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Codonopsis Radix, called as “Dangshen” in Chinese and “Tojin” in Japanese, has been used
in traditional Chinese medicine for replenishing deficiency of qi (vital energy) and blood,
strengthening immune system, decreasing blood pressure and remedying poor gastrointestinal
function. This crude drug has been in high demand in China, and recently the demand is
increasing in Japan. It is prescribed as the roots of Codonopsis pilosula (Franch.) Nannf., C.
pilosula var. modesta (Nannf.) L. D. Shen and C. tangshen Oliv. in Chinese Pharmacopoeia.
Phytochemical researches revealed that Codonopsis Radix contained polyacetylenes,
phenylpropanoids, alkaloids and triterpenoids, and pharmacological studies showed that
lobetyolin, a polyacetylene component played a protective role in gastric mucosa injury, total
alkaloids caused a significant enhancement of nerve growth factor-induced neurite outgrowth in
PC12 cells, and total saponins had protective effect on ischemia-reperfusion injury in rats.

Most of the researches used the unidentified crude drug of Codonopsis Radix as experimental
materials, because there is no developed method for exact identification. Moreover, the quality
evaluation of Codonopsis Radix was limited to quantitation of lobetyolin and HPLC fingerprint,
but not simultaneous evaluation of multiple bioactive components. Therefore, this study aims to
clarify the genetic and phytochemical polymorphism of the three medicinally-used Codonopsis
taxa, and further to find out the genetic and chemical markers for identification and
standardization of Codonopsis Radix.

1. Genetic polymorphism of medicinally-used Codonopsis species in an internal

transcribed spacer (ITS) sequence of nuclear ribosomal DNA

The genetic analysis of ITS sequences which has been widely used for species-level
phylogenetic studies was conducted on 96 specimens of three medicinally-used Codonopsis taxa
collected widely from Gansu Prov., Chongging city and Hubei Prov. of China, the main
producing areas of Codonopsis Radix (Fig. 1). The length of ITS1, 5.8S rDNA and ITS2 regions
were 257 bp, 163 bp and 235 bp, respectively, in all Codonopsis specimens. Significantly
genetic polymorphism was observed, representing by 11 types of ITS sequences in C. pilosula, 5
types in C. pilosula var. modesta and 5 types in C. tangshen (Table 1). The informative sites for
discriminating the three taxa were detected at the nucleotide positions 122nd, 226th, 441st and
489th from upstream of ITS sequence. For discrimination of the types of C. tangshen, the
nucleotides at positions 135th, 489th and 500th were informative. The nucleotide additivity
detected in ITS sequence indicated hybridization occurred in these species. Among the
determined sequences, 1, 1 and 2 types were thought to be of pure lines of C. pilosula, C.
pilosula var. modesta and C. tangshen, respectively, designated as types PO, PMO, T1 and T3,



and the rest might be derived from hybridization. Moreover, three pure lines with types SO, QO
and TO sequences were also observed in Codonopsis sp., Codonopsis Radix sample produced in
Gansu Prov. and that produced in Henan Prov., respectively. Hybrids were inferred to be
resulted from the combination of the pure lines (Table 1). Cloning analysis of the samples with
additive nucleotides supported such inference, in which each pure line sequence was clearly
separated and detected in respective clones. Among the three taxa, C. pilosula had various
hybrid lines which were growing widely in all of the cultivation areas of Gansu Prov. Based on
the sequences of the 6 informative sites, botanical sources of Codonopsis Radix were identified:
those produced in a wide range of southeast Gansu Prov. were C. pilosula, just those from
Wenxian county of Gansu Prov. were C. pilosula var. modesta, and those produced in
Chonggqing city and Hubei Prov. were derived from C. tangshen.

2. Development of HPLC-UV method for analysis of polyacetylenes, phenylpropanoid
and pyrrolidine alkaloids

Large scale methanol extraction of Codonopsis Radix (C. tangshen) followed by
chromatographic separation and semipreparative HPLC, 13 compounds were isolated and
identified by comparing their spectral data (MS, *H NMR and *C NMR) with those reported in
the literatures. Among them, 7 compounds, codonopyrrolidium B (1), codonopyrrolidium A (2),
tangshenoside 1 (3), cordifolioidyne B (4), lobetyolinin (5), lobetyolin (6) and lobetyol (7) were
selected as standards for quantitation.

