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Aim of the Study. We set out to investigate the quality status of CR in China objectively according to the Chinese Pharmacopeia
(ChP). We also explored the correlation between its growth area, morphological characteristics, and quality by analyzing physical
and chemical indexes from 47 batches of CR collected from 12 provinces belonging to six geographic divisions.
Materials and Methods. The macroscopic characteristics of CR as well as its moisture, ethanol extract, essential oil, total
ash, and acid-insoluble ash contents were examined and calculated. In addition, qualitative identification and
quantitative determination of a-cyperone, cyperotundone, and nootkatone were simultaneously performed, and a
high-performance liquid chromatography (HPLC) fingerprint chromatogram was established. Inductively coupled
plasma mass spectrometry and gas chromatography methods recorded in ChP were used to measure the contents of
residues of heavy metal and deleterious elements as well as residues of organochlorine pesticide, respectively. Hi-
erarchical cluster analysis and typical canonical correlation analysis were performed using Origin 9.1 and SPSS 23.0 to
explore the correlation between CR’s growth area, morphological characteristics, and quality. Results. Of the 47
batches of CR analyzed, only 4 collected from the province of Shandong had a flat appearance, which did not accord
with the macroscopic characteristics of CR. Overall, only 4 batches met ChP standards for CR. In addition, 30 and 38
batches did not meet the requirements for moisture content and essential oil content, respectively. The similarity
values of HPLC fingerprints ranged from 0.568 to 0.986. Results of hierarchical cluster analysis for ethanol extracts,
essential oil, a-cyperone, cyperotundone, and nootkatone and the HPLC fingerprints (total peak time and peak area)
suggested that the samples could be classified into four clusters, with no significant difference in growth geographic
areas among them. Results of canonical correlation analysis indicated that the first canonical pair could represent the
correlation between macroscopic characteristics (vector 1) and chemical quality (vector 2), with shorter diameter and
length denoting lower ethanol extract content and higher nootkatone content in a single grain of CR. Conclusions.
Crude medicinal materials were collected and examined in this study to reflect the overall quality status of CR in China.
The methods chosen to detect, calculate, and analyze the quality of CR were suitable to the investigation, and the results
are crucial not only for estimating the current quality status of CR, but also for conducting further research into its
cultivation, quality assurance, and commodity specification. Besides, this mode of investigation could be used to
evaluate other medicines.


mailto:20132026@cdutcm.edu.cn
mailto:suwang571@126.com
https://orcid.org/0000-0002-9875-4382
https://orcid.org/0000-0003-3575-9212
https://orcid.org/0000-0003-1478-9500
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/8309832

1. Introduction

1.1. Basic Information and Application of CR. The efficacy of
an herbal medicine depends on its quality, which is influ-
enced by such factors as place of origin, climate, time, and
manner by which the herb is cultivated, collected, processed,
and preserved. Cyperi Rhizoma (CR) is a commonly used
medicine in clinic that is well recognized and extensively
used worldwide. It is the dried rhizome or tuber of Cyperus
rotundus L. of Cyperaceae, a grass-like erect perennial herb
that can grow up to 95-150 cm in height [1]. Its application,
usage, and dosage vary per healthcare system in different
countries or regions therein [2-4]. For instance, CR has been
used as a herbal remedy to treat bowel and stomach dis-
orders in India, Thailand, Iran, Sudan, and Japan for cen-
turies [5-8].

In traditional Chinese medicine (TCM), it was first
recorded as Suocao gen in the classic herbal reference “Ming
Yi Bie Lu.” At present, it is referred to as Xiangfu or Xiangfu
zi. It grows worldwide on hillsides in uncultivated grass or in
damp places near water. In China, it is produced in many
provinces, including Shanxi, Gansu, Henan, Shandong,
Jiangxi, Anhui, Sichuan, Guangdong, and Guangxi, which
belong to different geographic areas with significant climatic
differences [1]. According to TCM theory, CR is pungent,
slightly bitter and slightly sweet in flavor, and neutral in
nature and acts on the liver, spleen, and San Jiao channels. It
soothes the liver to resolve depression, moves Qi to soothe
the middle Jiao, regulates menses, and relieves pain [9]. The
“Ben Cao Bei Yao” collection recorded it as a general
medication for treating Qi disease and the primary medi-
cation for treating gynecological disease (Qi Bing Zhi Zong
Si, Nv Ke Zhi Zhu Shuai). It has long been included in such
prescriptions as Cai Hu Su Gan San and Yue Ju Wan, which
are very popular formulas for treating diseases caused by Qi
dysfunction. In addition, 107 preparations containing CR
are listed in the 2015 edition of the Chinese Pharmacopeia
(ChP), indicating that 7.14% of prepared preparations and
single medicinal preparations are made of CR combined
with other Chinese herbal medicines.

