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Effects of Melandrium firmum methanolic extract on
testosterone-induced benign prostatic hyperplasia in
Wistar rats

Mee-Young Lee1, In-Sik Shin1, Chang-Seob Seo1, Nam-Hun Lee1, Hye-Kyung Ha1, Jong-Keun Son2

and Hyeun-Kyoo Shin1

Benign prostatic hyperplasia (BPH) is an age-related disease of unknown aetiology characterized by prostatic enlargement coincident

with distinct alterations in tissue histomorphology. Instead of therapeutic agents that can cause severe side effects, plant extracts are

frequently used to treat BPH. In this study, we investigated whether the Melandrium firmum methanolic extract (MFME) improves BPH,

using the testosterone propionate (TP)-induced BPH rat model. Castration was performed via the scrotal route under sodium

pentobarbital anaesthesia. BPH in castrated rats was generated via daily subcutaneous injections of TP (3 mg kg21) dissolved in corn

oil, for 4 weeks. MFME was administered daily by oral gavage at a dose of 200 mg kg21 for 4 weeks, along with the TP injections. The

control group received injections of corn oil subcutaneously. At the scheduled termination of the experiment, all rats were killed and

their prostates weighed; the relative prostate weight (prostate/body weight ratio) was calculated, and histomorphological changes in the

prostate were examined. Additionally, we measured the levels of testosterone and dihydrotestosterone (DHT) in the serum and the

prostate. Experimentally induced BPH led to marked decreases in the relative prostate weight and the DHT levels in the serum and the

prostate. Histologically, BPH was evident in the ventral lobe of the prostate, and MFME treatment suppressed the severity of the

lesions. These results indicate that MFME effectively inhibits the development of BPH induced by testosterone in a rat model. Further

studies will be needed to identify the compound(s) responsibility for inducing the protective effect against BPH and determine its

mechanism of action.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is extremely common in ageing

men, contributing to a pattern of morbidity designated ‘lower urinary

tract symptoms’ (LUTS) and resulting in significant annual healthcare

costs.1 BPH, also known as nodular hyperplasia, benign prostatic

hypertrophy or benign enlargement of the prostate, is a hormonal

and age-related disease characterized by histological changes in the

prostate gland and variable increases in prostate size.

The mechanism underlying the pathogenesis of BPH remains lar-

gely unidentified; however, a number of overlapping and comple-

mentary theories have been proposed. Ageing and androgens are

established risk factors for the development of BPH and benign pro-

static enlargement, which may lead to LUTS in elderly men.

Androgens and DHT play key roles in BPH development. Several types

of therapeutic agent, such as 5a-reductase inhibitors, are currently

available for treating BPH.2,3 However, despite significant efficacy in

BPH therapy, the adverse effects of these drugs should not be over-

looked. For example, finasteride, a synthetic 5a-reductase inhibitor

used to treat BPH,4 triggers adverse effects such as gynaecomastia, the

impairment of muscle growth and severe myopathy, owing to struc-

tural similarities to steroidal hormones.5 Human BPH is predomi-

nantly composed of hyperplastic stromal cells, rather than epithelial

cells.

Several sapogenins,6 a saponin,7 flavonoids and triterpenoids8 have

been identified in Melandrium firmum and their pharmacological

actions have been evaluated. M. firmum is a biennial herbaceous plant

that is widely distributed in Korea and commonly used to treat anuria,

breast cancer, gonorrhoea and lactation diseases.9 However, the effi-

cacy of M. firmum in treating BPH has not yet to be established. In this

investigation, we employ a BPH model (testosterone propionate (TP)-

induced BPH rat) to examine the therapeutic effects of M. firmum.

MATERIALS AND METHODS

Preparation of the M. firmum (S. et Z.)ROHRB methanolic extract

(MFME)

Whole M. firmum plants were purchased in October 2008 from

HMAX (Chungbuk, Korea). A voucher specimen (No. 2009-GO1)

has been deposited at the Korea Institute of Oriental Medicine,
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Daejeon, Korea. These materials have been confirmed taxonomically

by Professor Je-Hyun Lee of Dongguk University, Gyeongju, Korea.

Fresh M. firmum was washed three times with tap water to remove

salts, epiphytes and sand, and stored at 220 uC. Frozen samples were

lyophilized and homogenized in a grinder before extraction. Dried

whole plants of M. firmum (600 g) were extracted with 70% methanol

(MeOH) (6 l, three times) by sonication for 1 h. The extract solution

was filtered through filter paper and evaporated to dryness (31.87 g).

