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Abstract

The roots of Cassia sieberiana (African laburnum) is a common aphrodisiac in Northern Nigeria that is used in
traditional medicine to enhance sexual function and treat erectile dysfunction in men without much
consideration for its safety and side effects. This study evaluated the toxicity of oral administration of ethanol
extract of C. sieberiana on male rats. Twenty (20) male wistar rats were randomly distributed into control group
and three treatment groups made up of five (5) rats each, and orally administered crude extract of C. sieberiana
roots for 21 days at 100, 200 and 400 mg/kg body weight respectively. The body weight, organ weight, liver
function, kidney function, antioxidant and malondialdehyde levels were determined. The results revealed that
LDso of the extract was greater than 5000 mg/kg b.w. Additionally, no significant differences (p > 0.05) were
found in the respective body weight, liver function parameters, antioxidant and lipid peroxidation markers of
treated groups with reference to the control group. There was a significant increase in the weight of the pancreas
of the treated groups compared to the control. The test rats administered 100 and 200 mg/kg b. w. recorded a
significant reduction (p < 0.05) in serum potassium ions concentration. These results therefore suggest that oral
administration of C. sieberiana did not induce any significant alterations or toxic effect in the male rats. C.
sieberiana ethanolic extract can be considered safe. However, further investigation on histopathology of vital
organs and chronic toxicity study is still required to ensure the safety of the plant
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1.0. Introduction Cassia sieberiana also called African laburnum,

belonging to the Fabaceae family is a savannah plant

The use of plant-based materials as a herbal remedy
for sexual disorders especially for erectile
dysfunction and sexual enhancement has increased in
recent years. This is evident in increased demand for
aphrodisiac  herbs  from traditional  herbal
practitioners due to their perceived safety profile and
easy availability. Aphrodisiac herbs can improve
sexual performance, thus enhancing sexual
satisfaction and self-esteem in human relations [1].
Although natural products are commonly recognized
as safe and used as self-medication, the toxicity of
many herbal remedies has been evaluated [2, 3].
Many pharmacological compounds synthesized by
plants have been implicated in toxicity and damage
to vital organs including liver and kidney [4]

found in many Africa countries including Nigeria
[5]. C. sieberiana plant parts contain various
phytochemicals such as alkaloids, saponins, tannins,
flavonoids that are important in treatment of many
diseases [6]. The leaves and root back decoction are
used to treat erectile dysfunction [7]. Boiled leaves
are squeezed and applied on burns. The leaves are
also used to treat arthritis, malaria and fever [8].
Furthermore, the roots are used to alleviate body pain
and dysmenorrhoea [5]. However, very little
information is available on the safety profile of C.
sieberiana roots. Based on that, this study evaluated
the acute and sub-acute toxicity of its ethanolic crude
extract on male wistar rats.
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2.0. Materials and Methods
2.1. Plant collection and authentication

Roots of Cassia sieberiana were collected in Dutsin-
Ma Local Government Area of Katsina State, Nigeria
in May 2023. The plant was identified in the
Department of Plant Biology, Bayero University
Kano with voucher number 0065.

2.2. Extract preparation

The fresh C. sieberiana roots collected were air-dried
for two weeks in the laboratory, ground to powder.
Seven hundred and fifty grams (750 g) of the
powdered sample was macerated in 5.25 L of ethanol
for 48 h with stirring at interval. The resulting
suspension was filtered with muslin cloth and then
Whatman No 1 filter paper. The filtrate were
concentrated using a rotary evaporator under reduced
pressure and kept in a desiccator.

2.3. Experimental animals

Twenty (20) male wistar rats weighing 119-225 g
were used and kept in the animal house of the
Department of Biochemistry and Molecular Biology,
Federal University Dutsin-Ma, Nigeria. The animals
were allowed to acclimatize and maintained under
standard conditions (12 h light/12 h dark cycle). The
animals were fed with commercial pellet and water
ad libitum. All animal experiments were carried out
according to the guide for the care and use of
laboratory animals published by the [9].

2.4. Acute toxicity studies

The oral acute toxicity study of ethanolic extract of
C. sieberiana was evaluated according to the method
described by [10]. Nine (9) adult male wistar rats
were randomly divided into three groups consisting
of 3 rats each in the phase | of the experiment. The
rats were administered 10, 100 and 1000 mg/kg p.o
body weight of C. sieberiana ethanol extract
respectively. The rats were observed for 24 h for any
sign of toxicity (behavioural changes), including
death. In the phase 11, four (4) rats were divided into
four (4) groups consisting of 1 rat each (n = 1). The
rats were administered 1000, 1600, 2900 and 5000
mg/kg p .0. body weight of the plant extract
respectively. They were observed intermittently for
the next 24 h and 48h after dosing for behavioural
changes associated with toxicity, including
mortality. The behavioural changes closely observed

for were as follows: convulsion, restlessness,
difficult breathing, diarrhoea, sleep, and coma.