1.2. Chemical Components and Pharmacological Activities of
CR. The major chemical constituents of CR include essential
oils, total phenol, flavonoids, terpenoids, sesquiterpenes,
phenylpropanoids, phenolic acids, alkaloids, iridoid glycosides,
and saponins [10]. Previous pharmacological studies on CR
have reported that methanol (MeOH) extract, ethanol extract,
aqueous extract, and some components isolated from CR have
exhibited pharmacological functions, such as analgesic, free
radical scavenging, antiandrogenic, antimicrobial, cytotoxic,
anticonvulsant, antidiabetic, antigenotoxic, anti-inflammatory,
antiplatelet, antiuropathogenic, hepatoprotective, lactogenic,
antidepressant, neuroprotective, nootropic, antilipidemic, and
cardioprotective activities [6, 11-19]. Total MeOH extract,
from which three components could be isolated, namely,
methyl 3,4-dihydroxybenzoate, ipolamiide, and 6b-hydrox-
yipolamiide, was reported to have hepatoprotective activity
against CCly-induced hepatic injury [20]. The 70% ethanol
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extract of CR was found to have the most potent antioxidant
activity for metabolites involved in it, such as polyphenols,
flavonoids, and sesquiterpenes [10]. The aqueous extract of CR
could stimulate the synthesis of prolactin significantly, which
could increase milk secretion [21]. a-Cyperone could inhibit
LPS-induced inflammation in RAW 264.7 cells by regulating
cyclooxygenase-2 expression, prostaglandin E, production, and
nuclear factor B signaling. Research has also shown that
nootkatone has a potent inhibitory effect on collagen-,
thrombin-, and arachidonic acid-induced platelet aggregation
and prolonged mice tail bleeding times [13].

1.3. Significance of CR. The original plant of CR is regarded
as a stubborn and obnoxious weed widely distributed in
vegetable grounds for which different herbicides and various
methods have been employed [22-26]. Because of the high
dosage and unscientific use of herbicides, large-scale pro-
duction of CR’s natural raw herb is now rarely seen, even in
some traditional production areas. According to our field
investigation, a sustainable production volume of CR could
be hardly maintained even in main production areas, such as
the provinces of Guangdong, Guangxi, and Hainan, because
of large price fluctuations and the resulting relatively low
prices and profits. These circumstances affect not only the
quantity status of CR, but also its quality and clinical efficacy.
Furthermore, although it is a well-known traditional Chi-
nese herbal medicine, it is not listed in mainstream herbal
pharmacopoeia standards, such as the United States Phar-
macopoeia, British Pharmacopoeia, European Pharmaco-
poeia, and Japanese Pharmacopoeia. It is currently only
recorded in ChP, albeit with very apparent shortages. For
example, the only indicator for content determination cited
is the volume of essential oil, without any specific chemical
components. In addition, the contents of heavy metal and
deleterious elements as well as the residues of organo-
chlorine pesticide, which are key factors in determining the
classification and exporting of crude Chinese herbal med-
icines, are not included. Moreover, the correlation between
area of origin and quality of CR is hardly reported in the
literature, let alone the correlation between its macroscopic
characteristics and chemical quality.

In a previous study, we used thin-layer chromatography
(TLC) and high-performance liquid chromatography
(HPLC) to qualitatively and quantitatively determine indi-
cator components of CR, namely, cyperotundone,
a-cyperone, and nootkatone [27]. In this study, we further
analyzed the quality status of CR comprehensively based on
47 batches of CR from 12 provinces across six geographic
divisions in China and investigated several key factors that
highly related to the quality of CR. An HPLC fingerprint
chromatogram was established to estimate the total chemical
components of CR and their differentiation. In addition,
hierarchical cluster analysis (HCA) and typical canonical
correlation analysis (CCA) were used to analyze the
correlation between the habitat of CR and its quality and
that between its macroscopic characteristics and chemical
quality, respectively. Our comprehensive evaluation
provides cause for further research development and a
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prospective approach for studying other traditional
Chinese herbal medicines.

2. Materials and Methods

2.1. Chemicals, Reagents, and Crude Medicinal Materials.
The reference standards of cyperotundone, a-cyperone, and
nootkatone (purity, >98%) were purchased from Chengdu
Pufei De Biotech (Chengdu, China). HPLC grade MeOH
was purchased from Themo Fisher Scientific (Waltham,
USA). Distilled water was obtained from Watersons
(Guangzhou, China). Standard solution of Pb, Cd, Hg, As,
and Cu was obtained from national research center for
reference materials (Beijing, China) with the mass con-
centration 1000 ug-mL~". Other reagents were of analytical
purity grade. Forty-seven batches of CR were personally
gathered by our laboratory staff or entrusted to others from
the 12 provinces explored, including Shandong, Sichuan,
Hainan, Guangdong, Jiangxi, Anhui, and Yunnan. The
samples were authenticated by Professor JinPei (Chengdu
University of Traditional Chinese Medicine, Sichuan,
Chengdu, China). All samples were stored at the Chengdu
University of Traditional Chinese Medicine Pharmacy
School.

2.2. Quality Indexes Assessed according to ChP. The mac-
roscopic characteristics, such as shape, color, length, di-
ameter, and weight, of the samples were recorded by
observing and measuring 90 single grains from every batch
of CR. The contents of moisture, total ash, ethanol extracts,
and essential oil were determined according to indexes 0832
(fourth method), 2302, 2201, and 2204, respectively, of
Volume IV of ChP (2015 Edition), which considers these
indexes as national standards of CR.

