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A B S T R A C T

Recent adverse herb reactions have stimulated interest documenting the safety profile of medicinal agents. Thus,
subacute and subchronic oral toxicity of the hydroethanolic extract of Acridocarpus smeathmannii root (HEASR)
in Wistar rats was investigated. In the 28 and 90-day subacute and subchronic toxicity tests, sixty-four rats
(n=male: female= 1:1=32) were divided into four of eight/group and ninety-six (n=male: female= 1:1
= 48) into twelve/group respectively. Distilled water (10mL/kg) or HEASR4, HEASR5 and HEASR6 (250, 500
and 1000mg/kg/day) respectively were administered via oral gavage. Animals were killed humanely 24 h after
the last administration. Using standard methods, acute oral toxicity dose of HEAR (2000mg/kg) was non-lethal
in rodents. Subacute administration of HEASR6 increased total bilirubin (p < 0.05) in female rats. HEASR
moderately altered both haematological and biochemical indices in rats. HEASR6 administration reduced ovary
weight in both studies while follicle stimulating hormone level in male was reduced at all doses used. HEASR
modulated lipid peroxidation, sperm quality and elevated cyclooxygenase-2 levels in rats. Histology revealed
gastritis and congestions in vital organs. The low-observed adverse effect level for HEASR was below 250mg/kg
for both sexes. Overall, HEASR demonstrated inherent toxicity evidenced by our current findings. The ex-
aggeration of its folklore medicine applications calls for cautions.

1. Introduction

Medicinal plants or products form an important part of our ev-
eryday life. The use of plants or their constituents for foods and med-
icines is as old as man. Reports have shown that over 70% of Africans or
Asians depend on natural product medicines [1]. This is because they
can easily be obtained, prepared and often attract a low cost. Several
goals for using plants as sources of therapeutic agents have been
identified and updated [2]. These include isolation of bioactive com-
pounds, structural elucidation of lead compounds for development into
drug molecules that would serve as pharmacologic tools and or whole
plant or part of it as a herbal remedy [3,4]. Plants synthesize a variety
of metabolites that form complex compounds that may be benefitial or
harmful to mankind. Most of the developed nations exert certain levels
of regulations and have developed reliable strategies for the monitoring
of safety and standardization of these products while providing quality

assurance for any of such natural substance [5,6]. However, many
traditional and complementary medicine practitioners often refute the
WHO certification scheme to regulate the quality of medicinal products
[1]. This explains why there exist divergent opinions on the various
applications of medicinal herbs [2]. Also, this constitutes a setback
against the scientific justification of folklore medicines applications
[7,8]. In order to ensure safety, the scientific community has birthed
three notions. Firstly, there must be a study to show safety profiles of
any compound/product that is claimed to be beneficial to a living or-
ganism. The second is to assess the chemical constituents of the tradi-
tional medicinal agent. And lastly is to set the guidelines to investigate
the proposed folklore application which is a step towards drug devel-
opment and discovery. Thus, every medicinal plant or product is being
sought for, regarding the verification for public acceptance and con-
sequently the necessity of toxicological reports [9].

One of the most difficult adverse events recently documented stem
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from intoxications associated with the use of herbal medicines and this
has elicited concerns [10,5,11]. On the other hand, an assessment using
appropriate tools for ascertaining herbal toxicity in a number of cases
has failed to show any causal effects or has indicated only weak causal
relationship [12,13]. More so, misuse of herbal concoctions, herb-drug
interactions and poor pharmacovigilance surveys for medicinal pro-
ducts continues to be a challenge despite the availability of causality
assessment tests already recruited to most developing countries
[11,12]. It has also been reported that adverse herb reactions often
overlap due to inherent toxic effects of herbal medicine and toxicities
induced by handlings or during preparations [9,12].

Various government agencies have continued to provide informa-
tion on herbs including use patterns, toxicity information, clinical trial
data, and review of reported side effects from herbal medicine use.
Studies have linked several effects of medicinal products to an anti-
oxidant system that help quench free radicals of different forms which
are constantly generated for the specific metabolic requirement in the
body. Reports from animal studies in respect to economic importance,
toxicological effects and herb-drug interactions for commonly used
herbal medicines such as ginkgos, aloe vera, ginsengs, milk thistle and
turmerics amongst others have been documented [14,15]. However,
despite the efforts to improve drug discovery and development, only
few medicinal plants have been explored and screened for toxicological
actions.

The aforementioned facts necessitate the need to assess the tox-
icological profile of Acridocarpus smeathmannii (DC.) Guill. & Perr.
(Malpighiaceae), a well-known tropical African plant routinely used
alone or together with other herbs to prepare concoctions [16] for the
management of different ailments including infertility, anaemia, pain
and some cutaneous as well as subcutaneous parasitic infections
[17–19]. We recently reported the aphrodisiac potentials and re-
productive functions [20]. We also showed that A. smeathmannii is most
abundant in bioactive compounds, including octadecanoic acid ethyl
ester, docosenoic acid, amongst others. Currently, study on safety
profile of the plant extract is lacking. Therefore in the present study, we
evaluated the subacute and subchronic toxicological effects of A.
smeathmannii in Wistar rats of both sexes.

2. Materials and method

2.1. Chemicals

All chemicals and reagents used were of analytical grade.

2.2. Preparation of plant extract

Fresh A. smeathmannii roots were purchased from Akinmorin Sabo,
old Oyo State, Nigeria in June 2016. Authentication was done at the
University of Lagos Herbarium (Reference no: LUH 6638). The extract
was prepared and reconstituted as described elsewhere [20].

2.3. Experimental animals

Male and female Wistar albino rats were obtained from a com-
mercial private colony in Badagry, Lagos State, Nigeria and housed at
ambient temperature (22 ± 3 °C) and humidity with a 12-hour light-
dark schedule within the Laboratory Animal Centre of the College of
Medicine, University of Lagos, Nigeria. Rats were fed with rat pelleted
diet (Grower Mash, Oyo State, Nigeria). Water was made available ad
libitum. The College of Medicine, University of Lagos Health Research
and Ethics Committee approved the experimental protocols (CMUL/
HREC/09/18/424). The study conforms with the Kilkenny et al. [21]
suggestions for reporting animal research and the U.S National In-
stitutes of Health (NIH Publication No. 85-23, revised 1996) standards
for studies involving experimental animals.

2.4. Acute oral toxicity test

HEASR of 200 and 2 ×, 4 ×, 8 × and 10× 200mg/kg were ad-
ministered to mice via the oral gavage. Water was supplied ad libitum
and distilled water was given to the control. Mice were observed for
behavioral changes post-treatment. Behavioural modifications and
death were scored immediately after treatment and hourly. In addition,
acute oral toxicity study using limit dose test of Up and Down
Procedure (2002) was conducted per OECD/OCDE Test Guidelines on
Acute Oral Toxicity under a computer-guided Statistical Programme-
AOT425statPgm, No 420 (2002) in rats, at a limit dose of 2000mg/kg
and 4000mg/kg body weight per oral route and default of Sigma at 0.5.
Two groups of five rats per group of male young adult Wistar rats were
systemically selected out of a population of 20 Wistar rats (8–12 weeks
old) by systematic randomization techniques. The population sample
was selected such that the weight differences do not exceed±10% of
the mean initial weight of the sample population. The rats were fasted
overnight prior to dosing on each occasion. A rat was picked at a time,
weighed and dosed with equivalent 2000mg/kg body weight of
HEASR. After the extract administration, each rat was observed for the
first 5 min after oral administration for signs of possible regurgitation
and then kept in a cage for observation. Each rat was watched for every
15min in the first 2 h after dosing, then every 30min for the successive
6 h and then daily for the successive 38 h for the short-term outcome
and the remaining 14 days for the long-term possible lethal outcome.
All animals were monitored as aforementioned with individual records
being maintained for each rat.