The yield of the dried extract from the starting crude material was

5.31%. The concentrated extract was freshly dissolved in phosphate-

buffered saline prior to use.

Isolation of cytisoside

The whole plants of M. firmum (10.0 kg) were extracted three times

with 80% MeOH (20 l) under reflux for 12 h, then filtered and con-

centrated to yield the MeOH extract (550.0 g). The MeOH extract was

suspended in H2O and extracted with hexane, ethyl acetate (EtOAc)

and then BuOH to yield the hexane-soluble fraction (75.9 g), EtOAc-

soluble fraction (47.4 g) and butanol (BuOH)-soluble fraction

(97.0 g), respectively. The hexane-soluble fraction (50.0 g) was sub-

jected to column chromatography with silica gel (60312 cm, Silica-gel

70–230 mesh) and eluted using a stepwise gradient of hexane/EtOAc

(100 : 1R1 : 1) to yield 32 subfractions. Fraction 14 (6.5 g) was loaded

onto a Sephadex column (4350 cm, Sephadex LH-20), which was

eluted with MeOH to give cytisoside (30.0 mg). The chemical struc-

ture of the cytisoside was determined by a comparison of its physico-

chemical and spectral data with the published values.10

Chromatographic system

The chromatographic analysis was performed using a Shimadzu LC-

20A HPLC system (Shimadzu Co., Kyoto, Japan) consisting of a solv-

ent delivery unit, an online degasser, a column oven, an autosampler

and a photodiode array (PDA) detector. The data processor employed

LC Solution software (Version 1.24; Shimadzu Co.). The Gemini C18

(25034.6 mm; particle size 5 mm; Phenomenex, Torrance, CA, USA)

analytical system was employed. The mobile phases were solvent A

(1.0% (v/v), aqueous acetic acid) and solvent B (1.0% (v/v), acetic acid

in acetonitrile) with the following gradient flow: (A)/(B)590 : 10

(0 min; hold for 10 min)R(A)/(B)550 : 50 (hold for 30 min)R(A)/

(B)50 : 100 (40 min; hold for 5 min)R(A)/(B)590 : 10 (55 min; hold

for 15 min). The column temperature was maintained at 40 uC. The

analysis was performed at a flow rate of 1.0 ml min21, with PDA

detection from 190 to 400 nm. The injection volume was 10 ml. The

identification of the peaks was based on the UV spectrum and reten-

tion time of each marker component from M. firmum extract.

Chemicals and reagents

Cytisoside was isolated from M. firmum via a series of chromato-

graphy procedures. Vitexin was obtained from Fluka (purityo96.0%;

St. Louis, MO, USA). HPLC-grade reagents, methanol, acetonitrile

and water were purchased from J.T. Baker (Phillipsburg, NJ, USA).

All other chemicals were of analytical grade.

Preparation of standard and sample solutions

Standard stock solutions of cytisoside (500 mg ml21) and vitexin

(500 mg ml21) were prepared in MeOH and incubated below 4 uC.

Working standard solutions were prepared by serial dilutions of stock

solutions in methanol. The sample powder was weighed (1.0 g) into a

100 ml flask, and 70% methanol was added to the volumetric mark.

The mixture was sonicated for 60 min at room temperature. After

extraction, the mixture was filtered through a 0.2 mm membrane filter,

and the resultant solution was used for HPLC analysis.

Animals

Specific pathogen-free male Wistar rats aged 10 weeks that were rou-

tinely screened serologically for relevant respiratory pathogens were

purchased from JungAng Co. Ltd (Seoul, Korea). The rats were main-

tained in an animal facility under standard laboratory conditions for 1

week prior to the experiments and subjected to a 12-h light–dark cycle

in a room with controlled temperature and humidity. All experimental

procedures were carried out in accordance with the NIH Guidelines

for the Care and Use of Laboratory Animals, and animal handling

followed the dictates of the National Animal Welfare Law of Korea.

Experimental BPH

Adult male Wistar rats (12 weeks) weighing 250–350 g were used for

in vivo experiments. To exclude the influence of intrinsic testosterone,

castration was performed by removing the testicles and epididymal fat

through the scrotal sac in all rats. The spermatic cord and blood

vessels were ligated with 3-0 sutures and resected. BPH was generated

in rats via subcutaneous injections of testosterone (3 mg kg21) for

4 weeks after castration.11,12 Castrated rats in this study cohort were

divided into four groups (n56): (A) the castration group, which

received PBS administered orally and corn oil injected subcuta-

neously; (B) the BPH group, which received PBS administered orally

and TP (3 mg kg21 body weight) injected subcutaneously; (C) the

MFME group, which received MFME (200 mg kg21 body weight)

administered by oral gavage and TP (3 mg kg21 body weight) injected

subcutaneously; (D) the positive control group, which received finas-

teride (10 mg kg21 body weight), a 5a-reductase inhibitor, as a pos-

itive control drug administered orally and TP (3 mg kg21 body

weight) injected subcutaneously for 4 weeks after castration.13,14

The drugs were administered orally once daily for 4 weeks. The rats

were weighed weekly during the experiments.

