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Effects of male silkworm pupa powder on the erectile
dysfunction by chronic ethanol consumption in rats
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Erectile dysfunction (ED) is a highly prevalent disorder that affects millions of men worldwide. ED is now
considered an early manifestation of atherosclerosis, and consequently, a precursor of systemic vascular
disease. This study was designed to investigate the effects of male silkworm pupa powder (SWP) on the
levels of nitric oxide synthase (NOS) expression, nitrite, and glutathione (GSH); lipid peroxidation; libido;
and erectile response of the corpus cavernosum of the rat penis. We induced ED in the study animals by
oral administration of 20% ethanol over 8 weeks. The SWP-treated male rats were divided into 3 groups
that were orally administered 200, 400, and 800 mg/kg. The libido of the SWP-administered male rats
was higher than that of the ethanol control group. In addition, the erectile response of the corpus
cavernosum was restored in males on SWP administration, to a level similar to that of the normal group
without ED. The testosterone concentration did not increase significantly. The lipid peroxidation in the
corpus cavernosum of the male rats administered SWP decreased significantly. In contrast, compared to
the ethanol group, SWP-administered male rats showed increased GSH levels in the corpus cavernosum.
The level of nitrite and NOS expression in the corpus cavernosum of SWP-administered male rats
increased significantly. These results indicated that SWP effectively restored ethanol-induced ED in male
rats.
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Erectile dysfunction (ED) is defined as the inability to

attain or maintain a penile erection for satisfactory sexual

performance. ED can be triggered by psychological and

physiological causes. Physiological causes include

neurological, hormonal, and vascular pathologies as well

as traumatic and iatrogenic factors or a combination of

these factors [1]. Neurological factors include brain

tumor, cerebrovascular disease, spinal cord injury, diabetes

mellitus, and alcoholism [2]. Previous research showed

that ethanol inhibits normal erectile function and reduces

sperm count with an irreversible prostate atrophy [3].

The process of achieving a penile erection involves the
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integration of psychological, neurological, and vascular

processes, which combine to initiate a physiological

response within the penile vasculature. The dilation of

smooth muscles (SMs) results in increased blood flow

into the sinusoids of the corpora cavernosum. The

corpora cavernosum subsequently fills, which obstructs

the venous outflow from the penis by compression of the

veins against the tunica albuginea, resulting in penile

erection [4].

Corpus cavernous SM relaxation is induced by

neurotransmitters and endothelium-derived factors [5,6].

Prostaglandin and endothelium-derived relaxing factor

(EDRF) play a role in penile erection by controlling the

cavernous SM relaxation [7]. The identification of nitric

oxide (NO) as EDRF was independently demonstrated

by Furchgott and by Ignarro in the mid-1980s [8,9].

Endothelium-derived NO, formed by endothelial nitric

oxide synthase isoform 3 (NOS3) by genomic and non-

genomic mechanisms as well as a variety of post-

translational modifications such as phosphorylation [10],

is not only a vasodilator but also an inhibitor of cell

growth and inflammation [11,12]. Many studies have

shown that NO is a strong EDRF, and endothelial

dysfunction and impaired NO production are important

in ED [13,14]. NO synthase (NOS)-containing nerve

fibers associated with penile arteries and cavernous

tissues, and the endothelium lining the sinusoids are the

NO sources responsible for relaxation and subsequent

penile erection [15].

Silkworm pupae protein, which contains 18 amino

acids, is a good source of high-quality protein. According

to the Food and Agriculture Organization (FAO) and the

World Health Organization (WHO), silkworm pupae

protein is a good nutritional source [16-18]. The main

constituents of silkworm pupae extracts contained more

than 68% total unsaturated fatty acids and 27.99% alpha-

linolenic acid [19] Male silkworm pupa powder (SWP)

is known to be effective in enhancing male stamina and

improving vitality [20]. Crude insect drugs used in

Oriental medicine, and unmated male silkworm moths

are used to treat ED. Silkworm larvae and pupae are

currently registered as food sources, and 14 days after

metamorphosis, the pupae can be substituted for the

silkworm moth with the same efficacy [20]. However,

the main component responsible for the improvement of

ED dysfunction symptoms and the detailed mechanism

of this improvement remain unclear.

