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BERET (ACT) REMHNEPEZENARRS—, RAEZMEYELE, Ghig. it
PR DRI S, SR, ACT EEER AT I & &S, M H Fa 5 e Gl X
4 ACT [M5r B R BBk iR . [RIE, TR BENE RO B ACT FRVR B 7RI T B 6 AT AR B
XA EWEREE. A B bR IR A& — R I Z LR, HT 28 ACT. HAZAL
WIS . BRI R DL R Bl & B BE I ACT W PERERISE I . DUR /R AN SO 32 A 28 05
gk,

(D JEE—E Il 7 BA E RN 2 LR (YSMC), IR H AT ACT [
Bt 4r 8. Hod, YSMC-700 % ACT Je ¥l B s R B e e . X FZIH T B, P& m
YSMC-700 RIS KM Z A, X FRERIIZ My ACT $R48 T 70 2 MR == 18], A3 in 7
YSMC-700 % ACT [ ki%&E. Hik, YSMC-700 5%/ EEA 2L, HFF ACT M. it
4b, YSMC-700 FI3hfestA (FRE) a8 175 ACT Z MMM ER{ER 71, #—B42F+ T YSMC-700
XF ACT fIE S, LIRS R, YSMC-700 Xt ACT MWL 25 &4 253.24 mg/g, EFENERN 2.19;
ik 8 KRB AR AE A IS, YSMC-700 555 T R AF Ak BE .

(2) RHBAC-ZI -2 A NS, Bt G R T RA BBk S ) 2 FLII R 77 CACMC) T
ACT W23 B . il ACMC &5, ACMC-2 % ACT KB H S A I B PE Ak . e 325 A
N B, BRERRES ACMC-2 A UPIRM 2 fLiEE, A8 T & s ACT My g m .
HR, FEMILESEHRT T ACMC-2 B LR ERAILE, AR TRHAMAEY ACT, Mifif
BT ACMC-2 %} ACT WVt %5, tboh, ACMC-2 EEEMIIREER (BE. 83 HHT5
ACT PSRN, Xt B15R T ACMC-2 % ACT FIME£EIE. SCI¥ImRY, ACMC-2 %}
ACT FIW B 75 R BEPE 5 A 2 201.49 mg/g Rl 5.74; 7E 8 KRBT ARG 240 H, ACMC-2
JRIL T H A AR

(3) FETBRAG-ZI - A0SR, JFR T — Pl B i B AT m) H ZE 250 (1 2 FLER B 1) (SFMO),
LASEHLNT ACT H 3O B 85 . o, #1145 SFMC-2 Xt ACT RILH AR AR RE . X 322205
T 5%, SFMC-2 B [ HZEL M. 4R T SFMC-2 KA =S, ERMEREF N ACT
IZRGNIR ML T F 8 A28, A Bh T35 SFMC-2 %t ACT ki %&. HIk, SFMC-2 Hf
BRI Z FLIBTE A KA S5, AR T ACT M #k. b4, SFMC-2 . AMRIF & 1 ThRedk H]
(5 BRI EER, ik T HS ACT 70 PRI EAEH, XA H T35 SFMC-2 X ACT )ik
Petk. SCIOEE BoR, SFMC-2 X ACT W 25 iR 3] 427.84 mg/g, JEFEME N 4.20; TEIAVERERT T
SR, SFMC-2 X ACT FRILH R 4 mf # 50 F %
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Abstract

Actoside (ACT) is one of the important active ingredients in Cistanche tubulosa, it has various biological
activities, including anti-inflammatory, antiviral, hepatoprotective. However, the content of ACT in
Cistanche tubulosa is relatively low, and its molecular structure is similar to other compounds. This poses a
great challenge to the separation of ACT. Therefore, the development of adsorbents capable of efficiently
adsorbing ACT is essential for the extraction of this compound from Cistanche tubulosa. The objective of
this study was to develop and prepare a series of multihole carbon adsorbents for the separation of ACT.
Exploring the effects of morphology, specific surface area and functional groups contained in the multihole
carbon adsorbents on the adsorption properties of ACT. The main points of this study were summarized below:

(1) The multihole carbon adsorbents (Y SMC) with yolk shell structure were designed and prepared by one
pot method for the adsorption and separation of ACT. Among them, YSMC-700 exhibited high adsorption
performance for ACT. This was mainly attributed to as follows: firstly, the as-prepared YSMC-700 exhibited
the largest interlayer cavity, which provided the large space for ACT, improving the adsorption capacity of
YSMC-700 for ACT. Secondly, the YSMC-700 shell had multihole channels that facilitated the diffusion of
ACT. In addition, the functional groups (hydroxyl groups) on YSMC-700 enhanced the adsorption force with
ACT, which further improving the selectivity of YSMC-700 for ACT. The experimental result showed that
the adsorption capacity of YSMC-700 for ACT reached 253.24 mg/g, and the selectivity was 2.19. Moreover,
after 8 cycles of adsorption and desorption, YSMC-700 still maintained good regeneration performance.

(2) The multihole carbon adsorbents (ACMC) with Actinidia chinensis structure were designed and
prepared based on the carbonization-etching-oxidation strategy for the adsorption and separation of ACT.
Among the prepared ACMC series, ACMC-2 showed the optimal adsorption performance for ACT. This was
mainly attributed to as follows: firstly, the Actinidia chinensis structure of ACMC-2 had the radial multihole
channels, which facilitated the diffusion and mass transfer of ACT during the adsorption process. Secondly,
the abundant pore structure endowed ACMC-2 with the higher specific surface area and pore volume. It was
conducive to the adsorption and accommodation of ACT, improving the adsorption capacity of ACMC-2 for
ACT. In addition, the abundant functional groups (hydroxyl groups, amino groups) on ACMC-2 facilitated
the formation of strong hydrogen bond with ACT, which further enhanced the selectivity of ACMC-2 for
ACT. The experimental data showed that the adsorption capacity of ACMC-2 for ACT was 201.49 mg/g, and
the selectivity of ACMC-2 for ACT was 5.74. Additionally, In 8 cycles of adsorption and desorption

experiments, ACMC-2 demonstrated excellent regeneration performance.



(3) The novel multihole carbon adsorbent (SFMC) with sunflower structure were developed based on the
carbonization-etching-oxidation strategy to achieve effective adsorption and separation of ACT. Among them,
the prepared SFMC-2 showed the optimal adsorption performance for ACT. This was mainly attributed to
the fact that: firstly, SFMC-2 had a large capacity cavity due to its sunflower-like structure. It provided a
large space for the accommodation of ACT during the adsorption process, improving the adsorption capacity
of SFMC-2 for ACT. Secondly, SFMC-2 had the radiative multihole channels and large pore structure, it was
conducive to the diffusion of ACT. In addition, there was a hydroxyl substrate on SFMC-2, which enhanced
the interaction between SFMC-2 and ACT molecules, which was conducive to enhancing the selectivity of
SFMC-2 to ACT. The experimental data showed that the adsorption capacity of SFMC-2 for ACT reached
427.84 mg/g, and the selectivity was 4.20. The cyclic performance research experiment showed that SFMC-
2 exhibited good reusability for ACT.

Key words: Multihole carbon; Pore structure; Adsorption; Acteoside; Cistanche tubulosa
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1.1 iRE=

BN (Cistanche tubulosa (Schrenk) Wight), &+ EWHIAKE, 2&2—
Pt )& A REY), FESMAENZ S HBX, g/ ranX. 78 1k
Hia X Hl . FilggEmi a5 aRbam A i —m, BRRREE (iR
AN PHACBONEEAN 2, T N T ARSI Thag k& Bk R A R A DL
BE%& 2016 4F CFSA i i fi] $i7 35 VD 58 P A2 22 VAN, B 0 A I Xk N\ & ol
U, BT, AR B PR, 4 B Al A0 R 25 BRAE R 5 1
Ho2 Ry EH . RZHTIER . Jraie. Puom M OR 5 52538 AE - 5l & 17t
FN G2 R, ol s KL, ERRNAETSH Z MG, &