The TLC identification method previously established by
our team was used to simultaneously examine cyper-
otundone, a-cyperone, and nootkatone in every batch of CR
[27]. In brief, dried and powdered CR (1 g) was ultrasonically
extracted (250 W, 40 kHz) with 20 mL of MeOH. The MeOH
solution was filtered, and the filtrate was allowed to dry. The
residue was dissolved in MeOH (1 mL) as the sample so-
lution. Cyperotundone, a-cyperone, and nootkatone were
dissolved in MeOH at a concentration of 1 mg-mL™" as the
reference solution. Two microliters of each solution was
absorbed on the same silica gel GF254 laminate. Petroleum
(60-90°C) and ethyl acetate were chosen as developing
agents at a ratio of 9: 1 (vol/vol). After being developed, the
laminates were taken out, dried, and examined under ul-
traviolet light at 254 nm. Before being examined under ul-
traviolet light at 365 nm, the laminates were sprayed with
10% sulfuric acid in ethanol for color development and
heated at 105°C until color is shown.

The contents of acid-insoluble ash, residues of heavy
metal and deleterious elements, and residues of organo-
chlorine pesticide were detected according to indexes 2302,
0412 (inductively coupled plasma mass spectrometry), and
2341 (second method for pesticide residues; gas chroma-
tography), respectively, of Volume IV of ChP 2015 Edition.

2.3. Determination of Specific Chemical Components and
Establishment of Fingerprint Chromatogram of CR by HPLC.
The preparation method for the samples, standard solution,
and chromatographic conditions used to detect the three
specific chemical components of CR, namely, cyper-
otundone, a-cyperone, and nootkatone, was performed
according to our previous research [27]. Briefly, dried and
powdered CR was precisely weighed (0.5 g) and immersed in
25mL of MeOH. Additional MeOH was added to make up
for the loss thereof after ultrasonic extraction (250W,
40kHz) for 30 min. The filtrate was filtered (0.45ym pore
size) prior to injection for HPLC analysis. The standard
substances of a-cyperone, cyperotundone, and nootkatone
were precisely weighed and dissolved in chromatographic
MeOH. HPLC determination was performed on a Phe-
nomenex C;g chromatographic column (4.6 mm x 250 mm,
5um). The mobile phase consisted of MeOH and water at a
ratio of 68:32 (vol/vol). The flow rate was 1.0 mL-min ™", and
the injection volume was 10 yL. The column temperature
was set at 30°C, and the wavelength was monitored at
242 nm.

The HPLC method utilized to establish a fingerprint
chromatogram of CR was performed as described in the
literature [28]. In brief, powdered CR was precisely weighed
(0.5 g) and mixed in 10 mL of MeOH. Additional MeOH was
added to make up for the loss thereof after ultrasonic ex-
traction (160 W, 59 kHz) for 30 min. The filtrate was filtered
(0.45 ym pore size) prior to injection for HPLC analysis. The
standard substances of a-cyperone, cyperotundone, and
nootkatone were precisely weighed and dissolved in chro-
matographic MeOH. HPLC determination was performed
using a Phenomenex C;g3 chromatographic column
(4.6 mm x 250 mm, 5pm). The mobile phase consisted of
MeOH (A) and water (B) with the gradient elution for
0-45 min (40% to 80% A) and 45-60 min (80% A). The flow
rate was 1.0 mL-min", and the injection volume was 10 yL.
The column temperature was set at 25°C, and the wavelength
was monitored at 254 nm.

2.4. Data Analysis. Data obtained from experiments were
analyzed using Origin 9.1 (Northampton, USA) and IBM
SPSS 23.0 (Armonk, USA) for HCA and CCA, respectively.

Graphs in this paper like radar graph were drawn by
Origin 9.1 (Northampton, USA) to show the contents of
moisture, total ash, essential oil, residues of heavy metal and
deleterious elements, and residues of organochlorine pes-
ticide, etc.

3. Results

3.1. Macroscopic Characteristics of CR. Most batches of CR
met ChP standards, with spindle shape (Figures 1(a) and
1(b)) length ranging from approximately 2 to 3.5cm and
diameter from approximately 0.5 to 1cm, as well as other
stipulations on surface color, cross-section color, and their
features, such as odor and taste. Four batches (S09, S10, $34,
and S35) obtained from Shandong had a clearly flat shape
(Figures 1(c) and 1(d)). The mean length and diameter of CR
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FIGURE 1: Appearance shape of CR. Some batches of CR are chosen to express the difference on appearance shape. (a, b) Usual shape of S44,
S30 batch of CR with spindle shape, which is recorded in ChP. (c, d) Unusual shape of S34 and S35 batch of CR with deplanate shape.

were 2.1 and 0.6cm, respectively. Some batches of CR
collected from Jiangxi (S02 and S03), Guangdong (S04, S05,
S06, and S31), and Guangxi (S12, S22, and S25) had a length
shorter than 2 cm. The average weight of a single grain was
0.5567 g. One-way Analysis of Variance (ANOVA) method
in SPSS software was used to analyze the differences in the
length, diameter, and weight of 90 single grains of CR of
every batch. The result showed that, compared with Batch
S01, approximately 34, 26, and 38 of the 47 batches of CR
showed significant differences in length, diameter, and
weight, respectively. Places of origin and macroscopic
characteristic indexes are detailed in Table 1.

