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Abstract
To determine if Butea superba Roxb., a traditional Thai male potency herb, has androgenic activity in 60-day-old male Wistar
rats, we measured its effects on the pituitary-testicular axis and sex organs. Intact and orchidectomized adult male rats were
subdivided into five groups (10 rats/group): distilled water, Butea superba (BS)-10, BS-50, BS-250, and testosterone propionate (TP). They received 0, 10, 50, and 250 mg·kg body weight-1·day-1 BS in distilled water by gavage and 6 mg·kg body
weight-1·day-1 TP sc, respectively, during the 30-day treatment period. Blood was collected every 15 days and luteinizing hormone (LH), follicle-stimulating hormone (FSH) and testosterone were measured. Changes of weight and histological appearance
of sex organs were determined at the end of the 30-day treatment and 15-day post-treatment periods. TP treatment reduced
serum FSH and LH levels and significantly increased the weight of the seminal vesicles and epididymis, in accordance with
histopathological changes, in both intact and orchidectomized rats. No changes in serum testosterone, LH, and FSH levels were
observed in any of the intact rats treated with BS, but a significant increase in seminal vesicle weight was observed only in the
BS-250 group. Although a significant reduction in serum LH was detected in the BS-50 and BS-250 groups of orchidectomized
rats, no significant change in weight or histology of sex organs was observed. Thus, we conclude that B. superba needs endogenous testosterone to work synergistically to stimulate the accessory sex organ of intact animals and can potentially exhibit
an LH reduction effect in orchidectomized animals.
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Introduction
Butea superba Roxb. (Leguminosae: Fabales: Fabaceae), known in Thai as the red Kwao Krua, is a leguminous
plant, which has been claimed to have aphrodisiac properties (1). Many products based on B. superba, such as a
capsule formulation or gel cosmetic are claimed to support
normal sexual function and to enhance sexual stamina,
erectile capacity, sensitivity, and sexual performance, and
are widely sold in local markets. It has also been reported
that B. superba can improve erectile dysfunction in mature
human males (2). It can increase intracavernous blood
flow (3) and lead to erection via the inhibition of cGMP and

cAMP phosphodiesterase activity (3-5). Accordingly, investigations have been carried out to evaluate the androgenic
activity of B. superba on the reproductive system of male
animals (6,7).
Manosroi et al. (6) treated intact male rats with a powdered suspension of B. superba at the doses of 2-1250 mg/
kg body weight for 8 weeks and found that sperm counts
increased by 16% relative to the control group, but without
a dose-response relationship. Thus, they concluded that B.
superba may contain compounds, which have androgenic
activity and that these may increase the release of gonad-
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otropin-releasing hormone (GnRH) from the hypothalamus,
increase the release of male sex hormone and, in turn,
stimulate the growth of Sertoli and Leydig cells. However,
they did not measure the hormonal levels related to the
hypothalamic-pituitary-testicular axis (6). In contrast, it has
been recently reported that feeding B. superba at doses of
150 and 200 mg·kg body weight-1·day-1 for 90 days to intact
male rats significantly reduced serum testosterone levels
and slightly decreased serum luteinizing hormone (LH) levels, with a normal appearance of the testes observed under
histological examination (7). The authors concluded that B.
superba acts as an androgen disruptor, mainly through the
alteration of testosterone biosynthesis or metabolism (7).
Thus, an androgenic activity of B. superba in male animals
has been suggested, but without strong experiments to
support the conclusion. It has also been reported that B.
superba at a dose of 250 mg·kg body weight-1·day-1 had
an androgenic effect on female reproductive organs by
increasing uterine thickness and the number of uterine
glands in intact and ovariectomized rats (8).
On the basis of these considerations, we studied the
androgenic activity of B. superba in intact and orchidectomized male rats by determining its effects on the pituitarytesticular axis and reproductive organs.

