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Abstract: Objective In order to compare the quality differences between the basal elements of Hudilong herbs (Pheretima vulgaris, Pheretima
guillelmi, Pheretima pectinifera), fingerprint and chemometrics analysis methods were applied, and differential markers were screened, so as to
provide reference for the establishment of quality standard of Hudilong. Methods The fingerprints of three origins were constructed by High
Performance Liquid Chromatography and the similarities among the Hudilong origins were evaluated by using Similarity Evaluation System of
TCM Chromatographic Fingerprints (2012). A total of six aqueous extract components were determined, and the results were analyzed by cluster
analysis (CA), orthogonal partial least square discriminant analysis (OPLS-DA) and principal component analysis (PCA). The samples in each
batch were comprehensively evaluated according to the principal component scores. Results The similarity between the P vulgaris and P

guillelmi was 0.987, P, vulgaris and P, pectinifera was 0.697, P. pectinifera and P, guillelmi was 0.717. The results of CA showed that three origins
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could not be well distinguished. OPLS-DA results revealed that the P, vuigaris and P. guillelmi were indistinguishable from each other, and the P,

pectinifera was able to distinguish with the two origins. The recurring differentiating components were Uridine and Guanosine. The PCA

comprehensive evaluation score of 19 batches of samples were greater than the average score, among which 11 batches of P, pectinifera, six batches
of P, vulgaris, and two batches of P. guillelmi. The regions were Shanghai (13 batches), Jiangsu (two batches), Zhejiang (one batch), Anhui (two

batches). Conclusion There are differences among three origins of Hudilong. The P, vulgaris and P. guillelmi have high similarity in terms of

aqueous extract components kinds and content, but both are distinctly different from the P. pectinifera.

Key words: Hudilong; HPLC fingerprint; Pheretima vulgaris Chen; Pheretima guillelmi (Michaelsen); Pheretima pectinifera

Michaelsen; chemometrics analysis; quality evaluation; uridine; guanosine

Moo N AR w5 BB M) 2 3 B W5 Pheretima
aspergillum (E. Perrier). &I EW| P vulgaris Chen.
JRBEIAEN P guillelmi (Michaelsen) B EHA M P
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P MIAZ SR 70 )5 B S 221350, bty fe Ay
3R, AT ZRFELM, EXHTEVFTEAME
FEJF X 73 1 ol RSO RS 22 B TR 24 O A [
JRAFAEZ R B 22 5, TR AN T PR T 5 R ) 751
77 it o B ) 28— MR RRR E R 8. e e VR A
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B, BRI A A e ) 22 /b B 8] B o0 P 2R )
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Table 1 Information of Hudilong samples

s k4L Fi T K WA It

S1 BN AEZNEEY 5 P. vulgaris Chen R BE MV-AHLB
S2  E{RIA R LM MV-AHBZ
S3  E{RIA B TAESE 2D A PR A 7] MV-HBMK
S4  ERIAE HTHT 251G BR 2 7] MV-HQYY-1
S5 IR EM WA 2550 R 2 ] MV-HQYY-2
S6  HE{FIS M WA 250 A R 2 ] MV-HQYY-3
S7 BB EE Lo R MV-JSHA

S8 E{RIA B LI IR MV-JSRD

S9  E{RIAE TLIVRIM MV-ISXZ
S10  E{RIA B TLIVEIT MV-JSZ]

S11 BB EE 2O R A MV-KQYY-1
S12 BRI EE 2O R A MV-KQYY-2
S13  E{FI R &t R AR A A MV-LYSYY
S14 R AR MV-SHPD
S15 R iR MV-SHCM
S16  E{RIA M S MV-SHHSD
V1 BB P, guillelmi (Michaelsen) TR A H4H MG-HNSQFJZ
V2 R R R B MG-AHLB
V3 B R 2N MG-AHBZ-1
V4 BERH R LM MG-AHBZ-2
V5 BUERH R WA 250 A BR A MG-HQYY-1
V6  EEEAERE WA 25V TR 2 7 MG-HQYY-2
V7 BB HLHF VAT FR 2 7 MG-HQYY-3
V8 B R TLIF BT MG-JSZ]

