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Analysis of Free Amino Acids and Nucleosides in Different Growth Years of Changii Radix

LIU Lingling, CHEN Jianwei"(Nanjing University of Chinese Medicine, Nanjing 210023, China)

ABSTRACT: OBJECTIVE To explore the relationship between the amino acid and nucleoside contents in Changii Radix
with their growth years. METHODS Ultra-fast liquid chromatography and triple quadrupole-linear ion trap tandem mass
spectrometry(UFLC-QTRAP-MS/MS) was used to determine the contents of amino acids and nucleosides in Changii Radix and
the root barks of Changium smyrnioides with six different growth years, then principal component analysis(PCA) and
hierarchical cluster analysis(HCA) were used to analyze the differences of these contents in different growth years and their
representative components. The amino column(2.1 mm X 100 mm, 1.7 um) and the mobile phase with acetonitrile-0.2% formic
acid were used for gradient elution. The flow rate was 0.4 mL-min~' while the column temperature was 30 °C. Mass spectrometry
was performed by positive electrospray ionization(ESI") and multiple reaction monitoring(MRM) modes. RESULTS The
highest content in Changii Radix was asparagine which had been proved to reduce phlegm and relieve cough, and this content in
Changii Radix aged 2—3 was as the highest(2.97%), while that of samples aged above 3 was at the same level [(1.77+£0.048)%].
The representative components in different growth years of Changii Radix were: asparaginase in 2-3 years, alanine and
guanosine in 4-5 years and 9-15 years, guanosine and adenosine in 6—8 years, proline and arginine in 16—18 years, and finally
methionine and aspartic acid in 19-20 years. The content of amino acids and nucleosides in the root barks of Changium
smyrnioides decreased with increasing growth years. CONCLUSION Asparagine is one of the main functional ingredients in
Changii Radix; based on the difference of representative amino acids and nucleosides, the growth period of Changii Radix can be
roughly determined; the root barks of Changium smyrnioides contain the same amino acids and nucleosides as Changii Radix,
which means the root barks can be exploited rather than discarded.

KEYWORDS: Changii Radix; root barks of Changium smyrnioides Wolff; amino acids; nucleosides; growth years; liquid
chromatography-mass spectrometry; principal component analysis; hierarchical cluster analysis
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T % F% (methionine, Met, k5 : SLBKI1770V).
Jifi & & (proline, Pro, #t5: S30J6G1). H & &
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lem lcm lem lTem lgn

S1 S2 S3 S4 S5 S6

E1 TRAKEFRRDS

S1-2~3 #F; S2-4~5 4F; S3-6~8 4F; S4-9~15 4 S5-16~18 4
S6-19~20 4F

Fig. 1 Changii Radix with different growth years

S1-2 to 3 years old; S2—4 to 5 years old; S3—6 to 8 years old; S4-9 to 15
years old; S5-16 to 18 years old; S6-19 to 20 years old.

2 HEEHR

KA VY 2 v o TR RN A% 1 2 B0 1 40 BT A2
BE TSR TS (1 7 v A AT B8
2.1 0 R VAR ) )

FEMNTHEEEENS L ERE, BT
10 mL &b, HAKS MR R Z0E, P50 R
DLR ¥R B2 (1) VR & 0 R S I 46, 40 il 8 GABA
205.7 pg'mL~!, Ala236.6 pg'rmL~", Phe 190.3 ug'mL",
Met 305.0 uyg'mL", Pro 93.1 pg-mL", Gly 123.3 pg'mL™",
Cys 1209 pg'mL™", Tyr247.1 pg-mL!, Trp 1352 pg'mL?,
Ser227.2 ug'mL!, Thr 165.8 ug'mL™", Asp225.8 ug'mL™",
Asn265.5 pg'mL, Val 1532 pg'mL", His 109.4 pg-mL",
Arg 147.8 ug-mL™, B 158.7 pg-mlL!, JREF 156 pgrmL,
ME 1317 pgmL™, JRE 1204 pgmL', AL
1219 ug'mL™!, 2°-JiSA S 1223 ugmL's HUAS[H
PRARI) FR £, 7KW R i 1) A (R4 B2 1)
FR BT R VR o X PR VS VRAE VN VBUAH B X
A2 0.45 pm ALIEE IR .

