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a  b  s  t  r  a  c  t

Asparagus  africanus  Lam.,  Asparagaceae,  is used  traditionally  as  medicinal  plant  for  treatment  of
various  gastrointestinal  disorders  and  for birth  related  applications.  This  study aimed  to evaluate  anti-
implantation  potential,  screening  for  bioactive  phytochemicals  and  to determine  its toxicity.  Thirty
healthy  rats  were  distributed  into  five  groups  (n  = 6).  Pregnant  rats  were  orally  administered  vehicle
and  aqueous  extract  A. africanus  at three  different  doses  thrice  daily  for  seven  days.  Misoprostol  300
�g/kg  bw  was  used  as positive  control.  All  rats  were  laparotomized  24  h  after  the  last  dose  and  num-
ber  of  live  fetuses,  implantations  and  resorption  sites  were  enumerated,  and  ovaries  were  harvested
for  histopathology.  The  phytochemical  analysis  was  carried  out  using  LC/MS.  Acute  toxicity  was  inves-
tigated,  the animals  were  randomly  grouped  into  five  groups  (n =  3);  control,  four  different  doses  of
aqueous  extract  A.  africanus  at a single  dose  treatment  and  rats  were  observed  for  14  days.  Prenatal  study
demonstrated  that 300  mg/kg  bw of extract  and  misoprostol  were  significantly  increased  the percentage
of  anti-implantation  as compared  to  untreated  rats.  Histopathology  of  ovaries  showed  a  dose  dependent
toxicity.  LC/MS  revealed  the  presence  of  steroidal  saponins;  asparasaponin  II, sarsasapogenin,  spirostans,

and  stigmasterol.  The  mean  weight  gain  of rats  treated  with  2000  mg/kg  bw  of aqueous  extract  was  sig-
nificantly  reduced  (p =  0.032)  compared  to control  group.  In conclusion,  the  aqueous  extract  A. africanus
has  anti-implantation  effect  in  female  rats  and is safe  up  to 2000 mg/kg  bw.  In  addition,  it  contains  some
potential  steroidal  saponins,  which  could  be used  to explain  its  anti-implantation  activity,  however  this
finding  needs  further  pharmacological  studies  to confirm  the antifertility  activities.

©  2019  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
he  CC
access  article  under  t

ntroduction

It is extremely obvious that plants play cogent role in the
ell-being of humans and animals. Hundreds, if not thousands

f plant materials have been reported to possess medicinal prop-
rties owing to their phytochemical constituents. In addition,
any plants have been traditionally explored as remedy for

arious pathologic conditions such as: burning sensation, fever,
ephropathy, hepatopathy, bladder irritation, throat infections,
uberculosis, cough, bronchitis, leucorrhoea, hemorrhoids, hyper-

ension, abortion, and cardiac problem (Warrier et al., 1993).
ne of such medicinal plants is Asparagus africanus Lam., Aspara-
aceae, a climbing shrub, which has been used traditionally to treat
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diverse ailments such as: peptic ulcer, diarrhea (Hutchinson et al.,
1963), headache, backache, stomach pain and for easing childbirth
(Maroyi, 2011). A. africanus has also been used for other non-
therapeutic usage such as food and ornamental purposes (Ribeiro
et al., 2010). Despite all these aforementioned uses of this plant,
there are still insufficient data regarding its abortifacient and toxi-
cological effects.

Geremew et al. (2006) showed that the root of A. africanus pos-
sess hormonal properties which can modulate the reproductive
function of the experimental rats and suggested that the contracep-
tive activity of A. africanus needs further exploration to elucidate
the bioactive constituents. In line with this, a previous study
has been reported two  compounds from the roots of A. africanus
namely, spirostanosides and furostanol glycoside using combining

MS with two-dimensional NMR  technique (Asfaw et al., 1999). Fur-
thermore, the structure of isolated compound, sapogenin, from A.

ora Ltda. This is an open access article under the CC BY-NC-ND license (http://

https://doi.org/10.1016/j.bjp.2019.06.003
www.elsevier.com/locate/bjp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjp.2019.06.003&domain=pdf
https://orcid.org/0000-0003-2926-0247
https://orcid.org/0000-0001-8342-5183
https://orcid.org/0000-0002-8558-795X
https://orcid.org/0000-0003-1770-8382
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:zamrichik@ummc.edu.my
https://doi.org/10.1016/j.bjp.2019.06.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


6 a de Fa

a
w

a
s
w
(
e
2
d
2

t
i
t
e
m
a

M

C

E
S
w
c
a

P

S
D
t
3
T
c
s
R
w
g
a

P

e
t
w
k
4
o
f

A

S
m
A
a
F
2

22 A. El-Ishaq et al. / Revista Brasileir

fricanus has been elucidated by combining X-ray crystallography
ith MS  and 2D NMR  (Oketch-Rabah et al., 1997).