EEIE 1-1 Prsis,
o EEEk
K
LR
E YN 5

i

32.7% / ’
.
7.5%

1-1 EFEPIREE I o)
Fig. 1-1 The component content of Cistanche tubulosa

KL HIRWEY (PhGs) {ENEYIRIET I RIRGHNEY, FAETHZ T
AN . HFHER IR OIE (Ce-Co) oMl B S 3 BN it 61 45 B/ B-
SERE R, A% SR I ) 30 o N OB B A A QS K B . PhGs IEE I 2 4F
PE R AR AR, AR ey sk, PR, P, Hamicis. puE.
PURTE R A1 55, x5 250 R BT FEN S A AR OR g 5] A5 e,
KRERBTFORIRY], PhGs WIEBERIEMHE (ACT). MaRHH (ECH). FEMEH .
2-CWEEIH A EE A %, L, ACT Rl ECH & PhGs HIFiFhFRbRIERLSY, R
AL TR VR A A .
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ACTE PhGs ) FEARFRIER T, 70T 30N CaoHs6O1s, 73T 59 624.59 TE /R i,
FLRRFAUE 2 0 PR R R R 0 5 T 2 4 o ik T R AP B 5 R e W o 456 . ACT B
ZREEYE, BB RAER . PUREIER . PURIERA . B IELRY AR LR DT,
(D PLRAEH

WHFER M, ACT W] DUIE S PR SERE PR 1 B 20K RN SORE A &K 42 o Lim 48 AB*%
L ACT TEASBRAR IE & /N B AT 440 i 1929 Al JEAR K SRECHE 40 (3G PE R RT3 5 e
il IL-1B AL B ERACR B 4 RIEN R 35 2 3 —FUL B &l . A G ME-2. —
FALEMATFIIRZR B2 3R A IL-1B A FE A JEAR K R 4R, ACT R Zhm
IR AR F- (3R, AT s 9 i 1) A A2
(2) pumEfEH

WFFE R ACT &£ 55 T 40 IFN-y (07242 DU HUR B S . Song %5 A\
BOPEAL T ACT HY5@itk L4042 TFN-y UBE 7, DA B A i 77 =X /) Bk B2 41
o IFN-y (9774, Rl e T KR CD4+F CD8+ WAt . 45 L0, ACT fiE
RO T 40AR 52 TFN-y. SEONEEERZE, ACT 7EBIIEANEE KT B S bk B 4 g
IFN-y J3R1E. £ T7/KF L, ACT ReliE T-bet, T-bet WIHUEREMEM T M+ IFN-y
(= A, DT S SR AR BRI G R H
(3) puElEH

FHFT NI, TE#MIE T 2 M RV EWAEIRIT AN [RS8 1Y [ 0E 77 T 197 3%
Khan %5 \FOVR I ACT i 76 44 PN A4 SIS RE Hh 1| 22 B iEAH DG AR 1) 72 A, AT AE
BT REEEEEMH . FTARIN, ACT @ FHB A S/GO/G1 (=i 7E P 1 Fh 4 i
JE BB B KA A0 B o e ik T LA 0% STAT3/Wnt/-1E P 8 H B 120 Bax.
Bel-2/p53 45 5] AR 4H M H T . BLsR 2K 77 20, ACT 43 7l i 3% TGF. NF-
kB/VEGF Ml EGFR/PI3K/Akt 15 5B Eg M H1Z 28 FeAAINE A ml, M 2 AR
H.

(4) B LRy

FEIRIE, ACT AIHIHI KR E /MRS 40, ED-1 FHME4HME . CD4 FHPESH .
CDS BHYEZAM . TL-2 SZARBH L0 A AN Ta BHEAHA A AR SN, Jda #ih 44 o 248 P o 8
BRI HRIE, AN S 2 ORI B IE B4 F 2
(5) FFAELRA

WFFE I ACT 7] LA 2 HIRS F B & 51 I — RAIA R )N, 38 ACT
AFE T DL 859 HepG2 Al NF-«B {55 . Sun 2 NS5 T ACT Xt
HepG2 40 iR R 520, RNA-seq fuill&h SREH], ACT @it AMPK 15 514 S FI G
U7 T o At ok 20 g T AL 2R