3.2. Examination, Extracts, and Content Determination In-
dexes of CR in ChP. According to Volume I of ChP (2015
Edition), all CR samples met the standard for total ash
content of less than 4.0%, but only 17 batches met that for
moisture content of less than 13.0%. On the ethanol extract
contents of all batches, only S05, S31, S36, and S42 were
lower than 15.0% and hence did not meet the standard. In
addition, the average of essential oil contents of all batches
was 0.83%, ranging from 0.52% to 1.15%, with only 9 batches

meeting the standard for essential oil of approximately more
than 1.0% (in milliliters per Gram). Overall, only 4 of the 47
batches fully met the standards of CR in ChP (2015 edition),
namely, S10, S16, S33, and S44, which originated from
Shandong, Shanxi, Guangdong, and Guangxi, respectively.
The moisture, total ash, ethanol extract, and essential oil
contents are shown in Figures 2(a), 2(b), 2(d), and 2(e).

3.3. TLC Identification. Results showed that the spots of
reference standards could be observed clearly under ultra-
violet light at 254 and 365nm. In CR samples, cyper-
otundone and a-cyperone could be well separated and
visible under 254 and 365nm (Figure 3). Comparing the
depth and size of spots in 47 batches of CR samples, it is
obvious that the content of cyperotundone and a-cyperone
in some batches was relatively low. However, the spots of
nootkatone in 47 batches of CR samples are visible only
under ultraviolet light at 365 nm (Figure 3(b)), not visible at
254 nm (Figure 3(a)), suggesting that the nootkatone content
in these batches was very low. These detected compounds were
structural isomers. The results indicate that their contents
accumulated differently under various growth conditions,
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TasLE 1: Original information of CR samples and morphological features (mean+s, n=90).

No. Place of origins Plant type  Geographical district Shape Length (cm) Diameter (cm) Weight (g)

So1 Hubei province wild Central China Spindle 1.6500 £ 0.4099  0.5422+0.1095  0.3313 +0.1227
S02 Jiangxi province Wwild Central China Spindle  1.3233+0.2295”  0.4167 +0.0922*  0.1449 + 0.0470*
S03 Jiangxi province Wwild Central China Spindle  1.3922+0.3905°  0.4656+0.1056*  0.2282 +0.1125*
S04 Guangdong province Cultivation South China Spindle  1.3544+0.4251°  0.5089 +0.1082%  0.3129 +0.1216*
S05 Guangdong province Cultivation South China Spindle 1.3933 £0.3224  0.4967 £0.0767  0.3037 +£0.0915*
S06  Guangdong province Cultivation South China Spindle  1.6022+0.3505°  0.4889 +0.0971%  0.3224 +0.1246*
S07  Guangdong province Cultivation South China Spindle  1.8444+0.3816"  0.5411+0.0893  0.3718 +0.1260
S08 Guangdong province Cultivation South China Spindle  2.2878+0.5690°  0.6056 +0.1099*  0.5609 +0.1813*
S09  Shandong province wild East China Deplanate  2.1322+0.5042  0.6456+0.1469*  0.5028 +0.2357
S§10  Shandong province Wwild East China Deplanate 1.6544 +0.3643”  0.5544+0.1175"  0.2661 +0.1125*
S11 Henan province Wwild Central China Spindle 1.9100+0.3879°  0.5500 +0.0980%  0.4047 +0.1437
S12 Guangxi province  Cultivation South China Spindle  1.7056+0.2500”  0.5033 +0.0836  0.3267 + 0.0756*
S13 Hainan province Cultivation South China Spindle 1.8500 + 0.4510  0.5944 +0.0959™  0.4757 +0.1317
S14 Anhui province wild East China Spindle 1.8256+£0.2904  0.5689+0.0927  0.4361 +0.1382%
S15 Yunnan province wild Southwest China Spindle  1.8389+0.2862° 0.5589+0.0855%  0.4520 +0.1123*
S16 Shanxi province Wwild North China Spindle 1.9633£0.2811%  0.5922+0.0763  0.5005 + 0.1036*
S17 Sichuan province wild Southwest China Spindle 1.8233+0.3037  0.6633+0.1354*  0.5384 +0.1861
S18 Shaanxi province wild Northwest China Spindle  2.0144+0.3227°  0.5622+0.1121%  0.3331 +0.1239*
S19  Guangdong province Cultivation South China Spindle 1.6633£0.3993  0.4867 +£0.0846  0.3061 +0.1302
S$20  Guangxi province  Cultivation South China Spindle  1.8189+0.3648° 0.5256+0.0914*  0.3856+0.1661*
S21 Guangxi province  Cultivation South China Spindle 1.8122+0.4964  0.5333+0.0931  0.3934 +0.1618"
$22 Guangxi province  Cultivation South China Spindle  1.5356 +0.2841°  0.5033 +0.0795*  0.2935+0.0711*
S23  Guangxi province  Cultivation South China Spindle 1.7222+0.3444  0.5922+0.0922  0.4596 +0.1260
S24 Hainan province Cultivation South China Spindle  1.8311+0.3504" 0.5811+0.0905  0.4678 +0.1631*
S25 Guangxi province  Cultivation South China Spindle  1.5467 +0.2930°  0.4944+0.0821  0.2671 +0.0935*
S26 Hubei province wild Central China Spindle  2.3956+0.4521°  0.6278+0.8161  0.6726 +0.1920*
S27 Jiangxi province Wwild Central China Spindle  1.7556+0.3464”  0.4689 +0.0784™  0.2835+0.0811*
S28 Jiangxi province Wwild Central China Spindle 21511+ 0.3959°  0.5833+0.0860  0.5188 +0.1412*
$29 Guangdong province Cultivation South China Spindle 2.0400+£0.4716  0.6156+0.1032  0.6913 +0.1962"
S30 Guangdong province Cultivation South China Spindle  2.2256+0.3948°  0.5556+0.0932*  0.6243 +0.1395*
$31  Guangdong province Cultivation South China Spindle  1.3933 £0.3224”  0.4967 +0.0767"  0.3037 +0.0915*
S$32  Guangdong province Cultivation South China Spindle  2.2022 +0.4440°  0.5667 £0.0843  0.5818 +0.1044*
S$33  Guangdong province Cultivation South China Spindle 3.0800+0.5568  0.6600 +0.0987*  1.0066 +0.3152*
S34  Shandong province wild East China Deplanate  2.8433+0.4617°  0.7356+0.1587%  1.0641 + 0.2864*
S35  Shandong province wild East China Deplanate  2.1856 +0.3626°  0.6444 +0.1107  0.6015+0.1711
S36 Henan province wild Central China Spindle ~ 2.5200+0.4318"  0.6267+0.1009  0.8139 +0.1919*
S37  Guangxi province  Cultivation South China Spindle  2.5211+0.3125°  0.6244 +0.0970%  0.7565 + 0.2022*
S38 Hainan province Cultivation South China Spindle  2.8689+0.4302°  0.6667 +0.1054™  0.8832 +0.1958*
S39 Anhui province Wwild East China Spindle ~ 2.7189+0.4155°  0.8144+0.0961*  1.2104 +0.2493*
S40 Yunnan province wild Southwest China Spindle  2.5667 +0.3276”  0.6056 +0.0993%  0.7993 + 0.2028"
S41 Shanxi province wild North China Spindle  2.7456+0.3284”  0.7089 +0.0839™  0.9490 + 0.1982*
S42 Sichuan province wild Southwest China Spindle 2.5667+£0.3930  0.8167+£0.1276  1.2205+0.2965
S43 Shaanxi province Wwild Northwest China Spindle ~ 2.7400+0.5444”  0.6578+0.1801  0.6688 % 0.2000*
S44  Guangxi province  Cultivation South China Spindle 1.9422+0.7619  0.5444+0.0944  0.5206 + 0.1446"
S45  Guangxi province  Cultivation South China Spindle ~ 2.5178+0.4875°  0.6467+0.1002  0.7982+0.2837*
S46 Hainan province Cultivation South China Spindle  2.5133+0.4124°  0.6778+0.0986*  0.8416 + 0.2594*
S47  Guangxi province  Cultivation South China Spindle  2.0678+0.3768"  0.5522+0.0792*  0.4962 +0.1186*

