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Spectrum-effect Relationship Analysis Between HPLC Fingerprint and
Immunomodulatory Activity of Zhenqi Fuzheng Granules
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[ Abstract] Objective: To explore the pharmacodynamic ingredients of Zhenqi Fuzheng granules
(ZFG) for immunomodulatory through spectrum-effect relationship analysis, which provides experimental basis
for improving the quality standard of ZFG. Method: Eighteen batches of ZFG from six manufacturers were
collected for analysis. The fingerprints were established by high performance liquid chromatography (HPLC).

Acetonitrile (A)-0.1% formic acid aqueous solution (B) were adopted as the mobile phase with gradient elution
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(0-15 min, 5%A; 15-23 min, 5%-8%A; 23-30 min, 8%-11%A; 30-45 min, 11%-18%A; 45-60 min, 18%-
21%A; 60-67 min, 21%-23%A; 67-90 min, 23%-37%A ), the detection wavelength was 220 nm. Chemometric
analysis such as similarity analysis and hierarchical cluster analysis (HCA) were subsequently used to analyze
the similarities and chemical differences among these samples. A cyclophosphamide-induced immunodeficiency
mouse model was used to evaluate the immune-enhancing effects of the products from different manufacturers.
The spectrum-effect relationship between HPLC fingerprints and the immunomodulatory effects was examined
using Spearman bivariate correlation analysis. HPLC coupled with mass spectrometry (HPLC-MS") was used to
identify the spectrum-effect related peaks with electrospray ionization, positive and negative ion modes, and
scanning range of m/z 100-1 500. Result: The HPLC fingerprint of ZFG was established, and twenty peaks with
good resolution were selected as common peaks. The results of quality analysis and pharmacodynamic test
showed there were significant differences in both ingredients content and immune-enhancing effects of ZFG from
different manufacturers. Through spectrum-effect relationship study, twelve peaks were screened as bioactive
ingredients peaks. Thereafter, eight peaks among them were subsequently identified by HPLC-MS". They were
salidroside (peak 2), echinacoside (peak 5), calycosin-7-glucoside (peak 6), isomer of specnuezhenide (peak 7) ,
isonuezhenide (peak 9), calycosin (peak 11), nuezhenide G,, or oleonuezhenide (peak 14), and formononetin
(peak 18) , respectively. Conclusion: There are differences in quality and efficacy of ZFG produced by
different manufacturers. Through spectrum-effect relationship analysis, the medicinal ingredients of ZFG for
immune-enhancing effects are screened, which can provide reference for the improvement of its quality standard.
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F 1, 558 &I RSD AT 38.10%~129.74% , % 1] 3k
H 64 77 T ) ol B R 15 JURE 45 (0 3% 06 1 oy 22 5
B JHZE3.4.5.10.11 20 , RSD#>90%.

Peak areas and relative standard deviations of common peaks from 18 batches of Zhenqi Fuzheng granules