Blood and tissue samples

After a treatment period of 4 weeks and overnight fasting, the rats were

anaesthetized with pentobarbital (100 mg kg21 body weight, i.p.).

Blood samples were collected and centrifuged at 200g for 10 min.

The whole prostate was immediately removed and weighed. Relative

organ weights were calculated as the ratio of the organ weight to body

weight. All prostatic specimens in each group were fixed with 10%

buffered formalin for 24 h. Subsequently, the tissues were embedded in

paraffin, cut into sections of 4 mm thickness, stained with haematox-

ylin and eosin (H&E) solution (haematoxylin; Sigma MHS-16, and

eosin; Sigma HT110-1-32, St. Louis, MO, USA). The tissues were

subsequently mounted and coverslipped using Dako mounting med-

ium (DakoCytomation, Denmark, CA, USA).

Measurement of DHT and testosterone levels in the prostate and

serum

Prostate tissue was homogenized in lysis buffer containing protease

inhibitors (50 mmol l21 Tris-HCl (pH 7.4), 150 mmol l21 NaCl,

1 mmol l21 EDTA, 0.5% NP-40, 0.1% SDS, 1 mmol l21 EGTA,

100 mg ml21 PMSF, 10 mg ml21 pepstatin A and 100 mmol l21

Na3VO3]. The homogenates were centrifuged at 12 000g for 25 min

at 4 uC and protein concentrations in the supernatant fractions deter-

mined using Bradford reagent (Bio-Rad, Hercules, CA, USA).

Enzyme-linked immunosorbent assay experiments were performed

according to the manufacturer’s instructions. DHT and testosterone
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levels in the serum and prostate were measured using enzyme-linked

immunosorbent assay kits (Cayman, Ann Arbor, MI, USA). The

values were expressed per ml in the serum and per mg protein in the

prostate.

Measurement of alanine aminotransferase (ALT) and aspartate

aminotransferase (AST) levels in the serum

ALT and AST levels were determined to assess liver and kidney func-

tion using commercial kits (Beckman Coulter, Inc., Fullerton, CA,

USA) and an auto-analyser (Beckman CX4, Beckman Coulter, Inc.).

Image capture and photomicrography

Photomicrographs were captured using a Photometric Quantix digital

camera running a Windows program, and montages were assembled

in Adobe Photoshop 7.0 (Adobe, San Jose, CA, USA). The images were

cropped and corrected for brightness and contrast but not otherwise

manipulated.

Statistical analysis

The data were expressed as the mean6s.d. Statistical significance was

determined using analysis of variance (ANOVA). The critical level for

significance was set at P,0.05.

RESULTS

Effect of MFME on prostate weight

As shown in Figure 1, at the end of the study, the relative prostate

weights of the rats that had been treated with MFME differed from

those of the untreated rats with BPH. Specifically, the relative prostate

weight in the BPH group was 2.1%60.4% (castration group vs. BPH

group, P,0.05). Upon the administration of 200 mg kg21 MFME for

4 weeks, the relative prostate weights were lower than those in the BPH

group (P,0.05).

Effects of MFME on testosterone and DHT levels in the serum

We observed no differences in the serum testosterone levels between

the MFME group and BPH group (Table 1). Daily administration of

200 mg kg21 MFME for 4 weeks induced a decrease in the DHT serum

level.

Effect of MFME on the DHT level in the prostate

The prostate DHT level was determined using an enzyme-linked

immunosorbent assay. Daily administration of 200 mg kg21 MFME

for 4 weeks induced a decrease in the prostate DHT level, from

52.960.4 pg mg21 protein in the BPH group to 35.560.5 pg mg21

protein in the MFME group (P,0.05) (Figure 2).

Effect of MFME on the histomorphology of the prostate tissue

In the BPH group, the histoarchitecture of the prostate tissue was

disrupted. The amount of connective tissue was well marked with

an increased oval shape and size. The epithelial cell layer and stromal

cell space in the prostates of BPH-induced animals were larger than

those of the castrated rats. Interestingly, histological analyses revealed

dramatically altered glandular morphology following MFME group

administration (Figure 3). Although weak reductions in stromal cell

hyperplasia were observed in the MFME-treated animals, the main

decreases compared with BPH group animals were observed in the

epithelial layer thickness.