2.5. Subacute toxicity studies

Twenty (20) male wistar rats were utilized in this
phase of the study, the rats were distributed into four
(4) groups of n = 5. The test rats received 100, 200,
and 400 mg/kg body weight, respectively, of C.
sieberiana ethanolic extract for twenty-one (21)
days, while the control group received 10 mil/kg of
distilled water.

2.6. Biochemical examination

At the end of the experimental period, the rats were
sedated with chloroform and sacrificed. Blood
samples were collected from abdominal aorta using
a 5 ml syringe, after which the liver, kidney and
pancreas were harvested. The organs were weighed
using a digital weighing balance. The blood sample
was allowed to clot and centrifuged to obtain the
serum. The procedures described by Thefeld et al
[11] was wused to determined serum alanine
aminotransferase (ALT) and aspartate
aminotransferase (AST) activity while serum
alkaline phosphatase (ALP) activity was evaluated
using the method of Schlebusch et al. [12]. Total
protein (TP) level was determined using the method
of Gomall [13], albumin was evaluated using the
method of Doumas et al. [14], direct bilirubin (DB)
and total bilirubin level was determined by method
of Walter and Gerard [15] and Annino [16]. To
evaluate the renal function indices, Agappe
Diagnostic Kit was used following the method of
Kassirer [17], Allen et al [18], Henry et al. [19],
Schonfeld et al. [20] and Tietz [21] to determine urea,
creatinine, potassium (K*), chloride (CI), and
bicarbonate (H.COgz) concentration respectively.
Superoxide dismutase (SOD) activity was
determined using the method of Misra and Fridovish
[22] Catalase (CAT) activity was evaluated
following the protocol of Cohen et al. [23]. Reduced
glutathione (GSH) concentration was determined
using the method of Ellman [24] while
malondialdehyde (MDA) level was estimated using
the method of Buege and Aust [25].

2.7. Statistical analysis

All the values were expressed as mean + SEM (n =
5). Data was analysed by One-way analysis of
variance (ANOVA) using a statistical package for
social science (SPSS, version 16). The value of p <
0.05 was considered to be statistically significant.
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3.0. Results 3.2. Sub-acute toxicity of ethanol extract of Cassia

sieberiana roots
3.1. Acute toxicity of ethanol extract of Cassia

sieberiana roots 3.2.1. Effect on body weight

The acute toxicity test using Lorke method at oral Effects of sub-acute oral treatment with ethanol root
dose limit of 5000 mg/kg of the ethaolic extract of C. extract of C. sieberiana on body weight of male rats
sieberiana did not result in mortality in the male are shown in Table 1. There were no significant
wistar rats. No lethal effect or behavioural changes differences (p > 0.05) in the body weight of rats
such as convulsion, restlessness, difficult breathing, administered the different doses of the extract when
diarrhoea, sleep, and coma were observed over the 48 compared to the control group throughout the 21
h period. Therefore, the extract may be safe at the days period of administration.

administered doses and the oral LDsy considered
higher than 5000 mg/kg.

Table 1: Body weight of wistar male rats fed ethanol extract of Cassia sieberiana roots.

Body Weight (g)
Groups Initial Day7 Day14 Day21

Control 202.62 +£11.23% 217.06 £ 13.23% 229.80 £ 14.07*  236.72 £ 12.00%
100 mg/kg 167.24 + 14.122 187.00 + 14.70*  192.12 +15.86* 214.76 + 16.55%
200 mg/kg 175.64 + 13.922 178.48 +13.19*  187.58 +13.54* 201.14 +13.17%

400 mg/kg 175.84 + 16.45% 198.46 + 17.77*  203.72 +19.57* 218.62 + 19.47*
Data are represented as mean = SEM, n =5 determinations. Values with different alphabet in the same row indicate a significant difference
(p <0.05).

3.2.2. Effects on organs weight in groups that received the varying doses of the
extract compared to the control. However, the extract
The effects of the extract on organs’ weight are significantly (p < 0.05) increased the weight of the
presented in Table 2. The extract did not significantly pancreas in group administered with 200 and 400
increase organ weight of liver and kidney (p > 0.05) mg/kg of the extract as compared to the control.

Table 2. The weights of organs of male wistar rats fed ethanol extract of Cassia sieberiana roots

Weight of organs (g)

Groups Liver Kidney Pancreas
Control 6.74 £ 0.412 1.52 +0.372 0.40+0.042
100 mg/kg 6.60 + 0.562 1.34 £0.112 0.44+0.05%
200 mg/kg 5.80 +0.102 1.38 £0.112 0.64+0.06°
400 mg/kg 6.88 + 0.50° 1.40 + 0.10? 0.60+0.08"

Data are represented as mean = SEM, n = 5 determinations. VValues with different alphabet in the same column indicate a significant
difference (p < 0.05).