Antifertility of A. africanus extracts has been studied in rats
nd a single dose of 300 mg/kg bw of leaves and roots extracts
howed the possible effect of the plant in hormonal signaling path-
ay which may  be responsible for certain reproductive function

Geremew et al., 2006). Asparagus africanus has been reported to
ase childbirth and expulsion of placenta after birth (Hamill et al.,
003), whereas its aqueous extract had inhibited conception in a
ose-dependent manner in Sprague–Dawley (SD) rats (Okidi et al.,
019).

Owing to the fact that chromatography couple to mass spec-
rometry method is a direct and fast analytical approach for
dentification of phytocomponents (Goyal, 2014), this study aimed
o screen and identify the major phytochemicals in the aqueous
xtract of A. africanus root using LC/MS. Subsequently, to deter-
ine the in vivo anti-implantation activity and acute toxicity of the

queous extract of A. africanus in SD rats.

aterials and methods

hemicals and reagents

Misoprostol was purchased from Cayman (Michigan, USA).
thanol and methanol were of HPLC grade and obtained from Fisher
cientific (Illkirch, France). Haematoxylin, bluing reagent and eosin
ere obtained from Leica Microsystems (Milan, Italy). All other

hemicals were of analytical grade and obtained mainly from Merck
nd Friedemann Schmidt, Germany.

lant material

Asparagus africanus Lam., Asparagaceae, was collected between
eptember 2015 and January 2016 from Sindiri village in
amaturu; local government area of Yobe State, Nigeria. The loca-

ion is having the bearing of long 110, 44′′, 52 s, N. latitude 110, 57′′,
5 s, E. The various plant parts were obtained from a healthy plant.
he plant was authenticated by taxonomist at Institute of Biologi-
al Sciences, Faculty of Science, University of Malaya with voucher
pecimen No. KLU:48696. The voucher specimen was deposited in
imba Ilmu Herbarium. The root parts were washed with distilled
ater and air dried at room temperature. The dried roots were

round with an electric blender into a fine powder to pass through
 0.2 mm sieve (BS 410 Endecott’s Ltd., London).

lant extraction

Approximately 50 g of the fine powder of the roots were
xtracted using 500 ml  of ultra-pure water for 24 h in tempera-
ure control wrist shakers at 20 ◦C (Dunn et al., 2004). The extract
as filtered using Whatman filter paper no. 4. The extract was

ept in a freezer at −20 ◦C for a day before being evaporated for
8 h in a vacuum using a freeze dryer (Eyela FDU-1200, Japan). The
btained yield extract was kept in a fridge at 4 ◦C until used for
urther analysis.

nti-implantation experiment

The study was conducted using a healthy female
prague–Dawley rats weighing 160–200 g obtained from Ani-
al  Experimental Unit, Faculty of Medicine, University of Malaya.

ll experimental procedures were carried out according to the
pproval of the ethics committee for animal experimentation,
aculty of Medicine, University of Malaya (Ethics Reference no.:
015-180505/PHAR/AEI).
rmacognosia 26 (2019) 621–630

The anti-implantation activity of aqueous extract of A. africanus
was evaluated according to the method described by Salhab et al.
(1999), with slight modification. Briefly, female rats were paired
overnight with the male that has passed sexual behavioural testing
(ratio 1:1) in plastic cage that provide free access to food and water.
Pregnancy was confirmed by the presence of vaginal plug and sper-
matozoa in the vaginal smear that can be observed under the light
microscope (Marcondes et al., 2002). The first day of pregnancy was
considered as day 0 of gestation (G0). The pregnant rats were ran-
domized into five groups, consisting of six animals each (n = 6). On
G1 to G7, pregnant rats were orally administered vehicle, 300 �g/kg
bw misoprostol as positive control and A. africanus extracts at three
different doses (50, 150, and 300 mg/kg bw)  thrice daily. The rats
were weighed weekly, and all rats were laparotomized 24 h after
the last dose (day 8), under anesthesia (50 mg/kg ketamine/5 mg/kg
xylazine), and the following parameters were recorded: number of
implantations and number of resorption sites (Salhab et al., 1999).
Gravid ovaries from the females exposed to the different treatments
were harvested and proceeded for histopathological examina-
tion (Guillaumon and Couto, 2013). Anti-implantation activity was
expressed as percentage using the following formulae according to
Geremew et al. (2006):

