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Abstract

To explore the adsorption law of different batches of activated carbon on the indicative constitu-
ents in the dilution of Shenqi Fuzheng Diluent, HPLC method for the detection of the content of
four indicative constituents, including adenine, adenosine, calycosin 7-o0-glucoside, and astragalo-
side A, was established, and the methodology was evaluated. The results showed that adenine,
adenosine, calycosin 7-0-glucoside, and astragaloside A had a good linear relationship in the ranges
of 2.5~15 pg/mL, 5~30 pg/mL, 5~30 pg/mL and 0.1~0.8 mg/mL, respectively. The results of ad-
sorption Kinetic experiments showed that there were great differences in the adsorption rate and
equilibrium adsorption amount of different batches of activated carbon. In addition, the activated
carbon adsorption process was modeled by pseudo-first-order Kinetics and quasi-second-order
kinetics, and it was found that the quasi-second-order kinetics could better fit the activated car-
bon adsorption process.
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1. 5|15

SRIKIEESBGE S S . s E R, QUKIREEIT LA B 5 R 2i th 2575 77, A i
AERIERIDRLA] [2] H A 253 5 700 A 7 o 2 BRI 1 SR PV R W B, Tt 0t R A B0
BYEES T, RN XA EBRORIEMN, HEREBEREVENR D &8 T RFBl. BRCLH T I 1 iE kR
B BROT T- Qi 5hf FH PG L MEE [4] A kI SR VR [5] S 4 2 P i Pk B 25 B AR RO, (R AT R L% 24 % M o
SICTRIETE A R i PR ) 5 B R 408

RSB AL A A R 2 WK IE MR RIS IR T DA R S U R A O M A
GBI RO B — AR AN RIS PR 25 Bk IERR BRI T 48 bR P 1 3 (1B B AR -

2. RS
21, BBSHHA

ARSEG T A AR . S RO (g (X AL ELSD K3l #%(1260, Agilent); HL-F- K F(Quintix65-1CN, %%
FIH); BARIEL(XM-P102H, /NEB 24T PRA F).

ARSI AR IRPES (Iot: D09S10S97125, >98%). fif+ (lot: JOBHB173656, >99%). &5 s i Fr
(lot: JIOHB174062, >98%). % I I (lot: N13HB201030, >98%), %I kM, W RhSEMEM. &
G(ikai, MERCK AF]): HER( 4, EZAERLSAFIARAR): HE(OHral, 28R p %
FIEBR AT G (o all, EigRhs T AR A A BR 2 7]); C18 [ AHZE BN (2 g/12mL, Welch).

ASEEG I RS . 2 ECHR I (NI BRSE B Rl 25 ) 32 4it),  Heatt 5737l Jy 221101 A1 230222, 8 #iti
PR 2] FH MR AR A RO 25T #2448, HAb5 43 %04 221104, 230403, 211005, 220803, 221205, 211106
Y230301. Y230302.
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22. EWFHE

22.1. BHIBE
WS R, GBS 6 MFEE, BAFERI 25 mL, FHAi KRR 20 £, IREIIS), 1HREWH
PRI ) 2 B ER AR R

2.2.2. WiEE
RS 3G MR FREL 0.107 g, JOAE] 500 mL SR IER B, 7R IR N ik, MPEEE 250
r/min, &FEE— BN RIEURE, BESNZE 0.45 pum JEREILE, UEERES, B

3. BNFESHIELE
31 BRI, BRE. EERANTREeEIENE

3.1.1. Bt

FA VL )\ e e ik e it 5 ek I N3 78 77 (Waters Attlantis T3, 100 mm x 2.1 mm, 3 pum); LA 0.05% H RV ik
NIEIAR A, LK ARSI B, & 0.25 mL/min, MK 260 nm; KRR 30°C, B VM1
N: 0~7 min, 100% A; 7~15min, 100%~95% A; 15~20 min, 95%~90% A; 20~30 min, 90%~75% A;
30~35 min, 75%~50% A; 35~40 min, 50%-~5% A; 40~50 min, 5% A.