The aim of this study was to evaluate the effectiveness

of SWP used for ED in an animal model. To study the

effect of SWP administration on ethanol-induced ED in

male rats, we monitored their sexual behavior and

measured the intracavernous peak pressure and velocity

as well as the NOS expression, nitrite level, canvernosal

glutathione (GSH) level, lipid peroxidation, testosterone

level, and protein level.

Materials and Methods

Materials

We used the powder of male silkworm (Bombyx mori)

pupae provided by the Rural Development Administration

(Suwon, Korea). The greenish-brown powder was

obtained by freeze-drying of non-mating Yangwonjam.

Animals

Forty male Sprague-Dawley (SD) rats (7 weeks old)

and 20 female SD rats (7 weeks old), specific and

pathogen-free animals were used in these studies and

were obtained from Orient Inc. (Seongnam, Korea). All

procedures were approved by the Animal Ethics

Committee in Wonkwang University (Approval No.

WKU 10-027).

Animal model for ED and oral administration

Forty male rats were randomly divided into 5 groups:

normal, ethanol, low-dose (0.5% SWP), medium-dose

(1% SWP), and high-dose (2% SWP). After a week of

acclimation, the normal group was fed standard chow

without SWP and water sterilized by ultraviolet radiation

and filtration. After pulverization of solid food purchased

from Samtaco Co. (Osan, Korea) in Wonkwang Mill

(Jeonju, Korea), we mixed the food with 0%, 0.5%,

1.0%, or 2.0% SWP. The mixed feed was used during

the experimental period. All of the 40 rats, except for the

rats comprising the normal group, were provided water

containing 20% ethanol for 8 weeks [21].

During the 20% ethanol treatment, the ethanol group

consumed general feed containing no SWP. SWP

contents of 0.5, 1.0, and 2.0% were orally administered

to the low-, medium-, and high-dose groups, respectively.

We measured the average eating rate of the normal feed

mixture during the week after the administration of SWP.

Behavioral test: contact (mating) test

Twenty female SD rats (8 weeks old) were used for the

mating test after a week of acclimation. The female rats
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were subjected to ovariohysterectomy to synchronize the

estrous phase. Rats were subjected to ovariohysterectomy

under general anesthesia by intraperitoneal injection of

ketamine (50 mg/mL; Ketamine, Yuhan Co., Seoul, Korea)

and xylazine (20 mg/mL; Rumpoon, Byer Aimal Health

Co., Suwon, Korea) in a ratio of 4:1 according to the

technique described by Shinoda and colleagues [22]. The

estrous phase in the females with ovariohysterectomy was

induced by subcutaneous injection of a corn-oil solution

of 10 µg of estradiol benzoate (Samyang Anipharm,

Seoul, Korea) 48 h before the test and 2 mg of

progesterone (Samyang Anipharm, Seoul, Korea) 4-5 h

before the test. Behavioral testing was performed under

dim red light illumination in the middle part of the dark

phase of the light-dark cycle. To avoid subjectivity when

determining sexual function, 4 researchers observed the

behavior of the rats each time, and video recordings of

these tests were analyzed to determine the frequency of

mounts, intromissions, and ejaculations shown by the

experimental males. According to the experimental groups,

male rats were placed in a cage in which females had

been adapted for 5 min. The experiment was conducted

3 times at intervals of 3 days, and the experiments were

always started at noon. The tests lasted 45 min to

observe the intromission and ejaculation; we concluded

that a sexual behavior occurred when we could ascertain

that the ejaculation had occurred >2 times.

