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Influence of Different Technological Processes on the Overall Quality of Fuzheng Jiedu Mixture
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(1. Affiliated Hospital of Nanjing University of Chinese Medicine ,Nanjing,Jiangsu 210029 ,China; 2. The First Clinical Medical College ,Nanjing
University of Chinese Medicine ,Nanjing ,Jiangsu 210029, China)

Abstract: Objective To establish a high — performance liquid chromatography (HPLC) fingerprint and a multi — component
content determination method for investigating the influence of different technological process stages on the overall quality of
Fuzheng Jiedu Mixture during the preparation process. Methods Test solution for the extraction, concentration, centrifugation, and
sterilization processes of Fuzheng Jiedu Mixture was prepared. HPLC overlay fingerprints for 15 batches of test solution in each
process were established, and common peak identification and similarity evaluation were conducted. Meanwhile, the content of
common active components identified in each process was measured. Results Fingerprints of Fuzheng Jiedu Mixture in the four
aforementioned processing stages were established, with twenty common peaks calibrated and seven active components identified:
caffeic acid, ferulic acid, calycosin = 7 = O = B = D - glucoside, narirutin, calycosin, glycyrrhizic acid, and atractylenolide 1Il. The
similarity of fingerprints of 15 batches in different process stages exceeded 0.950. The above seven active components showed
excellent linear relationships between concentration and peak area within their respective ranges (r = 0.999 1,n = 6). The RSDs

of precision, stability, and repeatability test results were all lower than 2.0% (n = 6). The average recovery rates of the ahove
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seven active components were 94.74% ,94.43%,106. 67%,103. 46% ,105. 48% ,99. 55% ,and 97.78% ,with RSDs of 3.83%,1.04%,
3.83%,1.00%,0.98%,1.07%,and 3.09% (n = 6),respectively. Except for the low transfer rate (69.02%) of caffeic acid after
concentration, the transfer rates of other relevant active components were all higher than 80% (85.86% - 132.72%) after
concentration, centrifugation, and sterilization process stages. The transfer rate of total active components ranged from 89.76% to
105. 00%. Conclusion The concentration process exerls a relatively significant influence on the quality of Fuzheng Jiedu Mixture.

To ensure the stability of the formulation, the temperature and duration of concentration should be strictly controlled during the

subsequent scale — up processes.
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P B 27 7L B HT AT JR ) A G A L
SLEE T 2 Tl ) 3T s A KT X A A 24 7l v o
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T 25 AR R DR RN 24 o A 7 SRS B E AR R
it B DRI, FH T i B At P g i B A 3R 7
RTUIAR ST 7, OE R BT 2R . 6 25 S 6 T ) 2 T
AT B SR H R R MR 2R E
St 25y 410 ) R IR A KRB 2T T A R T
PERRL A3 120 AR 5 rh AL ST R O A 7 A R R IO v
AR S U WA B R O €3 (HPLC) 48 SRS
FEI 5 7 e 7 b B G LA WA R T
SR R AL E R AR L B AR AR R IR R RS
o8 4 R BT RS RS AR IE I R
1 XBE5RE
1.1 {¢=§

Agilent 1260 % HPLC {¥ ( 3¢ [E] Agilent 23 ] ) ; BP —
211D AU A R (75 15 Sartorius 23 7, 4 BN+ J7
43 2Z—); KQ — 1000E %4 = FH 8 7 5 v P4 (RS 1 it i
AL AT BN A, T3k 40 kHz, 5% 4 1000 W) ;
2100 mlL P 2 §E (VL V4 4 &7 B & ey A1 IR A R 5
RII - % BUCHI Jigf% 7% & A (Jfi+ Buchi 22 F] ) ; Thermo
ST16 #Y 2 0> #L ( 22 [E Thermo Fisher Scientific 23 # ) ;
PLMQ — 1. 5 I BUPL & HI K # #5 GE = i TR BRI R
HAEBRATD
1.2 iK%

Wi R X B (HES o 210503 ), BT B0 R %o Bt (it
58 160204) , B 5 S0 A 2 0 6 B S (LS
220509) , 25 A Al K10 BE A (FiE5 28 220106) , B 5
B 6 BES (HE 5 SR 220405) , H B X BR 5L (45
221225) , AR PR T BE & (458 230124) , 916 H