V9 BRI B R BR 2 MG-KQYY-1
V10 B EE R 2l A BR A ] MG-KQYY-2
VIl BB FEMF 25 TR A 7] MG-KQYY-3
V12 BB I MG-SHHSD
J1 FiE S E5 P, pectinifera Michaelsen AN AP-SHFX-1
12 Wi 3B AR AP-SHPD-1
13 RSBz SEt T a8 KA AP-YDBCY-1
14 Wi 3B gAY AP-SHFX-2
5 HiEWEE ARt AP-SHFX-3
6 HEHXEH R AP-SHFX-4
17 FiE B TEH R AP-SHPD-2
18 FiE B LK H 1l AP-ZJTMS
19 FiE B i ZE AP-SHFX-5
J10  FiEHEE i RAH AP-YDBCY-2
11 FiEHEE AR AP-SHPD-3
12 FiEHEE DA BRA A AP-KQYY
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2 FHEEHR
21 BiEEH

¥ ZORBAX SB-Aq foiffk: (250 mmX 4.6
mm, 5pm); BN FEE (A) -0.05%F R (B),
BAEEEVEML (0~10 min, 0.5%~1%A; 10~13 min,
1%~2.5% A; 13~25 min, 2.5%~3% A; 25~29
min, 3%~6%A; 29~35min, 6% ~8%A; 35~40
min, 8% ~6%A; 40~42min, 6% ~2%A; 42~43
min, 2%~0.5%A; 43~45min, 0.5%A), K
& 0.85mL/min; FEiF 30 °C; KKK 254 nm;
FEfE 10 pLo B AR BRI W TR AT 5000,
22 AEEHIE
221 XTI SERGIE B R IE R,
IR I A A B TR R I 8 W . R IR
HY b 3 fig 48 008 =, K ) Rl S PR E 20 pg/mL
MRS 40 pg/mL. BMEM 20 pg/mL. JKHE 20
pg/mL. WUH 50 pg/mL. 1 30 pg/mL [F7R & XT
HEL A T
222 MRS SIS B IR 2GR 0.5 g, K
whRE, BREMEIVMT, FEMIMAKS50mL,
SEJf R, 12 30 min, AL (ThE 300 W.
AA 40 kHz) 30 min, %74, FEREME, HK
SRR, $E2, 0.45 um FUFLIEREEE, 4L
W, Bifg.
23 FEFER
231 KHEEHE BUPHOEFRES (LS MV-
AHBZ) % “2.2.27 TUF J7 ) # Ll i id i, %
“2.17 T RS A SRR E 6 IR, TR AL
A U PRI A X R B IsF (BRI AR G D4 T AR . &5 R 38
UEg () XA B3 B (8] RSD 7E 0.09%~0.23%P, #H
TG R RSD 7 0.97%~2.36%, WAL 3545 55
BRI
232 REMFSE  BUpHOERE S (5 MV-
AHBZ) #% “2.2.2”7 TR J5 kil & AR S, 2 51
FHCHIS 0. 6. 8. 12 18, 24h#% “2.17 T M {h
WA HERE BT o B AT WA TR AR X % B i 1 A
FEXT UG TRI AR o 25 SR & A W R A X R B B[] RSD £
0.08%~0.44%, FXFIE IR RSD 7£ 0.50%~2.97%,
TIPSR AR e T R 4.
233 HEMHHE HBFHOEFEMS (5 MV-
AHBZ) % “2.2.27 Wi R 77 i 2 i 6 14
i €217 WUN UG KR ESRNE, THRSILHE
S FRY AR DR B B TR) R O DG T A o &5 SR & A U 1)

AR BT B A] RSD 7€ 0.03%~0.11%, AHXJ U4 H AR
RSD 7F 0.75%~2.91%, RATTIEERHERLT.
2.3.4 BRREIRIN MIUA SCERARE - mT AT, H
TSRS LN PR R TN E 2, A
TF 58 2 TR F AL IO0) IR o e il It AT FR A, 4%
“2.27 U N AR S AR BERE I 2 , 43 B R HPLC
W (B D. F8INT 6 MFIEES RN IRE . B
B IR SIS LA,

A

0 5 10 15 20 25 30 35 40 45

B
5
1
T ,3| 7
_rl"'lw-_h._..l'..ﬁu_,f_r. 891011 12
0 5 10 15 20 25 30 35 40 45
t/min

LR 2-BVa R 3-IRBEWENS; 4-30Ene . SULHY: 7-94,
1-uridine; 2-tryptophan; 3-hypoxanthine; 4-xanthine; 5-inosine;

7-guanosine.