Material and Methods
Animals
Adult male Wistar rats aged 60 days and weighing 250300 g were obtained from the National Laboratory Animal
Center, Mahidol University, Nakhon Pathom, Thailand.
They were housed in stainless steel cages with sawdust
bedding at 5 animals/cage in a room with controlled lighting
(lights on 6:00-20:00 h) and temperature (25 ± 1°C) at the
Primate Research Unit, Department of Biology, Faculty of
Science, Chulalongkorn University. The animals were fed
rat chow (Pokaphan Animal Feed Co., Ltd., Thailand) and
water ad libitum and were acclimatized to the surroundings
for two weeks before starting the study. The experimental
protocol was approved by the Animal Ethics Committee in
accordance with the guide for the care and use of laboratory
animals prepared by Chulalongkorn University.
Experimental procedure
Adult male rats used in this study were divided into
two main groups: intact testes and orchidectomy. Each
of these two main groups were randomly subdivided into
five treatment groups (10 rats/group): distilled water (DW),
Butea superba (BS)-10, BS-50, BS-250, and testosterone
propionate (TP). DW, BS-10, BS-50, and BS-250 rats were
gavaged with a suspension of 0, 10, 50, and 250 mg·kg
body weight-1·day-1 B. superba in 0.7 mL distilled water,
respectively, during the treatment period. In the TP group,
rats were injected subcutaneously with 6 mg·kg body
weight-1·day-1 TP in 0.2 mL sesame oil. The experimental
Braz J Med Biol Res 43(9) 2010
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schedule was divided into three periods: pre-treatment,
treatment and post-treatment for 15, 30, and 15 days,
respectively. Rats were administered distilled water during
the pre- and post-treatment periods by gavage for the BS
group and subcutaneous injection for the TP group.
Intact group. Blood samples (1 mL) were collected at
9:00-10:00 h on the first day and then every 15 days of the
study period, designated as D1, D16, D31, D46, and D61.
Immediately after collection, all blood samples were centrifuged at 1000 g at 4°C for 20 min, and sera were used for the
determination of testosterone, LH, and follicle-stimulating
hormone (FSH). At the end of the treatment period, half the
rats (i.e., 5 rats from each group) were randomly euthanized
with ether. The testes, epididymis and seminal vesicles were
dissected, cleaned of connective and other tissues, weighed
and then fixed in 10% (w/v) neutral buffered formalin solution
and manipulated for histological examination as described
previously (9). The remaining five rats in each group were
euthanized at the end of the post-treatment period, and the
testes, epididymis and seminal vesicles were processed as
described. All rats were weighed once a week throughout
the experimental period.
Orchidectomy group. Before submitting the rats to the
pre-treatment period, a blood sample was collected at
9:00-10:00 h and the animals were then orchidectomized,
and this day was designated as D-14. A 14-day recovery
period was allowed before including the animals in the study.
The experimental protocol for this group was similar to that
described above for the intact group.
Preparation of B. superba suspensions
The tuberous roots of B. superba were collected from
Lampang Province, Thailand (voucher specimen No. BCU
11046), as reported in Cherdshewasart et al. (10). The B.
superba roots used throughout this study were from the
same lot. The root was sliced and dried at 70-80°C, pulverized in a mortar, and filtered through a 100-μm mesh
screen. The filtered powder was stored in an airtight container in the dark as a stock at room temperature. During
treatment, the dried powder of B. superba was mixed with
distilled water to obtain a stock suspension from which the
required dilutions were made to a final volume of 0.7 mL of
a final dose of 0, 10, 50, and 250 mg/kg body weight (8).
The suspension was administered to the rats at 8:00-9:00
h using a gastric feeding needle.
Preparation of testosterone propionate
TP powder (Sigma, Merck, USA) was weighed and dissolved in a small volume of absolute ethanol (GR Grade,
Merck, USA). After the powder had completely dissolved,
sesame oil was added and the solution was allowed to
stand at room temperature with the ethanol evaporated.
This stock solution was then diluted with sesame oil to
provide a final dose of 6 mg·kg body weight-1·day-1·200 µL
sesame oil-1. The stock TP solution was kept in dark bottles
www.bjournal.com.br
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at room temperature until used. The solution was injected
subcutaneously into rats between 8:00 and 9:00 h.
Histological analysis
After overnight fixation in formalin, the testes, epididymis
and seminal vesicles were dehydrated in a series of ethanol
gradients, cleared in xylene and embedded and blocked in
paraffin prior to preparing 5-µm sections and staining with
hematoxylin and eosin, as reported (9,11). The permanent
slides of testis, epididymis and seminal vesicle sections
were then examined under an Olympus light microscope
and representative sections were photographed.
The number of seminiferous tubules in intact male rats
that contained a small number of spermatozoa, defined here
as being <50% of the amount of spermatozoa observed in
the normal seminiferous tubule of the control DW group,
was evaluated histologically from the stained sections. Three
sections/rat from each of 10 rats/group were counted.
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1A), while the testosterone levels of the positive control (TPtreated) group were markedly and significantly increased
throughout the treatment period (D16-46) and then returned
to the pre-treatment level during the post-treatment period
(D61). Since the assay can detect the exogenous-injected
TP, in addition to endogenous testosterone levels, this is
to be expected and does not address by itself the endogenous levels. The average serum testosterone levels in the
groups receiving the three B. superba dose (BS) were not
significantly different from each other or from those of the
control DW group throughout the study period.
The average serum FSH levels of rats from the control

