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Background: Natural Cordyceps cicadae (C. cicadae) has been utilized extensively in
traditional Chinese medicine to treat chronic renal diseases, heart palpitations, infantile convul-
sions, and dizziness. However, given its slow growth and immoderate exploitation, C. cicadae
resources have been severely depleted. By contrast, Paecilomyces cicadae (P. cicadae), as the
anamorph stage of C. cicadae, is easy to cultivate, and this kind of cultivated P. cicadae has
good and controllable quality.

Purpose: This study aimed to compare the therapeutic effects of C. cicadae and P. cicadae
on adenine-induced chronic renal failure (CRF) rats. In accordance with the aforementioned
studies, our work subsequently analyzed the intrinsic relationships between the efficacy and
pharmacodynamic substances of C. cicadae and P. cicadae to conclude whether or not P. cicadae
could be used as an alternative to C. cicadae in treating CRF.

Methods: Rats were administered with C. cicadae (1.0 g/kg) or P. cicadae (1.0 g/kg) by
gavage for 4 weeks. Furthermore, we applied Fourier transform infrared spectroscopy, gas
chromatography—mass spectrometry, liquid chromatography—tandem mass spectrometry, and
ultraviolet spectrophotometry to comprehensively detect and analyze the chemical constituent
differences from ten batches each of C. cicadae and P. cicadae.

Results: This study revealed that both C. cicadae and P. cicadae exerted obvious therapeutic
effects on CRF and were more consistent with their chemical compositions.

Conclusion: P. cicadae can be used as an alternative to C. cicadae for treating CRF to cater
to market demands.

Keywords: Cordyceps cicadae, Paecilomyces cicadae, chronic renal failure, FTIR, GC-MS,
LC-MS/MS, identification

Introduction

Natural Cordyceps cicadae (C. cicadae) of the family Clavicipitaceae and order
Hypocreales is a kind of fungus that parasitizes Lepidoptera larvae.! C. cicadae,
also known as Isaria cicadae and C. cicadae Shing,* has been used in traditional
Chinese medicine (TCM) for over 1,000 years.* The fungus contains biologically
active chemical substances, such as polysaccharides,* nucleosides,® cyclopeptides,®
myriocin,” inorganic elements,® and amino acids.” Modern pharmacological stud-
ies have shown that C. cicadae exerts active functions, including liver and kidney
protection, blood fat reduction, analgesia—antipyresis, anticonvulsion, and antitumor
activities.! C. cicadae is mainly used for chronic renal diseases,'” palpitations, infantile
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convulsions, and dizziness in clinics.'' Given the great atten-
tion for health care and the desirable medical value of C.
cicadae, the demand for C. cicadae has grown rapidly in
recent years. However, C. cicadae propagates slowly and
lacks resistance; thus, the supply is insufficient to meet the
demand. Moreover, because of its immoderate exploitation,
Cordyceps resources are severely depleted.'>!* By contrast, as
an entomopathogenic genus of the family Clavicipitaceae,
Paecilomyces cicadae (P. cicadae) is thought to be the
anamorph of C. cicadae,' which was obtained by artificial
fermentation technologies. P. cicadae has great applications
in TCM and functional foods with abundant resources.'> Ren
et al successfully developed a method to enhance the yield
to stabilize and further control the quality of P. cicadae.'®
Chyau et al found that P. cicadae could protect renal tubular
cells against Cyclosporine A-induced apoptosis and improve
urea and creatinine clearance.'” Previous studies indicated
that polysaccharides obtained from P. cicadae presented
notable health effects and pharmacological properties such
as improvement of renal function and inhibition of oxygen
radicals. As shown by in vivo or in vitro experiments,'$t°
it means that not only C. cicadae but also P. cicadae can
protect the kidneys. Given the complexity of the chemical
compositions and mechanisms of TCM, whether or not can
P. cicadae replace C. cicadae remains unknown.

The present study aimed to compare the therapeutic
effects between C. cicadae and P. cicadae on rats with
chronic renal failure (CRF). This work also intended to
determine the differences in chemical constituents between
the two species, track the intrinsic relationships between the
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efficacy and constituent pharmacodynamic substances, and
search for methods for rapidly identifying C. cicadae and
P. cicadae (Figure 1). Recently, many studies have shown sig-
nificant clinical effects of C. cicadae on CRF.'%* Moreover,
polysaccharides,?! cordycepin, adenosine, and inosine? in C.
cicadae are effective for renal protection, specifically reduc-
ing the inflammatory response and kidney damage. Given the
abovementioned information, our experiments chose CRF
models to explore whether C. cicadae and P. cicadae have
the same effect or not. Uremic clearance granule (UCG) was
demonstrated to protect the glomerular endothelial cells and
prevent glomerulosclerosis and interstitial fibrosis, more-
over, stabilize renal function and repair renal pathological
changes.?*?* So, the experiments were performed on rats with
adenine-induced CRF against UCG as positive control.

At present, many methods are available for the qualitative
and quantitative analysis of C. cicadae. Examples of these
techniques include phenol-sulfuric acid method combined
with ultraviolet (UV) spectrophotometry for detecting
polysaccharides,” HPLC-diode array detector for simulta-
neously testing eight nucleosides,?® gas chromatography—
mass spectrometry (GC-MS) for determining the saturated
fatty acid content,”’” HPLC-variable wavelength detector
for obtaining the cordycepic acid content,?® capillary gas
chromatography for acquiring the squalene content,*
and atomic absorption spectrometry for determining the
microelemental content.’ To date, works on C. cicadae
and P. cicadae have mainly focused on comparing
between single components or certain chemical composi-
tions. A comprehensive comparative analysis has not yet
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Figure | Schematic representation of the comparative study between C. cicadae and P. cicadae.
Abbreviations: FTIR, Fourier transform infrared; GC-MS, gas chromatography—mass spectrometry; LC-MS, liquid chromatography—tandem mass spectrometry; UV,

ultraviolet.
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been conducted. GC-MS was performed to determine the
volatile constituents, liquid chromatography—tandem mass
spectrometry (LC-MS/MS) was used to detect 13 kinds of
nucleosides, and UV spectrophotometry was conducted to
quantitatively analyze polysaccharides. These methods were
used to compare the differences between C. cicadae and
P. cicadae. In the present study, methods were developed
to authenticate C. cicadae and P. cicadae.

