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Abstract: Late-onset hypogonadism (LOH) is associated with advancing age and is caused by a deficiency in serum testosterone levels. The aim of this study 
was to examine the effect of a Dendropanax morbiferus H.Lév. leaf extract (DME) on LOH using TM3 cells and aging male rats as in vitro and in vivo models, 
respectively. The in vitro effects of DME on testosterone levels and 3β-hydroxysteroid dehydrogenase (3β-HSD) protein expression in TM3 cells were analyzed. 
In the in vivo experiments, DME was orally administered to rats at three doses (50, 100, and 200 mg/kg/day) for 4 weeks. DME significantly increased the testos-
terone levels and 3β-HSD protein expression in TM3 cells. The DME groups showed significantly increased levels of androgenic hormones such as testosterone 
and dehydroepiandrosterone sulfate. The sex hormone-binding globulin production was significantly lower in the DME groups than that in the control group, while 
the neurohormone levels in the hypothalamic–pituitary–gonadal axis markedly increased. No significant differences were observed in the glutamic pyruvic transa-
minase, glutamic oxaloacetic transaminase, and prostate-specific antigen levels among the DME and control groups. The triglyceride and low-density lipoprotein 
cholesterol levels were significantly lower, while the high-density lipoprotein cholesterol levels were significantly higher in the DME groups than those in the 
control group. The latency time in the rotarod, treadmill, and swimming tests increased with the DME treatment. Furthermore, the sperm counts in the epididymis 
markedly increased. These results suggest that DME can be effectively used to alleviate the symptoms of LOH.
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Introduction

Late-onset hypogonadism (LOH) is defined as a 
clinical and biochemical syndrome associated with 
the advancing age and characterized by typical symp-
toms and a deficiency in serum testosterone levels (1). 
In men, serum testosterone levels gradually decline by 
0.4–2.6% per year after the age of 40 (2-5). This de-
cline has been associated with parallel declines in the 
bone mass, muscle mass/strength, physical function, 
and sexual function (4,6). It has also been shown that 
LOH can result in a significant deterioration of the qua-
lity of life and adversely affect the function of multiple 
organs (1,4). The anterior pituitary gland releases two 
hormones, known as gonadotropins, follicle-stimu-
lating hormone (FSH) and luteinizing hormone (LH); 
these hormones act on the gonads in men and women. 
Secretion of gonadotropins by the anterior pituitary 
gland is stimulated by gonadotropin-releasing hormone 
(GnRH), which is produced by neurosecretory cells of 
the hypothalamus. FSH acts on Sertoli cells to stimu-
late spermatogenesis, and LH stimulates the secretion 
of androgens by Leydig cells (7). Androgens such as 
testosterone are steroids that diffuse locally into semi-
niferous tubules to promote spermatogenesis. Sex ste-
roids are produced from adrenal precursors, dehydroe-
piandrosterone (DHEA) and DHEA-sulfate. DHEA, an 

inactive prohormone, is produced by the adrenal glands 
from cholesterol. DHEA and DHEA-sulfate are inter-
convertible by sulfatases and sulfotransferases, respec-
tively. In peripheral tissues, hydroxysteroid dehydroge-
nases (HSDs) convert DHEA to androstenedione and 
androstenediol, which are precursors of testosterone. 

Dendropanax morbiferus H.Lév. is a subtropical, 
broad-leaved, evergreen tree belonging to the Aralia-
ceae family (8). Several parts of D. morbiferus are used 
in traditional medicine for treating migraines and dys-
menorrhea (9). D. morbiferus is an endemic species in 
South Korea and has also been cultivated on the Jindo 
Island, in Suncheon city, and on the Wando Island. A 
crude extract from leaves of Dendropanax arboreus 
(Araliaceae) has been shown to exhibit cytotoxic activi-
ty against the HepG2, A431, H411E, and L1210 tumor 
cell lines but was not toxic against normal hepatocytes 
(10). D. morbiferus extracts (DMEs) have been reported 
to show various biological activities, including immune 
activation against cancer cells, as well as antioxidant 
(11,12) and antidiabetic (13). In addition, polyacety-
lene compounds isolated from D. morbiferus have been 
reported to exhibit an anticomplement activity (14), and 
rutin has been reported to protect human dopaminergic 
cells against rotenone-induced cell injury (15). Moreo-
ver, an essential oil from this plant has been reported to 
exhibit an antiatherogenic activity in rats (16). Howe-
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ver, the effects of naturally occurring compounds on 
LOH have not been investigated in detail.

 We previously reported that an aqueous extract of 
D. morbiferus leaves affected the sexual behavior of 
male rats (17). Based on these results, we evaluated the 
ameliorating effect of DME on LOH using TM3 Leydig 
cells and aging male rats as in vitro and in vivo models, 
respectively. The ameliorating effect of DME was eva-
luated using TM3 Leydig cells and  rotarod, treadmill, 
and swimming retention tests, histological analysis, and 
biomarker analysis in aging male rats.

