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Simultaneous determination of five nucleosides and nucleobases of
Rehmannia glutinosa Libosch. by high performance liquid chromatography
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Abstract: This study is to establish a method for simultaneously determination of five nucleosides and
nucleobases, including hypoxanthine, uridine, adenine, guanosine and adenosine in Rehmannia glutinosa Libosch.
which was collected from different regions in China. A Diamonsil Cig column (250 mm X 4.6 mm, 5 pm)
was used. Acetonitrile and 0.04 mol'L™" potassium dihydrogen phosphate solution were adopted as mobile
phase with gradient elution. The flow rate was 1 mL-min ' and column temperature was 30 ‘C. The detection
wavelength was at 254 nm. The method had good linearity over the range of 1.0 — 16.0 pg'mL™" (r* = 0.999 8),
5.0 — 80.0 ug'mL™" (r* = 0.999 8), 1.0 — 16.0 ugrmL™" (r* = 0.999 5), 1.25 — 20.0 pgrmL™" (r* = 0.999 8) and
1.0 — 16.0 pgrmL™" (r* = 0.999 8) for hypoxanthine, uridine, adenine, guanosine and adenosine, respectively.
The average recoveries were between 98.8% and 100.7%. The content of hypoxanthine, uridine, adenine,
guanosine and adenosine in Rehmannia glutinosa Libosch. from different regions was significantly different.
This established method was sensitive and reliable for the quantification of five chemical constituents in
Rehmannia glutinosa Libosch.
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Rehmannia glutinosa Libosch., belonging to
the family of Scrophulariaceae, is one of the most
widely used traditional Chinese herb"). Traditionally,
Rehmannia glutinosa Libosch. has been used to nourish
Yin and invigorate the kidney in traditional Chinese
medicine (TCM) with a very high medicinal value!?.
In recent decades, a great number of chemical and
pharmacological studies have been done on Rehmannia
glutinosa Libosch. The main ingredients known for
Rehmannia glutinosa Libosch. are glycosides, sugar
and amino acids™), which were considered as the major
effective constituents. In the previous literatures,
many studies on the quality control of Rehmannia

glutinosa Libosch. focused on rehmanniosidest®,

catalpol”™ and oligosaccharides''* '),

Further study
showed that nucleosides as basic ingredients in TCM
demonstrated a unique and irreplaceable role in
anti-virus and anti-tumor activities, which can be used

121 Indeed, nucleosides

as active ingredients in drugs
are involved in the regulation and modulation of
various physiological processes through purinergic
and pyrimidine receptors!® . Adenosine can lower

51 There is a

blood pressure and slow down heart rate
large quantity of uridine, guanosine and adenosine in
the root of Rehmannia glutinosa Libosch. Therefore,
determination of nucleosides and nucleobases is very
important for pharmacological study and quality control
of Rehmannia glutinosa Libosch. and their products.
So far, there was only report on the determination of
adenosine in Rehmannia glutinosa Libosch. by HPLC!®),
And there are no reports for the quality control of other
nucleosides and nucleobases in Rehmannia glutinosa
Libosch. This work was to establish an alternative
approach for the quality assessment of Rehmannia
glutinosa Libosch.
nucleobases, including hypoxanthine, uridine, adenine,

There are five nucleosides and

guanosine and adenosine in the samples of Rehmannia
glutinosa Libosch. determined by HPLC. The contents
of these components in Rehmannia glutinosa Libosch.
from different regions were also compared.

Materials and methods

Chemicals, reagents and materials Nucleosides
and nucleobases, including hypoxanthine, uridine,
adenine and adenosine were purchased from National
Institute for the Control of Pharmaceutical and Biological
Products (Beijing, China). Guanosine was purchased
from Shanghai Tauto Biotech Co., Ltd. The purities of
these compounds were determined to be more than

99.5% by HPLC. Their structures are shown in

Figure 1. Acetonitrile for liquid chromatography
was purchased from Merck (Darmstadt, Germany).
Potassium dihydrogen phosphate was purchased from
Sinopharm Chemical Reagent Co., Ltd. Other reagents
of HPLC grade or the highest grade were commercially
The root of Rehmannia glutinosa Libosch.

was collected from different regions in China and

available.

authenticated by Professor Ya-jun Cui, Shanghai
University of Traditional Chinese Medicine. Ten
samples of Rehmannia glutinosa Libosch. (1-10) are
from Shanghai, Beijing, Nanjing, Zhengzhou, Taiyuan,
Shenyang, Changchun, Huhehaote, Xi’an, and Jinan,

separately.
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Figure 1 Chemical structures of five nucleosides and

nucleobases in Rehmannia glutinosa Libosch.

