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Abstract: Background and Objectives: Chronic kidney disease (CKD) is a growing public health problem with an
urgent need for new pharmacological agents. Cordyceps cicadae is widely used in traditional Chinese medicine (TCM)
and has potential renoprotective benefits. The current study aimed to determine any scientific evidence to support its
clinical use. Methods: We analyzed the potential of two kinds of C. cicadae extract, total extract (TE) and acetic ether
extract (AE), in treating kidney disease simulated by a subtotal nephrectomy (SNx) model. Sprague-Dawley rats were
divided randomly into seven groups: sham-operated group, vehicle-treated SNx, Cozaar, 2 g/(kg-d) TE SNx, 1 g/(kg-d)
TE SNx, 92 mg/(kg-d) AE SNx, and 46 mg/(kg-d) AE SNx. Renal injury was monitored using urine and serum analyses,
and hematoxylin and eosin (HE) and periodic acid-Schiff (PAS) stainings were used to analyze the level of fibrosis. The
expression of type IV collagen (Col IV), fibronectin (FN), transforming growth factor-1 (TGF-B1), and connective
tissue growth factor (CTGF) was detected by immunohistochemistry. Results: Renal injury, reflected in urine and
serum analyses, and pathological changes induced by SNx were attenuated by TE and AE intervention. The deposi-
tions of Col IV and FN were also decreased by the treatments and were accompanied by reduced expression of
TGF-B1 and CTGF. In some respects, 2 g/(kg-d) of TE produced better effects than Cozaar. Conclusions: For the first
time, we have shown that C. cicadae may inhibit renal fibrosis in vivo through the TGF-31/CTGF pathway. Therefore,
we conclude that the use of C. cicadae could provide a rational strategy for combating renal fibrosis.
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1 Introduction accelerated (Wojcikowski et al., 2006). In contrast to

the relatively recent period of new drug exploitation,

Chronic kidney disease (CKD) is a global public
health problem with a high case fatality rate.
Although remarkable advances have been made in
intervention techniques, the incidence, prevalence,
and cost of CKD are increasing (Trivedi et al., 2002),
which suggests that the exploitation of new
pharmacological agents for treatment should be
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many traditional Chinese medicines (TCMs) have
been employed successfully for their diuretic and
renal protective actions for centuries, and well-
documented pharmacopoeias exist (Wu and Liang,
2007). However, the wide use of TCM has been
largely restricted because of a shortage of
pharmacological studies and well-designed clinical
trials. More significantly, rigorous scientific research
must be used to evaluate the safety and efficacy of
TCM therapies, which may also provide information
for the community and complement current treatments.

Cordyceps cicadae (Fig. 1), a caterpillar-shaped
medicinal mushroom that derives its nutrients from
larvae of Cicada flammata Dist., has been utilized in
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Chinese herbal medicinal prescriptions for thousands
of years. C. cicadae belongs to genus Cordyceps, a
genus of ascomycete fungi that includes about 400
described species (Paterson, 2008). All Cordyceps
species are endoparasitoids, living mainly on insects
and other arthropods. Since they were first used for
treating multiple disorders in Chinese herbal
medicinal prescriptions, there has been an accumulation
of scientific evidence to support the use of Cordyceps
for the treatment of kidney disease (Paterson, 2008;
Wojcikowski et al., 2004; 2006). The best known
species of the genus is C. sinensis, which has been
used for nearly two thousand years as a kidney tonic
(Wojcikowski et al., 2006). However, its high price,
restricted source, and low production have greatly
limited its use. Several studies have demonstrated that
C. cicadae, another useful member of the family,
have various biological activities (Kuo et al., 1994;
1996; 2001). Having been used in Chinese herbal
medicinal prescriptions for relief of asthma for a long
time (Kuo et al., 2003), C. cicadae has recently
received increasing attention for its effective
renoprotective function (Jin et al., 2005; Jin and Chen,
2006; Wang and Chen, 2006). Compositional analysis
has shown that the amino acid, Cordyceps
polysaccharide, and mannitol contents of C. cicadae
are similar to those of C. sinensis (Wang and Liu,
2004). Furthermore, C. cicadae may be safer than C.
sinensis as it has lower contents of arsenic and lead,
and no detectable mercury. However, in-depth research
which could promote more usage is still limited.

Fig. 1 Cordyceps cicadae used for this study

In the present study, 5/6 subtotal nephrectomized
(SNx) rats were used to determine whether C. cicadae
extracts can effectively attenuate the renal fibrosis
process and therefore, relieve kidney malfunction.
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We analyzed urine and serum biochemistry indexes to
monitor renal injury following treatment with C.
cicadae extracts. Hematoxylin and eosin (HE) and
periodic acid-Schiff (PAS) stainings were used to
study the dynamic histological changes in the kidneys
42 d after intervention. The expression of type IV
collagen (Col IV), fibronectin (FN), transforming
growth factor-p1 (TGF-B1), and connective tissue
growth factor (CTGF) was analyzed using immuno-
histochemical staining. As expected, similar to Cozaar,
the C. cicadae extracts alleviated the renal damage and
decreased the deposition of Col IV and FN in SNx rats
by reducing the expression of TGF-B1 and CTGF. For
the first time, our findings revealed that C. cicadae
could significantly retard the progression of renal
malfunction induced by subtotal nephrectomy.