Materials and Methods

Preparation of Dendropanax morbiferus extracts
D. morbiferus was obtained from Jindo, Jeolla-

namdo (South Korea), washed three times with distilled 
water, and dried at 45 °C in a drying oven for 48 h. The 
plant material (100 g) was extracted with 2 L of distil-
led water at 100 °C for 3 h. The residue was removed 
by filtration through a 150-mm mesh. The filtrate was 
evaporated to 16 °Bx and freeze-dried to obtain a DME 
powder. The dried extract was stored at 4 °C.

Qualitative analysis of flavonoids in DME
DME flavonoids were analyzed by high-perfor-

mance liquid chromatography (HPLC) using a Waters 
2998 HPLC system (USA), equipped with a ZORBAX 
Eclipse XDB-C18 column (5 μm, 250 mm × 4.6 mm 
internal diameter; Agilent, USA). The mobile phase 
was composed of solvents A (0.1% formic acid) and B 
(methanol), and the flow rate was 1.0 mL/min. The fol-
lowing mobile phase gradient was employed: 0–8 min, 
35% A, isocratic; 8–38 min, a linear gradient from 35 
to 50% A; 38–40 min, from 50 to 100% A; 40–50 min, 
from 100 to 50% A; and 50–55 min, a linear gradient 
from 50 to 35% A. The column was then washed and 
reconditioned. The sample injection volume was 10 μL. 
The signal was detected at a wavelength of 370 nm at 40 
°C, which was the optimum temperature for this HPLC 
separation.

Cell culture and testosterone levels 
TM3 Leydig cells, a nontumorogenic cell line de-

rived from mouse testes (18), were purchased from 
the Korean Cell Line Bank (Seoul, South Korea). This 
cell line responds to LH by increasing testosterone 
production and secretion through mechanisms. Cells 
were grown in Dulbecco's modified Eagle's medium 
containing 10% fetal bovine serum and 1% penicillin/
streptomycin. For all experiments, early-passage cells 
were grown to 80–90% confluence. To investigate the 
changes in testosterone levels in TM3 cells treated with 
the sample extract, cells were seeded at a density of 1  
105 cells/well in 24-well plates. After 24 h of incubation. 
To induce oxidative cellular stress, the cells were trea-
ted with hydrogen peroxide (H2O2). The cells were trea-
ted with various concentrations of DME (1, 3, 10, 30, 
and 100 μg/mL), in the presence or absence of 200 μM 
H2O2, for 24 h, and then the supernatants were collected. 

Testosterone concentrations were measured in cell 
culture media and in the serum of rats using a testoste-
rone EIA kit (ENZO Life Sciences, Farmingdale, NY, 
USA), according to the manufacturer’s instructions. 

3β-HSD expression
TM3 cells were lysed in RIPA buffer [50 mM Tris–

HCl, 150 mM NaCl, 1% Nonidet P-40, 0.5% sodium 
deoxycholate, 0.1% sodium dodecyl sulfate (SDS), 1 
mM phenylmethanesulfonyl fluoride, 1 mM dithiothrei-
tol, and 2 mg/mL each of leupeptin and aprotinin]. The 
lysate was centrifuged at 12,000 rpm for 10 min. The 
supernatant was collected, and the total protein was 
quantified using the Bradford reagent. The lysates (50 
μg of protein) were subjected to SDS–polyacrylamide 
gel electrophoresis. The separated proteins were trans-
ferred to polyvinylidene difluoride membranes (Mil-
lipore, Billerica, MA, USA), and then the blots were 
blocked in 5% skim milk in Tris-buffered saline contai-
ning 0.1% Tween 20 (TBST) for 1 h at room tempera-
ture. The blotted proteins were probed with an anti-3β-
HSD antibody overnight at 4 °C. The blot was washed 
three times with TBST at 15-min intervals, then incuba-
ted with a goat anti-mouse IgG (Cell Signaling Techno-
logy) for 1 h, and washed again three times with TBST. 
Finally, protein bands were detected using an enhanced 
chemiluminescence western blotting detection system 
(Pierce, Rockford, IL, USA). 

Experimental design
Male Sprague–Dawley rats (6–7-month-old, wei-

ghing 590–620 g) were purchased from Samtako (Osan, 
South Korea). The rats were housed in plastic cages at 
a controlled temperature (23 ± 2 °C) and humidity (50 
± 5%), with 100% fresh HEPA-filtered air and a 12-h 
light–dark cycle (lights on from 08:00 to 20:00). All 
experimental procedures were conducted in accordance 
with the guidelines for the care of experimental ani-
mals and approved by the Institutional Animal Care and 
Use Committee of the Jeollanamdo Institute of Natural 
Resources Research (approval number JINR-1611). A 
safety evaluation for a 2-week single oral dose toxicity 
test was conducted by a certified testing organization, 
the Korea Testing & Research Institute (approval num-
ber TBH-1651, 1652), according to the Korean Food 
and Drug Administration Guideline for Toxicity Testing 
of Pharmaceuticals. 

The rats were divided into four groups, five rats in 
each. These groups were treated as follows: no admi-
nistration of DME (control), 50 mg/kg DME (DME 
50), 100 mg/kg DME (DME 100), and 200 mg/kg DME 
(DME 200). DME was dissolved in distilled water and 
orally fed to the rats using a feeding needle, daily for 
4 weeks. The rats were provided ad libitum access to a 
basal diet and water during the experiment.

