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Abstract:

Keywords:

Natural substances in food are been encouraged as drug substitutes; therefore, given that drugs are potential
poisons, this study examined the toxicity of H. sabdariffa on the reproductive ability of Wistar rats. Using
standard laboratory procedures, H. sabdariffa extract was administered on thirty-two matured rats. Male rats
were sacrificed (by cervical dislocation) for sperm motility and morphology examination while body weight
and pup’s morphology were observed for the female. Data were analysed using Descriptive and Chi-square
statistics; Analysis of Variance and Ordinary Least Squares regression. Male rats placed on 4 g/kg dose of
extract for 14 days had the highest percentage of total sperm deformity (55.3%). Pups from control female
rats had the highest average weight [1 day (6.7 g), 3 days (10.1 g), 6 days (14.8 g) and 9 days (16.6 g) after
birth] compared to the extract dosed rats. Extract administration had significant effect on rats’ spermatozoa
mutilation (p<0.05). There was insignificant difference in pup weight for the dosed groups while litter size
had significant effect on pup weight (p<0.01). Day of weighing had significant influence on pups’ weight
(p<0.01). Thus, H. sabdariffa extract has a boosting effect on male sex cells with probable increase in
deformity. However, while it can be taken in pregnancy without any deleterious effect, it has no effect on
infant weight at birth.
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Introduction

Use of herbs is probably a natural progression from dietary
to health benefits and through the centuries, herbs are
commonly used because of availability and accessibility,
formulation simplicity, cheapness and ease of usage. Active
advent of synthetic chemistry around the mid-20™ century
shifted interest from plant-based ingredients to synthetic
ingredients (Mathur and Hoskins, 2017; Najmi et al., 2022).
The global trend in scientific approaches in research into
medicinal plants used in various traditional systems
revealed the potentials of medicinal plants in the area of
pharmacology (Kayode et al., 2022; Temitope et al., 2017;
Imieje et al., 2017a; Oseghale et al., 2017; Mangla and
Kohli, 2018). This became pertinent because of attendant
challenges confronting orthodox medicine such as drug
resistance and adverse toxic effects (Sallah et al., 2002;
Suboh, 2004; Tse et al., 2019). Some of the medicinal
plants used for ages on which modern medicine focus
include U. lobata L., O. gratissimum, Z. piperitum DC, H.
indicus R. Br, T. trilobatum, Dendrobiumspp and H.
sabdariffa L (Abat et al., 2017; Abubakar et al., 2019;
Verma etal., 2021; Wang et al., 2021).

Hibiscus sabdariffa L. (roselle) is an annual herb widely
known with different identities and utilization. Its extracts
from the calyx, seed and root are used in folk medicine as
therapy for high blood pressure, liver diseases and fever
(Abubakar et al., 2019; Riaz and Chopra, 2018). This is
because the extract is reportedly aphrodisiac, antiseptic,
choleretic, aperitive, diuretic, emollient, febrifugal,
hypotensive, purgative and sedative (Du and Francis, 1973;
Duke, 1983; Owulade, 2004; Tseng, 1996; Thien et al,
2019; Wang et al., 2000). The thick, red and fleshy, cup-
shaped calyces of the flower are consumed globally as food
in many forms like cold beverages and jelly (Akindahunsi
and Olaleye, 2003; Keena, 2003; Majiya and Galstyan,
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constituents were later extracted from herbs and used for
drugs preparation; for example, heroine from morphine.
This became the foundation of orthodox medicine in the
19" century (Mathur and Hoskins, 2017; Najmi et al.,
2022). However, the
2020; Morton, 1987; Obouayeba et al., 2016). However,
increased attention is being given to plant toxicity apart
from use for traditional medicine (Keena, 2003; Ojulari et
al., 2019; Sireeratawong et al., 2013).

Prescot (1987) and Sjoqvist et al. (1987) stated that toxicity
is the ability of a chemical agent to cause injury; i.e. the
inherent potential of a substance to cause systemic damage
to living organisms (Walter et al., 2002). Toxicity may
have short term (acute) effects or long term (chronic)
effects (Saganuwan, 2017). Extracts of some plant
(including roselle) are allegedly characterized by a very
low degree of toxicity (Abat et al., 2017; Badreldin et al.,
2005; Kolawole and Maduenyi, 2004; Morton, 1987;
Dollah et al., 2021; Onyenekwe et al., 1999; Orisakwe et
al., 2003; Imieje et al., 2017b; Nishitha et al., 2018;
Evbakhavbokun et al., 2020; Bose et al., 2021; Tajbakhsh
et al., 2021; Tandon and Yadav, 2019; Mendongca et al.,
2020; Lu et al., 2021). However, others extracts may not be
characterized by low toxicity (Kolawole et al., 2021;
Ogbiko et al., 2017; Yakubu et al., 2020; Mayanti et al.,
2020; Zhao et al., 2020). Hence, this study examined the
toxicity of H. sabdariffa on the reproductive ability of rats.

