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Abstract 

Background: Acute toxicity  (LD50) test provides an indication on the range of doses of a substance that could be 
toxic to the body systems. This study was aimed at determining the  LD50 of different extracts of Bombax costatum 
stem bark and its effects on the histology of liver and kidneys in rats.

Results: Phytochemical screening of n-hexane, ethanol and chloroform extracts of B. costatum stem bark has 
revealed the presence of alkaloids, flavonoid, saponins, steroid, terpenes, anthraquinones and cardiac glycosides. No 
mortality was recorded after testing all the different extracts on rats. However, mild body weaknesses and pilo erec-
tion were observed in the first hour of extracts’ administration. No statistically significant differences was observed in 
most of the serum levels of kidney function biomarkers, although a significant decrease (p < 0.05) in bicarbonate and 
increase (p < 0.05) in urea, respectively, were observed in chloroform extract treated group when compared to control. 
Further, no marked differences (p > 0.05) were observed in hematological parameters as well as in the liver functions 
biomarkers in all the 3 extract exposed groups when compared to the control, except significant decrease (p < 0.05) of 
total bilirubin level in chloroform extract exposed rats. Finally, histological sections of the liver and kidneys showed no 
aberrations.

Conclusions: Since no mortality and serious clinical manifestation were recorded, it is suggestive that oral acute 
administration of n-hexane, chloroform and ethanol extracts of B. costatum is greater than 5000 mg/kg. Hence, the 
plant has high safety margin and can be used within the dose of 5000 mg/kg body weight.
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Background
In Nigeria and other developing countries around the 
world, plants are generally consumed as food or for 
medicinal purposes (Ugwah-Oguejiofor et  al. 2019). In 
most African countries, medicinal plants play a vital role 
in health care needs of the populace, especially for the 
treatment of various diseases (Ahmed et  al. 2022). The 

continued use of such plants without proper knowledge 
of their toxicity and safety is dangerous, hence the neces-
sity to conduct toxicity study on them. The toxicity of a 
plant is sets of detrimental effects that result from admin-
istration of that plant at a single relatively high dosage or 
small repeated doses over a long period of time on ani-
mals or cell lines (Dibong et  al. 2015). Pharmacological 
tests designed to ascertain the degree of such detrimen-
tal effects so as to regulate its consumption defined the 
study of toxicity of that plant (Auti and Kulkarni 2019).

Bombax costatum Pellegr. and Vuillet is one of such 
plants that are widely consumed in Africa (Lea Blondelle 
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et al. 2022). The Bombax genus is distributed around the 
tropical region and comprises of about eight (8) differ-
ent species. Two of the species are found in Africa while 
the other six species are found in Asia. In Nigeria B. cos-
tatum is known by other vernacular names such as “Gur-
jiya” in Hausa, “Joohi” in Fulfulde (Nazifi et al. 2020) and 
“Danaa” in Babur (Personal communication). Further, 
in Nigeria and other African countries, different parts of 
the plant are used in traditional medicine for the man-
agement and treatment of different ailments, to relieve 
fever, promote lactation, and as stimulant against weak-
ness (Wanbara et al. 2021). The root powder is eaten or 
applied on the whole body against epileptic seizures (Lea 
Blondelle et  al. 2022). In some countries, the roots and 
stem bark are used for the treatment of fever, dysentery 
and dizziness (Lea Blondelle et al. 2022). The bark is used 
in the management of insanity, treatment of skin diseases, 
headache, yellow fever and wound healing. The stem bark 
is used against pain, edema and hernia in Benin (Assogba 
et al. 2017), while the leaves are taken for the treatment 
of convulsion (Assogba et al. 2017).