2.2 RV TR )

WA vb 2 F0BH 5 2 R R ok 1, 1 80 H U
TRAT T T35 7 s BT 2818 3 1 AR o R (S 1~
S12), MEMESAFEKFRES 1 g, FHlE
BEEHEIEHN, M5 I H4i7K 50 mL, FRE;
FHEEL(500 W, 50 kHz)45 min, A& JGHE, M
A KN LB 12 000 r-min~' B0 10 min, R
B E3EWR 100 pl, FEH0A 900 uL ZJE, iwfig e &0,
RIS AG RS, T 4 CUKFE R, & H.
b E BUAR R 255 2020 4E 5 H 28 37 558 10
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Tab. 1 Mass spectrometry parameters of 22 amino acids
and nucleosides in Changii Radix

ot (R min —— P
& Xt/m/z  DP/V CE/eV CXP/V
y-EIHET R 3.10 104.000/87.000 46 13 12
&R 4.88 90.090/44.030 71 132 6.5
KHAR 3.57 166.000/120.000 56 17 14
AR 423 150.050/56.000 41 21 8
Ji R 4.57 115.900/70.050 76 21 8
HRE® 5.17 76.000/30.000 50  20.8 14
bt 2R 6.45 240.802/151.900 61 17 18
ik 2 4.61 182.000/136.100 46 17 14
R 3.59 205.050/188.100 56 13 14
A7 551 106.000/60.000 36 15 8
R 5.24 120.000/74.100 27 128 12
RERAR 5.50 133.917/73.900 31 17 10
FNRES 3 5.59 133.060/73.870 65 14 26
R 4.02 118.000/72.100 46 15 18
AN 6.12 156.000/110.000 42 18 10
FRR 6.09 175.040/70.050 56 27 8
53 437 284.000/152.000 46 39 16
IR 2.11 245.000/113.000 47 13 16
Ji 4.70 244.000/112.000 21 17 8
Rt 2.46 267.900/136.100 61 25 18
JIN:S 3.03 268.900/137.000 46 15 14

2-BESH 3.53 268.000/152.100 56 13 12

2.4 MR, KR AN ARG 5

BT TRt D 2% 8 FH 7K o 310 6 8 R 109K B T
X R, AT S IE W S A M, DAV T AR
PSR Y, KRR B R ARRR X, 34T e ]
=, Zefilbrkdi 2k, THEMOCRE: DMEMEL
S/N=3, 1TH5HE & s i ALK I R (LOD), A& M
te S/N=10, TH5 % o 1) sk 2R (LOQ). 16
Pl FLRR AN 6 MRZ E S8 B 6 Ao ) 1 AR 2 51 TRl Y
2 2R R IF(2>0.998 5), H LOD 1 LOQ 45K
0.001 24~0.181 pg'mL~" A1 0.004 14~0.605 pg'mL"".

Al 2 W — 2 VR R TR 5 R S VAR, B4
HERE 6 W, TFESSTIE IR, 16 FHEIEERF 6
bR T TR BE R AE N B AR 22 0~3.1%, L3R 2.
2.5 FERBEREUTENAL

AR B 5 T AR By AR KL (80, 65, 24
B $EBUAFIOK 10% F EEK . 20% F EE7K . 30%
FEEIK) . VAR50, 70 mL). &7 B [a](30,
45, 60, 75 min)Fl CIEHE GIEREC L (AN TG
317,101, 90 D)X EERER O FEEUS & BRI
1 ANSECR I, HA S HON BRI OB AR KL -
80 H: FRHUAN: /K $REUAR: 50 mL; SR

®2 R2HERNEYNITESL, BXRAK. AHEE. RIR. TERMNEEEE

Tab. 2 Standard curve, correlation coefficient, linear range, detection limit, quantitative limit and precision of instrument for 22