2 Materials and methods
2.1 Preparation of extracts from C. cicadae

Artificially cultured C. cicadae was kindly pro-
vided by Prof. Zhu-an CHEN (Zhejiang Subtropical
Crops Institute, China). The preparation of extracts
from C. cicadae was carried out according to the
standard extraction procedure of Chinese medical
herbs (Fig. 2). In detail, the dried fruiting bodies of
artificially cultured C. cicadae were extracted twice
with 200 ml of boiling water (100 °C) for 3 h. The
brown-colored extracts were then filtered twice with
95% ethanol at room temperature, for 24 h each time.
The solvent from all extractions was combined to
obtain the total extract (TE) with extraction rate of
50%. The TE was further decompressed and extracted
with acetic ether to obtain the acetic ether extract
(AE), in which the extraction rate was 2.29% (Fig. 2).

The dosage of the drug used was calculated us-
ing the following formula: the classic adult dosage of
C. cicadae mycelia (12 g/(60 kg-d))x20xextraction
rate (50%)=2 g/(kg-d), as a single dose for one rat. To
monitor the dose-related action of the drug, we further
reduced the consumption to 1 g/(kg-d) as the lower
dosage of the TE. Following the same method, we
identified 92 mg/(kg-d) and 46 mg/(kg-d) as AE con-
sumption doses. Consumption of 33 mg/(kg-d) of
Cozaar (Losartan potassium; positive control) was
identified from 200 mg/(60 kg-d) for the adults
maximum dose.
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Fig. 2 Flowchart for preparation of TE and AE from the fruiting bodies of C. cicadae

2.2 Animals and experimental design

A total of 120 male Sprague-Dawley (SD) rats
(8 weeks old, (2654+30) g) were obtained from the
Laboratory Animal Center of Shanghai University of
Traditional Chinese Medicine. All experimental
procedures were carried out according to the rules and
regulations laid down by the Home Office (Animal
Scientific Procedures Act, UK in 1986). The ex-
perimental protocol for this study was reviewed and
approved by the National Kidney Research Fund
(Animal Scientific Procedures Act, UK, in 1986). The
rats underwent remnant kidney surgery (Kliem et al.,
1996). Caudal vein blood was collected at 14 d after
secondary surgery. A serum creatinine (Scr) test was
then performed to confirm the establishment of the
expected model. Animals with Scr above 100 pumol/L
were excluded from further research. All qualifying
animals were randomly divided into six groups: SNX,
Cozaar, 2 g/(kg:d) TE, 1 g/(kg-d) TE, 92 mg/(kg-d)
AE, and 46 mg/(kg-d) AE (Fig. 3). Intragastric ad-
ministration started at 14 d after secondary surgery on
qualifying rats. The duration of therapy was 42 d.
When the treatment was completed, blood was
collected from the tail vein, then analyzed for hemo-
globin (Hb), Scr, albumin (ALB), and alanine ami-
notransferase (ALT) using a Sysmex KX-21 auto-
mated hematology analyzer (Sysmex Co., Kobe, Ja-
pan) or a Hitachi 7170A biochemistry analyzer

120 male SD rats
A
< B
n=12 n=108

sham surgery remnant kidney surgery
P

~ N
Scr (umol/L) Died before sample collection
K_E

>100 <100 l

”im ”]?7 n=8
Excluded Grouping
SNx Cozaar TE2 TE1 AE92  AE46
n=17 n=14 n=14 n=14 n=14 n=14

Fig. 3 Grouping information of the study
TE2: 2 g/(kg-d) TE; TE1: 1 g/(kg-d) TE; AE92: 92 mg/(kg-d)
AE; AE46: 46 mg/(kg-d) AE

(Hitachi Co., Ltd., Tokyo, Japan). To reduce the in-
fluence of body weight on Scr level, we corrected the
renal function according to the Cockcroft-Gault for-
mula: GFR=(140—a)xWxb/(72xc), where GFR is
glomerular filtration rate, a is the age (year), W is the
body weight (kg), b is equal to 0.85 for female, and ¢
is the concentration (umol/L) of Scr. As the experi-
mental animals shared a common age and gender, we
corrected the Scr level using the ratio of body weight
to Scr level. For urine collection, the rats were placed
in metabolic cages for 24 h to determine protein
excretion and other urinary parameters using a Hi-
tachi 7170A biochemistry analyzer before they were
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sacrificed. Finally, the rats were killed under isoflu-
rane anesthesia (Webster Veterinary Supply, Besse-
mer, AL, USA), and the kidneys were collected, each
of which was divided into four equal sections. One
section was fixed in 10% neutral formalin solution
while the others were frozen immediately in liquid
nitrogen and preserved at —80 °C until used.

