
and focal necrosis of the hepatocytes. These findings 
are consistent with hepatotoxicity and the vascular 
congestion may signal its initiation (23, 24). This when 
analyzed with the significant increase that occurred on 
the serum ALT at the dose of 500 mg/kg, further 
reinforce that the extract may be hepatotoxic.
The histology of the kidney in our study shows 
glomerular necrosis and interstitial inflammation, 
which increase in intensity as the dose increase from 
250 mg/kg to 500 mg/kg and to 1000 mg/kg of the 
methanol extract of L. acida. At the dose of 1000 
mg/kg, there was also the finding of tubular necrosis. 

These finding are consistent and are buttressed by the 
findings of decrease in the relative organ weight of the 
kidney and the hypokalemia observed in experimental 
animals and therefore, suggest that methanol extract 
of L. acida could be nephrotoxic to experimental 
animals. The findings of interstitial inflammation, 
tubular necrosis and potassium wasting may also lend 
credence to tubule-interstitial nephritis as a putative 
mechanism of nephrotoxicity of this herb. 

Conclusion 
In summary, methanol extract of the stem bark of L. 
acida has relatively low acute toxicity but when given 
as a repeated dose for 28 days or beyond, it has 
potential for hepatoxicity and nephrotoxicity. This 
result is a preliminary study and future additional study 
would require additional safety tests.
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