3.1.2. BIFERNHIE

o BUIRIERS . BRSO R E R, REERRE, DK 1 mL 2 RS R T A
5 ug. 10 ug. 15 ug. 20 pg. 30 pg A AREEMS 2.5 ng 5 pgs 7.5 ug. 10 ug. 15 ug KR HRIE NS IE
LN

3.1.3. #idmARnEE
S AEAL S 221101, 230222 RIS ICIREIE &, FAifb /KRR 20 £, BREH5), BREEME IR
S EHIEMBR, I8, EP1E.

3.1.4. ﬁﬂ']i’f
A W B S S S IR A TR S 5 b, JEANTAH TR, g . HEARNES . IREF. B
#ﬁ@ﬂﬁﬂﬁmg@, HIFC

3.1.5. Zi4sd

B A TRV PE VR AR, ENVBAH LA, DA WU T AL (Y) WAL AR, HERERE (X, g/mL) AuifiAk
FrResilbniE th4e, THE EATFREFIZPETEE . BRI 2T 8 Y = 97.63X — 130.82, R?2=0.9936, JRif
AT Y = 51.17X — 100.29, R? = 0.9906, B % s B4 i H 2k 14 77 F£°4 Y = 58.14X — 167.89, R? = 0.9989,
LRPEVO I BRAERS . IRTF. B R EER T BIFE 2.5~15 pg/mL. 5~30 pg/mL. 5~30 pg/mL JERIN 2 R i
LRI R

3.1.6. BEHESXE
R A — R, % R R S B R 6 Yk, DA 0 f U THT AR T SRR X AR A R 25 (RSD),
CESRIEN MR, B R RSD YN T 1%, SRS A B AT,

3.1.7. ESM4sER
E ) — 3 P R W B I IO S RSB, 36 6 43, 4% T ) 45 ik ) & R S VAL TN TR i
8, % iR Epe s b IRmmnd . IRt . BESEIEIEEmAN. 4RER, REIEm RSD H4 1.4%
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(n=6), BREIEIA RSD {E4 0.8% (n=6), E&HLFHAAF LA RSD fH N 1.0% (n=6), R ZFILE

SR
3.18. FEREESH

WS IERBR LS : 221101) 6 £y, 20 3 4, FHADHIIINIKE R 1 mg/mL FIRRIERS | JRFF
B R % 50 pL, PR E) 10.0 mL R, $e MR S IA R HI A TR, R R e A kit
70007, TR RSD. 5K, S RPIEMBER T IRIER . JRE . BT S 1 FE R
539 98.2%. 98.2%. 97.2%, UL 1; iRXIRZE R B IAE 95.0%~105.0%, FEINEFFEERK,

Table 1. Results of recovery test of the diluent of Shenqi Fuzheng Diluent (221101) (n = 2)
1. SEHKERBZER(221101)MEEEBERIELER (0 = 2)

W LR IINIRE AR B E SE IR
(ng/mL) (ng/mL) (ug/mL) (100%) (100%)
6.45 11.20 95.0%
JUR MR 5 98.2%
6.44 11.51 101.4%
13.72 18.56 96.8%
Jig 5 98.2%
13.69 18.67 99.6%
15.73 20.56 96.6%
FEEE TR 5 97.2%
15.68 20.57 97.8%
KA BRI P S SR U TR, A L 1.
130 B R
120
115
wos| e
100
95
90
85
— 80
Zh
6
4z 3 n
45 U
40
35 i\ ‘
3(5) JL r A “\\"J_ y JH\ ] ot ‘r‘t ihn [Pt S _JI 93
2 . .y . AMA e AR A SIS AN Al (PN R . e B S3
s J\,ﬂ g LAV PV OV VRV IR W s
5
0 L S1

0 2 4 6 8 10 1214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

A5 5] [min]

VE: SLIRMURNTHR N S2 FRMU72 221101 LS EEFEHY); S3 FR 1172 230222 #HL S EHEH

Figure 1. Chromatogram of Adenine, Adenosine, and Calycosin 7-0-glucoside detection
E 1. RIES. BRE. EEFEREEFLNEIEE

32. REAHNRHEGEIENE

3.2.1. BEEYt

FBL )\ e i o e 5 e JI 3L 78 79 (8354 ZORBAX SB-C18 250 mm x 4.6 mm, 5 um); Jishi
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PIE

0.2% H 2 - /K (A Z i (B); 1. 30°C ; Vit & 0.8 mL/min, 7& & G H 46 2% (ELSD) K& , Z A4 76 30°C s
R E 80°C; AU E 1.6 Limin, BEFEVEMIZMEN: 0~16 min, 85%~77% A; 16~20 min, 77%~72%
A; 20~25min, 72%~70% A; 25~30 min, 70% A; 30~40 min, 70%~45% A; 40~50 min, 45%-~5% A.