2.3 Histopathological examination

The fixed kidneys were embedded in paraffin,
and then cut into 4-um sections. All the sections were
stained with HE and PAS to confirm glomeruloscle-
rosis, which was defined by the collapse of the lumen
of glomerular capillaries and/or hyalinosis. Sections
stained with HE were used for general histology. The
immunohistochemical microimage analysis system
(East China University of Science and Technology,
Shanghai, China) was used to identify the PAS-
positive area and the total area of glomeruli, from
which the ratio of the positive area to the matrix area
was calculated. At least 50 glomeruli were evaluated
under 400 magnification and results were averaged
for each kidney.

The glomerulosclerosis index (GSI) was as-
sessed in 50 glomeruli per rat. Injury score was
evaluated with a scale of 1-4 as previously reported
(Gadola et al., 2004): 1, mesangial expansion/
sclerosis involving 25% of the tuft; 2, 25% to 50%; 3,
50% to 75%; 4, >75%. The GSI for each rat was cal-
culated as the mean value of all glomerular scores
obtained.

A tubulointerstitial injury score (TIS) was as-
sessed in 20 randomly selected cortical areas per
sample. Lesions were graded from 0 to 3 (0, normal; 1,
lesions involving <25% of the cortical area; 2, 25% to
50%; and 3, >50%) (Gadola et al., 2004). The score
index in each rat was expressed as the mean value of
all scores obtained.

2.4 Immunohistochemical staining analysis

Paraffin-embedded sections (4 um) were depar-
affinized, then washed with phosphate-buffered sa-
line (PBS). After 5 min of treatment with 3% (v/v)
H,0; and 1 h of blocking with 0.1 g/ml normal horse
serum, the sections were incubated with primary an-
tibodies, including antibodies to Col IV, FN, TGF-p1
and CTGF (Santa Cruz Biotechnology, CA, USA), at
4 °C overnight as described previously (Zuo et al.,
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2009). Slides were incubated with appropriate biotin-
conjugated secondary immunoglobulin G (IgG), and
treated with reagents from a Vecta-Elite streptavidin-
peroxidase kit (Vector Laboratories, Burlingame, CA,
USA).

2.5 Statistical analysis

All statistical analyses were performed using the
SPSS statistical software package (SPSS, Chicago, IL,
USA). The data were expressed as meantstandard
deviation (SD). One-way analysis of variance
(ANOVA) was used to perform comparisons between
the different groups, and P<0.05 was considered as
statistically significant.

3 Results
3.1 General data

Before surgery, the rats in all groups had similar
body weight (data not shown) and average food intake
was similar among groups. Although body weight
increased in all groups throughout the study, SNx
groups exhibited limited growth compared with the
sham group (Table 1). However, there was no statis-
tically significant difference in body weight before
treatment among all SNx groups.

Table 1 Body weight differences between groups be-
fore and after treatments

Body weight (g)
Group
Day 0 Day 42
Sham 312.9+11.2 393.5428.5"
SNx 252.5+17.7 275.6+22.6"
Cozaar 244.5+17.7 274.8+20.5"
2 g/(kg-d) TE 251.4+15.7 335.4+32.9"
1 g/(kg-d) TE 253.843.4 313.4433.5"
92 mg/(kg-d) AE 249.8+17.7 313.5426.1""
46 mg/(kg-d) AE 253.4+13.1 275.9425.97

Data: meantSD. * P<0.05 vs. SNx group; " P<0.05 vs. Cozaar
group

Both TE and AE treatments were well tolerated:
the animals had a similar mental status, activity, fur
color, and appetite. There were significant differences
in body weight between the groups according to the
choice of drugs (Table 1). In fact, through exposure to
the extracts of C. cicada, in both the TE and AE groups,
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the reduction in body weight was reduced. Furthermore,
the treatment effect appeared to be more significant in
the TE and AE groups than in the Cozaar group. It
may be that, compared with Cozaar, the C. cicada
extracts provided better nutrition or attenuated disease-
related malnutrition in the experimental animals.

3.2 Renal injury improvement after treatment
shown by urine analysis

Measurement of protein excretion in a 24-h uri-
nary protein (24HUP) test is the gold standard for the
quantitative evaluation of proteinuria. SNx rats
showed a significant increase in urinary protein ex-
cretion (Table 2), which was markedly reduced by
Cozaar and C. cicadae extract intervention. However,
the effect of C. cicadae extracts seemed weaker than
that of Cozaar. The total protein-creatinine ratio
(TPCR) is another parameter for analysis of renal
function. As C. cicada extracts can elevate the urine
creatinine (UC) level, they can also work as effec-
tively as Cozaar in reducing the TPCR (Table 2). The
most marked effect was obtained in the 2 g/(kg-d) TE
group. Urine osmotic pressure (UOP) is also measured
in research studies. Although SNx can greatly impair
the renal concentration function, the UOP was only
half of that of the sham group. C. cicada extracts and
Cozaar can attenuate this impairment, leading to a
significant upregulation in UOP (Table 2).

