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ABSTRACT
Inflammaging in male reproductive organs covers a wide variety of problems, including sex-
ual dysfunction and infertility. In this study, the beneficial effects of cordycepin (COR), iso-
lated from potential medicinal fungi Cordyceps militaris, in aging-associated testicular
inflammation and serum biochemical changes in naturally aged rats were investigated. Male
Sprague Dawley rats were divided into young control (YC), aged control (AC), and COR (5,
10, and 20mg/kg) treated aged rat groups. Aging-associated serum biochemical changes
and inflammatory parameters were analyzed by biochemical assay kits, Western blotting,
and real-time RT-PCR. Results showed a significant (p< 0.05) alteration in the total blood cell
count, lipid metabolism, and liver functional parameters in AC group when compared with
YC group. However, COR-treated aged rats ameliorated the altered biochemical parameters
significantly (p< 0.05 and p< 0.01 at 5, 10, and 20mg/kg, respectively). Furthermore, the
increase in the expression of inflammatory mediators (COX-2, interleukin (IL)-6, IL-1b, and tis-
sue necrosis factor-alpha) in aged rat testis was significant (p< 0.05) when compared with
YC group. Treatment with COR at 20mg/kg to aged rats attenuated the increased expression
of inflammatory mediators significantly (p< 0.05). Mechanistic studies revealed that the
potential attenuating effects exhibited by COR in aged rats was mediated by regulation of
NF-jB activation and MAPKs (c-Jun N-terminal kinase, extracellular signal-regulated kinase 1/
2, and p38) signaling. In conclusion, COR restored the altered serum biochemical parameters
in aged rats and ameliorated the aging-associated testicular inflammation proving the thera-
peutic benefits of COR targeting inflammaging-associated male sexual dysfunctions.
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1. Introduction

Aging is an unavoidable phenomenon of life attrib-
uted with severe changes in the different levels from
molecules to organs, which carries a possibility of
accelerating several aging-related diseases (ARDs)
[1,2]. Aging and inflammation also termed as
“inflammaging” is an interconnected network with
steady development of the inflammatory state in
elderly population affecting various organ systems.
Inflammaging in male reproductive function covers
a wide variety of problems including erectile dys-
function, premature or delayed ejaculation, and a
decline of sexual desire ultimately leading to male
infertility [3,4]. Many of these changes can be
related to or exacerbated by aging-associated inflam-
matory responses [5,6].

As the life expectancy has been steadily improv-
ing, men are seeking to preserve their sexuality and
sexual potency into old age. Mounting evidence
indicated that pro- and anti-inflammatory molecules
and their imbalance contribute to fundamental
mechanisms of aging [7,8]. The presence of abnor-
mal and increasing inflammatory molecules in the
male reproductive tissues might affect the male
physiological sexual functions and become highly
detrimental in sperm production [9]. Therefore, it is
reasonable to assume that inflammation is usually
implicated in the testicular aging process. Although,
the impact of anti-inflammatory agents, caloric
restriction, and long-term physical exercise on
improving the elderly men health status were high-
lighted [1], the current knowledge on the inflam-
maging in male reproductive tract and development
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of appropriate therapeutic anti-inflammaging agents
that can help in mitigating male sexual dysfunctions
and testicular damage is still unclear [10].

Cordycepin (30-deoxyadenosine), a purine nucleo-
side derivative is the main functional component of
an entomopathogenic fungus, Cordyceps militaris
(Linn.) Fr., used extensively as a crude drug in trad-
itional Oriental medicine and as a folk tonic food in
East Asian countries [11,12]. Cordycepin has been
known to exhibit many pharmacological properties,
including antitumor, antifungal, antiviral, anti-
inflammatory, antiatherosclerotic, antioxidant, anti-
aging, and anticancer and has an ability to enhance
immune functions [13–16]. Furthermore, the anti-
inflammatory potential of C. militaris and its active
constituent cordycepin in lipopolysaccharide (LPS)-
stimulated macrophages, inflammatory-associated
diabetes regulating genes, and neuroinflammation
was also documented [17–20]. Recently, the thera-
peutic potential of cordycepin as a strong antiviral
agent against proteins with SARS-CoV-2 and in the
treatment of COVID-19 has been reported [21,22].