3.2.2. WMRMAEEREIF
HO R 0 R S B, R AR, I RESCRE 1 mL i I F T 0.1 mg. 0.2 mg. 0.4 mg. 0.8 mg
IR E NS IR

3.2.3. i MmiEERElIE

AR A HU TG : C18 [E AR BURE AR VR 12 mL B AN 12 mL 4k K AbEE  BOR IRE S 7R 12 L,
JNEUK 05 mL, BOIRAT, M. KRB SN SIS AL R E A BT, IR 30 438, SRJEKEE 2
AFEARAR, P EESE, Pe 2 Be MR AN B, OB F B e R o o Y BESE OK IR 28, i 1 mL
P IA AR, RIAS.
3.2.4. MEZX

3 R B R bR HE Y VRS B RIS 10 pb, ENVBAHERE, JISE .

3.25. Zki4LIE

A 25 R IAS [F R FE AR, TR N S, DA g A (Y) A AL bR, BERERR(X, mg/mL)A
WEABPRZHIbRAE I L, THEL R R . MDA 9 Y = 11849X — 1322, R? =0.9957, £ty
R4 0.1~0.8 mg/mL.

3.2.6. {EEESEW
W A — AR, % LR R S AR 6 YR, DA T 04 () 06 T AR o SAR X bR v I 2 (RSD),
ZE B RSD /T 1%, RUMUISIEZE RIT.

32.7. EEME

R[] — Ui 1 R W B S5 2 B ER IE MR B, 3L 6 1, F2easl i il 2 D7 VR & Al i, TN B
A, 3% IR G A RN e B TS PRI T AR . S5 R R B, IR H I AR RSD {28 1.3% (n = 6), K
L EE R
3.2.8. EHHERN

HUAR GG VE R B M (2 R IEM BRI (LS . 230222) 9 4y, 43 % 3 20, F414» MM AKE A 1 mg/mL
()38 B 2% 50 UL 100 pl 150 pl, F2pbia a4 Tkl e%, 4% Bk g 25 A T b, 1
IS ZF0 RSD. 455K, S i i 2 8 A (1 T3 W 2643 3l 96.7%. 97.6%. 98.8%, U7 2;
R 45 BRI FE 95.0%~105.0%, [RIWCRAFEH K.

Table 2. Results of accuracy test of astragaloside A in Shengi Fuzheng Diluent (230222)
% 2. BEKRERBER(I022)FEHH EREIRINER

W LIRS JIIDNT353 A ElhES RS Gl
(mg/mL) (mg/mL) (mg/mL) (100%0) (100%0)
0.165 0.213 96%
HKHHE 0.164 0.05 0.212 96% 96.7%
0.164 0.213 98%
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=

0.166 0.264 98%
0.166 0.10 0.265 99% 97.6%
0.164 0.262 96%
0.166 0.314 98.6%
0.164 0.15 0.313 99.3% 98.8%
0.164 0.312 98.6%

mV

mV

2. REERHERNEE

W

SR FH A b 2 ST A B R S A D VR T A T i B e S BRI R (B S 230222) A il % P AL

2,

ELS1A, ELSD Signal
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3.3. MIEhHE
W o A 4 30 0 2T 9 3 T R 3k PR o 700 R 9 o A TR RIS, S G L — 2R ) g A TR S R
HEATINE, MR R AL . AT 40— 20 3h 1A, J sl J A R R & IR A | IR
T 5 B T e R R B
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Figure 2. Detection chromatogram of astragaloside A
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LB I EE TR N

G = (1-e™) (1)

SR ke A — B R R (min L) s Qe A9 TS 1A 3 M IR (g s g 9t ENF 2355 S B i
mg/g.
I G 1A B T
t 1 t
qt que qe
SR Ko A0 B R A (min L) s Qe A9 TS 1) 3 M IR () s e 9t ERF 35S S B
m@oM:ﬁﬁﬁ#ﬁ@ﬂﬁﬁ&ﬁﬁﬁ,W%&Wﬁwtmﬁﬁﬁi,w