Materials and methods

Sample collection and chemicals

Samples of P. cicadae (Lot No 20111222) and C. cicadae
(Batch No 100715) for pharmacological experiments and sam-
ples of P. cicadae (No S1-S10) and C. cicadae (No S11-S20)
for chemical composition analysis experiments were pro-
vided by Zhejiang BioAsia Pharmaceutical Co., Ltd (Pin-
ghu, Zhejiang, China). The C. cicadae samples originated
from two provinces in China, ie, S11 and S12 from Anji,
Zhejiang Province; S13—S15 from Dabieshan, Anhui Prov-
ince; S16-S18 from Fuyang, Zhejiang Province; and S19
and S20 from Wuhu, Anhui Province. These fungal samples
were authenticated by senior experimentalist Junsong Li
(Experimental Center for Teaching and Learning, Shanghai
University of Traditional Chinese Medicine, Shanghai,
China). The P. cicadae and C. cicadae samples were pre-
served in the Experiment Center for Teaching and Learning,
Shanghai University of Traditional Chinese Medicine. The
crude drug of P. cicadae and C. cicadae was freshly dissolved
in purified water and prepared into 0.1 g/mL suspension,
then mixed with the vortex before use. UCG (No 20110305)
was obtained from Consun Pharmaceutical Group Co., Ltd
(Inner Mongolia, China) and dissolved in purified water and
prepared into 0.3 g/mL solution.

Animals and treatment

A total of 70 male Sprague—Dawley rats initially weighing
160—180 g were obtained from Beijing Vital River Laboratory
Animal Technology Co., Ltd., with a certification number
of SCXK (Beijing) 2012-0001. The animals were fed with
standard diet and given water ad libitum. All procedures
involving animals and their care were approved by the Animal
Care Committee of the China Academy of Chinese Medical
Sciences in accordance with its regulations for animal experi-
ments. The animals were sacrificed under ether anesthesia.

Experimental design
After 1 week of acclimation, 10 rats, as the normal control
group, were given an equal volume of distilled water by

gavage at around 20 mL/kg, and the remaining 60 rats were
given 250 mg/kg adenine suspension (freshly dissolved in
distilled water) by gavage continuously for 21 days to estab-
lish a model of renal injury.***' Then, the rats were evenly
divided according to the values of blood urea nitrogen (BUN)
and creatinine (Crea). However, some rats died as the disease
progressed. The rest were used in the following experiments.
Thus, the four groups included the CRF model group (n=9),
C. cicadae group (1.0 g crude drug/kg, n=14), P. cicadae
group (1.0 g crude drug/kg, n=11), and UCG group (3 g/kg,
n=11). The animals in each group were given a dosage of
1 mL/100 g body weight of corresponding drug or water
once daily for 4 weeks. During the experiment, changes
in body weight, physical state, fur condition, and activities
were observed.

Biochemical analysis

All serum parameters, including BUN, Crea, total protein
(TP), and albumin (ALB) levels; calcium (Ca), phosphorus
(P), potassium (K), sodium (Na), and chloride (CI) contents,
were analyzed using a HumaLyzer-2000 semiauto chem-
istry analyzer (Human, Magdeburg, Germany). An MEK-
6318K automatic hematology analyzer (Nihon Kohden,
Tokyo, Japan) was used to accomplish the blood routine
tests, including red blood cell (RBC) count, hemoglobin
(HGB), hematocrit (HCT, %), and mean corpuscular volume
(MCV). Malondialdehyde (MDA) level, superoxide dis-
mutase (SOD) activity, and glutathione (GSH) content from
the blood obtained from the eye socket vein of rats were
also determined. A day before the animals were sacrificed,
24-hour urine was collected from the metabolic cages and
used to determine urine protein levels.

Histology

After the animals were sacrificed, the kidneys were weighed
and then fixed in 10% formaldehyde overnight. The fixed
organs were washed with tap water, dehydrated with gradient
ethanol (Sakura automatic dehydrator, Sakura Corporation,
Osaka, Japan), cleared in xylene, processed and embedded
in paraffin, and then stained with hematoxylin and eosin
(Sakura SH-100 automatic dyeing machine, Sakura Cor-
poration). The number of normal glomeruli and the degree
of adenine metabolite crystallization were determined in
three consecutive 10x20 fields per slide under an optical
microscope (Olympus BH-2 binocular microscope with
automatic microphotographic system, Olympus Corpora-
tion, Tokyo, Japan) equipped with a computer-controlled
digital camera.

Drug Design, Development and Therapy 2019:13

submit your manuscript

105

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Li etal Dove
Infrared (IR) fingerprints by FTIR Nucleoside determination by LC-MS/MS
spectroscopy Nucleoside extracts from C. cicadae were prepared as

The structural characteristics of C. cicadae and P. cicadae
were identified using a Fourier transform infrared (FTIR)
spectrometer in accordance with an optimized procedure.*
In total, 4 mg of S1-S20 was mixed thoroughly with 200 mg
of potassium bromide. Then, 100 mg of each mixture powder
was obtained and pressed into a transparent thin pellet. All
measurements were performed in the spectral range of 4,000
400 cm™! with a resolution of 4 cm™ using an IR spectrometer
(TENSOR 27, Bruker Corporation, Karlsruhe, Germany). The
IR spectra of samples were processed using Thermo Scientific
OMNIC™ (version 8.2, Thermo Fisher Scientific, Waltham,
MA, USA) to obtain the average IR spectra.

