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[ Abstract ] Objective: To establish a pre-column derivatization reverse-phase high-performance liquid
chromatography ( RP-HPLC) method for the simultaneous determination of 17 amino acids in Cynomorii Herba from

different producing areas and conduct a multivariate statistical analysis. Method: RP-HPLC with pre-column
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derivatization was employed, with phenyl isothiocyanate ( PITC ) as derivatization reagent. Separation was
performed on a WondaSil C,;-WR column (4.6 mm X 150 mm, 5 pm), with 0.05 mol -L™" sodium acetate
solution (pH 6.5) as mobile phase A, and acetonitrile-methanol-water (3:1:1) as mobile phase B for gradient

elution at a flow rate of 0. 8 mL+-min "".

The detective wave length was set at 254 nm, and the column temperature
was maintained at 35 °C. Principal component analysis (PCA) and systematic cluster analysis ( HCA) models were
established for multivariate statistical analysis and quality evaluation. Result: 17 Kinds of amino acid were detected
in Cynomorii Herba, 7 of which were essential amino acids. The 17 amino acids showed good linearity in
respective concentration range, r = 0. 999 0-0. 999 9. The average recoveries were between 98. 03% -103. 89 % with
RSD <3.5% . The results of PCA and HCA were basically the same, and both methods can be used to clearly
distinguish Cynomorii Herba from 12 municipal producing areas into 6 regions. PCA can be used to classify
Cynomorii Herba according to different municipal or provincial production areas, and HCA can be used to classify
it according to provincial production areas. It showed that the amino acid contents in Cynomorii Herba from
different municipal and provincial producing areas had differences, and the content distribution showed obvious
geographical clustering characteristics. PCA showed that Cynomorii Herba from Gansu province and Inner Mongolia
had higher amino acid contents and better quality as compared with other producing areas. Conclusion; The

established method can be used for content determination of 17 amino acids in Cynomorii Herba from different

producing areas, and provide a reference for its comprehensive quality evaluation.

[ Key words |

Cynomorii Herba; amino acid; PITC; pre-column derivatization; RP-HPLC; Principal

component analysis; systematic cluster analysis; quality evaluation
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OHLCRACE DAL A BR A ) o

R IR A % B (36 [ Sigma-Aldrich 24 #]
FLkE 10 mL, 3L 1002340640) , 4 5 & 2 (Ala) |, K
IR (Arg) , [T ZA R (Asp) , MEE TR (Cys) , &R
(Glu) , & (Gly) , 2% (His) , 52 2R (1le) ,
SEAMR (Leu) , Hi 2 MR (Lys) , R (Met) , KN %
iz (Phe ), ifi & W2 (Pro), 22 5 MR (Ser), 7h & MR
(Thr) , %82 (Tyr) , 4% 82 (Val ) 17 Fp 2 2L iR,
Hh Cys ¥R JE & 1.25 mmol - L™", H: fiby 4 3 % vk i oy
2.5 mmol - L™", PITC (&3 ali, I iff 4 vi ph/k bR
HABRA G, 4B =99.9% , it 5 C10274304) , Z,

®1 BAERER

& W OE & b il el , = 2 & LR S b Ak,
K Ry B aK

65 HEBIFH 25 4, R T HIN AZ N Hiim . &
M T E S AE (X)), A4 2R R BUE IR
B 7 A L | BT 3 20 T A R E BT 2§ TV
MRS AW 12 AT (XN ) o SRAZESLL GPS
SR E A IO SRR, SRR, AR &
IR R 24 R A 24 S S SO 2R R S g R B
FHARN 2 4F 4= R BT 3 AE B M ) B BH Cynomorium
songaricum )11 R BT 25 o AR5 H AR BT, #
Z i 80 A, i . FERMERILE L,