3.2.3. Effects on liver function parameters control group was compared with the group

administered various doses of the extract. Similarly,
The liver function indices of rats fed the extract are serum total protein, albumin, direct bilirubin, and
presented in Table 3. No significant difference was total bilirubin were not statistically significant when
observed in the liver function parameters and compared to the control.

activities of serum AST, ALT and ALP when the
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Table 3. Liver function parameters of rats administered ethanol extract of Cassia sieberiana roots.

Parameters
Groups  ALT AST ALP TP Albumin DB TB
(u/l) (u/n) (u/1) (g/dL) (g/dL) (mmol/l) (mmol/l)

Control ~ 9.20+3.35% 25.40+7.65% 11.62+1.99% 5.16+0.28% 1.64+0.10* 4.92+0.58% 13.98+0.62?
100 mg/kg 8.40+2.73% 25.00+7.11% 10.96+1.50% 5.0£0.38% 1.90+0.18% 4.86+0.32% 12.32+0.80?
200 mg/kg 13.80£1.36% 37.80+2.99% 10.06+1.25% 4.78+0.26* 1.56+0.30* 4.62+0.48* 13.70+0.77%

400 mg/kg 12.40+2.872 33.40+7.33% 10.56+0.79* 4.80+0.22* 1.70+0.19* 6.82+1.11%* 13.38+1.262

Values are mean + SEM, n=5 animals in each group, values with different letter in a column differ significantly from each other (p < 0.05)

3.2.4. Effects on kidney function parameters urea, chloride (CI°), and bicarbonate (H.COjz’) when

compared to the control group. However, there was a
The effect of C. sieberiana on kidney function significant decrease (p < 0.05) in the levels of serum
parameters are shown in Table 4. Administration of electrolyte potassium (K*) among the groups
the extract to the experimental animals produced a administered with 100 and 200 mg/kg body weight
non-significant difference in the levels of creatinine doses of the extract as compared to the control group.

Table 4. Kidney function parameters of rats administered ethanol extract of Cassia sieberiana roots.

Parameters
Groups Urea Creatinine K* Cl H,CO5
(mg/dl) (meqg/l) (mmol/l) (mg/dl) (mg/dl)

Control 17.80+3.932 0.94+0.08% 32.38+2.97°  32.60+2.79°  102.40+8.62%
100 mg/kg 31.00+6.962 0.96+0.742 16.52+1.86%  31.80+3.20* 109.60+10.47%
200 mg/kg 29.00+£10.65% 0.88+0.09% 20.70+4.98*  29.80+5.05% 101.80+7.12%
400 mg/kg 17.00+2.98° 1.04+0.13? 22.70+2.53®  32.20+4.14* 93.80+4.27°

Data are represented as mean + SEM, n = 5 determinations. Values with different alphabet in the same row indicate a significant difference
(P < 0.05). K* = potassium, CI'= chloride, H,COj3 = bicarbonate.

3.2.5. Effects on antioxidant enzymes and MDA CAT and GSH were not significantly altered as
level compared to the control group. In addition, there was

no significant differences (p > 0.05) in the levels of
Effects of C. sieberiana on the activity of antioxidant MDA when the extract treated group was compared
enzymes and MDA levels are presented in Table 5. to the control.

The activity of antioxidant enzymes such as SOD,

Table 5. Antioxidant enzymes and MDA of rats administered ethanol extract of Cassia sieberiana roots

Groups SOD (u/ml) CAT (u/ml) GSH (ug/ml) MDA (nmol/ml)
Control 20.44+2.142 12.22+1.172 22.42+1.942 122.3249.70°

100 mg/kg  23.60+1.732 14.26+1.242 25.10+1.922 101.34+23.278
200 mg/kg  20.32+0.982 13.82+1.482 23.62+1.45% 120.46+18.212
400 mg/kg  19.52+0.932 12.42+1.47° 24.92+1.732 106.94+21.022

Data are represented as mean + SEM, n = 5 determinations. Values with different alphabet in the same column indicate a significant difference
(p < 0.05). SOD = superoxide dismutase, CAT = catalase, GSH = reduced glutathione, MDA = malondialdehyde.