Volatile ingredient determination by
GC-MS

Volatile components were extracted and analyzed as described
by a previous study.** A C. cicadae sample (2 g) placed in a
1,000 mL round-bottom flask for simultaneous distillation—
extraction (SDE) was added to 200 mL of distilled water
and boiled slightly with a heater. Then, 30 mL of ether was
added into a 250 mL round-bottom flask for SDE and heated
at 45°C for 4 hours. After cooling down, the ether layer was
collected into a centrifuge tube with 5 g of anhydrous sodium
sulfate and stored overnight. Subsequently, the mixture was
filtrated, and the filtrate was placed in an evaporating dish
and evaporated to dryness in a water bath under 45°C. The
residue was reconstituted with 0.5 mL of ether and transferred
to a centrifuge tube for centrifugation at 10,000 rpm (ST16R
high-speed refrigerated centrifuge, Thermo Fisher Scientific).
GC-MS analysis of the test solution was performed on a gas
chromatograph (HP-7890, Agilent Technologies, Santa Clara,
CA, USA) coupled with a mass selective detector (HP-5977,
Agilent Technologies) equipped with an HP-5MS-fused silica
column (30 mx0.25 mm, 0.25 um). The oven temperature was
60°C, held for 1 minute and ramped at 5°C/min to 200°C,
held for 5 minutes and then again to 270°C at 10°C/min
and finally held for 10 minutes. The sample was injected at
230°C with an injection volume of 1.0 UL using helium as
carrier gas (1.0 mL/min) and split at the ratio of 1:5. The mass
spectrometer was operated in the electron ionization mode at
70 eV with a continuous scan from 35 to 500 m/z. The atlases
of samples were imported from TXT format into the Simi-
larity Evaluation System for Chromatographic Fingerprint
of Traditional Chinese Medicine software (version 2012,
Chinese Pharmacopoeia Commission, China).

previously reported.’* C. cicadae powder (0.2 g) was screened
with a 60-mesh sieve and mixed with 10 mL of 10% (v/v)
methanol. The supernatant was obtained through ultrasonic
ice bath (KH-400KDB Ultrasonic Cleaner, Kunshan Ultra-
sonic Instrument Co., Ltd., Kunshan, China) at 40 kHz for
2 hours and centrifuged (ST16R high-speed refrigerated
centrifuge, Thermo Fisher Scientific) at 5,000 rpm for
15 minutes. The residue was re-extracted twice, and the
resultant supernatant was centrifuged with constant stirring
at 13,000 rpm for 10 minutes. Chromatographic separation
was performed on a QTRAP 5500 LC-MS/MS system (AB
SCIEX Co., Ltd., Boston, MA, USA). Compounds were sepa-
rated by using an ultrahigh-performance liquid chromatogra-
phy (UPLC) column (50x2.1 mm, 1.8 um, Waters Acquity
UPLC HSS T3, Waters Co., Ltd., USA). The mobile phase
composed of water (A) and acetonitrile (B) was obtained with
the following gradient elution conditions: 0.01-3 minutes
(99:1-96:4), 3—5 minutes (96:4—70:30), 5—6 minutes (70:30),
6-6.01 minutes (70:30-99:1), and 6.01-7 minutes (99:1). The
column temperature was 25°C, the flow rate was maintained
at 0.4 mL/min, the temperature in the autosampler was set at
15°C, and the injection volume was 10 uL.

Polysaccharide determination by UV

spectrophotometry

Crude polysaccharides were prepared in accordance with
a slightly optimized version of the procedure.®® Precisely
weighed (1 g) powdered C. cicadae or P. cicadae was
extracted with a 20-fold volume of distilled water through
ultrasonic (KH-400KDB Ultrasonic Cleaner, Kunshan
Ultrasonic Instrument Co., Ltd., Kunshan, China) at 90°C
for 90 minutes and centrifuged (ST16R high-speed refrig-
erated centrifuge, Thermo Fisher Scientific) at 10,000 rpm
for 15 minutes (duplicated twice). After each extraction,
the polymers were filtered, and the filtrate was combined
and condensed to 5 mL and diluted to 10 mL. The extracts
were further precipitated with ethanol until 80% and then
left to stand overnight. The precipitate was then collected
by vacuum filtration and added to 250 mL of distilled water
under ultrasonication for 30 minutes at 70°C. An appropri-
ate amount of sample solution was mixed with 1 mL phenol
solution (5%) and 5 mL sulfuric acid and then incubated at
40°C for 30 minutes. After the sample solution was cooled
down, its absorbance was measured at 490 nm by UV spec-
trophotometry (8454 UV—Vis, Agilent Technologies).
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Statistical analysis

The statistical significance of the chemical composition data
was assessed using paired 7-test, whereas the hematological
and biochemical results were analyzed using independent
t-test. Meanwhile, the histopathological data were subjected
to Ridit analysis.***’ A value of P<<0.05 was considered to
be statistically significant.

Results

Animal signs

Compared with the control rats, the model rats showed growth
inhibition, weight loss, polydipsia, polyuria, hair dryness and
loss, chills and back arch, and poor mental state. The other
group of rats improved in appearance and mental state during
administration. The rats were weighed before the beginning
of the treatment and weekly during the treatment period. The
data of 4-week cumulative body weight gain were presented
in Figure 2A. The CRF model group showed negative growth
on weight gain, whereas the C. cicadae, P. cicadae, and
positive control groups all exhibited accumulated increases
(P<<0.01). In Figure 2B, urine output in each treated group
increased, especially in the C. cicadae group (P<<0.05).

