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[ABSTRACT] An eco-friendly and fast HPLC method was developed for the determination of adenosine, inosine, guanosine and urid-
ine in Cordyceps and related products (fermented mycelia of Hirsutella sinensis and Paecilomyces hepiali). The sample was ultrasonic-
ally extracted using 0.5% phosphoric acid solutions for 2.5 min. Sample separation was performed on a Poroshell SB-Aq column (50
mm × 4.6 mm, 2.7 μm) using eco-friendly mobile phase consisting of formic acid and ammonium formate aqueous solution at a flow
rate  of  1.0  mL·min−1.  The  detection  wavelength  was  260 nm.  The developed HPLC method showed good linearity  with  correlation
coefficients of 1.0000 in the test range. Good precision, repeatability and stability of this method were also observed (RSD ≤ 2.81%).
The recovery ranged from 91.84%−105.19% (RSD ≤ 2.59%). Compared with reported methods, the current method did not use harm-
ful organic solvent and took only 10.5 min. It obtained a high eco-score of 91 by the “Analytical Eco-Scale” tool. The developed meth-
od is eco-friendly and fast, which is suitable for the quality evaluation of Cordyceps and related products.
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Introduction

Cordyceps (Dong Chong Xia Cao in Chinese) is a well-
known traditional Chinese herbal medicine. It is a composite
consisting  of  the  stromata  of  the  fungus Cordyceps
sinensis, parasitized on the larva of some species of Hepialid-
ae  insects,  and  the  dead  caterpillar,  and  traditionally  used to
“invigorate the lung and nourish the kidneys” for  thousands
of  years [1-3].  Cordyceps  is  only  distributed  on  the  Tibetan
Plateau and its surrounding regions at an altitude above 3 000
m, and its resources are scarce. Thus, its related products, fer-

mented  mycelia  of Hirsutella  sinensis and Paecilomyces
hepialid,  are  developed.  Recently,  scientific  studies  have
proved  that  nucleosides  are  one  of  the  important  bioactive
components  in  Cordyceps and related products [4-7]. The ma-
jor nucleosides are adenosine, inosine, guanosine and uridine,
which are used as the markers for quality evaluation [6].

To  date,  several  HPLC  methods  for  determination  of
these  nucleosides  in  Cordyceps  and  related  products  have
been  established [8-10].  The  HPLC  separations  are  performed
on common C18 columns (150 or 250 mm length) with organ-
ic mobile  phase  (methanol−water  or  acetonitrile−water),  re-
quiring  amounts  of  organic  solvents  and  long-time  analysis.
Recently, eco-friendly HPLC methods have attracted increas-
ing attention, especially using rapid LC columns to reduce the
consumption of  organic  solvents  and  replacing  organic  mo-
bile  phase  with  environmentally  benign  ones [11].  Rapid  LC
methods,  including  UPLC  and  core-shell  LC,  are  developed
to  reduce  the  consumption  of  organic  mobile  phase  and
shorten  analytical  time [12-14],  but  harmful  organic  solvents
(e.g.  methanol)  are  still  used  as  mobile  phase [13, 15]. In  con-
trast, utilizatinon  of  an  eco-friendly  solvent  as  mobile  phase
is  an  alternative  greener  method.  For  instance,  a  micellar
HPLC method was developed for the analysis of nucleosides,
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in which  the  mobile  phase  simply  consisted  of  aqueous  sur-
factant  solution [16, 17].  Furthermore,  a  high  concentration  of
surfactant solution is easy to dissolve out in practical applica-
tion,  which  may  damage  the  column  and  LC  instrument.
However,  a  low concentration of  buffer  salt  may change the
elution  capability  of  aqueous  mobile  phase  for  analytes,
which  is  be  a  good  choice  for  the  analysis  of  nucleosides.
Therefore,  it  may  be  a  good  strategry  to  develop  an  HPLC
method for  the analysis  of  nucleosides in Cordyceps and re-
lated  products  using  a  core-shell  column  and  buffer  salt
aqueous  solution  as  mobile  phase  for  the  purpose  of  green
analytical chemistry.

