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Abstract

[ Objectives | To explore the influence of different times of steaming and exposing to the sun on the fingerprint of Polygonati Rhizo-

ma by studying the HPLC fingerprint of Polygonati Rhizoma processed products with different times of steaming and exposing to the sun, and to
provide a basis for the determination of the best processing technology of Polygonati Rhizoma. [ Methods] SETSAIL IT AQ-Cs (5 um x
250 mm x4.6 mm) was used as the column, the column temperature was 30 °C, pure water (A) and acetonitrile (B) were eluted gradually,
0-10 min, B (5% -10% ), 10 =30 min, B (10% -35% ), 30 =40 min, B (35% -60% ), 40 —45 min, B (60% -100% ), flow rate

1 ml/min, absorption wavelength 200 nm. [ Results] The relative retained peak area RSDs of the common peaks in the precision, reproduc-

ibility and stability tests were all less than 5% . There were 17 common peaks in the fingerprint of nine batches of samples, and the retention

time of Peak 2 was basically the same as that of the reference peak of 5-HMF. Peak 4 mainly existed in the chromatogram of Sample 3 to Sample

5, peaks 5 and 11 mainly existed after Sample 3, peaks 9, 14 and 16 mainly existed after Sample 6, and peaks 12 and 17 mainly existed after

Sample 4. [ Conclusions] A total of 17 common peaks were obtained, and the Peak 2 was the designated peak, and the chemical components

of each processed product were different.
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1 Introduction
Polygonati Rhizoma is the dried rhizome of Polygonaium sibiricum
Red. , Polygonatum kingianum Coll. et Hemsl. , or Polygonatum

cyrionema Hua'''. As a traditional tonic medicine, it often needs
2-3]

to be steamed repeatedly in the traditional processing method"
until the color is black and smooth, and there is no numbness in
the mouth to reduce toxicity and enhance efficacy. According to
records in Compendium of Materia Medica™' | taking Polygonati
Rhizoma only needs steaming and exposing drugs to the sun alter-
natively for nine times, to tonify the deficiency and enhance the

" nine" in the

essence. The processing times represented by
"steaming and exposing drugs to the sun alternatively for nine
times" in the traditional steaming processing are still controver-
sial®’ | and some scholars believe that the processing technology
can be optimized based on modern research on the number of re-
steaming times. Zheng Xiaoqian et al. studied the changes in car-
bohydrate components in Polygonati Rhizoma with different pro-
cessing degrees during steaming and exposing drugs to the sun al-
ternatively for nine times, they found that when steaming and ex-
posing drugs to the sun alternatively for five times, the fructose
content reached the peak then decreased, but the peak of sucrose
content appeared at " steaming and exposing drugs to the sun alter-
natively for two times" , and glucose level reached peak at " steam-
ing and exposing drugs to the sun alternatively for seven times" ;
finally, they comprehensively evaluated the changes in appear-
ance, nature and taste, and carbohydrate components, and select-
ed Polygonati Rhizoma " steaming and exposing drugs to the sun
alternatively for five times" as optimal processing method'® . Yang

Shengxian et al. comprehensively evaluated that " steaming and

exposing drugs to the sun alternatively for four times" was the best
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processing technology based on the content changes in polysaccha-
rides and saponins'’’.

The change rule and mechanism of Polygonati Rhizoma in the
process of resteaming are not clear. Fingerprint is a rapid and ef-
fective method to study the quality control and evaluation of tradi-
tional Chinese medicine. Some scholars used HPLC fingerprint to
study the changes in components of Zingiberis Rhizoma Recens™
! In this

study, we studied the fingerprints of each steaming and exposing

and Pinelliaec Rhizoma'' before and after processing.
drugs to the sun, and observed the fingerprints of Polygonati Rhi-
zoma with different processing degrees. According to the experi-
mental results, we optimized the best processing technology of Po-
lygonati Rhizoma, so as to provide a reference for establishing a
more systematic, standardized and perfect quality evaluation sys-
tem of Polygonati Rhizoma decoction pieces.