FAT 0 U 1T AR

%% ¢/min RSD/%
Al A2 A3 B1 B2 B3 Cl1 C2 C3 D1 D2 D3 El E2 E3 F1 F2 F3
1 10.65 6.66 13.74 1.59 10.61 16.51 10.54 44.89 31.72 36.17 2.83 7.80 435 7.83 6.54 12.33 14.32 6.62 5.83 89.99
2 1393 8.26 17.79 4.06 34.03 81.29 52.05 87.81 58.52 102.54 11.98 14.57 1291 12.34 11.87 11.56 60.61 29.84 3426 8547
3 1586 10.53 9.71 3.79 7.11 7.77 6.21 36.23 40.94 41.47 1.61 2.93 2.34 10.37 10.15 10.34 14.87 6.65 7.16 100.09
4 2475 133 220 0.04 692 9.61 5.05 438 0.72 0.80 0.63 1.43 0.24 2.60 1.60 1.79 2.29 1.51 1.68 100.46
5 2944 4.06 1399 2.78 34.74 98.49 54.65 7.39 1097 20.12 2.55 530 392 556 499 494 26.19 1631 17.34 129.74
6 34.17 35.67 48.61 11.80 38.28 34.37 39.95 40.74 69.95 53.23 1533 2229 21.68 17.38 16.96 16.18 34.26 28.16 29.15 47.92
7 3740 1.58 2.71 0.77 7.50 4.14 4,12 801 830 11.85 325 11.88 551 4.62 3.40 433 1417 387 3.70 65.19
8 41.11 33.46 54.13 22.18 111.49 95.65 106.03 94.62 76.35 192.74 111.48 180.15 175.14 72.89 61.99 76.73 238.11 128.54 123.56 52.83
9 46.63 498 13.34 1.82 22.83 49.75 31.99 14.11 793 20.87 5.13 9.83 7.07 4.80 4.06 4.73 2427 12.84 13.59 86.21
10 5193 0.85 242 0.51 2.02 199 098 792 838 10.86 0.91 2.46 1.59 3.84 4.01 3.72 3.11 1.08 098 92.15
11 53.47 0.80 226 1.55 3.82 530 11.23 3.0512.97 17.37 2.71 279  4.12 1.30 1.19 129 596 433 438 9475
12 56.76 7.92 12.00 0.13 565 198 390 6.26 1.01 0.89 1.38 8.28 1.94 411 4.02 290 11.09 1.80 3.58 79.93
13 6034 4.77 4.16 038 1648 4.39 11.83 20.10 11.97 6.19 493 7.64 687 4.69 442 7.24 8.77 6.55 1.58 67.33
14 61.71 11.19 1520 9.49 7.73 17.45 12.23 530 31.80 1837 545 5.57 9.30 2.59 243 3.60 6.95 6.15 7.29 73.01
15 64.32 11.32 11.97 5.44 26.61 7.36 2041 12.78 6.39 29.46 49.26 68.73 76.62 15.87 11.41 19.38 40.00 19.81 16.41 83.49
16 6694 1.59 2.79 0.31 6.96 230 2.85 2.52 044 1.01 1.34 7.30 2.01 148 1.09 1.95 6.10 1.35 1.22 8545
17 67.65 1.14 091 1.28 2.35 4.33 579 194 1.82 599 6.97 8.69 11.18 3.53 2.99 4.04 6.05 5.14 442 63.63
18 79.83 1.12 1.00 2.22 333 382 284 425 6.69 6.05 2.29 260 3.40 1.15 1.10 1.53 1.70 2.35 2.39 58.77
19 81.81 1.43 090 1.81 3.78 2.03 2.05 3.19 3.86 322 212 2.05 3.03 1.75 1.65 2.39 1.14 1.83 1.99 38.10
20 82.94 480 4.11 2.64 424 527 5.50 590 7.83 6.53 1.64 254 214 236 223 3.04 4.79 5.60 557 41.57
2.1.8 HCA % JH SPSS 22.0 %f 18 it #¢ & #F 47 Mk C3 D2 . F2/EH C.D.F) HEES L.
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HAIVMELB] RFEMT B2 MR nfFRER
PERE S, BB L AT RS RO G 58 ;C D FIF T %K
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Fig. 1
Zhenqi Fuzheng granules
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VW1 CRR i A R e ) s 47 33y 1.5 g+ kg™,
JKHC I, 25 25 K AL 10 mL- kg ), 1F 5 2H Je 4 580 20 4
KUEH S RBUK LR HFR2E21 do AR 17 K2, BRIE
HALAM AR Je A~F 41/ B 5 2 80 me-kg' B
I T3 S A I e (P S8 A 1 S TS TR L 45 25 R R
10 mL-kg') , #4524 d 02 3 ik 46 0 Ag Ak 45 4% g
J 45 B K M 7 T IL-2  TNF-a 1gG 7K - 31 W i 465 S
AR, X 5 WA AR AR TR R 41 H 2% 7 A it
S SN E BT . B 21 KRR 1 hg , R
S /N B T A, 4% R B R B af , 25 VR 2 h, TR
3000 r-min” &0 10 min(2f 4% 13 em) , W& ML L 4%
0 20 U8 B A5 B4 U S I3 IL-2  TNF-a . 1gG % 1 .
Wit J5 Ab BB /N BR L TG B A E T 0 M R AR AR