“means the value of length p < 0.05 compared to S01; *means the value of diameter p < 0.05 compared to S01; *means the value of weight p < 0.05 compared

to SO1.

which highlights the importance of studying the correlation
between the quality and growth environment of CR.

3.4. Contents of Acid-Insoluble Ash, Residues of Heavy Metal
and Deleterious Elements, and Residues of Organochlorine
Pesticide. Acid-insoluble ash content was detected in the
range of 0.03%-0.76% (Figure 2(c)), with a mean of 0.33%.
With regard to the quality standards of other crude me-
dicinal materials, such as Glycyrrhizae radix et rhizoma

(Gancao), Lonicerae japonicae flos (Jinyin hua), and Astrgali
radix (Huangqi), the contents of residues of heavy metal and
deleterious elements and those of organochlorine pesticide
in all samples met the standards outlined in ChP. The
contents of lead, cadmium, arsenic, Mercury, and copper
were lower than 5.0, 0.3, 2.0, 0.2, and 20.0 mg-kg’l, re-
spectively. The total content of hexachlorocyclohexane
(BHC; a-BHC, 3-BHC, y-BHC, and §-BHC) was lower than
0.2mgkg . The total content of dichlorodiphenyltri-
chloroethane (DDT; p,p’-dichlorodiphenyldichloroethylene,
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FIGURE 2: The radar graph of contents detected in CR: (a) moisture content, (b) total ash content, (c) acid-insoluble ash content, (d) ethanol
extracts content, (e) essential content, (f) cyperotundone content, (g) a-cyperone content, (h) nootkatone content. A to H show the contents
of every single batch of CR originally and separately. (i) All the indexes after being standardized processed and presented together. All lines
of these radar graphs are jagged shape, which indicate the big differences among 47 batches of CR.

p,p' -dichlorodiphenyldichloroethane, o,p’—DDT, and p,p’—
DDT) was lower than 0.2mgkg '. The contents of
quintozene (pentachloronitrobenzene) and hexachlorobenzene
were lower than 0.1 mg-kg~". The total contents of heptachlor,
heptachlor-exo-epoxide, and heptachlor-endo-epoxide were
lower than 0.05mgkg ". The total contents of aldrin and
dieldrin were lower than 0.05 mg-kg™". The content of endrin
was lower than 0.05mgkg™'. The total contents of cis-
Chlordane, trans-Chloride, and oxychlordane as well as those

of a-endosulfan, endosulfan, and endosulfan sulfate did not
exceed 3.0mg-kg . These results are illustrated in Figure 4.