BUN and Crea in serum

Three weeks after modeling, the serum BUN and Crea levels
were significantly increased (P<<0.01), which demonstrated
the success in modeling. As shown in Figure 3A and B,

A ok

bl

80r

60

20F

Cumulative weight gain (g)

Model C. cicadae P. cicadae UCG

Normal

the 4-week treatment of C. cicadae, P. cicadae, and UCG
caused significant decreases (P<<0.01) in serum BUN and
Crea levels. In Figure 3C and D, every group had a slight, but
statistically insignificant, reduction in urine protein, whereas
the P. cicadae group showed a marked reduction in 24-hour
urine protein (P<<0.05).

MDA and renal antioxidant enzymes

The effects of C. cicadae and P. cicadae oxidative stress were
determined by measuring the MDA levels and GSH content
and analyzing the activities of oxidative-stress-associated
enzymes, such as SOD. As shown in Figure 4, the C. cicadae
and P. cicadae groups exhibited lower MDA levels, and
the UCG group showed a slightly higher MDA level
than that of the model group. SOD activity was increased
in the C. cicadae, P. cicadae, and UCG groups, of which
the P. cicadae and UCG groups showed significant differ-
ence compared with the model group (P<<0.05). C. cicadae,
P. cicadae, and UCG abated GSH levels. Compared with the
model group, the C. cicadae and P. cicadae groups showed
lower MDA and GSH levels and higher SOD activity, which
suggested that C. cicadae and P. cicadae can inhibit oxidative
stress and enhance antioxidant capacity.

Blood biochemical measurements
As shown in Table 1, adenine-induced model rats exhibited
decreased TP and ALB levels; ion disorders of Ca, P, Na, K,
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Figure 2 (A, B) Effects of C. cicadae, P. cicadae, and UCG treatments for 4 weeks on rat cumulative body weight gain and urine output.

Notes: Each column and vertical bar denote the mean + SEM for rats (Normal: Normal control group [n=10], Model: CRF model group [n=9], C. cicadae: Cordyceps cicadae
group [n=14], P. cicadae: Paecilomyces cicadae group [n=11], UCG: Uremic clearance granule group [n=11]). For 4 weeks, C. cicadae (1.0 g/kg) and P. cicadae (1.0 g/kg) were
administered by gavage and UCG in the feed at a concentration of 3 g/kg. *P<<0.05; **P<<0.01.

Abbreviations: CRF, chronic renal failure; UCG, uremic clearance granule.
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Figure 3 (A-D) Effects of C. cicadae, P. cicadae, and UCG treatments for 4 weeks on rat serum BUN and Crea levels.

Notes: Each column and vertical bar denote the mean + SEM for rats (Normal: Normal control group [n=10], Model: CRF model group [n=9], C. cicadae: Cordyceps cicadae
group [n=14], P. cicadae: Paecilomyces cicadae group [n=11], UCG: Uremic clearance granule group [n=11]). For 4 weeks, C. cicadae (1.0 g/kg) and P. cicadae (1.0 g/kg) were
administered by gavage and UCG in the feed at a concentration of 3 g/kg. *P<<0.05; **P<<0.01.

Abbreviations: BUN, blood urea nitrogen; Crea, Creatinine; CRF, chronic renal failure; UCG, uremic clearance granule.

and CI; and significant reduction in RBC, HCT, and HGB
with obvious appearance of anemia symptoms. After treat-
ment, the TP and ALB levels in each group were close to
normal values but higher than those in the model group, and
the change was significant in the UCG group. Each treatment
group presented with increased serum Ca levels that were
significant in the UCG group (P<0.05) and insignificantly
decreased serum P levels. The serum Na, K, and Cl levels also
showed no obvious changes. Thus, C. cicadae and P. cicadae
successfully ameliorated the ion disorders. Compared with
the normal group, the CRF model group showed obvious ane-
mia symptoms with significantly decreased RBC, HGB, and
HCT levels. With further comparison, the RBC, HGB, and
HCT in the treated groups were higher than those in the model
group. C. cicadae, P. cicadae, or UCG treatments increased

MCYV levels, most especially the C. cicadae and UCG groups
(P<<0.05 and P<<0.01, respectively). These results demon-
strated that C. cicadae and P. cicadae can alleviate anemia
symptoms to a certain extent.

Histopathology

The kidneys in the model group were pale and enlarged
significantly. Furthermore, the kidneys of rats administered
with C. cicadae, P. cicadae, or UCG increased to varying
degrees and appeared to improve relative to those of the
model group. Given the histopathological sections, the model
group showed significantly less glomeruli with purine crystals
that presented as brownish sediments, crystalline deposition,
interstitial inflammation in the proximal and distal convoluted
tubules, and severe cell proliferation. The rats given adenine
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Figure 4 (A—C) Effects of C. cicadae, P. cicadae and UCG treatments for 4 weeks on MDA level and renal antioxidant enzyme activity.
Notes: Each column and vertical bar denote the mean + SEM for rats (Normal: Normal control group [n=10], Model: CRF model group [n=9], C. cicadae: Cordyceps cicadae
group [n=14], P. cicadae: Paecilomyces cicadae group [n=11], UCG: Uremic clearance granule group [n=11]). For 4 weeks, C. cicadae (1.0 g/kg) and P. cicadae (1.0 g/kg) were

administered by gavage and UCG in the feed at a concentration of 3 g/kg. *P<<0.05.

Abbreviations: CRF, chronic renal failure; GSH, glutathione; MDA, malondialdehyde; SOD, superoxide dismutase; UCG, uremic clearance granule.

plus C. cicadae, P. cicadae, or UCG concomitantly showed
improvement in histological appearance relative to that of
the model group, especially in the C. cicadae and UCG
groups. After modeling, the kidneys of the model group
enlarged significantly. However, with the 4-week treatment
both C. cicadae and P. cicadae can significantly decrease the
kidney indices and increase the number of the glomerulus
(Figure 5). More glomeruli (Figure 6) and less renal crystalli-
zation (Figure 7) were observed in each treated group relative
to those in the CRF model group. According to Ridit analysis,
when the fiducial limit >0.5, P<<0.05. As shown in Table 2,
C. cicadae, P. cicadae, and UCG treatments significantly
abated the crystallization degree in kidneys (P<<0.05).

