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Anabolic and androgenic activities of Bulbine
natalensis stem in male Wistar rats

Musa T. Yakubu and Anthony J. Afolayan

Centre for Phytomedicine Research, Department of Botany, University of Fort Hare, Alice 5700, South Africa

Abstract

Aqueous extract of Bulbine natalensis Baker (Asphodelaceae) stem at 25, 50 and 100 mg/kg body weight
was investigated for anabolic and androgenic effects in male Wistar rats. Sixty male rats were grouped into
four (A-D) consisting of 15 each. Group A (control) was orally treated with 0.5 mL of distilled water for 14
days while groups B, C and D were treated like the control except they received 0.5 mL containing 25, 50,
and 100 mg/kg body weight of the extract respectively. All the doses of the extract increased (P <0.05) the
testicular-body weight ratio as well as alkaline phosphatase activity, glycogen, sialic acid, protein, and choles-
terol content of the testes except the single administration of 100 mg/kg body weight which compared well
(P>0.05) with the controls for glycogen and cholesterol. The testicular and serum testosterone concentration
were increased except in the 100mg/kg body weight where the effect on the tissue and serum hormone
did not manifest until after the first and seven daily doses respectively. Testicular acid phosphatase activity,
serum follicle stimulating and luteinizing hormone concentrations also increased at all the doses except in
the 100 mg/kg body weight where the effect on the enzyme and the hormone did not manifest until after
seven days. The increases were most pronounced in the 50 mg/kg body weight extract treated animals. The
results indicate anabolic and androgenic activities of Bulbine natalensis stem in male rat testes with the 50 mg/
kg body weight of the extract exhibiting the highest anabolizing and androgenic acti vities. These activities
further support the folkloric use of the plant most especially at 50 mg/kg body weight in the management

of male sexual dysfunction in South Africa.
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Introduction

In many countries of the world, the use of medicinal
plants in the management of various ailments is increas-
ing empirically. This may be due largely to perceived
safety just because of their natural origin, easy availabil-
ity, accessibility and scientific studies that are lending
credence to their acclaimed use (Yakubu et al., 2007a).
Several of these plants have been used to manage various
diseases/inadequacies such as sexual dysfunction, dia-
betes, hypertension, fever and obesity. For example, the
stem of Fadogia agrestis Schweinf. Ex Hiern (Rubiaceae)
and the kernels of Terminalia catappa L. (Combretaceae)
have been reported to exhibit aphrodisiac activity and
thus could be explored in the management of sexual
dysfunction in animals (Ratnasooriya & Dharmasiri,

2002; Yakubu et al., 2005). Many medicinal plants used
as aphrodisiacs such as Hibiscus macranthus Hochst A ex
Rich (Malvaceae), Basella alba Lam (Basellaceae), Piper
guineense Schum & Thonn (Piperaceae), and Massularia
acuminata G. Don Bullock ex Hoyl. (Rubiaceae) have also
been reported to exhibit anabolizing and androgenic
effects in male rats (Mainkar et al., 1986; Moundipa
etal., 1999; Yakubu et al., 2008). One plant that is yet to be
investigated scientifically for anabolizing and androgenic
activities despite its ethnomedicinal use as an aphrodis-
iac is Bulbine natalensis Baker (Asphodelaceae).
Bulbine natalensis, locally known as “ibhucu” (Zulu),
“rooiwortel” (Afrikaans) and “ingcelwane” (Xhosa), is
widely distributed in the eastern and northern parts of
South Africa (Van Wrk et al., 1997). The leaf sap is used
in the management of wounds, burns, rashes, itches,
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ringworms, and cracked lips. An infusion of the roots is
also taken to quell vomiting, diarrhea, convulsion, vene-
real diseases, diabetes and rheumatism (Pujol, 1990).