3.5. Contents of a-Cyperone, Cyperotundone, and Nootkatone.
Results demonstrated that the content of a-cyperone,
cyperotundone, and nootkatone was significantly differ-
ent in the 47 batches of CR, with the overall trend being
cyperotundone > a-cyperone > nootkatone. The content
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FiGUre 3: The TLC fingerprint of CR samples no. S01-S47 under ultraviolet light 254 nm (a) and 365nm (b). Reference solution of
cyperotundone (1), nootkatone (2), and a-cyperone (3). S01-S47 show CR samples from SO01 to S47, respectively.

FIGURE 4: Results of residues of heavy metal and deleterious elements, and organochlorine pesticide (n = 3). Endosulfan etc. means the total
content of endosulfan, endosulfan, and endosulfan sulfate. Cis-chlordane means the total content of cis-chlordane, trans-chloride, and oxy-
chlordane. Heptachlor means the total of heptachlor, heptachlor-exo-epoxide, and heptachlor-endo-epoxide. HCB means the content of hex-
achlorobenzene. PNCB means the content of pentachloronitrobenzene. Total DDT means the total content of dichlorodiphenyltrichloroethane,
namely, p,p’-dichlorodiphenyldichloroethylene, p,p’-dichlorodiphenyldichloroethane, o,p’-DDT, and p,p’-DDT. Total 666 means the total
content of hexachlorocyclohexane (BHC), namely, «-BHC, f-BHC, y-BHC, and §-BHC. Ag, Cd, As, Hg, and Cu mean the contents of lead,
cadmium, arsenic, Mercury, and copper, respectively. The tags of S01, S02, S03, etc. mean the samples of CR with the batch number of S01 to S47.

ranged from 0.8037 to 4.2485mgg ' for cyper-  respectively. Nootkatone could only be examined in 12
otundone, from 0.4221 to 3.7346 mg-g ' for a-cyperone,  batches of samples. The contents are shown in
and from 0.0000 to 0.2370 mg-g_1 for nootkatone, with Figures 2(f)-2(h). The HPLC chromatogram is shown in
mean values of 2.5780, 1.7719, and 0.0338 mgg™',  Figure 5.
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FIGUre 5: HPLC chromatogram of CR samples: (a) the mixed standard solution and (b) the sample solution of CR. Three specific
components are cyperotundone (1), nootkatone (2), and a-cyperone (3), respectively.

3.6. HPLC Fingerprint Chromatogram. The 2012 version of
the Similarity Evaluation System for Chromatographic
Fingerprint of Chinese Materia Medica software was used
for similarity analysis and characteristic peak analysis of
the 47 batches of CR samples. The peak of cyperotundone
was chosen as reference peak. Eighteen common charac-
teristic peaks were screened by automatic matching. Three
components were identified by the reference substance:
cyperotundone (peak 14), a-cyperone (peak 18), and
nootkatone (peak 16) (Figure 6). The similarity values of
the samples ranged from approximately 0.568 to 0.986,
indicating that CR circulated in markets with highly un-
even quality.

3.7. HCA of CR Samples. Data on the 47 batches of CR
samples were loaded into Origin 9.1 for cluster analysis to
explore the correlation between quality and growth area. The
cluster method and distance type were set as farthest
neighbor and Euclidean, respectively. In addition, 25 batches
collected from main production areas (Guangdong,
Guangxi, and Hainan in the South China District) were also
further processed using HCA.

3.7.1. Content Analysis of Ethanol Extracts, Essential Oil,
Cyperotundone, o-Cyperone, and Nootkatone. The batch
number as well as the content of ethanol extract, essential oil,
cyperotundone, a-cyperone, and nootkatone were used for
cluster analysis. When the Euclidean distance was more than
1.25, all 47 batches of CR could be divided into four cate-
gories (Figure 7(a)) and 25 batches from South China could
be clustered into three (Figure 7(c)).

3.7.2. Analysis of HPLC Fingerprints. The batch number,
peak time, and peak area of CR were used for cluster analysis.
More than 16 batches of CR for which the peak area could
not be calculated were ruled out in HCA. When the Eu-
clidean distance was more than 3, all 47 batches could be
divided into four categories (Figure 7(b)), and 25 batches
from South China could be clustered into three
(Figure 7(d)).

Figure 7(a): Specific batch of CR in HCA results of 47
batches of CR using data of the batch number, the contents
of ethanol extracts, essential oil, cyperotundone, a-cyperone,
and nootkatone. Figure 7(b): Specific batch of CR in HCA
results of 47 batches of CR using data of the batch number,
peak time and peak area. Figure 7(c): Specific batch of CR in
HCA results of 25 batches of CR growing in South China
using data of the batch number, the contents of ethanol
extracts, essential oil, cyperotundone, «-cyperone, and
nootkatone. Figure 7(d): Specific batch of CR in HCA results
of 25 batches of CR collected in South China using data of
the batch number, peak time, and peak area.