Reports from our laboratory and others also
revealed that cordycepin enhances sexual function
and ameliorates age-related oxidative stress-medi-
ated testicular dysfunction by restoring the antioxi-
dative enzyme status [23–26]. However, the
protective effects of cordycepin in inflammaging-
associated testicular damage have not been eluci-
dated. Thus, in the present study, we investigated
the effects of cordycepin in ameliorating inflamma-
tory responses in the testes of naturally aged rats
and explored the underlying mechanisms. In add-
ition, the effect of cordycepin on aging-mediated
biochemical changes in blood chemistry parameters
was also evaluated.

2. Materials and methods

2.1. Chemicals

Cordycepin (Figure 1(a)) was isolated from C. mili-
taris and purified by butanol partition, silica gel
flash chromatography, and recrystallization to obtain
99.5% pure compound named “COR” as reported
previously [26]. All chemicals and reagents were
purchased from Santa Cruz Biotechnology,
Dallas, TX.

2.2. Experimental animals and design

Fifty Sprague Dawley rats (40 rats, 14-month-old
650 ± 20 g and 10 rats, 2-month-old 280 ± 20 g), were
obtained from Hanil Experimental Animal Breeding
Co. Ltd. (Yeumsung, Chungbuk, Korea), and were
maintained at specific pathogen-free animal facility,
Regional Innovation Center, Konkuk University,

Republic of Korea. Animals were acclimatized at a
constant temperature (23 ± 2 �C) and relative humid-
ity (55 ± 10%) on a 12/12-h light/dark cycle for at
least 1 week prior to the experiments providing with
standard pellet diet and water ad libitum. For
experiments, rats were randomly divided into five
groups (n¼ 10): the young control (YC) and aged
control (AC) groups received only vehicle (distilled
water), whereas the COR-treated groups (COR-5,
COR-10, and COR-20) were administrated orally
after pelletization at daily doses of 5, 10, and 20mg/
kg body weight of COR, respectively for 6 months.
The selection of doses and administration proce-
dures were performed based on our previous study
[26]. At the end of the experiment schedule and
overnight fasting (only water was provided ad libi-
tum), the animals were sacrificed with carbon diox-
ide following the National Institutes of Health
(NIH) guidelines. The YC group was 8months old
and AC/COR groups were 20months old at the
time of sacrifice. The body weight increments dur-
ing the course of the study were monitored and tes-
tes of each rat were isolated after the experiment
removing any adhering adipose tissue. A 10% hom-
ogenate of the testis tissue was prepared in Tris-HCl
buffer (0.1M, pH 7.4), centrifuged (2500 rpm for
10min at 4 �C) to pellet the cell debris, and the clear
supernatant was used for Western blotting and
other biochemical assays. All animal experiments
were performed in accordance with the Institutional
Animal Care and Use Committee guidelines of
Konkuk University, and the study was approved by
the Animal Ethics Committee in accordance with

Figure 1. Effect of COR on body weight increments. (a)
Structure of cordycepin; (b) Total body weight increments
during the course of the study in YC, AC, COR-5, COR-10,
and COR-20 groups. Each point represents the mean± SD
(n¼ 10). ###p< 0.001 compared with YC group. YC: young
control, AC: aged control, COR-5: aged rats plus cordycepin
5mg/kg treated group, COR-10: aged rats plus cordycepin
10mg/kg treated group and COR-20: aged rats plus cordyce-
pin 20mg/kg treated group.
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the 14th article of the Korean Animal
Protection Law.

2.3. Blood chemistry panels

To measure the blood chemistry parameters, blood
samples were collected from the abdominal vein in
a SSTVR gel & clot activator tube (Becton and
Dickinson, Franklin Lakes, NJ, USA). Serum was
separated by centrifugation at 1500 � g for 10min
at room temperature. An automated chemistry ana-
lyzer (Hitachi-747, Hitachi Medical Co., Tokyo,
Japan) was used to measure serum biochemical
parameters association with lipid metabolism and
liver functions including the aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), alka-
line phosphatase (ALP), glutamyl transpeptidase
(c-GTP), albumin (Alb), total cholesterol (T-Cho),
triglyceride (TG), high-density lipoprotein-choles-
terol (HDL-C), and low-density lipoprotein-choles-
terol (LDL-C). A part of blood was collected in a
test tube containing ethylenediaminetetraacetic acid
(EDTA) (Vacutainer K3E, BD Biosciences,
Plymouth, UK) as an anticoagulant to measure the
number of blood cell and analyzed using an auto-
mated blood cell analyzer (Sysmex NE-8000, TOA
Medical Electronics, Kobe, Japan).