Phytochemical screening of the aqueous extract of
Bulbine natalensis stem revealed the presence of tannins
(0.481%), anthraquinones (0.152%), cardiac glycosides
(0.887%), saponins (1.97%), and alkaloids (0.2%), while
phenolics, flavonoids, steroids, phlobatannins, triterpe-
nes, and caffeine were not detected (Yakubu & Afolayan,
2009). It has also been reported that the administration of
the aqueous extract of the plant stem at 25 and 50 mg/kg
body weight significantly increased penile erection indi-
ces, mount frequency, intromission frequency, ejacula-
tory frequency and post ejaculatory interval (Yakubu &
Afolayan, 2009). These parameters which are controlled
by androgens, have anabolic and androgenic effect on
different body tissues (Mooradian et al., 1987).

Since B. natalensis has a positive impact on penile erec-
tion and sexual behaviour parameters which are depend-
ent on androgen, the present study was undertaken to
ascertain the androgenic and anabolizing activities of the
aqueous extract of the plant stem on rat testes.

Materials and methods

Plant material and authentication

The plant samples, collected from a single population
in the Eastern Cape in March, 2008 were authenticated
by Prof. D.S. Grierson of the Department of Botany,
University of Fort Hare, South Africa. A voucher specimen
(Yakmed. 2008/1) was deposited at the Giffen Herbarium
of the University.

Animals

Apparently healthy male albino rats (Rattus norvegicus),
three months old, weighing 206 +4.67 g were obtained
from the Animal House of the Agricultural and Rural
Development Research Institute, University of Fort Hare.
The animals were housed in clean aluminium cages
placed in well-ventilated house conditions (temperature
23° + 1°C; photoperiod: 12h natural light and 12h dark;
humidity: 45-50%). They were also allowed free access
to Balanced Trusty Chunks (Pioneer Foods, Huguenot,
South Africa) and tap water. The cages were cleaned
daily. The study was carried out following approval from
the ethical committee of the University of Fort Hare on
the use and care of experimental animals.

Assay kits and enzyme substrates

The assay kits for cholesterol, testosterone, luteiniz-
ing and follicle stimulating hormones were obtained
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from Roche Diagnostic, Mannheim, Germany, while
4-nitrophenyl phosphate (disodium salt) was a product
of Sigma-Aldrich, St. Louis, USA. All other reagents used
were of analytical grade and were supplied by Merck
Chemicals, Bellville, South Africa.

Preparation of extract

The dried plant material was pulverized with an electric
blender. The powder (20 g) was extracted in 1L of distilled
water for 48 h at room temperature with constant shaking
on a Stuart Scientific Orbital Shaker (SO1, Stone, UK). The
extract was filtered with Whatman (Maidstone, UK) No.
1 filter paper and the resulting filtrate was freeze-dried
using a Vir Tis benchtop K (Vir Tis, Gardiner, NY) to give
ayield of 4.71 £0.04 g. This was then reconstituted sepa-
rately in distilled water to give the required doses used
in this study.

Animal grouping and extract administration

Sixty male rats were completely randomized into four
groups of 15 each and orally administered as follows:
Group A (control) received 0.5 mL distilled water, while
groups B, C and D were treated as the control except they
received an equal volume of the extract containing 25, 50,
and 100 mg/kg body weight respectively. The administra-
tion was done using a metal oropharyngeal cannula. Five
rats from each of the groups were sacrificed 24 h after 1,
7, and 14 days of their respective daily doses.

Preparation of serum and testes homogenates

The procedure described by Yakubu et al. (2005) was
employed in the preparation of serum. Briefly, under
ether anesthesia, rats were made to bleed through their
cut jugular veins which were slightly displaced (to pre-
vent contamination of the blood by interstitial fluid)
into clean, dry centrifuge tubes. The blood was left for
10 min at room temperature to clot. The tubes were then
centrifuged at 1282 g x 5min using a Hermle bench top
centrifuge (Hermle, Z300, Hamburg, Germany). The sera
were later aspirated with Pasteur pipettes into sample
bottles and used for the hormonal assay within 12h of
preparation. The rats were thereafter quickly dissected
in the cold, the testes excised and transferred into ice-
cold 0.25M sucrose solution. The organ was freed of fat
and surrounding tissues, blotted with clean tissue paper
and then weighed. The testes were then homogenized
in ice-cold 0.25M sucrose solution (1:5 w/v) (Akanji
& Yakubu, 2000). The homogenates were kept frozen
overnight at -20°C (to ensure maximum release of the
enzymes and hormones located in the cells of the tis-
sues) before being used for the various biochemical
assays.
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Determination of androgenic parameters