The specific batch of CR in different categories was
shown in Table 2. The HCA results processed on the above-
cited five components and on HPLC fingerprints could not
distinguish the 47 samples into different geographic areas.
For example, category 2 in Figure 7(a) included batch of S04,
S10, S11, and S34, which belong to three different geo-
graphical districts, South China, East China, and Central
China. Further analysis of the HCA results for the samples
from South China revealed that those from Guangdong,
Guangxi, and Hainan could not be distinguished also.
Overall, the quality of CR growing in different areas of China
had no clear geographic distinction, which is consistent with
the growth pattern of CR.
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Ficure 6: HPLC fingerprints of CR samples: (a) the total pattern of fingerprints and (b) the superimposed fingerprints of 47 batches of CR.
The peak numbers of cyperotundone, a-cyperone, and nootkatone are pick 14, 18, and 16, respectively.
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FIGURE 7: HCA results of CR samples. (a) HCA results of 47 batches of CR using data of the batch number, the contents of ethanol extracts,
essential oil, cyperotundone, a-cyperone, and nootkatone. (b) HCA results of 47 batches of CR using data of the batch number, peak time,
and peak area. (c) HCA results of 25 batches of CR growing in South China using data of the batch number, the contents of ethanol extracts,
essential oil, cyperotundone, a-cyperone, and nootkatone. (d) HCA results of 25 batches of CR collected in South China using data of the
batch number, peak time, and peak area.
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TaBEL. 2: Specific batch of CR in different categories of HCA.

Categories Figure 7(a) Figure 7(b) Figure 7(c) Figure 7(d)

S01, S02, S03, S05, S07, S09, S12, S14, SO01, S02, S04, SO5, S06, SO7, S09, S04, S05, S07, S12, S04, S05, S06, SO7, S12,
Cat 1 S15, S17, S18, S19, S20, S21, S22, S26, S11, S12, S15, S17, S18, S19, S21, $29 $20. S21. S22 S19. S21. S22. S25. S29

ACBOTY 1 527, $28, 829, 30, S31, S32, S35, $36, S22, S25, S27, S28, $29, S30, S31, S30. $30. 837 837 930 931, $3. $39. 44
S37, S40, S42, S43, S44 S32, S33, S42, S40, S44 ’ ’ ? ’ ’ ’ ?
Category 2 S04, S10, S11, S34 S10, 520, 526, 534, 535, 536, 537, 506, S31 520, $37
S39, §43
S08, S13, S23, S24,
Category 3 S06 S03 S25, S33, S38, S44, 508, SSE) 85136’ SS%:;’ §38,
S45, S46, S47 ’ i

S08, S13, S16, S23, S24, S25, S33, S38, S08, S13, S14, S16, S23, S24, S38,

Category 4 — —

S39, S41, 545, 546, 547

S41, S45, S46, S47

3.8. CCA of CR Samples. Data on the macroscopic charac-
teristics (vector 1), length, diameter, weight, and indicators
of chemical quality (vector 2), the contents of ethanol ex-
tracts, essential oil, cyperotundone, a-cyperone, and noot-
katone of the 47 batches of CR were processed by CCA to
determine the correlation between macroscopic character-
istics and quality of CR.

The correlation coeflicient between the first pair of ca-
nonical variables was 0.774, and Wilk analysis showed that
only the first canonical variable was statistically significant
(P<0.001). The first typical variable of chemical quality
(vector 2) could be understood as “length and size factor” as
it was more primarily related to length and diameter (Ta-
ble 3). The first typical variable of macroscopic character-
istics (vector 1) was more primarily related to the content of
ethanol extracts and nootkatone (Table 4). Through cross-
load analysis of vectors 1 and 2, the first typical variable of
chemical quality highly correlated with diameter and length,
with shorter diameter and length indicating lower ethanol
extract content and higher nootkatone content.

Through typical redundancy analysis, the first typical
variable could explain 20.0% and 29.6% of the variance in
vectors 1 and 2, respectively. Three pairs of canonical var-
iables could explain 100% and 67.3% of the variance of the
factors within vectors 1 and 2, respectively. The typical
structure between vectors 1 and 2 is shown in Figure 8.

4. Discussion

The quality of traditional Chinese medicinal materials is the
most important factor for their efficiency. In this study, we
obtained 47 batches of CR samples from current main
production areas (e.g., Guangdong and Guangxi), traditional
high-quality production areas (e.g., Shandong), and other
provinces where CR grows (e.g., Sichuan and Jiangxi) to
represent the general condition of CR in the circulation
market. Studying a large batch of CR comprehensively
allowed us to evaluate its quality more accurately.

The curves in our radar diagrams are not smooth but
rugged and sharp even when the standardized one is pro-
cessed (Figure2(i)). Significant differences in the contents of
moisture, total ash, acid-insoluble ash, ethanol extracts,
essential oil, a-cyperone, cyperotundone, and nootkatone
were detected per batch of samples. In light of the

TaBLE 3: Cross load analysis of variables in vector 1.

Variable 1 2 3

Length 0.474 0.224 -0.128
Diameter 0.523 0.282 0.008
Weight 0.346 0.328 —0.061

TaBLE 4: Cross load analysis of variables in vector 2.