Table 1 Sample information of Cynomorii herba from 12 producing areas

7 ik 52 W4k /m gAY
B TR BN R o] 5 DHI1 ~ DHS 958 ~1 815 T i R R 7S
Holr 28 Rl g i B 7 JQ6 ~JQ12 1233 ~1 421 T Rl P 3 158 M
ERGEREE L) VLR 7 JQ13 ~JQ19 1063 ~1 590 TR R i A
A T R B 7 W20 ~ W26 1293 ~1 545 TR R Bl T A
A Sk T A R B 6 7Y27 ~7Y32 1475 ~3 154 TR Rl A
P 53¢ i ] 7 38 S ] hr 58 7 JE 7 21 1R 5 AZ33 ~ AZ37 789 ~1 541 o R Al R Il e
PN 5 iy BTy 35 A T BT 4 AY38 ~ AY41 1299 ~1 503 L B P A
THEAAY TS B 4 S742 ~ S745 1103 ~1 247 R A R i A
T T by X S 4 HT46 ~ HT49 2 875 ~3 436 T A o T U A
B A b DX A R B 4 KS50 ~ KS53 1229 ~1 312 1% R A R i T R A
ST S T )y 2% DX BT i 23 7 4 AL54 ~ ALS7 813 ~1 003 TR Rl A
T EA M RO H A N R R 4 HN58 ~ HN61 2926 ~3 266 o JER Rl P A
T A U T 52 T S 3 R IR A R 4 HX62 ~ HX65 2815 ~2833 FIETBE 20 HE VB I P A%

2 HEEER
2.1 @ik R H AR S H WondaSil C-WR
3% F (4.6 mm x 150 mm,5 pum) ,FE 7 35 C, 7 sh
H A 0.05 mol- L' Z FRHNZE o il (LA £ 214 pH
6.5) , WLahAl B N O ME-HIEBE-/K (3212 1), B0 B2 Ve
(0 ~10 min, 6% ~13% B;10 ~30 min,13% ~21%
B;30 ~40 min,21% ~27% B;40 ~59 min,27% ~
48% B; 59 ~ 60 min, 48% ~ 100% B), I 3 N
0.8 mL-min " K3 K 254 nm, #EFER 10 pl,
2.2 BWRH
2.2.1 Al ARG A= 1.4 mL,
DL W€ 25 3) 10 mL g ff o, 1R A9 5 41 A8 12 5
B:Ht PITC 0.135 2 g, L Z WG AW E A 10 mL &
b RS BT KA 4 TR

- 150 -

2.2.2 XJHRARVEUML RS B EE R R A X R
W1 mL, T 10 mL g0 B AR A2 R A
F1 B £ 150 wL, JR5), F|EOLHE 1 h, MAIED
BE 5 mL, 4R, BCE 10 min, BUTF 20, #4318 A %F
W AT AR AL IR W o

2.2.3 MRS R EPRICBIBI B K2 0.3 ¢,
25 mL HIEEHE T, A 50% £ B 25 mL, FR
HLREA] A (15 °CL,40 kHz) $2 8L 60 min, it 2 =
M, KL 50% & B #b 2 Wk By B oE, R AT,
4000 r-min "0 5 min, B FWE 1 mL, % F 10 mL
B 2.2.2 TR 5k A AT A G A
A B 4 150 wL” B AR, il 5 3 i A7 A ALV
2.2.4 ZSHEW REEWELO. 1 mol- L™ Eh ARV T
I mL,EF 10 mL B.L0EF,#2.2.2 M F i H
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1. Asp;2. Glu;3. Ser;4. Gly;5. His; 6. Arg;7. Thr;8. Ala;9. Pro;10. Tyr;
11. Val;12. Met;13. Cys;14. Ile;15. Leu;16. Phe;17. Lys

Bl z=afTENHBER(A),BANBRITENAR(B) K& EHiE
i mATELR B (C)HPLC &if

Fig.1 HPLC chromatograms of blank derivatization solution (A),
reference substance derivatization solution (B) and typical sample

derivatization solution ( C)

