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Abstract: The aim of this study was to optimize the purification process for total flavonoids from the aerial parts of
Tetrastigma hemsleyanum Diels & Gilg (TFATH) by using macroporous resin and to evaluate the protective effects of TFATH against
carbon tetrachloride-induced acute liver injury in mice. The effects of different loading conditions and elution conditions on the
purification results were investigated using single-factor experiments, and the antioxidant activity of the aerial parts of Tetrastigma
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hemsleyanum Diels & Gilg was determined before and after purification. TFATH were qualitatively analyzed using UPLC-ESI-
QTOF-MS?, and an acute liver injury model induced by carbon tetrachloride was established. The results showed that the purity of
flavonoids in the purified samples increased from 8.99% to 31.38%, and the antioxidant capacity also significantly improved. Twelve
types of flavonoids were identified, primarily including (iso) vitexin, (iso) orientin, and their glycosides. The animal experiment
results showed that, compared with the model group, the liver index and serum ALT and AST activities of TFATH-treated mice
significantly decreased by 9.74%, 12.91%, and 33.98%, respectively, and the degeneration, necrosis, and inflammatory infiltration
of hepatocytes significantly improved. In liver tissue, GSH content and CAT activity increased by 54.14% and 50.88%, respectively,
whereas the MDA content significantly decreased by 66.53%. In addition, with the intervention of TFATH, the expression levels
of TNF-a, IL-1f, IL-6, caspase-3, Bax, and Keapl were significantly downregulated, whereas the expression levels of Bcl-2, Nrf2,
HO-1, NOQOI1, and GCLC were upregulated. In summary, TFATH comprehensively ameliorates acute liver injury induced by carbon
tetrachloride by activating the Keap 1/Nrf 2 signaling pathway, modulating oxidative stress, alleviating inflammatory responses,
reducing the expression of proinflammatory cytokines, and inhibiting hepatocyte apoptosis. The results provide a theoretical
reference for the development and utilization of resources from the aerial parts of Tetrastigma hemsleyanum Diels & Gilg.
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Table 1 Primer sequence information
Gene Forward primer Reverse primer
TNF-a TCTCTACTCCTCAGAGCCCC TGAGTCCTTGATGGTGGTGC
IL-18 GTCGTACCACAGGCATTGTGATGG GCAATGCCTGGGTACATGGTGG
IL-6 TCTATACCACTTCACAAGTCGGA GAATTGCCATTGCACAACTCTTT
IL-10 AGCATGGCCCAGAAATCAAGGAG GAGAAATCGATGACAGCGCCTCA
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NQOI AGCTTTGTGGTGCAAACTGG AAGCAACGCACTTCCCAAAC
GCLC AAGCCTCCTCCTCCAAACTC GGGCCACTTTCATGTTCTCG
Caspase-3 AGAGACATTCATGGGCCTGAAATAC CACCATGGCTTAGAATCACACACAC
Bcl-2 AGGATTGTGGCCTTCTTTGA ACCTACCCAGCCTCCGTTAT
Bax GGCGAATTGGAGATGAACTG AAAGTAGAAGAGGGCAACCA
GAPDH AGACCCACACTTCTCCATTTCC TGAAATGTGCACGCACCAAG
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Fig.3 Effect of loading solution flow rate on adsorption rate
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Fig.4 Dynamic adsorption curve of macroporous resin
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Fig.5 Influence of ethanol volume fraction on desorption rate
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Fig.6 Effect of eluent flow rate on resolution
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2.1.7 HBLRAENHHE

KA RS A IR B 7 B, BEE O BEE
R B B RGN, B 1) R o A R R AL S B
THE TR . BT S, 240 R FR A

50 mL i, FEER R REIK ARG, N 0.86 mgmL ' ;
T 224 0 JIE VAR AR 18 25 160 miL I, JH: 28 il Jofi 2 Ik A1
F0.02 mg-mL ", E & K40 (1 35 i 284 R H 2k
Vel ok, 4k S N It v 2 ) 2 5 308 L BV
FARFE, HAR TGS Pk 4s, BN ] B
DR I Aff 52 A A P =24 160 mL
22 =ZwEH LWy R EEAE N E

K D101 K FLA i 45 28 i A = ik 35 11350 0
WA, B4 mg-mL ' RS TAIEE 80 mL, FiEidn
NIE S BRI O SL pH %% 3, DL 1.5 mL-min’
W ERE, EEWM 1 h S AR E R R,
160 mL 80% ZEE¥W (V/V) T 1.5 mL'min' i & T
Belbi, e bR 45 5 R T BOR ARIR P . ik 2 fr
TN, SEALJE BIRE S S SR 2E R i 8.99% FR T A 31.38%
(P<0.05), ZINZALRTIN 3.5 1% . #RrErss e g i
D101 KFLWARLifb KAL L 5tk P 35l , HaiEZ4 ok
AALRTHY 2.06 £ 5 JHREEPIR T D101 A4 A 4lifh 4%
IR SR, HAi R LRI L4 1.81 fiF. 45 R
FH, ZAML T 26 TFATH A B 1 s 40

®2 HBANHENASIAE

Table 2 Purity of total flavonoids before and after sample purification

4 AR B TR /%
R o PN P B ) 8.99 0.42°
AL B B B 31.38£0.61°

E: AR DBFERTEFRFE, P<0.05. TAFR.