target compounds

&Y Bt il 2% MKA r  SMWEE/ugmL KHR/mgml! EEREmgmL!  {XEKE%E RSD/%
y-2ET R Y=7.00x105X+2.36x103 0.999 4 0.05~6.69 15.52 51.74 1.71
SN Y=3.00x105X~8.56x 10* 0.999 8 0.06~11.14 16.52 55.08 1.52
ENE-Nzy Y=2.00x107X~2.67x10° 0.999 6 0.01~1.60 3.32 11.05 1.57
IR AR ¥=3.00x105X-4.21x10* 0.999 9 0.04~7.20 12.21 40.71 1.46
ANz Y=2.00x10"X~6.29x 103 0.999 8 0.02~0.96 2.29 7.63 1.12
HAER® Y=1.12x103X+5.95%103 0.999 1 0.61~6.58 181.47 604.89 1.51
ot 2R Y=8.23x10°X-3.72x10* 0.999 2 0.06~22.18 17.22 57.39 1.61
% R Y=8.00x105X~3.94x10* 0.999 5 0.02~1.13 7.00 23.32 0.91
R Y=3.00x107X+4.34x10* 0.999 0 0.02~2.44 1.96 6.54 2.24
25 % Y=1.00x10°X+6.07x 10* 0.998 8 0.12~6.23 36.68 122.28 2.90
AR Y=1.00x106X+4.24x10* 0.999 1 0.06~6.69 18.04 60.14 1.90
REH ¥=2.00x10X-1.33x10% 0.998 5 0.36~10.34 108.05 360.16 1.06
ENRES i Y=2.34x105X+2.95x10* 0.998 7 0.54~30.75 161.96 539.85 1.59
AR ¥=2.00x107X~1.76x10? 0.999 8 0.02~4.81 4.98 16.60 2.64
AR Y=1.00x107X+1.61x10° 0.999 5 0.05~2.60 14.93 49.77 1.49
FER IR ¥=9.00x106X+1.00x10° 0.999 1 0.02~4.80 2.14 7.14 2.77
1 Y=4.00x105X~8.05x 10* 1.000 0 0.02~2.33 1.74 5.81 3.10
JRE ¥=9.29x105X-3.23%103 0.999 9 0.02~8.92 10.27 34.23 2.54
i Y=6.00x105X~4.11x10* 0.999 4 0.02~1.95 2.75 9.16 1.13
JiH Y=3.00x107X~7.73x 103 0.999 7 0.02~1.12 1.24 4.14 1.61
JIR:; ¥=1.00x107X=1.53x10° 0.999 3 0.01~1.51 1.76 5.88 1.83
MRS ¥=1.00x107X-2.51x10° 0.999 3 0.01~1.85 1.71 5.71 0.00
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[E]: 45 min; ZJEFEMVERECLER 9 0 1), DL 22
P& LR FIAZ 2R & B AT I ik, B
LA PR BORAE: ZidR Rl 80 Hfi, LA 50 mL
ABAL KB IR 45 min, G SEESIATREC
9:1.
2.6 EEIE

HUS-FESL S1~S12, 4% “2.27 T K 7 v 4 it
WAV, 0 B E 16 MR FERR A 6 iz 25
BB B BR 16~18 FFEAR B2 i R AG I BHS &R
19~20 FAR R R BRG AR 22 2 /%, 12 A
ANFE AR FE S AT LS 16 FRE LB AT 6
PAZE RS, SARAERKERMZT S5E LR
& EMAEHEZER. SRR 3~4. BEIERT
BN 21852 mgg!, BEFREDEN
11.83 mg-g',

3 o5
3.1 AFRAKFIRA VS G 5 18 A% 1 2 oy
RIS

¥ vb 2R B R R R A% R A 7E 2~20 4F
(] £ 2 ORFF AR AR 8, 0 DA 8 o A28 TR R
Mo PEEMIK, WA 16 MEERIERH+HE
10 #(Met, Val, Thr, Ser, Asp, His, Arg, Phe,
Tyr, Trp) & &AL EME A m &GS, HZUE
8 EHIJE NI M 3 FI(GABA, Ala, Pro)f 2~5
R RE RS 6 5 9 FRFFEEMMER; 2
R LR (Gly, Asn)2~3 £ & B S, >3 4
TEERGERER—KF: 1 PR ER(Cys)&
BIRAREAERE K. BERERSE 9 F)5
WA EMEK S, HAHE, AR —
KF.

®3 WYV SMHALSRET 16 fHALRA 6 fHAZH K ko0& E(»n=3)
Tab. 3 Contents of 16 kinds of amino acids and 6 kinds of nucleosides in Changii Radix and the root barks of C.

smyrnioides(n=3)

Xof FEL i 44 R

pgg!
5 TR OB ) HRE
234E 4~5HE L 6-84F O~ISHE 16~184F  19~204F  2~34F  4~54E 6~84F  9~154F  16~18 4 19~20 4F

y-EIETER 87248 1183.11 1082.14  967.57  667.12
&R 545.41 757.59 53211 64342 535.08
KNEM 93542 791.67 1000.76  478.54  807.87
BRI S 138.63 11835  138.56 87.91 146.83
Ji 2 212.63  263.73 20030  231.93  112.70
HER 75.01 58.32 49.34 60.03 44.70
JhE R 23.96 23.74 23.00 23.96 23.28
i 2 R 509.18 27559  237.87  219.05  320.95
R 49729 412,61 38227  270.59  470.40
EE 137417 524.67 48423 74870  746.16
FEEE 104464  968.82 66322  807.77  909.54

75
REEBR 30958 27707 198.64 29294  356.65

941.56 591.80 362.34 254.55 279.00

441.86

492.20 793.11 359.80 279.74 300.42 108.65 112.41
467.72 414.08 227.17 151.76 131.54 94.20 115.71
841.39 282.68 117.83 132.33 50.45 52.88 17.13
212.98 28.12 17.66 14.06 9.68 13.11 7.27
106.13 107.37 68.60 40.40 38.19 29.20 25.94