2

®3)

4. BR5TR
4.1. TRHLER

T PR PR 8 SR LI 30 AT LA R B 1 R X6 AN [ 2L 4 0 R B2 e 22 S e R, R 40 L U e o i
B IR B K T At 4 4%, G0 211005 3 1k 7 o) 3 1 B P PR LA 2 23 (R DU % AL, X T
e KRR P R R THAFCE SR AN B T8 FR (W 2R A58 2 S 80 o A [R] o0 a2 2105 T 467 e 75 68 (8] 9 A
[, Qv FEF (IR B P 100 4380 5 748 TP 4 i LA 2H 23 7E 25 J3 B Ac A5 B Lk BSPERIRAS , IX AT RE
55033 NI M R FLIE (3 B S TEFLIE AT BB A DG 7 AMAS TRI R R 3t 1 e et ) — 26 4 (R0 R B e
TWE RS, U 220803 i 14 7 0 88 S 2 Wi 1 R Bt & 7E 65 mg/g LA E, {H 211005 fikid i R
H 30 mglg A4

4 - A 4
140 v = v —| s - -
~ 120- ~
Tep 1907 Ten 1201
&y 80 2 5]
g 60 g *
> N .
o o
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Figure 3. Activated carbon adsorption results and fitting curve of pseudo second order kinetic equation
& 3. FEMRIRMER R ZEhF ARG

AN S IR ) — Le 28 43 1R B = 7 W B S AR Bl TR BT R PR S, X AT RE
HEEM B IR B, AR S S At 2] e AR T e R BT S U
42. EER

P — 280 712 T7 RERT I R W M SE IR B b AT AR M S AR BB 12 24, SRk 3 . W
WGB3 15T REREE R IR SR R AT &M SR BB 1 B8, 48R INE 4.

FELI o AE VI

Table 3. Pseudo first order kinetic parameters of different batches of activated carbon

® 3. NEHEMRUN—ENNFESH

W—FEh 2 WG

EE RS =2 D Wax
ge (Mg/q) ki x 102 (min™) R?

iR M s 17.1 £ 0.363 9.58 +1.22 0.971
[I7§E5 17.9 + 0.495 12.4 + 2.46 0.946

211005
B RN 28.4 +2.00 5.46 + 1.62 0.787
S 132 +2.75 11.8+1.58 0.987
JU R 10.7 £ 0.188 458 + 0.00 0.970
[I:§E5 30.2 +£0.622 5.73+0.511 0.981

230403
B R WEH 57.6 +5.05 1.44 +0.330 0.879
B A 157 +1.35 12.28 + 0.689 0.998
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iR g 16.5 + 0.241 18.0 + 2.61 0.983
JiRFr 20.8 + 0.667 21.3+8.16 0.919

221104
B EET 413+154 7.85+1.53 0.923
R 178 +2.69 15.1 +1.61 0.993
Jig 9.12 +0.680 2.48 x 10% + 0.00 0.600
/7§55 29.3+0.573 11.9+1.72 0.965

220803
B STy YL TR 69.2 +2.62 0.846 +0.103 0.980
W 121 +1.46 4.60 +0.274 0.991
JiR 20.8 +£0.438 5.79 + 0.634 0.968
JiRFr 37.7+3.48 1.16 + 0.405 0.772

221205
B EET 34.1+1.26 3.96 +0.698 0.919
T 90.8 + 1.56 6.02 +0.543 0.979
i 17.0+0.211 35.6+14.4 0.984
/7§55 23.9 +0.585 8.89 +1.35 0.949

211106
B STy YL TR 37.9+159 3.59 +0.707 0.897
W 98.8 +1.03 5.40 + 0.289 0.992
iRng 30.1+0.621 5.03 + 0.520 0.971
JiRFr 15.2 + 0.401 2.75+0.329 0.965