Bombax costatum contains high protein and low con-
tent of toxic substances, as the fruit was reported to con-
tain 20–25% protein in Niger, while the seeds contained 
about 20% oil and high amounts of iron and zinc (Maiga 
et al. 2005). This implies that the specie could be a good 
source of iron in case of iron deficiency anemia but there 
is dearth of information on nutritional content in terms 
of human nutrition. Hydroalcoholic extract of the plant 
revealed the presence of secondary metabolites such as; 
alkaloids, flavonoids, saponins, tannins, anthraquinones, 
cardiac glycosides, triterpenes and steroids (Nazifi et al. 
2020). Although B. costatum is frequently consumed as 
food or as traditional medicine, there is a dearth of data 
on the toxicological effect of the plant and thus the need 
for this study. In this study, single dose oral toxicity of 
three different extracts of B. costatum, n-hexane (NETR), 
ethanol (EETR) and chloroform (CETR) were evaluated 
in rats. Their effects on hematological, liver and kidneys 
function parameters were ascertained, besides the effects 
on the histology of vital metabolic organs; liver and 
kidneys.

Methods
Procurement of plant material and authentication
Bombax costatum Pellegr. and Vuillet stem bark was 
obtained from Federal Government College, Maidu-
guri, Borno State with GPS coordinates; Latitude: 11° 49′ 
51.9528″ N Longitude: 13° 9′ 3.4812″ E. The plant mate-
rial was then verified by a botanist at Botany Depart-
ment, University of Maiduguri, Borno State, Nigeria. The 
sample was deposited at the herbarium of the Depart-
ment of Human Anatomy, University of Maiduguri with 

voucher number UM/HAH/2021/002. The stem bark 
was then washed with tap water and shade dried at room 
temperature for 2 weeks.

Preparation of the plant extracts
The dried stem bark of B. costatum was grinded into pow-
der using a mortar and pestle. 600 g of the powder was 
dissolved in 3 different solvents (200 g in each solvent). 
The first 200 g in 500 ml of ethanol, the second 200 g in 
500  ml n-hexane and third 200  g in 500  ml chloroform 
for 48 h with occasional shacking as earlier described by 
(Nazifi et  al. 2020). They were then filtered and each of 
the filtrate was evaporated to dryness at room tempera-
ture (23 ± 3 °C). The residues obtained were weighed and 
kept in a clean, airtight container in the refrigerator. The 
percentage yield of the extracts were 3.5%, 3.7% and 4.2% 
for the ethanol, n-hexane and chloroform, respectively.

Experimental animals
Twelve (12) female wistar albino rats weighing between 
90 and 140  g were used for the experiment, they were 
housed at the Animal House Human Physiology Depart-
ment, University of Maiduguri, Borno State. They were 
kept in a well aerated cages and given free access to rat 
chow and water. Simple random sampling method was 
employed to divide the rats into four groups of three rats 
each. The study protocol was followed strictly in com-
pliance to the “Guide to the care and use of laboratory 
animals in research and teaching” as detailed in NIH 
publications (Council 2011).

Phytochemical screening
Qualitative phytochemical screening was performed 
on the chloroform, ethanol and n-hexane extracts of B. 
costatum stem bark, using a standard methods as earlier 
described (Evans 2009; Chiroma et al. 2022).

Acute toxicity
The up-and-down method as described in the Organi-
zation for Economic Co-operation and Development 
(OECD) guideline 425 was used to determine the oral 
 LD50 of B. costatum stem bark extracts. The limit test 
method was used because some studies on the plant indi-
cated that the plant is not toxic or has a very low toxicity. 
A limit dose was set at 5000  mg/kg body weight of the 
extract (OECD 2008). Twelve (12) female wistar albino 
rats were randomly grouped into 4 (n = 3) dosed sequen-
tially with 5000  mg/kg body weight of the chloroform, 
ethanol and n-hexane extracts of B. costatum stem bark, 
respectively. All the researchers are blinded to the group-
ings except one, in order to avoid biasness. The rats were 
fasted for a night before administration of the extract. 
The rats were then observed periodically for any sign of 
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toxicity and lethargy. The rats were then euthanized after 
14  days period following ketamine injection at a dose 
of 100 mg/kg IP, and blood was collected into plain and 
EDTA bottles through cardiac puncture. The liver and 
kidneys were harvested, rinsed in a normal saline (0.9%) 
and weighed and fixed in 10% formalin for histology. The 
relative organ weight was also calculated as follows:

Hematological parameters
Hematological parameters were determined with the 
aid of automated blood analyzer (Landwind, model LW 
D3600). The machine aspirates and dilutes a blood sam-
ple to define variables relating to red blood cells, white 
blood cells and platelets depending on the diluents 
used. The machine also computed the hematocrit value 
in the course of processing the red blood cells based on 
cumulative pulse height which depends on the red cell 
volume and number. Hemoglobin was derived from the 
optical density of about 525 nm after a reaction time of 
20–25  s. The modified cyanmethemoglobin method 
was employed by the machine (Boeringer, 4010, West 
Germany). The hematological parameters determined 
were red blood cell count (RBC), white blood cell count 
(WBC), hemoglobin concentration(Hb), packed cell vol-
ume (PCV), mean corpuscular volume (MCV), mean 
corpuscular hemoglobin (MCH) and mean corpuscular 
hemoglobin concentration (MCHC).

Biochemical parameters
Biochemical parameters were determined from the rat’s 
serum. Liver functions biomarkers assessed include, 
total protein (TP), albumin, alkaline phosphatase (ALP), 
Aspartate transaminase (AST), Alanine transaminase 
(ALT), total bilirubin (TB) and conjugated bilirubin 
(CB), while the kidney functions biomarkers evaluated 
were sodium, potassium, chloride, bicarbonate, urea and 
creatinine. All the biomarkers were processed using the 
available commercial kits according to the manufactur-
er’s manual.

Histological study
The fixed portions of the liver and kidneys from 10% 
formalin were processed through routine histologi-
cal procedure. The tissues were then stained with 
Hematoxylin and counterstained by Eosin before light 
microscopic evaluation at a magnification of 200X, by 
a histopathologist who was blinded to the treatments. 
Histology was evaluated using the method described by 
(Drury et al. 1976) with some modifications. Minimum 
of 3 slides per group were prepared with at least two 

Relative organ weight = Weight of organ/Weight of animal

sections on each and during viewing a minimum of 3 
fields were checked on each section.

Statistical analysis
The results were expressed as mean ± standard error of 
mean (SEM). The data of all the groups were analyzed 
by one-way analysis of variance (ANOVA) followed by 
Dunnett’s post hoc test using GraphPad Prism version 
8.0.2 (ISI, San Diego, CA, USA) software. A p value 
of < 0.05 was considered as statistically significant.

Results
Phytochemical screening on chloroform, ethanol 
and n‑hexane extracts of Bombax costatum stem bark
Qualitative phytochemical screening for second-
ary metabolites in chloroform, ethanol and n-hexane 
extracts of B. costatum stem bark is summarized in 
Table  1. In all the three extracts, the following phyto-
chemicals were detected; alkaloids, flavonoids, sapo-
nins, steroids and terpenes, cardiac glycosides and 
anthraquinones. Even though tannins were detected in 
chloroform and ethanol extract of the plant, they are 
not found in n-hexane extract.

Assessment of signs of toxicity after single dose (5000 mg/
kg) administration of chloroform, ethanol or n‑hexane 
extracts of Bombax costatum stem bark to rats
Oral administration of chloroform, ethanol and n-hex-
ane extracts of B. costatum stem bark did not cause 
mortality in all the group of rats. However, mild pres-
entations of some signs of toxicity such as diarrhea, 
body weakness, salivation and sleepiness were observed 
during the 14 days study period as presented in Table 2.

Table 1 Chemical compounds present in different stem bark 
extracts of Bombax costatum 