4.0. Discussion natural bioactive components, and thus are

considered to be have little or no toxicity [26]. These
The worldwide used of herbal plants for the bioactive compounds are pharmacologically
treatment of many diseases has been linked to their important at specific doses or quantity [27].
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However, intake of herbal medicines without
adequate knowledge of its efficacy and safety can
result in toxicity of major organs and tissues [28].
Thus, toxicity studies are important in establishing
the safety or detrimental effects of medicinal plants
regardless of the duration of its usage. The LDso of
C. sieberiana extract was found to be above 5000
mg/kg body weight, suggesting that the plant has
high safety margin and maybe considered relatively
nontoxic. The LDsg in this study is in line with that
reported by [29].

The adverse treatment effect of a drug on an animal
can be deduced by changes in body weight. The body
weight of animals exposed to certain substance over
a period of time may decrease, indicating the harmful
nature of the substance. However, studies seems to
suggest that body weight changes can also result
from physiological adaptation responses to the
substance by the animal rather than to toxic effect
[30]. This may lead to increased or decreased
appetite and thus a higher or lower caloric intake by
the animal. The non-significant increase in body
weight in this study indicate that the extract did not
alter the caloric intake of the male rats. This is in
agreement with study of Donkor et al. [31] who
observed no significant change in body weight
between the control and treated groups administered
aqueous root extract of C. sieberiana.

The liver, kidney and other biochemical parameters
are important in assessing the safety of herbal
medicines. The assessment of organ weight provide
available insight to damage caused by toxic
substances [32]. A non-significant change in organ
weight of liver and kidney was observed in this
study. This result is in consonance with the work of
[29] who also reported no significant differences in
the weight of liver and kidney. However,
administration of the extract at the dose of 200 and
400 mg/kg significantly increased the weight of the
pancreas as compared to the control. Studies seems
to suggest that an increase in organ weight may be as
a result of hypertrophy or hyperplasia [33].
Therefore, organ weight data should be interpreted
with histopathological findings.

Liver injury caused by toxic agents can result in
increased levels of liver function enzymes.
Biomarkers of level function become elevated in
serum following liver damage [32]. No statistically
significant elevation in the biomarkers (ALT, AST
and ALP) relative to the control were observed in this
study. A reduction in these biomarkers suggest
reduced synthetic function as observed in liver

damage or disease [33]. Furthermore, there were also
no alterations in the levels of total protein, albumin
and bilirubin. The result indicate that the extract of
C. sieberiana did not alter protein synthetic and
excretory function of the liver. The present study data
are in agreement with Evenamede et al. [29].

Renal injury caused by exposure to toxic substances
can hinder the ability of the kidney to effectively
remove metabolic waste and regulate serum
electrolytes. Waste product of protein metabolism
like urea and creatinine are usually elevated when
kidney function is impaired [3]. The result of this
study showed a non-significant difference in urea and
creatinine levels. In addition, the results revealed a
non-significant change in serum bicarbonate and
chloride ion concentration respectively. However,
there was a significant reduction in serum potassium
ion concentration of rats administered 100 mg/kg and
200 mg/kg of C. sieberiana. Similar results have
been reported by Donkor et al. [31].

The most relevant and widely used biochemical
parameters in assessing oxidative stress include
antioxidant enzymes (SOD, CAT) and GSH. These
oxidative stress markers have been shown to
decrease in conditions relating to oxidative stress
caused by exposure to toxic substances.
Consequently, administration of the extract at the
various doses did not significantly affect the
activities of the antioxidant enzymes and GSH when
compared to the control. These biomarkers have been
shown to decrease in conditions relating to oxidative
stress caused by exposure to toxic substances. These
enzymes are considered first line antioxidant defence
system [34]. SOD protects cells from hazardous
substances by catalysing the conversion of
superoxide anion to hydrogen peroxide and
molecular oxygen, while CAT convert hydrogen
peroxide to water and oxygen [35]. It is well known
that GSH protect cells from deleterious effect of
reactive oxygen species, and it’s used as a co factor
by several peroxidase enzymes [34].

Furthermore, no significant change was observed in
MDA levels in the group of rats administered C.
sieberiana root extract compared to the control.
MDA is a product of lipid peroxidation and has been
associated with oxidative stress. MDA levels are
increased in the presence of toxic compounds that
might have generated a number free radicals, with
their reactions cumulating in oxidative stress and
lipid peroxidation [36]. The observed non-significant
changes antioxidant enzymes and MDA levels may
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be an indication that the extract of C. sieberiana did
not enhance the risk of oxidative stress.

5.0. Conclusion

The results show that ethanoic root extract of C.
sieberiana is relatively safe with mean lethal dose
higher than 5000 mg/kg body weight. C. sieberiana
root did not result in significant alterations in the
levels of biochemical indices tested. However, there
is need for caution due to the observed changes in the
weight of the pancreas. Further investigation on
histopathology of vital organs is recommended to
better understand the safety profile of the plant. The
extract should also be assessed for chronic toxicity.
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