2.5. Experimental design and treatment

In subacute toxicity testing, sixty-four (68) (n=male: female=
1:1= 32) Wistar rats were divided into four groups of eight animals/
group while another ninety-six (96) (n=male: female= 1:1=48)
were divided into twelve animals/group for subchronic study. Group 1
(control) received distilled water (10mL/kg) while groups 2, 3 ad 4
were administered 250mg/kg, 500mg/kg and 1000mg/kg of HEASR
respectively.

2.6. Hematological assessments

Hematological assessments were done using a fully automated
haematology analyzer (Pentra-XL 80, Horiba ABX, USA).

2.7. Analysis of sperm characteristics and morphology

The testes were carefully removed from each rat and analysed at
room temperature using one epididymis of each rat by incising through
the caudal epididymis to liberate its spermatozoa into the saline solu-
tion. The process of sperm characterizations followed the methods of
Kale and Awodele [9].

2.8. Reduced Glutathione determination and lipid peroxidation assay

Reduced glutathione (GSH) and lipid peroxidation levels were es-
timated following the methods of Beutler et al. [22] and Varshney and
Kale [23] respectively.

2.9. Biochemical assays

The liver and renal biomarker enzymes, proteins, and lipid profiles
were assessed using commercial kits obtained from Randox
Laboratories Ltd. (Crumlin, UK) and following procedures described by
the manufacturer.
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2.10. Serum electrolytes

A flame photometer (Sherwood, Model 410) was used to analyse
some vital serum electrolytes including sodium, potassium, chloride ion
and total calcium ions respectively.

2.11. Necropsy

The liver, kidney, testis, epididymis, brain, prostate, lung, spleen,
pancreas, stomach, heart, and ovaries was carefully removed, weighed
(in grams per kilogram body weight) and fixed in 10% formol saline,
dehydrated in graded alcohol and embedded in paraffin. Other pro-
cesses of sectioning, mounting and counter-staining with hematoxylin
and eosin (H&E) histopathologic examinations were performed. Both
serum and homogenized organs were used for biochemical analysis.

2.12. Cyclooxygenase-2 activity ELISA assay

An enzyme-linked immunosorbent assay kit (ELISA) was used to
evaluate cyclooxygenase-2 (COX-2) activity in serum. Triplicate sam-
ples were tested twice per plate (intra assay: CV < 8% and inter-assay:
CV < 10%) and expressed as Units/l [24]. Briefly, the optical density
of each well was determined according to the manufacturer’s instruc-
tions.

2.13. Statistics

Differences between groups were determined by one-way analysis of
variance (ANOVA) using Statistical Package for Social Sciences (SPSS,
version 20.0) software for windows and Post hoc test for intergroup
using the least significant difference, followed by Dunnett’s test.
Significance was considered at p < 0.05. All results were expressed as
the mean ± standard error of the mean.

3. Results

3.1. Acute oral toxicity test

There was no mortality observed during 24 h post-treatment at
2000mg/kg, although, behavioral as well as morphological changes
were marked in mice that received 4000mg/kg HEASR and above or-
ally. The animals showed mild to severe hyperactivity, scratching of the
lower jaw, assisted rearing and weakness in at least 5 animals in the
first 2 h. However, the effects diminished completely by day 14 post-
administration.

3.2. Subacute and subchronic toxicity results

3.2.1. Liver function test
In the subacute and subchronic administrations, in male Wistar rats

(Fig. 1), hepatic function enzymes were unaltered (p > 0.05) by
HEASR (250, 500 and 1000mg/kg) doses. Similar results were obtained
for the female rats except for the ALT level that was slightly elevated
(p > 0.05) in rats administered 500mg/kg HEASR by 39.45% when
compared with control.

3.2.2. Renal biomarkers
The creatinine, urea and uric acid levels did not change in male and

female rats administered 250, 500 and 1000mg/kg of HEASR respec-
tively (Fig. 2). Also, in the subchronic administrations, creatinine and
urea in male and female treated rats were not different from those of
controls. However, the highest dose used in this study, 1000mg/kg
HEASR, lowered uric acid level in male rats by 35.97% and in the fe-
male by 42.24% (p < 0.05) respectively.

3.2.3. Protein assays
In male rats, 250mg/kg, 500mg/kg, and 1000mg/kg did not alter

serum total protein (TP), albumin (ALB) and total bilirubin (TBIL) le-
vels as shown in Fig. 3. Similarly, in the subacute treated female rats,
TP and ALB levels were unaltered at the low, medium and highest doses
used in this study. But, TBIL increased by 53.01% (p < 0.05) in female
rats that received HEASR6 when compared with control, whereas
subchronic dosing for 90 days did not alter TP. ALB and TBIL levels in
rats.

3.2.4. Lipid profiles
Following a subacute treatment in normal male rats (Fig. 4), the

serum HDL, TC, TG and LDL levels were unaltered in the treated rats.
However, in the subacute female group, HEASR5 produce an elevated
(p < 0.05) HDL level in rats by 40%. There was no change observed in
TC and TG levels of female animals administered HEASR4, HEASR5,
and HEASR6 respectively. More so, in subchronic treatment, both male
and female rats that received HEASR4, HEASR5 and HEASR6 respec-
tively showed no alteration in TC, TG and HDL levels respectively.
Additionally, HEASR5 lowered LDL level by 44.74% when compared
with control.

3.2.5. Serum electrolytes
In both subacute and subchronic HEASR treatments of 250, 500 and

1000mg/kg respectively, no change (p > 0.05) in electrolyte levels
were observed in all the treated rats when compared with normal dis-
tilled water control group (Fig. 5).

3.2.6. Haematological parameters
In subacute haematological assessment in male Wistar rats, HEASR6

elevated (p < 0.05) WBC and GRAN levels by 26.73% and 71.5% re-
spectively when compared with control (Table 1). Similarly, in the
subacute treated female rats, HEASR5 and HEASR6 reduced WBC and
GRAN by 20.21%, 50.09% and 41.01%, 72.62% respectively. Also,
LYMP and MID% levels were increased (p < 0.05) following an ad-
ministration of HEASR4 (141.43%, 65.24%), HEASR5 (101.43% and
93.60%), and HEASR6 (72.27%, 99.11%) respectively. Similarly, MID
increased by 84.21% in the HEASR5 treated rats. Given subchronic
treatment, in male rats, an increase (p < 0.05) in LYMP level was
obtained in HEASR4 (157.90%) and HEASR6 (170.65%) respectively.
Also, GRAN% was reduced in HEARS4 and HEASR6 treated rats by
125.30% and 48.80% respectively. However, in the female rats, sub-
chronic treatment with HEASR4, HEASR5 and HEASR6 reduced WBC
and LYMP by 41.75%, 26.33%; 42.29%, 48.78%; and 50%, 53.66%
respectively (Table 2).

3.2.7. Sperm morphology
In the subacute treated group, HEASR4, HEASR5 and HEASR6 in-

creased sperm motility by 12.81% (p > 0.05), 17.76% (p > 0.05) and
19.83% (p < 0.05) respectively (Fig. 6). The HEASR6 administered to
rats increased significantly sperm counts by 50.75%. Also, there was
increased headless sperm for low, medium and highest doses by
52.43%, 38.34%, and 57.13% respectively. In the subchronic admin-
istration, HEASR4, HEASR5, and HEASR6 show increase (p < 0.05) in
sperm motility by 56.32%, 58.05%, and 63.79% respectively. And in-
terestingly, multiple tails scoring in rats was lowered by 29.45% and
41.27% respectively in rats that received HEASR4 and HEASR6.