1 E&xRE (A) fftiksm (B) HPLC B
Fig.1 HPLC chromatogram of mixed reference substance
(A) and test substance (B)

235 1RO E L SHLEEN K 3 AN
iR A5 1) € 0% B 2 ol N B R 2 51 4 o
25 (0 Fe SC RS M BB Y R G (2012 FRD, #
B2 IR E R, K A A7 B2, i 18 & A8 0.1 min,
% RS IE S5 A T G VT BC 4 501 2B B b o 3 AN 2 IR
xR ot (E 2). 16 #HEER I B 5%
8 TR 3 0 RH ADLRE #E 0.921~0.988; 12 L BRI &
5] 5 %o} P B AR ALLRE E 0.718~0.970; 12 HEAT
BB 5 0 I E R (AU TE 0.910~0.995
(R 1o Xy 3 A3 5 (]38 17 45 S0 1% 46 oL
JEVPA, 45 RN, BRI B 5 A E 1
LA 0.987; Hi 5 2 E Ml 5 38 14 2 B 5] ) AH
IR 0.697, L5 8 Be 3 5l (A BUE R 0.717,
30N 5 4k [F 6k B4R o B 0 A LB
0.910~0.939 (£ 2).,
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Fig.2 Fingerprints of Hudilong

24 BENZE

241 HMERRFE R E IO ISR AV )
0.1. 0.5, 1.0, 2.0, 4.0. 8.0 mL & T 10 mL &
W, NAKEZRE . 3% “2.17 TR i 24 I e AN [F R
JEXT IR SR B AR . DURTRIR AR AL R (XD, 1
RCRPAER (YV), ZelbrdEdh 2, 154PERAT7
FEo 6 Pl 28 M: 58 R I O REIATE 0.995 DL 1
(R 3), ZRIEVEHH 2 5550 7 K o

2.4.2 EEERLK HL “22.17 TF 6 MRS
PR, H “2.17 TR O I SRR 2
6 IR, &R TR . 45 F A% o I T AR
RSD 7E 1.67%~2.03%, WA E R,
243 Fmtil  BOPHORRE S (S MV-
AHBZ) % “2.2.27 TR J5 i 2l i ia i, 43
THCHIE 0. 6. 8. 12, 18, 24h#% “2.1”7 W {4
PEAAEHERE T 0T, 6 Pl (il T fY . 45
H A IETHIAR RSD 7E 0.71%~2.62%, AR
AR T AT

244 BEEMRKE  HOUPHUOERE S (S MV-
AHBZ) #% “2.2.27 WU 77 i 2 A 6 14
& “2.17 TUN ES KR E, 105% 6 Pl
TEVETHAR . februE thRIE T RS R &8 R%
B R 5 # RSD 7E 0.56%~2.14%, FWiZ )51
HEMRLT.

2.45 MFEEMCRRLE R BRI O E S =R
PHLIERE S MV-AHLB 9 177, &4 0.25¢g, 70N 3

®1 OPEEERSMREEREITNGR

Table 1 Results of similarity evaluation between Hudilong origins and comparative chromatogram