Preparation of standard solutions A stock
solution of standards containing hypoxanthine (40
pg-mL ™), uridine (200 pg-mL™"), adenine (40 pg-mL ™),
guanosine (50 pg'mL ") and adenosine (40 pgmL ™)
was prepared and appropriately diluted with water-
methanol (50 : 50, v/v) to obtain a series of working
standard solutions for calibration curves. The solutions
were stored at 4 ‘C and left at room temperature
before use.

Preparation of sample solutions The ground
powder of Rehmannia glutinosa Libosch. from different
regions were accurately weighed (1.0 g), and ultrasonic-
extracted with 10.0 mL of a mixture of water-methanol
(90 : 10, v/v) for 1 h, and then the same mixture was
added to compensate for the lost weight during the

extraction.  After extraction, the supernatant was
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filtered through a 0.45 pm membrane filter before
HPLC analysis.

Instrumentation and HPLC conditions Quan-
titative analysis was performed on a Waters 2695
HPLC system equipped with a vacuum degasser, a
quaternary pump, an autosampler and a Waters 2487
UV detector system, connected to a Waters Empower
software. A Diamonsil C;g column (250 mm % 4.6 mm,
5 um) was used for separation. Optimum separation
was achieved using gradient elution with 40 mmol-L™"
potassium dihydrogen phosphate solution (A) and
acetonitrile (B): 0 —25 min, 0% B; 25 —40 min, 0 — 1%
B; 40— 50 min, 1 -5% B; 50— 60 min, 5% B. The flow
rate was set at 1.0 mL-min"' and the injection volume
was 20 pL. The column temperature was maintained
at 30 C and the UV detection wavelength was set at

254 nm for analysis.

Results and discussion
1 Optimization of the extraction method

The extraction conditions of five nucleosides and
nucleobases were investigated and optimized. Firstly,
the method for the extraction was investigated, such as
refluxing and ultrasonication. The amount of analytes
extracted by ultrasonication was more than that extracted
by refluxing. Therefore, ultrasonic extraction was
selected. To achieve the maximal extraction efficiency
for all analytes in Rehmannia glutinosa Libosch.,
solvent of extraction (water, methanol and ethanol),
concentration of solvent (0%, 5%, 10%, 15%, 20%,
25% and 30% methanol aqueous solution), solvent
volume (5 mL, 10 mL, 15 mL and 20 mL) and time of
extraction (0.5 h, 1 h, 1.5 h, 2 h) were also tested,
separately. It was found that methanol, 10% methanol
aqueous solution, 10 mL and 1 h were the optimal
extraction conditions.
2 Optimization of HPLC conditions

A series of mobile phases were investigated to
obtain an optimal separation and analytical conditions for
HPLC analysis, including methanol-water, acetonitrile-
water, acetonitrile-0.1% formic acid, acetonitrile-
ammonium acetate and acetonitrile-potassium dihydrogen
phosphate. It was observed that the most favorable
separation resolutions of all analytes could be achieved
when potassium dihydrogen phosphate was used in the
mobile phase. Then, the effect of different concentrations
including 5, 10, 20, 30 and 40 mmol-L! of potassium
dihydrogen phosphate on the separation of nucleosides

and nucleobases was investigated, successively. The

best separation was obtained when using acetonitrile-
40 mmol-L™" potassium dihydrogen phosphate as mobile
phase with gradient in this study.
3 Method validation

The linearity, precision, accuracy, repeatability and
stability were determined to validate the analysis
method. The correlation coefficient (r* > 0.999 0),
which was obtained from the linear regression equation
for the calibration curve, indicated appropriate relevance
between concentrations and peak areas within the tested
The relative standard deviation (RSD%) was
taken as an evaluation of precision, repeatability and

ranges.

stability for the analytes of the developed method.
The overall variations of five analytes were less than
3.6% (RSD%).
100.7% for the analytes showed good accuracy of the

And the overall recovery of 98.8%—

developed method.

3.1 Linearity, range and limits of detection The
stock standard solution of the five analytes was
appropriately diluted with 50% aqueous methanol to
And then the
calibration curves were constructed by plotting the peak

obtain a series of working solutions.

areas versus the concentration of each analyte. The
linearities of the five analytes are listed in Table 1.
As a result, the correlation coefficients (r* > 0.999 0) of
the analytes indicated good linearity over the whole
concentration ranges studied. Limits of detection (LOD)
and quantification (LOQ) for each analyte, which were
determined at a signal-to-noise ratio (S/N) of about 3
and 10, respectively, are also listed in Table 1.