3.3 Renal function aggravation, and anemia and
liver function attenuation by Cozaar and C. cica-
dae extract treatments

It is well known that renal function (usually re-
flected by the Scr) is impaired in SNx rats. In the
current study, the SNx rats (receiving vehicle)

developed proteinuria with higher Scr levels com-
pared with sham-operated controls (Table 3). Treat-
ment with intubation feeding of C. cicadae extract at a
dose of 2 g/(kg-d) reduced the Scr level over 42 d by
about 25%, to only (113.87+£22.51) umol/L. To di-
minish the influence of body weight, we corrected the
Scr level values. C. cicadae extracts effectively re-
duced the corrected Scr levels. Moreover, this effect
was stronger in both the large-dose group of TE and
the AE group than in the Cozaar group (Fig. 4).

Anemia is an important concomitant symptom in
renal disease, and the Hb level has a close relationship
to the disease prognosis. Compared with the vehicle,
C. cicadae extracts increased the Hb level consid-
erably (Table 3). The Hb level in the Cozaar group
was (131.7545.00) g/L, which was dramatically lower
than that in the 2 g/(kg-d) TE group.

120
100

80

60

GFR (%)

40

20

Sham SNx

Cozaar TE2 TE1
Group

AES2 AE46

Fig. 4 Effect of C. cicadae on renal malfunction
C. cicadae extracts can effectively ameliorate renal mal-
function, which is identified by high glomerular filtration
rates (GFR; compared to the sham group). TE2: 2 g/(kg-d)
TE; TEL: 1 g/(kg-d) TE; AE92: 92 mg/(kgd) AE; AE46:
46 mg/(kg:d) AE. Data: meantSD. * P<0.05 vs. SNx
group; ¥ P<0.05 vs. Cozaar group

Table 2 Urine analysis showing that renal injury was improved after treatment

Group UP (g/L) 24HUP (g) UC (g/L) TPCR (mg/g) UOP (mOsm/kg H,0)
Sham 0.64+0.05" 13.15+4.40" 637.79+78.89" 1.01£0.13* 954.88+73.16"
SNx 2.55+0.34% 77.24+11.92% 293.78+20.30% 8.68+1.92" 446.20+38.77"
Cozaar 1.34+0.10" 21.37+8.49" 374.79+39.62" 3.60+0.42" 611.25+47.06"

2 g/(kg-d) TE 1.47+0.32* 34.91+9.82% 395.1654.64" 3.97+1.48" 802.50+66.18"
1 g/(kg-d) TE 1.83+0.50"*" 58.96+6.34" 319.86£57.12%" 5.80+1.63" 663.50+37.82""
92 mg/(kg-d) AE 1.81+0.52* 50.49+8.49" 354.86+33.06" 6.02+1.63" 727.80+59.18"
46 mg/(kg-d) AE 1.86+0.27% 60.48+9.08" 294.00+44.30*" 6.63+0.98"" 630.20+48.60""

UP: urine protein; 24HUP: 24-h urinary protein; UC: urine creatinine; TPCR: total protein-creatinine ratio; UOP: urine osmotic pressure.
Data: meanSD. " P<0.05 vs. SNx group; * P<0.05 vs. Cozaar group
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Table 3 Renal function and anemia level measurements
following Cozaar and C. cicadae extract treatments

Scr (umol/L) Hb (g/L)
Group

Day 0 Day 42 Day 42
Sham 25.94+2.59"  47.43+3.46" 155.13£5.94"
SNx 80.28+6.70 196.70+40.74" 106.50+3.59"
Cozaar 79.60+4.93  140.85+28.39" 131.75+5.00"
2g/(kg:d) TE  80.78+6.46 113.81+22.51" 143.80+9.01"
1g/kgd) TE  80.62+7.50 133.72+£24.09"" 134.60+9.94"

92 mg/(kg'd) AE 80.48+5.23 123.64+25.82" 133.38+7.17"
46 mg/(kg'd) AE 80.15£6.04 145.26+10.95° 130.50+7.17

Scr: serum creatinine; Hb: hemoglobin; Data: meantSD. * P<0.05
vs. SNx group; * P<0.05 vs. Cozaar group

ALT is a specific clinical indicator of liver injury,
which can indicate the presence of hepatotoxins in a
drug. In our results, there was no obvious difference
between the C. cicadae extract groups and Cozaar and
vehicle-treated groups (Table 4), suggesting the the
drugs were free of hepatotoxins. ALB is another pa-
rameter for the measurement of liver function, which
indicates the synthetic function of the organ. The
larger-dose TE treatment increased the level of serum
ALB (Table 4), suggesting a better nutrition condition
after treatment.