23 FERAE RN IEANE S

iEit DPPH. ABTS. FRAP =7# & 1 4% S04k
SE 7 ERIR T = B o A S AL RT S P AL
Re 1AM, AR WK 3 . AHERT =k i B
KLY, 4tk 5 IR S 7 DPPH. ABTS  H H2Ei5
fE 77 LA K Fe™ I& J5LRE 77 05 T 3 B $2 T (P<<0.05).
T A6 DN R e — B R AR B P LR, Wang
GBI HG T o FOIAE S AL T S PR S, R
alifb, f5 RE S R TR AR G, BUA A RE ) R R AR
KIEFEFRT o %48 Rk —DAE s T 3RS WAE K
FEPUATE MR I E AR

* 3 BRALEEHRELES

Table 3 Antioxidant capacity of samples before and after purification

B8 4 R DPPH/(mmol  ABTS/(mmol  FRAP/(mmol
P Trolox'g ' DW)  Trolox'g ' DW) FeSO,'g' DW)

=t Fi b b b b

R + + +
Ty 098%0.03 1.43£0.05 1.51£0.03

4 4

%fi)f % 2.62 %0.05 535+0.15" 470 £0.16"

=1~
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Table 4 Identification of flavonoids in purified samples
[M-H] (m/z)
No. tz/min Formula Major fragment ions (m/z) Identification
Measured Calculated ppm
F1 11.191 C;H,,0, 289.073 1 289.071 8 4.63 245.0820, 203.0719, 179.0351, 151.0394, 125.023 5 Catechin
F2 11.925 C,H;0,5 593.1536 593.1512 4.06 S03.1176, 473.1093, 431235033061’ 383.076 8, 353.0670, Vitexin-2"-O-glucoside
F3 14.575 C,H,0,, 449.1115 449.1089 5.71 287.0559, 269.0452, 259.0609, 178.9982, 125.0240  Eriodictyol-O-hexoside
FA 15492 CHyOys 5931556 593.1512 7.43 721099 4290828, 357,061 7, 3270308, 3090805, 1eoorientin.2"-0-shamnoside
F5 16.059 C,H,0,, 447.0962 447.0933 6.52 429.0827, 357.062 6, 327.0518, 297.0404, 285.0407 Isoorientin
F6 16.526 C,H;0,5 593.1549 593.1512 6.25 473.1090, 429.08 2, 3;;'708;)0& 3270512, 309.0406, Orientin-2"-O-rhamnoside
F7 17.608 C,H,0,, 447.0958 447.0933 5.63 357.061 8, 327.0516 Orientin
F8 20.327 Cp,H;0, 577.1596 577.1563 5.75 457.1147, 413.088 8, 311.0554, 293.046 1 Vitexin-2"-O-rhamnoside
F9 20.794 CpH;0,, 577.1602 577.1563 6.79 457.114 6, 413.089 6, 341.067 4, 293.046 4 Isovitexin-2"-O-rhamnoside
F10 21.427 C,;H;0,6 609.148 8 609.146 1 4.42 301.0358, 300.028 6 Rutin
F11 22.111 C,H,0, 431.101 1 431.0984 6.33 341.067 5, 311.0568, 283.061 7, 269.045 8 Vitexin
F12 22.327 C,H,,0,, 431.101 4 431.0984 7.03 341.0672, 311.0569, 295.0609, 283.0614, 269.0454 Isovitexin
24 ZePE M L B OE B E T b *10° on
Hob/OH OH [M.H]
S = . o A _HO »
S JE IR B SR A 0 0 2 R 35| ARG ;
— b Sl 30F Y OH E
MR 4 P, SLEEH 7 12 PRy . 55l 57O mlz 301 H o iz 300
7 - ! : - HE) ' OH
3.0x10 = 20 [M-H c,zgmog H] ol
2.5x107 15+ 3
[M-H-C H, 0,-H] =
10 F o'e 1277209 2
3 2.0x107 - 05k g 2
% T E ® mz3000286
ne 1.5x107 0.0 o hord " . » " " " A n L n
140 180 220 260 300 340 380 420 460 500 540 580 620
1.0<107 - Counts vs. Jitfif Lt (m/z)
S:0x10°p B 9 WA EMEN AW MS? it E R L REME
! e Fig.9 MS’ spectrogram and fragmentation rule of some flavonoids

1|0 1|2 1|4 ll6 1|8 2|O 2|2 2|4
KA 1] / min

8 it FHMEHBFRIXTH LC-MS 2B FRE
Fig.8 LC-MS total ion chromatogram of purified sample in

1
0 2 4 6 8

negative ion mode

a x10°
~OH
el iy oo LT
22¢ g A
18 [M-H-CH,, O] Ho 0, e 287
%( %461 : ; HOJ/\/\OH
Tola2t o OH
osf = . 2
. < o | o
06r £ 2  S|Fz 2
04r & 2 = 2
S S . . .
100 200 300 400 500 600 700 800

Counts vs. Jiifij t (m/z)
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7E: a 4 eriodictyol-O-hexoside, b 4 rutin.