Materials and Methods

Dried, powdered, calyx of H. sabdariffa (560 g) was
extracted with 2 litres of 96% ethanol for 24 hours by
conventional Soxhlet extraction (solvent extraction). The
extraction was repeated three times and the filtrate was
concentrated using rotary evaporator. The (H. sabdariffa)
extract (5g) was dissolved in (1ml) of water and
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administered orally. The calyces of Hibiscus sabdariffa L
was collected from the university of Ibadan botanical
garden in June, 2005, with the identification number UIH —
23181. The calyces were properly dried under regulated
room temperature before the extraction. The procedure of
Hussaini et al. (2004) was employed in the determination of
extract concentration administered to the experimental
animals.

aMaturity as exclusion criterion, thirty-two (32) matured
(male and female) Wistar rats weighing 145 g - 210 g were
procured from the animal house of the Faculty of Basic
Medical Sciences, University of lbadan (Ul), Ibadan,
Nigeria. The animals were acclimated to housing
conditions for two (2) weeks before the commencement of
the experiment. The animals were maintained, in the animal
house of the Department of Clinical Pharmacy, Ul, under
standard laboratory conditions with free access to feed and
water. The animals were kept in the animal house of the
Department of Clinical Pharmacy, Faculty of Pharmacy,
Ul. Feed (standard rat pellets) was obtained from the
Department of Biochemistry, Ul and drinking water was
provided ad libitum. Standard and ethical guide for the care
and use of laboratory animals established by the Ul was
strictly followed throughout the experiment in handling the
rats. The procedure of Chattopadhyay et al. (2003) was
adopted in grouping the experimental animals into weight-
matched categories. All these measures (from procurement
to weight-matched categories) were steps taken to
minimize potential confounders.

The weight-matched animals were divided into three dose-
groups®, which are 2 g/kg (low dose), 4 g/kg (high dose)
and 0 g/kg (control). The male extract dose groups were
divided further into two period sub-groups (that is, 7 and 14
days of extract administration). There were four (4) rats
each in five (5) sub-groups for male rats (4 sub-groups and
a control group) and four (4) rats each in three (3) dose
groups for female rats. This makes a total of thirty-two (32)
rats handled under a completely randomized experimental
design.

The physical appearances and activities of the rats were
observed daily. All the male animals were sacrificed by
cervical dislocation and samples of sperm cells were taken
through maceration of the epididymis, which were stained
with eosine to study the sperm motility as well as the
morphology of the sperm cells under the microscope. The
samples were stored in 5ml of 0.9% NaCl under
refrigeration. However, for the female animals, the body
weight and the (physical) morphology of the pups were
determined and observed after delivery. The pups were

2@ Rats become sexually matured at about the sixth week
of growth and mating recommended to be from 7 - 10
weeks with body weight range of 122+8g to 321+22¢g
(Masiello et al., 1979 & Finegood et al., 1995
corroborated by Ghasemi et al., 2021; NCKU, 2022;
Sengupta, 2013). Sample size was determined following
Mead (1988) & Festin & Altman (2002).

b This was adopted as a dose expected to produce
evident toxicity following OECD (1983, 2001a, 2001b,
2001c, 2008a & 2008b) and Hussaini et al. (2004);
corroborated by Aydin et al. (2016).
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weighed at three (3) days interval for nine days and the
pups’ activities such as agility were examined for nine
days. All applicable international, national, and/or
institutional guidelines for the care and use of animals were
followed, and all procedures performed in studies involving
animals were in accordance with strict adherence to the
University of Ibadan Ethical Policy on the use of laboratory
animals. In handling the rats, when this experiment was
conducted, the University of Ibadan’s Standard Guide and
the ethics for the care and use of laboratory animals were
strictly followed throughout the experiment.