2.4. Western blot analysis

The procedure for protein expression analysis was
followed by Western blotting technique as described
earlier [27]. Briefly, testis protein from each samples
were separated by 10% sodium dodecyl sulfate–po-
lyacrylamide gel electrophoresis and transferred to
polyvinylidene fluoride membranes (Millipore,
Billerica, MA, USA). Each membrane was incubated
for 1 h in Tris-buffered saline containing 0.1%
Tween-20 and 5% skim milk to block nonspecific
binding. The membranes were then incubated with
specific primary antibodies (1:1000 dilution; Santa
Cruz Biotechnology, Dallas, TX, USA) against
inflammatory mediators. The proteins were detected
using horseradish peroxidase-conjugated secondary
antibodies and a chemiluminescence detection sys-
tem (GE Healthcare Life Sciences, Little Chalfont,
UK). The internal control used was b-actin and the
intensity was analyzed using the ImageJ software
package (version 1.41o; National Institutes of
Health, NIH, Bethesda, MD, USA).

2.5. Reverse transcription-polymerase
chain reaction

RNABee reagent (AMS Bio, Abingdon, UK) was
used to extract the total RNA according to the

manufacturer’s instructions, and 1 mg of extracted
RNA was reverse-transcribed as previously described
[28]. Polymerase chain reaction (PCR) was per-
formed as described in our previous report [27],
and the primers used for the study are shown in
Table 1. Band intensities were normalized to glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH)
band analyzed by NIH ImageJ software (version
1.41o; National Institutes of Health, Bethesda, MD).

2.6. Statistical analysis

The results are expressed as the mean± standard
deviation (SD). Statistical significance was analyzed
by one-way analysis of variance (ANOVA) followed
by Tukey’s post hoc test for multiple comparisons
using the Graph-Pad prism software package (ver-
sion 6.0; GraphPad, Inc., La Jolla, CA) for
Windows. A value of p< 0.05 was considered statis-
tically significant.

3. Results

3.1. Effect of COR on body weight increments

The changes in body weight gain in all the groups
during the course of experiment were observed on a
monthly basis. The body weights of the aged rats
were significantly higher compared with the young
rats (p< 0.001), which is seen as a normal growth
pattern and might be considered as an indicator of
aging. However, in COR-treated aged rat groups (5,
10, and 20mg/kg), the body weight gain was lower
when compared with untreated AC group but the
changes were not significant (Figure 1(b);
Supplementary Table S1).

3.2. Effect of COR on the blood chemistry panels

As shown in Table 2, the numbers of red blood cell
(RBC) and white blood cell (WBC) were decreased
significantly (p< 0.01) to more than 10% in AC
group when compared with YC group. Although the
platelet count in AC rats was also markedly
decreased when compared with YC group, the

Table 1. Primers used in the study.
Gene Oligonucleotide sequence (50–30)
IL-1b Forward: 50-AGG CTG ACA GAC CCC AAA AG-30

Reverse: 50-CTC CAC GGG CAA GAC ATA GG-30
IL-6 Forward: 50-GAA ATG ATG GAT GCT TCC AAA CTG G-30

Reverse: 50-GGA TAT ATT TTC TGA CAC AGT GAG G-30
TNF-a Forward: 50-ACT CCC AGA AAA GCA AGC AA-30

Reverse: 50-CGA GCA GGA ATG AGA AGA GG-30
COX-2 Forward: 50-GTG GAA AAG CCT CGT CCA GA-30

Reverse: 50-TCC TCC GAA GGT GCT AGG TT-30
GAPDH Forward: 50-GTT ACC AGG GCT GCC TTC TC-30

Reverse: 50-GAT GGT GAT GGG TTT CCC GT-30

IL, interleukin; TNF-a, tissue necrosis factor-alpha; COX-2, cyclooxege-
nase-2; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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results were not significant. In particular, significant
changes in the subtypes of WBC were displayed in
aged rats. Aging significantly increased the percent-
age of neutrophil (p< 0.05), eosinophil (p< 0.01),
lymphocyte (p< 0.05), and monocyte (p< 0.05) in
YC group. COR treatment (5, 10, and 20mg/kg) to
aged rats significantly improved the RBC count and
was found to be nearly normal level in COR-20
group (p< 0.01). However, COR treatment did not
influence the WBC count. In addition, the altered
subtypes of WBC in AC group were considerably
recovered by the administration of COR at all doses
(5, 10, and 20mg/kg). However, significant effect
was observed in recovering the altered neutrophil
(p< 0.5), eosinophil (p< 0.01), lymphocyte
(p< 0.05), and monocytes (p< 0.05) with COR
treated at 20mg/kg dose in aged rats.