F2 STEHKREMMINR 2B INEER R (X5, n=12)

JE T #5482 AR CRGLINE ) 5 = it CJBLAIE ) Jo 12/
RIS R FE 5, W 2. SRS IER Al A,
LAY 2 /)N Bl e Jit i K% MBUE 48 %% S IL-2 . TNF-a . IgG
K 5 B BRI (P<0.01) , R I RE RIS Hil i . 58
R %, B4 C 4L D41 F 40 i g 48 0 2 3%
(P<0.05,P<0.01),B 4l .C 4 . F 25 % JI 45 % 0 i 4
fin(P<0.05,P<0.01) , B~F 2H IL-2 /K °F BH & 38 i (P<
0.05, P<0.01) , B~D #1 TNF-« /K ¥ B & 34 fin (P<
0.05,P<0.01) , A~F 4 1gG /K *F & % 3 hin (P<0.01) .
2 W 0T R Tk I MUK, B A 1 s DI Re I 2 s PE A
H 64T Z 0 b 75 28 o 2 0 i /) Bl e i 4 5
I JUE 45 0 B2 1M % TL-2 . TNF-a  1gG 7K F | 19 25 504
M —EZ RN

Table 2 Effect of Zhenqi Fuzheng granules on immune function of mice (x+s,n=12)

21 51 Jig B 46 4 /mg - ¢! JI I F5 A /mg - ¢! IL-2/ng-L"! TNF-a/ng-L" IgG/g- L™
IEH 4 2.49+0.50 3.84+0.35 59.45+3.39 213.28+5.53 16.85+1.75
ML TR 4] 0.85+0.11" 2.92+0.42" 45.86+4.81" 189.49+7.36" 8.3542.14"
A4l 0.75+0.21 3.28+0.78 49.84+5.21 192.44+9.07 10.89+1.63%
B4 1.19+0.14% 3.78+1.217 52.34+3.95% 201.95+13.88% 15.17+2.32%
C4l 1.26£0.15% 4.12+0.66> 50.27+4.63% 228.22+9.65 15.52+2.25
Dl 1.04+0.22% 3.06+0.51 50.36+4.52% 222.48+7.43% 14.46+2.51
E#4 0.88+0.38 2.87+0.62 50.76+3.83% 195.68+12.65 12.43+2.82%
F4 1.11+0.13Y 3.59+0.77% 51.56+7.73% 185.70+8.85 12.28+2.27%

TE SIE WA Y P<0.01; 54 4 2 P<0.05,7 P<0.01

2.3 PSR AT SR H Spearman AUAS 1 AH OC 43
BT HPLC i 4 1B 3% 15 01 5 4 928 245 330100 135 4%
A M DEAT 08 o #5204 oA 0 0 T AR S BN
A g (X0) , e J s B JBUE 4 %5 IL-2 K- \TNF-a 7K
- TgG K ¥ E Ry AR 5 (Y) TR O R A L
3, BREM 150 M YE TNF-a.1gG /K2
i IE A DG (P<0.05) , 2 %5 6 5 iy i 45 %5 L L 48 %0 %
IgG 7K °F 5 B & 1F A 5¢ (P<0.05, P<0.01) ,4 5§ 5
IL-2 7K °F 2 B &8 1E A 56 (P<0.05) , 5 %5 1§ 5 g i 48
B 5 I OE AH 56 (P<0.05) , 6 5 16 15 9 45 % 52 W
i 1E A 56 (P<0.05) , 7 5 I 5 TNF-a /K °F 2 B 8 1E
HH K (P<0.05) , 9 5 55 i i 45 %5 . JLIE 48 450 5 ) ik
1EAH 26 (P<0.05) , 11 %5 06 5 i i 45 %5 . MG 0k 45 %%
IgG 7K F 5 W i 1E 4 56 (P<0.05,P<0.01) , 14 S 5
IG5 KL S IR A 56 (P<0.01) , 18 5 16 55 fifa i 15
B 1gG7KOF 52 35 1E A DG (P<0.01) , 19 5 06 55 iy i
& #0 . TNF-a J& 1gG /K F 52 B 8 GF A 6 ¢ &R (P<
0.05) ,20 5 U 55 AT 48 %5 5t W 3 1E AH O (P<0.01) .