B 1E %L BAFRFMLTFMILI

1.2 B HIEMS R 2R B ERE

HA “WEANZ” 2 ERRN KRR LG ZMABEERZ R REN 25
pRUCST, BT, BAARNECEE RENA, WHHETERRER NS, ik, A0
REEAN R, DIRE R . P2 Myip 5B, SRim, B E RS 24,
ACT 7EH WM& AR5, thah, ACT MR E IR K. MRS,
ACT 5[5 TifEmmi & th ~, ACT ol At (Fid 62.4%) A B b e
f A=Y X553 B ACT A KRBk . B, 59Kk, maifEM ACT Mk
Mg EEEAT. Bk, EHE—MEERTENT ACT 17 Bk HE,

FIHACAIE, 48 ACT M HAERWME. 2 FENEAR ., B EE. MUK
WL R AR, Hodr, AR T RAA RS X H AR S 0
8 RN AE W7 S A AU A A KRR T 2 A8k, 20Kk, Bxf X e sy 5y 7
AT R -

1.2.1 BRHE

W 92 308 e BERL AR A R VR B PR K B B2 20 R Rk R P oy B ok, i B AR
a3 A AR 5T 3 B8 1) — i F 5 k16061,

W LHEERAR, A2 P2 A B At B T RD ) % ok, DA MR 4 Hh S BURA 43
B A IE R RS o Wei 55 AL 3 2 770 (0 75 9 6 1 17 R ol B (%) I i i 422 1) COFs
(TFPPy-CB Al TFPPy-ODH) H T ¥R &YW b o J8 X 5236 45 R M 45 H B
A ) TFPPy-CB 1 TFPPy-ODH X 55 [ R A W) 2 A S R B 25 . COFs 1] LLik
PR HO R AR AP SRR B . (E 5 IRWPR ARG A f5 , COFs T RE
A TR, R RGP EZMAM. HERWAYAE COFs bW ALEI ] fe Bk
FEAEH . S8 r-n AHEAER . X EEH Y1) COFs 18 3 B 2R b & Wl & 48 7 T 2
A AR B R A

Fu 2 \OSTl T #5 N &S Friedel-Crafts [N A K 1 By 2R o B BB A .
% — Friedel-Crafts {b 22 R MAE SR G W) LA T RERIMFE3E, 56 > Friedel-Crafts {t
2RNAEREWEE RN T KEA . WHSLIRRE, FREEEEY PS-CA (F
ROIFABAR ) SRR/ NEER (BBH) JHA REFHIW P ERE, 78 298 K F i KRB 45
BN 505.42mg/g. FRFAEAER . mom HERRURI U A FH R W B il A2 AR i R KB Ay . 5K
56 T U T ) % 10 T 0 25 e P 8 A T B 6 I B 1) — b R A T a4 1 A 2 HR L)
4y B 4lifk, BBH A HAth 7] 5 A= P00 1) A5 S B B 550

Wang %5 NN Jfb AR R 2 555753 MOF (UTO-66-NHa) 75 i s Sl 4% 1
KRIRFEREEB-FHE R (UIO-g-NL) W B 57 H T W b FRZE RS (MOD . S5 K,
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UIO-g-NL Tr¥F T A Kbk git, Dheefbfa sl N TR &R . £ 250 mg/L MB
F1 250 mg/L MO IR &AW, UIO-g-NL Xt MO FWL B =ik 1 961.54 mg/g. EE. n-
m A NH-r A0 BAE FH DA K 0 5145 Bh T UTO-g-NL % MO IR, 17 B A5 K 1)
A T UIO-g-NL 5 MO Z [ n-n #HEAEHAEF A EAEAH . TR, BRAS
W Bt 6 7 ) UTO-g-NL 7] T Ab#E K& 5 e Gk IR K o

Ye 5 NS THI 2 (IR BRI RE S NS B AN BEE (SO MRl E A (RA) B
W B S, SEIRE W], RA A S 7E DA-IM BB 2508 0.631, RA FII S K
A3 A E] 96.3%H1 96.0%, [EICER 735N 86.1%A1 89.9%, X3 MK [T 71 DA-
IM X} RA F1 S HA B HRFH14 RE -

1.2.2 9 FENTH AR

TR E AR —Fh LA A R SRR, @R FIOER, & Ay
SHERAEE TN T2k . XM TRERER SR IINEBAR ST, REHHRZE,
TR N5 Hbr o TUCEL I 2 I S5 84, DT SEBINHRE 18 1 140 1o P58 0 1k AR S R Al 3
S I A B RR B SR TN B AR 3 AT S iRt B AR 231 B e 4 ek 0067681,

