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N GR OTCHR IR A R 1k th 2 A5 R AR D8R, TF ELXS 7 LM R0 R 45 O B e B = 4
BRFEEM A, ZALS Wik Ge 1 & 4k /D B W B FEFUE b S 40 406 RE 7 (total antioxidant capacity,
T-AOC). #HEYE AL (superoxide dismutase, SOD)FIA I H ikid S AL 7 i (glutathione peroxidase, GSH-Px)
I, [R5 ¥ (malondialdehyde, MDA)Fl— 4 fk. & (nitric oxide, NO)YH . [R] 018 45 2 Wi if AT DL AR 2
&/ BUMLTE H AR TEAH SC 1 P14 2E-6 (interleukin-6, 1L-6). FYEIRFE N F-a (tumor necrosis factor-a, TNF-a) [
I 3R-1p (interleukin-14, IL-1/) A T /K- BE—EAFTERY, AN, TER Bt T 20l —A ik
A& W (neuronal nitric oxide synthase, nNOS) . N 57 % — 4 {b. & & liff (endothelial nitric oxide synthase, eNOS) . %f
B AL 15 L B (manganese superoxide dismutase, Mn-SOD) . 4i%%#8 & 1k 1 L B (copper zinc superoxide
dismutase, Cu/Zn-SOD) it % fk & Hi(catalase, CAT) mRNA AUFER FTF, s S8 —F 1L & &8 (inducible
nitric oxide synthase, INOS)I 2 T RE#E . FEADE S E 3] 100 mg/kg B, 16255 B FH 20 H A8 TR0 7] 70) 2 4
AR CHRCR. 458 TeASEEINE N — R B A IEAE R DI RERI R AR 1, s R AP A= ik o

KB JEASE; D-2ERLE, & mRNA £ik; SUE

Intervention effects of Tuo tea flavonoids in D-galactose-induced aging mice

HE Chun-Mei', CAO Yu-Lu', MIAO Ming-Ying', XIAO Jing*"

(1. Sichuan Second Hospital of Traditional Chinese Medicine, Chengdu 610000, China;
2. Chonggqing University Cancer Hospital, Chongging 400030, China)

ABSTRACT: Objective To investigate the effects of Tuo tea flavonoids on D-galactose-induced aging mice in
delaying aging and inhibiting inflammation. Methods The anti-aging efficacy of Tuo tea flavonoids were evaluated
by measuring weight change, organ index and specific indicators in serum and tissue samples of aged mice treated
with Tuo tea flavonoids. Results Tuo tea flavonoids could effectively prevent weight loss caused by aging, and also

had a significant effect on preventing the shrinkage of key organs such as the thymus and brain. In addition, the
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compound also increased the levels of total antioxidant capacity (T-AOC), superoxide dismutase (SOD) and glutathione

peroxidase (GSH-Px) in the blood and liver of aging mice, while reducing the concentrations of malondialdehyde

(MDA) and nitric oxide (NO). At the same time, the levels of inflammation-related interleukin-6 (IL-6), tumor necrosis

factor-a (TNF-a) and interleukin-14 (IL-1p) cytokines in serum of aging mice were decreased. Further studies showed

that in liver tissues, the expression levels of neuronal nitric oxide synthase (nNOS), endothelial nitric oxide synthase

(eNOS), manganese superoxide dismutase (Mn-SOD), copper zinc superoxide dismutase (Cu/Zn-SOD) and catalase

(CAT) mRNA increased. The inducible nitric oxide synthase (iNOS) showed a decreasing trend. Especially when the

dose reached 100 mg/kg, the Tuo tea flavonoids showed better effects than the same dose of vitamin C. Conclusion As

a natural product with potential life-prolonging function, the Tuo tea flavonoids show good biological activity.