FTIR spectroscopy
A total of ten batches each of C. cicadae and P. cicadae
were used to prepare samples to be subjected to FTIR

spectroscopy. Considering the overall distribution charac-
teristics of IR spectra (Figure 8A and B), P. cicadae was
basically the same as C. cicadae. The similarity analysis
showed a result of over 0.90 for the ten batches of C. cicadae
and P. cicadae. The abovementioned results showed that
the IR fingerprints of the ten batches each of C. cicadae and
P. cicadae were superior in consistency.

First- and second-derivative spectra can enhance IR reso-
lution; therefore, this study used the Norris derivative filter
to process reference spectra and obtain the first- and second-
derivative spectra of C. cicadae and P. cicadae. As shown in
Figure 8C—F, many peaks in different positions were more
obvious in the high-resolution second-derivation spectra than
in the first-derivative spectra. The absorption peaks of 1,680
and 1,640 cm™! were attributed to the sheer vibration of the
nitrogenous heterocycle N—H and the superposition of the
C—C group stretching vibration, respectively. These results
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Table | Effects of C. cicadae, P. cicadae, and UCG treatments for 4 weeks on blood biochemical index
Blood biochemical Normal Model C. cicadae P. cicadae UCG
index
Serum protein
indicators
TP (g/L) 69.21£2.92 62.38+9.72 68.66+5.41 69.15+4.97 72.89+6.31*
ALB (g/L) 39.98+1.50 36.39+4.00 38.16+2.51 38.80+1.62 41.43+2.70%*
Fractional excretion
of ions
Ca (mmol/L) 2.85+0.07 2.66+0.63 3.05+0.18 3.06+0.22 3.36+0.37*
P (mmol/L) 2.6140.36 3.92+3.21 3.05+0.65 3.08+0.87 3.81+1.28
Na (mmol/L) 150.83+1.59 150.53+4.86 151.5943.15 151.42+3.71 157.84+14.50
K (mmol/L) 7.36+0.72 8.19+0.70 7.77+0.74 8.08+0.67 8.44+0.67
Cl (mmol/L) 108.10+1.55 108.2745.14 112.13+2.68 111.48+3.39 116.34+14.19
Anemia indicators
RBC (x10'%/L) 7.69+0.21 4.99+1.66 5.95+0.61 5.76+0.82 5.69+0.50
HGB (g/L) 14.75+0.42 9.64+3.19 11.67+1.25 11.24+1.55 11.35+0.87
HCT (%) 40.23%1.14 26221861 32.78+3.59 31.59+4.42 32.62+3.40
MCV (fL) 52.38+1.64 52.82+2.48 55.19+0.84* 54.94+2.86 57.3242.05%*

Notes: The values in the table are means = SEM (Normal: Normal control group [n=10], Model: CRF model group [n=9], C. cicadae: Cordyceps cicadae group [n=14], P. cicadae:
Paecilomyces cicadae group [n=I1], UCG: Uremic clearance granule group [n=11]). For 4 weeks, C. cicadae (1.0 g/kg) and P. cicadae (1.0 g/kg) were administered by gavage and
UCG in the feed at a concentration of 3 g/kg. *P<<0.05 (UCG, C. cicadae vs Model). **P<<0.01 (UCG vs Model).

Abbreviations: ALB, albumin; Ca, calcium; Cl, chloride; CRF, chronic renal failure; HGB, hemoglobin; HCT, hematocrit; K, potassium; MCV, mean corpuscular volume;

Na, sodium; P, phosphorus; TP, total protein; UCG, uremic clearance granule.

suggested the presence of purine, pyrimidine, steroids, or
triterpenoids with double bonds. The absorption 0f 991 cm™
was inferred to represent the bending vibration of the C—H
group in the double bonds of steroids or triterpenoids. The
absorption peak at ~1,516 cm™ was attributed to the bending
vibration of the aromatic or heterocyclic ring C=C skeleton.
These results confirmed the presence of aromatic compounds

>

Kidney weight coefficient (g/100 g)

inboth C. cicadae and P. cicadae. Furthermore, the heights of
the peak at ~1,516 cm™! differed from each other and implied
that C. cicadae contains more aromatic compounds than do
P. cicadae. Therefore, GC-MS was used in the succeeding
experiments to explore the volatile compounds in C. cicadae
and P. cicadae and determine the different constituents for
identifying the two species.
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Figure 5 Effects of C. cicadae, P. cicadae, and UCG treatments on adenine-induced changes in kidney weight coefficient (A) and normal glomerular number in rats (B).

Notes: Each column and vertical bar denote the mean + SEM for rats (Normal: Normal control group [n=10], Model: CRF model group [n=9], C. cicadae: Cordyceps cicadae
group [n=14], P. cicadae: Paecilomyces cicadae group [n=I1], UCG: Uremic clearance granule group [n=11]). Statistical differences between the groups are shown. For 4
weeks, C. cicadae (1.0 g/kg) and P. cicadae (1.0 g/kg) were administered by gavage and UCG in the feed at a concentration of 3 g/kg. *P<<0.05 (P. cicadae vs Model) **P<<0.01

(C. cicadae, P. cicadae, and UCG vs Model).
Abbreviations: CRF, chronic renal failure; UCG, uremic clearance granule.
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Figure 6 Effects of C. cicadae, P. cicadae, and UCG treatments on adenine-induced morphological changes in the glomerulus.

Notes: Representative images of glomerular sections of renal tissue under light microscope (H&E, 200x). (A) Normal group, showing normal glomerulus; (B) model group,
showing glomerulus with cystic adhesions, splanchnopleure hyperplasia, and brown crystalline (yellow circle); (C) C. cicadae group, (D) P. cicadae group, and (E) UCG group,
showing reduced glomerular crystallization (yellow circle).