55.90 83.66 29.45 40.71 42.50 22.68 15.72

23.46 23.91 23.21 23.57 23.57 23.24 22.85
360.02 82.13 29.26 16.33 10.67 10.99 5.71

477.70 113.35 48.83 12.99 15.00 4.58 4.12

106.59 -

1030.42 438.39 204.93 201.43 162.63 83.09 56.47

—_

052.11 691.96 732.60 730.26 409.76 380.96

RITABE 29 746.26 17 765.65 18 475.85 17 827.98 16 235.68 18 048.13 21 605.85 13579.02 513042 5748.79 413.91 204.99

AR 231.12  260.04  231.59 116.89  343.43
AR 773.87 43497 45456  347.01  544.41
E R 450.97  365.00  838.13  397.82  374.35
51 39597  437.56 46838  357.09  347.17
IR 309.55 440.54  446.60  342.64  370.42
JiiiNEg 280.64  184.26  209.91 193.18 20331
7523 359.79  417.89  440.83 360.76  376.12
JillN=3 30.79 15.62 12.63 20.89 13.16

A STE 48.18 29.88 32.20 34.88 28.99

230.53 101.16 58.75 58.79 28.18 18.30 3.27
754.48 251.37 97.07 34.96 23.32 8.49 11.35
841.67 410.37 276.35 74.12 72.47 - -
302.81 220.85 168.51 237.76 139.47 71.50 13.05
306.01 237.34 182.05 268.15 195.82 72.81 3.65
171.20 131.40 128.91 169.35 89.72 41.64 4.20
333.46 30.84 13.28 101.94 16.82 17.27 13.79
10.27 130.64 34.00 71.85 52.30 72.59 11.53

25.64 92.36 96.14 118.01 111.06 96.10 14.23

FpE BACR I 26524 2020 4E 5 H %5 37 55 10 1)

Chin J Mod Appl Pharm, 2020 May, Vol.37 No.10 - 1191 -



R4 WOERHATXEREAT 16 ALK 6 MEHFERSNE 24 E(0=3)
Tab. 4 Percentage of 16 kinds of amino acids and 6 kinds of nucleosides in Changii Radix and the root barks of C.
smyrnioides(n=3) %
£ SRR T 2) B
o HE i 44 R
2~3 4 4~5 4 6~8 FE  9~154F 16~184F 19~204F 2~34 4~5 4F 6~8 5 9~I54E 16~18 4F 19~20 4F
y-E AT R 0.0872 0.1183 0.1082 0.0968 0.0667 0.0492 0.0793 0.0360 0.0280 0.0300 0.0109 0.0112
WA 0.0545 0.0758 0.0532 0.0643 0.0535 0.0468 0.0414 0.0227 0.0152 0.0132 0.0094 0.0116
RHER 0.0935 0.0792 0.1001 0.0479 0.0808 0.0841 0.0283 0.0118 0.0132 0.0050 0.0053 0.0017
R A R 0.0139 0.0118 0.0139 0.0088 0.0147 0.0213 0.0028 0.0018 0.0014 0.0010 0.0013 0.0007
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3 FRAEKERRD S P 16 HAERF 6 FZH KK
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X HREREA, Y BACRPEA S MIROBE R, Y ShEUER A, RERREA
ATV BEL B RRDN, 2 SRR AR B

Fig. 3 Hierarchical cluster analysis results of 16 amino
acids and 6 nucleosides in Changii Radix with different
growth years

The X-axis represents the sample, while the Y-axis represents the
distance between sample points. The smaller the Y-axis value is, the

smaller the distance between sample points is, and the more similar the
two samples are.
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Fig. 4 Hierarchical cluster analysis results of 16 amino
acids and 6 nucleosides in the root barks of Changium

smyrnioides with different growth years

The X-axis represents the sample, while the Y-axis represents the
distance between sample points. The smaller the Y-axis value is, the
smaller the distance between sample points is, and the more similar the
two samples are.
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Fig. 5 Biplot diagram of amino acid and nucleoside content
in the samples of Changii Radix

t(corr)[2] represents observations samples with different growth years; X
represents variables, amino acids or nucleosides; the outermost ellipse
was the 95% confidence interval, and the goodness of fit of the model
was 0.702, indicating that the model was well established.
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Fig. 6 Biplot diagram of amino acid and nucleoside content
in the root bark samples of C. smyrnioides

t(corr)[2] represents observations, samples with different growth years; X
represents variables, amino acids or nucleosides; the outermost ellipse
was 95% confidence interval; the goodness of fit of the model was 0.919;
the goodness of prediction was 0.705. The model was excellent and the
prediction was good.
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