 + Present − Absent

Secondary metabolites Different extracts

Chloroform 
extract

Ethanol 
extract

n‑hexane 
extract

Alkaloids  +  +  + 

Flavonoids  +  +  + 

Saponins  +  +  + 

Tannins  +  + −
Steroids and terpenes  +  +  + 

Cardiac glycosides  +  +  + 

Anthraquinones  +  +  + 
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Relative organ weights of rats after single dose (5000 mg/
kg) exposure to chloroform, ethanol and n‑hexane extracts 
of Bombax costatum stem bark
Figure  1 shows both liver and kidneys indices of rats 
after single dose (5000  mg/kg) chloroform, ethanol and 
n-hexane extracts of B. costatum stem bark. No sta-
tistically significant [F (3, 8) = 0.1905, p = 0.900] dif-
ference was observed in the relative kidneys weight in 
all groups of rats exposed to the different extracts of B. 
costatum when compared to the control group. How-
ever, one-way ANOVA showed a statistically significant 
differences in relative liver weights among the groups 
of rats [F (3, 8) = 6.492, p = 0.016]. Dunnett’s post hoc 
revealed a marked increase in relative liver weights in the 
rats group exposed to n-hexane extract (0.045 ± 0.001, 
p = 0.018) when compared to the control group of rats 
(0.032 ± 0.004).

Effects of single dose (5000 mg/kg) administration 
of chloroform, ethanol and n‑hexane extracts of Bombax 
costatum stem bark on hematological parameters in rats 
after 14 days
As seen in Table 3, one-way ANOVA showed no statis-
tically significant differences in RBC [F (3, 8) = 2.735, 
p = 0.1135], Hb [F (3, 8) = 2.686, p = 0.1173], WBC 
[F (3, 8) = 1.690, p = 0.2457], PCV [F (3, 8) = 2.499, 
p = 0.1336], MCV [F (3, 8) = 0.5010, p = 0.6920], MCH 
[F (3, 8) = 0.6115, p = 0.6263], MCHC [F (3, 8) = 0.4357, 
p = 0.7335] in all the group of rats exposed to single dose 
of chloroform, ethanol or n-hexane extracts of B. cos-
tatum stem bark when compared to the control group of 
rats.

Effects of single dose (5000 mg/kg) administration 
of chloroform, ethanol and n‑hexane extracts of Bombax 
costatum stem bark on kidneys function biomarkers in rats 
after 14 days
The results for kidneys function biomarkers are pre-
sented in Fig.  2. One-way ANOVA showed no statisti-
cal significant differences in serum levels of sodium [F 
(3, 8) = 0.2824, p = 0.8368], potassium [F (3, 8) = 3.156, 
0.0861], chloride [F (3, 8) = 0.4316, 0.7361] and creati-
nine [F (3, 8) = 0.09797, p = 0.9589] in the groups of rats 
that were exposed to single dose of the three extracts 
tested, when compared to the control group of rats. On 
the other hand, one-way ANOVA showed a statisti-
cal significant differences in serum levels of bicarbonate 
[F (3, 8) = 11.57, p = 0.0028] and urea [F (3, 8) = 11.68, 
p = 0.0027] respectively. Dunnett’s post hoc test revealed 
a significant decrease of bicarbonate levels in chloroform 
extract treated group of rats (18 ± 0.00, p = 0.0035) when 
compared to the control (21 ± 0.00) (Fig.  2d). Further, 
Dunnett’s post hoc also revealed a significant increase 
in urea levels in chloroform extract treated group of rats 
(8.2 ± 0.2, p = 0.0019), when compared to the control 
groups (3.87 ± 0.12) (Fig. 2e).

Table 2 Signs of toxicity observed in rats during 14 days acute 
toxicity on chloroform, ethanol or n-hexane extracts of Bombax 
costatum stem bark

A Absent, P Present, DW distilled water, CETR chloroform extract treated rats, 
EETR ethanol extract treated rats, NETR n-hexane extract treated rats