KEY WORDS: Tuo tea flavonoids; D-galactose; aging; mRNA expression; inflammation
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1.1 #R5RF

B4 mr TR A PR F] 2023 HF2TEAS

50 Hfetk SPF iR/ 6 JAKS, Shiinl ik
50 SCXK(H1)2022-0005, A YIH AR AR F .

T ARMES (GEE 98%, YIVUAH B IRA YR A IR
w); AP ILEE 1 (total antioxidant capacity, T-AOC) , —4&,
Ak A (nitric oxide, NO) . # & 1t ¥ I 1k I (superoxide
dismutase, SOD) . 4 Mt H Ik i %A 1k ¥ W (glutathione
peroxidase, GSH-Px). N ¥ (malondialdehyde, MDA %3l
P K & (B L B AR W T AR WF 95X B ); CycleTESTTM
PLUS DNA #5385 £ (% = Becton Dickinson A 7]); 47
#-6 (interleukin-6, 1L-6). R ¥RFEE F-a (tumor necrosis
factor-a, TNF-a), /2 -18 (interleukin-18, 1L-18)4:Mliz
& Trizol I  BEAL AR dT 18 MM FR i (ribonuclease,
RNase) i 4% =52 (deoxy-ribonucleoside triphosphate,
dANTP)LL K B34 JE B I IfiLJ5 7% B (murine leukemia retrovirus,
MLV)i#i 55 5E B (32 [H Invitrogen /A ), 955 58-I & Wik
JZ NN (reverse transcription-polymerase chain reaction,
RT-PCR)SE 56 51 9 (KARAE AL RHE A IR ) 95% LW (46
TRRFE R IT A A FRA A ), FE 3 L R T i 2 35
J e
12 UHF5R&E

Biomate3S 284N AT I 36 B3t . Stepon Plus PCR
AL LUX Z I REEFHR L (3£ [E Thermo Fisher Scientific 23 #));
INB10002 F 432 — R, FA2204 J75r 2 — R RE R
AR (WL A FRA Ao
1.3 SSWHE
131 753 B R #) 32 IR

R MR VR TR AL IR VeSS AEAS 1 kg, FKE MY
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BB E G I ZSRERE 1:9 (m:VYIA 70% (V) L BEE R, £ 260 nm £ 280 nm A& T RNA BIWEOGEE, DAL PEAS

TE 70 CCHIKIB S F AT 4 h BRI AR . 25, %153
WA AT b U8, I e b E— 25 BRI T R AEAE
WIRRIR AR T . #6125l b 39 A I8 O 2ok
ADS-17 BURS BT, fdf B2 A & W e A8 WA S80I I o Je )
R 90% (V:V)H B ) S B W gt R i 2K 1 B AR
BT, IR REE 78 R B AR BR KR, MRS 2l 16 2%
eI/
1.3.2 ST ER M Al

H5E, RIS T T AR, FRR A R TR
BUMECRH 90% (V) C R, LA AN [R] o i ok 2
4331k 10, 20, 30, 40 F 50 ug/mL)HIS T AR . WS,
A5 A TES P SR I R AR At I AR IR 254 T 1 £ B
W, A 500 nm AL RE(E, A2 AR vE A
2k, AR I E AR P LA TR ) iU
1.33 s Ei

FEKE B I/NR I M IEH 4L BRI | i R C AbPE
YL(BAMEXT B . IR S s R Ve A B A 25 4, 4L 10
HUNRL, IR SRR A H A2 0.2 mL A 3R K HE
2R 2 C ALFRAL | AIRF ek B v 70 S VB A% A 20 00 43 1) 25
T 100 mg/kg M (4 2E 2 C IR 50 mg/kg 5% 100 mg/kg
IREMTE AR IR Y o D22 UbERE0 T4 3
B AL 2877 ¥ (advanced glycation end-products, AGEs)FR
B BRRARTNRERERT . SORESTI . 4 5 2 A 28 P 4310
RV ZFHLG], B LR, N TG
WF5E, AR R D-2F LB AT /)N B 2 A
PSR, AR Sk A R Y BR TR R 414N BT 4l
SI/NRIF i 32 ) 6 JA e i T 5 DR 2L GRlE R
120 mg/kg), BHHESE 1K, FBTSLZ RIS %,
SERCEA ARG, B /NRAESS T 24 b 5 R HikE
B AR A, B A O W IR A R RS TR
SOy M, D0 A M R 5 K M S R R R Y R e A,
HHE AKX