3.2 Precision
were chosen to evaluate the precision of the method.

Intra-day and inter-day variability

Intra-day precision was examined with the mixture
standard solutions during a single day. The inter-day
precision was determined over three consecutive days.
The relative standard deviation (RSD%) values, which
was utilized to evaluate variations, varied from 0.44%
to 3.6% for intra- and inter-day assays for all the
analytes (Table 1).

3.3 Repeatability Repeatability was examined by
injecting six samples prepared with the same sample
preparation procedure as mentioned above. The relative
standard deviation (RSD%) are listed in Table 1.

3.4  Stability
solution was analyzed within 24 h at room temperature.
The RSD% values varied from 0.3% to 3.4% (Table 1).
It indicated that the investigated samples were stable

For the stability test, the sample

enough for the routine analysis within a day at room
temperature.
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3.5
method, the recovery test was carried out by measuring

Recovery To evaluate the accuracy of the

the amount of each compound recovered from the
samples which mixed with the standard solution at high,
middle and low concentration levels in three replicates.
and 100.7%.
Average recoveries for hypoxanthine, uridine, adenine,

The recoveries were between 98.8%

guanosine and adenosine were 99.2%, 99.3%, 100.7%,
98.8% and 99.3%, respectively. And the RSD%
values of each concentration level for hypoxanthine,
uridine, adenine, guanosine and adenosine were 1.1%,
1.5%, 1.8%, 1.5%, 1.7%, respectively. The high
recoveries illustrated good accuracy of the method.
4 Sample analysis

The developed HPLC method was applied to the
determination of five nucleosides and nucleobases in
Rehmannia glutinosa Libosch. from ten different
regions (1—10), and the contents of the analytes were
shown in Table 2. The contents of the five compounds
varied substantially among the samples because of
different climates and geographical environment.

Conclusions

A simple, sensitive and reliable HPLC method was
successfully employed to the quantification of five
nucleosides and nucleobases in Rehmannia glutinosa

Libosch. from different regions (Figure 2). It can be
used as the basis of the quality analysis of this widely

used herb in the future.
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Figure 2 Typical chromatograms of standard chemicals (A)
and Rehmannia glutinosa Libosch. (B). 1: Hypoxanthine; 2:
Uridine; 3: Adenine; 4: Guanosine; 5: Adenosine

Comparing the results of the analyses, the content
of uridine was found to be much more than that of the
other four compounds. It was also revealed that the
content of the same compound in different cultivated
regions of Rehmannia glutinosa Libosch. was signifi-

cantly different.

Table 1 Regression equation, linear range, detection limits of the method, and data of precision, repeatability and stability

Constituent Regression equation Corre}ation . Linearity rfllnge LODi1 LOQi1 Precision (RSD%)  Repeatability Stability
coefficient /R /ug-mL /pg'mL™" /pg-mL Intra-day  Inter-day (RSD%) (RSD%)
Hypoxanthine Y =7.150x10*X + 1.048x10° 0.999 8 1.0-16.0 0.05 0.10 1.8 0.59 1.8 1.0
Uridine Y =4.026x10%X + 4.552x10° 0.999 8 5.0-80.0 0.10 0.30 1.3 1.3 0.62 0.3
Adenine Y =9.909x10*X — 3.248x10* 0.999 5 1.0-16.0 0.06 0.20 0.47 0.50 0.52 2.3
Guanosine Y =4.869x10*X — 1.836x10* 0.999 8 1.25-20.0 0.10 0.30 3.6 2.5 2.5 2.6
Adenosine Y = 6.794x10"X + 3.404x10° 0.999 8 1.0-16.0 0.20 0.65 0.44 0.49 2.6 34
Table 2 Results of the quantification of five components in Rehmannia glutinosa Libosch. (n =3, X+5)
No. Sample source Content jugg
Hypoxanthine Uridine Adenine Guanosine Adenosine