F2 1THEERHEEXR

Table 2 Linearity relationships of 17 amino acids

2.3.2 SMEXEREZLE BRI 2.2.2 B FRA
X IR AT A AL W 0.3 mL, BT S mL A, A
0. 1 mol- L~ £ RV W A2 75 28 20 B , T-4) JIDKS 2% % 1K
0.05,0.1,0.2,0.3,0.4,0.5 mL, 43 5 & F 100 mL
BRI 0.1 mol - L' £h R 75 W 45 %8 20 B L %
2220 F kA M AR AERK A B &
150 wL” B4R, 6 4% 22 91 3R & 0F B A7 26 A 1
e 201 WUF 38 26 R BERE 10 WL, I 5 0w AR, 4%
) DA R TR v BB (X, mg - L) SR AR R AR 1
SR TRAT A W T AL (Y ) g A AR A, 2 T o v o 4%
KB, W2,

2.3.3 OR®EREe I DHI BE G B9 AR 5 5 A 1
VW, 1 201 IR (3 45 0F i S R 6 Wk, 10 g i
BU, &5 5 17 Fh A& 3 W2 107 2 W 6 T LAY RSD 1
0.9% ~2.8% , 32 WIS Ks % B RLAE

2.3.4 FAEMRE: B DHI RS B9 AR 5 5 A1
VWL, 4 2.1 TR % A E 4 T 0,2,4,6,8, 12,
16,24 h ERE i R0 T AR, 45 3 17 Fh @ LR AT AW
e 177 ALY RSD 7E 1. 1% ~2. 9% , 32 WA 3 W Ao
AL E 24 h NFRE .

2.3.5 WEMERE K EHR DHL B 6 4, 4
U329 0.3 g, 48 2. 2.3 T F 77 i 1 4 At il i A0 2 fb i
W, 4 2.1 I0F (3 45 0 0 i T RR, T E A 17 R
SRR AR 45 RSD 16 1.2% ~2.2% , W% 7 i
R

2.3.6  EEEDSCRE: R RIS A A R

g R EVEp: r £ e AT
1 Asp Y =2.237 x10° X +6. 534 x 10° 0.999 0 0.099 8 ~0.998 0
2 Glu Y =2.601 x10°X +4. 083 x 10° 0.999 2 0.1103 ~1.103 0
3 Ser =4.114 x 10°X —=2.374 x 10° 0.999 9 0.078 8 ~0.788 0
4 Gly Y =7.425 x10°X -2.934 x 10° 0.999 1 0.056 3 ~0.563 0
5 His =2.104 x 10°X +2.738 x 10° 0.999 5 0.116 3 ~1.163 0
6 Arg Y =6.475 x10°X - 6. 413 x 10° 0.999 1 0.1307 ~1.307 0
7 Thr Y =6.881 x10°X —7.831 x10° 0.999 1 0.089 3 ~0.8930
8 Ala Y =5.146 x 10°X +3. 005 x 10° 0.999 5 0. 066 8 ~0.668 0
9 Pro Y =5.141 x10°X - 5.175 x 10° 0.999 0 0.086 3 ~0.863 0
10 Tyr Y =2.636 x 10°X —4.990 x 10° 0.999 2 0.1359~1.3590
11 Val Y =3.570 x 10°X - 5. 163 x 10° 0.999 9 0.087 9 ~0.879 0
12 Met Y =2.889 x 10°X —4. 863 x 10° 0.999 8 0.1119~1.1190
13 Cys Y =3.163 x10°X -5.032 x 10° 0.999 0 0.090 1 ~0.901 0
14 Ile Y =4.806 x10°X -7.775 x 10° 0.999 9 0.098 4 ~0.984 0
15 Leu Y=1.737 x10°X -3. 698 x 10° 0.999 8 0.098 4 ~0.984 0
16 Phe Y =1.456 x 10°X - 2. 447 x 10° 0.999 4 0.1239~1.2390
17 Lys Y=1.746 x 10°X - 1. 328 x 10° 0.999 0 0.109 6 ~1.096 0
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DHL #£4h 6 13, B4 29 0.3 g, 705 I A 2 HE R IR &
it BRI R B 24 2.3 TR O ik £ A A Ak
W, % 2.1 T0T (3 A5 0 e T AR T el R A
RSD, ZE R UL 3. IR IGAT G E , R Tk
(E & =g T8