Determination of serum testosterone, LH, and FSH
levels
Serum testosterone levels were measured using the
established radioimmunoassay technique of the World
Health Organization (WHO) after the samples were extracted with ether (12).
Serum FSH and LH levels were measured by radioimmunoassay techniques using reagents obtained from
the National Hormone and Pituitary Program. Iodination
preparations were rat NIDDK-rat FSH-I-5 and rat LH-I-5.
The antisera were anti-rat FSH-S11 and anti-rat LH-S11.
The results obtained are reported in terms of the rat FSHRP-2 and rat LH-RP-3 reference standards (13).
To minimize interassay variations, all samples were run
in a single assay. The intra-assay coefficients of variation
for testosterone, FSH, and LH were 10.6, 7.3, and 8.1%,
respectively.
Statistical analysis
Data are reported as means ± SEM. The weights of the
testis, epididymis and seminal vesicle collected at the end
of the treatment and post-treatment periods were compared
by the Student t-test. Differences in serum hormone levels
between the pre-treatment, treatment and post-treatment
periods in each group, and between the DW, BS, and TP
groups in each experimental period, were analyzed by oneway analysis of variance (ANOVA) followed by the post hoc
LSD test. In all cases significance was set at P < 0.05.

Results
Effect of B. superba on rats with intact testes
Serum testosterone, FSH, and LH levels. When compared to the pre-treatment period (D1), serum testosterone
levels in rats from the negative control (DW) group did not
change significantly throughout the study period (Figure
www.bjournal.com.br

Figure 1. Serum levels of A, testosterone; B, follicle-stimulating
hormone (FSH) and C, luteinizing hormone (LH) of intact male
rats treated with distilled water (DW), Butea superba tuber powder at 10, 50, and 250 mg·kg body weight-1·day-1 (BS-10, -50,
and -250, respectively) and testosterone propionate (TP) at 6
mg·kg body weight-1·day-1. Data are reported as means ± SEM,
except for all three BS groups where the SEM values are omitted
for clarity. *P < 0.01 compared to the DW group (ANOVA).
Braz J Med Biol Res 43(9) 2010
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(DW) and all three B. superba dose (BS) groups were
not significantly different from each other throughout the
study period, both within each treatment group over time,
and between treatment groups (all P > 0.05; Figure 1B). In
contrast, serum FSH levels were markedly and significantly
decreased (P < 0.01) in the TP group during the treatment
period (D31-D46), but then returned to pre-treatment levels
during the post-treatment period.
The changes in serum LH levels in all five groups of
intact rats were broadly similar in pattern to those observed
for the FSH levels (Figure 1C), with no significant changes
within or between the DW control and all three BS treatment
groups throughout the study period, but with a significant