Ultrasound-assisted methanol extracts of samples were analyzed using reversed phase HPLC
on a YMC-Pack Pro-Cyg column with a gradient eluent of acetonitrile and 0.1% (v/v) phosphoric
acid and monitoring at 215 nm. The developed HPLC-UV method allowed efficient separation
of the 7 compounds. All calibration curves showed good linearities (r > 0.9993) within the test
ranges, and the detection and quantitation limits of the 7 compounds were 0.10-0.32 pg/mL and
0.35-1.07 pg/mL, respectively. Intraday and interday precisions were good with RSD less than
2.84%. The recoveries of all compounds ranged from 95.8 to 104.7%.

3. Quality evaluation of medicinally-used Codonopsis species and Codonopsis Radix
based on 7 components

A comparative study on 56 specimens of three medicinally-used Codonopsis taxa collected
from China and 54 commercial samples of Codonopsis Radix available in Chinese, Japanese
and Korean markets was carried out by quantitative analysis of 7 components (1-7). The
quantitative results indicated that the contents of these 7 compounds were considerably variable
among the samples not only inter-species but also intra-species. C. pilosula and C. pilosula var.
modesta showed similar chemical composition, while C. tangshen considerably differed from
these two in chemical composition (Fig. 2). Codonopyrrolidium B (1) was the main component
in the roots of C. pilosula and C. pilosula var. modesta, while tangshenoside I (3) and
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codonopyrrolidium A (2) were with relatively high contents in the roots of C. tangshen. The
crude drugs derived from C. pilosula and C. pilosula var. modesta showed relatively high
content of 1 among the 7 components, consisting with the result obtained from the plant
specimens. In addition, most of crude drugs derived from C. tangshen showed characteristic
chemical composition as C. tangshen. The results of principal component analysis (PCA)
indicated that two main groups were classified (Fig. 3); one group mainly included C. pilosula,
C. pilosula var. modesta and the crude drugs derived from these two species; the other group
was composed of C. tangshen and its derived crude drugs. Therefore, 3, 2 and 1 could be the
chemical markers to differentiate C. tangshen from C. pilosula and C. pilosula var. modesta. In
addition, lobetyolin (6) was widely existed in the roots of the three Codonopsis taxa as well as
Codonopsis Radix.

Conclusion

This study assessed the quality of the three medicinally-used Codonopsis taxa and crude
drugs of Codonopsis Radix based on genetic and chemical analyses. The results of genetic
analysis indicated that the ITS sequences were useful markers allowing identification of the
three taxa and authentication of Codonopsis Radix. Significant genetic polymorphism in the ITS
sequences of the three medicinally-used Codonopsis taxa might be induced by a wide range of
hybridization among the pure lines, and from their sequences the lineages involved in
hybridization could be further inferred. The chemical profiles of the three medicinally-used
Codonopsis taxa were elucidated by guantitation of the seven compounds. The quantitative
analysis indicated the composition of tangshenoside |, codonopyrrolidium A and
codonopyrrolidium B could be applied to differentiate C. tangshen from C. pilosula and C.
pilosula var. modesta. This study provided the fundamental information benefiting not only
identification and standardization but also efficient use of Codonopsis Radix.
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Fig. 1 Collection localities of Codonopsis specimens in China (2008 — 2010)
The marks in the collection localities indicate the collected species, together with ITS sequence types: @: C. pilosula, a: C. pilosula var. modesta;
m: C. tangshen, @: C. pilosula and C. pilosula var. modesta, @:C. pilosula and C. tangshen.
The sequence type with underline indicates the most detected type in the respective locality.