Abbreviations: H&E, haematoxylin and eosin; UCG, uremic clearance granule.

GC-MS generated for the retention time of the chromatographic peak,
Twenty batches of samples were used to prepare sample  full peak match, and time width of 0.1 minute (Figure 9).
resolutions, which were tested by GC-MS. The GC-MS spec-  The data matching results were obtained by using the data
tra of each sample were then recorded. Control fingerprint ~ matching function of the system, where P. cicadae S1-S10
spectra with the conditions of multipoint correction were  showed 20 common peaks and C. cicadae S11-S20 presented

Figure 7 Effects of C. cicadae, P. cicadae, and UCG treatments on adenine-induced morphological changes in the proximal and distal convoluted tubules.

Notes: Representative photographs of renal tubule sections of renal tissue under light microscope (H&E, 200x). (A) Normal group, showing normal proximal and distal
convoluted tubules; (B) model group, showing proximal and distal convoluted tubules with significant crystallization, inflammatory mesenchyme, and outspread tubules at
different extent and deciduous endothelial cells (yellow circle); (C) C. cicadae group, showing significant regeneration of proximal and distal convoluted tubules and reduced
crystallization (yellow circle); (D) P. cicadae group, showing decreased crystallization in the tubules (yellow circle); (E) UCG group, showing the regeneration of endothelium
and diminished crystallization (yellow circle).

Abbreviations: H&E, haematoxylin and eosin; UCG, uremic clearance granule.
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Table 2 Effects of C. cicadae, P. cicadae, and UCG treatments
on adenine-induced changes in crystallization deposition in the
proximal and distal convoluted tubules and mesenchymal damage

Group - + ++ +++ | ++++ | Ridit analysis
Model 0 0 | 4 4 0.5

C. cicadae | 0 8 4 2 0 0.750-1.059*
P. cicadae 0 3 7 | 0 0.740-1.088*
UCG 0 3 8 0 0 0.786—1.134*

Notes: The values in the table are expressed as mean * SEM, Model: CRF: chronic
renal failure model group [n=9], C. cicadae: Cordyceps cicadae group [n=14], P. cicadae:
Paecilomyces cicadae group [n=11], UCG: Uremic clearance granule group [n=11]).
For 4 weeks, C. cicadae (1.0 g/kg) and P. cicadae (1.0 g/kg) were administered by
gavage and UCG in the feed at a concentration of 3 g/kg. Standard: changes in
the proximal and distal convoluted tubules and mesenchyme. “-": proximal
and distal convoluted tubules and mesenchyme with normal structures and no
crystallization deposition. “+”: proximal and distal convoluted tubules with partial
crystallization deposition and mesenchyme with partial damage. “++”: proximal and
distal convoluted tubules moderately crystallized and mesenchyme with low-grade
damage. “+++": proximal and distal convoluted tubules severely crystallized and
mesenchyme with severe damage. “++++": proximal and distal convoluted tubules
with diffuse crystallization deposition, and interstitial inflammatory cells with severe
hyperplasia. Ridit analysis: when fiducial limit >0.5, P<<0.05. *P<<0.05.

39 common peaks. Then, 18 common peaks were noted in
S1-S20, of which butylated hydroxytoluene is a commonly
used antioxidant with antagonistic effects of UV-induced
cellular immunosuppression and protective effects on the
skin against photoaging caused by UV exposure. Meanwhile,

A

F

4,000 3,500 3,000 2,500 2,000 1,500 1,000 500 (cm)

Figure 8 Infrared fingerprints of C. cicadae and P. cicadae.

Notes: (A) Infrared spectrum of P. cicadae; (B) infrared spectrum of C. cicadae;
(C) first-derivative spectrum of P. cicadae; (D) first-derivative spectrum of C. cicadae;
(E) second-derivative spectrum of P. cicadae; (F) second-derivative spectrum of
C. cicadae.

5,5-diphenylhydantoin, known as phenytoin, is usually used
to treat epilepsy and arrhythmia. Six of the ten component
compositions with the highest peak areas in C. cicadae and
P. cicadae were the same. The highest peak area percentages
of the top ten ingredients in C. cicadae and P. cicadae were
51.58% and 40.15%, respectively.

GC-MS was adopted to detect the total volatile compo-
nents of C. cicadae and P. cicadae. By searching the NIST05a
database, we noted that 19 of 23 differential components
were aliphatic hydrocarbons, and the rest belonged to ester
compounds. Among these constituents, the esters (Z,2)-9,12-
octadecyl dioleate and 9-cis-11-octadecenoic acid methyl
ester were 15.59% and 7.35%, respectively, in C. cicadae but
0.49% and 0.83%, respectively, in P. cicadae. In addition,
the diisobutyl phthalate contents in C. cicadae and P. cicadae
accounted for 0.38% and 0.00%, respectively, whereas the
eicosane fat hydrocarbon compounds were 0.44% and 7.20%,
respectively. The contents of the abovementioned four com-
ponents in C. cicadae and P. cicadae significantly differed
and were used as the basis for rapid identification. Notably,
only the diammonium phthalate in C. cicadae presented with
cytotoxicity, genetic toxicity, reproductive development
toxicity, and neurotoxicity,*® which can be used as quality
control standards of C. cicadae. Therefore, P. cicadae is safer
than C. cicadae to some extent.

LC-MS/MS

For LC-MS/MS, ten batches each of C. cicadae and P. cicadae
were used to prepare test solutions, which were subsequently
measured. The typical chromatograms of the 13 analytes
in multiple reaction monitoring mode are presented in
Figure 10. The contents of 13 kinds of nucleosides are pre-
sented in Figure 11.

