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EBARIEZ-SREEREHRBHEINE R EERSZEEER

ROR, HHEB
TLP9ITE K2 A R 22 fe, {078 M & 330022

H E: BN SRS AR R -E I H A M TZ MR B (celastrol-glucosamine conjugate, Cel-GIcN), F:3FALH 41 &
PE. RETEYE, DAZEAR Cel A RRBER. KIEHZERNNE. HE RAZEBE AR Cel 5 20 17 R IR 2 H T I Z &
M, A AE A B NN-Z SR BERE (N,N-dimethylformamide, DMF) 44 Z A il 1- 2, 56-(3- 2 FRE G 35 P 328 ) e 19— W
Jiz [ 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, EDC 1. 7N i & 2 9 = Mk -1- 58 - 40 3 =tk g e 36t i
(benzotriazol-1-yl-oxytripyrrolidino-phosphonium hexafluorophosphate, PyBOP) 1E JyBik /i {8 B 52 B (K AL 7 H03%E Cel-GleN [
E R A RO B RS- R (HPLC-MS/MS). H-NMR. B3C-NMR Alf# B 45441 4561 (Fourier transform infrared
spectroscopy, FTIR) X H&EMHHT T RIE, T AR HepG2 UMM VR0 HoAm Mo F5 1t . B TS ME S AL REBOK . S8R
FTIR #i5€ T AW P IZBERIAAAE, HPLC-MSIMS IIIE T AL & RIAIR 7> T, H-NMR. 3C-NMR %€ 7L &Y A
A SR, AHLCT RAR=H) Cel, Cel-GleN KBS R T BEF A S (R TR 1.23 pg/mL #£H4 226.00 pg/mL), A
A LAZZA A T RE A Cel AT I 0 5o 4 P 1) B PR AT LA P IR AL REBOK S o 2538 T & T Cel-GIeN, ZKiF 13 2k 2,
A R SR 56 IE SE G R IR VE PERE AR AR T A AR FR 1 A, AT Cel AHOGAMINI RARIEA MBS .
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Synthesis of celastrol-glucosamine conjugate and its lipid-lowering effects

Bl Chen, YOU Qinghui
College of Life Sciences, Jiangxi Normal University, Nanchang 330022, China

Abstract: Objective To synthesize a celastrol-glucosamine conjugate (Cel-GIcN) and evaluate its cytotoxicity and lipid-lowering
activity in an effort to mitigate the strong side effects and poor water solubility of Cel. Methods The carboxylic acid group at the 20th
position of Cel was aminated with glucosamine. The synthesis process was expedited utilizing 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDC) and benzotriazol-1-yl-oxytripyrrolidino-phosphonium hexafluorophosphate (PyBOP) as
conjugating agents in dichloromethane and N,N-dimethylformamide (DMF) systems. The structure of the derivative was further
characterized through HPLC-MS, H-NMR, 3C-NMR, and Fourier transform infrared spectroscopy (FTIR). The cytotoxicity,
lipid-lowering effect, and oxidative stress level of the derivative were evaluated using the HepG2 cell model. Results The presence of
amide bond(s) in the compound was confirmed through FTIR analysis. Furthermore, the relative molecular weight was determined
using HPLC-MS/MS, and the specific chemical structure of the derivative was identified as Cel-GlcN through 'H NMR and 3C NMR
spectroscopy. Compared to the natural product Cel, the water solubility of Cel-GlcN significantly improved to 226 pg/mL. This
improvement suggests potential mitigation of cytotoxicity and reduction of oxidative stress levels in the body via controlled release of
Cel. Conclusion The successful synthesis of Cel-GIcN was accomplished, leading to enhanced water solubility. In vitro cellular
experiments verified the retained lipid-lowering activity and a decrease in cytotoxicity. These findings provide significant insights for
the development of drugs related to Cel.
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% /A BE Tripterygium wilfordii Hook, .02 —Fife L BEAIRHM NN 31 % HUZ5 M0 P2 ), 50N B

guh 2y, WAEKAMZIAD L. AT FCRTRTEH,
HAOBEAZMAEER, QFEIUMIE. PiR. Bt
HERES 69T B B i FE IRIR S Th g . Ak,
A BEE o ARG FYT O I A AE G
PR IRCRES, AR R (celastrol, Cel) &M
B RAE AR IR S 20— Fh T =l R
Yy, HATURANPUNIESE R IR 6, AR HH
KAFFRI, Cel S H5HUEMRRAEH MRTE, I
BA—E MR RCR . XA 55500 7L K3, Cel
P o R U, T AR IR SRR
(diet-induced obesity, DIO) /)Nl A LABRK H A Ak 3T
AR AR . SR, X T o2 R R %
RENE, FEARM LRI R E R . s,
Fiiwsr Cel v DU IS~ % 5% R 7 i S8 Ak A i A
FEY IG5 44 y2 (peroxisome proliferators-activated
receptors, PPARy2) Fll CCAAT M 74545 HEH o
(CCAAT enhancer binding protein, C/EBPa) [ i,
FEAR R IR B R R0, FEA BN BRIG 2
LF4EgiiY (3T3-swiss albino, 3T3-L1) [ i 4 i
IR0, A Cel BAA BERIZGHIEN:, H
FOOT AR B o A S AR SR T A R R
N, FEEAEZERKEE, PR T HAE R AR
(1) R