3.3. Effect of COR on serum biochemical
parameters related to liver function

With respect to the serum biochemistry parameters
associated with liver functions, AC group showed
marked alterations when compared with YC group
with exception of Alb levels (Table 3). Significant
changes were observed in parameters including the
AST (p< 0.01), ALT (p< 0.05), ALP (p< 0.05), and
c-GTP (p< 0.05) between YC and AC groups.
However, COR (5, 10, and 20mg/kg) treatment to
aged rats ameliorated the altered levels of liver func-
tion marker enzymes when compared with AC
group. Although we observed a dose-dependent
effect with COR (5, 10, and 20mg/kg) in all the
parameters tested, a significant effect was shown by

COR treated at 20mg/kg dose in recovering the
parameters related to liver function in aged rats
(p< 0.01 for AST and ALT; p< 0.05 for ALP and
c-GTP, respectively).

3.4. Effect of COR on serum biochemical
parameters related to glucose and
lipid metabolism

Aging significantly decreased the glucose level and
increased the T-Cho and TG levels in AC group
when compared with YC group (p< 0.05). Treatment
with COR to aged rats ameliorated these changes
with a significant recovery observed in glucose and
TG levels treated at 20mg/kg (p< 0.05). In addition,
the HDL-C and LDL-C contents deviated from the
levels in YC group with aging but did not show sig-
nificant differences. However, COR treatment (5, 10,
and 20mg/kg) to aged rats showed improved HDL-C
and LDL-C levels when compared with AC group
(p< 0.01 at COR 20mg/kg). Interestingly, the
improved levels were found to be superior to the lev-
els observed in YC group (Table 4).

3.5. Effect of COR on aging mediated
inflammatory cytokine expression in rat testis

The protein and mRNA expression of inflammatory
mediators including COX-2, IL-1b, IL-6, and TNF-a
and their corresponding quantification data are
shown in Figures 2 and 3, respectively. The protein
expression of cyclooxegenase-2 (COX-2), interleukin
(IL)-1b, IL-6, and tissue necrosis factor-alpha (TNF-
a) were increased in the testis of AC groups when

Table 2. Effect of COR on the blood chemistry panels.
Group RBC (�106/mL) WBC (�103/mL) NEUT (%) EOS (%) BASO (%) LYMP (%) MONO (%) PLT (�106/mL)

YC 9.5 ± 0.3 8.2 ± 3.7 42.6 ± 5.0 4.7 ± 1.7 2.2 ± 0.6 30.4 ± 1.7 2.3 ± 0.3 867.0 ± 65.9
AC 8.5 ± 0.3## 6.9 ± 1.6## 60.4 ± 10.6# 12.3 ± 3.5## 1.9 ± 0.4 39.2 ± 5.1# 4.0 ± 1.2# 829.8 ± 136.4
COR-5 9.0 ± 0.4� 6.2 ± 0.8 57.6 ± 4.4 8.4 ± 3.3 1.9 ± 0.5 34.9 ± 6.2 3.9 ± 1.0 896.0 ± 231.0
COR-10 9.3 ± 0.6� 6.3 ± 2.2 55.0 ± 3.0 6.9 ± 2.3� 1.8 ± 0.5 33.5 ± 6.3 3.5 ± 0.6 846.1 ± 220.0
COR-20 9.4 ± 0.5�� 6.6 ± 1.1 44.1 ± 4.0� 6.2 ± 2.9�� 1.7 ± 0.5 30.9 ± 5.7� 2.6 ± 1.1� 857.3 ± 174.3

Data are expressed in mean ± SD. YC: young control, AC: old control, COR-5: cordycepin (5mg/kg) treated old rats, COR-10: cordycepin (10mg/kg)
treated old rats, COR-20: cordycepin (20mg/kg) treated old rats, RBC; red blood cell, WBC; white blood cell, NEUT; neutrophil, EOS; eosinophil, BASO;
basophil, LYMPH; lymphocyte, MONO; monocyte, PLT; platelet.
#p< 0.05 and ##p< 0.01 compared with YC group.�p< 0.05 and ��p< 0.01 compared with AC group.