Variable 1 2 3
Essential oil -0.122 0.080 -0.070
Cyperotundone -0.014 0.149 -0.210
a—Cyperone -0.127 —-0.288 0.151
Nootkatone -0.450 -0.134 0.015
Ethanol extracts 0.604 -0.115 —-0.095

substantially high number of CR analyzed in this study, the
quality of CR obtained from the market was not as good and
stable as that of the samples we previously reported [29]. The
low similarities of HPLC fingerprints further verified this
disparity in quality. As the content of residues of heavy metal
and deleterious elements, and residues of organochlorine
pesticide of 47 batches of CR could meet the standard re-
quirements outlined in ChP 2015 edition, high export po-
tential of CR should be developed. In addition, much
attention should be given to ensure the quality of CR by
determining essential oil content and controlling moisture
content. While 63.83% of the batches of samples exhibited
higher than 13.0% moisture content, most batches (80.85%)
of samples did not meet the standards for essential oil
content of more than 1.0% (in milliliters per gram), implying
that the low content of essential oil might not be due to high
temperature or the length of time it took to dry the medicinal
material. Thus, the maximum standard for essential oil
content should be further investigated in an even higher
number of batches to obtain improved results. a-Cyperone,
cyperotundone, and nootkatone have been reported as the
main components of CR with significant pharmacological
activities [13, 14, 19, 20, 30]. Therefore, their specific and
effective content in CR should be included in the national
standards to assess CR’s quality more accurately.

Genuine medicinal materials in TCM are regarded as
having the best macroscopic characteristics and highest
quality. Multicomponents, multitargets, and multilevels are
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F1GURE 8: The typical structure diagram of CCA result. Ul means the first pair of canonical variables of macroscopics characters (gather
one), and V1 means the first pair of canonical variables of chemical quality (gather two).

typical features of traditional Chinese medicinal materials.
Their quality could not be reflected by just one or several
chemical components and is often related to their pro-
duction area, which is why we used HCA to evaluate the
correlation between them. However, given the limited
availability of medicinal materials, the number of CR
samples acquired from main production areas in South
China, where highly automatic sowing, harvesting, and
processing technologies are now being applied, was higher
than that obtained from the other geographic divisions we
explored. No significant difference in quality was found
between the six geographic districts based on the HCA
results for all 47 batches of CR samples and those for the 25
batches from South China, which echoes the wide distri-
bution of the original plants of CR in the whole country. This
in turn indicates that the upgrade to highly automatic
technologies in main production areas of CR might be
scientific and appropriate. However, consistency in the
quality of CR needs to be better guaranteed by establishing
standard production procedures (e.g., quality of seeds or
rhizoma, sowing time, growing years, harvesting time,
processing method, and parameters) in the future. What is
more, the pharmacological study on efficacy differentiations
of CR from different growth places also needs to be
conducted.

Macroscopic characteristics often correlate with the
chemical characteristics of crude medicinal materials. Re-
garding commercial grades of Chinese medicinal materials
(T/CACM 1021.109-2018) established by the China Asso-
ciation of Chinese Medicine, CR is initially classified as “Mao
CR” or “Guang CR.” “Guang CR” is then further classified
into “picked” or “unpicked.” CR that falls under the “picked”
category is finally classified into three grades based on the
sieve it could pass. Histochemical analysis confirmed that
the accumulation of primary and secondary metabolites
varies in macro-dissected parts of herbal medicines [31-33].
Research has shown that ginseng “flesh” (xylem, phloem,
and resin canal) has more polysaccharides with higher

molecular weights and higher ratios of glucose residue,
whereas ginseng “skin” (cork and cortex) has fewer poly-
saccharides with lower molecular weights and higher ratios
of nonglucose constituents (e.g., galacturonic acid, galactose,
arabinose, and rhamnose) [34]. Our CCA results verified
that a lower ethanol extract content and a higher nootkatone
content in CR are correlated with shorter diameter and
length. The contents of ethanol extracts and nootkatone
represent the general chemical composition and specific
components of CR that can be extracted by their corre-
sponding solvents. However, studies have yet to determine if
there is any correlation between the morphological pa-
rameters of CR and its quality over time. In addition, the
grade criteria of CR are only based on size, warranting
immediate and further research into the correlation between
its size and quality to ascertain the correlation between
accumulation of primary and secondary metabolites and size
as well as to establish a more appropriate grade standard
closely related to quality. Histochemical analysis combined
with other modern techniques would prove to be crucial in
this regard.

5. Conclusions

In this study, we used a series of quality control methods that
were suitable for comprehensive investigation of the quality
of CR. The results could be used to estimate the current
quality status of CR in China and ultimately the global
quality status of CR using samples collected worldwide to
represent its total production. HCA and CCA used in this
study provide a full scope of the correlation between growth
area, macroscopic characteristics, and quality of CR, which
in turn could facilitate further research into its cultivation,
quality assurance, and commodity specification. More im-
portantly, this study provides a viable research model for the
comprehensive evaluation of traditional Chinese herbal
medicinal materials and exploration of the correlation be-
tween their macroscopic characteristics and quality.
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Abbreviations

BHC: Hexachlorocyclohexane

CCA: Canonical correlation analysis
ChP:  Chinese Pharmacopeia

CR: Cyperi Rhizoma

DDT: Dichlorodiphenyltrichloroethane

HCA: Hierarchical cluster analysis

HPLC: High-performance liquid chromatography

TCM: Traditional Chinese medicine
TLC: 'Thin-layer chromatography.
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