I F1 (m/z=289.073 1) = B H & F N msz
245.082 0([M-H-CO,] ) m/z 203.071 9([M-H-C;H,0;])
F1179.035 1 ([M-H-C(H(0,] ), H#fE 22 ekt % g
N catechin.

I F2. F8. F9. F1l1. FI2 %A (iso) vitexin
Fe HAiT AWy, 1§ F11 (m/z=431.101 1) A& F12 (m/z
=431.101 4> H N[5 5k, SBock™ w5
B i 6 B S WIS TR], - )20 %5 58 A vitexin 1 isovitexin,
ZEMFER BT ARE mz 311 ([M-H-C,HO,]) Al
m/z 283 ([M-H-C,Hz05-CO] ). U F2 (m/z=593.153 6)
TR &— o TR A P B A — 43 KA i e 1
m/z 413.088 6 ([M-H-glucose-H,01), MHEHHE T
m/z 503.117 6. m/z 413.088 6. m/z 383.076 8. m/z 353.067 0
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A m/z 325.070 1 D) & p 0B 56 A 2R 2 AR B, [
g F2 4 % 5 N vitexin-2"-O-glucoside. V& F8 (m/z
=577.159 6) FI& F9 (m/z=577.160 2) % F — />
75 i B [ )5 15 vitexin Al isovitexin, AR 3E 4L & 0 A0 H
W I 7 B2 5 3 B d U F8 A F9 % %E N vitexin-2"-O-
rhamnoside F vitexin-2"-O-rhamnoside.

W F3 (m/z=449.111 5) — 2% J5i i 0 & 9a fir 7,
PE AR B BT m/z 287.055 9 ([M-H-C¢H,,05]),
HEM AR o — 40T ORI A &, AR I SR AioE ™
V15 1) 52 ZWY BN eriodictyol-O-hexoside

U F4. F5. F6. F7 #i% 2 (iso) orientin 23
fTA. e FS FUE F7 H ORI 2 Mk, W F5 (m/z
=447.096 2) B FEEW ) E TN m/z 429.082 7 ([M-H-
H,0]). m/z357.062 6 ([M-H-C;H,0;]) 1 m/z327.051 8
([M-H-C,H,0,]), #EMIH A isoorientin™. W& F7 (m/z
=447.095 8) M FEZW & EFE m/z 357.061 8([M-H-
C,H,0,]) #l m/z 327.051 6 ([M-H-C,H;0,]), #%E
4 orientin®™. W& F4 (m/z=593.155 6) A& F6 (m/z=
593.154 9), k% —A> B 45 H ik ] )5 43 isoorientin Al
orientin, 24 A G 1 ) HE OGS A 1S B A, U6 F4
F F6 %% A isoorientin-2"-O-rhamnoside /1 orientin-2"-
O-rhamnoside .,

% F10 (m/z=609.148 8) ek — 0 FE&HE
HAE R m/z 301.035 8 ([M-H-C,,H,,00] )» FFEZE—A
ABE AR m/z 300.028 6 FFRAEME Fr, H gk e 3
fE R P 9b Bz, 2 BECSCERETHE Y rutin.

25 ZHFHERSEHAFNTAMKTE TR
VAT 45 /N B R 3 1 A

2.5.1 TFATHXT AL B4R € B B840 09 %0

N 10a s, £ 14 d (0¥ B 4251008, &
NRAR R E A K, L2 R AT A A T S
Z5, R TFATH #E B 4250 NRIER R B E LA
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JUE 45 (i BORAS B — AN E BB bR, WE A i 20 n 2k 9
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(3.75%)> AHLL, BRI FEE (4.62%) B3
B (P<<0.05), UiBHSCISERIRN T B AL,
TFATH %5 25 F Tl J5, /I BFF AT 48 20 3 P K 9.74%
(P<<0.05). &HLE/INEAE. EAEFEEL (B 10c~10d)
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Fig.10 Effect of TFATH on body weight and organ index in

mice with acute liver injury
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acute liver injury
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2.5.5 TFATHATALL ST e B 69 %h

Y 6 9 T VR R R A I B ARAE, i RT-
qPCR 24 0 /) B3 2H 23 b ) T2 AH 5C B Rl Caspase-3+
Bax #1 Bel-2 1) mRNA % 15 7K ~F, 45 R W A 14,
Caspase-3 J& I T3 F5 A1 () S BE AT g, 72 CCl, A
B HRIEAKFEE L (P<0.05), 23T 40/
ot . 5UkFE, CCl, AR A {28 122 K Bax 1Y
mRNA K1k KF 8 E & (P<0.05), i T H
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