Anti − implantation activity

= No. of implant in control − No. of implant in test
No of implant in control

× 100

Histopathology of ovaries

At the end of the study, the ovaries were examined for gross
pathological changes and the ovary tissues were collected and fixed
in 10% formalin for 12 h. The samples were harvested by cutting
4–5 �m thickness and stained with haematoxylin and eosin stain
(Kadagi et al., 2014). Changes in follicles and corpora lutea orga-
nization and luminal epithelial cell height were investigated and
compared with the control untreated rats (Kadagi et al., 2014;
Shaikh et al., 2015).

Liquid Chromatography/Mass Spectrometry (LC/MS Q-TOF)

Agilent technologies with LC/MS:6550 model iFunnel LC/MS-
Q-TOF; po.05.01(B5125.3), and MS  range (m/z): 100–1700 were
used for this analysis. Aqueous extract (5 mg)  from the root was
redissolved in 5 ml of HPLC grade methanol and filtered using poly-
tetrafluoroethylene (PTFE) syringe filter with 0.2 �m pore size. A
column zorbax eclipse plus C18 from Agilent technologies with a
dimension of (4.6 m × 100 mm,  3.5 �m)  was used for the peaks sep-
aration, the initial temperature of the column oven was 32.8 ◦C and
it was ramped up to final temperature of 34.4 ◦C. The MS  and MS/MS
scan rate were both at 1spectra/sec with initial pressure of 115.1 bar
to final pressure of 114.2 bar at the end of the run.

The instrument was operating at a flow rate of 0.5 ml/min with
injection volume of 10.0 �l, and needle wash time of 3 s. The LC
grade mobile phase comprises of two  solvents: A (0.1% Formic acid
in Milli-Q water) and B (100% methanol HPLC grade), with graded
elution system. The total run time was  20 min, with a post run time
of 10 min  (Alali et al., 2008; Agilent, 2015; Han et al., 2015).

Identification of phytoconstituents

Chromatograms and spectrums obtained were identified using

database of National Institute of Standards and Technology Library
(NIST). Mass Spectrum Search Interpreter version 11 database was
used for possible chemical identification by comparing the spec-
trum, and m/z of unknown compounds with the range of known
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Fig. 1. Effect of Asparagus africanus on weight gain for pregnant rats. Values are
expressed as mean ± SEM, (n = 6), p*< 0.05, **p < 0.005 vs. control. kgbw, kg per
body weight; DW,  distilled water.

Fig. 2. Effect of Asparagus africanus on anti-implantation activity in SD rats. Values
A. El-Ishaq et al. / Revista Brasileira

hytoconstituents stored in the NIST library, also by molecular fea-
ure algorithm in the software package to elucidate the compounds.
he probable names of compounds were identified.

cute toxicity study

Healthy female Sprague-Dawley rats were randomly distributed
nto five groups (n = 3) and fed with a standard rat pellet and water
d libitum. The animals were housed in plastic cages at 25 ± 2 ◦C
emperature and 50 ± 10% humidity, in a standard light/dark cycle
12 h light/12 h dark cycle) and left for one week to acclimatize to
hese conditions. Furthermore, administration of extract, blood and
rgans sampling as well as all surgical procedures were conducted
ith humane care according to good practice guide to the admin-

stration of substances and removal of blood, including the routes
nd volumes (Diehl et al., 2001).

The rats were fasted for 3–4 h before oral administration of
queous extract of A. africanus to the groups, but water was  allowed
d libitum.  Group I served as normal control, gavaged with dis-
illed water; groups II, III, IV, and V were orally administered single
ose of crude extract dissolved in distilled water at 5, 50, 300 and
000 mg/kg bw, respectively (Kadagi et al., 2014). Wellness param-
ters of animals were observed continuously during the first half
our after dosing and periodically for the next 24 h and then daily

or 14 days. All observations were systematically recorded.
At day 15, the animals were fasted overnight prior to being

acrificed under ketamine (150 mg/kg) and xylazine (15 mg/kg)
nesthesia. Blood from each animal were collected for biochem-
cal analyses including, alanine aminotransferase (ALT), aspartate
minotransferase (AST), alkaline phosphatase (ALT), blood urea
itrogen (BUN), uric acid (UA), creatinine (Cr) and total protein
TP). The remaining whole blood was collected in EDTA tubes for
aematological parameters (Halpern et al., 2015). Liver and kidney
ere harvested from all rats and examined for gross pathologi-

al changes and representative samples were collected in freshly
repared 10% buffered formalin for histopathology examination.
ections of 4–5 �m thickness from liver and kidney were stained
ith haematoxylin and eosin (H&E) and examined under the micro-

cope (Kadagi et al., 2014).