RI ITHEBEBRMEDKE(n=6)

Table 3 Recoveries of 17 amino acids(n =6) %
R -4 iR RSD
Asp 100. 92 2.5
Glu 102. 84 1.3
Ser 100. 31 2.5
Gly 101. 40 2.2
His 98.33 0.9
Arg 100. 39 3.1
Thr 99. 19 3.0
Ala 102.76 1.5
Pro 101. 33 3.1
Tyr 103. 89 2.7
Val 100. 46 1.7
Met 98.03 1.9
Cys 99. 60 3.2
Ile 103. 60 3.5
Leu 100. 17 2.9
Phe 99. 13 2.8
Lys 102. 31 1.2

2.4 AR XPH P A SR S I E e 2.2.3
TF 7 ) A AR A AR ARV R, R 2.1 0T (A
S5 R N A 5 T A A e TR, AROA 45 [T U
HARMATI R, SRS B R RS . W
4,

2.5 FRAAHT Lh1T FEER & O AR, X
12 T X ) 65 BB HEAT PCA™) . 45 55T 4
A F W 1 B GTRRR 91, 739% |, g % F MR
(% p RE AE, L P RT 2 A A 19 DTk R
75.023% , PCA 154% VL& 2, R 4 A~ F 540 10 8 A
T35 (FAE) R L& s,

AL BR S L ESHE SN, 60 HE 4 BHAE PCA 1553
TR X Ak 6 AN X, Hir T AR O T e
BEPRBRAE—R, O T2 1 R BR; sk 4 2l r ™=
FRIAESS 4 ZPR0T 2% B B2 B i 8 /o il 5 B hr 38 A
THE BT 7= P AR 55 4 52 BB 7E — 2 ; 0 W Ll BT 7™ 4 P
JC W i S ISR, (H 5 BT 7 3 A T % BT 3 A T
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Fig.2 PCA scores plot of 65 batches of Cynomorii Herba
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W 1141, G AR B B R AR T 42 B RS ) Tl ik 4 4 X
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65 HBIHN N 6 2 (1T ~ VD)o T #2030k 50
Fr =B FTERE B o 10 AN —255 1T £ %k
SR T A s T Sk s BT B s T, T, T
TEREES 15 LA AT I S —2 , R 3Eh H Ol 4 1l B 72
B 5 IV = 5 Sy ] 38 /2 REE AT 37 38 oA T8 5 A W 1 i 7
SOH , V5 7 G VG VY L T T A B, 3 T 7 B B
10 LA A S — 2 5 VI3 %2 S 397 5B R FE (0% - ] ) 28
JIF BB, T R B 20 LN 2K, L IV,
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R4 RAOATRFEBHEFEEBRHSENE (v 25)

Table 4 Results of determination of amino acids in Cynomorii Herba from 12 producing areas (% + ) mgeg !
72X Asp Glu Ser Gly His Arg

O 12.604 7 £2.7776 1.5529+0.6528 1.1434+0.5190 0.241 0+0.2544 0.698 4 +0.936 1 0.7137 +£0.294 6

SR 8.276 1 £3.8702 1.668 8 +1.2014 1.5812+0.9801 0.404 8+0.1948 0.774 7 £0.692 1 0.9121+1.2277

a4 9.9206+1.3709 1.1159+0.1979 1.6983 +1.0583 0.2390+0.1577 1.2762+2.6265 0.8222+0.389 4

%13 10.9592 +6.968 1 1.216 7+0.4609 0.7570+0.4732 0.4195+0.1437 0.8273+0.7499 0.7585+0.3824