3.2.8. Oxidative stress assessment
The effect of HEASR on lipid peroxidation (MDA) in normal male

rats increased (p < 0.05) in the kidneys of HEASR5 and HEASR6 by
68.42% and 89.47% respectively following subacute administration
(Fig. 7). In contrast, HEASR5 and HEASR6 decreased hepatic MDA le-
vels by 26.92% each. Also, HEASR5 produced lowered (p < 0.05)
MDA level in the stomach of the treated rats, whereas HEASR6 elevated
pancreas MDA levels by 42.2%. In the subacute treated female rats,
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MDA level was unaltered in the spleen, brain, lungs; however, it in-
creased in the pancreas by 32% (HEASR5) and 52% (HEASR6) re-
spectively. In the subchronic administration, in male rats (Fig. 8), MDA
increased (p < 0.05) in HEASR6 treated rats in the testis, liver, pan-
creas, and heart by 59.29%, 205%, 182.90%, and 78.33% respectively.
More so, the MDA levels increased in the stomach of HEASR5 and
HEASR6 treated rats by 67.74% and 174.19% respectively. But in the
female rats, the subchronic effect of HEASR6 administration caused
increased (p < 0.05) MDA levels in liver (54.54%) and spleen
(41.18%). Further, HEASR5 decreased (p < 0.05) lungs MDA level by
58.97% when compared with control.

3.2.9. Antioxidant assays
Results in Fig. 9 showed that administration of HEASR4 produced

increase (p < 0.05) in GSH levels in the pancreas, liver, and heart by
200%, 66.67%, and 120% respectively in male rats. Also, elevated
(p < 0.05) GSH levels were obtained in the pancreas and stomach of
rats that received HEASR5 administration by 128.57% and 100% re-
spectively, although, it decreased in the lungs by 66.67% when com-
pared with control. In female subacute treated rats, hepatic and renal
GSH levels were increased (p < 0.05) in rats administered HEASR5 by
208% and 93.75% respectively. Also, HEASR6 produced elevated GSH

levels in the lungs, ovaries, and spleen by 191.67%, 66.67%, and
154.55% respectively. On subchronic treatment (Fig. 10), in male rats,
HEASR4 administration increased (p < 0.05) GSH levels by 33.33%
and 38.46% in the stomach and lungs respectively. Also, HEASR5
produced elevated (p < 0.05) GSH levels in the epididymis, spleen,
stomach, and liver by 77.78%, 36.36%, 46.67%, and 146.67% respec-
tively. Additionally, HEASR5 administration improved (p < 0.001)
brain GSH level in rats by 205.88%. The highest dose used in this study,
HEASR6 increased (p < 0.05) GSH level in the spleen. In the female
rats, the administration of HEASR4 increased (p < 0.05) GSH levels in
the liver (90%), brain (54.55%) and stomach (53.06%) respectively.
Additionally, HEASR6 elevated GSH levels by 51.25%, 57.27 and
42.5% respectively in the lungs, brain, and spleen.

3.2.10. Organ weight
The subacute effect of HEASR on organ weights relative to body

weight in normal Wistar rats is presented in Fig. 11. The testis, epidi-
dymis, kidneys, spleen, pancreas, liver, heart, lungs and brain were
unchanged in the after subacute administration in male rats. In the
subacute treatment of female rats, however, HEASR6 reduced weight of
ovaries by 47.72% when compared with control distilled water group.
In contrast, HEASR5 and HEASR6 increased (p < 0.05) liver and

Fig. 1. Effect of HEASR on liver function in
enzymes in normal male Wistar rats. SA:
Subacute, SC: Subchronic, AST: Aspartate
aminotransferase, ALT: Alanine amino-
transferase, ALP: Alkaline Phosphatase. Results
are expressed as mean ± S.E.M. n: total
number per group. (SA)= 8, n (SC)= 12.
*p < 0.05 or **p < 0.01 when compared with
control distilled water (DW, 10mL/kg) group.
HEASR4: 250mg/kg, HEASR5: 500mg/kg,
HEASR6: 1000mg/kg, HEASR: hydroethanolic
extract of Acridocarpus smeathmannii root.

Fig. 2. Effect of HEASR on creatinine, urea and
uric acid levels in normal male Wistar rats. SA:
Subacute, SC: Subchronic, CREAT: Creatinine,
UREA: Blood Urea Nitrogen, UA: Uric Acid.
Results are expressed as mean ± S.E.M. n:
total number per group. n (SA)= 8, n
(SC)=12. Mortality: HEASR5 (8.3%, male),
HEASR6 (16.67%, male), HEASR4 SC (8.3%,
female), HEASR5 SC (16.7%, female) and
HEASR6 SC (25%, female). *p < 0.05 or
**p < 0.01 when compared with control (dis-
tilled water: DW, 10mL/kg) group. Mortality:
HEASR6 SA=2. HEASR4: 250mg/kg,
HEASR5: 500mg/kg, HEASR6: 1000mg/kg,
HEASR: hydroethanolic extract of A. smeath-
mannii root.
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Fig. 3. Effect of HEASR on serum total protein,
albumin and total bilirubin in normal female
Wistar rats. SA: Subacute, SC: Subchronic, TP:
Total protein, ALB: Albumin, TBIL: total bilir-
ubin. Results are expressed as mean ± S.E.M.
n: total number per group. n (SA)=8, n
(SC)= 12. Mortality: HEASR5 (8.3%, male),
HEASR6 (16.67%, male), HEASR4 SC (8.3%,
female), HEASR5 SC (16.7%, female) and
HEASR6 SC (25%, female). *p < 0.05 or
**p < 0.01 when compared with control (dis-
tilled water: DW, 10mL/kg) group. HEASR4:
250mg/kg, HEASR5: 500mg/kg, HEASR6:
1000mg/kg, HEASR: hydroethanolic extract of
A. smeathmannii root.

Fig. 4. Effect of HEASR on lipid profiles levels
in normal male Wistar rats. SA: Subacute, SC:
Subchronic, HDL: High density lipoprotein,
LDL: Low density lipoprotein, TC: Total cho-
lesterol, TG: Triglyceride. Results are ex-
pressed as mean ± S.E.M. n: total number per
group. n (SA)=8, n (SC)=12. Mortality:
HEASR5 (8.3%, male), HEASR6 (16.67%,
male), HEASR4 SC (8.3%, female), HEASR5 SC
(16.7%, female) and HEASR6 SC (25%, fe-
male). *p < 0.05 or **p < 0.01 when com-
pared with control (distilled water: DW,
10mL/kg) group. HEASR4: 250mg/kg,
HEASR5: 500mg/kg, HEASR6: 1000mg/kg,
HEASR: hydroethanolic extract of A. smeath-
mannii root.

Fig. 5. Effect of HEASR on body electrolytes in
normal male Wistar rats. SA: Sub-acute, SC:
Subchronic. K+: Potassium ion, Cl−: Chlorine
ion, Na+: Sodium ion, Ca2+: Calcium ion.
Results are expressed as mean ± S.E.M. n:
total number per group. n (SA)= 8, n (SC or
CH)= 12. Mortality: HEASR5 (8.3%, male),
HEASR6 (16.67%, male), HEASR4 SC (8.3%,
female), HEASR5 SC (16.7%, female) and
HEASR6 SC (25%, female). *p < 0.05 or
**p < 0.01 when compared with control (dis-
tilled water: DW, 10mL/kg) group. HEASR4:
250mg/kg, HEASR5: 500mg/kg, HEASR6:
1000mg/kg, HEASR: hydroethanolic extract of
Acridocarpus smeathmannii root.
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stomach weights by 40.93%, 93.50% and 39.07%, 84.07% respectively.
Spleen, kidneys, brain, and heart weight were not significantly altered
in these rats. In the subchronic administration (Fig. 12), male Wistar
rats that received HEASR6 showed an increase in epididymis, pancreas,
stomach, and liver weights by 73.58%, 159.75%, 94.37%, and 77.77%
respectively. Also, in subchronic treated female rats, HEASR5 increased
stomach weight by 84.21% while HEASR6 also increased (p < 0.05)
liver, stomach, and pancreas weights by 38.31%, 80.06%, and 30.16%
respectively. In addition, HEASR6 reduced weight of the ovary weight
by 41.61% in the treated rats.