The concentration of serum hormones was determined
using a Roche E170 modular analytics immunoassay
analyzer (Roche Diagnostic, Mannheim, Germany) as
described in the assay kit instruction manual for testo-
sterone, follicle stimulating and luteinizing hormones
(Wang et al., 1993; Sinha-Hikim et al., 1995) while those
of protein, glycogen, cholesterol, sialic acid as well alka-
line and acid phosphatase activities in the testes were
determined using standard methods (Gornall et al., 1949;
Kemp et al., 1954; Warren, 1959; Fredrickson et al., 1967;
Wright et al., 1972a, b). The testes-body weight ratio was
calculated using the expression of Yakubu et al. (2008).

Statistical analysis

Results were expressed as the mean of five replicates *
SD. Percentage data were arcsine transformed before
analysis. Means were analyzed using a one-way ANOVA
and values of P <0.05 were considered statistically sig-
nificant (Mahajan, 1997). In all the Figures, bars carrying
letters different from the control for each day are signifi-
cantly different.

Results

The effects of administration of aqueous extract of Bulbine
natalensis stem at 25, 50 and 100 mg/kg body weight on
the anabolizing and androgenic parameters of male
rat testes are depicted in Figures 1-7 and Table 1. The
extract at all the doses increased (P <0.05) the testicular-
body weight ratio (Figure 1). By the end of the experimental
period, the organ body weight had increased to 2.5, 2.9, and
2 fold of the control value in the 25, 50, and 100 mg/kg body
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Figure 1. Effect of administration of aqueous extract of Bulbine
natalensis stem on testicular-body weight ratio of rats.
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Figure 2. Effect of administration of aqueous extract of Bulbine nala-
lensis stem on testicular alkaline phosphatase activity.
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Figure 3. Effect of administration of aqueous extract of Bulbine nala-
lensis stem on testicular acid phosphatase activity of rats .

weight extract treated animals, respectively. The highest
increase in the testicular parameter was produced in the
50 mg/kg body weight treated animals following the 7 and
14 daily doses.

The activities of alkaline and acid phosphatase of
the rat testes also increased significantly following the
administration of the extract (Figures 2 and 3). The single
administration of 25mg/kg body weight produced the
highest increase in the activity of alkaline phosphatase.
Whereas the enzyme activity was highest at days 7 and
14 in the 50 mg/kg body weight of the extract treated ani-
mals, the alkaline phosphatase activity at 25 mg/kg body
weight of the extract compared well with that of 100 mg/
kg body weight at the other days of intervention (Figure
2). Although, the activity of acid phosphatase increased
at 25 and 50 mg/kg body weight throughout the period of
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Figure 4. Effect of administration of aqueous extract of Bulbine nala-
lensis stem on rat testicular testosterone concentration.
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Figure 5. Effect of administration of aqueous extract of Bulbine nala-
lensis stem on male rat serum testosterone concentration.

administration, the increase produced by the 100 mg/kg
body weight was not sustained beyond the single admin-
istration as values at the other days of intervention com-
pared well with the control values (Figure 3).

All the doses increased the testicular glycogen con-
centration throughout the experimental period except
on the first day where the values compared well with the
control (Table 1). The sialic acid and protein concentra-
tions of the rat testes also increased in a manner that was
not dose dependent. The increases in testicular protein
by the single dose of the extract were lower than those
at other days of intervention. The extract also elevated
the levels of testicular cholesterol at all the doses except
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Figure 6. Effect of administration of aqueous extract of Bulbine
nalalensis stem on male rat serum follicle stimulating hormone
concentration.
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Figure 7. Effect of administration of aqueous extract of Bulbine nala-
lensis stem on male rat serum luteinizing hormone concentration.

the single administration of the highest dose (100 mg/kg
body weight) which compared well with the control value
(Table 1).