tatistical analysis

Results were expressed as mean ± standard error of the mean
SEM). One-way analysis of variance (ANOVA) was used for data
ith normal distribution (body weight, ALP, ALT, AST, TP, Cr,
rea, uric acid, HGB, RBC, MCH, RDW, WBC  and platelets), while
ruskal–Wallis was used for data with non-normal distribution

HCT, MCHC and MCV). IBM SPSS software version 22 (Chicago,
SA) was used to analyze all data. Statistical significant was con-

idered at (p < 0.05).

esults

valuation of anti-implantation activity of Asparagus africanus
queous extract (AEAA) in female SD rats

The results obtained are summarized in Figs. 1–3. The aver-
ge weight gain for normal control group was lower than treated
roups. Significant increase in weight gain was observed in rats
reated with 300 �g/kg bw misoprostol (p < 0.009), and 150 mg/kg
w A. africanus (p < 0.025). For 50 mg/kg bw A. africanus and
00 mg/kg bw A. africanus, the difference was not significant when

ompared with normal control. 150 mg/kg bw A. africanus may  be
quivalent to effective dose that favour the growth requirement of
he animals. Overall the highest mean weight gain throughout the
tudy period was observed in misoprostol treated group (Fig. 1).
are expressed as mean ± SEM, (n = 6), p* < 0.05, **p < 0.005 vs. control. kgbw, kg per
body weight; DW,  distilled water.

For evaluation of anti-implantation (interceptive) activity, the
results showed that the A. africanus crude extracts at doses 150
and 300 mg/kg bw significantly (p < 0.05) reduced the number
of implantations and exhibited a higher anti-implantation activ-
ity as compared to untreated rats (Fig. 2). Findings also showed
that there was significant (p = 0.019) increase in the percentage of
anti-implantation in Misoprostol treated rats comparing to nega-
tive control, whereas there was  no significant difference between
Misoprostol and the highest dose 300 mg/kg bw of A. africanus
treated groups. The extract did not cause premature delivery,
post-implantation loss, however the highest dose of A. africanus
exhibited 71.85% anti-implantation effect.

The photomicrographs of ovaries tissue obtained from treated
female rats with different doses of A. africanus and control are
shown in Fig. 3. Ovaries of rats in control group showed normal
multiple follicles at different stages of development, while ovaries
in misoprostol treated rats showed regressive corpora luteum and
few empty follicles. Ovaries of rats treated with 50 mg/kg and
150 mg/kg of A. africanus demonstrated vacuolization and fatty acid
deposition as compared to control, while ovaries of rats treated

with 300 mg/kg of A. africanus showed regressive corpora luteum
and decreased in oogenesis.
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Fig. 3. Photomicrographs of ovaries from treated and untreated female rats, (magnification ×100).

(A)  Normal control 5 mg/kg bw (dH2O), showing small [ ] and large [ ] follicles, ovary with multiple follicles at different stages of development, ovulated follicle seen. (B)

300  �g/kg bw misoprostol treated group showing regressive corpora lutea [ ]. (C) 50 mg/kg bw Asparagus africanus. (D) 150 mg/kg bw A. africanus, showing the histology

o s, sho

[

L

s
c
a
O

Acute oral toxicity of Asparagus africanus extract
f  ovary, vacuolization and fatty acid deposition [ ]; (E) 300 mg/kg bw A. africanu

].

C/MS analysis and phytoconstituents identification

LC/MS chromatogram of aqueous extract of A. africanus is pre-
ented in Fig. 4. The mass spectral analysis has identified eleven
ompounds with some of them having steroidal nucleus such

s asparasaponin II, sarsasapogenin, stigmasterol, and spirostan.
ther non-steroidal compounds identified are acetylcaranine;
wing regressive corpora lutea, section of ovary also showing decrease in oogenesis

1,3,6,8-naphthalenetetrol; prosopinine; sugeonyl acetate; gluti-
nosone; pandaroside C; and cinncassiol C3 (Table 1).
The results of the effects of aqueous extract of A. africanus
on body weight and organs weight, serum biochemistry and
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Fig. 4. LC/MS Chromatogram of aqueous extract of Asparagus africanus.