AR, BB K RS Cel IR

RIFHOV T Ay T e Cel A ZrRfL e R
h
+ OH ° ~rOH HCI
o=
Cel GlcN

C&TTR 7 2R, gk R4l
REVRM, BEVRTZES, R ARSI G K
R UL Cel MIAEMIRIAEE . SR1, Cel AHIKH
FIE BT RERBTBL, FFARA = b

T 2REY-2YRBRY AR R 2 B To e
A2 SN A S R GF IR /K IS R 255 1, Bl N-(2-
TR TN 28) FH L TR A I iz 8 5 2, B DA R A 2 R
Y CnFEIRRE. HRE. EWRRT) BHH
23WARL . SR BERT B R AT 252 5 1 e N I PRI
Bl B SRR, (B RSt R L B
—E MR 2 gl MR A AR,
BB AW e — N L& B RS EA IR R N
MTCFEPESERE L, (HWAAER S A G &, ik
KB, A 4 0% (glucosamine, GIcN) J&—
AR O, BASEERE G P
Pl BURACRIFIIER . A Im AR RS E R,
RIAEH BN A SRR W kR AL
TR I R, G BRI h 7 24 5 [ 1 X £ i R )
2= (National Nutritional Foods Association, NNFA)
LV B b 7877200,

ARSI R T —Fh Cel-GIcN BERZBEEY), £ ik
TZWE 1, MR 258 APUIR SR
DT E G RS RER, ZEEMMN

KM 29T AR AL N IOK T S5 T AR T R
15245 Cel.

PyBOP/DIPEA HO
_ >
DMF, RT

Cel-GIcN

E1 Cel-GIeNHWERIZ
Fig. 1 Cel-GlIcN synthesis process

1 UESHH
1.1 {48

CKX 53 5| E 2= e, HA Olympus 2
#]; MCO-15AC B! AL Bk A ik 7246, H A Sanyo
AT); Agilent-AP14500 R BT AHAX, EE AB
Sciex Awl; FW-4A AU R FHL, RIEETT AL
AR AT ; Spectra Max M5 FUEgHR{X, 3EH
Molecular Devices 22 7] ; Nicolet iN10 MX 7Y e HL -
AW 2T AN REAL, SE[E Thermo Nicolet 24 .

1.2 #R5R

DMEM #iiffg s et REE BB G4 Mg, 3k
DLREIER. IRFMEERA. WK, EERANE
LR ZEER AR AR GleN W H iRt 44
BIEAHRAF; ZIEW B Sigma-Aldrich 7645 ¥ 5 fk
Har (R HSAMRAF]: Cel Iy H HHE BA
MRIE AR AR NN-Z2E 5 A& (NN-
diisopropylethylamine, DIPEA). —&H ¥t 1H-AKIF
=M1 s Bk s N SR £ (benzotriazol-1-
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yl-oxytripyrrolidinophosphonium hexafluorophosphate,
PyBOP ). N,N-—H13& HI i i% (N,N-dimethylformamide,
DMP). 1- £, 3k-(3- F B S i TR 5 ) e It — I i R 1R
£ [ 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride, EDC HCI]. N-F&3&2KH = %M (1-
hydroxybenzotriazole, HOBt) #4345 Adamas |-
ZRBH A IR A s HepG2 41 R H & Ar 4
AR R A ] SJEEEE (total cholesterol,
TC). =EtHh Ctriglyceride, TG) Wil f. 2,2-
R IbK-4,4-— H 2 — 4 (bicinchonininc acid, BCA)
WA e LilgAd T AN TREERAF.
1.3 ZmAEiESE

¥ NP HepG2 41 (eI AE R H IR
AFD BT EH 5% M5 1% 5 HRAEEER
()= DMEM 35374E, T 37 °C. 5% CO: #55%4f
iR,
2 FEEHR
2.1 Cel-GlcN YA RS HRIE
2.1.1 3T DMF{AR Cel-GlcN & 78 iR 5%
7R, ¥ Cel (100 mg. 0.22 mmol). PyBOP (57 mg-.
0.11 mmol) #f#T 5 mL DMF (99.5%) %7+,
b Je ¥ S N B T VKK IR A R4 H) 30 min. 7E4
PERISAE S, 22187 N\ DIPEA (71 mg. 0.55 mmol)
BRI, A RBER KR B E IR SRR
FILH BRI (92 mg. 0.44 mol/L), ekt
48h EE RN 4. RIEWUER NI, 8 &
FEFIE A ERKZEEL 3 K (15 mLX3), AHEH
TR T 1. fE 40 C FIEeR w4 )h, @
I R A S AT Al AL (PR TR — G -
12 D)o AT BIRR A [l 40K K 82.3 mg(61.4%).
WA FTERE G, i LC-MS #f & HA X 4> 7
&, f# H-NMR. 3C-NMR X} H 45037 % 5,
FFI IS e ot P AT LA O6E (FTIRD
KAE.
212 ETZEWHAIARR Cel-GIcN HIHR 1EA
S E R, K HOBt (424 mg. 0.22 mmol) £l
EDC HCI (63 mg. 0.33 mmol) Jn A% f#A Cel
(100 mg- 0.22 mmob) ] & F ke, J7E 0 C
(R Z&AE T HEHE 15 min, 7 RBFRKE 25 iR 5158
TN L 2 M A (92 mg. 0.44 mol/L), itk
HRERNTEA . WERNE, BEEMARAEE
K 3 Ik (15 mLX3), AWNLZEH /KRBT
e, 40 CRREIEZA TG, i ikl ek it AT