3.2.11. Hormonal Assessments
Subchronic effect of HEASR on reproductive hormone levels in

normal male Wistar rats is presented in Table 3. There was a dose-
dependent increase (p < 0.05) in testosterone levels in rats that re-
ceived HEASR4, HEASR5 and HEASR6 by 84.75%, 184.75%, and
344.07% respectively when compared with control distilled water
group. Also, HEASR6 elevated LH level by 39.68% in the treated rats.
Contrastingly, FSH level was lowered in all the treated male groups by
51.39% (HEASR4), 41.63% (HEASR5) and 40.64% (HEASR6) respec-
tively compared with control. Whereas in the female rats LH, FSH and

Table 1
Subacute and Subchronic Effect of HEASR on haematological indices in normal male rats.

Control SA HEASR4 SA HEASR5 SA HEASR6 SA Control SC HEASR4 SC HEASR5 SC HEASR6 SC

WBC 5.50 ± 0.40 4.50 ± 1.20 4.87 ± 1.22 6.97 ± 2.28 5.60 ± 0.26 5.17 ± 0.22 5.97 ± 0.52 6.77 ± 0.76
LYMPH 2.75 ± 0.03 2.03 ± 0.67 1.43 ± 0.09* 2.87 ± 0.78 0.57 ± 0.27 1.47 ± 0.62* 0.77 ± 0.58 1.20 ± 0.81*

MID 0.75 ± 0.26 0.63 ± 0.17 0.63 ± 0.87 0.67 ± 0.24 2.50 ± 0.21 2.50 ± 0.25 2.33 ± 0.35 3.13 ± 0.09
GRAN 2.00 ± 0.12 1.83 ± 0.67 1.80 ± 0.50 3.43 ± 1.36* 2.53 ± 0.60 5.70 ± 4.68* 2.87 ± 0.52 2.43 ± 0.32
LYMPH% 50.10 ± 2.94 44.80 ± 7.72 35.53 ± 3.36* 43.50 ± 4.56 10.63 ± 1.67 28.77 ± 1.02* 11.80 ± 1.07 16.27 ± 1.98*

MID% 13.65 ± 3.72 14.87 ± 0.41 28.50 ± 1.29 19.50 ± 0.61 44.90 ± 4.73 48.47 ± 3.99 38.50 ± 4.56 47.57 ± 5.60
GRAN% 36.25 ± 0.78 40.33 ± 7.92 35.97 ± 4.69 47.00 ± 4.76 44.47 ± 2.70 22.77 ± 3.21* 49.70 ± 1.98 36.17 ± 4.73
HGB 13.50 ± 0.23 13.10 ± 0.75 12.50 ± 0.45 13.20 ± 0.29 13.80 ± 0.31 13.80 ± 0.15 14.53 ± 0.62 14.10 ± 0.06
RBC 6.88 ± 0.20 6.41 ± 0.50 6.70 ± 0.30 6.65 ± 0.26 6.63 ± 0.35 6.15 ± 0.58 7.08 ± 0.71 6.85 ± 0.39
HCT 42.30 ± 0.17 40.40 ± 2.89 39.10 ± 2.22 40.87 ± 1.25 48.33 ± 2.09 44.73 ± 1.89 48.93 ± 4.14 47.67 ± 1.07
MCV 61.80 ± 2.08 63.47 ± 4.22 58.37 ± 0.81 61.60 ± 0.50 73.20 ± 3.03 73.67 ± 4.62 69.33 ± 1.45 75.90 ± 6.45
MCH 19.60 ± 0.23 20.50 ± 0.82 18.60 ± 0.21 19.80 ± 0.42 20.83 ± 0.78 22.77 ± 2.10 20.73 ± 1.36 22.33 ± 1.51
MCHC 31.85 ± 0.66 32.50 ± 0.93 32.00 ± 0.83 32.27 ± 0.41 28.57 ± 0.64 30.90 ± 0.98 29.87 ± 1.39 29.53 ± 0.54
RDWCV 16.25 ± 0.55 17.33 ± 0.49 15.87 ± 0.85 15.50 ± 1.40 17.27 ± 0.66 17.77 ± 0.33 17.13 ± 0.72 16.40 ± 0.46
RDWSD 34.20 ± 2.14 34.90 ± 1.55 31.90 ± 2.29 33.43 ± 1.89 39.33 ± 1.10 39.57 ± 0.27 38.33 ± 1.77 38.13 ± 0.23
PLT 742.50 ± 2.59 678.33 ± 5.90 568.00 ± 3.70* 750.00 ± 3.87 831.33 ± 2.67 786.67 ± 6.64 889.33 ± 2.54 849.67 ± 4.34
MPV 8.00 ± 0.40 8.07 ± 0.17 7.40 ± 0.12 7.40 ± 0.15 9.30 ± 0.23 9.97 ± 0.58 9.33 ± 0.20 9.27 ± 0.27
PDW 15.20 ± 0.12 15.43 ± 0.12 15.70 ± 0.17 15.23 ± 0.15 15.80 ± 0.06 15.70 ± 0.10 15.67 ± 0.15 15.67 ± 0.03
PCT 0.59 ± 0.03 0.55 ± 0.04 0.42 ± 0.02* 0.56 ± 0.04 0.55 ± 0.01 0.62 ± 0.04 0.48 ± 0.02 0.67 ± 0.01*

SA: Subacute, SC: Subchronic. HEASR: Hydroethanolic extract of Acridocarpus smeathmannii root. HEASR4: 250mg/kg; HEASR5: 500mg/kg. HEASR6: 1000mg/kg.
Data are expressed as mean ± SEM. n (SA)= 8, n (SC)=12. Mortality: HEASR5 (8.3%, male), HEASR6 (16.67%, male), HEASR4 SC (8.3%, female), HEASR5 SC
(16.7%, female) and HEASR6 SC (25%, female). **p < 0.05 or **p < 0.001 when compared with control distilled water (10mL/kg) group. WBC x 103 (/mL) White
Blood cell, LYMPH x 103 (/mL) Lymphocyte, MID (%): Minimum Inhibitory Dilution, GRAN (%)`: Granulocytes, HGB (g/dL): Hemoglobin, RBC x 106 /mL: Red Blood
Cell, HCT (%): Hematocrit, MCV (fL): Mean Corpuscular Volume, MCH (pg/dL): Mean Corpuscular Hemoglobin, MCHC (g/dL): Mean Corpuscular Hemoglobin
Concentration, RDWCV (%): Red Blood Cell Volume Distribution Width-CV, RDWSD (%): Red Blood Cell Volume Distribution Width-SD, PLT: Platelet, MPV (fL):
Mean Platelet Volume, PDW: Plate Volume Distribution Width, PCT (%): Plateletcrit.

Table 2
Subacute and Subchronic Effect of HEASR on haematological indices in normal female rats.

Control SA HEASR4 SA HEASR5 SA HEASR6 SA Control SC HEASR4 SC HEASR5 SC HEASR6 SC

WBC 12.417 ± 0.15 12.98 ± 0.17 9.9.1 ± 0.21* 6.19 ± 0.32* 7.33 ± 1.74 4.27 ± 0.57* 5.40 ± 0.10* 4.23 ± 0.13*

LYMPH 2.10 ± 0.40 5.07 ± 0.17* 3.47 ± 0.69* 4.23 ± 0.93* 4.10 ± 0.06 2.10 ± 0.40* 2.05 ± 0.22* 1.90 ± 0.06*

MID 3.21 ± 0.370 5.91 ± 0.17* 4.25 ± 0.26 3.3 ± 0.29 1.30 ± 0.05 0.73 ± 0.09 0.90 ± 0.10 0.70 ± 0.06*

GRAN 89.97 ± 9.72 61.60 ± 3.87 53.07 ± 3.14* 24.63 ± 2.29* 1.93 ± 0.34 1.43 ± 0.09 1.93 ± 0.20 1.63 ± 0.09
LYMPH% 14.71 ± 0.87 17.80 ± 3.58 13.67 ± 2.14 18.97 ± 1.49* 55.40 ± 1.04 48.30 ± 0.61 47.60 ± 2.75 44.67 ± 1.52
MID% 25.93 ± 1.04 50.20 ± 2.75* 44.67 ± 2.12* 51.63 ± 2.99* 17.33 ± 0.91 17.70 ± 0.36 16.07 ± 2.05 15.97 ± 0.43
GRAN% 72.60 ± 1.42 42.00 ± 2.20* 51.67 ± 3.25 29.40 ± 2.88** 26.60 ± 1.50 34.00 ± 0.61 36.33 ± 4.56* 39.37 ± 1.09*