Measurement of erectile responses

Experimental animals were anesthetized with a 1:7

mixture of xylazine (23.3 mg/mL) and ketamine (57.68

mg/mL) (0.4 mL/250 g) by intraperitoneal injection and

were maintained under anesthesia with phenobarbital

(Ruminal, Daihan Pharm Co., Ltd, Seoul, Korea) by

intramuscular injection; this treatment had no effect on

the blood pressure. The ventrodorsally positioned carotid

artery of the animals was exposed and connected to

Polyethylene 50 (Dow Corning, Midland, MO, USA)

filled with heparinized saline (100 IU/mL). The silicone

tube was connected to channel 1 of the pressure transducer

(MLT1199BP Transducer, ADInstruments, Colorado

Springs, CO, USA). The right major pelvic ganglion was

exposed by a low abdominal midline incision, and the

corpus cavernous nerve on either side of the prostate was

isolated through a skin incision overlying the penis. A

bipolar platinum electrode and Stimulator HC (ML155,

ADInstruments) were used to directly stimulate the right

cavernous nerve. Next, the right base of the penis was

exposed, and the right corporal body was cannulated

with a 22-gauge needle primed with 100 U/mL heparin-

saline and connected to channel 2 of the pressure

transducer (MLT1199BP Transducer, ADInstruments).

The electrostimulation was controlled with an amplifier

(Podbridge, ADInstruments) connected to a data acquisition

system (ML846 Powerlab 4/26, ADInstruments). The

intracavernous pressure (ICP) was recorded and analyzed

using a data analysis software (Powerlab Program,

ADInstruments). The average maximum ICP was recorded.

Enzyme preparation

After the erectile response test, blood samples were

harvested from the abdominal vein and the corpus

cavernosum tissue of the penis. The blood and foreign

bodies in the corpus cavernosum tissues were removed

by washing with saline. The corpus cavernosum was

isolated from all rats and was homogenized using Ultra-

Turrax (IKA T10 basic; IKA Laboratory Equipment,

Staufen GmbH & Co., Germany) in 4 mL/g 0.1 M

potassium phosphate (pH 7.4). After centrifugation at

10,000 g at 4oC for 10 min, the lipid peroxidation and

nitrite level in the supernatant were measured. After a

second centrifugation step at 8,000 g for 30 min, the

supernatant was used for the source of NOS.

Measurement of the GSH level

The GSH level in the corpus cavernosum tissue of

the penis was measured using a GSH detection kit

according to the manufacturer’s specifications (ApoGSHTM

Glutathione Colorimetric Detection Kit, BioVision,

Mountain View, CA, USA). The corpus cavernosum

tissue (0.1 g) was homogenized in 0.4 mL of GSH

buffer, and 5% sulfosalicylic acid solution was then

added. The homogenized buffer solution was centrifuged

at 8000 g for 10 min, and the GSH level was then

measured in the supernatant by monitoring the

absorbance at 405 nm using spectrometry. Results were

expressed in nanograms per gram of tissue based on a

standard curve.

Measurement of the lipid peroxidation level

A lipid peroxidation kit (LPO Assay Kit, Oxford

Biomedical Research, Rochester Hills, MI, USA) was

used to measure the lipid peroxidation level in the corpus

cavernosum tissue of the penis. After the tissues had

been dissolved in 140 mL of acetonitrile, 455 mL of N-

methyl-2-phenylindole solution was added. The 105-mL
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mixture of methane sulfonic acid and 4-hydroxyalkenals

was incubated at 45oC for 1 h. The sample was then

centrifuged at 15000 g for 10 min, and the absorbance

was measured at 586 nm by spectrometry. Results were

expressed in millimoles per gram of tissue based on a

standard curve.