Effect of MFME on ALT and AST levels in serum

AST and ALT kits were used to measure AST and ALT in the serum,

according to the manufacturer’s protocols. MFME did not affect the

activity of either of these serum toxicity marker enzymes, indicating

normal liver function (Figure 4).

Figure 1 Effects of MFME on prostate weight. The rat model of BPH was

created by giving rats testosterone injections for 4 weeks after castration.

Castration: corn oil injection (s.c.)1oral administration of PBS; BPH: testoster-

one (s.c.) injection1oral administration of PBS; MFME: oral administration of

MFME (200 mg kg21)1testosterone (s.c.) injection; finasteride: oral administra-

tion of finasteride (10 mg kg21)1testosterone (s.c.) injection. MFME or finaster-

ide treatment was performed 1 h before testosterone injection. Values are

expressed as mean6s.d. *P,0.05, compared with castration group; #P,0.05,

compared with BPH group. BPH, benign prostate hyperplasia; MFME,

Melandrium firmum methanolic extract; PBS, phosphate-buffered saline.

Table 1 The effects of MFME on DHT and testosterone levels in

serum

Group Dose (mg kg21) Testosterone (pg ml21) DHT (ng ml21)

Castration — 38.3460.31 6.2460.50

BPH — 204.04639.07* 19.1663.49*

MFME 200 171.89621.27 11.9563.11#

Finasteride 10 170.52628.06 14.4563.61

Abbreviations: MFME, Melandrium firmum methanolic extract; DHT,

dihydrotestosterone; BPH, benign prostatic hyperplasia.

Means6s.d., n56; *P,0.05 vs. castration group, #P,0.05 vs. BPH group.

Figure 2 Effects of MFME on the DHT level in the prostate. Castration: corn oil

injection (s.c.)1oral administration of PBS; BPH: testosterone (s.c.) injectio-

n1oral administration of PBS; MFME: oral administration of MFME (200 mg

kg21)1testosterone (s.c.) injection; finasteride: oral administration of finasteride

(10 mg kg21)1testosterone (s.c.) injection. MFME or finasteride treatment was

performed 1 h before testosterone injection. Values are expressed as mean6s.d.

*P,0.05, compared with castration group; #P,0.05, compared with BPH

group. BPH, benign prostate hyperplasia; DHT, dihydrotestosterone; MFME,

Melandrium firmum methanolic extract; PBS, phosphate-buffered saline.
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HPLC analysis

A three-dimensional chromatogram was obtained using an HPLC-

PDA detector. Sample analysis using mobile phases consisting of sol-

vents A (1.0% (v/v), aqueous acetic acid) and B (1.0% (v/v), acetic acid

in acetonitrile) under optimized chromatography conditions led to

the elution of two compounds before 30 min: cytisoside and vitexin,

both flavonoids. The standard curves for cytisoside and vitexin were

y512440.16x210752.52 (R251.0000) and y518570.68x216085.85

(R251.0000), respectively. The contents of cytisoside and vitexin were

0.8260.008 mg g21 and 0.8960.004 mg g21, respectively. The three-

dimensional HPLC chromatogram of the M. firmum extract is pre-

sented in Figure 5.

DISCUSSION

BPH and prostate cancer are the most common proliferative disorders

affecting older men. Androgens and oestrogens significantly influence

the development of BPH. However, the prostate needs androgens for

normal physiological functioning. An alternative pharmacological

approach in patients with BPH is to inhibit the androgens responsible

for prostatic hyperplasia.

The relative prostate weight is used as one important marker of BPH

development.15,16 In previous studies, animals with BPH have shown

an increased relative prostate weight. Finasteride or other agents used

to treat BPH decrease the relative prostate weight. In the present study,

the animals with BPH showed an increased relative prostate weight

compare to castration group (P,0.05). In contrast, the animals

treated with MFME showed a reduction in relative prostate weight

compared to BPH group (P,0.05). These results indicate that MFME

attenuated the prostatic enlargement induced by testosterone.

Additionally, these findings were supported by histological examina-

tion of the prostate tissue. The animals with BPH experienced stromal

proliferation and glandular hyperplasia in the prostate, whereas the

animals with BPH that had been treated with MFME showed mild

glandular hyperplasia. These results suggested that MFME inhibits the

progression of BPH induced by testosterone.