HGB 9.20 ± 1.14 8.87 ± 0.99 7.17 ± 2.63 7.97 ± 1.43 13.83 ± 0.84 13.53 ± 0.12 13.67 ± 0.46 13.13 ± 0.28
RBC 1.54 ± 0.11 1.83 ± 0.20 1.76 ± 0.24 1.68 ± 0.65 6.96 ± 0.33 6.74 ± 0.11 7.02 ± 0.21 6.18 ± 0.13
HCT 22.73 ± 2.51 23.60 ± 2.80 19.13 ± 3.94* 21.63 ± 4.84 44.30 ± 1.01 40.93 ± 0.27* 43.10 ± 0.60 37.03 ± 0.84
MCV 157.90 ± 4.10 167.07 ± 4.08 165.50 ± 8.57 144.03 ± 2.04 63.80 ± 0.40 60.77 ± 0.52* 61.57 ± 1.03 60.03 ± 0.39
MCH 63.57 ± 0.96 62.70 ± 2.19 62.50 ± 4.45 55.30 ± 1.29 19.80 ± 0.29 19.27 ± 0.42 19.40 ± 0.38 19.57 ± 0.19
MCHC 40.30 ± 0.80 37.60 ± 0.47 37.80 ± 1.17 37.53 ± 2.27 31.13 ± 0.43 31.80 ± 0.46 31.63 ± 0.74 32.73 ± 0.52
RDWCV 12.57 ± 1.15 10.67 ± 1.28 12.57 ± 0.58 12.70 ± 3.11 17.20 ± 0.44 16.73 ± 0.33 15.80 ± 0.95 14.60 ± 0.32
RDWSD 75.87 ± 7.37 78.37 ± 1.11 84.57 ± 4.75 57.23 ± 4.12 36.83 ± 0.91 33.90 ± 0.87 34.20 ± 1.97 29.67 ± 0.87
PLT 78.00 ± 2.50 50.67 ± 1.29 58.00 ± 5.51 231.33 ± 1.84 793.67 ± 1.26 882.00 ± 1.75 774.67 ± 1.48 746.00 ± 1.67
MPV 7.27 ± 0.15 6.90 ± 0.80 7.77 ± 0.52 8.03 ± 1.09 8.23 ± 0.19 7.77 ± 0.17 7.53 ± 0.33 7.73 ± 0.17
PDW 16.80 ± 0.21 16.93 ± 0.23 16.97 ± 0.26 16.53 ± 0.55 15.37 ± 0.03 15.43 ± 0.03 15.20 ± 0.15 15.50 ± 0.21
PCT 0.06 ± 0.01 0.03 ± 0.01 0.05 ± 0.01 0.02 ± 0.02** 0.65 ± 0.01 0.48 ± 0.19 0.58 ± 0.05 0.57 ± 0.04

SA: Subacute, SC: Subchronic. HEASR: Hydroethanolic extract of Acridocarpus smeathmannii root. HEASR4: 250mg/kg; HEASR5: 500mg/kg. HEASR6: 1000mg/kg.
Data are expressed as mean ± SEM. n (SA)= 8, n (SC)=12. Mortality: HEASR5 (8.3%, male), HEASR6 (16.67%, male), HEASR4 SC (8.3%, female), HEASR5 SC
(16.7%, female) and HEASR6 SC (25%, female). **p < 0.05 or **p < 0.001 when compared with control distilled water (10mL/kg) group. WBC x 103 (/mL) White
Blood cell, LYMPH x 103 (/mL) Lymphocyte, MID (%): Minimum Inhibitory Dilution, GRAN (%)`: Granulocytes, HGB (g/dL): Hemoglobin, RBC x 106 /mL: Red Blood
Cell, HCT (%): Hematocrit, MCV (fL): Mean Corpuscular Volume, MCH (pg/dL): Mean Corpuscular Hemoglobin, MCHC (g/dL): Mean Corpuscular Hemoglobin
Concentration, RDWCV (%): Red Blood Cell Volume Distribution Width-CV, RDWSD (%): Red Blood Cell Volume Distribution Width-SD, PLT: Platelet, MPV (fL):
Mean Platelet Volume, PDW: Plate Volume Distribution Width, PCT (%): Plateletcrit.
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oestrogen levels were increased in the rats that received HEASR4 by
182.04% (p < 0.001), 112.84% (p < 0.05) and 11.51% (p > 0.05)
respectively. Further, HEASR6 elevated LH level by 198% (p < 0.001)
while it decreased oestrogen level by 29.77%.

3.2.12. COX-2 assessment
The subchronic administration of HEASR6 produces elevated

(p > 0.05) COX-2 levels in the treated male and female rats by 39.89%
and 34.63% respectively (Table 3).

3.2.13. Percentage mortality assessments
Animals were assessed for behavioral abnormalities and mortality

during administration. There was no mortality during subacute dosing
for both sexes. However, during subchronic treatment, mortality was
recorded for rats that were administered HEASR5 (500mg/kg) and
HEASR6 (1000mg/kg) both male and female as HEASR5 (8.3%, male),
HEASR6 (16.67%, male), HEASR4 SC (8.3%, female), HEASR5 SC
(16.7%, female) and HEASR6 SC (25%, female) respectively.

4. Discussion

Traditional and complementary medicine has been in use over many
centuries. Also, its popularity and extensive use by a large number of

people have challenged orthodox practices in several manners, al-
though, traditional medicine still thrives to be officially to be re-
cognized in few countries [19]. Lack of regulation is commonplace and
has impacted negatively worldwide. This may be due to lack of scien-
tific research data and adequate research methodology for evaluating
medicinal products [10,19]. Thus, several herbs and their preparations
have been labeled for toxicity and review worldwide [25,2,26].
Warnings have been issued by the Food and Drug Administration as
regards the potential toxic effects of many commonly consumed med-
icinal plants and/or herbal preparations [25]. Toxicological risks of
medicinal plants used in different parts of the world have been docu-
mented [27]. Safety testing is needed in order to popularize acceptance,
standardize and/or regulate the market of herbal medicines currently
being offered [9]. However, in recent times, scientists have inquire into
scrutinizing the quantity and quality of the safety and efficacy potential
acclaimed in folklore medicine in order to provide data to meet the
criteria needed to support its use worldwide [28–31].

A. smeathmannii is being used by a large population and is also
present in some locally consumed polyherbal [17,19]. A. smeathmannii
is available as a natural medicinal agent, but there is currently no dose
regulation. However, safe dose for human consumption may be extra-
polated from this current findings. Toxicity testing can be used to ob-
tain information on the biologic activity of a chemical substance and

Fig. 6. Effect of HEASR on sperm morpholo-
gical characteristics in normal male Wistar
rats. SA: Subacute, SC: Subchronic. Calcium
ion. Results are expressed as mean ± S.E.M. n:
total number per group. n (SA)=8, n
(SC)= 12. Mortality: HEASR5 (8.3%, male),
HEASR6 (16.67%, male), HEASR4 SC (8.3%,
female), HEASR5 SC (16.7%, female) and
HEASR6 SC (25%, female). *p < 0.05 or
**p < 0.01 when compared with control (dis-
tilled water: DW, 10mL/kg) group. HEASR4:
250mg/kg, HEASR5: 500mg/kg, HEASR6:
1000mg/kg, HEASR: hydroethanolic extract of
A. smeathmannii root.