A E AR = E R (/MR E (k) (1)
134 fmiEB5AFEMLF T-AOC. NO. SOD. GSH-Px
% MDA 7K-F &) 2

TERE/NEUNH 1 h )5, i@l AR 4000 r/min,
FREZITIA] 15 min)d3 B9 M5 - RS, AHR 4R it
MHRVERE B, YRS 20/ BUMLE FEAET T-AOC .
NO. SOD. GSH-Px Fl MDA #kBE Ryt /N BUFAE
FEAR, TP Sl & 10% 513K, FERIFEL DT .02
BRORAFR 1), Z )5 FIHE 3 O B0 & 46 m o8 i b
WARARTE AL P Y a7
1.3.5 ATk AE % PCR AN AR AT A KL

B, HEMFREL 1 g FFAZUREAR, JRHILE 9 mL AE 2R
ARG LU 510K . 55, 25K PR 1 mL Trizol
DAFREC/IN BRI P A4 2 RN P B 2 6 B Tk

HA e W, BESRE BRI 1 pg/ul bR
VA T o 30 2L 300 S R R B ) RNA #4460 ¢cDNA, 2
JEHIESA 1 uL cDNA R NRR, HAP R aiET 10 uL
SYBR Green PCR Master Mix .7 pL JGRZ&1H/K DL 4% 1 ul
(8 1 RS DV T o TR S VRO T i PCR XU N
AT RS, RS RAEE: MR B 95 °C M Hp4:
60 s; Ff/GHEATEIRBTEL, BAEIREH 9°CF 155,55 °CTF
30 s 2 72 °C'F 35 s 4R, AT 40 R BJERIE MR Z
SHT, WEK 95 °CF 30 s JFREZ 55 °CIRHF 35 s, #EFE p-
JULEH 8 11k X BRI DN, JESR A 2724 D5 ikxd H AR SE
TR TR
14 HIEAE

AT 3R Z )G, THETATER R PSR .
[ I SPSS 22.0 GEi AR b 5 38 25 40 W s ok
IS UE A 2B 2 M 7E P<0.05 AKE FAETER) BB TEE S

2 EREHR

2.1 EFRRREWINAE LR S

TEAR 15 B 43 3 B HP B 40 KA B T s s
PR UE 2 A TR BRI . A ERASAA Y R 2l
SyMrR, 7 TR—F R R RS RN AR S A 0
ANl B R P T AR ER VR RO, IR IR T A ST
SR LRI B EARAE T 2R ¥=0.0013X-0.0017 (+*=0.9917), It
F AR, ARG — AR iR B h B2 b A
YLl AR T 45.92% (ODsg=0.058). X7 B7EFrifil 4
BB, B P T Ay, HLW TR R S F
FEE S HAE N BB S R R
22 JeFEEX/DNREREBT LR

BRSBTS T D3RS, /NEH
BT RESE R AR, M p g o EE B T2
HIZE R, RIHEZ DY 3L S/ UM T AR A B IE 5
/N R RS A EE R R, v D AR
W/ N RIRTE R D o, JEAh, SERE A BMgEEER C
FEZE IR BE S XTI T D-21 FUME 5 | 2 (14 1A S 1Syl 2 A% 1L,
FEBIDZE LA 100 mg/kg Fl (Rl FUIRZA 2T, JE 5
FIZCR LR R C B R (E 1) ETRLEZER,
AT AT Ve SR EZE It D-2L UM |k /N RO
RO B B A s, 3 HIERLTUEAEE C
23 EFRHEMEXNRFBEREENEN

IR DA R, BAR S RINZEaH S
AL T ARG BT O W2 . b, MR E b giA 2R
PERGERER A T B, T K Ak 4R A D R A A AL
TR P ARG R M3 1 PR, BERI4T/NRLRY
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Fig.1 Changes of body weight of each group mice

2.4 JEFFRBERXT /)N ER M55 & BT B4R 48 o & 40 R34
KIBFREISZ N

M2 FF 3 ATLIE H, IE% AR/ B &2
#1h T-AOC .SOD 5 GSH-Px [#7KEf: &, i NO 55 MDA

M AN, SR Z /)N BRI 2 B0 s 4 B 1
@ By FFE P T-AOC. SOD. GSH-Px & &Ab
Tk, FEF NO 5 MDA H&aikfg(E, HKTE
LA, did F C RyE A S mIRES 3 i D2 FLbA
SR AL/ KFHZE NP T-AOC, SOD. GSH-Px
W, IR/ NO 5 MDA B, 5 HR &R ve 2R i i b
FRAL /NG, AT PN X B B 0 BB R B T IR R 4L