Although the administration of the extract increased
the testicular and serum testosterone concentration, such
increase did not manifest in the 100 mg/kg body weight
treated animals until after the seven daily doses for the
tissue hormone and single dose for the serum hormone
(Figures 4 and 5). The increase in the testicular and serum
testosterone was most pronounced in the 50 mg/kg body
weight treated animals.

All the doses of the extract except the 100mg/kg
body weight increased the concentration of serum fol-
licle stimulating hormone throughout the experimental
period. The increase in the serum hormone at the highest
dose did not manifest until the 14th daily administration
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(Figure 6). In contrast, the extract increased the concen-
tration of luteinizing hormone in the serum of the ani-
mals throughout the period of administration. It is also
noteworthy that the 50 mg/kg body weight of the extract
produced the highest elevation of the serum hormone
(Figure 7).

Discussion

Evaluation of biochemical parameters such as testes-
body weight ratio, concentrations of testicular secre-
tory constituents like protein, cholesterol, sialic acid,
glycogen, testosterone as well as alkaline and acid
phosphatase activity, serum luteinizing and follicle
stimulating hormones can give useful information on
the androgenic and or anti-androgenic potential of plant
extracts (Gupta et al., 2004; Watcho et al., 2004; Yakubu
etal., 2007b, 2008).

The increase in absolute testicular weight and the
testes-body weight ratio observed with all the dose levels
of B. natalensis stem in this study is probably a conse-
quence of an increase in functional activity of the organ
leading to increase in the secretory ability of the testes.
Such increase in secretory activity of the organ, which is
androgen dependent, was supported by the elevated lev-
els of cholesterol, proteins, sialic acid and testosterone in
the present study. This is an indication of the anabolizing
and androgenic effects of the B. natalensis stem extract.
This agreed with the findings of Watcho et al. (2004)
and Yakubu et al. (2008) following the administration of
Mondia whitei Hook. F Skeels (Periplocaceae) roots and
Massularia acuminata stem, respectively, to male rats.

Alkaline phosphatase is involved in the synthesis of
nuclear proteins, nucleic acids and phospholipids, as
well as the cleavage of phosphate esters. It also plays a
role in mobilizing carbohydrates and lipid metabolites
to be utilized either within the cells of the accessory sex
structure or by the spermatozoa in the seminal fluid
(Ramalingam & Vimaladevi, 2002). The elevated testicu-
lar alkaline phosphatase activity by the extract at all the
doses suggests enhanced mobilization of carbohydrate
and lipid metabolites which may be used by the acces-
sory sex structure or the spermatozoa in the seminal
fluid. The increase in the activity of the testicular enzyme
in this study may be attributed to the saponin content
of the extract since similar increase was observed by
Witthawaskul et al. (2003) following the administration
of saponin mixture from the leaves of Schefflera leucan-
tha Viguier (Araliaceae) to rats. The highest activity of
alkaline phosphatase observed with the 50 mg/kg body
weight of the extract further justifies the use of this dose
in the folklore medicine of South Africa for the manage-
ment of sexual inadequacies. In contrast, the alkaline
phosphatase activity at the highest dose (100 mg/kg body
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weight) which compared well with the control may sug-
gest non-androgenic activity at this dose.

Acid phosphatase is widely distributed in the testes
and is important in the physiology of sperm (Breton et al.,
1996). Increased levels of the enzyme suggest anabolic
effect of the extract. The absence of significant effect
by the 100 mg/kg body of the extract on the acid phos-
phatase activity from seven days may be adduced to non-
sensitivity to the synthetic mechanism of the enzyme by
the bioactive principle in the extract at this dose (Watcho
etal., 2004).