AR R 25 TAHBRA A, i) > 98%; B e . &
i BRIR Y R (1 Al K A 2K 5 RO R A R 45
HEGRR R B3R 1, S 28R nt rp R 2 R s R B 24
A I, A R 2 S S R TE
®1 KEBBANAFTPFHARRER
Tab.1 Information of Chinese herbal medicine slices in the

formula of Fuzheng Jiedu Mixture

R AR 5 =4k

FE K 20230601 3¢ M ] £ 24 Ak B A A PR 8]
KT A 20230601 3¢ M ] £ 26 Ak B A PR 8]
S 20230602 3t M [ 4% 24 Ak B A A TR 5]
B AR 20230401 5% M F) 4% 25 b & A A PR B)
G itkeE3E 230701 B R P AR R A TR )
HHra R 230701 Iy F R 24k 5 A R3]
FHE 230601 I I RoP AR R A RN )
HRBHE 230501 G T AR R A PR 8]
94 23051212 4kt Ae i 254k 7 A TR 8]
FH(FAR) D2305101  va) #4776 W 2540 5 B dn A TR 8]
BoxAbl A230606 N KRR A R 8]

2 AEE5ER
2.1 &iEfEH

{635 A+ Agilent Eclipse XDB — C £ (250 mm x
4.6 mm,5 pm) ;L ENAH : SIE (A) — 0. 1% B K B
(B), B BEVEE (VR 7 026 2) s 7 : 1 mL / min; £
T+ 40 °C; K R AR I : 70 min s A& 9% 1 < 220 nm; #F
FER 10 plLo

x2 RIBHBEHERHERF (%)

Tab.2 Gradient elution program of the mobile phase (%)

A 18] AEAEA A I8 AEARA
0~ 23 min 222 43 ~ 45 min 36 — 40
23 ~ 26 min 22— 23 45 ~ 50 min 40 — 50
26 ~ 33 min 23 — 31 50 ~ 53 min 50 — 50
33 ~ 40 min 31— 33 53 ~ 60 min 50 — 60
40 ~ 43 min 33— 36 60 ~ 70 min 60 — 80

2.2 BREHE

TE 5 6T FEL At V5 A < BB P 7R BT B R | 28 S T
R SRR B R B R PR T
W 2% 3 i, R B PR, P PP I A, T A B — o R
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VU o B4 B — 6T 0 V5 RS i, T 85 i b A X R it S
1246 43 99 R 130. 00, 51. 60, 86. 76, 255. 09, 102. 88,
151. 68,51. 56 wg / mL AYTE &% IR SRR

M D FEHUR (475 0 TQ1 - TQ15) F&HF

H AL T7 BRI R 5 R 25U, Sk B 4 f5 4K, 15
1 h, BUAT 30 min, b3, “REZIMN 345K, BT 20 min,

i UE, AR 2 IRIET, 2 % 500 mL, K % LS mL, B
10 mL 25 S, Y B 45, 38659, 0. 22 pum S AL BB A
iU BUEEUE W, A 0 2) MR 4R W (45 A NST - NS15) .
B b 3 45 B, ek R e 4 2 AR W A 1,05~ 1,08
[(80 +5)C, A4, W EERE 25 2 50 mL, K% LS mL,
B 10 mL A, B 25, 5857, 0. 22 pum T AL g
JE oL 8, B W, R4S o 3) B0 W (45 o LXT -
LX15) R MR AR W , 2 45 2 50 mL, 4 CARAF T E O
(%337 6 000 r/ min) 10 min, 45 % B B EH R S mL, &
10 mL 25 fiff e, B 25, #8629, 0. 22 pum AL I8 AR
I, R, BIAE . 4) B 7 (S5 o ML - MJ1S) L HR
FIRELE, E AR 50 mL, B AT, 100 “CK T 30 min,
BIAS RS A7) S 25 B IS mL, B 10 mL &S B0 ,
BEE Y, FE57,0. 22 wm AL UE IR 08 , I8, BA5 .
2.3 HPLC 59 EEE T

2.3.1 FERFER

W2 R0 R % 2. 2 T N AR BUR (g5 A
TQU) I &, # 2. 1 5 F (S 4 FE I 2 6 1R, LB
S T A AR T (114505 ) S S R A5 4% AT AR
XA BRI TE] 8 RSD ¥4/ F 0. 109% (n = 6) , AH X i 1 £
B RSD ¥/NF 1. 50% (n = 6) , WU AAE 2 KAt .