2 BRI, 1.2.4~7.9 11,14, 18~20 5 04 2 1T TE 3k
T A 18 R A 5 T R A 3 KA O (0 5 I

2.4 JERCAH IR 1 K
241 (OGS O3k 21350,

242 Bk HmEgE B 1R (ESD , 1B T
A FWEE R 4.5kV, B BIE-35V, BHHE
J-180 V, T 414 IR 250 °C, 8553 3 50 arb, 4
B Ak 3 arb, $1 4 75 Bl m/z 100~1 500, MS” i 24
J5 20 B4R i T A L Rl AE i 20~25 eV, IEE T
B T Wi R S kV, BYIE H K 35 V, B 5 JE
110 V, BT IR 275 °C, B H i 50 arb, ff B <
Wi 1 arb, 35 95 Bl m/z 100~1 500, MS" i %4 7 X
Shy Tl 1 % - i S RIE R BE B 20~25 eV SR HPLC-
M S"XF 3 R0AH O 1 12 A (0 3 08 0F A7 A 43 46 2, 4
b B4R, IS5 A SCHERT 2 R 4, g5 R
W E 2 S W ML S KAF S5 W R .65 1%
hy B S S T A A BT 7 5 0 R R L DT A A
950K S A U 115 0 B R B L 14 5 g
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Table 3  Correlation coefficients between peak area of common

peaks and pharmacodynamic indexes of Zhenqi Fuzheng granules

WS WORRAEEC MUETE 5L IL-2 TNF-a IgG
1 0.600 0.429 0.029 0.829" 0.886"
2 1.000” 0.829" 0.371 0.543 0.829"
3 0.086 0.371 -0.543 0.200 0.143
4 -0.029 -0.257 0.886"  -0.314 -0.029
5 0.886" 0.714 0.657 0.314 0.714
6 0.429 0.829"  -0.429 0.257 0.257
7 0.371 -0.086 -0.029 0.829" 0.714
8 0.771 0.486 0.029 0.657 0.714
9 0.886" 0.886" 0.429 0.371 0.657
10 0.486 0.086 -0.029 0.771 0.771
11 1.000” 0.829" 0.371 0.543 0.829"
12 -0.771 -0.771 -0.257 -0.086 -0.429
13 0.029 -0.086 -0.314 0.086 -0.086
14 0.657 0.943Y  -0.143 0.371 0.486
15 0.200 -0.086 -0.314 0.429 0.257
16 -0371 -0.429 0.143 0.086 -0.086
17 0.600 0.257 0.086 0.600 0.600
18 0.943% 0.714 0.257 0.771 0.943%
19 0.829" 0.543 0.086 0.829" 0.886"
20 0.771 0.943% 0.029 0.143 0.371

:: " P<0.05,2P<0.01

4z 11 G,, 2% oleonuezhenide . 18 5 W5 A | = 4 1&
2,618 5 U4 5E 1 5 X B OIS A .
3 itig

1 2 57 0T B B OF WUKL HPLC 45 20 18] 3% 19 3o
b, RS S AT T R G Al A U B A A &
(ZN5-0.1% H R AN -0.1% H R ) R B 6 52 L 2
T+ (Ultimate XB-C (4354 1 ACE 5 C a3 A1) |
FE R (25.30.35 °C) i # (0.8.1.0.1.2 mL-min™) .
Ao M 35 4 (200~400 nm) Fi A £ (5.10.20 pL) .
R Al 5 0 B0y S B M T AR, e A BEHE T 2.1.3
WU 55 . TEEBES IRIERT 5 6 (638 5 o 100 2 44
WEFE ) FlUEE 8 (FF 2o 0T ) ¥ il &, P 43 30l ok H
B S A2 0T 1, 25 I8 3 ol B Ak ORE H T PRAT RY o
AR R BE T B RS Y Dy a0 I A 9 AR
FHOCHENE ST R | U6 6 o 15 250 1F A OC €8 33 U | T U 8
AR BRI 6 /F S = BRI . R SCAE o1 RSk TE
K HPLC 48 S s o 1 20 420 0%, R i
T HEAT R IT A, S HT A ST S A T