The glycogen content of the testis, an index of energy
storage, is directly proportional to the steroid hormones
(Pathak & Prakash, 1989; Yakubu et al., 2007b). Sertoli
cells and spermatogonia often contain glycogen where
it provides a reserve of carbohydrates for seminiferous
tubular cells. The increase in testicular glycogen after the
single administration of the extract can be explained by
an enhanced glycolysis during spermatogenesis (Gupta
et al., 2005). Such increase in testicular glycogen may
stimulate energy production that is essential for sper-
matogenic activity. This, however, contrasts the report of
Gupta et al. (2005), where saponin content of the bark of
Albizia lebbeck (L.) Benth (Mimosoideae) decreased gly-
cogen and inhibited glycolysis during spermatogenesis.
The lack of significant difference in the testicular glyco-
gen concentration following the single administration of
the extract could possibly suggest that the extract has not
reached a sufficient level to start exerting any effect on
the testicular parameter.

Testicular sialic acid content, which is androgen
dependent, acts as a “lubricant” to facilitate the move-
ment of sperm by reducing friction among the sper-
matozoa (Riar et al., 1973). Structural integrity of the
acrosomal membrane is also dependent on sialic acid
content such that any alteration in its content may lead to
changes in the motility and fertilizing ability of the sperm
(Levinsky et al., 1983). The elevated levels of testicular
sialic acid content observed with B. natalensis stem in
this study is an indication that the extract might have the
ability to reduce friction among the spermatozoa. It may
also suggest enhancement in the structural integrity of
acrosomal membrane, which ultimately may stimulate
the metabolism, motility and fertilizing capacity of sper-
matozoa (Chinoy & Bhattachary, 1997).

Testicular proteins are one of the constituents that
ensure the maturation of the spermatozoa (Kasturi et al.,
1995). Increased weight and high protein concentration
of the testes indicates enhancement of testicular growth
in addition to follicle stimulating hormone which is also
essential for protein synthesis in the gonads (Means,
1975). The elevated levels of testicular protein observed
with the extract in this study may be attributed to testo-
sterone action (Gupta et al., 2004). Such increase in pro-
tein concentration which is an indication of anabolizing
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and androgenic effects of the extract may enhance sperm
maturation (Yakubu et al., 2008). Watcho et al. (2004)
also observed similar increase in testicular protein con-
tent following the administration of M. whitei roots to
male rats.

Cholesterol is the major substrate responsible for
the anabolic effect of testosterone in males (Carreau,
1996), and its requirement for normal testicular activ-
ity has been well established (Watcho et al., 2004). The
increase in testicular cholesterol concentration by the
extract may be attributed to enhanced steroidogenesis.
Such stimulation of steroidogenic pathway will lead to
increased androgen concentration (Bedwall et al., 1994).
The elevated levels of testicular cholesterol observed in
this study which is also an indication of anabolic effect
of the extract agreed with the findings of Kamtchouing
et al. (2002) following the administration of aqueous
extract of the rhizome of Zingiber officinale Roscoe
(Zingiberaceae) and Pentadiplandra brazzeana Baill.
(Pentadiplandraceae) root to male Wistar rats. Dixit
and Gupta (1982) reported that solasodine, an alkaloid
obtained from Solanum xanthocarpum Var. Jacquinis
(Solanaceae) berries elevated testicular cholesterol in
dog (Canis familiaris), therefore, the increase in the
testicular lipid in this study may not be unconnected
with the alkaloids in Bulbine natalensis stem.