After 4 weeks of DME treatment, the body weights of 
the rats were measured, and the animals were anaesthe-
tized. Then, the testes, seminal vesicles, epididymis, 
and prostate glands were carefully removed, along with 
vital organs such as the liver, kidney, and spleen, and 
weighed immediately. 

Rotarod test
The rats were placed on a standard five-lane acce-

lerating rotarod (Jeung Do Bio & Plant, Seoul, South 
Korea) and tested twice at an accelerating speed of 20 
rpm for 5 min or until they fell off. The retention times 
were recorded weekly. On the testing day, each rat was 
submitted to two trials with an interval of 10 min.
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Statistical analysis
The results are expressed as the mean ± standard 

error of the mean (SE). The data were statistically eva-
luated using a one-way analysis of variance, followed 
by Duncan's multiple comparison test, using the SPSS 
software. Statistical significance was defined as P < 
0.05.

Results

Standardization of DME
DME was standardized based on the rutin and quer-

cetin contents, determined by HPLC. The contents 
of the two main flavonoids of DME were determined 
based on standard curves, and their retention times were 
consistent with those of the standards. The rutin and 
quercetin retention times in DME were typically near 
11.64 and 27.11 min, respectively (Figure 1).

Testosterone levels in TM3 cells
Treatment with DME at concentrations of 10, 30, 

and 100 µg/mL significantly increased the testosterone 
levels in TM3 cells to 129.5 ± 11.2, 135.0 ± 6.9, and 
141.4 ± 8.2%, respectively (P < 0.05), of that in the 
untreated control (Figure 2a). The protective effect of 
DME against H2O2-induced damage was also examined. 
As shown in Figure 2b, the testosterone level signifi-

Treadmill test
The rats were subjected to a treadmill exercise on a 

motorized rodent treadmill (Jeung Do Bio & Plant) after 
the completion of the 4-week treatment period. The rats 
were individually placed into a treadmill lane at a 15° 
incline, and the electric shock (2 mA) frequency and 
intensity were set for 30 min. The treadmill was started 
at 6 m/min for 3 min, and then the speed was gradually 
increased at a rate of 9, 12, 15, and 18 m/min at 3-min 
intervals. The time until the rats were exhausted was 
measured. The rats in an exhausted state could not run 
for more than 10 s.

Swimming retention test
A swimming retention test was performed to eva-

luate the physical function of the rats, and the results 
were recorded throughout the 4-week treatment period. 
The swimming exercise was performed in a plastic bar-
rel filled with water maintained at 32–36 °C. The time 
from the start of swimming until the rats were exhausted 
and sank below the water surface for 10 s was recorded. 
The rats were immediately rescued from water to avoid 
drowning.

Biomarker analysis 
At the end of the experimental period, the rats were 

fasted for 12 h. Blood was collected from the abdominal 
artery, and serum was obtained by centrifugation of the 
blood at 4,000 rpm for 15 min.

Testosterone levels were measured at 0 and 4 weeks. 
Testosterone and LH levels were measured in the serum 
using testosterone and LH enzyme-linked immuno-
sorbent assay (ELISA) kits (ENZO Life Sciences), res-
pectively, according to the manufacturer’s instructions. 
The serum SHBG level was measured using an SHBG 
ELISA kit (Cloud-Clone Corp., Wuhan, Hubei, China). 
Serum DHEA-sulfate, GnRH, FSH, and inhibin levels 
were measured using rat DHEA, GnRH, FSH, and 
INHA ELISA kits (FineTest, Wuhan, Hubei, China), 
respectively. Serum prostate-specific antigen (PSA) was 
measured using a rat PSA ELISA kit (CUSABIO, USA) 
according to the manufacturer’s instructions. Total cho-
lesterol (TC), triglycerides (TGs), high-density lipo-
protein (HDL) cholesterol, glutamic oxaloacetic tran-
saminase (GOT), and glutamic pyruvic transaminase 
(GPT) were measured in the serum using commercial 
assay kits (DRI-CHEM 4000i; Fujifilm, Tokyo, Japan). 
The serum low-density lipoprotein (LDL) cholesterol 
value was calculated using the Friedwald formula (19) 
as follows: LDL cholesterol = TC − (HDL cholesterol 
+ TG/5). The atherogenic index (AI) was calculated as 
follows: AI = (TC − HDL cholesterol)/HDL cholesterol. 
The cardiac risk factor (CRF) was calculated as follows: 
CRF = TC/HDL cholesterol.

Histological analysis
After 4 weeks of treatment, the rats were anaesthe-

tized; the testis was excised, then fixed in Bouin's solu-
tion (Sigma, St. Louis, MO, USA), embedded in paraf-
fin, and 5-μm sections were cut using a microtome. The 
sections were deparaffinized in xylene, dehydrated in a 
graded alcohol bath, and stained with acidified hema-
toxylin and eosin. Finally, they were examined under an 
optical microscope.

Figure 1. Representative HPLC chromatogram of DME. Rutin and 
quercetin were detected in DME at 11.64 and 27.11 min, respec-
tively.