Table 3. Effect of COR on serum biochemical parameters related to liver function.
Group Alb (g/dL) AST (U/L) ALT (U/L) ALP (U/L) c-GTP (U/L)

YC 4.2 ± 0.4 138.4 ± 75.1 89.5 ± 7.1 113.8 ± 12.4 2.2 ± 4.1
AC 4.1 ± 0.2 351.8 ± 72.9## 179.9 ± 37.7# 176.3 ± 75.1# 7.8 ± 6.5#

COR-5 4.0 ± 0.3 255.7 ± 72.8� 105.2 ± 72.2� 164.6 ± 30.7 3.4 ± 1.2
COR-10 4.3 ± 0.3 242.4 ± 102.1� 102.4 ± 80.9� 167.3 ± 50.4 2.7 ± 0.6�
COR-20 4.1 ± 0.4 198.0 ± 64.6�� 93.7 ± 80.8�� 148.0 ± 28.0� 2.5 ± 1.9�
Data are expressed in mean ± SD. YC: young control, AC: old control, COR-5: cordycepin (5mg/kg) treated old
rats, COR-10: cordycepin (10mg/kg) treated old rats, COR-20: cordycepin (20mg/kg) treated old rats, Alb; albu-
min, AST; aspartate aminotransferase, ALT; alanine aminotransferase, ALP; alkaline phosphatase, c-GTP; gamma-
glutamyl transpeptidase.
#p< 0.05 and ##p< 0.01 compared with YC group.�p< 0.05 and ��p< 0.01 compared with AC group.
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compared with the YC group. However, treatment
with COR at 20mg/kg attenuated the increased pro-
tein expression when compared with AC group
(Figure 2(a)). Quantification data revealed a marked
increase in protein level in AC group when com-
pared with YC group and this increase was signifi-
cantly (p< 0.01) reversed by COR (Figure 2(b);
Supplementary Table S2). The mRNA expression
and the corresponding quantification data showed a
similar pattern (Figure 3(a,b); Supplementary
Table S3).

3.6. Effect of COR on aging mediated NF-jB
signaling in rat testis

Compared with the YC group, the protein expres-
sion of phosphorylated IjB-a, IjB kinase-a (IKK-a),

and nuclear factor-jB (NF-jB) were increased in
AC group. COR (20mg/kg) treated aged rats
showed a marked decrease in phospo (p)-IjB-a, p-
IKK-a, and NF-jB expression (Figure 4(a)) when
compared with AC group. Quantification data indi-
cated that the relative intensities of p-IjB-a, p-IKK-
a, and NF-jB were increased when compared to YC
group, but significant (p< 0.05) increase was
observed only in p-IjB-a and NF-jB molecules
(Supplementary Table S4). COR treatment to aged
rats showed significant (p< 0.05) reduction in the
increased levels of p-IjB-a and NF-jB expression
(Figure 4(b)). Although the expression of p-IKK-a
was slightly decreased when compared with AC
group, the values were not significant. Furthermore,
there were no significant changes in the expression
level of IjB/a, and IKK-a between the YC, AC, and
COR-20 groups.

Figure 2. Effect of COR on protein expression levels of
inflammatory markers. (a) Protein expression of COX-2, IL-1b,
IL-6, and TNF-a in YC, AC, and COR-20 groups analyzed by
Western blotting in rat testis tissue; (b) Relative intensity lev-
els (fold) in three independent experiments, respectively.
b-Actin was used as an internal control. The data are
expressed as the mean± SD. #p< 0.05 compared with YC
and �p< 0.05 compared with AC group. COX-2: cyclooxege-
nase-2, IL: interleukin, TNF-a: tumor necrosis factor-a, YC:
young control, AC: aged control, COR-20: aged rats plus cor-
dycepin 20mg/kg treated group.

Figure 3. Effect of COR on the mRNA expression levels of
inflammatory markers. (a) mRNA expression of COX-2, IL-1b,
IL-6, and TNF-a analyzed by RT-PCR analysis in rat testis tis-
sue; (b) Relative intensity levels (fold) in three independent
experiments, respectively. GAPDH was used as an internal
control. The data are expressed as the mean± SD. #p< 0.05
compared with YC and �p< 0.05 compared with AC group.
COX-2: cyclooxegenase-2, IL: interleukin, TNF-a: tumor necro-
sis factor-a, YC: young control, AC: aged control, COR-20:
aged rats plus cordycepin 20mg/kg treated group.