Measurement of the nitrite level

To measure the nitrite level in the corpus cavernosum

tissue of the penis, we used a nitric oxide detection kit

(Intron biotechnology, Sungnam, Korea) that is based on

colorimetry using the Griess reaction. The method was

performed, and the results were analyzed according to

manufacturer’s protocol. Briefly, 50 mL of the sulfanilamide

solution was added to 100 mL of the tissue-derived

supernatant in a 96-well plate. The mixture was incubated

at room temperature for 5 min. Naphthylenediamine (50

ml) was then added to each well, the plate was incubated

for 5 min, and the sample absorbance was measured at

550 nm by spectrometry. The standard curve was

determined by measuring the absorbance of 0.98-1,000

µM nitrite standards, and the results were expressed as

µM nitrite per gram of tissue.

Measurement of the changes in the epithelial NOS

level by western blotting

The protein level in the corpus cavernosum tissue of

the penis was measured using the Protein Quantification

Kit (Dojindo Laboratory, Kumamoto, Japan). Proteins

(20 µg/sample) were separated by 10% polyacrylamide

gel electrophoresis and then transferred onto a HybondTM-

PVDF membrane (Amersham International Plc., Little

Chalfont, Buckinghamshire, UK). Chemiluminescence

was detected using Enhanced Chemiluminescence western

blotting detection reagents (Amersham International

Plc.) according to the manufacturer’s protocol.

Measurement of the testosterone and protein levels in

the blood

The protein and testosterone levels in the blood were

measured using Lowry’s method with bovine serum

albumin and a chemiluminescence immunoassay kit

(Amersham International Plc.), respectively [2].

Statistical analysis

Statistical analysis of the data was performed by one-

way analysis of variance (ANOVA) followed by the

Duncan test for multiple comparisons. P-values less than

or equal to 0.05 were considered statistically significant.

Results

Effect of SWP on direct sexual behavior

Sexual behavior was evaluated as the total positive

libido response of each group; thus, a standard deviation

could not be measured (Table 1). The number of normal

sexual functions performed by the ethanol group (2

sexual functions) showed that ethanol-induced ED

resulted in a decreased sexual function compared with

the normal group (4 sexual functions). The SWP 0.5%

group showed 3 times improved sexual response numbers

than the ethanol group. In addition, both the SWP 1%

and SWP 2% groups showed greater sexual response

numbers than the ethanol group, but they showed the

same number compared to the normal group. Direct

sexual behavior, as measured by the libido test, showed

a gradual increase in the SWP groups compared with the

ethanol group.

Effect of SWP on the erectile response

The erectile response was assessed in all rats by

Table 1. Effects of the silkworm puea powder (SWP) on libido
test in erectile dysfunction models induced by ethanol

Group Number of libido test

Noraml 4

Ethanol 2

SWP 0.5% 6

SWP 1% 4

SWP 2% 4

Data are shown as mean (n=8).

Figure 1. Effect of the silkworm pupa powder (SWP) on the
erectile response to carvernous nerve stimulation in chronic
ethanol-treated rats. a,bValues in the row with different
superscripts are significantly different, P<0.05. Data are shown
as the mean±SD (n=8).
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measuring the ICP. The ICP of the ethanol group decreased

compared with the normal group (52.72±16.31 mmHg

and 37.50±10.70 mmHg, respectively) (Figure 1). SWP

administration (the 0.5, 1, and 2% groups) resulted in

increased ICP values. Importantly, the ICP of the SWP

1% group was significantly higher than that of the

ethanol group. However, the ICP change was not dose-

dependent; 57.15±24.80 and 43.11±11.57 mmHg in the

SWP 0.5 and SWP 1% groups, respectively.

Effect of SWP on the serum testosterone and protein

concentrations

Although the serum testosterone level did not change

significantly, a slight decrease was observed in the

ethanol group compared with the normal group. The

hormone level in the SWP groups was similar to or

higher than that observed in the normal group (Figure 2).

We could not observe any significant changes in the

protein level in the different groups.

Effect of SWP on the lipid peroxidation level

Although the lipid peroxidation level in the corpus

cavernous tissue of the penis significantly increased in

the ethanol group, the lipid peroxidation level decreased

in the experimental groups that had been administered

SWP (Figure 3). This decrease was independent of the

concentration of SWP.