Fo o MR B 2. 2 300 R $E U (45 TQ1) 3
7,007 0,2,4,8,12,24 h 4% 2. 1 T F (0358 5440 F
FEIAE , AR 8 S BT 4 A W 1 (1150 ) oy 2 e
PR A WA X AR B B E] Y RSD 21/NF 0. 10%(n = 6) ,

U/mV
1 800 —

1700 —
1600 — 1

=

13

1415 1617

AR I B RSD 217N TF1..50% (n = 6) , 2 WAL i
TR 24 h NFEEME R

A B2, 2 30 FEEUR (4R 55 o TQ1) ih
L2, 200 I AT A A 6 0y 5 2. 130
TGS R, LB T A A R (1S
UG ) Sy 2 HROGE , J0 45 45 AT DG AR X O B BF ] 719 RSD 34/
T0.10% (n = 6) , FH X 0 1 B RSD ¥/ T 1. 50%
(n=6), RFAINEHE R
2.3.2 RBKAGLEEHE LS AL TN

F S R A ST 2. 2 300 $R B (4 5o TQT -
TQI5) & i, 4% 2. 1 W T (i S5 R HE AR 2, il SR £
TR, A2 R SRR PR R GE (2012 /)
PATQ (1 B35 Ay % A8 SC B3 (R) , DAV 34 8500y 4
PEE MRG0 0. 1, 28 )5 HPLC BN a0 (#1345 5 4t
B 20 A T DL 1.

FEAT WEFRIA B2, 2 700 TR A X RS TR HE U
(5 M TQU)#53E &, 4% 2. 1 T F A% 4 i AR I 5
6 LR BA B R] L H5 A 6 S ISR IIMERR , 10 06
BTZRIR , 1150k 388 S BT s W 4, 125 0 2545
Tl R, 17 5 06 B R m i, 18 S H AR, 195
WA AR R T3 DL T 2

FEALEE PP < 4 15 AU (45 TQ1 - TQ15)
1Y HPLC $i5 80 8 Bt T A b 245 60,33 45 S0 &1 3% AR 0L 2
VA R 58 (2012 hi) AT A BLRE 43 A1, 550 B4 20 18135
(R) LEXF, AR R B (458 TQ1 - TQ15) AyARLLEE 73
5124 0.992,0.997,0.997,0.992,0.997,0.997,0. 997,
0.997, 0.998, 0.996, 0.998, 0.994, 0.999, 0.998,
0. 997,31 KF 0. 950, F FHHR IR 1) 34— MR AR e PRy
R AT
2.3.3 R B E S FFESEEE LG AN

& 2 1% ST« B 2. 2 R MR AR W (45 i NST -
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Fig.1 HPLC overlay fingerprints of 15 batches of extracts and the reference fingerprint
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6. wekEs  10. FTARER 11 2R FHMAHHF  12. TH4
B 17 B&FHM 18 HE® 19 a KAl
A RAMNRBEBER B 2R (ST A TQL)
E2 REMBEMBIESRINESNEEBILEE
6. Caffeic acid 10. Ferulic acid 11. Calycosin =7 - 0 -B - D -
12. Narirutin

19. Atractylenolide Il

glucoside 17. Calycosin  18. Glycyrrhizic acid
A. Mixed reference solution B. Extraction solution (number:TQl)
Fig.2 HPLC chromatograms of the mixed reference solution and

extraction solution
NS15) B (45 A LX1 - LX15) (&7 (45 A M1 -
MJ15) #4535, 4% 2. 1300 R @i SRR e | 10 sk i
KL 3l A 2 AR S EE AR P REGE (2012110
S35 PANST, LXT, MJ 1A [E1E A of BRHFE 80835 (R) L PSP
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1700 —
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w
e
v
=)
N
=)
o

17
.1;4 15 16l

BN S 5 B E BT 08 0.1, 43901 A2 B HPLC & Jin
BOCEIE , 25 R e 20 27 0 PR LR 3 K5,

A RN . 5 IR A X R % I HPLC | (0L
&2 A) FEXT , HRARIR B O BRI R AR 5 2. 3. 2301
T EBGR AR .