Table 4 Effect of C. cicadae extracts on liver function of
SNx rats

Group ALT (U/L) ALB (g/L)
Sham 31.38+3.11 41.95+1.18"
SNx 30.50+5.98 25.48+3.47"
Cozaar 29.00+1.83 30.68+3.74"
2 g/(kg:d) TE 29.40+3.85 38.84+0.86"
1 g/(kg-d) TE 30.60+1.52 34.18+3.58"
92 mg/(kg:d) AE 31.00+5.48 34.82+2.36"
46 mg/(kg'd) AE 32.43+3.91 33.85+3.19%

ALT: alanine aminotransferase; ALB: albumin. Data: mean+SD.
" P<0.05 vs. SNx group; * P<0.05 vs. Cozaar group

3.4 Effect of C. cicadae extracts on histological
changes

On Day 42, the kidneys of rats subjected to 5/6
subtotal nephrectomy developed a conspicuous tu-
bulointerstitial injury, which could be characterized
by tubular dilatation and atrophy, interstitial inflam-
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mation, and obvious interstitial fibrosis. Renal injury
was ameliorated after treatment, as indicated by re-
duced tubulointerstitial injury and interstitial fibrosis
expansion (Fig. 5). For a more quantitative analysis,
the PAS-positive region was examined using an im-
age analysis system, which confirmed that the depo-
sition of extracellular matrix (ECM) protein was sig-
nificantly reduced by the C. cicadae extracts, espe-
cially the 2 g/(kg-d) TE treatment. There was a sig-
nificant difference between the 2 g/(kg-d) TE and
angiotensin receptor blocker (ARB) groups (Fig. 5).
Glomerulosclerosis, indicated by the GSI, was a
prominent component of renal injury after nephrec-
tomy. Treatment with either Cozaar or C. cicadae
extracts was associated with a less pronounced in-
crement in the GSI. The 2 g/(kg-d) TE treatment pro-
duced better results than other groups. Renal injury
was ameliorated after treatments with Cozaar and C.
cicadae extracts as indicated by the lower TIS and
interstitial fibrosis expansion in these groups. There
was a significant difference between the Cozaar and C.
cicadae extract groups (Table 5).

Table 5 Histological analysis of remnant kidney tissue
after treatment

Group GSI TIS
Sham 0.11+0.06" 0.05+0.17"
SNx 1.78+0.03" 1.65+0.25%
Cozaar 0.99+0.41" 0.94+0.14"
2 g/(kgd) TE 0.78+0.21* 0.51+0.25"
1 g/(kg-d) TE 0.94+0.28" 0.74+0.27"
92 mg/(kg-d) AE 0.88+0.25" 0.71+0.23"
46 mg/(kg-d) AE 1.01+0.38" 0.85+0.34""

GSI: glomerulosclerosis index; TIS: tubulointerstitial injury score.
Data: mean£SD. " P<0.05 vs. SNx group; * P<0.05 vs. Cozaar group

3.5 Altered expression of Col IV, FN, TGF-1,
and CTGF induced by C. cicadae extracts

There was also a significant increase in deposi-
tion of ECM in SNx rats (Fig. 6a), which was as-
sessed by immunostaining of Col IV and FN. As
expected, the expression of Col IV and FN was sub-
stantially lower in SNx rats treated with Cozaar or C.
cicadae extracts. The positive-staining region was
also quantified using the image analysis system.
Clearly, 2 g/(kg-d) TE may provide more benefit than
Cozaar or the lower concentration of extract.
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Fig. 6 Effect of C. cicadae extracts on Col IV, FN, TGF-p1, and CTGF expression by immunohistochemical staining
(a) Sections of the rat kidneys stained with Col IV, FN, TGF-B1, and CTGF in different groups with or without treatment.
(b) The positive-staining regions of Col IV, FN, TGF-B1 and CTGF were quantified using image analysis system. Data:
mean+SD. * P<0.05 vs. SNx group; ¥ P<0.05 vs. Cozaar group
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As TGF-B1 and CTGF are important cytokines
in renal fibrosis, their expression was subsequently
detected by immunohistochemistry for further analy-
sis (Fig. 6b). As shown by the quantification of the
positive-staining region, the expression of TGF-f1
and CTGF was obviously unregulated by SNx. After
42 d intervention, however, with Col IV levels and
FN deposition conspicuously reduced by the 2 g/(kg-d)
TE treatment, the increased expression of TGF-B1
and CTGF was significantly attenuated. Intriguingly,
it seemed that similar trends appeared after treatment
with Cozaar or the lower concentration of extract.