Table 4. Effect of COR on serum biochemical parameters related to glucose and lipid metabolism.
Group Glu (mg/dL) T.Cho (mg/dL) TG (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL)

YC 180.2 ± 22.0 84.0 ± 17.1 85.6 ± 17.3 23.9 ± 3.0 6.9 ± 1.6
AC 132.5 ± 28.9# 115.6 ± 19.1# 117.5 ± 24.9# 19.3 ± 3.6 9.4 ± 1.8
COR-5 157.4 ± 22.5 102.1 ± 12.8 107.8 ± 39.4 25.3 ± 4.2 6.2 ± 1.4�
COR-10 159.2 ± 28.2 101.5 ± 30.2 99.0 ± 13.4 26.4 ± 2.0� 4.5 ± 1.6��
COR-20 172.4 ± 27.7� 99.0 ± 21.2 84.7 ± 12.1� 29.5 ± 1.3�� 5.0 ± 1.1��
Data were expressed in mean ± SD. YC: young control, AC: old control, COR-5: cordycepin (5mg/kg) treated old rats, COR-
10: cordycepin (10mg/kg) treated old rats, COR-20: cordycepin (20mg/kg) treated old rats, Glu; glucose, T.Cho; total choles-
terol, TG; triglyceride, HDL-C; high density lipoprotein-cholesterol, LDL-C; low density lipoprotein-cholesterol.
#p< 0.05 and ##p< 0.01 compared with YC group.�p< 0.05 and ��p< 0.01 compared with AC group.
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3.7. Effect of COR on aging mediated
inflammatory MAPK signaling in rat testis

To understand the mechanistic pathway involved in
the protective effect of COR in aging-mediated tes-
ticular inflammation, we further assessed the mito-
gen-activated protein kinase (MAPK) signaling
expression including the c-Jun N-terminal kinase
(JNK), extracellular signal-regulated kinase (ERK),
and p38 MAPKs, in testis of aged rats by detecting
their phosphorylated forms by Western blot analysis
using respective phospho-specific antibodies (Figure
5(a)). Compared with YC group, the expression of
these molecules was increased in AC group. Results
showed that the aging-associated inflammatory
responses strongly enhanced the phosphorylation of
all the three MAPKs tested (p-JNK, p-ERK, and p-
p38 MAPKs). However, COR (20mg/kg) treated
aged rats ameliorated the increased expression.
Quantification data revealed a marked reduction in
the increased expression of these molecules with sig-
nificant (p< 0.05) levels observed with p-ERK, and
p-p38 MAPKs (Supplementary Table S5). Although
the increased p-JNK expression observed in AC rats
was reduced in COR-20 group, the values were not
significant (Figure 5(b)). Furthermore, there were
no significant changes in the expression level of

JNK, ERK, and p38 MAPKs between the YC, AC,
and COR-20 groups.

4. Discussion

It is well understood that there is an accelerated
inflammatory condition and imbalance in inflamma-
tory homeostasis with increase in age. Aging and
inflammation the two closely related processes
termed as “inflammaging” can affect multi-organ
system contributing to the pathogenesis of various
ARDs including the dysfunction in male reproduct-
ive system [29,30]. Although decrease in sexual
libido and desire can be considered normal during
aging process, the impact of inflammaging in male
reproductive tract might enhance the sexual prob-
lems causing erectile dysfunction, premature ejacula-
tion, impotence, and testicular damage [31,32].
Since the processes of inflammaging are low grade,
chronic, and micro-inflammatory in nature, exten-
sive research has been done to identify a potential
therapeutic agent in attenuating the inflammaging
process in male reproductive system. Delaying the

Figure 4. Effect of COR on expression of NF-jB-mediated
inflammatory responses. (a) Protein expression of phospho-
IjB-a, IjB-a, phospho-IKK-a, IKK-a, and NF-jB in YC, AC,
and COR-20 groups analyzed by Western blotting in rat tes-
tis tissue; (b) Relative intensity levels (fold) in three inde-
pendent experiments, respectively. b-Actin was used as an
internal control. The data are expressed as the mean± SD.
#p< 0.05 compared with YC and �p< 0.05 compared with
AC group. NF-jB: nuclear factor-jB, IKK-a: IjB kinase-a, IjB-
a: NF-jB inhibitor-a, YC: young control, AC: aged control,
COR-20: aged rats plus cordycepin 20mg/kg treated group.