T-AOC Je:Aij & AP AL RE S 1 —A sS4, Ak A
FA N EIE R B R FEREZ —, IR
MR T-AOC A B T 4EZ &AL P NO Xt F AR5 A4
NI AT B e E A, RN BCRE T, W
NO /K4 b7, dEmidTa A s>, sop 5
GSH-Px fENHEMBLEALELSY, 7T LA RSB H 3L
15, MEEAESL; AN, MDA o E A AR A5 B 1
—ANEERREY), FAKEH MDA 578 T IR B AL N
JPER Sah g AR, 2RI RE B AR TN Db
/2 1 B AT N AR Y T-AOC . SOD .GSH-Px /K-, If:
il NO 5 MDA W&, Wik # HPT =2 Ia0R

®1 ZAPRBEEY

Table 1 Organ index of each group mice

A5 ¥ K
ERH 2.38+0.25 19.12+0.62°
o RIEE| 1.26+0.19° 12.17£0.55°
fERCHRA 1.90+0.16° 15.31£0.66°
TR T AR S 2 1.68+0.15¢ 13.89+0.56°
TER T e ) L 2.1120.11° 17.36£0.70°

e FSIAS NG F R R & 2B V- Y [ 22 R B 25
(P<0.05), FIdl,

#2 MRIED T-AOC. NO. SOD. GSH-Px & MDA & &
Table 2 Content of T-AOC, NO, SOD, GSH-Px and MDA in serum of mice

415 T-AOC/(U/mL) NO/(umol/L) SOD/(U/mL) GSH-Px/(U/mL) MDA/(nmol/mL)
EHA 16.32+0.82° 30.12+1.11° 248.52423.62° 166.98+5.63" 6.23+0.39°
BRI 7.77£0.33¢ 70.26+1.22° 125.02+18.72° 66.20+3.99° 25.89+0.85
HerFE CHEHY 11.26+0.39° 48.92+1.26° 175.26+13.20° 126.21+4.35° 15.30£0.52°
TEESEMRILR E E A 10.03£0.32¢ 53.02+1.33 161.02+10.88" 102.14+4.22¢ 18.77+0.69"
YRS R R A A 13.51+0.50° 37.69+1.02¢ 200.26+13.21° 146.85+5.33° 10.30+0.49¢

#3 /RAFEA T-AOC. NO. SOD. GSH-Px & MDA K& €
Table 3 Content of T-AOC, NO, SOD, GSH-Px and MDA in liver of mice

413 T-AOC/(U/mg prot)  NO/(umol/g prot) SOD/(U/mg prot) GSH-Px/(U/mg prot) MDA/(nmol/mg prot)
EHA 5.11+0.46° 4.0140.22° 95.98+6.23" 166.98+10.12° 2.2140.17¢
iUk 0.47+0.10° 9.11+0.50° 30.28+2.69° 60.366.32° 9.38+0.66
HerFE CHEHAL 3.26+0.28° 6.08£0.36° 60.33+5.12° 100.85+9.85° 6.20:£0.46°
TR HE () S0 1 4 2.44+0.22¢ 7.03+0.28" 42.03+4.92¢ 78.69+8.38¢ 7.85+0.39°
TEAS T e ) v A 4.15+0.39° 5.10£0.29¢ 74.23+4 85 131.36+8.50° 3.89+0.33¢
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2.5 JeFEEIxS /MR M E B A AEE X AR E Tk
HISZNE

4 WRVEATHTN AT LA ALK IL-6 IL-18. TNF-a
K-, L 0 VA O A P R 5 AR Ve 2 T
YA R Co AR BEE T RAT40M R+ IL-6., IL-18
A TNF-a ZEHLIA N & Rt fifi 22 % A B 25 AR AP0, i) e
TNF-a W3, FIEdE T 40007 A 4 Fh RAE 1, JE& Rl
15 S B BRI IR, BEE AN L, IL-6 F1 IL-18
A Ry B A 4 PR -t B 2 S BT, DRI R0 TL-6.
IL-18 F1l TNF-o FUBERRRE, FEARHAEMLAAR ) & iRl
FAEBTARORARP A I8 A5 3 I (A 42 i
eI 5, B o i R A S A 4 AR