Effect of SWP on the GSH level

SWP influenced the GSH level in the corpus

cavernous tissue (Figure 4). In the ethanol group, the

GSH level was 20.16±4.34 ng/g, which was significantly

lower than the GSH level in the normal group (25.01±

10.64 ng/g). The GSH level increased significantly in the

SWP-treated groups (SWP 0.5, 1, and 2%; 35.08±10.07,

32.12±3.41, and 26.78±13.27 ng/g, respectively) compared

with the ethanol group.

Effect of SWP on the nitrite concentration

Because nitrite is the most important neurotransmitter

mediating the relaxation of the SM layer present in the

corpus cavernosum, we measured the nitrite concentration

(Figure 5). In the corpus cavernosum, the nitrite level

decreased significantly after the alcohol treatment, and

the nitrite level increased in the SWP 0.5, 1, and 2%

groups (86.90±29.44, 90.09±31.42, and 63.27±28.82

ng/g, respectively) compared with the ethanol group

(32.85±12.34 µM/g). In addition, although the nitrite

level was higher in all of the experimental groups

compared with the normal group, this higher level was

independent of the amount of SWP administered.

Figure 4. Effect of the silkworm pupa powder (SWP) on the
glutathione level in corpus cavernosum of chronic ethanol-
treated rats. a,b,c Values in the row with different superscripts are
significantly different, P<0.05. Data are shown as mean±SD
(n=8).

Figure 3. Effect of the silkworm pupa powder (SWP) on the
lipid peroxidation level in corpus cavernosum of chronic
ethanol-treated rats. a,bValues in the row with different
superscripts are significantly different, P<0.05. Data are shown
as the mean±SD (n=8).

Figure 2. Effect of the silkworm pupa powder (SWP) on the
blood testosterone and protein level in chronic ethanol-treated
rats. Data are shown as the mean±SD (n=8).
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Effect of SWP on the NOS expression

Because NO is synthesized via NOS catalysis, we

measured the NOS content in the corpus cavernosum

(Figure 6). In all experimental groups, the expression of

NOS against actin differed; thus, we obtained a correction

factor to compare the expression of NOS. After 8 weeks

of alcohol exposure, the NOS expression level decreased

significantly in the corpus cavernosum tissue. The NOS

level significantly increased in the SWP 0.5, 1, and 2%

groups (45.63±8.99, 44.63±5.78, and 45.50±7.09%,

respectively) compared with the ethanol group (33.88±

8.34%); however, this decrease was independent of the

amount of SWP administered.

Discussion

ED can be triggered by psychological and physiological

causes. Physiological causes include neurological,

hormonal, and vascular pathologies as well as traumatic

and iatrogenic factors, or combinations of these factors

[1]. Hormonal factors include hypogonadism caused by

pituitary gland tumor, hyperprolactinemia, hyperthyroidism,

hypothyroidism, and Cushing’s syndrome [2]. In addition,

vascular factors that lead to ED are associated with

certain medical conditions, including diabetes, renal

disease, hypertension, heart disease, hepatocirrhosis, and

aging [2]. Previous research showed that ethanol

significantly inhibits normal erectile function [23,24]

and causes reduced sperm count with irreversible

prostate and seminiferous tubule atrophy in alcoholics

[3].

We used SWP derived from freeze dehydration to

evaluate the effect of SWP on erectile function.

Differences in sexual behavior were observed depending

on the sexual health of the male rats in the ED study.

Repeat observation, enabled by videography, is important

because there are no standardized methods for assessing

sexual function and copulation of male rats [25].

After administration of SWP for 8 weeks, the SWP

group had more mating frequencies than the ethanol

group (Table 1).