Parameters Groups of rats

DW CETR EETR NETR

Number of rats 3 3 3 3

Diarrhea A A A A

Body weakness A P P P

Salivation A A A A

Sleepiness A A A A

Hyperactivity A A A A

Vocalization A A A A

Vomiting A A A A

Pilo erection A P A P

Number of deaths 0 0 0 0

Fig. 1 The relative organ weights of the rats 14 days after single dose 
exposure to different extracts of Bombax costatum. a Kidneys and b 
Liver
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Effects of single dose (5000 mg/kg) administration 
of chloroform, ethanol and n‑hexane extracts of Bombax 
costatum stem bark on liver function biomarkers in rats 
after 14 days
The results obtained for liver function biomarkers are 
presented in Fig.  3a–g. One-way ANOVA showed no 
statistically significant differences in the serum levels of 
albumin [F (3, 8) = 3.519, p = 0.0687], TP [F (3, 8) = 1.144, 
p = 0.3885], ALP [F (3, 8) = 0.9106, p = 0.4778], AST 
[F (3, 8) = 1.676, p = 0.2484], ALT [F (3, 8) = 2.261, 
p = 0.1584] and CB [F (3, 8) = 2.933, p = 0.0994] in rats 
that were exposed to all 3 different extracts when com-
pared to the control group of rats. However, one-way 
ANOVA revealed statistically significant difference in 
serum level of TB [F (3, 8) = 3.596, p = 0.065] among 
the groups of rats. Dunnett’s post hoc confirmed a sig-
nificant decrease of TB in chloroform exposed groups of 
rats (3.0 ± 0.00, p = 0.031) (Fig. 3f ) when compared to the 
control (7.33 ± 0.88).

Effects of single dose (5000 mg/kg) administration 
of chloroform, ethanol and n‑hexane extracts of Bombax 
costatum stem bark on histology of liver and kidneys 
of rats after 14 days
Histological qualitative analysis of the rat’s liver and kid-
ney tissues were carried-out in order to ascertained any 
aberration as a result of single dose (5000 mg/kg) expo-
sure to chloroform, ethanol and n-hexane extracts of B. 
costatum stem bark in rats after 14  days. Figure  4A–D 
showed photomicrographs of liver tissues from con-
trol rats group and those groups that received different 
extracts of B. costatum. The control rats (Fig. 4A) showed 
a normal structure of hepatic lobule comprising of radiat-
ing plates or cord of hepatocytes (H) forming a network 
around a central vein (CV). The hepatic cells were polyg-
onal in shape with a conspicuous granular cytoplasm 
which has a nucleus centrally located with one or two 
nucleoli besides a number of chromatin materials. The 
hepatic cords are alternating with thin blood sinusoids 

and centrifugally extending alone the liver lobules. No 
noticeable changes were observed in the groups of rats 
exposed to chloroform, ethanol and n-hexane extracts 
of B. costatum as they all appeared similar to the control 
group rats histology (Fig. 4A–D).

Figure  5A–D shows photomicrographs of kidney tis-
sues from control rats group and those groups of rats 
that received different extracts of B. costatum. The con-
trol rats (Fig.  5A) showed the normal histology of the 
kidneys with the Bowman’s capsule outer layer lined 
with squamous epithelium and the inner layer formed 
by podocytes surrounding the glomerulus (G). The Bow-
man’s space (BS) was wide, clear and not distended. The 
proximal and distal convoluted tubules are numerous and 
lined with cuboidal cells with nucleus at the center. There 
were no visible histological changes seen in the groups 
of rats that received chloroform, ethanol and n-hexane 
extracts of B. costatum as they all appeared similar to the 
control group of rats histology (Fig. 5B–D).

Discussion
In the present study, phytochemical screening of chlo-
roform, ethanol and n-hexane extracts of B. costatum 
revealed the presence of alkaloids, flavonoids and 
saponins, steroids and terpenes, cardiac glycosides 
and anthraquinones in all the three extracts. In addi-
tion, chloroform and ethanolic extracts of B. costatum 
showed the presence of tannins. The present study is in 
line with preceding study which reported similar obser-
vation by noting the presence of flavonoids, alkaloids, 
tannins, saponins, anthraquinones, cardiac glycosides, 
steroids and triterpenes in hydromethanolic extracts 
of stem bark of B. costatum (Lea Blondelle et al. 2022). 
Various other medicinal plants showed the presence of 
flavonoids, alkaloids, saponins, cardiac glycosides and 
steroids. Examples of such include, hydroethanolic leaf 
extract of Clerodendrum polycephalum, methanolic 
leaf extract of Colocasia affinis and Eriosema psorale-
oides root extract (Chaudhary et  al. 2020; Bamikunle 

Table 3 Hematological parameters

RBC red blood cell count, Hb hemoglobin concentration, WBC white blood cell count, PCV packed cell volume, MCV mean corpuscular volume, MCH mean corpuscular 
hemoglobin, MCHC mean corpuscular hemoglobin concentration, CETR chloroform extract treated rats, EETR ethanol extract treated rats, NETR n-hexane extract 
treated rats