Figure 2. Tissue wet weights of A, testes; B, epididymis, and C,
seminal vesicles of intact male rats treated with distilled water
(DW), Butea superba tuber powder at 10, 50, and 250 mg·kg
body weight-1·day-1 (BS-10, -50, and -250, respectively) and testosterone propionate (TP) at 6 mg·kg body weight-1·day-1. Data
are reported as means ± SEM. *P < 0.05 and **P < 0.01 compared to the DW group. (ANOVA).
Braz J Med Biol Res 43(9) 2010
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decrease in serum LH levels being observed in the TP group
from D31 through D61 of the post-treatment period. In slight
contrast was the weak recovery of serum LH levels in the
TP-treated group during the post-treatment period.
Body weight and reproductive organ weight
Relative to D1, the mean rat body weights increased
gradually over the 61-day period for the control (DW), TP and
all three BS treatment groups, but there was no significant
difference between them or compared to the DW control
group at each time throughout the study period (data not
shown). The body weight gain of the TP group was numerically lower than that of the DW and BS groups but there was
no statistically significant difference between them.
There were no significant differences in average testis
weights between the treatment and post-treatment periods
in the DW and in each BS group, or between the control
(DW) and all three BS groups (Figure 2A). In contrast, the
average testis weight of the TP group during both the treatment and post-treatment periods was significantly lower than
those of the control DW and BS treatment groups (P < 0.01)
and, additionally, the testis weight of TP-treated rats during
the post-treatment period was significantly lower than that
observed during the treatment period (P < 0.05).
There were also no differences in average epididymis
weight between the treatment and post-treatment periods
in the control DW group and in each of the BS treatment
groups, or between the control and all three BS treatment
groups during the treatment and post-treatment periods
(Figure 2B). In contrast, the average epididymis weight of
the TP group during both the treatment and post-treatment
periods was significantly higher than those of the DW and
BS groups (P < 0.01) and, additionally, the weight during
the post-treatment period was significantly lower than that
during the treatment period (P < 0.05).
Changes in average seminal vesicle weight in the
control and all three BS groups were similar to those of the
epididymis weights, except that the seminal vesicle weight
of the BS-250 group was higher than those of the control
DW and the BS-10 and BS-50 treatment groups (P < 0.05;
Figure 2C). In contrast, the average seminal vesicle weight
of the TP group during both the treatment and post-treatment
periods was significantly higher than those of the DW and
BS treatment groups (P < 0.01), while the weight during
the post-treatment period was significantly lower than that
during the treatment period (P < 0.05).
Histology of testis, epididymis and seminal vesicle
The histology of the testis in DW and BS-treated rats during the treatment period showed numerous spermatogenic
cells in various stages, including primary spermatocytes
(S1), secondary spermatocytes (S2), spermatids (S3),
and spermatozoa (S) (Figure 3). In contrast, the testis of
TP-treated rats showed a thin layer of spermatogenic cells
and a small number of spermatozoa when compared to the
www.bjournal.com.br
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Figure 3. Testis, epididymis and seminal vesicle morphology of intact male rats treated with distilled water (DW), Butea superba tuber
powder at 10, 50, and 250 mg·kg body weight-1·day-1 (BS-10, -50, and -250, respectively) and testosterone propionate (TP) at 6 mg·kg
body weight-1·day-1 at the end of treatment (a) and post-treatment (b) periods. S1 = primary spermatocyte; S2 = secondary spermatocyte; S3 = spermatid; S = spermatozoan; EP = epithelial cell; EX = papilla folding; SF = seminal fluid. Scale bars = 50 µm.
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Table 1. Percent of seminiferous tubules that show a lower sperm
number (<50%) in intact male rats treated with distilled water
(DW), Butea superba (BS) tuber powder at 10, 50, and 250 mg·kg
body weight-1·day-1 (BS-10, -50, and -250, respectively) and testosterone propionate (TP) at 6 mg·kg body weight-1·day-1.
Treatment

Percent of seminiferous tubules showing
impaired spermatogenesis
Treatment

DW
BS-10
BS-50
BS-250
TP

Post-treatment

24.15 ± 0.69a

23.23 ± 0.89a

25.67 ±

0.48a

24.28 ± 1.05a

23.96 ±

0.80a

23.77 ± 1.96a

25.04 ±

1.45a

24.13 ± 1.19a

47.86 ±

2.75b

28.01 ± 2.04c

Means with different lower case superscript letters are significantly different from each other (P < 0.05, ANOVA).