Table 1
Phytochemical compounds identified in Asparagus africanus aqueous extract using LC/MS Q-I-TOF.

Peak no. RT (min) Abund. m/z MW (g/mol) MF Tentative name

1 5.621 7399.91 314.13 313.13 C18H19NO4 Acetylcaranine
2  6.183 149486.8 193.05 192.04 C10H8O4 1,3,6,8-Naphthalenetetrol
3  7.414 852.11 1221.58 1198.59 C56H94O27 3-O-(Xylb-3Glcb1-2(Xylb1-

3)Glcb1-4Galb)-(25R)-5�-
spirostan-3�-ol

4  8.279 1590.71 1089.54 1066.55 C51H86O23 Stigmasterol
5  8.628 1466.3 903.49 902.48 C45H74O18 Asparasaponin II
6  9.483 8122.24 887.49 886.49 C45H74O17 Sarsasapogenin
7  10.01 7503.54 288.25 287.24 C16H33NO3 Prosopinine
8  11.11 1196.92 299.16 276.17 C17H24O3 Sugeonyl acetate
9  11.57 9217.11 143.13 220.14 C14H20O2 Glutinosone
10  12.11 3153.01 763.42 740.43 C39H64O13 Pandaroside C
11  14.83 2762850 383.20 382.19 C20H30O7 Cinncassiol C3

Table 2
Effect of Asparagus africanus aqueous extract on the body and organs weights of treated and untreated rats.

Treatment dose Initial body weight (g) Final body weight (g) Weight gain (%) Liver weight (g) Kidney weight (g)

5 ml/kg bw DW control 188.23 ± 11.33 268.40 ± 18.17 42.59 10.23 ± 0.18 2.76 ± 0.08
5  mg/kg bw A. africanus 197.32 ± 18.96 286.38 ± 19.76 49.66 10.51 ± 0.41 2.59 ± 0.08
50  mg/kg bw A. africanus 199.93 ± 10.01 253.60 ± 5.35 26.84 11.06 ± 0.11 2.93 ± 0.04
300  mg/kg bw A. africanus 215.18 ± 0.87 284.52 ± 7.93 32.22 12.14 ± 0.21 2.50 ± 0.06
2000  mg/kg bw A. africanus 229.24 ± 7.25 256.01 ± 8.15 11.68a 13.21 ± 0.31 2.54 ± 0.11

Values are expressed as mean ± SEM, n = 3 for each group.
a p < 0.05 vs. control group.

Table 3
Effect of Asparagus africanus aqueous extract on biochemical indices of treated and untreated rats.

Treatment dose ALT (U/l) ALP (U/l) AST (U/L) Cr (�mol/l) Urea (mmol/l) Uric acid (�mol/l) Total protein (g/l)

5 ml/kg bw DW control 56.00 ± 10.23 230.00 ± 24.17 160.00 ± 27.07 22.33 ± 0.94 5.73 ± 0.59 72.33 ± 4.92 55.33 ± 4.92
5  mg/kg bw A. africanus 66.33 ± 7.72 172.33 ± 132.39 199.00 ± 68.68 21.33 ± 2.05 4.57 ± 0.69 102.33 ± 57.19 53.67 ± 1.25
50  mg/kg bw A. africanus 62.33 ± 2.49 201.00 ± 21.97 160.67 ± 30.03 22.33 ± 2.36 4.63 ± 0.34 67.67 ± 10.34 56.33 ± 2.49
300  mg/kg bw A. africanus 58.67 ± 8.58 168.33 ± 23.61 191.67 ± 50.16 24.33 ± 0.47 4.47 ± 0.66 92.33 ± 50.00 59.33 ± 3.09
2000  mg/kg bw A. africanus 55.0 ± 8.52 182.67 ± 6.18 141.33 ± 4.99 23.00 ± 0.82 4.90 ± 0.54 56.33 ± 10.40 56.67 ± 2.62

ALT, alanine aminotransaminase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; Cr, creatinine.
Values represent mean ± SEM, n = 3. One-way ANOVA was used to analyze the data and p < 0.05 was  considered as statistically significant.

Table 4
Effect of Asparagus africanus aqueous extract on haematological parameters of treated and untreated rats.