Groups Parameters

RBC  (106/mm3 
of blood)

Hb (g/dl of blood) WBC  (103/mm3 
of blood)

PCV (%) MCV (cu.µ) MCH (pg) MCHC (%)

Control 7.60 ± 1.32 13.67 ± 1.52 5.41 ± 2.12 42.67 ± 3.49 56.53 ± 4.79 18.07 ± 0.70 32.00 ± 1.56

CETR 6.49 ± 2.35 11.97 ± 3.78 4.36 ± 3.01 37.27 ± 12.45 57.93 ± 2.56 18.70 ± 1.22 32.30 ± 1.01

EETR 9.03 ± 0.32 15.93 ± 1.30 7.58 ± 0.45 50.27 ± 3.69 55.63 ± 2.82 17.63 ± 1.12 31.67 ± 0.38

NETR 6.23 ± 0.44 11.33 ± 0.76 8.01 ± 2.80 37.13 ± 1.67 59.93 ± 6.83 18.20 ± 0.75 30.60 ± 3.37
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et  al. 2022). Phytochemicals have both beneficial and 
harmful effects on the body. Alkaloids are known to 
have analgesic, anticancer antibiotic, antiparasitic, 
anesthetic, and spasmolytic properties (Heinrich et  al. 
2021). Tannins have antibiotic, astringency, hemo-
static, antioxidant and pro-oxidant actions (Pizzi 2021). 
Further, anthraquinones have both pro-oxidant and 
antioxidant actions. While the antioxidant effect is ben-
eficial to the body systems, however, pro-oxidant effect 
is harmful. Flavonoids are known for hepatoprotective 

and anti-inflammatory properties and have a strong 
antioxidant, anti-proliferative and anti-carcinogenic 
potentials (Gbenou et  al. 2011) and diuretic proper-
ties (Vargas et  al. 2018). Saponosides have surfactant, 
antifungal, antibacterial and antiviral properties, they 
exhibit vein and capillary protective activities and then 
edematous activity with hormonal activity (Marelli 
et  al. 2016). The medicinal uses and pharmacological 
potentials of the B. costatum could be as a result of the 
presence of the phytochemicals mentioned above.

Fig. 2 Serum levels of creatinine 14 days after single dose exposure of the rats to different extracts of Bombax costatum. a Na, b K, c Cl, d HCO3, e 
Urea and f Creatinine
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Fig. 3 Serum level of liver functions biomarkers 14 days after single dose exposure of the rats to different extracts of Bombax costatum. a Albumin, 
b ALP, c ALT, d AST, e CB, f TB and g TP
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In the present study, the rats exposed to single dose oral 
administration of the different stem bark extracts of B. 
costatum at 5000 mg/kg body weight showed mild sign of 
toxicity with no fatality. Hence, B. costatum is relatively 
safe up to 5000  mg/kg suggesting that its safety margin 
is high. Previous studies has also reported that plants 
extract with  LD50 as high as 5000  mg/kg body weight 
are not harmful (Enenebeaku et  al. 2021; Abraham and 
Ahmad 2021). It is also interesting to note that all the 3 
extracts tested does not affect the relative organ weights 
in kidneys. Further, the chloroform and ethanol extracts 
of B. costatum donot have significant effects on the rela-
tive weights of liver as well. However, n-hexane extract of 
B. costatum markedly increased the weight of the liver of 
rats exposed to it. The current study is in agreement with 
other studies who reported similar findings 14 days after 
exposure (Porwal et al. 2017). However, Mohammed et al. 
(2019) reported a statistically significant decrease in rela-
tive kidney weight and a statistically significant increase 
in the relative liver weight of rats only after sub-acute 

administration of Bombax custatum. These findings may 
suggest toxicity of to the kidneys and liver after prolong 
exposure. Several other medicinal plants used in Nigeria 
were proved to have a high margins of safety in similar 
studies. Examples of such plants includes; Clerodendrum 
polycephalum and Guiera senegalensis (Ugwah-Oguejio-
for et al. 2019; Ahmed et al. 2022). However, plants like 
Cuscuta chinensis Lam were shown to have a relatively 
lower safety margin (Maimaiti et al. 2021).