gty (BRI & E-FRE 14 1 1), 4153
R E AR R 60.4 mg (40.5%), HFMETRE
“2.1.17 T,

2.1.3 FTIR MM FTIR %4 Yt ikl 4 000~500
cm s s HEE 0.5 em L FHEIREL 645 {5 M L 50 000 -
1. Cel-GIcN /& H Cel B2 5 GleN &2 [HJE
R R Ak Pl 1 ), @R FTIR (B 2)
Xof Wk e 34T 7 BRAIE, 7E Cel-GIeN (1 FTIR %[5,
1 647 et Kb (IR e U 3o S R A% | 1517 C =0 frifi 4
PR5h, 1586 cmt &b 1y sE I S U BRI 11 3 Ay
N-H [ #ifRzh, [FRF, 76 Cel-GlcN F i 525 Cel
Hil C=0 7£ 1 702 cm A (K 45 IR s W e 3 2%,
ATk FcERE I T 5N

GICN o — .'-k."‘\"‘ («l,
cel
Cel-GIcN
S T P P
N 4 \ it e W
N
4000 3000 2000 1000

viem™?
2 Cel-GIcN RYZI M it [E
Fig. 2 Infrared spectra of Cel-GIcN
2.1.4 LC-MS &5

(1) il 2t ity Agilent Zorbax SB-Cas
J9 (250 mmX 4.6 mm, 5um); NN ZAE-K;
FEIR 25 C; HEFER 20 pL; AFURE 1 mL/min;
Kl K 200~600 nm. ¥Eflis&tE: 0~18 min,
30%~100%Z.JfE; 18~28 min, 100%Z.fiE; 28~30
min, 100%~30%Z. fii§ -

(2) Fikktr: Hmmis S (ESD, HAfs
NGB AR WEE HLE 4 KV BSIEE 250 C
SRR 8 Liming THRSUAFE 6 Limin;
TRAIE 250 °Cs #EALHLE 100 V; 4Gl m/iz
100~1 700.

I LC-MS BREE A ATEE S (K 3. 4), M|
T & DMF &2 & ik 2 Bhsr=9
Cel-GIcN AR, Xf Eb Ay BTl %0, 78— 50 H Befk
APAEE Hbrr=4, FREER T 2 FElr- (r
43N 23.891. 24.916 min), HAHX /4 FHESH
Frr=4) Cel-GleN ANFF, Cel (tr=21.848 min) HAfg
BN, RAEAE HUAE G50 I fa 448 A el
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Cel-GlcN ‘ Cel
|

0o 6 i) 8 2% 30
t/min

3 ET DMF A% Cel-GlcN £ LC-MS 434 HPLC
Fig. 3 LC-MS-based liquid chromatogram of Cel-GlcN
based on DMF system

Cel-GIcN
“ Cel | ‘
| UL
o & 12 18 24
t/min
4 EF-SHREAZRR Cel-GlcN £ LC-MS £ RYi%& 8
BILE

Fig. 4 LC-MS LC chromatogram of Cel-GlcN based on
dichloromethane system

kil 2. GleN R FEA Z AR, RIH
KLU 7K RN R A P 7E Cel 55 GIeN JE4 &
A4 Cel-GIcN (tr=12.819 min) J&, Z5&Y45
TR N, AR B, Vg IS TRt B2 T
A, X HFRiE Cel-GIcN (tr=12.819 min) #4T
JRRE AT (B 5), WIEDHIW AR TR ELN
611 (A RE & A A B S, FaA S Cel (M=450)
AT GIN (M=179) s & a6 1 MK T
(AR 207 AR A, BRI AR SEBGE Jig 2R 1 S 46
AL FH 7 2 1) DMF VB FIE 9 S BidAk 2
2.1.5 H-NMR. 3C-NMR &l

(1) Ak S%: 5 298.0 K; %% 10 000 Hz;
Fik e FE 1111 ps; 5T A] 2 s; SRAF 2551 65 536;
SRFERSIA] 3's; FH5 K E 16,

(D BRIESH. IR JE 296.2 K; 195 22 045.7 Hz;
JIK RIS ] 16 ps; RAERFE] 3.65 55 shFRIT[H] 2.0 55
KFEHE & 65 536; FHHIXEL 50,

IH-NMR (400 MHz, MeOD) §: 7.20 (2H, s), 6.49
(2H, d, J = 10.2 Hz), 6.45~6.41 (1H, m), 3.79~3.69