Zhang %5 N[1D), 4- 2,98 FERIEMRRR AN 4- LA FEME e A ThRE SR, IHERATAEY) A 25
Yo, AT BAEFEE IR T YRR FENEERAY) (RMMMIP) . iR
WP BB K RIS K AR MU S5 T 7 T AR AR, 3858 7 hag sk 5 T 2 [A]
FIAESEN A EAE ] . SRBR2s SR BT, RMMMIP 7 T f M B 25 B AR 1 B R 523 39 N
11.9 mg/g A1 3.55. RMMMIP F T4 B ARAEAHSE M R i 7 T, e B W B e o L T
FEE . MR RIS 2R -3-O- Al . 1X KB RMMMIP 1E 5 —FReik i)W 551, G AT fRe
BN AR TSR A alith 2 T ) — s 5 ik

Li 55 NUODLR IR B AN A e fie o — o D Re oAl , il & 1o FERIE R G (Bi-
MIP), AT/ EMEELEAMZE. Bi-MIP X FELE R I A8 2= 5 A 05 R e .
SLEGHRIE T Bi-MIP ZEAS RS N R B PERE, 7 303 K B Bi-MIP X 147 2= 1 B 1
BEdefE. 200d 5 VR AN G 3R 5256 5, Bi-MIP BB BEAY T BE 7%. 5 PR ThAE B
A TFEIEERAY) (Si-MIP) AHEL, Bi-MIP R AL SRR EE, DTN 1.54,
Bi-MIP HAWRE s A AR, ROaBMEE£amuEn—MEs
[IIBEAY RS

Kuang & AVUDLHEENIATR (MAA) NIIREEAR, A HUEELE SO E LR T o 544,
HC WM AT, WM& T —F R KRR 2 FEZE R &Y (HC/SMIPs). BT
HC/SMIPs 4 VF 2455 BN 25 i, HC/SMIPs X 4-F23E 7 S &K I i KN B B 7E 20
min WAL 22.78 mg/g. HHAMF LY 0T (IKFEREMST) MHEL, HC/SMIPs Xt
4R TR RIU m R R ER, JRRBUBAL R AR ERE . 20T 8 YRR BRI
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TEIRSEEG JS, HC/SMIPs HIW B AE /1IN T F¥ 6.64%. HC/SMIPs X AEWIFE S 4-F2 344
SERMNAROERENE LR G T B, et B0k A YITE 2 44 SR 5T 1) 8 $R 44
TAREF BRI . AR, 0 T ERIEH R (1 Dh e ARG A IR, BB 43 7 BR 1 BOR
HAECABR 22, FRn R AR e P O I s A AR ABL . HRSE 2%, i — DRI T o T
R AR A A

1.23 BEHESE

s FH 73 B R R AT 0 B IR R vh H AR 20 T BN AR B, R aa e B PR L R B
MR I B B A AL KA R, AT LB A A TR 2R A8, AL (E AN B T Ak i
(ME). ZHJEME (NF). @JEE (UF) PLERBER (RO). XA [E A EAE 7
B R R G, B R (R R I A0 S 4727

Tang 55 NPER FH IR 4 B N s /K & h o B alidb Z W . 45538, 43 )
4 2.5 kDa. 5 kDa #l 10 kDa [P D464k T LE-UF-1. LE-UF-2 A1 LE-UF-3 =/
ZHEH sy, Ho, LE-UF-1 (136kDa, 86.11%) W4 TEME & Bk, HIKZELE-
UF-2 (14-16 kDa, 49.82%) A1 LE-UF-3 (14-15 kDa, 22.44%). LE-UF-2 Ef 11.73%
MR MR, LE-UF-3 1A 19.64% MR . =ANH0 P2 a2, LE-UF-1 A1
LE-UF-2 FR R fEfE(ESE 211 B HEGRIL, 10 LE-UF-3 A6 210 a BEiRIE . RN
ZWE R R USRS il $R tH 7 — 25 SE B R A = AR PRI AR IR A2