Testosterone, luteinizing hormone (LH) and follicle
stimulating hormone (FSH) are hormonal markers of
androgenicity (Walton et al., 1995). Testosterone, the
principal circulating androgen, is secreted by Leydig
cells under LH stimulation (Payne, 1990). The main
action of the hormone is to facilitate the maturation of
round to elongated spermatids during spermiogenesis
(O’'Donnell et al., 1994). It also stimulates the sperma-
tid binding to Sertoli cells specifically at the transition
from stages VII to VIII of the seminiferous epithelium
(Cameron et al., 1994). The increase in testosterone
concentration could possibly be due to an induction
in the synthesis of the hormone by the Leydig cells,
since the cells are the main source of testosterone in
rats (De Krester, 1987). This implies that the extract
stimulated the mechanism intervening in the process
of the hormone synthesis in the Leydig cells (Moundipa
etal., 1999). The elevated testosterone content observed
in this study might have resulted from the increase in
cholesterol concentration since it is the starting mate-
rial for androgen biosynthesis. A minimum level of
blood androgen is required for the maintenance of
body shape, muscle mass and strength, normal sexual
desire, nocturnal penile tumescence, and non-erotic
penile erections in most men. Therefore, the increase
in testosterone by the extract, an indication of andro-
genic and anabolizing potential of the plant, may also
be responsible for the enhanced male sexual behaviour
reported by Yakubu and Afolayan (2009).

It is well known that gonadotropin (LH and FSH)
secretion is basically controlled by the hypothalamic
and testicular hormones (Gharib et al., 1990). Follicle
stimulating hormone is required for the initiation and
maintenance of spermatogenesis whereas luteinizing
hormone stimulates the synthesis and secretion of tes-
tosterone. While GnRH stimulates, testosterone and its
metabolites reciprocally depress FSH and LH secretion
(Conn, 1986). Therefore, the elevated serum gonadotro-
pins and testosterone may be explained by a decrease
in the feed-back signal of steroid hormones on pituitary
gonadotropins (Malini et al., 1999). The elevated levels of
luteinizing hormone by the extract might have enhanced
the synthesis and secretion of testosterone as observed
in this study. The pro-gonadotropic effect of the extract
is an indication that it may support normal functioning
of the Sertoli cells which may in turn enhance sperm
cell maturation. The increases in the concentrations of
the hormones imply direct effect on the testicular hor-
monogenesis. Gonadotropin sufficiency and testicular
enhancement are indications of androgenicity. Therefore,
the extract possesses anabolizing and androgenic poten-
tials in male rat testes.

Several studies have shown that steroidal saponins
contribute to increasing endogenous testosterone con-
tent by raising the levels of luteinizing hormones (Protich
etal., 1983; Gauthaman et al., 2002; Temraz et al., 2006).
The steroidal nature of saponins may facilitate its role as
an intermediary in the steroidal pathway of androgen
production. It could also act by binding to hormone
receptors, which may result in conformational change
that will enhance the physiological function of the hor-
mones or bind to enzymes that are involved in the syn-
thesis of such hormones and thus enhance its production
(Gauthaman & Adaikan, 2008). Gauthaman et al. (2003)
have also attributed the enhanced sexual behaviour
parameters to the androgen increasing property of a ster-
oidal saponin, protodioscin. Therefore, the raised levels
of the hormones observed in this study could possibly be
due to the saponin content of the extract.

Similarly, it has also been established that sex differen-
tiation, growth and maintenance of the epididymis, pros-
tate, seminal vesicle and testes are androgen-dependent
processes (Ang et al., 2000). In rats, an elevated level of
serum testosterone is associated with increased weight
and enhanced secretory activity of the organs (Gonzales,
2001). Therefore, the increase in testes-body weight ratio,
activity of alkaline and acid phosphatase, concentra-
tions of testosterone, follicle stimulating and luteinizing
hormones as well as other secretory metabolites of the
testes indicates anabolizing and androgenic activities
of B. natalensis stem. These activities could possibly be
due to the presence of saponins and alkaloids in the
aqueous extract of B. natalensis stem. The pronounced
effect on these androgenic parameters by the 50 mg/kg



body weight of the extract justifies the recommendation
and the use of plant extract at this dose in the traditional
medicine of South Africa for the management of sexual
inadequacies in males.

Results obtained from this study further confirm
the importance attached to Bulbine natalensis by tra-
ditional practitioner of South Africa for the manage-
ment of male sexual dysfunction. This further lends
credence to our previous study on the enhancement of
male sexual behavior by the aqueous extract of Bulbine
natalensis stem.
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