In the present study, an eco-friendly and fast method for
determination of adenosine, inosine, guanosine and uridine in
Cordyceps  and  related  products  was  established.  Moreover,
the  “Analytical  Eco-Scale ”  tool  was  applied  to  assess  the
greenness of the proposed HPLC method. 

Methods
 

Chemicals and materials
Uridine  (99.5%,  110887-201803),  inosine  (98.6%,

140669-201606),  guanosine  (93.6%,  111977-201501),  and
adenosine (99.7%, 110879-201703) were purchased from the
National  Institutes  for  Food  and  Drug  Control  (Beijing,
China).  Formic  acid  (HPLC grade),  phosphoric  acid  (HPLC
grade), and ammonium formate (HPLC grade) were obtained
from  Shanghai  Aladdin  Biochemical  Technology  Co.,  Ltd.
(Shanghai,  China).  Acetic  acid  (HPLC  grade),  ammonium
acetate  (analytical  grade),  and  phosphoric  acid  (analytical
grade)  were  purchased  from  Xilong  Scientific  Co.,  Ltd.
(Sichuan,  China).  Monopotassium  phosphate  (analytical
grade) was provided by Guangdong Guanghua Sci-Tech Co.,
Ltd.  (Guangzhou,  China).  Deionized  water  was  obtained  by
the Milli-Q purification system (Millipore, USA).

Cordyceps samples (s1−s11) were collected from Hubei,
Qinghai,  Sichuan  and  Xizang  provinces.  Related  products,
the fermented mycelia of Hirsutella sinensis and Paecilomy-
ces hepiali, were also collected for comparative analysis. The
fermented mycelia of Paecilomyces hepiali powder (FMPHP,
s12 and s13) was purchased in Jiangxi Province. The fermen-
ted mycelia of Hirsutella sinensis powder (FMHSP, s14 and
s15)  was  purchased  in  Guangdong  Province.  The  botanical
origin of materials was identified by Dr. QIAN Zheng-Ming.
Voucher  specimens  were  deposited  at  the  Ruyuan  HEC
Pharma Co., Ltd., Shaoguan, China. 

Preparation of reference standard solution
Reference  standards  stock  solutions  of  uridine,  inosine,

guanosine and adenosine were prepared with 0.5% phosphor-
ic acid solution. The resultant stock solutions were further di-
luted with 0.5% phosphoric acid solution to obtain a series of
reference working solutions. 

Preparation of sample solution
Ultrasonic extraction: The powder of samples (0.1 g) was

mixed with 1.0 mL of 0.5% phosphoric acid solution and ul-
trasonically extracted at an ambient temperature for 2.5 min.
Then the  extraction solution was  cooled down to  room tem-

perature  and  the  lost  weight  was  compensated  with  0.5%
phosphoric acid solution.

Reflux  extraction:  The  powder  of  samples  (1.0  g)  was
mixed with 10.0 mL of 0.5% phosphoric acid solution and re-
flux  extracted  at  100  °C  for  30.0  min.  Then  the  extraction
solution  was  cooled  down  to  room  temperature  and  the  lost
weight was compensated with 0.5% phosphoric acid solution.

All extraction solution was filtered through a 0.2 μm fil-
ter (Agilent, California, USA) before HPLC analysis. 

HPLC conditions
HPLC  analysis  was  performed  on  the  Agilent  Series

1260 LC system (Agilent Technologies, USA) consisting of a
quaternary  pump,  a  thermostatic  column  compartment,  an
auto  sampler  and  a  diode  array  detector  (DAD).  An Agilent
Poroshell 120 SB-Aq column (50 mm × 4.6 mm, 2.7 μm) was
utilized for sample analysis and the column temperature was
20 °C.  The  mobile  phase  was  formic  acid-ammonium form-
ate buffer solution (0.1% formic acid : 5 mmol·L−1 ammoni-
um  formate  =  75  :  25,  pH  2.87)  with  a  flow  rate  of  1.0
mL·min−1. The detection wavelength was 260 nm. The injec-
tion volume was 1 μL. 

Method validation
The  current  method  was  validated  for  linearity,  limit  of

detection (LOD), limit of quantification (LOQ), precision, ac-
curacy, repeatability and stability tests. 