Borujeni % AUSSRHEIE . AN UEMN 32 B F B T 2% AR (Weld plant) H1H)
ORIATIRIG HUAHIS R R 45088, IRBUN 2. IREN 80°C, I
[8]9 30 min, pHIE N 6.7. WFFREE KL, KH B B AT LLMAKRHE S B 2 G kbt
Ko HHHRBHT IR0 T 2R, B BERR 1RO R, B AEENE 1) 75 ar A FR
T B AAE 35 PR A 25 1) 7L

1.2.4 WK FEZ=BUE

KA R (ATPS) YEN—FB FIABGH], 8% & B 5 —REMM TSRS
VIaAE WL 5T 5 JE ML ER B 7KV VA RSP o 22 79 P 791 P A L A3 g 8 5 381 — s J L
FEOUKAE R T B N TE M T A A B A . fEIXAN S F, AT RS 21 i
B EILR . AN EANREGIM, &8GRSO E AR, N T#EAT 2
—‘%‘[77—79] .

Li ¢ NBOR ] B2/ 3K PARE RAIEEL 7 M 28 (SDP). 785 fE 1S58 2% 14
TR E R 2P R K& 800N 4.25%. 85.32%AH 8.72%. HF 745 FAL,
CBE-TEHLERRUKAIE & T B R 4
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Ruan 55 NBUEH —Fp BT ZBE- 2 MXUKAH RS (ATPS) FIHRHUT V2K ISR ik
MU R h & BRI SISy, B2y, REEBArEE R 4REY, ATPS
FE B SR I AEYE Y RGO TR I AR S KR R . B A CBERIARE AR T ARSI
By, AEVEE PR NGB RE 2Bk, TSRk R R B AR B ST R R SR /KA
BT ORI ATPS LA 50% 8 SRR T 80.61% T HE 2« 84.11%H)E
A 88.09% M2 Wy . ATPS 1 A—FhERa. Bk, SGrrIRiik, BEHERWES,
R A R WA AE A AT b B2 B AL T B HE o SR T SUKAR AR 3R 25 0 B M B A )
TE TR ST IR AE — SR B, WA RINEFEE R, RIS R AESE

125 SRR EIEE

AR Ak (HSCCC) TR £ — Ml K shad s 85k, R ZH L4
FEBEP. BHM. SEG0ME - EREFANE, HSCCC A& — g 4k & 8 -l 7y
e i 7 B AR, e A A B AR # R VA . 7 o e i IR e R ST T AR
R RS RIRARS) 775 5. BT A e B AR R AR, S 7 AN ) 308 W B 51 PR AR o 4 o
AR, JREE SO & TR A . R, UT4ESR HSCCC e iz AT
MBI H 53 B R ] 4 R AR TR P Bl 43 182830,

Zhang %5 N[BSRF HSCCC A & B HEAT 73 B 4lidk,, FExt s sl ki &4
BEAT TR . SIS RGVEIR L 1 5200 53 B8 Al Ak S 5 R 2 Ak G W i 4 B 1) sz e R 2%
R i B S B 1) Ay S AR TR S5

Tao %5 NBE R HSCCC AR AR A i B 55 740 rh 1) 4% 23 B LM e AL & 1) T e
BE. SEIGRBL, HAERIAM AN W 49.57:1; FEEXEIE]: 55.76 min; $REUEE
N 4421°C. [FRF, EHET —FEHEAMEB . LBROER. FEAUK (vviviv, 4:1:4:1)
s AR, FHT1E 2.0 mL/min FJ#E FIEFNE S B EEREE . M 0.67 g LR 4
PR RN E 7 B B R EE RN 6.0 mg. %7V R BER B4 L 97.12%, Sk
G AL, AR, P, AE R, H2, HSCCC fF1ESK
I EER m  ANER NS B ST ES, IXBAE— e R LRI T HSCCC MszbrM A -

PN 3 X TR 3 A AR 53 B8 5 VR B EU I A3 M il LAAS 4518 TR BRI IR B2 —
WA ETIZEH T 0 B A A AR = 7. Ak, R B AT DAAR A S bR 7
BT AT AL, DO AN FB AN RS I SR8 755K, AEAL AR s R USRS
BT R FHFIA T .