2 Materials and methods
2.1 Source and processing of medicinal materials
ti Rhizoma was purchased from the traditional Chinese medicine

Polygona-

market in Yulin City, Guangxi, and was identified as the fresh
rhizome of Polygonatum cyrtonema Hua by Yin Shenggao, associ-
ate professor of the Department of Medicinal Plants, Guangxi Uni-
versity of Chinese Medicine.

Taking fresh Polygonatum cyrtonema Hua to remove impuri-
ties and fibrous roots, cleaning, airing, steaming for 6 h, placing
in a sieve, exposing to the sun until half dry, adding the distilled
liquid for soaking, steaming for 6 h again, exposing to the sun un-
til half dry, adding the distilled liquid again, uniformly mixing,
steaming for 6 h, exposing to the sun until half dry, repeating the
operation for 9 times to obtain processed products with different
times of steaming and exposing to the sun, namely, Sample 1,
Sample 2, Sample 3, Sample 4, Sample 5, Sample 6, Sample 7,
Sample 8 and Sample 9. Exposing the steamed Rhizoma polygonati
to the sun until the processed Rhizoma polygonati is half dry for
later use.
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2.2 Reagents Methanol (Lot 193728, Thermo Fisher Technol-
ogy Co., Ltd. ), 5-Hydroxymethylfurfural (5-HMF, wkql9112208
HPLC=98% , Sichuan Weikeqi Biotechnology Co. , Ltd. ), ace-
tonitrile (Lot 19199, Thermo Fisher Technology Co. , Lid. ), gla-
cial acetic acid (Lot 2019022701).

2.3 Instruments Shimadzu HPLC (LC-2030 Plus, Shimadzu,
Japan) , chromatographic column (SETSAIL II AQ Cy, 5 pum X
250 mm x4.6 mm) , ultrasonic cleaner (KQ-250B, Kunshan Ul-
trasonic Instrument Co. , Ltd. ), centrifuge (TGL-16G, Shanghai
Anting Scientific Instrument Factory), Merck MilliQ Pure Water
Instrument ( Merck Chemicals Shanghai Co. , Ltd. ).

2.4 Chromatographic conditions SETSAIL 1T
AQ-Cis (5 pm x250 mm x4.6 mm) , mobile phase: A is pure
water, B is acetonitrile, gradient elution, 0 — 10 min, B (5% -
10% ), 10 =30 min, B (10% -35% ), 30 =40 min, B (35% -
60% ), 40 —45 min, B (60% —100% ), column temperature
30 C, flow rate: 1 mL/min, absorption wavelength 200 nm, and

Column ;

injection volume: 10 pL.
2.5 Preparation of standard solution
13.3 mg of 5-hydroxymethylfurfural reference standard and

Precisely weighed

added methanol to prepare the standard solution solution of
1.33 mg/mL.

2.6 Preparation of the test solution Precisely weighed 2 g of
Polygonati Rhizoma processed product powder, added 40 mL of
70% ethanol, performed ultrasonic treatment for 30 min, cooled
down, performed suction filtration, kept the filtrate for use, added
40 mL of 70% ethanol into the filter residue, performed ultrasonic
treatment for 30 min, cooled down, performed suction filtration,
combined two times of the filtrate, evaporated, added methanol to
dissolve the extract, transferred and fixed the volume to 10 mlL,
then added 100 pL of chitosan glacial acetic acid solution over-
night, performed centrifugation at 12 000 rpm for 10 min, filtered
with 0.22 um filter membrane, and took the filtrate as the test

solution.
2.7 Methodological investigation
2.7.1 Precision test. Took Sample 3 and injected for 5 times

successively. The RSD of relative retention time of common peaks
was 0.03% —1.1% , and the RSD of relative retention peak area
was 0.57% -2.82%.

2.7.2 Reproducibility test. Precisely weighed 5 pieces of Sam-
ple 3, extracted and injected. The relative retention time RSD of
the common peak was 0.04% —0.38% , and the relative retention
area RSD was 0.18% -2.07%.

2.7.3 Stability test. Took Sample 3, and injected at 0, 3, 6, 12
and 24 h time points in turn, and the relative retention time RSD
of the common peak was 0.03% —0.71% , and the relative reten-

tion area RSD was 0.19% -2.84%.