AEALBE PEA < 4 15 HE M 49 (454 NST - NS15) |
BT (HE R LXL - LX15) A F (45 MJ1 -
MJ15) 4 HPLC 48 S0 S A0 5 A 25 6 48 S0 KE A
RUBE AN R 40 (2012 JR) AT AHARLBEDEANY , 5 45 %) B4R
SRS (R) LL X, D45 o E) 44 1 v 4 WX (9 4 NST -
NS15) A4 A 481 BE 43 51 24 0. 996, 1. 000, 0. 998, 0. 998,
0.999, 0.998, 0.999, 0.998, 0.998, 0.997, 0.998,
0. 996, 1. 000, 0. 999, 0. 999, 1 [a] {4 2 B .0 ¥ (4 5 A
LX1 - LX15) # A5 AL B 43 5 24 0. 994, 1.000, 0. 997,
0.996, 0.999, 0.997, 0.997, 0.998, 0.999, 0.997,
0.998,0.995,1.000,0.996,0. 996,57 (45~ MJ1 -
MJ15) ) A7 L BE 43 51 R 0. 996, 0. 999, 0. 997, 0. 999,
0.999, 0.997, 0.998, 0.999, 0.999, 0.996, 0.995,
0.999,0.999,0.999,0. 999, ¥4 K T 0. 950, 7 ] & HLFE
il A —BOCPEYS R A 50 T AR AT AT,

234 FRIZHABFIHKREMFLFFAEEEL
5 00 B

& £ R ST - 4 B 6 HEHRBUOK (450 TQT -
TQ6) 4 (45 M NS1 — NS6) B0 (4 5 LX1 -
LX6) A (MJ1 — MJ6) £ 1d it , ¥ 2. 13 T (A5 45 1 i
FEMNE | 0 st i [, 43 i) S A Hh 24 €3 g S (8] 33 A 10
FEVPA 2258 (2012 1) , LA TQ1 N2 MR B3, LISER80h
JEofE BB A 0o 0. 1, 248 B HPLC & s 8U &3,
25 SR 0 20 A g TR LR 6.

FEALBE DPEM 5 4 R WY HPLC [l A 24 (i
& S0 AR BE PE Y 2 58 (2012 R SEA T AR AL PR
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Fig.3 HPLC overlay fingerprints of 15 batches of concentrated solution and the reference fingerprint
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Fig.4 HPLC overlay fingerprints of 15 batches of centrifugal solution and the reference fingerprint

U/ mV
1 800 —
1700 —
1 600 —
1500 —
1400 —
1300 —
1200
1100 —
1000 —
900 —
800
700 —
600 —
500
400 =
30077
2007
100 7

0

1

11
2 345 6 7890

13
12

14 15 16 17 20
- A~ R(20)

MJ15(20)

A

MJ1(20)

10

T
20

T T
30

T

T T
40

T
50

T
60

5 ISHEREBFASFSUKERIESMIBLEL S RIESEE

¢t/ min

T
70

Fig.5 HPLC overlay fingerprints of 15 batches of Fuzheng Jiedu Mixture and the reference fingerprint
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Fig 6 HPLC overlay fingerprints of Fuzheng Jiedu Mixture in different process stages and the reference fingerprint

50} BEAR S0 (R) FXT, I A5 2 B0 (4520 TQ1 -
TQ6) 1 A1 21 B 43 51 & 0. 991, 0. 988, 0. 995, 0. 982,
0. 998, 0. 995, ¥ 45 W (45 A NS1 — NS6) F AH AL 43

48

B4 0.998,0.999,0.999,0.998,0. 999, 0. 999, B .0y
(%5 R LX1 — LX6) By AL BE 4331 24 0. 997, 0. 999,
0.998,0.996,0.998,0.999, &7 (4= MJ1 — MJ6)
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B R 8L EE 43 51 2 0. 993, 0. 992, 0. 992, 0. 995, 0. 994,
0. 992, A UL, 6 b AN [R] T 254k IE fif 2 45 70 ) 46 S0 (5] 3 2
s — 30, FHLEELE 0. 980 ~ 1. 000 385 Bl P o 2 3% 05
AHICE R AT, o 0o 5 1 A 5 A 300 09 T2 il s
TR A Fi
2.4 AEIZHBHKERSE
2.4.1 FHEFEFE