The range of total nucleosides in P. cicadae was
3,439.73-4,293.23 ug/g, whereas those in C. cicadae
was 3,477.87-4,976.66 ug/g. Among the constitu-
ents of P. cicadae and C. cicadae, uridine had the highest con-
centrations (1,926.35 and 2,055.18 pg/g, respectively) and
thymine had the lowest concentrations (0.30 and 0.15 pg/g,
respectively). Component analysis revealed that cytosine,
guanine, uridine, adenosine, and inosine mainly affected
the total nucleoside contents in P. cicadae. In the analysis
of ten batches of C. cicadae, the total nucleoside contents of
C. cicadae from the Anji County of Zhejiang Province were
higher than those from other areas, and the uridine, adenosine,
and inosine contents differed significantly. As shown by the
LC-MS/MS results, C. cicadae and P. cicadae contained
cordycepin, adenosine, hypoxanthine, guanosine and other
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Figure 9 GC-MS fingerprints of C. cicadae and P. cicadae.

Notes: (A) GC-MS fingerprint of P. cicadae; (B) GC-MS fingerprint of C. cicadae (superpose A and B,No I, 2,3,5,6,9, 10, 1, 12,and 14in AandNo |, 2,3,4,5,6,7,8,

I1,and 13 in B; No 7, 8, and 10 were used to identify C. cicadae and P. cicadae).
Abbreviation: GC-MS, gas chromatography—mass spectrometry.

nucleoside substances. The results obtained by FTIR and
LC-MS/MS are mutually confirmed.

During the determination of 13 kinds of nucleosides, the
average contents of uracil, thymine, adenine, hypoxanthine,
and guanine in P. cicadae were higher than those in
C. cicadae, of which thymine, adenine, hypoxanthine, and
guanine showed significant difference (P<<0.05). The
average contents of the remaining kinds of nucleosides in
P. cicadae were lower than those in C. cicadae, of which
cytosine, thymidine, and inosine showed significant differ-
ence (P<<0.05).

UV spectrophotometry

Ten batches each of C. cicadae and P. cicadae were used
for sample preparation and measurement by UV spectro-
photometry. Table 3 shows the polysaccharide content at
490 nm wavelength determined by UV spectrophotometry.
The polysaccharide content of P. cicadae was 62.07 mg/g.
The #-test results comparing C. cicadae with P. cicadae
revealed that the P-value was far less than 0.01 (P=0.00002),
indicating that the polysaccharide content was significantly
different between C. cicadae and P. cicadae.

Discussion

Natural C. cicadae has a long history of use as a traditional
medicine in China. However, given its slow growth and
immoderate exploitation, C. cicadae resources have been
severely depleted. Naturally, because of high value in
medicine, the produce of cultivated P. cicadae, which is
controllable, can meet market demand and has promising
prospects in the future.

Three weeks after modeling, adenine-induced rats had
significant weight loss and poor mental state and expressed
obvious symptoms of anemia. The serum BUN and Crea
levels were significantly increased; TP, ALB, RBC, HCT,
and HGB were decreased; and ion disorder of Ca, P, Na,
K, and Cl was observed, suggesting the success of model-
ing. After 4-week administration, rats of the two groups
exhibited accumulated increases in weight; improved
mental state; significant decrease in serum BUN and Crea
levels; reduced urinary protein concentration and 24 hours
urine protein; increased TP, ALB, RBC, HCT, and HGB;
and improved ion disorder and anemia. The C. cicadae
group significantly decreased BUN and Crea (P<<0.01) and
increased MCV (P<<0.05), whereas the P. cicadae group
showed a marked reduction in BUN and Crea (P<<0.01)
and 24-hour urine protein (P<<0.05) and increase in SOD
(P<0.05). Comprehensive results of serum biochemical
indicators demonstrated that P. cicadae had better therapeu-
tic effects on CRF than C. cicadae did. According to histo-
pathological observation, both C. cicadae and P. cicadae
can significantly decrease the kidney indices, increase the
number of the glomerulus, reduce the deposition of adenine
metabolites in the renal tubules, and ease the degree of
kidney disease. However, C. cicadae exhibited better
effects than P. cicadae on the above aspects. The mecha-
nism may be related to the downregulated PAI-1. Given
the serum biochemical indicators and pathological tissue
sections of adenine-induced CRF rats, we demonstrated
that both C. cicadae and P. cicadae significantly amelio-
rated adenine-induced CRF in rats and had comparatively
therapeutic effects.
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A the results of LC-MS/MS, both C. cicadae and P. cicadae
J\ 108.9-81.0 had 13 kinds of nucleosides with the highest uridine content
_ZR ) 110.8—41.9 and the lowest thymine content. In addition, the results of
3 j\ soate UV spectrophotometry sugges:ted that two species had a large
~ — amount of plant polysaccharides. Moreover, the results of
4/L A 134.0-107.0 FTIR showed that C. cicadae and P. cicadae were similar
5 j\ 135.0-92.0 to the one-dimensional spectra, with both containing poly-
saccharides, glycosides, hydrocarbons, steroids, terpenoids,
6A 150.0—132.8 . . . . .
~ saponins, proteins, and amino acids. The results of this study
7[\ 243.0—200.0 revealed that both C. cicadae and P. cicadae exerted obvious
8]\ 227.0->184.0 therapeutic effects on CRF and were more consistent with
9 A ro003as their chemlca.l compositions. Hence, P. cicadae can be used
to treat CRF instead of C. cicadae. However, the treatment
10 A 241121250 effects of P. cicadae on other diseases entail further efficacy
1\ 266.0-134.0 and clinical studies.
12 /\ J22 1500 Moreover, polysaccharides,* cordycepin, adenosine,
and inosine?? in C. cicadae are effective for renal protec-
13l\ 267.01350 tion, specifically reducing the inflammatory response and
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Figure 10 Typical high-performance liquid chromatograms (HPLC) of nucleosides
in |3 kinds.