HCAZ5 R R M BE B 150, 6 1N K1Y

- 128 -

18 41t U7 B4k IE U8, 73 3RS, BT &7
HAFE] ZEEMR A RV AR E M s, H
AT B 3 M AEAE LIS 5 A 2 4iE SR 2R
PEEE 25 o B IR AT RE A PR I : O BRAT 7 i JOT A v
R TR 55 20 0T F AR 0 B BRI I, 25 T R A ol TR
BE BT i R RO FE, T3 ) R 2 e — T 5
st Ak (] 22 5 PR B 5 @)™ il A 7 T2 D #AOK [l i 4
B3R, BEIR 1~3 h, 25 T 5 4 HUIRT ] B 41 B ok 72 4%
WAETE 22 57 15 3 B L 2o 0T v il o0 8 R e 2
IR AL — 0, U3 B0™ T i 1 25 e o AR
HCA %53, AR SCik$% A1.B2.C3 . D2 E1 . F2 3 64t
FEfLIF R 2 20050, b #E il A1.D2 E1 . F2 BT
FACEME ;A B2 .C3 AN B A HAC RN, B
P HCA 45 v £ 19 BHA T i 22 S FE i o

SR JH I I 102 S5 B0 W8 1k Jie 35 3 el N7 /DN B S e
AL, 2 R R B 5T 24 ) f 92 3 5 T RE 1Y 28 ML B
Py A5 AUk B e KR L ML E 2 IL-2 L TNF-a Al
IgG A& 25 S e A 4T D RE 19 8 A DU 36 A o Ml i 2
MUK (8 AiX Ge B 28 B, 2 T 4 41k 2 i) 37 e gt
JUE S B K A0 o] 28 e L 0 2 5 LA A i A g AN
PRV f 8 1 T 40 B 48 Jf T e 240 e oK i 3 A
B, R a B IR BN IS B T E B S Ay A K
K Ry 2488 5 T B0, AR R AR G g 3 5, ) 2 )
S LA G e 28 A2 BT, e RE R AR IL-2
I TNF-a E 20 5 UL By B AT e 55 34 715 46 1T 09 40 i 1A
TS 5HURM A0 R 1gG 7 e 2 i
TG AMA FE T R B PN By T AR A EEAEA LB
A EEM R