control DW and all three BS-treated groups. The testis histology for the DW and BS groups did not differ between the
treatment and post-treatment periods, but spermatogenic
cell types seemed to increase in the TP group during the
post-treatment period. Thus, the percent of seminiferous
tubules with a low sperm number counted (or impaired
spermatogenesis) did not differ between the DW and the
three BS-treated groups, but was significantly higher (P <
0.01) in the TP group, which was in a partially recovered
state during the post-treatment period (Table 1).
During the treatment period, the histology of the
epididymis of control DW rats and of rats treated with all three
doses of BS showed a similar composition mainly consisting of columnar and cuboidal ciliated epithelial cells (EP)
with numerous spermatozoa (S) inside the tubules (Figure
3). Comparable to the reduction of sperm production in the
testis, the sperm number in the epidymidis of TP-treated
rats was also decreased, and the columnar ciliated cells
showed a thicker layer. The histology of the epididymis of
the control DW group and of all three BS-treated groups did
not differ between the treatment and post-treatment periods.
However, during the post-treatment period the epididymis of
the TP group showed a thinner layer of epithelial cells.
The seminal vesicles of control DW rats and of those
treated with all three doses of BS showed a high papilla
folding (EX) of the tubular glands and muscular layers
(Figure 3). A whitish-yellow viscous material (SF) was secreted into the lumen of the seminal vesicle (Figure 3). In
the BS-250 group, the folded tubular glands were similar
to those of other BS groups, but the amount of secretory
material was higher. In the TP group, the number of folded
tubular glands and the level of secretory material were
higher than those of the DW and BS groups. While there
were no differences in seminal vesicle histology between
the treatment and post-treatment periods in the DW and
BS groups, in the TP group the number of folded tubular
Braz J Med Biol Res 43(9) 2010

Figure 4. Serum levels of A, testosterone; B, follicle-stimulating
hormone (FSH), and C, luteinizing hormone (LH) of orchidectomized rats treated with distilled water (DW), Butea superba tuber
powder at 10, 50, and 250 mg·kg body weight-1·day-1 (BS-10,
-50, and -250, respectively) and testosterone propionate (TP) at
6 mg·kg body weight-1·day-1. Data are reported as means ± SEM,
except for all three BS groups where the SEM values are omitted
for clarity. *P < 0.05 and **P < 0.01 compared to the DW group
(ANOVA).

glands and the quantity of secretion material were lower
during the post-treatment period than during the treatment
period (Figure 3).
Effects of B. superba in orchidectomized rats
Serum testosterone, FSH, and LH levels. There were
no significant differences between the five groups before
(D-14) and after (D1) orchidectomy. However, for 14 days
after orchidectomy, serum testosterone levels of rats were
significantly decreased (286.1 ± 56.9 and 17.7 ± 2.1 pg/mL
for D-14 and D1, respectively; Figure 4A). Compared to D1,
www.bjournal.com.br
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there were no significant changes in serum testosterone
levels in the DW and BS groups throughout the study period,
whereas the serum testosterone levels of TP-treated rats
were significantly increased (P < 0.01) during the treatment
period to over a 3-fold higher level than that prior to orchidectomy. Although serum testosterone levels decreased
during the post-treatment period, and fell back below the
pre-orchidectomy level, they were still significantly higher
than the D1 level (P < 0.05).
In agreement with the decrease in serum testosterone levels, serum FSH levels of rats were significantly
increased by 14 days after orchidectomy (5.3 ± 0.3 and
26.4 ± 2.9 ng/mL for D-14 and D1, respectively; Figure
4B), and compared to the D1 levels, continued to increase
significantly throughout the study period in the DW and
BS groups. Although the serum FSH levels in all three
BS-treated groups were numerically lower than those of
the DW group, there was no statistically significant difference. In contrast, during treatment, the serum FSH levels
of TP-treated rats were significantly lower than those of the
control DW group (D31-D46), before rising again during the
post-treatment period.
Likewise, in agreement with the changes in serum
testosterone and FSH levels, serum LH levels of rats were
significantly increased by 14 days after orchidectomy (0.7
± 0.2 and 21.4 ± 3.3 ng/mL for D-14 and D1, respectively;
Figure 4C). Serum LH levels of control DW rats (P < 0.01)
and of the BS-10 treatment group (P < 0.05) increased
significantly throughout the study period but no statistically
significant differences were observed between these two
groups. In contrast, the serum LH levels of rats from the
BS-50 and BS-250 treatments were significantly lower than
those of the control DW group at D31-D61 (P < 0.01). The
serum LH levels of TP-treated rats started to be lower than
those of the DW group from D16, and were significantly
different on D31-D61 (P < 0.01).
Body weight and reproductive organ weight
Relative to D-14, the mean rat body weights gradually
increased numerically over the 75-day period for the con-
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trol DW, TP, and all three BS treatment groups, but with
no significant difference between each other or compared
to the DW group at each time throughout the study period
(data not shown). Thus, at least under these unrestricted
food and standardized conditions, the BS treatments had
no effect on body weight. In contrast, the body weight
gain of TP-treated rats at the end of the study period was
significantly higher than those of the control DW and all
three BS treatment groups (124.5 ± 10.8 g vs 70.2 ± 7.9 g,
respectively) but there were no differences between DW,
BS10, BS50, and BS250 groups.
There were no significant differences in the average
epididymis and seminal vesicle weights between the treatment and post-treatment periods within the control DW
and each of the three BS treatment groups, or between
the control DW and all three BS treatment groups (Figure
5A,B). In contrast, the average epididymis and seminal
vesicle weights of TP-treated rats during both the treatment
and post-treatment periods were significantly higher than
those of the DW and BS groups (P < 0.01), and the weights
during the post-treatment period were significantly lower
than during the treatment period (P < 0.05).
Histology of the epididymis and seminal vesicle
Orchidectomized rats showed the absence of stereocilia
in the ductus tubulus epididymis, a smaller lumen size with
many layers of vacuoles in the epithelial lining (EP) and the
absence of spermatozoa in the lumen during the treatment
period compared to intact male rats (Figure 6). There were
no differences in the histology of the epididymis between
the treatment and post-treatment periods in the control DW
or in each of the three BS doses, nor between the control
DW and all three BS groups (Figure 6). In contrast, during
the treatment period the tubular epithelium of the ductus
epididymis of the TP group was pseudostratified, consisting
of tall columnar principal cells with long sterocilia and small
basal cells without vacuoles. During the post-treatment
period, the number of stereocilia and their height in the
tubular epithelial cells were diminished.
After orchidectomy the DW control and BS-treated rats