Notes: Typical HPLC of (A) mixed standards and (B) representative sample with
multiple reaction monitoring (MRM) method. (1) Cytosine, (2) Uracil, (3) Thymine,
(4) Adenine, (5) Hypoxanthine, (6) Guanine, (7) Uridine, (8) 2-Deoxyuridine, (9)
Cordycepin, (10) Thymidine, (I I) Adenosine, (12) Guanosine, (13) Inosine.
Abbreviation: HPLC, high-performance liquid chromatogram.

In the present study, we established fingerprints of ten
batches each of C. cicadae and P. cicadae from different time
points and production places via FTIR and GC-MS, which
provides the basis for authenticity identification. Based on

kidney damage. Given the abovementioned information, our
study focused on whether the efficacies of C. cicadae and
P. cicadae are closely related to their constituent pharmaco-
dynamic substances. Our study demonstrated that by using
LC-MS/MS, C. cicadae contains almost the same cordyce-
pin and adenosine contents as those in P. cicadae. As the
two-sample #-test results showed, the differences in total
nucleoside contents between the ten batches of C. cicadae and
those of P. cicadae were statistically insignificant. However,
C. cicadae possesses a significantly higher inosine content
than P. cicadae (P<<0.05). UV spectrophotometry revealed
that the polysaccharide content of P. cicadae was signifi-
cantly higher (2.2 times) than that of C. cicadae (P<0.01).
As can be seen in the determination of effective medicinal
components, including cordycepin, adenosine, inosine, and
polysaccharides, although C. cicadae and P. cicadae were
significantly capable of treating rats with adenine-induced
CRF, inosine and polysaccharide contents were significantly
different between them. These results suggested that not
only cordycepin, adenosine, inosine, and polysaccharides
but also other nucleoside and fat-soluble small molecular
components may play a role in protecting renal function.
Future studies are needed to examine the protective effects
of other components.

As reported by other studies, the identification methods
of Cordyceps sinensis are mainly as follows: morphological
and microscopic identification methods, HPLC-UV
spectrophotometry,* LC-MS/MS,*' depth profiling mid-IR
photoacoustic spectroscopy,*? polymerase chain reaction and
lateral flow rapid identification method,* internal transcribed
spacer sequence analysis, and random amplified polymorphic
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Figure 11 Contents (ug/g) of |3 nucleosides and nucleobases in ten batches each of C. cicadae and P. cicadae.

Notes: Each column and vertical bar denote mean + SEM for rats. In the determination of I3 kinds of nucleosides, the average contents of uracil, thymine, adenine,
hypoxanthine, guanine in P. cicadae were higher than those in C. cicadae, of which thymine, adenine, hypoxanthine, and guanine showed significant difference (P<<0.05). The
average contents of the remaining kinds of nucleosides in P. cicadae were lower than those in C. cicadae, of which cytosine, thymidine, and inosine showed significant difference

(P<0.05). *P<0.05.

DNA molecular marker method.** However, studies that
verify C. cicadae have not been conducted. Based on the
results of detection, this article mainly provides three meth-
ods for rapid identification to fill gaps in scientific research:
(1) GC-MS, to determine the volatile components, including
(Z,Z2)-9,12-octadecyl dioleate, 9-cis-11-octadecenoic acid
methyl ester, diisobutyl phthalate, and eicosane. As shown by
the results of GC-MS, diisobutyl phthalate can only be found
in C. cicadae, and C. cicadae contains more (Z,7)-9,12-
octadecyl dioleate and 9-cis-11-octadecenoic acid methyl
ester and lesser eicosane than P. cicadae. (2) LC-MS/MS, to
determine the hypoxanthine, guanine, and inosine contents.

C. cicadae possesses lesser hypoxanthine and guanine and
more inosine contents than P. cicadae. Inosine is the main
identification index of natural C. sinensis, artificial aweto
and Cordyceps militaris. The component is also an indicator
for C. cicadae and P. cicadae. (3) UV spectrophotometry, to
determine polysaccharides. C. cicadae has much lesser poly-
saccharides than P. cicadae. These examinations revealed
significant differences between the two species.

Conclusion
Three specific methods including GC-MS, LC-MS/MS,
and UV spectrophotometry developed in this study provide

Table 3 Polysaccharide contents of ten batches each of C. cicadae and P. cicadae (n=2)

Sample no Polysaccharide | Polysaccharide content Sample no Polysaccharide | Polysaccharide content
content (mg/g) | of P. cicadae (mg/g) content (mg/g) | of C. cicadae (mg/g)

N 48.40+2.82 62.07£10.95%¢ St 22.56+0.20 28.17+4.85

S2 78.44+3.65 SI12 24.86+0.85

S3 60.60+0.40 SI3 37.59+0.41

S4 56.55+3.28 NE 28.924+2.32

S5 73.46%7.71 S15 24.47+2.03

S6 62.87£16.30 Slé 29.24%1.70

S7 49.16+3.33 S17 35.47t1.41

S8 76.33+0.72 SI8 26.1740.12

S9 62.33+0.45 S19 26.2040.14

S10 52.53+2.04 S20 26.26+1.02

Notes: The values in the table are expressed as means = SEMs. The t-test results comparing C. cicadae with P. cicadae showed that the P-value was far less than 0.01.

**P<0.01.
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users with easy authentication methods and make a major
contribution to the detection of C. cicadae and P. cicadae
and suggested that both C. cicadae and P. cicadae have
similar chemical compositions and have various polysac-
charides and volatile compounds and different contents in
13 kinds of nucleosides. What is more, we demonstrated
that C. cicadae and P. cicadae can protect the glomerulus
and reduce the deposition of adenine metabolites in the renal
tubules. The results of the abovementioned experiments for
pharmacological analysis suggested that not only cordyce-
pin, adenosine, inosine, and polysaccharides but also other
nucleoside and fat-soluble small molecular components play
a comprehensive role in protecting renal function. In conclu-
sion, P. cicadae can be used as an alternative to C. cicadae
for treating CRF to cater to market demands.
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