Fig. 7. Effect of HEASR on lipid peroxidation
in normal Wistar rats. SA: Subacute, MDA:
Malondialdehyde. Results are expressed as
mean ± S.E.M. n: total number per group. n
(SA)=8. *p < 0.05 or **p < 0.01 when
compared with control (distilled water: DW,
10mL/kg) group. HEASR4: 250mg/kg,
HEASR5: 500mg/kg, HEASR6: 1000mg/kg,
HEASR: hydroethanolic extract of Acridocarpus
smeathmannii root.
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Fig. 8. Effect of HEASR on lipid peroxidation in
normal Wistar rats. SC: Subchronic, MDA:
Malondialdehyde. Calcium ion. Results are ex-
pressed as mean ± S.E.M. n: total number per
group. n (SC)= 12. Mortality: HEASR5 (8.3%,
male), HEASR6 (16.67%, male), HEASR4 SC
(8.3%, female), HEASR5 SC (16.7%, female)
and HEASR6 SC (25%, female). *p < 0.05 or
**p < 0.01 when compared with control (dis-
tilled water: DW, 10mL/kg) group. HEASR4:
250mg/kg, HEASR5: 500mg/kg, HEASR6:
1000mg/kg, HEASR: hydroethanolic extract of
Acridocarpus smeathmannii root.

Fig. 9. Effect of HEASR on reduced glutathione
in normal Wistar rats. SA: Subacute. Results are
expressed as mean ± S.E.M. n: total number
per group. n (SA)= 8. *p < 0.05 or
**p < 0.01 when compared with control (dis-
tilled water: DW, 10mL/kg) group. HEASR4:
250mg/kg, HEASR5: 500mg/kg, HEASR6:
1000mg/kg, HEASR: hydroethanolic extract of
Acridocarpus smeathmannii root.

Fig. 10. Effect of HEASR on reduced glu-
tathione in normal Wistar rats. SC: Subacute.
Results are expressed as mean ± S.E.M. n:
total number per group. n (SC)= 12. Mortality:
HEASR5 (8.3%, male), HEASR6 (16.67%,
male), HEASR4 SC (8.3%, female), HEASR5 SC
(16.7%, female) and HEASR6 SC (25%, fe-
male). *p < 0.05 or **p < 0.01 when com-
pared with control (distilled water: DW,
10mL/kg) group. HEASR4: 250mg/kg,
HEASR5: 500mg/kg, HEASR6: 1000mg/kg,
HEASR: hydroethanolic extract of Acridocarpus
smeathmannii root.
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gain insight into its mechanisms of action [30,32,31]. More so, tox-
icological evaluation studies are important aspects of drug development
and for the extension of their therapeutic potentials [8–31]. Thus, it

helps pinpoint information on the adverse reactions which are poten-
tially relevant to the substance being evaluated [33]. These potential
effects may include behavioural, psychological, biochemical, morpho-
logical, neurological, metabolic, teratological, mutagenic and histolo-
gical alterations [32]. In practice, the substance is administered orally
or in some cases via parenteral route and then observed for conditions
aforementioned. Both dose and duration approaches have helped in
understanding toxicity evaluation as well as exposure risks
[32,34,36,7]. While we reported some important bioactive compounds
present in HEASR [20], neither HEASR nor any of its components have
been evaluated for toxicity. Therefore, in the present study, we assessed
the dose and time-dependent subacute and subchronic toxicological
effects of HEASR in Wistar rats of both sexes.

We showed that there was no mortality in rats that received
2000mg/kg HEASR orally indicating that it may be relatively safe for
consumption upon acute administration at this dose. Also, since HEASR
is usually administered via the oral route, this enabled a dose selection
of 250 (1/8th), 500 (1/4th) and 1000mg/kg (1/2th) (LD50 oral ga-
vage>2000mg/kg). During subacute and subchronic administrations,
hepatic function enzymes were unaltered in male rats that received
HEASR (250, 500 and 1000mg/kg) at all doses tested. Similar results
ensued in the female rats. Assessment of hepatic biomarker is very
important in clinical practice since most chemical agents undergo he-
patic metabolism. Several potentially toxic agents abound among
clinical agents [37] which sometimes make empirical treatment

Fig. 11. Effect of HEASR on organ weight re-
lative to body weight of normal Wistar rats. SA:
Subacute. Results are expressed as
mean ± S.E.M. n: total number per group. n
(SA)= 8. *p < 0.05 when compared with
control (distilled water: DW, 10mL/kg) group.
HEASR4: 250mg/kg, HEASR5: 500mg/kg,
HEASR6: 1000mg/kg, HEASR: hydroethanolic
extract of A. smeathmannii root.

Fig. 12. Effect of HEASR on organ weight re-
lative to body weight of normal Wistar rats. SC:
Subchronic. Results are expressed as
mean ± S.E.M. n: total number per group. n
(SC)=12. Mortality: HEASR5 (8.3%, male),
HEASR6 (16.67%, male), HEASR4 SC (8.3%,
female), HEASR5 SC (16.7%, female) and
HEASR6 SC (25%, female). *p < 0.05 when
compared with control distilled water (DW,
10mL/kg) group. HEASR4: 250mg/kg,
HEASR5: 500mg/kg, HEASR6: 1000mg/kg,
HEASR: hydroethanolic extract of Acridocarpus
smeathmannii root.

Table 3
Effect of hydroethanolic root of Acridocarpus smeathmannii extract on body
hormones and COX-2 in serum of normal and treated rats using enzyme-linked
immunosorbent assays.

Control HEASR4
(250mg/kg)

HEASR5
(500mg/kg)

HEASR6
(1000mg/kg)

TSTx 2.36 ± 0.07 4.36 ± 0.07* 6.72 ± 0.03** 10.48 ± 0.09**

LHx 25.53 ± 1.20 31.12 ± 1.10 34.62 ± 1.61 35.66 ± 1.11*

FSHx 351.05 ± 3.80 170.63 ± 3.21* 204.90 ± 2.40* 208.39 ± 3.50*

COX-2x 2.316 ± 0.12 2.280 ± 0.13 2.856 ± 0.12 3.240 ± 0.20
LHy 17.48 ± 0.20 49.30 ± 0.40** 20.63 ± 0.61 52.10 ± 0.20**

FSHy 230.42 ± 1.53 490.72 ± 1.50* 233.42 ± 1.24 237.42 ± 1.72
OESTy 79.25 ± 1.09 88.37 ± 0.54 80.50 ± 0.36 55.66 ± 0.18
COX-2y 3.216 ± 0.12 3.516 ± 0.12 4.14 ± 0.020 4.920 ± 0.16

HEASR: hydroethanolic extract of Acridocarpus smeathmannii root. Results are
expressed as mean ± S.E.M. n= 6. Mortality: HEASR5 (8.3%, male), HEASR6
(16.67%, male), HEASR4 SC (8.3%, female), HEASR5 SC (16.7%, female) and
HEASR6 SC (25%, female). *p < 0.05 or **p< 0.01 when compared with
control distilled water group. “x” and “y” in superscripts represented “male”
and “female” rats respectively. LH: Luteinizing hormone (mIU/L), FSH: Follicle
stimulating hormone (ng/mL), ESTR: Estrogen (pg/mL), PROGES: Progesterone
(ng/mL), COX−2: cyclooxygenase−2 (ng/mL).
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difficult. Also, recent reports have shown both intrinsic and idiosyn-
cratic herb toxicity mechanisms common to traditional and com-
plementary medicines which have been documented on the basis of
their predisposing factors [2,3,10]. More so, studies have shown that
irrational use of supplement by most patients alone and/or combined
with conventional agents are often without the knowledge of the phy-
sicians, and may not be reported in the same manner as prescription
drugs by patients [35,38,39,7]. Relevant renal function biomarkers
including creatinine, urea and uric acid levels did not change in male
and female rats administered lowest to highest doses of HEASR used in
this study. In the subchronic administrations, creatinine and urea in
male and female treated rats were not different from those of control
animals. Only the highest dose, HEASR6, produced hypouricaemia in
rats of both sexes. An elevated renal biomarker is an indication that

poor excretion may occur [40]. This is equally relevant to the hepatic
function enzymes since both the liver and kidneys are the major sites
for substance elimination in the body. Scientific findings have begun to
add to the database on the potential of herbal agents to act as toxicants
of interest to different organs, and, in the recent time, some of the
traditional and complimentary prescriptions have been contraindicated
[10]. In subacute male and female treated rats, HEASR at all doses
administered did not alter total protein and albumin levels, however,
total bilirubin increased in female but not male rats that received
HEASR6. Similarly, serum lipid parameters at both subacute and sub-
chronic administrations did not change in the animals. But, in the fe-
male, HEASR5 produced elevated HDL and lowered LDL levels in rats,
an indication that HEASR possesses antioxidant potential for lipids
metabolism. Treatments with all the doses of the extract both for 28 and