Treatment dose HGB (g/l) HCT (l/l) RBC (1012/l) MCV  (fl) MCH (pg) MCHC (g/l) RDW (%) WBC  (109/l) Platelet (109/l)

5 ml/kg bw DW control 135.67 ± 1.70 0.43 ± 0.00 6.84 ± 0.05 63.33 ± 0.47 19.4 ± 0.65 314.67 ± 2.49 11.90 ± 0.50 9.33 ± 1.25 1066.33 ± 65.19
5  mg/kg bw A. africanus 135.67 ± 11.12 0.46 ± 0.03 7.40 ± 0.51 60.00 ± 0.82 18.60 ± 0.33 308.67 ± 4.11 12.23 ± 0.82 11.50 ± 1.73 1098.67 ± 58.54
50  mg/kg bw A. africanus 138.67 ± 8.50 0.45 ± 0.02 7.34 ± 0.41 61.00 ± 1.63 18.90 ± 0.33 285.00 ± 39.63 11.33 ± 0.33 11.93 ± 5.36 1128.33 ± 23.16
300  mg/kg bw A. africanus 146.67 ± 1.70 0.47 ± 0.00 7.49 ± 0.23 62.67 ± 1.70 19.60 ± 0.42 313.00 ± 1.63 11.30 ± 0.29 12.93 ± 1.78 1094.33 ± 60.81
2000  mg/kg bw A. africanus 136.00 ± 1.6 0.43 ± 0.02 7.34 ± 0.05 60.33 ± 0.94 18.53 ± 0.17 307.33 ± 0.94 11.37 ± 0.12 7.83 ± 0.21 1022.33 ± 92.47

R
h
V

BC, red blood cell; WBC, white blood cell; PCV, pack cell volume; MCV, mean corpu
aemoglobin concentration; HCT, haematocrit; RDW, red cell distribution width; PLT, pla
alues are expressed as mean ± SEM, n = 3. One-way ANOVA was  used to analyze the data
scular volume; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular
telet count.
.
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Fig. 5. Photomicrographs of liver sections in rats treated with Asparagus africanus aqueous extract. (H&E stain, magnification ×100). (A) Control: no bile stasis, central veins
normal, portal tract unremarkable. (B) 5 mg/kg bw A. africanus and (C) 50 mg/kg bw of A. africanus: Liver in (B) and (C) shows occasional hepatocyte with binucleation [ ],

but  no bile stasis or steatosis. Perivenous inflammation [ ] and lytic necrosis was  noted in other areas. Portal tracts are unremarkable. (D) 300 mg/kg bw and (E) 2000 mg/kg
bw  of A. africanus: Liver in (D) and (E) shows moderately swollen (abundant clear cytoplasm) and binucleated hepatocytes [ ]. Perivenous inflammation, lobular hepatitis

[  ] and lytic necrosis noted.
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ig. 6. Photomicrographs of kidney sections in rats treated with Asparagus african
H&E  stain). (A) Control (magnification ×100). (B) 5 mg/kg bw A. africanus (magnific
fricanus (magnification ×200). (E) 2000 mg/kg bw of A. africanus treated rat (magn

aematology are summarized in Tables 2–4. Figs. 5 and 6 show
hotomicrographs of the liver and kidneys of treated and untreated
ats with aqueous extract of A. africanus.

ody weight gain and organs weight
The mean body weight gain of all treated rats, except 5 mg/kg bw
roup, were less than the mean weight gain of rats in control group.
he average weight gain in 2000 mg/kg bw group was approxi-
ueous extract showed kidneys with normal glomeruli, tubules and blood vessels
×40). (C) 50 mg/kg bw of A. africanus (magnification ×100). (D) 300 mg/kg bw of A.
on ×40).

mately 3.6 times lower than that gain in control group (Table 2).
Likewise, for 50 mg/kg bw group was also 1.5 times lower than
the control group. However, the difference in the percentage of
weight gain in the control and the treated groups were not statisti-
cally significant compared to control group, except for the highest
dose of 2000 mg/kg bw (p < 0.032). Liver and kidneys mean weights
showed no significant difference between treated and untreated

rats (Table 2).
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ffect of Asparagus africanus aqueous extract on biochemical
nd haematological parameters

Liver function and kidney function biochemical parameters
ALT, ALP, AST, Cr, urea, uric acid and total protein) were not signif-
cantly different between treated and control groups (Table 3). In
ddition, Table 4 shows the effects of oral administration of the
queous extract of A. africanus on the haematology parameters
ompared to control group. The values for HGB, HCT, RBC, MCV,
CH, MCHC, RDW, WBC  and platelet between control and treated

roups were all not statistically significant.