Linearity, LOD and LOQ
The solution of four reference components was prepared

at a series of concentrations: from 1.00 to 626.35 μg·mL−1 for
uridine, from 5.12 to 81.99 μg·mL−1 for inosine, from 0.98 to
615.42  μg·mL−1 for  guanosine  and  from  1.07  to  668.47
μg·mL−1 for  adenosine.  The  solution  was  analyzed  for  the
evaluation of  linearity.  A standard curve was constructed by
plotting the concentrations versus peak areas.

The  LODs  and  LOQs  were  determined  by  reference
component standards and recorded as the corresponding con-
centrations which gave signal-to-noise (S/N) ratio of approx-
imately 3 and 10, respectively. 

Precision, repeatability and stability
The  intra-  and  inter-day  assays  were  used  to  assess  the

precision  of  the  established  method.  The  intra-day  precision
was determined by analyzing the  solution  of  reference  com-
ponents in six replicates within one day. The inter-day preci-
sion  was  determined  by  analyzing  the  solution  of  the  same
reference  components  in  duplicate  per  day  for  consecutive
three days.  The  relative  standard  deviation  (RSD)  was  util-
ized as a measure of precision.

The repeatability  of  the  established  method  was  evalu-
ated by Cordyceps sample which was extracted and the RSD
of the results were tested for six times.

The stablity of  sample solution was assessed by analyz-
ing the solution of Cordyceps sample every 2 h within 24 h.
Variation was evaluated by the RSD. 

Recovery
A recovery test was used to evaluate the accuracy of the

established  method.  Known  amounts  of  four  nucleosides
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were  added  to  approximate  0.05  g  of  Cordyceps  powder
(sample s2),  and  then  extracted  and  analyzed  by  the  estab-
lished method. The recovery rates were calculated as 100% ×
(found amount – original amount)/spiked amount. 

Results and Discussion
 

Optimization of ultrasound extraction conditions
Many  methods  concerning  nucleoside  extraction  from

Cordyceps were reported, such as maceration, reflux, soxhlet
and  ultrasonic  extraction [6].  Compared  with  other  methods,
ultrasonic extraction is easy to perform and requires less en-
ergy and time. It is normally considered as a “green” and the
most convenient extraction method [18, 19]. In the current study,
both ultrasonic  extraction  and  reflux  extraction  were  com-
pared. The results of two extraction methods were consistent,
but the reflux extraction took more time (30 min). Therefore,
ultrasound extraction was adopted and the parameters includ-
ing  extraction  solvent,  solid-liquid  ratio  and  extraction  time
were studied.

It was  reported  that  transformation  existed  during  ultra-
sonic extraction of nucleosides from Cordyceps where water
was applied as the solvent, and this process was inhibited by
the  addition  of  a  certain  concentration  of  an  acid  or  organic
solvent [20, 21]. Hence, the extraction effects were investigated,
using  different  concentrations  of  phosphoric  acid  aqueous
solutions (0%, 0.25%, 0.50%, 0.75%, and 1.00%) and differ-
ent concentrations of methanol aqueous solutions (0%,  30%,
60%,  and  90%).  The  results  showed  that  the  transformation
of  nucleosides  was  inhibited  when  the  concentrations  of
phosphoric  acid  and  methanol  were  not  less  than  0.5% and
60%, respectively.  The  content  of  the  four  nucleosides  ob-
tained  by  phosphoric  acid  aqueous  solutions  (0.50%,  0.75%
and 1.00%) was equal to those obtained by methanol aqueous
solution (60%). Accordingly, 0.50% phosphoric acid aqueous
solution  was  chosen  as  the  extraction  solvent  for  the  lowest
cost and environmental protection.

Solid-liquid ratio (1 :  10, 1 :  20, 1 :  30, and 1 :  40) and
extraction time  (2.5,  5,  10  and  20  min)  were  further  optim-
ized. The  results  indicated  that  there  was  no  obvious  differ-
ence among different solid-liquid ratios and extraction times.
Then, 1 : 10 solid-liquid ratio and 2.5 min of extraction time
were chosen for preparation of Cordyceps samples in consid-
eration of low consumption of solvents and time.

In  sum,  the  optimal  extraction  conditions  were  listed  as
follows:  extraction  solvent,  0.5% phosphoric  acid  solution;
solid-liquid ratio, 1 : 10; and extraction time, 2.5 min. 