FA G038 PRI 2. 2 300 T YR A X B i T TR B 4
O (258 TQ1) A58 5, 42 2. 1300 R 8335 25 A 2R
FE O SO E E] 45 SOMERR (BB R | S R A A
B Al AT B A R H R L R YR LAY
VIR B RAE, AR T 1.5,

LRI R 2. 2T IR A X IR A TGOS HE
FH H R 2 R R B 100. 00% , 50. 00% ,25. 00% , 12. 50% ,
6.25%,3. 125% 4% 2. 1300 F ik S5 R ot AR e | D0 i
FURUME(Y) AR T T (X, g / mL) WAL R,
KB/ N AR A Tk [T 4 SR LR 3, A4S o
FEAS F BT REIR S RN 5 I AR S PG R RAT

W2 B0 R 8 W 2. 2 T 4% B — Xof A S VA TR
10 L, 32 2. 130T €635 2% (0 AR A2 6 Uk, 90 S5 0 1
S5 L3R 3, BRSBTS

FEENE

FsE PRI B 2. 2 T R R BOR (4% 5 8 TQ1) i
LM TFHCE0,2,4,8,12,24 hEF 2. 130 R (855 4%
PEBEREINSE , e ST 06 1T AR L 465 % DL 3% 3, 3 W 2 B
24 h WA E M R AT

FEMERE - Fie g H A Dy B RS R 2 5 b 241K
R 2. 2000 F AT A 6 r BRIBOR, #2 2. 130T (5
TR A A 5 T SR 0 TR 45 SR LR 3, R A R
BVER T

TRE [ 56« B 2. 2 TR B A Y O
(%50 TQ1) & &, AT 6 0y, 43 514% 100% L4l Jin A
WA R BT R | A S T A A L 2

B85 B H R R N R TG R A 4%
2. 23 F 7 EE I A SRR, 7 2. 1 00 F (a3 Sk RE
SE L IC SR TR IR B IR 25 5 36 3, A vk
HER B R AF
2.4.2 HEAEENE

R B LI 2. 2 500 AN [R) B B A AL 3 A VR A5 o
F2 2. VI T 035 SRR |, 15345 Bl 43 76 AN [R) o B
5, FLROR TR B BB A An Ak, IR T 56 A R [ 7%
BF (%) = GZMARB B &5 —Br BeryF
K& x 100% ], 25 52 W36 4 F3e 5. 0] UL, BRuE R v

xR3 AEFERER(n=06)
Tab.3 Results of the methodological investigation (n = 6)

) . EReTA:| RSD(%) Ao EDIGX R (%)
B =275 - .

(pg/mL) HEERE RBErRk TARAR FHekFE RSD

o BR Y=3.3316X+0.7184 0.9994  4.06~130.00 0.99 0.54 0.91 94.74  3.83
I L% Y=16.1600 X +0.999 4 0.9994 1.61~51.60 0.71 0.64 0.53 94.43  1.04
EEFEWHHBEF  V=36.4290X+39.7310  0.9989 2.71~86.76 0. 88 0. 69 0.73 106.67  3.83
LA A Y=24.8760X+36.5770  0.9996 7.97~255.09 0.53 0.38 0. 46 103.46  1.00
EN Sy Y=9.8240X+13.6330 0.9994  3.21~102.88 1.47 1.16 1.21 105.48  0.98
BB Y=2.0935X+6.8726 0.9991 4.74~151.68 0.57 0. 40 0.54 99.55  1.07
EENE | Y=4.1898 X +2.089 1 0.9996 1.61~51.56 0.57 0.47 0.59 97.78  3.09

x4 SHBIZATHERBSAENEETEEREFHE(ne/g)

Tab.4 Results of the content determination of components in 15 batches of samples in each process stage and their average values (pg / g)