In the present investigation, we established that the administration

of MFME to rats with induced BPH had a positive effect on the pro-

state mass, which was decreased after 4 weeks of treatment (P,0.05).

The two main classes of drug employed for BPH treatment are inhi-

bitors of a1-adrenoceptor antagonists that inhibit smooth muscle cell

contraction17 and inhibitors of type II 5a-reductase, an enzyme

responsible for the conversion of testosterone to the more potent

androgen dihydrotestosterone (DHT).18 Finasteride, a type II 5a-

reductase inhibitor, suppresses both the plasma and intraprostatic

DHT concentrations, leading to reductions in glandular size, epithelial

cell height and the synthetic and proliferative activities of DHT.

Finasteride also enhances the apoptotic index of epithelial cells19–22

and is thus employed as a positive control. The local conversion of

testosterone to its metabolite, DHT, catalysed by the steroid enzyme

5a-reductase is implicated as a causative factor in BPH. In our experi-

ments, MFME suppressed the serum DHT level (P,0.05) and relative

prostate weight (P,0.05) compare to the BPH group. These results

indicate that MFME has important antiproliferative effects and pos-

sibly interferes with androgen action. MFME suppressed the DHT

level, either via inhibition of the action of 5a-reductase or other, more

Figure 3 Effects of MFME on prostate hyperplasia. Histological examination of

prostate tissue was performed 24 h after the final testosterone injection. Prostate

tissues were fixed, sectioned at 4 mm thickness, and stained with H&E solution.

Scale bars549.45 mm. Castration: corn oil injection (s.c.)1oral administration of

PBS; BPH: testosterone (s.c.) injection1oral administration of PBS; MFME: oral

administration of MFME (200 mg kg21)1testosterone (s.c.) injection; finasteride:

oral administration of finasteride (10 mg kg21)1testosterone (s.c.) injection.

MFME or finasteride treatment was performed 1 h before testosterone injection.

BPH, benign prostate hyperplasia; H&E, haematoxylin and eosin; MFME,

Melandrium firmum methanolic extract; PBS, phosphate-buffered saline.

Figure 4 Levels of AST and ALT in the serum. Serum was collected from rats 48 h

after the final testosterone injection. The samples were analysed using commer-

cial kits (Beckman Coulter, Inc., Fullerton, CA, USA). Castration: corn oil injection

(s.c.)1oral administration of PBS; BPH: testosterone (s.c.) injection1oral

administration of PBS; MFME: oral administration of MFME (200 mg kg21)1tes-

tosterone (s.c.) injection; finasteride: oral administration of finasteride (10 mg

kg21)1testosterone (s.c.) injection. MFME or finasteride treatment was per-

formed 1 h before testosterone injection. Values are expressed as mean6s.d.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; MFME,

Melandrium firmum methanolic extract; PBS, phosphate-buffered saline.

Figure 5 Three-dimensional chromatograms of MFME analysed using HPLC-

PDA. MFME, Melandrium firmum methanolic extract; HPLC-PDA, high-per-

formance liquid chromatography-photo diode array detector.
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complicated mechanisms involving tissue androgen receptors that

remain to be determined.

The development of BPH has been associated with antioxidants. In

BPH, increased lipid peroxidation and decreased levels of antioxidants

have been observed.23–25 Various herbal extracts reduce oxidative

stress in testosterone-induced BPH rats.26–29 In addition, saw pal-

metto extract, which is commonly used to treat BPH, has shown

antioxidant effects.30 Therefore, antioxidants can be considered good

candidates to suppress the development of BPH. In this study, we

analysed two flavonoids, cytisoside and vitexin, contained in MFME

by using HPLC. Of these, vitexin is the most likely to possess antiox-

idant properties, according to multiple studies.31,32 These compounds

might underlie the reduced development of BPH in response to

MFME; however, the available data do not clearly confirm this hypo-

thesis. Therefore, more studies are needed on the relationship between

the antioxidant effects of MFME and its constituents and the develop-

ment of BPH.

M. firmum extracts contain saponins, steroids and flavonoids.33–36

Among the isolated components, steroids and saponins predominate,

including a-spinasterol and melandrioside A.33,34 However, these

compounds are difficult to analyse by HPLC because they are com-

paratively weak UV chromophores compared to the flavonoids. Thus,

we performed HPLC analysis for two flavonoids in MFME, cytisoside

and vitexin. We achieved good separation of the MFME. However,

activity tests for the major components of MFME need to be

performed.

In conclusion, MFME administered orally at a dose of 200 mg kg21 d21

appears effective in reducing established prostate hyperplasia.
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