istopathology

Liver sections obtained from the rats of control group showed
o bile stasis, normal central veins and portal tracts. On the other
and, 5, 50, 300 and 2000 mg/kg bw treated rats showed congested,
oderately swollen hepatocytes with binucleation (Fig. 5A–E).
lthough no bile stasis was seen in all treated groups, perivenous

nflammation, and lytic necrosis were observed (Fig. 5C and D). The
ortal tracts were also not remarkable. For kidney samples, both
ontrol and the highest dose group (2000 mg/kg bw) have normal
lomeruli, tubules, interstitium and blood vessels (Fig. 5A and B).

iscussion

Asparagus africanus root extract was evaluated for anti-
mplantation activity. Interestingly, the high dose of A. africanus
300 mg/kg bw) showed significant increase in anti-implantation
ctivity (71.85%) as compared to untreated rats and this indi-
ates a potential interceptive activity of the root extract of A.
fricanus. For implantation of zygote, it is important that oestro-
en and progesterone are in equilibrium and any disturbance in
he levels of these hormones can cause failure in implantation
ctivity (Geun-Shik et al., 2005). Our unpublished data demon-
trated that the extract produced a dose-dependent increase in the
estrogen levels as compared to untreated rats. The oestrogenic
roperties of A. africanus could explain the anti-implantation prop-
rties of this plant. On the other hand, antagonizing the action of
rogesterone will result in the down-regulation of progesterone-
ependent genes, with decidual necrosis and detachment of the
roducts of conception.

More closely, to our result is the report by Geremew et al.
2006) on the antifertility of A. africanus using ethanol, and aque-
us extracts. Their results further explained the possible hormonal
hanges as a result of the treatment with this plant, which may  be
esponsible for certain reproductive abnormalities in experimental
ats.

Histopathology evaluations were conducted on ovary tissues
ccording to Theise (2007). Results revealed that the ovaries of
ats in negative control showed normal, small and large follicles. In
ddition, ovary with multiple follicles at different stages of devel-
pment, and old ovulated follicles were also reported. For positive
ontrol misoprostol treatment group, ovary with regressive corpora
uteum and empty follicles were clearly seen. Histology of ovaries
f rats treated with 50 and 150 mg/kg of A. africanus showed vac-
olization and fatty acid deposition. Meanwhile, in 300 mg/kg bw
reated rats there were regressive corpora luteum and decreased in
ogenesis. However, one of the limitation of this study is that the
uantification of follicles and corpora lutea were not reported and

nstead qualitative histological examinations were carried out.

Several studies have reported that A. africanus plant has potent

nti-fertility properties which initiated their pre-natal and post-
atal applications among women (Geremew et al., 2006). This study
creened the bioactive phytochemicals responsible for those phar-
rmacognosia 26 (2019) 621–630

macological properties of A. africanus plant. The presence of many
phytochemicals can be linked to different pharmacological activ-
ities exhibited by plant extract. Aqueous extract was  used in this
study because it is often and the most available solvent used in tra-
ditional medicine preparations. In our study, the percentage of yield
extract obtained from aqueous extract of the roots of A. africanus
was 7%, and this is comparable to that reported by Madikizela
(2014) which resulted in 6.8%. On the other hand, this amount of
yield extract is more appreciable when compared to that reported
by Moshi et al. (2003), which yielded 1–2% only of starting mate-
rial of A. africanus. In another study, a modified traditional crude
saponin extraction was used and the yield was  3.59% extract from
the root of A. africanus Asfaw et al. (1999). Methods of extraction,
nature of soil, topography and geographical location are some of
the factors that might be responsible for these differences.

The present finding from LC/MS analysis indicated the pres-
ence of eleven phytochemical compounds; of which only four of
them have a cyclic steroidal nucleus; namely asparasaponin II,
sarsasapogenin, stigmasterol, and spirostan. The current result fur-
ther confirmed and in line with the implicated steroidal saponins
reported by Asfaw et al. (1999). These steroidal saponins might
have different pharmacological and physiological effects on preg-
nant rats or might act synergistically to produce the oestrogenic
effects of A. africanus. Other non-steroidal compounds identi-
fied are: 1,3,6,8-naphthalenetetrol, prosopinine, sugeonyl acetate,
glutinosone, pandaroside C, and cinncassiol C3.