Descriptive statistics including frequency and percentage
were used to summarize the data while Chi-square statistic,
analysis of variance (ANOVA) and ordinary least squares
(OLS) regression techniques was adopted in evaluating
categorical and quantitative variables, with an alpha level
(o) of 0.05 (p<0.05) statistical significance, and making
inferences for the study. Statistical Package for Social
Sciences (SPSS) version 16.0 and STATA software were
used for the management of sorted and coded data as well
as in estimating the inferential analytical tools (i.e.
ANOVA and OLS). Each of the analytical tool was
computed following Bamgboye (2002).

A. Percentages

This was obtained using the formula below:

p = [ni(N-1)]100 (i)
where:- p = percentage;

ni = i™" observation;

N = total observation.

B. Chi-square

x*=2(0; — ED? (ED~! (iii)
where:- 2 = Chi-square statistic;

> =sum of;

Oi = observed frequencies;

Ei= expected frequencies.

C. Analysis of Variance (ANOVA)

The ANOVA model used is based on the following
theorem:

First theorem:-

2 2
5 2Li(Xy — %) =2 Ny — X))+ ”[Zﬁl(xu -
2 .
x) ] (iv)
Xi= %Z7=1XU’
Xij = i pup weight.
Second theorem:-

If Tiis total of the pup weight for the ji treatment and T is
the ground total of all pups weight;

SST= Xk, By Xf — = (T2) omoeeee v)

SSTr==YI_ T2 — —(T?) - (vi)

SSE is then found by the formula:-

SSE = SST - SSTr --------- (vii)

where:- SSE = sum of square error;

SST = sum of square total,

SSTr = sum of square treatment.

D. Ordinary Least Squares Regression Analysis
The model used is as specified hereunder:-
Yi=ao + a1X1 + 02X2 + 03D1 + auD2 + asD3 + Wi .....(Viii)
where:

Yi = weight of the it pup;
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oo = weight of the i pup in the absence of variables
influencing pup weight;

o1 ---- 05 = parameter estimates;

X1 = dose given to sows (g/kg);

Xz = number of days at which pup weight was obtained;

D1 = low sized litters (D = 1 if litter size of <5, 0
otherwise);

D2 = medium sized litters (D = 1 if litter size equals 6, D =
0 if otherwise);

D3 = large sized litters (D = 1 if litter size equals >7, 0
otherwise);

Wi = stochastic random term.

Results and Discussion

Extract may have a boosting effect on sperm count since
control rats had the least sperm count while the sperm
count for 2 g/kg rats was higher than that of the control and
the sperm count for 4 g/kg rats was higher than that of the
first two (2) rat categories. Rats that received 4 g/kg of
extract for 14 days had the highest percentage of total
sperm deformity (55.3%) than the other categories of male
rats. Also, male rats that received 4 g/kg of extract for 14
days had the highest percentage of short-headed
spermatozoa than other categories of male rats. However,

the control rats that received only distilled water had the
highest percentage of rudimentary tailed spermatozoa as
well as detach tailed spermatozoa. Male rats that received 2
g/kg of extract for 14 days were the only category of males
that recorded case of twin headed spermatozoa and curve
tailed spermatozoa. Furthermore, rats that received 2 g/kg
of extract for 7 days had the highest percentage of bent
tailed spermatozoa and loop tailed spermatozoa than other
categories of male rats. Chi-square statistic (60.42, p<0.05)
revealed that extract administration had significant effect
on rats’ spermatozoa mutilation. Details are presented in
Table 1 and Table 2.

In terms of moatility of spermatozoa, male rats that received
2 g/kg for 14 days had inactive spermatozoa with slow
motility (+50) which is comparable to that of the control
animals (+50). The spermatozoa had clustered arrangement
while the control is sparsely arranged. Male rats that
received 4 g/kg 14 days had spermatozoa with extremely
slow motility (+40) which is low when compared with the
control animals (+50). The spermatozoa also had clustered
arrangement while the control is sparsely arranged. Male
rats that received 4 g/kg 7 days had very active
spermatozoa with high motility (+70) in comparison to the
control animals (+50).