(=

faffz3 A2 10.814 8 £2.003 4  1.8219£0.583 1 0.7852+0.1142 0.3105 £0.223 1 .756 4 +0.349 8 1.028 5+£0.424 0

farpraf A 11.1254£1.428 8  1.3680£0.3629  0.6908 +0.1308 0.147 9 £0.173 6

(=]

.642 3 +£0.999 9 0.929 8 £0.184 6

WL 9.2739£2.6209 1.0772£0.0275 0.4568 +0.078 1  0.060 9 +0.071 0 0.3334+0.5649  0.7427 +0.448 5
I H 6.0805+3.14 06 0.5920+0.4165 0.4539+0.1507 0.040 1+0.056 1 0.5180+0.6491  0.339 4 +0.456 0
g 3.8819£3.2182 0.5707 £0.3350 0.3053£0.1623 0.1317+0.1371 0.4705+0.553 6  0.160 7 +0.375 4
o] 8y % 4.767 4 £3.6125 0.5645+0.3859 0.323720.2121 0.1150£0.1351 0.4693£0.5107  0.109 3 £0.293 1
fiaee) 6.596 7 £2.4593 0.504 1 £0.4482 0.3865x0.2277 0.056020.0562 0.466 9 +0.588 6  0.339 6 +0.460 4
A 7.500 1 £2.3613 0.6156£0.4494 0.4360x0.2060 0.156520.2297 0.4024+0.4838  0.5180%0.427 6
77X Thr* Ala Pro Tyr Val* Met *
o 0.9456+0.7171 2.3583+2.0806 0.2940+0.4092 0.6739£0.2598 0.8561+0.4995  0.2883+0.4555
bigs 0.6317+0.8310 3.0135+1.8016 0.4753+0.6088 0.3709 £0.3413 0.3809+0.4187 0.1230x0.3736
i 0.3014£0.5167 1.5463+0.8696 0.2981+0.7887 0.5329+0.3884 0.2953 £0.5052  0.099 4 £0.099 2
K4k 1.166 8 +0.143 0 2.5504 £2.4978 0.3328+0.5156 0.2492+0.2003 0.2302£0.3319  0.081 0 £0.089 2