‘L l‘ ‘

FETIm | MHJL ol ) ,I‘Ju

200 400 600 800 1000
m/z

5 Cel-GlcN £ LC-MS SR BRig
Fig. 5 Mass spectra of Cel-GlIcN analyzed by LC-MS

(7H, m), 3.69~3.64 (2H, m), 3.48 (1H, d, J = 6.6 Hz),
3.31 (3H, ), 2.47 (2H, d, J = 15.4 Hz), 2.21 (2H, s),
2.19 (6H, s), 2.15 (3H, s), 1.93~1.80 (7H, m), 1.74
(7H, dt, J = 15.6, 7.5 Hz), 1.50 (7H, d, J = 14.0 Hz),
1.42 (5H, s), 1.35 (4H, dd, J = 7.2, 3.7 Hz), 1.27 (9H,
d, J = 6.2 Hz), 1.19 (6H, s), 1.13 (7H, s), 0.96 (3H, d,
J=15.3Hz), 0.72 (5H, 5)-

13C-NMR (100 MHz, MeOD) §: 181.14 (C-29),
180.03 (C-2), 172.56 (C-8), 166.42 (C-10), 147.75
(C-3), 136.55 (C-6), 128.49 (C-5), 120.61 (C-4),
119.98 (C-7), 119.61 (C-1), 92.36 (C-1'), 73.08 (C-3)),
72.64 (C-4"), 72.52 (C-5'), 62.79 (C-6'), 56.11 (C-2"),
46.27 (C-14), 45.83 (C-18), 44.30 (C-9), 41.53 (C-13),
40.77 (C-20), 38.87 (C-24), 37.61 (C-22), 36.08
(C-16), 34.73 (C-11), 34.39 (C-25), 32.07 (C-27),
32.00 (C-19), 31.71 (C-15), 30.94 (C-17), 30.47
(C-12), 29.75 (C-21), 22.27 (C-29), 19.69 (C-26),
10.37 (C-23).

ESI-HRMS: 43130 (CasHagNOg ™), m/z 610.937 6,
H IR [E] 12.819 min, Kl K 425 nm. Cel-GIcN
Ji 534 95.46%.

2.2 IKBEMRFEEMEMR

FE 5 HREL 3 mg 4 DMF 1k & & &tk 5 i Cel-
GIcN, T 1 mL L& F/KF, fEEE TR
¥ 5min, ARJEEE 2 min R EMR. &5,
7 14 000 r/min, 4 C FAHE L EOF4E 5em)
10 min, HU BB, FREAEAMr b T UL
7E 425 nm A6 FE CAME o ¥F 10 mg f¥) Cel-GIcN
3 E T 50 mL i) PBS (pH 7.4). DMEM 40 3%
FedE (10% FBS). Al H W (SGF, 0.32%HH&EH
i, pH1.2) FEHZE (SIF, 1%JHEE, pH7.5)
Wi, BL37 CWEA 24h. ZJ5, 781, 2. 4. 8. 12,
24 h 2 HIEC 200 pL W, ZEEIR CREEERUS i
HPLC & &5t [l 5%k sl OG- 4tk
(90 : 10); fdiH Agilent Zorbax SB-Cis ¥ (250 mm X
4.6 mm, 5 um); AR EN 1.0 mUmin; &EEH
25 C; kil 425 nm ],

M4 425 nm 4bf) A fEEdE, MECT Cel 7155
(IR (1.23 pg/mL), Cel-GIeN 7E 7K Hh i it i
WK, B2 T 226 pg/mL.

Wik 6 Frzx, Cel-GIcN 7E PBS /K& (pH 7.4)
H R ERAT 24 h, AR EI A/ 21 Cel (5.5%),
XRBA K Cel-GIeN 2 — A F e KL &9
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01 o pBS (pH7.9)

—e— SGF (pH1.2)
1—v— SIF(pH 7.5)
—=— DMEM &

50

40 1

30 1

Cel RBUVRETEY%

20 1

10 1

0 4 8 12 16 20 24
t/h

6 Cel-GIcN 7£ PBS.SGF (pH 1.2).SIF (pH 7.5)\DMEM
(10% FBS) &7 EFEER Cel EIRBEARBERTEIZ LAY
b EdiiiEad
Fig. 6 Controlled-release curve of Cel cumulative release
rate over time of Cel-GIcN incubated in PBS, SGF (pH 1.2),
SIF (pH 7.5), DMEM (10% FBS) medium

1M 7E DMEM #1557 2% . B400 85 W (SGF, pH 1.2)
K SIF (pH 7.5) FFiRRAF 24 h, tIZ] Cel 7£
SGF. SIF. DMEM 4 Jifg 5% 3% 3 o 11 i £ 40 %500 5l
N 23.5%- 35.7%-. 51.1%, H/KMARERERIH Frdem,
XK B Cel-GIcN [Tk e nT DU H o i) 1 g Bl
HIKBG A KR, teA, 7E SGF % F T GEL MR
oL TR e, TAE DMEM 4isssdtdr, 12 h
PRI T KR35 Cel (48.3%), HAERE)S ) 12 h
N2 TR . XK Cel-GlcN £ DMEM
YR TR R SO T, RS H iR 4 1L
EPITE ZRNEAFMEX. 54, 7E SGF MRt
P, Cel-GleN IR BUSCR Bl 5 R EISERRtE
BT, Z5907E B R P I EE I TR 208 3 h, DR TR B
BRI Cel X2 ia H A LhrE X, 3
Cel-GIcN 1R ] RETE it iz i Hh e SR i, F30 43
s E RN .