#ts HRABLEE #s HRABLEE #5 HHABLE
MV-AHLB 0.961 MV-SHCM 0.983 MG-SHHSD 0.912
MV-AHBZ 0.939 MV-SHHSD 0.975 AP-SHFX-1 0.969
MV-HBMK 0.988 MG-HNSQFJZ 0.718 AP-SHPD-1 0.981
MV-HQYY-1 0.961 MG-AHLB 0.950 AP-YDBCY-1 0.978
MV-HQYY-2 0.984 MG-AHBZ-1 0.942 AP-SHFX-2 0.960
MV-HQYY-3 0.962 MG-AHBZ-2 0.839 AP-SHFX-3 0.910
MV-JSHA 0.938 MG-HQYY-1 0.970 AP-SHFX-4 0.968
MV-JSRD 0.921 MG-HQYY-2 0.958 AP-SHPD-2 0.991
MV-JSXZ 0.967 MG-HQYY-3 0.943 AP-ZJTMS 0.963
MV-JSZJ 0.965 MG-JSZJ 0.829 AP-SHFX-5 0.979
MV-KQYY-1 0.961 MG-KQYY-1 0.943 AP-YDBCY-2 0.982
MV-KQYY-2 0.979 MG-KQYY-2 0.925 AP-SHPD-3 0.978
MV-LYSYY 0.980 MG-KQYY-3 0.968 AP-KQYY 0.995
MV-SHPD 0.968

H, 7PHREIMANME. . SAERRE . AR,
UREMRNG | S ENe  LHANS 5 A R A, 4%22.2.27
TR D5 i g i, A 2.1 TR ok
PEREATINGE, FIAMRETHSL S B & R 5
PRI . SRR, 6 Fhsio BInAE [l i 42