Figure 2. Effects of DME on testosterone production in TM3 cells. 
TM3 cells were treated for 24 h with various concentrations of 
DME (a) alone and (b) in the presence of H2O2. The values are the 
means ± SE. Different letters above the bars indicate significant 
differences, as determined by the Duncan's multiple comparison 
test (P < 0.05).
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cantly decreased in the H2O2-treated TM3 cells compa-
red with that in the control group. However, treatment 
of cells with 3, 10, 30, and 100 µg/mL DME signifi-
cantly increased the testosterone levels compared with 
that in the H2O2-treated cells.

3β-HSD expression in TM3 cells 
Leydig cells, which are testosterone-producing cells 

located in the interstitial compartment of a mammalian 
testis, support spermatogenesis in seminiferous tubules. 
3β-HSD expression is a prerequisite for testosterone 
production by the TM3 cell line, derived from mouse 
Leydig cells, and DME significantly upregulated the 
3β-HSD expression (Figure 3).

Body and organ weights
We further determined whether DME caused acute 

toxicity in rats. There were no significant toxicological 
changes in the following parameters, due to DME, du-
ring the experimental period (data not shown): the num-
ber of deaths, clinical signs, body weights, and necropsy 
findings. 

The weekly body weights of the aging rats treated 
with DME for 4 weeks are shown in Figure 4. In the 
control group, the body weights did not change during 
the first week of treatment but gradually increased from 

week 2 until the end of the experiment. The body weights 
of the rats in the DME 50 and 100 groups gradually in-
creased over the experimental period. In the DME 200 
group, the mean body weight gradually decreased over 
the experimental period (from 603.6 ± 24.2 g in the first 
week to 592.1 ± 12.1 g in the fourth week). However, 
compared with the control group, the DME groups did 
not show significant differences in the body weights.

Seven different body organs were weighed from each 
rat. As shown in Table 1, no significant differences were 
observed in the weights of the testis, epididymis, semi-
nal vesicle, prostate, liver, kidney, and spleen among the 
groups.

Physical tests
We investigated the effects of DME on the aging 

male rats using rotarod tests. The latency to fall time 
on the rotarod increased in the DME group compared 
with that in the control group (Figure 5a). Oral adminis-
tration of DME for 4 weeks significantly increased the 
retention time compared with that in the control group. 

Treadmill tests were performed to evaluate the ef-
fects of DME on the adaptation process of rat skeletal 
muscles to long-term physical strength. The running 
time on the treadmill significantly increased, from ap-
proximately 5 to 12 min. in the DME 200 group, indica-
ting more than a 100% improvement (Figure 5b). 

The DME-treated rats also tended to show an in-
creased swimming time. However, the differences in the 
swimming time between the control and DME-treated 
groups were not statistically significant (Figure 5c). 

Androgen levels 
We also investigated the effects of DME on serum 

testosterone levels in the aging male rats. As shown in 

Groups Testes (g) Epididymis (g) Seminal vesicle (g) Prostate (g) Liver (g) Kidney (g) Spleen (g)

Control 4.34 ± 0.17 0.76 ± 0.01 1.96 ± 0.19 1.27 ± 0.08 18.29 ± 
0.63 3.86 ± 0.23 1.04 ± 0.07

DME 50 4.32 ± 0.14 0.73 ± 0.04 1.98 ± 0.10 1.23 ± 0.08 19.18 ± 
0.75 3.96 ± 0.16 1.09 ± 0.06

DME 100 4.44 ± 0.05 0.77 ± 0.02 2.07 ± 0.25 1.11 ± 0.05 18.37 ± 
1.85 3.82 ± 0.19 0.98 ± 0.02

DME 200 4.37 ± 0.20 0.73 ± 0.03 1.92 ± 0.22 1.25 ± 0.14 18.17 ± 
0.58 3.79 ± 0.12 1.01 ± 0.08

Control, no administration of DME; DME 50, 50 mg/kg DME; DME 100, 100 mg/kg DME; and DME 200, 200 mg/kg DME per day. The values 
are the mean ± SE.

Table 1. Organ weights of aging male rats.

Figure 3. Effects of DME on protein expression of 3β-HSD, de-
termined in TM3 cell lysates by western blotting. Densitometric 
analysis was performed using the ImageJ software. The data are 
representative of three independent experiments. The values are 
the means ± SE. Different letters above the bars indicate significant 
differences, as determined by the Duncan's multiple comparison 
test (P < 0.05).

Figure 4. Effects of DME on body weights of aging male rats. 
Control, no administration of DME; DM 50, 50 mg/kg DME; 
DME 100, 100 mg/kg DME; and DME 200, 200 mg/kg DME 
administered daily. The values are the means ± SE.



24

Effect of DM on late-onset hypogonadism.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 10 

Myung-A Jung et al.

Figure 7a, the testosterone levels before the administra-
tion (week 0) were 249.79 ± 85.34, 250.68 ± 64, 247.00 
± 59.25, and 252.00 ± 40.00 pg/mL in the control, DME 
50, DME 100, and DME 200 groups, respectively. Oral 
administration of 50, 100, and 200 mg/kg DME for 4 
weeks significantly increased the serum testosterone 
levels, to 741.19 ± 141.31, 834.64 ± 86.91, and 858.94 
± 144.56 pg/mL, respectively, compared with that in the 
control group (307.76 ± 82.71 pg/mL).