2.3 Cel-GlcN HRESE 47N
23.1 ZifuREsE K HepG2 4iRE T&HA 15%fh
A= 1ML 1% 7 8 2 A1 55 2 1) =i DMEM Br R0,
37 C. 5% COKFEMIEFFHEAEETE, IRIFA
LA T B K
232 MTT At 4 st o 804 KW
HepG2 4 a2 ik 8 FIBH AL S, B 1X 105 4N/mL 1)
WEHRT 96 fLBR, FLARN 100 L. fE
37 C. 5% COREERIEFAM TR E 24 ho FF4HM
WEEE S, 433 0.125. 0.250. 0.500. 1.000- 2.000-
4.000. 8.000 umol/L f¥J Cel #1 Cel-GIcN, Fi% &%}
MR (U A4l R IGFR3E) FI B4l (ot
AR E 4 NMEFL. S5 5% 48 h J5, FFLII 100
uL MTT ¥R (AN 0.5 mg/mL). 7ER: 5+
FERIEE 4h 5, 37 % BB, I 150 uL DMSO
BATHE . PR 10 min 5, {FHBARCE 490 nm
AR LI AME . BlS, 3ZDLN AR AE
PR

UG = (A s — A we) (A s — A 1)

PL HepG2 ZHffa ¥4l 7 Cel Al Cel-GIcN 444k
Y ETE. 458 (£ 2) BoR, BIEE 24 h i, Cel
FI Cel-GIcN 1 ICso fE. 737128 (1.6840.37) pmol/L
Al (2.7540.11) pmol/L; #5774 48 h, BAIM
ICso 1435 (0.96+0.23) pmol/L 1 (1.82+0.56)
umol/L. 546254 Cel #HEL, R4 Cel-GIeN Xt
HepG2 4 M1 85 14 B AR 55 . 432 =i =K EAH
[F;, ABIEEZ54) Cel-GIcN 7EAH RN A] X% HepG2 44
HL S FT M E KT Celo IX W] REAE BT BECZG4)
HH [ R i BT % 5 3 TP T Y, SRR R LR U
1) Cel, MR AP HIA R
2.3.3 AR MRS RS E ST ARG AR SC kAR E
5 1R, 1) %3 2 g TR (free fatty acids, FFA).,
F5 LR 26 A % FRA, A FR EOE 5 1 il R RO AR Aif

#* 2 Cel & Cel-GIcN 7£ 24, 48 h NRYIESINERRTE SR
Table 2 In vitro cell viability of Cel and Cel-GlcN within 24 h and 48 h

24 h 41 BATIE 1%

e 0.125 pmol-L™? 0.250 umol-L™? 0.500 umol-L™? 1.000 umol-L™? 2.000 umol-L™t 4.000 umol-L™! 8.000 umol-L !
Cel 93.861+4.99 83.331+4.30 74.76+3.53 68.711+2.46 46.12+2.58 36.231+2.26 21.23+1.55
Cel-GLCN  95.71+2.05 90.36+3.13 88.32+2.76 82.82+2.30 68.56+3.43 44.23+3.98 25.26+4.05

.y 48 h ZH AT iE /%

" 0.125 umol-L™* 0.250 umol-L™* 0.500 pmol-L™* 1.000 umol-L™* 2.000 umol-L™* 4.000 umol-L™* 8.000 umol-L™*
Cel 93.86+4.99 80.66+2.95 58.56+3.52 51.33+4.78 39.43+4.12 36.21+2.26 17.23+2.15
Cel-GLCN  95.7242.05 93.03+3.38 83.32+2.45 74.811+3.86 46.23+£3.92 44.24+3.98 21.914+7.02
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R, %82 0 1 M ELEIEAELE 1 mol/L KOH ¥,
FAEZE IR PSR . 212N 5 10% BSA B
() PBS ¥, AT pH % 7.4, 43t 0.22 pm
JEREpEL 5, 325 10% BSA HE AR 20 f5EEE
(FFA-BSA8 : 1, FTA siRH ) BSA E AR5
PI¥EHE 0.5%) . 1 H 0.8 mmol/L ¥ 1) FFA 75 5
U AR AN G AETE 24 h, DU ST AR RS 14 R 07
(nonalcoholic fatty liver, NAFLD) 4HAfR] . Hi4H
P Ay AR R . WP REZH DL R SR (432 Cel
Cel-GlcN 422D . k253 48 h J5, 7540
i &V, 8 PBS PRk 2 ¥k, SR )5 200 uL RIPA
ZRRR AR . R4 )5, B 100 nL AR
HREHN EP B, {1 TC. TG XG4
I HH ) TC A TG 5 5 - 4% (1) 4 i 2R A A3 FH BCA
WA TE AT &,