Optimization of HPLC conditions
Nucleosides,  a  class  of  polar  compounds,  are  usually

separated  by  100% aqueous  phase [10, 20].  Ordinary  reversed
phase  columns  may  be  damaged  in  100% aqueous  phase.
However, Aq column, a special reversed phase column, is of-
ten used to separate polar compounds in 100% aqueous phase
with  perfect  retention  time  and  chromatographic  peak.  For
example, the nucleosides in Cordyceps was separated on a SB-
Aq  column  (250  mm ×  4.6  mm,  5  μm)  within  60  min [21].

Moreover, Poroshell columns provided rapid separation for a
variety of  compounds  with  low  back  pressure  on  a  conven-
tional  LC  system,  and  were  used  for  quality  evaluation  of
herbs [14, 15]. Thus, the Poroshell 120 SB-Aq column may be a
good  choice  for  rapid  separation  of  nucleosides.  Previous
studies generally used water-methanol or water-acetonitrile as
mobile phase for analyzing nucleosides in Cordyceps and re-
lated  products [6, 7, 22].  To  avoid  using  harmful  organic
solvents,  we  tested  different  aqueous  solutions  as  mobile
phase to separate uridine, inosine, guanosine and adenosine in
Cordyceps on the Poroshell 120 SB-Aq column.

Three  different  mobile  phase  systems  (formic  acid-am-
monium formate,  acetic  acid-ammonium  acetate  and  phos-
phoric  acid-monopotassium  phosphate)  were  compared  as
shown in Fig. S1. The retention time of adenosine was about
16.5 min in the acetic acid-ammonium acetate system, while
inosine and guanosine were eluted together in the phosphoric
acid-monopotassium phosphate system. The formic acid-am-
monium formate system showed good resolution and short re-
tention  time  for  the  four  nucleosides.  Therefore,  the  formic
acid-ammonium formate system was used for further invest-
igation. Nucleosides are basic compounds which can exist as
ions  under  acid  conditions.  Thus,  the  pH  value  of  mobile
phase  may  have  a  great  influence  on  the  retention  time  of
nucleosides. The ratio of 0.1% formic acid (solvent A) and 5
mmol·L−1 ammonium  formate  solution  (solvent  B)  (15% B
pH 2.78,  25% B  pH  2.87,  35% B  pH 2.97  and  45% B
pH 3.07) was tested as shown in Fig. S2. The 15% B condi-
tion  required the  shortest  time  (7  min)  but  generated  poor
separation  of  inosine  and  impurities,  while  the  25%,  35%,
and 45% B conditions showed good separation of target com-
ponents. Furthermore, the 25% B condition required less time
than the 35% and 45% B conditions. Thus, the 25% B condi-
tion was chosen as the optimal condition because of the good
separation  of  inosine  and  impurities  and  the  short  running
time  (8  min)  of  analytes.  The  optimum  column  temperature
was also investigated. As shown in Fig. S3, a higher temper-
ature led to faster separation, with a lower resolution of ana-
lytes  and  impurities.  The  resolutions  of  uridine  and  inosine
with their  impurities  were  poor  when  the  column  temperat-
ure was above 20 °C. Thus,  the column temperature was set
as 20 °C. 

Method validation
The developed method was validated, as demonstrated in

Tables  1 and 2.  Four  calibration  curves  showed  good  linear
regression (R = 1.000) within test ranges, the LODs were less
than  0.08  μg·mL−1 and  the  LOQs  were  less  than  0.22
μg·mL−1.  The  RSD  of  precision  and  repeatability  were  less
than or equal to 2.81%. The analytes in sample solution were
stable within 24 h (RSD ≤ 2.78%). The recovery of four ana-
lytes ranged from 91.84%−105.19% (RSD ≤ 2.59%). There-
fore, the developed HPLC method was sensitive, accurate and
precise  for  quantitative  analysis  of  four  nucleosides  in  the
sample. 
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Analysis of samples
Totally, 11 batches of Cordyceps (s1−s11) and 4 batches