4 Discussion

While there are limited treatment options avail-
able, the incidence, prevalence, and cost of CKD are
increasing rapidly (Trivedi et al., 2002), suggesting
that there is an urgent need for new pharmacological
agents. Parasitic Cordyceps fungi, such as C. sinensis,
have been used for medicinal purposes for centuries,
particularly in China, Japan, and other Asian coun-
tries (Paterson, 2008; Zhou et al., 2009). As an im-
portant member of the Cordyceps family, C. cicadae
has been used generally in TCM for a long time.
Column chromatography of the ethyl acetate soluble
fraction of extracts identified seven compounds: er-
gosterol, ergosterol peroxide, bassiatin, bassiatin A,
beauvericin, beauvericin A, and beauvericin B (Kuo
et al., 2002). The current study aimed to determine
whether there was any scientific evidence to support
the clinical use of C. cicadae for complementary
treatment of patients with CKD, or if any of these
substances were worthy of further research.

In the present study, we demonstrated that ex-
tracts of C. cicadae, especially the 2 g/(kg-d) TE,
significantly attenuated the biochemical and patho-
logical changes in the kidney and subsequent renal
failure induced by SNx. Cozaar was used as a positive
control with proven efficacy to evaluate the efficiency
of the treatment. Although the extracts seemed less
effective at modifying some urinary chemical pa-
rameters (UP and UC), the Scr levels and corrected
Scr levels of the larger-doses of TE and AE were
significantly lower than those resulting from Cozaar
treatment. Therefore, we suggest that C. cicadae may
be beneficial for the protection of residual renal
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function, and that the underlying mechanisms of C.
cicadae and ARB action may be different. In par-
ticular, we found that UOP was significantly in-
creased by intervention with C. cicadae extracts,
which may demonstrate that the noticeable alleviation
occurred in the interstitial injury. However, further
studies are necessary to determine whether C. cicadae
extracts may provide more benefits for renal tubular
injuries. We also noticed that the TE performed better
than the AE, suggesting that some active components
may have been lost or destroyed during the additional
purification involved in AE.

A number of reasons may be put forward to ex-
plain the renoprotective effects of C. cicadae in SNx
rats. Firstly, C. cicadae may provoke a direct anti-
fibrotic response. By assessment of GSI and TIS
(Table 5), the most direct factors for the evaluation of
the status of renal injury, the C. cicadae extract
treatments showed a significant relief of glomerular
sclerosis and renal tubular injury. Furthermore, Col IV
and FN, as the main components of ECM in fibrosis
(Shweke et al., 2008), were accumulated following
nephrectomy. Different approaches have been pro-
posed to combat renal fibrosis: (1) decreasing ECM
protein synthesis, (2) promoting ECM protein deg-
radation, or (3) preventing mesangial and fibroblast
activation and tubular epithelial-mesenchymal tran-
sition (Shweke et al., 2008). Obviously, the deposi-
tion of ECM, which contains the IV, V, andVI types
of collagen and proteoglycan (hyaluronic acid, hepa-
rin sulfate, chondroitic acid, etc.), plays a central role
in renal fibrosis. Therefore, we conclude that C.
cicadae extracts may attenuate the deposition of ECM
and subsequently relieve the renal fibrosis.

Secondly, C. cicadae extracts may modify some
pro-fibrogenic cytokine activities. Among many pro-
fibrotic factors involved in renal fibrosis, TGF-B1 is a
major pro-fibrogenic cytokine (Fan et al., 1999;
Shweke et al., 2008). The cytokine TGF-B1 promotes
wound healing and repair. Under pathological condi-
tions, TGF-B1 orchestrates cross-talk between pa-
renchyma, inflammation and collagen expression, and
plays a key role in stimulating fibrosis. CTGF, a
downstream mediator of TGF-f1 in the Smad3-
depend manner, is another important fibrogenic factor
(Qi et al., 2008). In addition, CTGF regulates cellular
apoptosis and fibroblast proliferation, angiogenesis,
cellular adhesion, chemotaxis, and deposition of
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ECM (Chen et al., 2009). In our research, the ex-
pression of TGF-B1 and CTGF was unregulated by
the surgery, and this trend was significantly attenu-
ated by treatment with TE or AE, which confirmed
the intervention of the TGF-B1/CTGF pathway. As
inhibitors of TGF-B1 or CTGF have been considered
as potential therapies for treating fibrotic diseases of
the kidney (Liu, 2006; Phanish et al., 2010), it is
logical to consider C. cicadae as an efficient agent for
combating fibrosis. An in-depth study of the function
of C. cicadae extracts and the involvement of other
cytokines is needed.

Thirdly, C. cicadae extracts may promote a
better nutritional status. In renal disease, the ALB
level is closely related to the prognosis and the quality
of life. The larger-dose TE treatment increased the
level of serum ALB (Table 4), indicating a better
nutrition condition. The level of serum Hb was also
significantly up-regulated by the reaction of TE, es-
pecially in the larger-dose group. The better nutrient
status was also reflected in the body weight increase
following C. cicadae extract treatments. It may sug-
gest that compared with Cozaar, the extracts are likely
to provide a better nutritional status or to attenuate
disease-related malnutrition of experimental animals
(Table 1). More importantly, they can effectively
improve the prognosis.