Figure 5. Tissue wet weights of the A, epididymis and B, seminal vesicles of orchidectomized rats treated with distilled water (DW),
Butea superba tuber powder at 10, 50, and 250 mg·kg body weight-1·day-1 (BS-10, -50, and -250, respectively) and testosterone propionate (TP) at 6 mg·kg body weight-1·day-1. Data are reported as means ± SEM. *P < 0.01 compared to the DW group (ANOVA).
www.bjournal.com.br
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Figure 6. Epididymis and seminal vesicle morphology of orchidectomized rats treated with distilled water (DW), Butea superba tuber
powder at 10, 50, and 250 mg·kg body weight-1·day-1 (BS-10, -50, and -250, respectively) and testosterone propionate (TP) at 6
mg·kg body weight-1·day-1 at the end of treatment (a) and post-treatment (b) periods. EP = epithelial cell; EX = papilla folding; SF =
seminal fluid. Scale bars = 50 µm.

showed a decrease in the number of epithelial foldings
(EX) and an absence of seminal secretion (SF; Figure 6).
In contrast, TP-treated rats revealed a highly developed
papilla folding pattern of the seminal vesicle tubular glands
with numerous primary, secondary, and tertiary foldings,
filled with secretory material, which then decreased during
the post-treatment period.

Discussion
Although the products prepared from B. superba are
widely consumed for various reproduction-related activities
in men, the androgenic activity of B. superba is not known.
The present study was, therefore, carried out to determine
the androgenic effects of B. superba on the pituitary-testis
axis and the reproductive organs (weights and histology) of
intact and orchidectomized adult male rats. Distilled water
Braz J Med Biol Res 43(9) 2010