1 Shanghai 22.324+0.03 208.5+1.42 40.32+0.33 26.72+0.17 87.52 £0.85

2 Beijing 15.68+0.13 374.6 £0.75 20.16 = 0.09 56.64 +0.29 107.4 +£0.26

3 Nanjing 26.64 +0.16 212.6 £0.32 50.72 £0.06 36.88+0.11 112.8 £0.62

4 Zhengzhou 12.88 £0.11 219.1 £0.55 34.32+0.30 16.48 £ 0.02 102.0+0.18

5 Taiyuan 14.64 +0.09 212.5+0.23 15.28 £0.02 20.24 +£0.16 45.12 +£0.05

6 Shenyang 19.12 £0.03 292.5+1.08 43.28 £0.07 13.44 £ 0.01 113.3£0.19

7 Changchun 11.12 £0.02 399.5£0.96 50.72 £ 0.46 48.72 + 0.06 83.76 £0.22

8 Huhehaote 56.96 £ 0.06 271.5+1.38 68.56 £ 0.24 16.32 £0.10 100.9 £0.73

9 Xi’an 49.68 + 0.06 219.4 £ 0.46 74.80 £ 0.61 14.92 £0.06 116.1 £0.39

10 Jinan 34.08£0.25 214.2 +£0.60 53.12+0.22 44.08 +0.23 92.32 +0.82




+ 1384 - Zj27 244k Acta Pharmaceutica Sinica 2011, 46 (11): 1380-1384
References [9] Wang ZJ, Wo SK, Wang L, et al. Simultaneous quantification
[1] Li SL, Song JZ, Qiao CF, et al. A novel strategy to rapidly of active components in the herbs and products of Si-Wu-Tang
explore potential chemical markers for the discrimination by high performance liquid chromatography-mass spectrometry
between raw and processed Radix Rehmanniae by UHPLC- [J]. J Pharm Biomed Anal, 2009, 50: 232-244.
TOFMS with multivariate statistical analysis [J]. J Pharm [10] Liu Y, Yang J, Liu T, et al. Quality standard of Dihuang
Biomed Anal, 2010, 51: 812—823. Guatang [J]. J China Pharm (*H[E %)), 2009, 20: 2834—
[2] Zhang RX, Li MX, Jia ZP. Rehmannia glutinosa: review of 23835.
botany, chemistry and pharmacology [J]. J Ethnopharmacol, [11] An Y, Yang J, Yue CL, et al. Determination of stachyose
2008, 117: 199-214. contents in Rehmannia glutinosa oligosaccharides by high
[3] Wang TX, LiJY, Hu ZH. Advances in studies on morphology performance liquid chromatography [J].  Lishizhen Med
and main chemical constituents of Rehmannia glutinosa [J]. Mater Med Res (I [H & [H 24), 2009, 12: 3071-3072.
Chin Tradit Herbal Drugs ("' % 2%), 2004, 35: 585—-587. [12] Xiao SS, Jin Y, Sun YQ. Recent progress in the studies of
[4] LiGS, Wang HS. Determination of rehmannioside D in root chemical constituents, pharmacological effects and quality control
of Rehmannia glutinosa by HPLC [J]. Chin Tradit Herbal methods on the roots of Isatis indigotica [J]. J Shenyang
Drugs (1 %5 24), 2003, 34: 752-754. Pharm Univ (¥kFHZ5 R K24 244R), 2003, 20: 455-459.
[5] Zhang LJ, Tu WQ, Yang R, et al. Determination of [13] Ralevic V, Burnstock G. Receptors for purines and pyrimidines
Rehmannioside D in Radix Rehmanniae from various habitats [J]. Pharmacol Rev, 1998, 50: 413-492.
[J]. Chin J Anal Lab (43473256 %), 2008, 27: 56—58. [14] Jacobson KA, Jarvis MF, Williams M. Purine and pyrimidine
[6] LiuCH, Zhang LJ, Li GS. Determination of rehmannioside A (P2) receptors as drug targets [J]. J Med Chem, 2002, 45:
in Root tuber of Rehmannia glutinosa [J]. Chin Tradit Herbal 4057-4093.
Drugs ("' 5 2%), 2002, 33: 706—707. [15] Shen FM, Su DF. The effect of adenosine on blood pressure
[77 LuL,WulJ,MaQ,etal. Determination of Catalpol in Radix variability in sinoaortic denervated rats is mediated by adenosine
Rehmanniae and by UPLC [J]. Chin Arch Tradit Chin Med A2A-receptor [J]. J Cardiovasc Pharmacol, 2000, 36: 681—
(P BEZ24T)), 2010, 28: 1309-1310. 686.
[8] Wang CY, Zhang H, Meng L, et al. Determination of catalpol [16] Zhu Q, Lou YY, Wang Y, et al. Determination of adenosine

in Radix Rehmanniae and its preparation by HPLC [J]. West

China J Pharm Sci (#7524 2% %), 2003, 18: 134-135.

in Rehmannia glutinosa Libosch. by HPLC [J].
Mater Med (71 [ 1 24 4%7K), 1998, 23: 711-721.

China J Chin