SHBG is a glycoprotein that binds to, transports, and 
inhibits the function of testosterone. When testosterone 
is bound to SHBG, it cannot be used by the body. To 
investigate the effects of DME on serum SHBG levels 
in the aging male rats, DME (50, 100, and 200 mg/kg) 
was administered daily for 4 weeks. After 4 weeks, 
the SHBG levels were significantly lower in the DME 
groups than that in the control group (Figure 7b).

On the other hand, the DHEA concentrations in the 
DME 50, 100, and 200 groups (1.76, 6.35, and 8.60 
pg/mL, respectively) were significantly higher after 4 
weeks of treatment than that in the control group (0.72 
pg/mL; Figure 7c). As shown in Figure 6a, the testoste-
rone levels were also significantly higher in the DME-
treated groups than that in the control group. These 
results suggest that DME influences the production of 
DHEA, a precursor of testosterone.

Neuronal hormones 
LH and FSH, produced by the anterior pituitary 

lobe, are necessary for maintaining testosterone levels. 
An increase in LH and FSH levels elevates testosterone 
levels. Therefore, the effects of DME on neuronal hor-
mones were also measured in the aging male rats (Figure 
6). As shown in Figure 7b, the serum LH levels (4.05 ± 
0.11, 4.13 ±0.10, and 4.20 ± 0.08 mIU/mL) in the DME 
group were higher than those in the control group (3.65 
± 0.05 mIU/mL). FSH and inhibin levels did not signi-
ficantly differ among the treatment and control groups 
(Figure 6c and 6d).

Additionally, the effects of DME were measured 
on the GnRH levels in the aging male rats. As shown 
in Figure 7a, the GnRH levels in the DME 200 group 
(478.54 ± 164.40 mIU/mL) were higher than those in 
the control group. 

These data suggest that the age differentially in-
fluences the control mechanisms of FSH and LH secre-
tion. The observed simultaneous increases in FSH, LH, 
GnRH, and inhibin levels due to DME administration 
suggest that it may exerts its effects through the hypo-

Figure 5. Effects of DME on physical activity of aging male rats 
in (a) a rotarod test; (b) a treadmill test; and (c) a swimming test. 
Control, no administration of DME; DME 50, 50 mg/kg DME; 
DME 100, 100 mg/kg DME; and DME 200, 200 mg/kg DME ad-
ministered daily. The values are the means ± SE. Different letters 
above the bars indicate significant differences, as determined by 
the Duncan's multiple comparison test (P < 0.05).

Figure 6. Effects of DME on androgen levels in aging male rats. 
Control, no administration of DME; DME 50, 50 mg/kg DME; 
DME 100, 100 mg/kg DME; and DME 200, 200 mg/kg DME. The 
values are the means ± SE. Different letters above the bars indicate 
significant differences, as determined by the Duncan's multiple 
comparison test (P < 0.05).

Figure 7. Effects of DME on the levels of neuronal hormones 
in aging male rats: (a) GnRH, (b) LH, (c) FSH, and (d) inhibin. 
Control, no administration of DME; DME 50, 50 mg/kg DME; 
DME 100, 100 mg/kg DME; and DME 200, 200 mg/kg DME ad-
ministered daily. The values are the means ± SE. Different letters 
above the bars indicate significant differences, as determined by 
the Duncan's multiple comparison test (P < 0.05).
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thalamic-pituitary-testicular axis.

Serum lipid profiles and safety markers
As shown in Figure 8, the serum PSA levels did not 

significantly differ among the treatment and control 
groups. However, oral administration of DME decreased 
the TG and LDL cholesterol levels compared with those 
in the control group. The serum level of HDL choleste-
rol did not significantly differ among the treatment and 
control groups (Table 2).

GOT and GPT are important cellular metabolic 
enzymes used as sensitive indicators of hepatotoxic ef-
fects. In this study, the hepatic GPT and GOT levels in 
the DME-treated rats showed no significant differences 
with those in the control. These results indicate that the 
different doses of DME did not cause hepatotoxicity. 
There were no significant differences in CRF and AI 
among the groups either. 

Histological analysis
Histological examination of the testes from these 

aging rats revealed degeneration of spermatogonia cells, 
lining seminiferous tubules. The changes in the tissue 
structure of seminiferous tubules in the control group, 
such as the basement membrane thickening and reduc-
tion in seminiferous cells, indicated age-related damage 
to seminiferous tubules and associated cells. The DME 
groups showed increased testicular spermatogenesis 
and slight improvement in the damaged steroidogenic 
cells compared to the control (Figure 9).