Figure 5. Effect of COR on MAPKs-mediated inflammatory
signaling. (a) Protein expression of phospho-JNK, JNK, phos-
pho-ERK1/2, ERK1/2, phospho-p38, and p38 MAPKs in YC,
AC, and COR-20 groups analyzed by Western blotting in rat
testis tissue; (b) Relative intensity levels (fold) in three inde-
pendent experiments, respectively. b-Actin was used as an
internal control. The data are expressed as the mean± SD.
#p< 0.05 compared with YC and �p< 0.05 compared with
AC group. YC: young control, AC: aged control, COR-20:
aged rats plus cordycepin 20mg/kg treated group, p-JNK:
phospho-c-Jun N-terminal kinase, ERK: extracellular signal-
regulated kinase, p-38 MAPK: p38 mitogen-activated pro-
tein kinase.
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aging of the testis and improving the physiological
sexuality in aged men is an important strategy as
the testis is the major organ in spermatogenesis.

Earlier report indicated that rats with age range
from 6 to 12months (�30 years of human age) can
be considered as young adults and rats with age
range 20–30months (�60–75 years of human age)
as aged rats [33]. Therefore, in the present study, we
used the young control (8months old) and naturally
aged rats (20months old) to study the effects of
COR by evaluating various biochemical aspects.
COR-treated aged rats significantly decreased the
body weight gain compared with untreated aged
rats. Although the changes in body weights might
not be considered as potential markers in aging, our
observations might support the earlier study that
COR possess hypolipidemic and antiadipogenic
effects thereby aiding in maintaining the body
weights in COR-treated aged rats [34].

Previous studies revealed that aging and inflam-
mation alters the blood cell counts significantly with
decreased levels of RBC, WBC, and platelets.
Alternatively, elevated levels of almost all subtypes
of WBC counts, including eosinophils, monocytes,
neutrophils, and lymphocyte were observed [35–37].
In agreement, in the present study, aged rat groups
showed decreased RBC, WBC, and platelet count
compared with young rats. The WBC subtypes
including eosinophils, neutrophils, monocytes, and
lymphocytes were elevated in aged rats compared
with YC rats. COR treatment alleviated the
decreased RBC count significantly but did not show
significance in the WBC and platelet count. In gen-
eral, adult populations show an increased level of
WBC and neutrophil count during inflammatory
states [38]. However, aged and geriatric patients did
not develop an increase in WBC count during
inflammatory conditions, which might be due to the
misadapted response of the immune system [39].
WBC count, a biomarker of immunological func-
tion, is reduced under cardiovascular diseases,
smoking, and obesity [40,41]. In the present study,
COR treatment to aged rats improved dose-depend-
ently the increased neutrophil count when com-
pared with AC group. The increased eosinophil,
lymphocyte, and monocyte counts caused by aging
were also reduced. Accordingly, cordycepin is
expected to boost immunological function of the
elderly people.

The physiological aging of liver is low in com-
parison with other organs due to its immense regen-
eration capacity. However, studies indicated that
older individuals develop increased liver enzymes
and these changes are associated with increasing
risk of cardiovascular mortality [42]. Normal levels
to slight decrease in serum albumin and elevated

levels of AST, ALT, ALP, and c-GTP were observed
with aging [43]. Furthermore, aging and inflamma-
tion together elevate liver enzymes and attenuate liver
functions thereby accelerating the onset of various
liver diseases [44]. In the present study, the liver
enzyme (AST, ALT, ALP, and c-GTP) levels in aged
rats were significantly increased in agreement with
the reported literature. In the conditions of low-grade
chronic inflammation in aging, altered glucose and
lipid metabolism was also observed [45]. In the pre-
sent study, COR improved the altered parameters
associated with lipid metabolism suggesting that COR
successively recovers liver functions in aged rats.