3 Results and analysis

3.1 Establishment and analysis of fingerprints and assign-
ment of chromatographic peaks
Rhizoma processed by " steaming and exposing drugs to the sun al-

Took samples of Polygonati

ternatively for one time" to " steaming and exposing drugs to the
sun alternatively for nine times" , prepared the test solution in ac-
cordance with methods in Section 2. 6 and analyzed it according to
the chromatographic conditions in Section 2.4. The chromatogram

was imported into the " Similarity Evaluation of Traditional Chinese
Medicine Fingerprint" software, and the results were shown in
Fig. 1. Through multi-point correction, 17 common peaks were ob-
tained. Peak 2 of each sample can be identified as 5-HMF by
comparison with the retention time in the reference chromatogram,
and the reference chromatogram is shown in Fig. 2.
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Fig.2 5-HMF reference standard

3.2 Fingerprint analysis
4 mainly existed in the spectrum of Sample 3 to Sample 5, Peak 5

Among the 17 common peaks, Peak

and Peak 11 mainly existed in the spectrum of Sample 3 to Sample
9, Peak 9, Peak 14 and Peak 16 mainly existed in the spectrum of
Sample 6 to Sample 9, and Peak 12 and Peak 17 mainly existed in
the spectrum of Sample 4 to Sample 9. Peak 1 had a better peak
shape in Sample 3 and had the highest peak height in Sample 1.
Peak 2 was 5-HMF, and its peak area and peak height in Sample
6 were higher than those in other samples. As the main effective
part of Polygonati Rhizoma is polysaccharide of Polygonati Rhizo-
ma, and 5-HMF is a thermal degradation product of the polysac-
charide and has certain pharmacological activity, the content of
5-HMF has a certain relation with the quality of Polygonati Rhizo-
ma. The results indicate that the times of steaming and exposing to
the sun may affect the quality of Polygonati Rhizoma.

4 Discussion
In this experiment, we investigated the extraction conditions (in-
cluding solvent ratio, extraction method, exiraction time) and
chromatographic conditions ( including column, column tempera-
ture, wavelength, mobile phase), and finally determined the
above method.

The extraction conditions were mainly determined by the size
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of the peak area of 5-HMF, and finally determined as 70% etha-
nol, ultrasonic for 30 min. The chromatographic conditions were
determined according to the peak shape and resolution. In this ex-
periment, the maximum absorption wavelength was determined be-
tween 200 —210 nm by DAD full-wavelength scanning, and finally
200 nm was determined as the optimal wavelength.

From the experimental results, it can be seen that there are
great differences in the chemical composition of the nine batches of
samples with different processing degrees. If we need to explore
which specific chemical components are different, we need to fur-
ther analyze them with the help of mass spectrometry. Because the
quality of Polygonati Rhizoma from different varieties and different
places may be different, the best steaming times of Polygonati Rhi-
zoma with large quality difference may be different. In the future,
more batches of Polygonati Rhizoma from different varieties and
different places can be selected for further study.
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Therefore, methanol concentration was the factor that had statisti-
cal significance on the extraction effect of umbelliferone from
P. tomentellal. In consequence, the extraction schedule of this
experiment was A,B;C,, whereas the optimal extraction schedule
of this experiment was A,B,C, combined with the experimental
cost and energy saving, that is, the extraction effect was the best
when the methanol concentration, extraction solvent volume and
reflux extraction time were 80% , 30 mL, and 1.5 h, respectively.

Table 6 Analysis of variance for extraction of umbelliferone from Pileo-
stegia tomentellal

Source of error SS f S F P

A 0.016 8 2 0.0084 19.0430 <0.05
B 0.007 4 2 0.003 7 8.4316 >0.05
C 0.000 3 2 0.000 2 0.3755 >0.05
D (error) 0.000 9 2 0.000 4

5 Validation test

Three batches of validation tests were conducted according to the
optimal technology determined by orthogonal test. The results
showed that the content of umbelliferone in P. tomentellal was
0.425 0 mg/g, and the RSD was 2. 36% , indicating that the
process had good reproducibility and could be used as the extrac-
tion technology of umbelliferone from P. tomentellal.

6 Discussion
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