Discussion

Late-onset hypogonadism is associated in aging men 
with a decrease in testosterone levels (20), leading to a 
loss of the skeletal muscle mass and a decreased loco-
motive capacity, as well as to depression, oligozoosper-
mia, and sperm inactivation. Leydig cells are continu-
ously exposed to various harmful effects, particularly 
from the middle age onward. These cells sustain gradual 
and progressive damage, along with age-related loss of 
physiological function. Many components of metabolic 
syndrome, such as obesity, hypertension, dyslipidemia, 
impaired glucose regulation and insulin resistance are 
also present in hypogonadal men (21). The results of 
the present study indicate that DME may have a signifi-
cantly positive effect on testosterone production in TM3 
cells and the sustained production of testosterone. The 
DM group showed increased spermatogenesis in the 
testes. The serum testosterone level is linked to the pro-
duction of active sperms. It can be suggested that the en-
hanced activity and health of Leydig cells together with 
the enhanced serum testosterone levels induced by DM 
treatment underlie the improved spermatogenesis. DME 
influences the production of DHEA, a precursor of tes-
tosterone. DHEA appears to serve as a prohormone that 
can be rapidly metabolized in target tissues to produce 
biologically active steroids, including androstenedione, 

Figure 8. Effects of DME on PSA levels in aging male rats. Control, 
no administration of DME; DME 50, 50 mg/kg DME; DME 100, 
100 mg/kg DME; and DME 200, 200 mg/kg DME administered 
daily. The values are the means ± SE.

A B

C D

Figure 9. Histological analysis of testes from aging male rats, stai-
ned with hematoxylin and eosin. (A) Control group (no adminis-
tration of DME); (B) DME 50 mg/kg group; (C) DME 100 mg/kg 
group; (D) DME 200 mg/kg group. Magnification 100×

Parameters Control DME 50 DME 100 DME 200
Total cholesterol (mg/dL) 124.75 ± 14.00a 106.25 ± 6.05a 105.00 ± 8.17a 99.6 ± 6.51a

Triglycerides (mg/dL) 159.20 ± 27.2b 132.40 ± 17.45b 117.00 ± 11.58ab 92.20 ± 13.54a

HDL cholesterol (mg/dL) 55.25 ± 5.42a 61.50 ± 3.33a 62.40 ± 2.08a 65.24 ± 3.71a

LDL cholesterol (mg/dL) 25.18 ± 2.66b 20.63 ± 2.25ab 19.10 ± 1.65ab 16.75 ± 1.25a

CRF 0.83 ± 0.05a 0.73 ± 0.13a 0.72 ± 0.11a 0.74 ± 0.09a

AI 1.83 ± 0.05a 1.73 ± 0.12a 1.72 ± 0.11a 1.74 ± 0.09a

GOT (U/L) 66.20 ± 2.75a 60.60 ± 3.11a 60.40 ± 4.06a 60.00 ± 3.83a

GPT (U/L) 25.40 ± 1.86a 24.80 ± 1.85a 23.40 ± 1.44a 23.20 ± 0.58a

The values are expressed as the mean ± SE. Different superscript letters indicate significant differences, as determined by the Duncan's 
multiple comparison test (P < 0.05). Control, no administration of DME; DME 50, 50 mg/kg DME; DME 100, 100 mg/kg DME; and DME 
200, 200 mg/kg DME per day. CRF, cardiac risk factor; AI, atherogenic index; GOT, glutamic oxaloacetic transaminase; GPT, glutamic 
pyruvic transaminase.

Table 2 Effects of Dendropanax morbiferus leaf extract (DME) on lipid profiles and safety markers in aging male rats.
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testosterone, and estradiol (22). Testosterone enhances 
the physical locomotion capacity (23). Notably, the in-
creased testosterone levels observed in DME-treated 
groups in this study were associated with significant 
enhancements of locomotor activities. FSH stimulates 
spermatogenesis in Sertoli cells, and LH stimulates the 
synthesis and release of testosterone by Leydig cells 
(24). The DME groups showed increased spermato-
genesis in the testes. Thus, it can be suggested that the 
improved spermatogenesis reflects an enhanced activity 
and health of Leydig cells. Testosterone promotes germ 
cell differentiation and active maturation (25, 26).

Testosterone therapy has long been considered 
contraindicated in men with prostate cancer, and PSA 
has been widely used as a tumor marker for screening 
and follow-up in patients with prostate cancer (27). 
Moreover, it serves as a safety marker for testosterone 
therapy. SHBG is a glycoprotein that binds to, trans-
ports, and inhibits the function of testosterone. When 
testosterone is bound to SHBG, it cannot be used by 
the body. The SHBG protein is perceived as maintain-
ing the hormonal balance in the body. The present re-
sults indicated that DME might play a significant role 
in the positive regulation of SHBG levels. In men, ag-
ing of the reproductive system is characterized by pri-
mary testicular failure and secondary (hypothalamic/
pituitary) testicular dysfunction. In male rats, the age-
associated reproductive decline is partially attributed to 
the reduced GnRH secretion. Hypothalamic Gnrh gene 
expression is decreased in aging male rat models (28), 
suggesting that a reduction in the GnRH synthetic ca-
pacity may contribute to age-associated declines in go-
nadotropin secretion and reproductive function. Inhibin 
B is produced by Sertoli cells in response to FSH and 
appears to reciprocally inhibit FSH secretion because 
serum inhibin B and FSH levels are negatively corre-
lated in healthy men, men with testicular disorders, and 
those with gonadotropin deficiency undergoing GnRH 
treatment (29,30). These data suggest that age differen-
tially influences the mechanisms controlling FSH and 
LH secretion. The simultaneous increases in FSH, LH, 
and GnRH levels, observed in this study, suggest that 
DME affects the hypothalamic–pituitary–testicular axis. 