e A=y 0.7356 £0.678 8 1.5889+0.4389 0.4874+0.4641 0.3114+0.2108

S

.286 0 £0.505 4 0.020 9 £0.074 2

B h A7 0.756 8 £0.507 4  1.6880+0.8782  0.2055+0.4110 0.3336=0.3913 0.3252+0.5104  0.104 6 +0.209 3
ral Al 0.7240+0.5133 0.8242+0.3001 0.2372+0.3584 0.6322+0.2968 0.2530+0.5061 0.010 6 +0.101 3
A H 0.5183+0.4430 0.5527+0.3079 0.0319+0.0781 0.2073£0.2375 0.0557+0.0906  0.013 6 £0.033 2
W A 0.6077+0.5734 0.415220.3003 0.0658+0.1741 0.1262£0.1054 0.1236+0.1371  0.011 6 £0.030 8
o] 3y % 0.1719£0.3106 0.5236+0.3332 0.057 6+0.1629 0.1284+0.1253  0.096 6 £0. 128 0.081 6 £0.010 9
biAe] 1.2572+0.8158 0.8152+0.1127 0.1263+0.4234 0.1273£0.1426 0.1124£0.2587  0.068 6 £0.051 1
TG 0.7857+0.8965 0.913320.2107 0.3632+0.4177 0.1105£0.1342 0.0808 +0.1509  0.038 6 £0.071 7
77X Cys Tle ™ Leu” Phe * Lys™
s 0.019 9 £0.027 3 0.1851+0.1552 0.081 4 +0.077 8 0.084 2 £0.070 4 0.1189 £0.096 9
R 0.0425£0.022 6 0.2491£0.3756 0.075 7 £0.052 1 0.079 4 £0.067 2 0.097 4 £0.058 2
i 0.016 9 £0.032 2 0.053 6 £0.091 8 0.049 1 £0.049 0 0.067 0 £0.075 8 0.097 5 £0.046 0
K4k 0.025 7 £0.036 3 0.048 2 £0.080 0 0.024 1£0.034 5 0.062 2 £0.058 8 0.079 7 £0.022 5
Wil 57 38 7 i 0.054 4 £0.037 5 0.0320£0.071 6 0.072 7 £0.041 1 0.058 4 £0.054 2 0.039 5 +£0.068 3
W] L 3 A i 0.022 9 £0.045 8 0.047 2 £0.094 5 0.054 4 £0.048 7 0.054 0 £0.055 9 0.070 8 £0.090 8
Fal AN 0.021 9 £0.036 9 0.015 9 +0.087 7 0.039 6 £0.045 7 0.017 8 £0.035 7 0.088 8 +0.012 3
A 0.007 0 £0.011 4 0.038 8 £0.064 2 0.014 9 £0.031 5 0.003 7 £0.005 9 0.040 6 £0.016 5
W A 0.008 5 £0.014 7 0.023 2 £0.068 8 0.005 6 £0.010 9 0.0103 £0.014 2 0.037 6 £0.021 3
] iy % 0.010 3 £0.015 2 0.009 6 £0.071 9 0.004 9 £0.010 3 0.007 9 £0.013 6 0.021 4 +0.017 1
biAe] 0.009 9 £0.014 9 0.107 1 £0.082 7 0.034 3 £0.041 7 0.023 9 £0.021 9 0.067 5+0.016 0
TG 0.016 6 £0.020 0 0.109 3 £0.179 5 0.039 0 £0.060 9 0.033 1 £0.025 3 0.077 1 £0.019 5

T " g AR R 4577 KR AL ORI % 1,
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x5 65 #tPifAM PCA G RHE
Table 5 Rank of PCA scores of 65 batches of Cynomorii Herba

HEF W F HF W F HF  HY F HF 4 F HF 4 F
1 DH2 1.666 14 DH3 1.093 27 AZ33 0.794 40 AY40 0.515 53 HT48 -0.277
2 JQ7 1.519 15 JO11 1.091 28 7ZY31 0.793 41 S742 0.511 54 HX64 -0.287
3 DH1 1.506 16 JQ18 1.043 29 S744 0.744 42 AY41 0.455 55 HT49 -0.730
4 JQ19 1.425 17 DH4 1.025 30 w22 0.726 43 S745 0.236 56 HT47 -0.828
5 JQ8 1.367 18 JQ14 1.015 31 AZ36 0.71 44 HX63 0.187 57 KS50 -0.831
6 JQ12 1.351 19 7ZY29 0.978 32 AZ35 0.683 45 7Y28 0.169 58 KS52 -1.128
7 JO13 1.331 20 Y32 0.965 33 AZ37 0.655 46 HX62 0.135 59 AL57 -1.325
8 DHS5 1.300 21 Y27 0.928 34 W20 0.642 47 S743 0.131 60 KS51 -1.334
9 JQ17 1.261 22 JQ6 0.926 35 W26 0.616 48 HN59 0.127 61 ALSS -1.357
10 JQ10 1.237 23 7ZY30 0.915 36 AY38 0.609 49 HN60 0.093 62 HT46 -1.378
11 JQ16 1.179 24 AZ34 0.893 37 w24 0.602 50 HN61 0.003 63 KS53 -1.395
12 JQ9 1.132 25 w23 0.864 38 w21 0.588 51 HX65 -0.103 64 AL56 —1.408
13 JQ15 1.097 26 w25 0.844 39 AY39 0.565 52 HN58 -0.273 65 AL54 -1.466
i
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Fig.3 Dendrogram of HCA of 65 batches of Cynomorii Herba
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