Compared with chemical drugs, there are some
advantages of using C. cicadae extracts to treat renal
fibrosis. In general, TCMs often contain versatile
biological functions. Although renal fibrosis is al-
ways the final common outcome in CKD, the patho-
genic mechanisms underlying renal fibrosis are ama-
zingly complicated and involve many mediators and
cell types. Therefore, monotherapeutic approaches
fail to completely stop the progression of renal fibro-
sis. The versatile bioactive components of C. cicadae
extracts will provide multi-target therapeutic effects.
In contrast to the relatively recent exploitation of new
chemical drugs, herbal and natural “therapies” have
been employed for their diuretic and renal protective
actions for centuries and well-documented pharma-
copoeias exist (Wu and Liang, 2007). Standardization
and toxicological studies and well-designed clinical
trials may effectively shorten the research and de-
velopment period and greatly promote the “new uses
of old drugs”.

Zhu et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2011 12(12):1024-1033

5 Conclusions

Although the precise mechanisms underlying the
anti-fibrosis effects are incompletely understood, for
the first time we have analyzed the effects of C. ci-
cadae extracts in treating kidney disease. Our results
suggest that C. cicadae extracts can inhibit renal fi-
brosis in vivo, and that this effect may be mediated
through the TGF-B1/CTGF pathway. Finally, C. ci-
cadae extracts could form the basis of a rational
strategy for combating renal fibrosis.

References

Chen, X.M., Qi, W., Pollock, C.A., 2009. CTGF and chronic
kidney fibrosis. Front. Biosci. (Schol. Ed.), 1(1):132-141.
[doi:10.2741/e13]

Fan, J.M., Ng, Y.Y., Hill, P.A., Nikolic-Paterson, D.J., Mu, W.,
Atkins, R.C., Lan, H.Y., 1999. Transforming growth
factor-f regulates tubular epithelial-myofibroblast trans-
differentiation in vitro. Kidney Int., 56(4):1455-1467.
[doi:10.1046/j.1523-1755.1999.00656.x]

Gadola, L., Noboa, O., Marquez, M.N., Rodriguez, M.J., Nin,
N., Boggia, J., Ferreiro, A., Garcia, S., Ortega, V., Musto,
M.L., et al., 2004. Calcium citrate ameliorates the pro-
gression of chronic renal injury. Kidney Int., 65(4):
1224-1230. [doi:10.1111/j.1523-1755.2004.00496.X]

Jin, Z.H., Chen, Y.P., 2006. Clinical observation on Cordyceps
cicadae Shing Tang in preventing the progression of
chronic renal failure. Chin. Arch. Tradit. Chin. Med.,
24(8):1457-1459 (in Chinese).

Jin, Z.H., Chen, Y.P., Deng, Y.Y., 2005. The mechanism study
of Cordyceps sobolifera mycelium preventing the pro-
gression of glomerulosclerosis. Chin. J. Integr. Tradit.
West. Nephrol., 6(3):132-136 (in Chinese).

Kliem, V., Johnson, R.J., Alpers, C.E., Yoshimura, A., Couser,
W.G., Koch, K.M., Floege, J., 1996. Mechanisms in-
volved in the pathogenesis of tubulointerstitial fibrosis in
5/6-nephrectomized rats. Kidney Int., 49(3):666-678.
[doi:10.1038/ki.1996.95]

Kuo, Y.C., Lin, C.Y., Tsai, W.J., Wu, C.L., Chen, C.F., Shiao,
M.S., 1994. Growth inhibitors against tumor cells in
Cordyceps sinensis other than cordycepin and polysac-
charides. Cancer Invest., 12(6):611-615. [doi:10.3109/
07357909409023046]

Kuo, Y.C., Tsai, W.J., Shiao, M.S., Chen, C.F., Lin, C.Y.,
1996. Cordyceps sinensis as an immunomodulatory agent.
Am. J. Chin. Med., 24(2):111-125. [doi:10.1142/S0192
415X96000165]

Kuo, Y.C., Tsai, W.J., Wang, J.Y., Chang, S.C., Lin, C.Y.,
Shiao, M.S., 2001. Regulation of bronchoalveolar lavage
fluids cell function by the immunomodulatory agents
from Cordyceps sinensis. Life Sci., 68(9):1067-1082.
[doi:10.1016/S0024-3205(00)01011-0]



Zhu et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2011 12(12):1024-1033

Kuo, Y.C., Lin, L.C., Don, M.J., Liao, H.F., Tsai, Y.P., Lee,
G.H., Chou, C.J., 2002. Cyclodesipeptide and dioxo-
morpholine derivatives isolated from the insect-body
portion of the fungus Cordyceps cicadae. J. Chin. Med.,
13(4):209-219.