The presence of flavonoids is similar to that reported by Charles
and Robert (2004) in Trifolium pratense known as red clover which
shown to contain isoflavones and their effects are similar to that
of diethylstilbestrol (Charles and Robert, 2004). Unfortunately, the
undesirable effect of red clover on sheep fertility endangered the
New Zealand economy in the past (Charles and Robert, 2004).
Sapogenin and furostanol also have been isolated from A. africanus
which shown an antiprotozoal activity (Oketch-Rabah et al., 1997).
The reported sapogenin is in line with our study where asparas-
aponin II and sarsasapogenin were also reported in A. africanus
using LC/MS method of analysis.

Findings of this study confirm that A. africanus contains some
potential steroidal like compounds, which could explain the tra-
ditional uses of the root part of this plant as contraceptive. The
antifertility activities of other species of Asparagus has been doc-
umented with the suggestion that the root part of A. pubescens
has anti-implantation or direct effect on the uterus (Nwafor et al.,
1998). Ethnobotanical studies of 152 medicinal plants of Madagas-
car used by local people have also revealed eight native species that
are widely used by women  for treating placental apposition and
complications during childbirth. Moreover, it has also been used
for the treatment of tropical illnesses such as malaria, filariasis, and
sexually transmitted diseases like gonorrhea and syphilis. Among
eight widely used plants by women in the region of Madagascar,
Asparagaceae was particularly used for birth related properties
(Razafindraibe et al., 2013).

Investigation of the acute toxicity is often the initial stage in
almost all screening of unknown potential medicinal herbal sub-
stances. Most acute toxicity data are used to predict the safe dose
limit in clinical application because some herbs exert toxic effects
even at a very low dose. Hence, multiple doses study is immensely
valuable in evaluating the safety profile of medicinal plants (Woode
and Abotsi, 2011; Abiodun et al., 2015).

In current study, acute toxicity of root extract of A. africanus was
administered at doses of 5, 50, 300 and 2000 mg/kg bw.  At all dosed
groups, there were no abnormal changes in the general appearance

and behavioural characteristics of animals and no mortality was
also recorded for all administered doses.

A study by Kebede et al. (2016) has been reported that the
butanol extract of A. africanus showed no toxicity at a tested
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oncentration in mice. However, focal lobular inflammation of liver
as noticed in few mice, hence this was attributed to the pres-

nce of flavonoid glycoside in the butanol fraction of the extract.
hey reported that A. africanus at 300 and 600 mg/kg bw has no
epatonephrotoxic and heamatotoxic effects (Kebede et al., 2016).

The mean percentage of weight gain for aqueous extract of the
ontrol group was 42.59%, which is higher than the mean weight
ain of rats in 50, 300 and 2000 mg/kg bw treated groups. How-
ver, these reductions in weight gain in treated groups were not
ignificantly different except for 2000 mg/kg bw (p < 0.032) when
ompared with that of control group. The biochemistry markers of
he liver and kidney function tests showed no significant difference
etween treated and untreated rats.

Meanwhile, HGB, RBC, RDW, HCT, MCV  and MCH  were
ot statistically significant between treated and control groups.

n addition, histopathology was conducted on formalin-fixed
araffin-embedded experimental animal tissues according to
heise (2007). Results showed that liver and kidney appeared
ormal and showed no remarkable difference between control
nd treated rats. However, the liver in high doses (300 and
000 mg/kg bw) treated rats showed congestions with mildly
wollen hepatocytes and, occasional binucleation, but no bile sta-
is or steatosis. Ultimately, A. africanus root extract causes no
eath or abnormal behavioural effects in rats, however it has an
dverse outcome on the implantation and number of implant in
emale rats.

onclusion

Asparagus africanus aqueous root extract has anti-implantation
ffect in female SD rats. A. africanus root extract probably has
nterceptive effect mainly by inhibiting implantation and the
ossible mechanisms could be through the oestrogenic and
ntiprogestin effects. LC/MS analysis revealed the presence of
our steroidal saponins spirostan, stigmasterol, asparasaponin II,
nd sarsasapogenin in the aqueous root extract of A. africanus.
his result can be used to justify its various uses in traditional
edicine especially in birth related applications. The acute tox-

city study showed that A. africanus aqueous root extract is safe
p to 2000 mg/kg bw. Further pharmacological studies should be
arried out to investigate the estrogenic effect and the antifer-
ility activities of this plant as well as its bioactive steroidal
aponins.
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