JHRE A G DT AR B 2 S 8 NAFLD | —/ N 22
H&, 5ZME%A . 0.6 mmol/L [ FFA RThifk
T TSN E AR ABL A (nFR 3 BTN . S HEZHAH
Ebie, 7624 h iy, BIRZN) TG &N T 220%
(P<<0.001), TC &&EM N T 280% (P<<0.001), —
TSR, XN IR ) DL, 1R
X A2 2 4 ffa s FH AN [ B2 1 Cel AT Cel-GIeN Ab 3
Ja, SEIGHR TC M TG & &EIA A FIFEEE b .
1 yumol/L ] Cel 7EALFHE FFA 55 1 IEFERLE, #H
YT, TG K TFRERM (P<0.05), HTC
TRSBEMAKNAHEZER. BEE Cel NN,
TG M TC &R FE (P<0.05. 0.01). HIit,
%3 AEIRE Cel #1 Cel-GlcN Tl FFA-HepG2 4HfflfE

TC. TGEET (X£s,n=4)

Table 3 Changes of TC and TG contents of FFA-HepG2
cells after different concentrations of Cel intervention
(X£s,n=4)

wEE
(umol-L7%)
Xt HE -
FFA -
FFA-+Cel

TG/(umol-ug*  TC/(mmol-g*
protein) protein)
0.756+0.061  0.061+0.009
1.55340.045%# 0.14540.004%##
1.451+0.036" 0.138+0.008
1.25240.055™ 0.126+0.005"
1.216+0.085™ 0.113+0.002""
1.511+0.087 0.141+0.006
1.336+0.050™ 0.133+0.004"

4 1.29640.075™ 0.118+0.003"

S5xf Mg b #¥P<<0.001; 5 FFA 4itb%: "P<<0.05 "P<<0.01.
##P < 0.001 vs control group; “P <0.05 **P < 0.01 vs FFA group.

24

FFA+Cel-GIcN

N B BN

ASZIGHATE 2 umol/L ) Cel A A 250K

RIEE 3 AT LAA5%0, 1 umol/L ) Cel-GIcN X4
RUH AR A AR K T B A 2.2, 3 24 4 pmol/L
WELH) Cel-GleN FHilf5, && TG F1 TC /K F- 23
BUMNEREIREE TR, Z2PREH . XN
#5 Cel L, Cel-GIcN £ 24 h Py i i 4 A 7Y
A I AP (R FRARFR B AR, AT e T B 1
Cel A TR, 7B HRFLELMKIE Cel-GIeN (1)
GG IUBUR .
2.3.4  4HMIN AR TEAS AL S 25 Ab B S (40 i
FEREFRW, 4 PBS Pk 2 WE T H 4% % KH
i 30 min. FrZ=ZRHEE S, [ PBS FXigHE
YR, FFFLAIA 0.5 mL WAL TARR GHZIE T 7N
B 0.5%MI MR, HZMKLL 6 ¢ 4 By ELBR
S JE i BAATRG ), Gyt 30 min. FH 60%5% 4
W e 22 J0 B W UK JE DRI . (5B e
LML ML FXTRRA, SRR T HepG2
YT R AE T R AR, BB 7 AL & FFA
Ab B AR H AR B Y K SRR, HAEEAN
HMESHZRPES, FRIZBEMHE, 54
it Cel #1 Cel-GIcN HEAT 25T FilJo , 24 i I 1% 1 it
W, X IR R 5 Cel-GIeN [ FE S 77 ik
WL/, KB Cel. Cel-GIcN AT A5 &%/ 4 i
MR, BRRRDIMUUIREREE, FRy, BEEWKREE
(IR R, 20 R T PR T /S B THTAR 0 2 BRH 32 1)
Wb, BARIEMISHE. Cel 5 Cel-GIcN £ 1. 2
umol/L [, Cel 5 Cel-GIcN -4 fu fig i 12
A AANRFH IR SCEICRIEAHE, HEEK
FEILE] 4 pmol/L B, AT WLELE] Cel XJ 21 €4 i5 T 1 AR
M OCEE NI R, RIS 085
2.3.5 Cel. Cel-GIcN X AR AL S sem A
%Ot DCFH-DA € 40 N 5 P4 (reactive
oxygen species, ROS) X} & & . % DCF-DA BEf
i DMSO #1452y 50 mmol, 45 FH JG IfLj% 240 o 4%
FR 1M DMEM #7810 pmol/L o I\ & 2H 40 ff )5
78 37 CHIRFRFEH I E 20 min. i/ PBS &k 2
WE A [N ) DCFH-DA %t . R4 2 B 8] A
(1. 2. 4. 8. 12. 24 h), i HEEFMOEEEAFLE
BUR K 488 nm. K SFEAC 525 nm TR G HR
(fluorescence intensity, F), %2 z\it% ROS Hixf
T

ROS HHXS & 5 = (F s —F 2e)/(F s —F =01)

R —Fh 2 &= SR r g m . Hodr, IR
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Cel 1 umol-L*

R

FFA CEL-GIcN 1 pmol- L™

Cel 2 pmol-L™* Cel 4 pmol-L*

CEL-GIcN 2 pmol- L™ CEL-G:ICN 4 pmol-L!