Blood cells are mainly produced in the bone marrow. 
Some drugs and chemicals known as hemotoxicants 
cause reduction in RBCs leading to anemia and some 
bioactive phytochemicals affect PCV levels (Patrick-
Iwuanyanwu et al. 2007). In the present study, exposure 
of the rats to the different extracts of B. costatum does 
not affect both qualitative and quantitative hematological 
parameters. This is suggestive that the extracts have no 
detrimental effects on bone marrow which is the center 
for hematopoiesis. The present result revealed presence 
of saponis in the extracts which are believed to have 

Fig. 4 Liver sections (H&E stained) (200X) of A control rats, B chloroform extract treated rats, C ethanol extract treated rats and D n-hexane extract 
treated rats after 14 days. CV central vein, IS interstitial space and H hepatocytes
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hemolytic effects (Marrelli et al. 2016). Nevertheless, the 
normal blood parameters reported might be suggestive 
of little quantities of saponin in the extracts since quanti-
tative analysis of the phytochemicals was not carried-out 
in this study.

The kidneys help in the maintenance of homeostasis 
by reabsorbing vital substances and excreting metabolic 
wastes (Ahmed et  al. 2022). In this study, the different 
plant extracts do not affect the kidneys function nega-
tively, as no serious derangement was observed in the 
serum level of sodium, potassium, chloride and cre-
atinine. However,  a statistically significant decrease 
in the serum level of bicarbonate and increase in the 
serum level of urea were  observed  in the present study. 
The increased level of urea is an indicator that the plant 

extract decreased urea excretion by the kidneys while 
the decrease in bicarbonate could be an indication that 
the extract increased bicarbonate excretion by the kid-
neys as well which may lead to disruption of acid–base 
balance. These may be a sign of toxicity onset hence, a 
holistic approach for further studies on the effects of the 
plant on the physiology of kidneys is recommended. The 
liver detoxifies harmful substances in the body (Ahmed 
et  al. 2022). The plant does not affect the liver because 
no statistically significant difference was observed in liver 
enzymes (Alkaline phosphatase, Aspartate transami-
nase and Alanine transaminase). An increase in the 
serum level of the liver function enzymes may be an 
indication of damaged hepatocytes, thus hepatotoxicity 
(Mukinda and Eagles 2010). Although there is statistically 

Fig. 5 Kidney sections (H&E stained) (200X) of A control rats, B chloroform extract treated rats, C ethanol extract treated rats and D n-hexane 
extract treated rats after 14 days. BS bowman’s space, G glomerulus
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significant decrease in the serum level of total bilirubin 
in chloroform extract treated group, lower levels are usu-
ally not a concern. Protein synthesis by the liver is not 
affected in this study, as there were no statistically signifi-
cant differences in the serum levels of albumin and total 
protein.

In the present study, the histology of the liver and kid-
neys did not show any noticeable aberration after expo-
sure to the different extracts tested. The liver shows 
intact liver parenchyma and hepatocytes with central 
vein. The kidney shows intact glomeruli, Bowman’s space 
and juxtaglomerular apparatus. This is suggestive that the 
extracts is not harmful at the dose administered.

Conclusions
Phytochemical screening of chloroform, ethanol and 
n-hexane extracts of B. costatum stem bark revealed 
the presence of flavonoids, alkaloids, tannins, saponins, 
anthraquinones, cardiac glycosides, steroids and triterpe-
nes. No mortality nor any serious clinical manifestations 
were seen in the rats after single dose oral administra-
tion of the extracts. Hence, the  LD50 of n-hexane, chlo-
roform and ethanolic extracts of B. costatum is more 
than 5000  mg/kg when administered orally. No serious 
derangements of liver and kidney functions biomarkers 
were observed, the hematological parameters were also 
normal besides intact histology of the liver and kidneys. 
It is therefore safe to say, that the extracts are relatively 
safe to use.
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