of  related  product  powder  (s12−s15)  samples  were  analyzed
according to the developed method. The representative chro-
matograms  of  reference  standards  and  Cordyceps  samples
were  illustrated  in Fig.  1. The  amounts  of  the four  nucleos-
ides in Cordyceps and related product samples were listed in
Table  3.  The  content of  the  four  nucleosides  in  Cordyceps
samples  (s1−s11)  ranged  from  0.22−0.66  mg·g−1 (uridine),
0.20−0.46  mg·g−1 (inosine),  0.08−0.27  mg·g−1 (guanosine)
and  0.21−0.48  mg·g−1 (adenosine),  respectively.  The  total
content ranged from 0.94−1.70 mg·g−1, which was consistent
with  previous  reports [9, 23].  Notably,  the  total  content  of  the
four  nucleosides  in  FMHRP  and  FMPHP  (s12−s15)  was

much  higher  than  that  in  Cordyceps.  This  difference  can  be
used  to  distinguish  Cordyceps  from  the  fermented  mycelia
powder as previously reported [24, 25]. 

Comparison of the current and reported methods
Several  HPLC and UHPLC methods  (Methods  I,  II  and

III) for  analyzing the  four  nucleosides  in  Cordyceps  was  re-
ported before the present study [13, 15, 26]. The “Analytical Eco-
Scale”  tool  was  used  to  evaluate  the  greenness  of  the  pro-
posed  method  and  reported  ones [27].  The  “Analytical  Eco-
Scale” tool was regarded as an excellent quantitative tool for
the  greenness  assessment [28].  In  this  evaluation  system,  a
higher  score  for  an  analytical  method  means  the  method  is
more  eco-friendly.  The  result  of  the  “Analytical  Eco-Scale ”
evaluation was shown in Table 4. Method I using a long C18

column (250 mm) got  a  low score  of  78,  which employed a
lot  of  poisonous  solvents  and  produced  large  amounts  of
waste [26]. Method II received the lowest score of 77 because
more harmful organic solvent was consumed and more waste
was produced during sample preparation [13]. Method III com-
bining  HPLC  with  Poroshell  column  scored  a  high  point  of
87, which reduced the consumption of organic solvent during
sample  extraction  and  HPLC  separation [15].  The  proposed
HPLC method got the highest Eco-Scale score of 91, indicat-
ing that this method is the greenest among the methods. In the
current HPLC method, harmful organic solvent was replaced
by  aqueous  solution.  Thus,  less  waste  was  produced.  These
results  suggested  that  the  current  method  is  an  eco-friendly
HPLC method for the analysis of four nucleosides in Cordy-
ceps and related products.

Due to the complicated components, analysis of Chinese
herbal medicine is usually time-consuming, especially during
the  process  of  sample  preparation  and  LC  analysis [29, 30].
Most of the currently available methods for  analyzing  four
nucleosides in Cordyceps required more than 60 min. For ex-
ample,  a  HPLC  method  developed  by  Xiao [26]required 55
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Fig.  1     HPLC  chromatograms  of  reference  standards  (A)
and  Cordyceps  sample  s2  (B)  1-Uridine;  2-Inosine;  3-
Guanosine; 4-Adenosine
 

 
Table 1    Linearity, LODs and LOQs of the four nucleosides

Analytes Regression equation R Linear range (μg·mL−1) LOD (μg·mL−1) LOQ (μg·mL−1)

Uridine y = 5.8552x – 0.4691 1.0000 1.00−626.35 0.03 0.08

Inosine y = 6.5327x + 0.0435 1.0000 5.12–81.99 0.07 0.21

Guanosine y = 5.8540x – 3.8968 1.0000 0.98–615.42 0.04 0.12

Adenosine y = 7.9550x – 4.5562 1.0000 1.07–668.47 0.06 0.17

 
Table 2    Precision, repeatability, stability and recovery of the four nucleosides

Analytes
Precision (RSD %)

Repeatability (RSD %, n = 6) Stability(RSD %, 24 h) Recovery (RSD %, n = 6)
Intra-day (n = 6) Inter-day (n = 6)

Uridine 2.27 2.56 2.03 1.90 91.84% (2.35)

Inosine 1.69 2.81 2.48 2.78 105.19% (2.34)

Guanosine 0.85 2.47 1.32 0.85 103.57% (2.07)