The process of achieving penile erection involves the

integration of psychological, neurological, and vascular

processes that combine to initiate a physiologic response

within the penile vasculature. Endothelial-mediated

dilation of the arteriolar SM results in increased blood

flow into the sinusoids of the corpora cavernosum. The

sinusoids subsequent fill while simultaneously relaxing

to increase compliance. The filling obstructs the venous

outflow from the penis by compressing the veins against

the tunica albuginea, resulting in penile erection [4]. Our

study supports that penile erection, the most important

factor of sexual function, is related to the blood pressure

of the corpora cavernosum of the penis. The male rats

administered 20% ethanol for 8 weeks had a significantly

lower blood pressure in the corpora cavernosum of the

penis compared with the normal group. In contrast, the

blood pressure of the experimental group, administered

SWP after feeding on 20% ethanol, increased to a level

similar to that of the normal group (Figure 1).

Pupae powder possesses a tonic effect that increases

the testosterone level in the serum by 19% after 3-week

repeat treatments [20]. However, we could not observe

significant changes to the testosterone level in the SWP-

administered group (Figure 2). Defensive mechanisms

Figure 6. Effect of the silkworm pupa powder (SWP) on the
nitric oxide synthase (NOS) in corpus cavernosum of chronic
ethanol-treated rats. a,bValues in the row with different
superscripts are significantly different, P<0.05. Data are shown
as the mean±SD (n=8).

Figure 5. Effect of the silkworm pupa powder (SWP) on the
nitrite level in corpus cavernosum of chronic ethanol-treated
rats. a,b,cValues in the row with different superscripts are
significantly different, P<0.05. Data are shown as the mean±SD
(n = 8).
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include enzyme-mediated processes, including superoxide

dismutase (SOD), catalase, and glutathione peroxidase

catalysis, as well as non-enzymatic processes such as

antioxidant action by vitamin E, vitamin C, β-carotene,

and GSH, which remove active oxygen species in the

body [26-28]. Synthesized within the liver and systemically

distributed, GSH removes active oxygen species [29]. In

our study, the GSH concentration in the ethanol group

(fed ethanol for 8 weeks) significantly decreased;

however, the GSH concentration increased to the level of

the normal group after administering SWP (Figure 4).

This result suggested that GSH is active during oxygen

stress and is involved in protecting against cellular

toxicity in the penis; thus, GSH helped improve sexual

function. In addition, lipid peroxidation, which occurs in

a biochemical chain reaction using active oxygen

species, exacerbates cellular damage. Oxidized lipids are

endogenous toxic materials because they disrupt the

cellular membrane [30]. We also measured the lipid

peroxidation level in the penis of rats administered SWP

for 8 weeks (Figure 3). After administering SWP for 8

weeks, the lipid peroxidation level, which had been

increased by ethanol feeding, decreased to the level of

the normal group.

In our present work, SWP had antioxidant effects that

decreased lipid peroxidation and inhibited cellular damage

in the penis. This effect could improve physiological

erectile function and prevent sexual dysfunction.

NO is the most important neurotransmitter, mediating

relaxation of the SM layer of the corpus cavernosum.

Synthesized within the vascular endothelium by NOS,

NO is an endothelium-derived relaxation factor. NO

diffuses through the cell membrane and activates guanylate

cyclase in the SM in the vessel and the adjacent corpus

cavernosum [31]. Consequently, NO increases the

synthesis of cyclic guanosine monophosphate, mediating

the relaxation of the corpus cavernosum. Constitutive

endothelial NOS and inducible NOS are located in the

vascular endothelium [15]. In this study, we showed that

the group administered SWP for 8 weeks had a

significantly increased NOS expression and nitrite levels

compared with the normal group (Figures 5 and 6).

Alcohol-induced ED can thus be prevented by SWP

treatment, which activates NOS in the penile tissue and

increases the biosynthesis of NO, the causative factor of

ED.

This study reports the effect of SWP on ED in a rat

model. Our findings implicate a multifactorial role of

SWP. The antioxidative activity of SWP may defend

penile cells against active oxygen species, decrease the

fatigue of the penile tissue, and enhance erectile function.

In conclusion, SWP may be useful as a preventive or

therapeutic material to counteract alcohol-induced ED

symptoms.
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