Table 1 Types of ITS sequences of Codonopsis species and the assumed lineages related to hybrid

Nucleotide position

. Sequence Accesspn ITS1 ITS2 Sequence type of supposed parental lineages Number
Species number in _ of plant
type (ITS) GenBank N . N8 828 LI AL YT 8 338 38 3 g (nucleotides at 122, 226, 441 and 489) specimens
— — — — N~ o~ o~ N o~ < < < (2} wn wn w
PO AB769260 C G C G G C C C T A C T C T G C A G 5
Pl AB769261  * X Y * kK kk ok k& xx ok x XX PO (CCTT) x PMO (TCTT) 5
P2 AB769262 x x Yy R * *x x x x x * P x ok ko 2
P3  AB769263  * * Y * x ok &y x & x  x x L I PO (CCTT) x SO (TTTT) 11
P4 AB769264 * x Y R * x * Y LA A A A 1
C. pilosula P5 AB769265 FooAOY oF xRk kxR k& Y * * * x ok x PO (CCTT) x QO (TCCT) 1
P6 AB769266 FoROY ox ok kxS k% oY oxox X% PO (CCTT) x T1 (TCTC) 2
P6' AB769267 oY o oFx kxR ok ko * oY * * R ¥ 1
P7 AB769268 S T A ok ook ok x k% SO (TTTT) x PMO (TCTT) 7
P8 AB769269 FoROT Rk kk ok k% Y * * x ok ok x Q0 (TCCT) = PMO (TCTT) 1
P9 AB769270  * * T kK ok kY kK kY ok kk ok xx SO (TTTT) x Q0 (TCCT) 3
P10 AB769271 G B G AR oYy * ox *x 0% SO (TTTT) x T1 (TCTCQ) 1
Codonopsis sp. S0 AB769272 * T R KoK K K X x x 4
PMO AB769273 FoxFOT ox ok kxR ok x ok ok ok ok ke x 7
PMO'  AB769274 * % T ok x x % X x x x * x x % x * R 1
C. pilosula var. modesta PM1 AB769275 FooROT ok ox ok x ok k% *oFOY o oxoox XX PMO (TCTT) x T1 (TCTC) 1
PM2  AB769276 * o« T R * *x * * x x * w ok k ox ok k * 2
PM3 AB769277 * * T R A *oox *okoox Rk ok PM2 (TCTT) < SO (TTTT) 2
PM4 AB769278 * * T R *ox * ** Y * * * vy * 1
Sequence type of supposed parental lineages
(nucleotides at 135, 489 and 500)
T0 EF190462 x ok T ok x ok x ok x % x x ok x A x % * 0
T AB769279 x ok T ok x k% ok x % x x % C ox x % * 9
T2 AB769280  * * T * x x x x x ok k& X Y R * *x % T (GTA) x TL (GCG) 2
C. tangshen RK] AB769281 *ox T kA X x ok x x * ok C x k%o 13
T4  ABTE9282 * * T * R * * % x x & & x C * x x x Tl (GCG) x T3 (ACG) 7
T4 AB769283  * * T * R Y * x * x % % x C * x x 2
T5 AB769284 * O T * R * x ok x k% * * Y R * * * T0 (GTA) x T3 (ACGQ) 5
Crude drug samples”™
Baitiaodangshen (N0.26659b) Qo FooFOT xRk ok xSk k% C * * *x *x *x %
Tojin (No. 26991a) T0 L S T W

Numerals above sequence are aligned nucleotide positions of C. pilosula which correspond to all other species.
Asterisk indicates the identical nucleotide to which of C. pilosula (accession No. AB769260).

Y=CandT,R=AandG,M=AandC

*! The nucleotide sequence is only found in crude drug samples. Parenthesis numerals show specimen reference number of Museum of Material Medica, Institute of Natural Medicine, University of Toyama
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Fig. 3 Principal component analysis of chemical component data from 56 Codonopsis specimens and 54 Codonopsis Radix samples

A: Score plots, B: Loading plots

Plantspecimens: @: C. pilosula, A: C. pilosula var.modesta, B: C. tangshen (Wild), E: C.tangshen (Cult.), &: Codonopsissp. (type S0)
Crude drug samplesidentified asfollowing taxa: O: C. pilosula, A: C. pilosula var.modesta, C1: C. tangshen, #: Mixture of C. pilosulaand C. pilosula var.

modesta, X : Mixture of C. tangshenand C.pilosula.
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Fig. 2 Contents of seven compounds in the roots of Codonopsis specimens / o
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