96.36%~101.39%, F %7 EA BIFHIHERE .
246 FEME B 40 HyHUOIBRE % €2.2.27 T
TOTER SRV, 17 “2.17 TUN il kRt
TIRE, WFE o s A, A MR A
a6 PSS (R 4.
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Table 2 Results of similarity evaluation among Hudilong origins
S FEABAEE
= BRI R BRI B | Fi G M Bl o B e o
AR E M| 1.000 0.987 0.697 0.930
BB | 0.987 1.000 0.717 0.939
155 B | 0.697 0.717 1.000 0.910
AR S EIE 0.930 0.939 0.910 1.000
=3 6MEAMILEXRER
Table 3 Linear investigation results of six components
D% SRR LB 2PV /(g mL™h
PRI Y=27231 X—2656.3 0.999 4 0.30~30.00
IR Y=10922 X—744.35 0.999 5 0.20~20.00
P NS Y=53978 X—7463.2 0.999 3 0.40~40.00
TENEENS Y=25567 X—8533.8 0.995 1 0.20~20.00
JilIN:3 Y=29 020 X—4 720.3 0.999 2 0.50~50.00
4 Y=33528 X—4293.4 0.999 3 0.40~40.00
F4 PHE 6 MASEEMNELER
Table 4 Determination results of six components in Hudilong samples
s I M me g ) . e
JRTT IR IRBE S BE S [N 5 e E
MV-AHLB 0.066 4 0.996 2 0.0310 0.040 3 1.966 7 0.059 8 3.160 4 30
MV-AHBZ 0.204 7 0.0920 0.3422 0.148 3 3.1450 0.2122 4.144 4 12
MV-HBMK 0.2622 0.2594 0.1972 0.127 8 3.1297 0.2182 4.194 4 11
MV-HQYY-1 0.057 3 0.4159 0.0700 0.0515 1.3253 0.073 4 1.993 4 38
MV-HQYY-2 0.076 1 0.401 4 0.0911 0.043 4 1.428 4 0.074 2 2.114 5 36
MV-HQYY-3 0.048 9 0.303 1 0.064 5 0.054 7 1.1637 0.073 1 1.708 0 39
MV-JSHA 0.347 6 0.449 7 0.067 7 0.084 8 3.6230 0.2950 4.8679 6
MV-JSRD 0.0715 0.200 5 0.184 6 0.063 5 1.093 4 0.068 3 1.6818 40
MV-JSXZ 0.1679 0.227 1 0.040 5 0.079 8 3.560 6 0.200 4 42763 10
MV-JSZJ 0.2735 0.374 1 0.0556 0.055 4 3.0118 0.338 3 4.108 8 13
MV-KQYY-1 0.243 4 0.2530 0.265 5 0.120 6 25117 0.200 5 3.5947 24
MV-KQYY-2 0.078 2 0.5213 0.0659 0.048 0 1.564 0 0.093 7 23710 34
MV-LYSYY 0.2186 0.264 9 0.263 9 0.1100 3.0197 0.2109 4.0880 14
MV-SHPD 0.2021 0.3536 0.0515 0.0551 2.8185 0.2257 3.706 5 20
MV-SHCM 0.0851 1.004 8 0.049 5 0.0518 1.9377 0.090 2 32192 29
MV-SHHSD 0.111 6 1.399 8 0.036 3 0.054 2 1.673 8 0.118 9 3.394 6 27
MG-HNSQFJZ 0.1130 0.7820 0.054 8 0.049 3 1.163 7 0.104 8 2.2676 35
MG-AHLB 0.226 2 0.2439 0.0309 0.0553 3.704 9 0.1672 4.428 4 9
MG-AHBZ-1 0.2258 0.1455 0.304 0 0.1351 2.6014 0.170 5 3.5824 25
MG-AHBZ-2 0.469 4 0.1759 0.4347 0.1314 2.5507 0.3126 4.0747 15
MG-HQYY-1 0.267 8 0.1855 0.180 8 0.1214 2.6250 0.2172 35978 22
MG-HQY'Y-2 0.342 4 0.1509 0.1312 0.073 4 2.5751 0.203 9 34770 26
MG-HQYY-3 0.084 7 0.4532 0.069 8 0.056 6 1.329 1 0.0790 2.072 4 37
MG-JSZ] 0.248 6 0.3304 0.056 0 0.059 4 1.6321 0.201 3 2.5279 33
MG-KQYY-1 0.1710 0.1113 0.470 5 0.1655 2.8595 0.148 8 3.9265 16
MG-KQYY-2 0.438 4 0.294 7 0.254 5 0.044 7 2.5197 0.2251 3.776 9 19
MG-KQYY-3 0.302 3 0.199 8 0.274 3 0.066 6 2.629 6 0.202 6 3.6752 21
MG-SHHSD 0.2799 0.4890 0.0610 0.0700 2.4372 0.259 8 3.596 8 23
AP-SHFX-1 0.2927 0.5213 0.044 8 0.060 2 1.839 1 0.254 1 3.0122 32
AP-SHPD-1 0.4189 0.590 2 0.063 9 0.129 3 3.2809 0.3173 4.800 4 8
AP-YDBCY-1 0.2370 0.296 8 0.103 8 0.063 4 2.123 1 0.276 2 3.100 3 31
AP-SHFX-2 0.498 9 0.699 5 0.076 4 0.106 7 43040 0.4853 6.170 7 2
AP-SHFX-3 0.287 4 0.455 4 0.0500 0.0821 2.6225 0.294 0 3.7914 18
AP-SHFX-4 0.4899 0.6550 0.086 4 0.060 3 4.434 4 0.5479 6.273 9 1
AP-SHPD-2 0.2620 0.661 4 0.0504 0.083 4 34197 0.361 8 4.838 8 7
AP-ZJTMS 0.4261 0.574 3 0.056 7 0.078 2 3.8593 0.3920 5.3867 5
AP-SHFX-5 04136 0.5050 0.064 7 0.103 0 4.0754 0.3750 5.536 8 4
AP-YDBCY-2 0.2594 0.638 3 0.049 2 0.0951 2.463 1 0.3250 3.8301 17
AP-SHPD-3 0.298 5 0.577 6 0.0320 0.071 6 19121 0.373 3 3.2651 28
AP-KQYY 0.462 2 0.773 0 0.1119 0.088 0 4.080 8 0.461 4 5.9772 3
RSD/% 52.58 61.26 91.94 40.39 35.72 52.77 31.12
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25 WWEWEZFSRITON
251 K4 HAEZL DI T A MetaboAnalyst
(https://www.metaboanalyst.ca) LA 6 Fii il 75 & 048
B, R AR EIEEANF 75 W B A Oy 2 Btk AT
KM, TR IE (& 3),