Bl 7 Cel. Cel-GlcN FFif5%& SEia 4B 4AARHAT 3 & 4AARE (X 200)
Fig. 7 Diagram of oil red stained cells in each experimental group after Cel and Cel-GIcN intervention (x<200)

97 2H. 2353 WA P B g DR W] LA 5 ROS 1R AR o 448
Jitl P FK) ROS 384 22 11 TGk K I I BRIN, 32 5 B4t i
EA7 , IXPRR A E AR (oxidative stress, OS),
OS BN KA 51 K fei i HLAE 55— ZR FIAR B 1) 5%
HEERE, JANEEAL LW FFA Y, $EABEEIT
KM E, FEURARIELRA L IR 3T 1)
- HR 7 e A R E ARG A i B-SE A A Y ot
W L H o-4k . XAMLERAC T IR RCE, b4
PAEEZH) ROS, SN ASEASH N . AW T
i3 0 FE AR FE 1Y) Cel AT Cel-GIeN 15 F T~ =i flg 4
AR JE ) ROS 7K-F, HahJsr i W& 8, &I
Cel #1 Cel-GIcN X i g 4 ROS 7= A= 5 I 71| 5 AH
.

EARE RIS, Cel fEBMAE N [FIFEt 25
KA N AR R NP3, IR 2 1 pmol/L
Cel Fil Cel-GIcN P74 (] ROS 7K A7 4% [ 41 S A
HzlE, 5 FFA B 2R B REE (P<
0.01), i Cel 1 Cel-GIcN HJEA — ML A
FALRIEL, FRIE ROS KRR, LT IRIRZ5Y)
Cel, Cel-GIcN & 5 /N FEE 3 55 AH O AL LU Y. o
HEMFL AT HE 5 Cel-GleN Bl 29 Cel /42 =il 4
1 5ALEE (superoxide dismutase, SOD) &1, i
T A R R TS AR y RS T 1
(peroxisome proliferator-activated receptor y coactivator-
1, PGC-D) iE ARG, #E 4§ FH 2 umol/L Cel 1 Cel-
GlcN 4P 5, Cel Zf04HiiH ROS /K-F5 FFA
TR R R AR 2, Cel-GleN 2 =) ROS
K, SRR AR OB B B2 7 (P<<0.05).

400 -
—+— Cel-GIcN 1 pmol-L™
~t— Cel-GIcN 2 pmol-L*
—»— Cel-GIcN 4 pmol-L !
—e— Cel 1 yumol-L*
—
——
—_

**k

350 1 *hkk
Cel 2 ymol-L™*
Cel 4 pmol-L™?
FFA

w

o

o
1

Fok ok

N

a1

o
1

N

o

o
1

*k

*k

ROS AX} & (vs XFHR) /%

[any

al

o
1

=
o
o

T
4 8 12 16 20 24
t/h

5 FFA 41EEEE: "P<<0.05 “P<0.01; 5 FIFIE Cel 4lHLEK:
*P<0.05 **P<0.01.

*P < 0.05 P < 0.01 vs FFA group; *P<<0.05 **P < 0.01 vs
same dose Cel group.

[El8 Cel X Cel-GlcN 34RA0 ROS /=4 BERT B LY Eh
ZHZk (X+s,n=4)

Fig. 8 Kinetic curves of Cel and Cel-GlIcN on cellular ROS
overtime (Xxs,n=4)

23 K E4 4 umol/L Cel Al Cel-GIcN 4bFE 5,

ROS /KF¥m+ FRFA B4 (P<<0.01), FRIHMIK
P 2H 1) Cel A1 Cel-GIcN it 51 2 1 A8 A SIS B B A
RV ANRIZL, 15 4 pmol/L Cel-GleN #H b T[R4 BE
11 Cel, FEARM ROS KFHAL (P<0.01). HAk
ZERUWR 4 Fron, Bk, oM R, TE45H Cel-
GlcN 1EAZPT1iF, AMXATLAKHE Cel A1 GlcN
IR ME PUR ORI PR g1, BT eSS
SPE RIS B R AR 259 Cel i85 A 1R SR Y o

o
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&4 Cel\ Cel-GlcN F1iifE S HepG2 #HAf1 24 h [ ROS &
2 (Xts,n=4)
Table 4 ROS content in HepG2 cells induced by Cel and
Cel-GlcN intervention for24h (X £ s, n=4)
45 WS/ (umol-L ) ROS X} % &/%

Xof B - 100.0

FFA - 304.3+16.1%#

Cel 197.3+14.1™
320.5+10.6
378.6+20.0™
174.3+5.1"
275.0+15.5"**

4 345.24+15.77**
LM #¥P<0.001; 5 FFA AL "P<0.05 "P<0.01;
5 FFE Cel HHb#: **P<0.01.
##P < 0.001 vs control group; “P < 0.05 P < 0.01 vs FFA group; **P <
0.01 vs same dose Cel group.