. stk _ R _ LER AW %ﬁa"é%: FAAEF _
LHE Xts LHE X+s LH Xts LHE X+s

IR 153.161~171.828 161.62+2.42  30.729~44.602 36.77+2.04 55.012~107.132 82.70+4.00 240.224~290.945 264.53+4.57
KAk 03.337~127.495 111.56+3.18  29.322~44.034 35.00+1.99 49.800~ 94. 245 T4.71+3.70  178.383~257.025  227.12+4.50
Bk 117.542~153.401  131.78+3.44  29.029~42.063 33.96+1.93 46.626~87.658  71.98+3.76  178.755~258.980  219.32+4.47
sl 109.070 ~ 164. 553 92.32+£3.50 38.108~53.444 45.07+2.18 53.868 ~110.907 79.65+3.92 179.918~248.806  213.14+4.33

. LERHR _ HER _ aAnEIl _

L X+s L X+s LHE X+s

FRBUR 73.940 ~ 115. 691 99.95+3.32 48. 893 ~ 152.704 92.68 £5.58 36.670 ~ 136. 531 74,14 +5.66
KAk 73.132~111. 034 93.52+3.46 56.490 ~ 146. 522 99.32+5.46 41,277~ 94. 595 64.63 +4.11
RS 3 72.036 ~ 101. 758 87.41+£2.98 47.145~162. 390 88.53+5.59 37.433~85.771 60. 84 +3.95
sl 66. 616 ~ 102. 498 83.02+3. 11 44,897~ 141. 108 88.70+5.43 32.911~119.952 61.57+5.34
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Tab.5 Transfer rates of components in sample in each process stage (%)

R JEUR ;4 vk B FTARER ARG XA HBE  FEALE ARFEM O HE®R 9RAEBIN  EARRS
PR — KRR 69.02 95.17 90. 34 85. 86 93.56 107. 17 87.18 89.76
Wik — B 118.12 97.04 96. 35 96. 57 93. 47 89.13 94. 14 97. 86
Bk — A 98.09 132.72 110. 66 97. 18 94. 97 100. 19 101. 20 105. 00

95 i R R AR (69. 02% ) b, HAA WUS A e e 4 15
O VKE T ARG, B R KT 80% (85. 86% ~
132.72%) , AR E o
3 itig

R SR G e R S B I 2Y , AR5 Hh e (B 7 LR
rh 24 JI 24 5 A ) (I R 24 % (2009 )3 5 ) il 7%
T 15 bR IE A SR UK, H HPLC 5 8CEE 7 i
S5 R, 1S LRI A AH AL EE #4KF 0. 950, 2= B ikt
ERRE PRI e L KR F T2 R R RO
it T A AR AR T R RS R Y P AR A R R AR T
FEF8 SC I 14 A ARLEE 25K - 0. 980, 2 BH il £ 1) £k 1
fife B A RVREAR i S I R 25 — 30 e e8I 5 &
AR N BEBOR R AL B OB
HPLC & hndg s BE e 1 203 48l 1T
7 FE R, A3 0 A o R | BT B R L B S T
WA SR ERREW . H SRR O AARN
e I, JEIEAT T 5 i a2, 25 458 BUR A 55 7 %
H69.02% ~ 132. 72%, & A 5% W 43 0 % % K A
89. 76% ~ 105. 00% , 7 W 15 #tH: 1F 254 7 B9 o1 A7
XFRRE o

= AR e B ORI T2 R R O
A A T A — g e, H R 4 T2 5 )
B K, BRI R TR M T (R A TR £
Z I H 6 R M A B S AT AN TR RR BT R
bl R A A L B AR RS N A R 2 A
Gyt S ek D R W H R TR R A S Y
T e 0 E i PR AT R R R R A K e 8V i B RN
FE UL XAEAE TR BOR | Bl 25 32 P [a] 1) 4E
o, H TR 1 A0 R TR kA Ah R B R ik
Ji 25 U 20 TR R v g 7 A s ol e 4 1) B 1) 5 e
BUA, A G T $ s, 0 2% VR K T B o B 25 7
B A3 e A e AR ST S AR 2 BT B N B A S A
WEFTE K e A i g R | J5 2 o8 v el 25 il
FH A K 775K

ZE LTI BREL e S L K TS B R IR
i 5 79 %) O YA — S R ), (LR 4 o R X R O A
BEA 7T 5 1 5 T R T A, SRt £ o R0 A AR e M L A

S T 20 3 A v Rz 7 A e 4 1% ek R B ]
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