ME 3 KM HRE, H 1 RELEHAE

55 2 N IBAR IR B 5] A B IR B % 50%,
HAmAR A B 5 HEIR 25%, BRI B L
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Fig.5 Results of OPLS-DA between P. vulgaris and P. pectinifera
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Fig.7 OPLS-DA results of combination of P. vulgaris and P. guillelmi with P. pectinifera
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Table 5 Eigenvalue and variance contribution rate
L H AL GE RN IR b i AR
Bt T ZEHEI % FARTTERA/% Mt i 5 /% ZHTTHRE/%
1 2.891 48.192 48.192 2.891 48.192 48.192
2 1.957 32.616 80.808 1.957 32.616 80.808
3 0.552 9.194
4 0.328 5.468
5 0.194 3.230
6 0.078 1.300
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Table 6 Principal component score, eigenvalues, and correlation coefficient matrix
o ERR 5 FRIEARME K Loy AR R
Y Y» Y1 Y> Y1 )%

SR 0.886 0.292 1.700 1.399 0.521 0.209

R -0.276 0.751 1.700 1.399 -0.162 0.537

VR A 0.383 -0.833 1.700 1.399 0.225 -0.595

T WA 0.670 -0.552 1.700 1.399 0.394 -0.395

JilINE; 0.864 0.269 1.700 1.399 0.508 0.192

¥ 0.830 0.487 1.700 1.399 0.488 0.348

RT IPHEBMERDIEBIFMEEES
Table 7 Principal component score and comprehensive score of Hudilong
it Eiar 1 E a2 AR HE4

MV-AHLB -0.221 1 1.1247 0.260 3 17
MV-AHBZ -1.693 3 -2.657 6 -1.6829 38
MV-HBMK -0.599 6 -1.226 6 -0.689 0 27
MV-HQYY-1 -1.707 3 -0.449 5 —-0.969 4 34
MV-HQYY-2 -1.6399 -0.436 1 -0.932'5 31
MV-HQYY-3 -2.015 4 -0.727 1 -1.208 4 36
MV-JSHA 1.2110 0.789 5 0.841 1 10
MV-JSRD -2.569 8 -1.647 5 -1.775 8 39
MV-ISXZ -0.227 3 -0.006 9 —0.111 8 22
MV-JSZJ 0.889 5 0.939 1 0.7350 11
MV-KQYY-1 -1.1826 -1.714 8 -1.1292 35
MV-KQYY-2 -1.218 3 -0.040 8 -0.600 4 26
MV-LYSYY -0.9529 -1.459 1 -0.935 1 32
MV-SHPD 0.0322 0.4515 0.162 8 19
MV-SHCM -0.1259 1.0172 0.2711 16
MV-SHHSD 0.752 3 1.893 1 0.980 0 7
MG-HNSQFJZ -0.685 6 0.5117 -0.163 5 23
MG-AHLB 0.099 2 0.3979 0.1776 18
MG-AHBZ-1 -1.726 7 -2.392 8 -1.6126 37
MG-AHBZ-2 -0.509 4 -2.188 5 -0.959 3 33
MG-HQYY-1 -0.842 5 -1.306 0 -0.8320 29
MG-HQYY-2 -0.3079 -0.467 3 -0.300 8 25
MG-HQYY-3 -1.528 6 -0.3772 -0.859 7 30
MG-JSZ]J -0.444 8 0.089 7 -0.185 1 24
MG-KQYY-1 -2.642 0 -3.784 1 -2.507 4 40
MG-KQYY-2 0.169 1 -0.280 4 -0.010 0 20
MG-KQYY-3 -0.759 4 -1.088 7 -0.7210 28
MG-SHHSD 0.479 1 0.6270 0.435 4 15
AP-SHFX-1 0.4190 0.772 3 0.453 8 14
AP-SHPD-1 1.506 3 0.6515 0.938 4 8
AP-YDBCY-1 -0.203 7 0.023 8 -0.090 4 21
AP-SHFX-2 3.2151 1.886 6 2.164 8 2
AP-SHFX-3 0.640 0 0.6195 0.5105 13
AP-SHFX-4 3.603 9 2.4969 2.5512 1
AP-SHPD-2 1.522'1 1.320 1 1.164 1 6
AP-ZITMS 23197 1.6169 1.6453 4
AP-SHFX-5 2.015 1 1.1177 1.3357 5
AP-YDBCY-2 0.874 0 0.833 8 0.693 2 12
AP-SHPD-3 1.059 5 1.1727 0.893 1 9
AP-KQYY 2.997 0 1.897 7 2.063 3 3
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