Adenosine 0.22 0.49 1.40 0.47 100.32% (2.59)
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Table 3    The contents of analytes in samples

No. Name Collection place Uridine (mg·g−1) Inosine (mg·g−1) Guanosine (mg·g−1) Adenosine (mg·g−1) Total nucleosides (mg·g−1)

s1

Cordyceps

Hubei

0.22 ± 0.002 0.20 ± 0.032 0.08±0.001 0.48±0.001 0.98

s2 0.46 ± 0.009 0.31 ± 0.001 0.21±0.003 0.34±0.003 1.32

s3 0.53 ± 0.002 0.46 ± 0.009 0.22±0.001 0.21±0.000 1.42

s4 0.66 ± 0.002 0.40 ± 0.006 0.27±0.002 0.37±0.001 1.70

s5 0.39 ± 0.002 0.39 ± 0.005 0.17±0.001 0.24±0.002 1.19

s6 0.35 ± 0.004 0.33 ± 0.007 0.26±0.006 0.41±0.003 1.35

s7 0.29 ± 0.002 0.35 ± 0.003 0.20 ± 0.012 0.28 ± 0.012 1.12

s8 0.23 ± 0.001 0.24 ± 0.002 0.25 ± 0.020 0.30 ± 0.001 1.02

s9 Qinghai 0.52 ± 0.001 0.10 ± 0.000 0.18 ± 0.025 0.22 ± 0.001 1.02

s10 Sichuan 0.65 ± 0.008 0.10 ± 0.000 0.29 ± 0.011 0.32 ± 0.000 1.36

s11 Xizang 0.46 ± 0.004 0.11 ± 0.001 0.08 ± 0.000 0.29 ± 0.002 0.94

s12
FMPHP Jiangxi

3.13 ± 0.021 0.03 ± 0.002 2.50 ± 0.019 2.26 ± 0.008 7.92

s13 3.76 ± 0.185 0.07 ± 0.004 2.89 ± 0.129 2.54 ± 0.122 9.26

s14
FMHSP Guangdong

1.27 ± 0.013 N\A 1.03 ± 0.001 1.36 ± 0.014 3.66

s15 2.54 ± 0.015 N\A 2.14 ± 0.041 2.37 ± 0.031 7.05

*Data are expressed as mean ± standard deviation (n = 2)

 
Table 4    Comparison of the proposed method and reported methods

Method Analytical Eco-Scale Penalty points References

Proposed Method

Reagents

Formic acid 2

N\A

Phosphoric acid 2

Ammonium formate 0

Instruments

Sonicator 1

LC 1

Occupational hazards 0

Waste 3

Total penalty points 9

Eco-Scale 91

Method Ⅰ

Reagents
Methanol 6

[26]

Acetic acid 4

Instruments

Sonicator 1

Centrifuge 1

LC 1

Occupational hazards 0

Waste 5

Total penalty points 18

Eco-Scale 78
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min in sample extraction and 35 min in LC separation with a
total  of  90  min.  An  UPLC  method  developed  by  Yang [13]

consumed  only  15  min  including  sample  extraction  on  an
ASE system  and  LC  separation  on a UPLC  system.  The  in-
struments used  were  expensive  and  unsuitable  for  wide  ap-
plication.  In  the  current  method,  extraction  was  operated  on
an  ultrasonic  apparatus,  and  separation  was  performed  on  a
normal HPLC system. The whole process took only 10.5 min,
including  2.5  min  of  sample  extraction  and  8  min  of  HPLC
separation. It was faster and more convenient compared with
reported methods.

The current method was able to analyze the four nucleos-
ides  in  Cordyceps  and  related  product  samples  within  10.5
min, without the use of any harmful organic solvent, which is
an eco-friendly and rapid method. 

Conclusions

An eco-friendly  and  rapid  method has  been  established,
using Poroshell column with green mobile phase, for the de-
termination  of  adenosine,  inosine,  guanosine  and  uridine  in
Cordyceps and  related  product  samples.  The  newly  de-
veloped method  is  proved  to  be  accurate,  sensitive  and  reli-
able. It can be used as an efficient alternative method for the
determination  of  nucleosides,  so  as  to  improve  the  quality
evaluation of Cordyceps and related products. 
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