and TP (6 mg·kg body weight-1·day-1) were used as negative and positive controls of androgenic activity, respectively
(8,14-17). The doses of B. superba used in this study, 10,
50, and 250 mg/kg body weight, were based on previous
studies carried out with female (8) and male (6,7) rats.
The response of body weight gain of adult male rats
to TP treatment was decreased in intact and increased in
orchidectomized rats, despite the fact that orchidectomy
decreased the body weight gain in the DW control group.
These changes are in accordance with previous reports (1416), but are different from the reported effects of estrogens
and ovariectomy (8,18,19).
The positive control (TP-treated group) showed the
expected androgenic effects occurring in intact male rats
that is decreased serum LH and FSH levels. Indeed, after
FSH and LH secretion from the pituitary gland is reduced
(20), the endogenous testosterone secretion from Leydig
www.bjournal.com.br
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cells should subsequently be reduced. Although the serum
LH and FSH levels were decreased during the TP treatment, the extent of reduction of LH levels was greater than
that of FSH levels, and only the serum FSH levels returned
to pre-treatment values during the post-treatment period.
These differences are expected to be largely attributable
to the effect of inhibin, the main suppressor of FSH secretion in rats (21). The decrease in serum LH and FSH
levels induced by the TP treatment causes a decline in
testosterone production by Leydig cells and, therefore, a
reduction in the intratesticular testosterone concentration
that, in turn, causes a shrunken testis and reduces sperm
production in the seminiferous tubules of intact male rats
(17). This likely explains the decreased testis weight that
was detected in the TP-treated rats in the present study.
In contrast to the decline in testicular weight with TP treatment, the seminal vesicle and epididymal weights of the
rats increased and the hypertrophy corresponded to mild,
though noticeable, histological changes in cell growth and
secretion (14,16,17,22).
In contrast to the effects of TP, B. superba powder did
not alter the serum testosterone, LH, and FSH levels or the
weights and histological appearances of the reproductive
organs (testis and epididymis) in intact male rats, except
that the seminal vesicle weight increased only in the BS-250
group. It was previously reported that B. superba significantly reduced serum testosterone levels with no abnormal
appearance of the testicular and epididymal histology or
tissue weights. However, this study did not determine if
there were any changes in the seminal vesicle (7), the most
sensitive organ of androgenic or anti-androgenic activity in
the Hershberger bioassay (16,22).
Complete orchidectomy caused lower serum testosterone and higher serum FSH and LH levels in orchidectomized
rats than in normal male rats. No effects of B. superba on
the serum testosterone levels of orchidectomized rats were
observed in the present study, although BS-50 and BS-250
significantly suppressed the increased serum LH levels.
In contrast, serum LH and FSH levels were significantly
decreased in TP-treated rats after 15 days of treatment.
Thus, we conclude that the doses of B. superba administered can partially suppress the hypothalamic-pituitary axis
in orchidectomized rats, which seems to indicate the weak
androgenic activity of B. superba. At present, it is unknown
what chemicals in B. superba exhibit androgenic activity and
further investigation is still needed. B. superba root contains
the flavonoid and flavonoid glycoside (4,23), which showed
inhibitory effects on cAMP phosphodiesterase activity (4).
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Currently, three phytoestrogens, daidzein, coumestrol and
genistein, have been isolated from the tuberous root of
B. superba (24). Genistein reduced the pituitary contents
and prostate weights of male mice (25), interfered with the
coupling of transmembrane LH receptors to G proteins and
suppressed the steroidogenesis of the testicular Leydig cells
in adult male rats (26). Coumestrol can suppress the pulsatile LH secretion from the pituitary gland of ovariectomized
rats (27). Previously, we reported that Pueraria mirifica, a
phytoestrogen-containing herb, can suppress serum LH
and FSH levels in female as well as in male rats, although
the response of females was greater than that of males
(13). In addition, orchidectomized rats are more sensitive
to weak endocrine disruptors than intact rats (28). Taken
together with no changes in weight or histological appearances of the epididymis and seminal vesicles in all three
BS treatment groups of the orchidectomized rats, this suggests that the decrease in serum LH levels in BS-50- and
BS-250-treated rats is caused by a weak estrogenic activity
of phytoestrogen constituents in B. superba. It is difficult to
know if the reduction of LH levels in orchidectomized rats
is due to the estrogenic activity or androgenic activity of B.
superba. Higher doses of B. superba are suggested to be
used. However, because the B. superba powder suspension
has a high viscosity, a dose higher than 250 mg/kg body
weight, the highest dose used in the present study, could not
be administered by gavage. Thus, each substance isolated
from B. superba should be tested separately for androgenic
activity as well as estrogenic activity in male rats.
On the basis of the results obtained here in intact and
orchidectomized rats, we conclude that B. superba needs
to work synergistically with an endogenous testosterone to
stimulate accessory sex organ in intact animals and can
potentially exhibit an LH reduction effect in orchidectomized
animals.
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