Table 1: Distribution of Deformity in Male Rats by Total Sperm Count

. . Total Total
o Fpenen Dohed DR Cped S L pstomes spem
Sperm count
2 g/kg (7days) 26 (18.4) 2(1.4) 29(206) 0(0.0) 0(0.0) 7(.0) 3(21) 67(475) 141
4 g/kg (7days) 90 (23.7) 1(0.3) 40 (105) 1(03) 1(0.3) 8(2.1) 3(0.8) 144(37.9) 380
2 g/kg (14days) 60 (17.1) 0(0.0) 40 (11.4) 0(0.0) 0(0.0) 9(26) 2(0.6) 111(31.7) 350
4 g/kg (14days) 170 (36.2) 1(0.2) 75(159) 0(.0)0 0(.0)0 10(21) 4(0.9) 260(55.3) 470
(()Cg(f rlj?rol) 14 (11.5) 3(2.5) 30(246) 0(0.0) 0(0.0) 4(3.3) 1(0.8) 52(42.6) 122
12 60.42 36.401 0.05' - - - - - -
NB: values in parenthesis are percentages; i — Chi-square calculated; ii — Chi-square tabulated; iii — Probability level
(Alpha-levels
Table 2: Deformity in Male Rats Sperm Count
Dose YShort YRudimentary YDetached YTwin  *Curved YBent  YLoop D;:rf?)tfr:]e *Mean
Head Tail Tail Head Tail Tail Tail Deformity
d Sperm
2 g/kg (7days) 26 (38.8) 2 (3.0) 29 (433) 0(0.0) 0(0.0) (13 2 3(4.5) 67 10 (12.5)
4 glkg (7days) 90 (62.5) 1(0.7) 40(278) 1(0.7) 1(0.7) 8(5.6) 3(2.1) 144 21(33.7)
2 g/kg (14days) 60 (54.1) 0(0.0) 40(36.0) 0(0.0) 0(0.0) 9(.1) 2(18) 111 16 (24.2)
4 g/kg (14days) (gg ?1) 1(04) 75(288) 0(00) 0(00) (3%%) 4(15) 260  37.1(645)
0 g/kg (Control) 14 (26.9) 3(5.8) 30(57.7) 0(0.0) 0(0.0) 4(7.7) 1(L9) 52 7.4 (11.1)

NB: x — values in parenthesis are percentages; y — values in parenthesis are standard deviations

Male rats that received 2 g/kg 7 days had active spermatozoa with motility (of +60) which was higher than that of the control
animals (+50) but lower than that of 4 g/kg 7 days. The spermatozoa of the extract-dose rats is arranged in partial cluster while
that of the control rats is sparsely arranged.

Male rats treated with 4 g/kg of extract for 14 days may be
presented with short-headed spermatozoa. However, the
extract may not have any significant effect on the male rats’
spermatozoa having rudimentary or detached tail since the
control had the highest percentage of spermatozoa having
these defects. Secondly, the extract may not cause twin
headed or curve tailed spermatozoa since only 0.26% had
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these defects and, more so, only the group treated for 7
days with 4 g/kg of extract had the defects. Furthermore,
the extract at 2 g/kg for 7days had the highest proportion of
loop and bent tailed spermatozoa. However, Chi-square
statistic affirmed that extract administration had significant
effect on rats’ spermatozoa mutilation.
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Generally, it is obvious that male rats that received 4 g/kg
of the extract for 14 days had the highest sperm count than
other categories of males. However, the longer the duration
of dose administration, the more the deviations of the
deformed spermatozoa from the mean value. The same
pattern was also observed with increase in dose level. Male
rats that received 4 g/kg extract for 14 days had the highest
percentage of sperm deformity as well as the highest sperm
count and extract was found to be a significant factor in
observable mutilated spermatozoa. This means that extract
can lead to high sperm mutilation. The significant effect of
extract administration on rats’ spermatozoa mutilation
implies that extract is inimical to the health of spermatozoa.
However, this can be attributed to the fact that extract boost
sperm count, hence the more the sperm count, the more the
number of (observable) mutilated spermatozoa. The effect
of the (H. sabdariffa) extract on sexual features of male rat
is similar to the findings of Akomolafe (2022), de Arruda et
al. (2016), Mahmoud (2012), Ojekale et al. (2021),
Orisakwe (2004), Ramalan et al. (2021) and Soliman et al.
(2021).

Pups from the control female rats had the highest average
weight (1 day, 3 days and 6 days after delivery) compared
to those that received 2 g/kg or 4 g/kg of the extract.
However, pups of animals that received 2 g/kg of the
extract had the highest weight 9 days after delivery. Except
for 1day weight after birth, pups of animals that received 2
Table 3: Average Weight of Pups from Sowed Rats (g)

g/kg had higher average weight than those of animals that
received 4 g/kg. The control animals had the lowest number
of pups of five (5) when compared with the litter size of
female rats that received 2 g/kg and 4 g/kg of the extract
which were 6 and 8 pups respectively. Details are presented
in Table 3.