#z 4 NRIMEF IL-6, IL-18, TNF-a K F(ng/L)
Table 4 Levels of IL-6, IL-1 and TNF-a in serum of mice

(ng/L)
2 IL-6/ IL-18 TNF-a
EHAH 35.26+0.87° 50.6842.36° 45.27+1.66°
TREARIZH 91.56£2.33" 77.68+2.12° 85.27+2.48"
el CHEH 4L 68.75£2.41°  62.67+2.02° 66.07+2.02°
TR REEA  82.6842.55° 71.33£1.97° 74.32+2.10°
WRMEIREE S 49.8242.080 58.41+1.62° 53.85+1.99¢

2.6 ERHMEAX/NRAFEFHETE —SFHEE
%\W&i SHUEEHMANFESE—SHEaSE

mRNA RIXKFHIF M0

TR 20 10 /N U E o b 2 00— AL RS TR
(neuronal nitric oxide synthase, nNOS)5 N iz Bl —& L& &
fitf(endothelial nitric oxide synthase, eNOS)F{ ik /K -1 Ak,
T 75 5 % — %8 1k & & B (inducible nitric oxide synthase,
iNOS) B e B8 (] 2) 0 SEG R, ZiE 2 C REss
B RERY S 2/ N RUITLZUN nNOS 5 eNOS YKk, Jf

i INOS fyFik . EARTERMIE, 7E45T 100 mg/kg
FITEA B IAL IS, NEUFAEN AT nNOS 5 eNOS FikiE
Eﬁﬁm?%x*ﬁrj 'J'g:ifﬁéli% C 5%, 50 mg/kg 7 5V 2% 75 il
BITINEG R, XE/NRARNE INOS Fik K WL
FHIML . RN NO A Al ] S B g ki fs, Hrd NOS
BT NO B CHERG . AEAUAM 2 A bR Z )5, INOS 23
AL NO, EmiinE el i MR, X8Rz 5 4A 4L
HUE RS, nNOS 1 eNOS [ IS/, PR IHHE I3 19 i i 74
ST B T IE G PSP RBE T B, N RUIT
fErf iNOS . nNOS LK eNOS HI &K, T2 HAE
A RONE i
2.7 EFREEXNRARPEBEERE. B
FBRENYELEE. TEUEE mRNA RIEKEH
20
1EH AN BT IR 4 A ol R Ak W B A T
(manganese superoxide dismutase, Mn-SOD) . #i#¢{8 & LY
B Ak (copper zinc superoxide dismutase, Cu/Zn-SOD) &t
A AL E 1 (catalase, CAT)RFRIE/KT-fx iy, 1% SRR
W%Bm"HFfEEE’J%%L_E(@ 3)o MBI BRI, TEATHE
REMS IR T I Se P A A B /D BURF L AU h i R s &, JFH
%%Eﬁﬂ;ﬁﬁ’]iﬁﬂ AN _E PR AW I . ZER—5]
AN, WREINSCR LT 44 % C. SOD Kt
Mn-SOD ,Gu/Zn-SOD Fl&k 8 % fb ¥ fk il (iron superoxide
dismutase, Fe-SOD) 3 #F' & &, H & Mn-SOD HI
Gu/Zn-SOD B L FEINT A B 24 FARKEER, &3]
LIRS [ B EGE A7 FCO Y, CAT WH U BR AL
HEMTER, JF & Had S L S0 M Rk e 1, PRy A
240 22 AR SR B AR . AR S R 45 SRR /R TE AR
B HAT AN CAT, Mn-SOD il Gu/Zn-SOD HJfig
AT B8 S /N B 2 3 A

T 60 aNOS T60[ 4 eNOS T 12 iNOS
jres) o m a
= 500§ 5.0 ] = 1.0 5
= =
=40 v4 0 208
i i i
X 3.0 3.0 74 0.6
" "
r 20 20 0.4 |—'—‘
juung oo junng
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F2  #4/NRIFHEANNOS ., eNOSKINOSHmRNAF KK -
Fig.2 mRNA expressions of nNOS, eNOS and iNOS of liver tissue in each group mice
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Fig.3 mRNA expressions of Mn-SOD, Gu/Zn-SOD and CAT of liver tissue in each group mice
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