Our data revealed a significant increase in androgen-
ic hormones such as testosterone and DHEA following 
the treatment with DME. Since the testosterone levels 
also significantly increased in the DME-treated groups, 
these results suggested that DME promoted the produc-
tion of DHEA, a precursor of testosterone. The level 
of physical strength was also increased by DME treat-
ment. Furthermore, the SHBG level was significantly 
downregulated, while the levels of GnRH, LH, FSH, 
and inhibin were increased by DME treatment. How-
ever, no significant differences in PSA, GOT, or GPT 
were observed among the groups. The levels of TGs and 
LDL-cholesterol significantly decreased after DME ad-
ministration. In conclusion, the present study provides 
evidence that DME improves various indicators associ-
ated with LOH and shows the potential to be used as a 
natural agent for treating LOH. 

Sexual behavior is dependent on the normal func-
tioning of the hypothalamic-pituitary-gonadal axis (31). 
The enhancement of libido may be due to an increase 
in the anterior pituitary hormone and serum testoster-

one levels, which in turn stimulates sexual behavior 
(32, 33). Recently, we reported that an aqueous DME 
affected the sexual behavior of male rats (17).

There are some limitations to this study. First, the 
mechanisms underlying the effects of DME remain to be 
explored. Second, the candidate chemicals that regulate 
the ameliorating effect of DME on LOH are unknown. 
Therefore, further studies are required to elucidate the 
underlying mechanism and identify the principal com-
ponents of DME.

In this study, we demonstrated a significant increase 
in androgenic hormones such as testosterone and DHEA 
following the treatment with DME. DME significantly 
increased the testosterone level and 3β-HSD protein 
expression in TM3 cells. The latency times in rotarod, 
treadmill, and swimming tests with rats were also in-
creased by DME treatment. Furthermore, SHBG lev-
els were significantly downregulated, whereas those of 
neurohormones such as GnRH, LH, FSH, and inhibin 
were increased by DME treatment. However, no signifi-
cant differences were observed in GOT and GPT among 
the groups. Similarly, the PSA levels in the DME groups 
were not significantly different from that in the control 
group. The levels of TGs and LDL cholesterol were sig-
nificantly decreased by DME administration. In conclu-
sion, the data obtained in this study provide evidence 
that DME enhances various indicators associated with 
TDS and can potentially be used as a natural substance 
for treating LOH.

Funding
This research was supported by the Support Program 

for Creative Industry Institutes (Commercial Biotech-
nology Sophistication Platform Construction Program, 
R0003950), funded by the Ministry of Trade, Industry 
& Energy (MOTIE, Korea).

Interest Conflict
The authors declare that they have no competing 

interests.

References 

1. Nieschlag E, Swerdloff R, Behre HM, Gooren LJ, Kaufman JM, 
Legross JJ, et al. Investigation, treatment, and monitoring of late-
onset hypogonadism in males: ISA, ISSAM, and EAU recommen-
dations. J Androl 2006; 27:135-7.
2. Feldman HA, Longcope C, Derby CA, Johannes CB, Araujo 
AB, Coviello AD, et al. Age trends in the level of serum testoste-
rone and other hormones in middle-aged men: longitudinal results 
from the Massachusetts Male Aging Study. J Clin Endocrinol Metab 
2002; 87:589-98.
3. Heller CG, Myers GB. The male climacteric: its symptomato-
logy, diagnosis, and treatment. JAMA 1944; 126:472-7.
4. Kaufman JM, Vermeulen A. Declining gonadal function in el-
derly men. Baillieres Clin Endocrinol Metab 1997; 11:289-309.
5. Zmuda JM, Cauley JA, Kriska A, Glynn NW, Gutai JP, Kul-
ler LH. Longitudinal relation between endogenous testosterone and 
cardiovascular disease risk factors in middle-aged men. A 13-year 
follow-up of former Multiple Risk Factor Intervention Trial partici-
pants. Am J Epidemiol 1997; 146:609-17.
6. Liverman CT, Blazer DG. Testosterone and Aging: Clinical 
Research Directions. The National Academies Press, Washington, 
D.C., 2004. 



27

Effect of DM on late-onset hypogonadism.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 10 

Myung-A Jung et al.