3 itig

AR Cel AT LLS 2 AN S sUMH ELAE FH 7= A 5
FUZGRESEE M, TEVRTT SR o5 T B A B
77, A5 T H AU KA CRIR A 1.23 pg/mL),
BARKIEFIFHE (SD KRF 17%) st
Fhds B BA R R, Cel AN 1 X )
X ) R AT TN DR R T DRV R, L 6
Cel HHATEEMIMEM, ik t 25 B M 50 N S AT
AVIECR T B AT B

PER—F A =RE450, Cel A 2GR
L, T EATE AB IR H 5 . C-3 f 2 A C-20
MR, ik, Bk Eh X E. K
o, FETER 20 AR IR B AT S i, T LLIE
Ik BB R B AH s R BTN A3 R 35 T A o B i
H. FERBMRRATEY . AEXT Cel MIBREATAEY
BT ORI, Cel i HY IR AT Sy 3L R 4 24 B VS 14 (1)
BN, — B AREE FRIL S5, Z9MiE et &
IS . B 23HE I 6] Cel 55 20 AR IRFE 115
Wi (IRINK R ICER B ANHLLURED, T
—RYIERATEY (&Y 1~10, B 9). XUEfT
W, EY 1~4 A1 6~8 R & KT Cel,
KBRS o, &Y 4 1 8 TR ik
WS, FEAR AN HepG2 4 Aty St vh 26 L i e 11
RO, IXRIFAFRFEM T NTTREXT Cel IR PE A2 2L
TEPMEE IR K FH o Zhang £ R4 1 %) C-20 FR 4
1B G 51 N =R A ), R IR B ) 51 N
A LAFE R Cel MOPUIEAEIGTE (L&) 11~14),

Cel-GlcN

N P BN

1R= ~—0— 6 R=

~0——Br
Q o 2R= \0/\/Bf 7R= ~0——~—"ql
N
8 O S
4R= \O/\/OH 9 R= \O/\©

SR= ~p NS

10R= \0/\0

H I\
11 R= _N_O 16R= =N__N-Ph

H
12R= —N—@-CI 17R= —N_ N-CH,Ph
0
> K R H
AN 0 h
14R:_N_@ 19R=

L)

Z

15 = CH;0—

N\_/N—\
WEY 1~10 BB (LG 11~20 Wiz,

compounds 1—10 esters; compounds 11—20 amides.

9 Cel a3, BEAREITEY
Fig. 9 Esters and amide derivatives of Cel

TENRBERTAEMIZR (LB 15~20) , SR H1b
BV FEFRE RN H R AT GEE T, XK Cel
ETESG AT B 5 5l NI B ETA .

GleN 73 F R ERIR TN TuH g5t B 24
BRE, KR B e e, 515 Cel 411
T AR I R A WAL R B . R, CHFEIK Cel
25, ASEERIESE T GIeN 5 Cel #H4TEEAL
Uity, TEXTEL 2 MR R B R SR & DMF. S H
Ja . EEE T PR RE U ) DMF 4 &Rk
17 /ML EEBEIE 46 45 % Cel-GIeN, A HL T Tian 511
IRETT, ZIR N TCTERT Cel HIBREBEIEAT ZE(H 2025 5
AL A RSB AL . BEAh, 50228 N RIE B
JAl S R H B AR PRI R A, 2 IRIR IR NN R
CEWEVE R G 5 IR R AR 112 S B ) B R 1291, AR
W9t 7 S48 s PEAE AL 77 PyBOP 7£ DMF 7
TR TR, B ORHIE D TR BLE AR [
I ORAIE T BA RAFII=3

JEJE & — PR, &A1, ATRES]
R PRIF fe I R L R S XU . Cel /BN —
Pl EA Z R AEYE R R IR =), CESR LR 25 (1)l
REDI R RIS, AN RS R f2 AN i) 2 R PR 2%
AH TR X Cel 73 F IRIR B IHEAT B & % T
Cel-GIcN X —fT4EY), KKEEE T Cel Mgt GE
F] 226 pg/mL) . il i LLEE Cel A1 Cel-GIeN RSN
G A g 1, 5 FRRE T EAR RS AKCE T,
Cel-GlcN 5 Cel HA AR WAL B 1AL,
Cel-GlIcN 1] geid i 22 428 7 SR80l 29 1 Cel, M
T U450 o 40 i ) 25 1 R LA P9 A AL R SR
BT RIR=Y) Cel, Cel-GlcN 1R T BB HXT IF

20R= —

O
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JEE B HE AT CO I I AN RSOBE, 9 Cel £ I RIS

M ERBE T HNERLR AW L KRR,

Cel-GlcN 1R AT BEZ& 3 Cel ZKVATEAIAS R SR ) =

BAE, ARG IR T 251K .
R BAFR PTANEH P RATALEA TR

S 30k
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