Fig. 13. The section of subacute treated male rat lung tissue show air filled alveolar spaces with minimal surrounding interstitial inflammation or congestion of
control (distilled water, 10mL/kg, p.o.) (NA); HEASR4 (moderate pulmonary inflammatory); HEASR5 and HEASR6 (mild pulmonary inflammatory). NA: No
Abnormality. HEASR = Hydroethanolic extract of A. smathmannii root (H & E stain, mag.× 400).

Fig. 14. (A) section of subacute treated female rat lung tissue show air filled alveolar spaces with minimal surrounding interstitial inflammation or congestion of
(distilled water: DW, 10mL/kg, p.o.) and HEASR4 (NA); HEASR5 and HEASR6 (moderate pulmonary inflammatory) (B) spleen shows lymphoid aggregates which
form follicles are seen in control (DW, 10mL/kg, p.o.), HEASR4 and HEASR5 (NA); HEASR6 (areas of surroundin g sinusoidal congestion are seen, Splenic
Congestion) (C) section of tissue show mucosal lining and underlying submucosa devoid of inflammatory cell infiltrates with no mucosal ulceration in control (DW,
10mL/kg, p.o.); HEASR4 and HEASR5 (NA); HEASR6 (mucosal erosion). NA: No Abnormality. HEASR = Hydroethanolic extract of A. smathmannii root (H & E stain,
mag.× 400).
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90 days used in this present study boosted haematological parameters
in rats. This blood enhancing effects, in part, supports one of its uses in
traditional medicine [19]. There was no alteration in body electrolytes
in all the treated rats throughout the experiments.

Several medicinal plants have been documented for their re-
productive function enhancing properties [41]. Sperm motility was
moderately improved and HEASR6 increased sperm counts even when
administered for a longer duration than 28 days. However, with
HEASR6, there were abnormalities that appeared in the sperm tail in
the treated rats. This tendency to improve male sexual life supported
our previous findings [20].

Majority of herbal remedies often enjoy longstanding experience
testimonies in traditional medicine as evidence of their safety, but un-
wanted adverse reactions have placed considerable limitations on their
use [33]. This is because organ system responsiveness may differ with
respect to botanicals contained in them that are so toxic in a large
fraction of users [42]. It is more difficult, however, to recognize adverse
effects that develop over time in the different systems [33]. Free radi-
cals have a single unpaired electron, highly reactive and as a result of
these attract other free radicals or paired electrons readily [24]. This
generates a chain reaction of free radicals, leading to damaging biolo-
gical systems and tissues. More so, HEASR demonstrated pro-oxidation
evidenced by an elevated MDA level, a biomarker of oxidative stress, in
rats. Studies have shown that reactive oxygen species (ROS) is increased
in kidney and systemic circulation on exposure to potentially toxic
agents [9,40]. The duration of treatment and/or increasing dosage may
cause some level of delayed elimination by the kidney which may ex-
plain the increased MDA levels observed in the treated rats, although,
the aspect of genetic predisposition cannot be ruled out [9,28,40].
Thus, MDA increased in the kidneys during subacute administration of
HEASR5 and HEASR6 treated male rats. HEASR6 also elevated pancreas
MDA levels of rats of both sexes. However, when administered in the
subchronic treatment, in male rats, MDA increased in HEASR6 in the
testis, liver, pancreas, and heart respectively in the male treated rats.

Also, the stomach of HEASR5 and HEASR6 treated rats showed elevated
MDA levels as well. In the female rats, the subchronic effect of HEASR6
administration caused elevated MDA levels, particularly in the liver and
spleen. The level of accumulating ROS in the kidney might surpass
other organs in the treated rats. Physiologically, there is a balance be-
tween pro-oxidant/oxidant and antioxidant defence systems that enable
both cellular and extracellular defence mechanisms respond by in-
activating ROS produced in the course of normal conditions [42].
Whereas in pathological conditions, depletion of antioxidant defence
system generates ROS including promoting lipid peroxidation, DNA
damage, and protein modification which result in tissue damage [43].
Reports that agents that are mainly excreted from kidney may predis-
pose to renal injury have been documented [5,13]. However, the kidney
is an organ highly vulnerable to damage caused by ROS, likely due to
the abundance of long-chain polyunsaturated fatty acids in the com-
position of renal lipids [40]. This has generated several attentions in
research particularly in understanding the protective antioxidant en-
zymes and the molecular mechanism of renal diseases [5]. Other con-
ditions which may ultimately result in kidney damage have been dis-
cussed extensively in literatures [2]. In the cause of delayed
elimination, there are chances that HEASR at one point may serve as an
enzyme inhibitor to vital metabolizing enzymes which may be detri-
mental to life. This is supported by hypouricaemia produced by the
highest dose used in this study. Glutathione exists in two forms, as re-
duced glutathione (GSH) and as oxidized glutathione disulfide (GSSG)
[44]. It is believed that the free radicals mopping function is much
related to the reduced GSH since it is most abundant in the normal
healthy cells and exhibit much greater ratio approaching or greater
than a hundred. GSH is a ubiquitous tripeptide composed of glutamate,
cysteine, and glycine. It serves to offer anti-toxicity action from ex-
posure to excessive amounts of endogenous and exogenous electro-
philes [44]. Besides scavenging free radicals directly, it serves as a
cofactor for several other enzymes [43,44]. On the other hand, GSSH is
believed to be necessary for providing the appropriate environment for

Fig. 15. (A) section of subacute treated female rat liver tissue show parallel radially arranged plates of hepatocytes of control (distilled water: DW, 10mL/kg, p.o.),
HEASR4 and HEASR5 (NA); HEASR3 (1000mg/kg) (hepatic sinusoids are packed with red cells, sinusoidal congestion) (B) kidney tissue show normocellular
glomerular tufts disposed on a background containing renal tubules of control (DW, 10mL/kg, p.o.), HEASR4, and HEASR5 (NA); HEASR6 (Vascular Congestion).
NA: No Abnormality. HEASR = Hydroethanolic extract of A. smathmannii root (H & E stain, mag.× 400).
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assembly and secretory pathways for proteins [44]. Suggestions are that
tissue glutathione levels are often depleted after short-term oxidant
exposures but elevated after long-term exposures [43]. This might ex-
plain the dose-independent responses observed with HEASR treatment
which causes an increase in GSH level in the liver, pancreas, and heart
with a concomitant decrease in the lungs. GSH has been shown to
participate in other physiological processes including nucleotide me-
tabolism, the formation of lipid second messengers, regulation of nitric

oxide homeostasis, and modulation of protein function by redox mod-
ification [43,44]. The liver plays a critical role in the metabolism and
detoxification of ingested and blood-borne substances [37]. Many
drugs, environmental toxicants, and selected dietary components have
the potential to cause liver damage by inducing oxidative stress.
Though, we now understand that the hepatic stellate cells protect the
liver from oxidative stress by synthesizing GSH, but, how tissue injury
expands following intoxication has been a long-standing debate

Fig. 16. (A) The section of subchronic treated male rats lung tissue show air filled alveolar spaces with minimal surrounding interstitial inflammation or congestion
of control (distilled water: DW, 10mL/kg, p.o.) (mild pulmonary inflammatory); HEASR4, HEASR5 and HEASR6 (moderate pulmonary inflammatory) (B) male rats
spleen shows lymphoid aggregates which form follicles are seen in control (DW,10mL/kg, p.o.) (NA); HEASR4, HEASR5 and HEASR6 (surrounding sinuses are
packed with red cells, splenic Congestion) (C) section of tissue show mucosal lining and underlying submucosa devoid of inflammatory cell infiltrates with no
mucosal ulceration in control (DW, 10mL/kg, p.o.), HEASR4 and HEASR5 (500mg/kg) (NA). HEASR6 shows infiltration of mucosa by dense aggregates of in-
flammatory cells, as well as congestion of submucosal blood vessels (Gastric Inflammation) (D) section of male rats kidney tissue show normocellular glomerular tufts
disposed on a background containing renal tubules of control (DW, 10mL/kg, p.o.) and HEASR4 (NA); HEASR5 (500mg/kg) and HEASR6 shows congested blood
vessels (vascular congestion).