AR R 2 A KA 0 01 4R T BURL AR
“hy BIF 5B i T R 3 RORH DG 43 A, (] ) AR R A8 4 i R
FH T [R] L 5] 1 B 6 - 0T 24 X6F i B 1 R i
HEAT IS SO CWE 9 o 8 -2 0T - 25 % L ] 1 R
0.5:0.5.0.5:1,0.5:1.5.1:0.5.1:1,1:1.5,1.5:0.5.
1.5:1.1.5: 1.5 1:0f10: 1,453 HPLC #5 20 K3 23 by
WiE 7 13 I (EGE R S AT RAFEE ),
M J5 16 AT G 92 1 5 25 803 50 K 3% 50 AH S M 4 L 45
TR A A3 W 14 B i o Sk T SORE G £ i i
BN X AT B TSR F A TR L i) B R - 2 ol F
2 XV R B GEAE i, TR ARORE 245 b BT i A A8 T2 —
G ATEE T, B B B R b ROk L ) 5 Bk
WA 03 s A AR 22 S, A A e A T FR A AR DG BR
AT 5 3500 43 €0 33 06 O 1 45 A P PE o BOAR F 9%
TEBE 5 DT RS AR I UKL 7 R RS R R TR R
PR AR ORI 25 L A T AR R AR A —
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Table 4 Identification of spectrum-effect related ingredients in Zhenqi Fuzheng granules by HPLC-MS"
; 1E B TR m/ B F AL m/
mx? t/mln *Hng m/z D mi/z ,ﬂ:é%
TR MS MS" MS MS”
1 1077 - - -v 389 MS? [389] : 345, MS® [389~ A4l
345]:225.183.165.119.113
2 1329 300 301 =Y 345 MS? [345] : 299, MS® [345~ £ZL5 KT
29971:281,270.254 239
4 2507 - 360,343 MS? [360] :343.325,307.289.247, 387 MS? [387] : 341, MS® [387~ A%l
205,MS° [360~3251:307.247 229,187 3417:299.281
5 30.15 786 787 -v 785 MS? [785] : 623, MS® [785~ FARAH
623]:477.461.315
6 33.58 446 447 MS? [447] . 285, MS® [447~285] . 491 MS? [491]:445 283, MS’ [491~ T35 5 5 0 ] 4
270.253.229.225 283]:268 BT
7 38.65 686 704.687 MS? [704]:687.525.507.489.369, 731.685 MS*[731]:713.685.569 e T A A
MS? [ 704~507 | : 489,475,457 369,351,
345.337.303,225
9 4630 686 704,687 MS?[704]:525.507.489.387.225 731,685 MS?[731]:685 R U
11 53.87 284 285 MS? [285]:270.,253.229,225 328,283 MS? [328] : 283, MS? [283] . B F &M
268,MS’ [283~268]:240.224 211
14 6021 1072 1090.1073 MS*[1090]:875,755.713.695.693, 1117.1071 MS*[1117]:1085.730 oleonuezhenide &
575 LUt Gy
18 78.85 268 269 D 313.267 MS? [313] : 267, MS? [267] : HIT=HEZ
252,MS° [267~252]:223.208,132
19 82.12 _ _n _n _D _D ﬂ&%ﬂ
20 83.08 - 301 -V 345 MS? [345] . 299, MS® [345~ A%l
2991:179.161.143 119
T E S 595 55 N N AT ALY B B m/z
X032 W S A AT R R R T AY . 3 o R ROR ek B 0T R R WORLVR T I IR A BT [T, v E R 2
43 5 H O B T DR A0 124 24520000 B % 36 fOZ B H7.2020.18(6): 113-115.
e Sy Ak Wi de7 e A ) 22 ¥;
e R MM RET BRI B8R L4l WAL B STRCHRTE BURLER £ GPfLJT Iy 5 X 1
= H) 4 s PET 2 CHERE A
5 06 3 S IO 6 498 90 B 0 B L R R R
\ PE2%,2019,5(10):99-102.
GO X AE —E R A T A SO S 45 - e e o ‘
! | [ 5] Z=w, Mt i, 45 . ol B4k I Uk 2L R 98 AR 5 1k
5 Lt AR MRS AP B T 0T R R E Uk o .
) N N . o I7 R IT RO T b B AN B AR S [T ], ik A R
A 0 RE 1G5 D RE B 25 30 B Ay L O R T i B
252475,2018,30(9) : 12-15.
=) = 25 = NV e o R
Funﬁg&%x&ﬁﬁ%ﬁ%#J%DU%%UMJ@EL [6] BR44. vl He E a4 AL T7 I8 I7 il 45 4% 4 97 it
BT 24 200 T R B 22 46 B 4 1 B B AR TEAR &R I BT R O B BE T BE AR TR R RS R BE T[],
Dot 7 i JoT o e 1 RN 24 AN — otk DU 1] iRt 3002 2 L 2018,26(4) : 159-161.
[FITFEHR] AXRHGEEMTAZF T, [7] SHIYK,CUIF,HU F D, et al. Quantification of six
bioactive compounds in Zhenqi Fuzheng preparation
[&& k] by high-performance liquid chromatography coupled
(1] JEERHE LR, oo, 55 JTECHR BRI G 11D with diode array detector and evaporative light
AT H22 o7 988 /1N B A 30 31 2% SR & X MyD88  NF- scattering detector [J]. J Pharm Anal, 2011, 1 (1) :
kB p65 M5z [J]. 25 25 3 5 IE IR L 2020, 36(6) : 20-25.
166-170. [ 8] AL/, MM, Fx % BT 200 E ol Kk
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