Y230301
B EET 14.5 + 0.358 6.65 + 0.895 0.954
R 19.9 + 0.453 5.09 + 0.580 0.964
JUp N sy 15.3+0.216 9.47 + 0.855 0.983
R 34.2 +£0.886 5.41 +0.714 0.952
Y 230302
SR YL TR 50.6 + 1.82 1.64 +0.247 0.953
S 28.3+0.711 4.77 +0.593 0.960
Table 4. Pseudo second order kinetic parameters of different batches of activated carbon
F 4. AEHLEMRM RN HESH
Mg B 1WA
S Y =] Lo bl 4 Qe k2 x 103
RS YA Wax 1 2 1 107 - (mal) (minY)
kzqe qe
Jin{Ea e 0.356 + 0.0754 53.5 + 0.554 0.999 18.7 8.04
iR 0.356 + 0.0910 50.2 + 0.669 0.998 19.9 7.08
211005
B WA 0.493 + 0.146 30.0+1.07 0.989 33.3 1.83
T 0.0734 +0.0321 7.00+0.176 0.997 143 0.668
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JiR g ng —0.544 + 0.390 104 + 2.87 0.993 9.60 -19.9
JiFr 0.271 +0.0477 30.95 + 0.350 0.999 32.3 3.53

230403
BB T 0.750 + 0.200 14.7 +1.47 0.917 67.9 0.289
R 0.0144 +0.0139 6.27 + 0.0763 0.999 159 2.73
RS 0.116 + 0.0546 58.3 + 0.401 1.00 17.1 29.3
Jing:3 —0.207 +0.301 51.0+2.21 0.983 19.6 -12.6

221104
B A 0.212 + 0.0557 21.4 +0.409 0.997 46.7 2.17
W -0.0159 + 0.0234 5.83+0.128 0.998 172 -2.14
JiR R s -0.568 + 1.07 119 +4.57 0.987 8.42 -24.8
JiFr -0.141 +0.170 35.4 + 0.687 0.996 28.3 -8.86

220803
B 0.979 +0.180 12.5+0.729 0.967 79.7 0.161
T 0.094 + 0.0155 7.84 +0.0627 0.999 128 0.654
RS 0.404 + 0.0864 45.8 +0.349 0.999 21.9 5.18
JinS:3 1.28 + 0.498 22.9+201 0.929 436 0.411

221205
BT 0.574 +0.192 26.2 +0.776 0.991 38.2 1.19
W 0.125 + 0.0332 10.3+0.134 0.998 98.0 0.841
iR R s -0.386 + 0.289 62.5+1.17 0.997 16.0 -10.1
JiFr 0.220 +0.109 40.0 +0.441 0.999 25.0 7.27

211106
B 0.529 + 0.129 23.4+0.520 0.995 427 1.04
T 0.0982 + 0.0186 9.61 +0.075 0.999 104 0.940
RS 0.312 + 0.0573 31.7+0.231 0.999 315 3.22
JinS:3 1.37 +0.272 59.9 +1.10 0.997 16.7 2.62

Y230301
B A 0.827 £ 0.261 63.1+1.05 0.997 15.8 4.82
I 0.606 + 0.105 47.1 £ 0.407 0.999 21.2 3.66
S 0.256 + 0.0629 63.3 £ 0.254 1.00 15.8 15.6
JiR 0.273 + 0.0699 27.6 +0.282 0.999 36.2 2.79

Y 230302 n

B T 0.664 + 0.132 17.6 £ 0.531 0.991 56.7 0.468
R 0.646 +0.119 31.9 +0.462 0.998 31.4 1.57

MG 3R 4 ATLVE W, 05 U — 2 /1 2 5 R M — sl 1 R AT LA I, S s 5

YU R E R R — sl i, I L2 T = sl i T R R

B S AR R AR X S I B U

M PR AR, BARIBN 135G MR WS 3. BSR4 il 03 7% 07 R I 30 40 S8 v g (T

B R W HON T, R ATRER PO S SN IR, SBBER MK, SRR EA ' T, K

NGB F12E T REANE TR XA, T CAFE &) 3 rh R B B 3 2 1 O S 8 40 h 2
M 4 UL I 3 70 27 RS KT LUK AN TR P 0 25 ROk IE 265 WA 2 4 e 1 2 (1 WK B
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e %

TR A R . WG MR T BRPEERA (1 PR B, LR 230301 ki 4 i Xof i I A IR
% ik 31.5mg/g, 1 220803 ftifith A, HA 8.42 mglg. MWK R EHORE, 40 221104 ftid xR
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