Kuo, Y.C., Weng, S.C., Chou, C.J., Chang, T.T., Tsai, W.J.,
2003. Activation and proliferation signals in primary
human T lymphocytes inhibited by ergosterol peroxide
isolated from Cordyceps cicadae. Br. J. Pharmacol.,
140(5):895-906. [doi:10.1038/sj.bjp.0705500]

Liu, Y., 2006. Renal fibrosis: new insights into the patho-
genesis and therapeutics. Kidney Int., 69(2):213-217.
[doi:10.1038/sj.ki.5000054]

Paterson, R.R., 2008. Cordyceps: a traditional Chinese medi-
cine and another fungal therapeutic biofactory? Phyto-
chemistry, 69(7):1469-1495. [doi:10.1016/j.phytochem.
2008.01.027]

Phanish, M.K., Winn, S.K., Dockrell, M.E., 2010. Connective
tissue growth factor-(CTGF, CCN2)—a marker, mediator
and therapeutic target for renal fibrosis. Nephron. Exp.
Nephrol., 114(3):e83-¢92. [doi:10.1159/000262316]

Qi, W., Chen, X., Poronnik, P., Pollock, C.A., 2008. Trans-
forming growth factor-p/connective tissue growth factor
axis in the kidney. Int. J. Biochem. Cell Biol., 40(1):9-13.
[doi:10.1016/j.biocel.2007.01.006]

Shweke, N., Boulos, N., Jouanneau, C., Vandermeersch, S.,
Melino, G., Dussaule, J.C., Chatziantoniou, C., Ronco, P.,
Boffa, J.J., 2008. Tissue transglutaminase contributes to
interstitial renal fibrosis by favoring accumulation of fi-
brillar collagen through TGF-f activation and cell infil-
tration. Am. J. Pathol., 173(3):631-642. [d0i:10.2353/
ajpath.2008.080025]

1033

Trivedi, H.S., Pang, M.M., Campbell, A., Saab, P., 2002.
Slowing the progression of chronic renal failure: eco-
nomic benefits and patients’ perspectives. Am. J. Kidney
Dis., 39(4):721-729. [doi:10.1053/ajkd.2002.31990]

Wang, L., Chen, Y., 2006. Effect of artificial Cordyceps cica-
dae on proliferation and mesangial matrix production in
human glomcrulus mesangial cell. Tradit. Chin. Med.
Res., 19:9-11 (in Chinese).

Wang, Q., Liu, Z., 2004. Advances in studies on medicinal
fungi Cordyceps cicadae. Chin. Tradit. Herbal Drugs,
35:469-471 (in Chinese).

Wojcikowski, K., Johnson, D.W., Gobe, G., 2004. Medicinal
herbal extracts—renal friend or foe? Part Two: herbal
extracts with potential renal benefits. Nephrology, 9(6):
400-405. [doi:10.1111/j.1440-1797.2004.00355.X]

Wojcikowski, K., Johnson, D.W., Gobe, G., 2006. Herbs or
natural substances as complementary therapies for
chronic kidney disease: ideas for future studies. J. Lab.
Clin. Med., 147(4):160-166.  [doi:10.1016/j.lab.2005.
11.011]

Wu, Q.L., Liang, X.C., 2007. Survey of current experimental
studies of effects of traditional Chinese compound recipe
on diabetic peripheral neuropathy. China J. Chin. Mater.
Med., 32(9):775-778.

Zhou, X., Gong, Z., Su, Y., Lin, J., Tang, K., 2009. Cordyceps
fungi: natural products, pharmacological functions and
developmental products. J. Pharm. Pharmacol., 61(3):
279-291. [doi:10.1211/jpp.61.03.0002]

Zuo, C., Xie, X.S., Qiu, H.Y., Deng, Y., Zhu, D., Fan, J.M.,
2009. Astragalus mongholicus ameliorates renal fibrosis
by modulating HGF and TGF-f in rats with unilateral
ureteral obstruction. J. Zhejiang Univ.-Sci. B, 10(5):
380-390. [doi:10.1631/jzus.B0820230]

2010 JCR of Thomson Reuters for JZUS-A and JZUS-B

Journal Citation Reports®

. #= RETURN Ti
Drwercome | | 7 wee | (T IEUANTO

2 Journal: Journal of Zhejiang University-SCIENCE A

Mark Journal Title ISSN

O J ZHEJIANG UNIV-SC & 1673-565% 442

2 Journal: Journal of Zhejiang University-SCIENCE B

Mark Journal Title ISSN

D 1 ZHEJIANG UNIY-SC B 1673-1581 770

ISI Web of Knowledge™

Total Cites

Total Cites

2010 JCR Science Edition

5-Year

Impact Impact Citable Cited Citing

Factor Factor Immediacy Index Items Half-life Half-life

0.322 0.050 120 21 Ll
5-Year

Impact Impact Citable Cited Citing

Factor Factor Immediacy Index Items Half-life Half-life

1.027 0.137 124 3.8 7.5