7. Yates, D.R. and Gordon, M. Male Reproductive System: Fine 
Structure Analysis by Scanning and Transmission Electron Micros-
copy. Masson Pub., USA, 1977. 
8. Chang CS, Kim H. and Chang, KS. Provisional Checklist of 
Vascular Plants for the Korea Peninsula Flora. Designpost, Seoul, 
2014.
9. Bae, KH. The Medical Plants of Korea. Kyo-Hak Publishing, 
Seoul, 2000.
10. Setzer WM, Green TJ, Whitaker KW, Moriarity DM, Yancey 
CA, Lawton RO, et al. A cytotoxic diacetylene from Dendropanax 
arboreus. Planta Med 1995; 61:470-1.
11. Lee BH, Choi JH, Kim HJ. Curing and thermal behaviors of 
Korean Dendropanax lacquer made by acetone and wine spirit ex-
traction methods. Prog Org Coat 2005; 52:241-5. 
12. Hyun TK, Kim MO, Lee, HK, Kim Y, Kim E. and Kim JS. Eva-
luation of anti-oxidant and anti-cancer properties of Dendropanax 
morbifera Leveille. Food Chem. 2013; 141:1947-1955.
13. Moon HI. Antidiabetic effects of dendropanoxide from leaves 
of Dendropanax morbifera Leveille in normal and streptozotocin-
induced diabetic rats. Hum. Exp. Toxicol 2011; 30:870-5.
14. Park BY, Min BS, Oh SR, Kim JH, Kim TJ, Kim DH, et al. 
Isolation and anticomplement activity of compounds from Dendro-
panax morbifera. J. Ethnopharmacol. 2004; 90:403-8.
15. Park SE, Sapkota K, Choi JH, Kim MK, Kim YH, Kim KM, 
et al. Rutin from Dendropanax morbifera Leveille protects human 
dopaminergic cells against rotenone induced cell injury through 
inhibiting JNK and p38 MAPK signaling. Neurochem Res 2014; 
39:707-18.
16. Chung IM, Kim MV, Park WH,  Moon HI. Antiatherogenic acti-
vity of Dendropanax morbifera essential oil in rats. Pharmazie 2009; 
64:547-9.
17. Jung MA, Oh KN, Choi EJ, Kim YJ, Bae D, Oh DR, et al. Effect 
of aqueous extract of Dendropanax morbifera leaf on sexual beha-
vior in male rats. J Food Nutr Res 2017; 5:518-521.
18. Mather JP. Establishment and characterization of two distinct 
mouse testicular epithelial cell lines. 
[1] Biol Reprod 1980; 23:243-52. 
19. Friedwald WT, Levy RI and Fredrickson DS. Estimation of the 
concentration of low-density lipoprotein cholesterol in plasma, wit-
hout use of the preparative ultracentrifuge. Clin Chem 1972; 18:499-
502.
20. Harman SM, Metter EJ, Tobin JD, Pearson J,  Blackman MR. 
Longitudinal effects of aging on serum total and free testosterone 
levels in healthy men. J Clin Endocrinol Metab 2001; 86:724-31.

21. Tan WS, Ng CJ, Khoo EM, Low WH, Tan HM. The triad of 
erectile dysfunction, testosterone deficiency syndrome and metabo-
lic syndrome: findings from a multi-ethnic Asian men study (The 
Subang Men’s Health Study). Aging Male 2011; 14:231-6.
22. Alrt W, Haas J, Callies F, Reincke M, Hübler D, Oettel M, et al. 
Biotransformation of oral dehydroepiandrosterone in elderly men: 
significant increase in circulating estrogens. J Clin Endocrinol Me-
tab 1999; 84:2170-6.
23. Sattler F, Bhasin S, He J, Chou CP, Castaneda-Sceppa C, Ya-
rasheski K, et al. Testosterone threshold levels and lean tissue mass 
targets needed to enhance skeletal muscle strength and function: the 
HORMA trial. J Gerontol A Biol Sci Med Sci 2011; 66:122-9.
24. Chauhann, N.S. & Dixit, V.K. Effects of Bryonia laciniosa seeds 
on sexual behavior of male rats. Int. J. Imp. Res. 2010; 22:190-195.
25. Bornman, M.S. & Rief, S. Serum testosterone levels in South 
African men and the onset of androgen decline in ageing males. S 
Afr J Surg 2007; 45:62-4.
26. Skakkebaek NE, Bancroft J, Davidson DW, Warner P. Androgen 
replacement with oral testosterone in hypogonadal men: a double 
blind controlled study. Clin Endocrinol 1981; 14:49-61.
27. Wang MC, Valenzuela LA, Murphy, GP, Chu TM. Purification 
of a human prostate specific antigen. Invest Urol 1979; 17:159-63.
28. Gruenewald DA, Matsumoto AM. Age-related decreases in se-
rum gonadotropin levels and gonadotropin-releasing hormone gene 
expression in the medical preoptic area of the male rat are dependent 
upon testicular feedback. Endocrinology 1991; 129:2442-50. 
29. Illingworth PJ, Groome NP, Byrd W, Rainey WE, McNeilly AS, 
Mather JP, et al. Inhibin B: a likely candidate for the physiologically 
important from of inhibin B in men. J. Clin. Endocrinol. Metab. 
1996; 81:1321-1325.
30. Nachtigal LB, Boepple PA, Seminera SB, Khoury RH, Sluss 
PM, Lecain AE, et al. Inhibin B secretion in with gonadotropin re-
leasing hormone (GnRH) deficiency before and during long term 
GnRH replacement: relationship to spontaneous puberty, testicular 
volume, and prior treatment-a clinical research center study. J Clin 
Endocrinol Metab. 1996; 81:3520-5. 
31. Andersson KE. Pharmacology of penile erection. Pharmacol 
2001; 53:417450.
32. Taha SA, Islam MW, Ageel AM. Effect of ambrein, a major 
constituent of ambergris, on masculine sexual behavior in rat. Arch 
Int Pharmacodyn Ther 1995; 329:283-94.
33. Subramoniam A, Madhavachandran V, Rajasekharan S, Push-
pangadan P. Aphrodisiac property of trichopus zeylanicus extract in 
male mice. J Ethnopharmacol 1997; 57:21-7.