Fig. 17. The section of subchronic treated male rats testicular tissue show tubules lined by spermatogenic series cells and containing numerous luminal spermatozoa
of control (distilled water, 10mL/kg, p.o.), HEASR4 and HEASR5 (NA); HEASR6 shows interstitium with congested blood vessels, testicular congestion. NA: No
Abnormality. HEASR = Hydroethanolic extract of A. smathmannii root (H & E stain, mag.× 400).
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[43,45]. In addition, GSH regulates the oxygen equilibrium and the
redox status of critical protein sulfhydryl groups for deoxyribonucleic
acid repair [43]. Pathophysiological consequences of hepatic oxidative
damage include dysregulation of lipid metabolism, impaired liver
function and subsequently cell death [13,45]. HEASR demonstrated
antioxidant boosting effects seen in some organs where oxidative ac-
tions less occurs, particularly in animals that received the lowest dose
used in this experiment. In our lab, we recently reported that the an-
tioxidant ability of HEASR, in part, mediated both reproductive beha-
vior and sexual function in male Wistar rats [20]. Plausible as obtained
in our present results that HEASR dosing demonstrated systemic toxi-
city in rats, it may be difficult to conclude, which organs is most in-
volved.

Weight modulation is a very vital characteristic of several medicinal
agents [28,30,31]. Here, we explored further the organ weight to body
weight ratio. In respect, HEASR6 reduced ovary weight in the subacute
female rats. Both HEASR5 and HEASR6 also increased liver and sto-
mach weights respectively. In the subchronic dosing, HEASR6 caused
increase in epididymis, pancreas, stomach, and liver weights respec-
tively in the male rats, whereas in the female, HEASR5 and HEASR6
moderately modulated organ weights. More so, HEASR6 further re-
duced ovary weight in the treated rats.

We previously observed HEASR dosing to improve reproductive
indices in male Wistar rats given a 28-day study. Similarly, there was a
dose-dependent increase in testosterone levels in rats that received
HEASR4, HEASR5, and HEASR6 respectively following subchronic ad-
ministration in male animals. More so, HEASR6 elevated LH level while
FSH level was lowered in all treated rats. On the other hand, in the
female rats, the LH, FSH, and oestrogen levels were all improved in a
dose-independent manner. In a pragmatic matter, HEASR is a very
potent hormonal booster [20].

This present findings evaluated some important biomarkers of liver
and renal functions, haematological parameters, electrolytes and en-
docrine parameters in order to comment on safety. In addition, we es-
timated cyclooxygenase (COX), a rate-limiting enzyme in the metabo-
lism of arachidonic acid to prostanoids [46]. COX-2 is expressed at the
site of inflammation or induced by cytokines, growth factors, and

hormones [30,31]. Homeostatic functions and the pathological roles
played by COX-2 have been well established [30,46,31]. Like other
early-response gene products, it is one of the widest biomarkers used to
evaluate the mechanism of toxicity [30,31]. In addition to the baseline
parameters, mechanistic toxicity was determined by cyclooxygenase-2
assay; suffice to serve as basis for further research. Following 90 days of
administration, both HEASR4 and HEASR5 did not alter COX-2 activity,
however, HEASR6 produced an increase in COX-2 activity in treated
male and female rats. This provides the suitability that dose-dependent
inflammatory action may result from HEASR ingestion. Thus, HEASR
may serve as a potential toxicant in vivo [30,31].

The rate of mortality forms an important aspect of toxicity study
[9]. There was no mortality in subacute dosing for both sexes, however,
during a subchronic treatment, mortality occurred in a time and dose-
dependent manner. We adduced other death reasons to loss of appetite,
oxidative stress, hypodipsia among others. The lowest dose used in this
study (250mg/kg) demonstrated, to a large extent, some level of safety
when administered to rodents in a time and dose-dependent manner.
This observation may, in part, deduce that the toxicity of HEASR for
LOAEL is below 250mg/kg in various organs in Wistar rats of both
sexes. Since we did not examine any reversibility effects of HEASR at
the doses administered (250, 500 and 1000mg/kg) in this present
study, it is recommended that future study should assess such possibi-
lity. An attempt to evaluate the biochemical and histological effects
could be a step towards understanding the interaction of A. Smeath-
mannii with other substances. On the adverse herb reactions, histolo-
gical assessments show mild to moderate pulmonary inflammation,
splenic congestion, mucosal erosion, and vascular congestion respec-
tively following subacute administration. No significant changes in
treated liver, kidney, brain, pancreas, spleen, testis, epididymis, sto-
mach and heart of subacutely treated male rats while brain, pancreas,
and heart were unaltered in the female rats. In addition, subchronic
administration confirmed that HEASR may be associated with lung
inflammation, splenic congestion, gastric inflammation, vascular con-
gestion and testicular congestion in rats (Figs. 13-18). No significant
changes in subchronic treated liver, brain, pancreas, epididymis, and
heart of male rats and in liver, brain, pancreas, spleen, ovary, stomach

Fig. 18. (A) section of subchronic treated female rats lung tissue show air filled alveolar spaces with minimal surrounding interstitial inflammation or congestion of
(distilled water, 10mL/kg, p.o.) (NA). HEASR4 shows some reduction in air filled alveolar spaces, with moderate infiltration of interstitium by aggregates of
inflammatory cell infiltrates (Mild Pulmonary Inflammation); HEASR5 (Moderate Pulmonary Inflammation); HEASR6 (Severe pulmonary inflammatory) (B) section
of female rats kidney tissue show normocellular glomerular tufts disposed on a background containing renal tubules of control (distilled water, 10mL/kg, p.o.),
HEASR4 and HEASR5 (NA); HEASR6 shows congested vessels (Vascular Congestion). NA: No Abnormality. E = Hydroethanolic extract of Acridpcarpus smathmannii
root (H & E stain, mag.× 400).
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and heart of female animals. Some of the most abundant bioactive
compounds include octadecanoic acid ethyl ester, (E)-13-docosenoic
acid, octadecanoic acid, 2-hydroxy-1,3-propaned, (E)-9-octadecenoic
acid ethyl ester, 9,12-octadecadienoic acid, benzyl alcohol among
others [20]. The different possible roles play in the biological system by
these agents suggests they should be considered in future studies.
Overall, we suggest that study to show how HEASR and/or its bioactive
components may interact at the molecular level particularly with spe-
cific organs in the body be given attention. This study provides an in-
sight into the possible herb interactions.

5. Conclusion

Overall, the LOAEL as obtained in our result is below 250mg/kg of
HEASR for various organs in Wistar rats. Although the toxicity of
HEASR is dose and duration dependent, there must be caution with a
long duration use of HEASR as evidenced in pneumonitis, gastritis,
congestion of liver, spleen, kidney and even testis in this present study.
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