From the physical examination of the body of the pups as
well as the activity of the pups (of each treatment group),
no physical deformity was observed in the appearance of
pups from the treated sows when compared with pups from
the control sows. The pups from the treated sows were very
active even immediately after delivery. This agility was
equally observed in the treated sows (themselves) during
the course of treatment as compared with the control group.
ANOVA analysis indicated an insignificant difference in
pup weight for the dose groups while litter size had
significant effect on pup weight (p<0.01). However, there
was significant difference in pups’ weight three days
(p<0.05), six days and nine days after birth (p<0.01) while
there was no significant difference in pups’ weight a day
after birth. Pups from sows in the control group had the
highest average weight than pups of sows from other rats’
category except nine (9)-day-after-birth pups.

Period Low dose High dose Control

24 hours 5.85 (0.50) 6.08 (0.31) 6.65 (0.58)
3 days 8.93 (0.67) 8.44 (0.33) 10.13 (0.70)
6 days 13.30 (1.26) 11.28 (0.37) 14.83 (0.80)
9 days 17.71 (1.73) 12.32 (0.76) 16.62 (1.40)

NB: Values in parenthesis are standard deviations

Also, pups of sows from the 4g/kg group had higher average weight than those from 2 g/kg group a day after birth. For the two-
way analysis, extract was an insignificant factor of average pup weight (p<0.05); but litter size and dose period was a significant
factor (p<0.05). However, in the one-way analysis, extract was a significant factor of average pup weight (p<0.05) and an
insignificant factor of average pup weight a day after birth (p>0.05). Details are presented in Table 4.

Table 4: Relationship between H. sabdariffa Extract and Pup Weights

Period Source of Variation F F-crit. p-Value
Pooled data (One-way analysis) Treatment 0.38 4.26 0.70

. Treatment 0.96 4.46 0.42
Pooled data (Two-way analysis) Litter Size 17 70%r* 384 0.00
Disaggregated data (One-way analysis)
1-day Dose Group 3.49 3.63 0.06
3-days Dose Group 4.05** 3.63 0.04
6-days Dose Group 60.61*** 3.63 0.00
9-days Dose Group 46.06*** 3.63 0.00

***Sig. at 1% and **Sig. at 5%

Furthermore, ordinary least square shows that the day of weight determination had a significant direct relationship (p = 1.05,
p<0.01) with pups’ weight while extract administration had insignificant relationship with pups’ weight. Details are presented in

Table 5.
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Table 5: Factors Affecting Pup Weights from Experimental Female Rats

Model Variable Status Estimate t-value Probability
Constant - 24.48** 1.98 0.05
Extract dose - 4.78 1.12 0.14
Litter size - -3.09 -1.49 0.27
Days of weighing - 1.05%** 21.44 0.00
R? - 0.74 - -
Adjusted R? - 0.73 - -
D-W Statistics - 1.66 - -
F - 50.62%** - 0.00

***Sig. at 1% and **Sig. at 5%

There is an indication that other factors apart from extract References

administration may be responsible for the differences in the
weight of the female rats’ pups since pups from the control
female rats had the highest average weight than those from
other categories on the first, third and sixth day of birth.
Also, pups of animals that received 2 g/kg of extract had
the highest average weight on the ninth day of birth
implying that other factors may be responsible for this
rather than the extract treatment. This is in consonance with
the findings of Husori et al. (2021). However, H. sabdariffa
may have boosting effect on the implantation sites of
treated female rats (both 2 g/kg and 4 g/kg groups) when
compared with the control rats; since the average litter size
of 4 g/kg, 2 g/kg and control rats were eight (8), six (6) and
five (5) pups respectively.

Results from Table 4 bring to limelight that the more the
number of days after birth, the higher the weight of the
pups. However, the results in Table 5 confirmed the
postulations that factors other than extract treatment may be
responsible for pups’ weight variations.

Conclusion

The results indicate that H. sabdariffa has a boosting effect
on male animal sex gametes, i.e. spermatozoa, but it can
lead to increases in deformed spermatozoa at relatively
toxic level and long time. Also, H. sabdariffa can be taken
in pregnancy without any deleterious effect on the foetus.
This is in line with the suggestion that doses (of H.
sabdarifa) for relatively long periods may have a
deleterious effect (Saganuwan, 2017) but contradicted the
suggestion of no probable deleterious effect (Badreldin et
al., 2012).
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