In the blood chemistry panels and serum bio-
chemical profile evaluations, although we observed a
dose-dependent effect at 5, 10, and 20mg/kg, sig-
nificant values were observed in all parameters
tested with COR treated at 20mg/kg (COR-20
group). Therefore, COR at 20mg/kg dose was used
to study the effects on aging-associated inflamma-
tory responses in the testis of aged rats. Chronic
low-grade inflammation is thought to be a deter-
minant of the aging, and age-related increase in the
systemic levels of several gerokines such as chemo-
kines and cytokines was observed when compared
with young individuals [46,47]. Upregulation of
COX-2 expression induced by IL-1b and its recep-
tors in testicular cells and increased COX-2 mRNA
levels in Norway rat Leydig cells was reported
[48,49]. Age-related decline of male reproductive
functions was directly linked to the upregulation of
IL-1b, TNFa, and prostaglandins [50]. In the pre-
sent study, there is a significant increase in the
inflammatory mediators and the proinflammatory
cytokine such a COX-2, IL-1b, IL-6, and TNF-a in
aged control rat testes when compared with young
controls that are predicted to contribute to the
inflammaging. COR treatment (20mg/kg) to aged
rats significantly attenuated the aging-associated
inflammatory responses by restoring the excessive
inflammatory cytokines production in comparison
with aged control rats. Our results are in agreement
with earlier reported works that ginsenoside Rg1
and a traditional Chinese herbal formula
(Liuweidihuang Pills) inhibited the increased levels
of proinflammatory cytokines and alleviated inflam-
mation in aged testicular tissues in experimental
aged mice and rats [51,52].

The NF-jB signaling pathway and its activation
by inflammatory stresses in various tissues has been
proposed to be one of the key mediators of aging
and associated with several ARDs. NF-jB is a family
of transcription factors implicated in numerous
stress responses including male testicular cell death
[53]. NF-jB activation accelerates the release of
proinflammatory molecules, which was observed in
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aged rats. Earlier report indicated that regulation of
NF-jB activity can be helpful in counteracting tes-
ticular stress thereby preserving testicular function
in aged mice [54]. NF-jB exists in the cytoplasm
with IjBa in an inactive state. During aging IKK
(IjB kinase) is activated, resulting in the IKKb-
mediated phosphorylation of IjBa. Phosphorylated
IjBa is subsequently ubiquitinated and degraded,
leading to release and activation of NF-jB complex
[55]. NF-jB is then transferred from the cytoplasm
to the nucleus, where it induces the expression of
downstream proinflammatory factors genes such as
IL-1, IL-6, and TNF-a [56,57]. In this study, the
expression of NF-jB and phosphorylation of IjB-a
increased in aged rat groups and COR treatment to
aged rats significantly inhibited the activation of
NF-jB and phosphorylation of IjB-a expression
indicating that COR might play a potential role in
inhibitive proinflammatory activations via the NF-
jB signaling system.

MAPKs have been shown to play important roles
in inflammation-associated ARDs mediating the
inhibition of cell proliferation or cell death. The
sub-families including the JNK, ERK, and the p38
MAPKs were activated by mitogens, stress response,
and inflammatory cytokines [58,59]. MAPKs have
shown to decline the function of male reproductive
system by negatively affecting the spermatogenesis,
sperm maturation and activation, capacitation, acro-
some reaction ultimately reducing the semen quality
and fertility [60]. Previous reports indicated that the
sperm development in mammalian testis is regulated
by MAPKs and abnormal activation of MAPKs can
dysfunction Sertoli cells and affect the germ cell
development [61]. Furthermore, activation of
MAPKs by reproductive toxicants including the
bisphenol A, 1–3-dinitrobenzene and 4-nonylphenol
isomers in Sertoli TM4 cells was observed [62–64].
Furthermore, reduced ERK and p38 MAPK activities
were observed in brains of aged animals and MAPKs
signaling is involved in neuronal damage in aged rat
brain tissues [65]. MAPKs activity was also involved
in dermal inflammaging induced by particulate matter
in human keratinocytes and fibroblasts [66]. In the
present study, significant increase in the MAPKs
expression including the JNK, ERK1/2, and p38
MAPK phosphorylation levels was shown in the testis
of aged rats. However, treatment with COR (20mg/
kg) ameliorated these changes indicating that COR
might regulate the increase in MAPKs activities
thereby increase the reproductive success in aged rats.

5. Conclusions

The present study showed that long-term adminis-
tration of COR improved the serum biochemical

parameters in aged rats and attenuated aging-associ-
ated testicular inflammatory responses via regulating
the NF-jB/MAPKs signaling pathways indicating its
potential benefits in inflammaging-mediated testicu-
lar and male sexual dysfunctions.
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