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WE: B ey AT $KMAEAHF4(Tandem mass tags, TMT) £ F & G KA F Ao A W12 85 75 48T R 2L-F 7 8 ( Cuscu-
ta chinensis flavonoids , CCF) i -& & 2\ ik % 3F ( Tripterygium wilfordii glycosides, GTW ) £ 4 R, & 76 &M 69 VE A AL, 7 %
F21 Ak SD X KA, AT G4 GTW A CCF g7, A B m iy, i£4: 12 B, SR L REHTHKR
My — AR & 3R CCF 2 GTW S A e B EEA . AR TMT 22RO R AFH KR IFAAMEALLL TG
BAR,BETEMRBEFH RN EFRLGEQRBAITHON, B LA T RBIERGNAF ARG X ELFRLER
B, R RLTHEWMEREFREXKELARGRERYG, THE LN 2] 29 # 2 F £ AR GR, L6 # LiAR
GRA23FTRAREG R, *ALRE S5 LT A4 (Kyoto Encyclopedia of Genes and Genomes , KEGG ) i@ %% & 5 #7
2w, WA R R AR S BB IR R R A DS RE ) TR CARBRAH G F I BOKE CCF g GTW A &1
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Exploring Effect of Tusizi( Cuscuta chinensis) Flavonoids on Reproductive Toxicity of
Leigongtong( Tripterygium wilfordii) Glycosides in Male Rats Based on Quantitative Proteomics
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Abstract ; Objective To explore the mechanism by which Tusizi( Cuscuta chinensis) flavonoids( CCF) improves the reproduc-
tive toxicity of Leigongtong( Tripterygium wilfordii) glycosides( GTW) in the male rats using Tandem Mass Tags( TMT) quantita-
tive proteomics and bioinformatics methods. Method Twenty — one male SD rats were randomly divided into a control group, a
GTW model group and a CCF treatment group, and were orally administered with the corresponding drugs for 12 consecutive
weeks. After the experiment, hematoxylin eosin staining was performed to evaluate the improvement effect of CCF on GTW - in-
duced reproductive toxicity. TMT quantitative proteomics technology was used to evaluate proteins extracted from testicular tis-
sue , analyzing differentially expressed proteins through bioinformatics methods and verifying key differentially expressed proteins
screened by proteomics through western blot. Result CCF can significantly improving the pathological damage of the testicular tis-
sues of the rats. After intervention,a total of 29 differentially expressed proteins were detected ,including 6 up — regulated proteins
and 23 down - regulated proteins. KEGG pathway analysis showed that African trypanosomiasis,complement coagulation cascade

system, biosynthesis of amphotericin, histidine metabolism and vitamin digestion and absorption were the main pathways by which
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CCF improved the reproductive toxicity of GTW. GO analysis showed that the differentially expressed proteins in CCF improving

GTW reproductive toxicity were mainly related to collagen, plasma lipoprotein, protein oxidation, intrinsic coagulation pathways

and heparin binding. COG annotation analysis showed that defense mechanisms, extracellular structures and the mechanisms by

which CCF improved GTW reproductive toxicity were closely related. Dodder seed flavonoids can up — regulate the expressions of

Apoaland Tktl2 ,and down — regulate the expressions of Hbal , Aldh3al ,Pzp and Serpindl. Conclusion CCF can alleviate the tes-

ticular toxicity of GTW by regulating collagen synthesis, lipid metabolism, cell apoptosis and oxidative stress mediated by African

trypanosomiasis , complement and coagulation cascade system, biosynthesis of ansamycins, histidine metabolism, vitamin digestion

and absorption pathway.

Keywords : Leigongtong ( Tripterygium wilfordii) polyglycosides ; Tusizi( Cuscuta chinensis) flavonoids ;reproductive toxicity ;

quantitative proteomics

HNBEZ T (Tripterygium wilfordii glycosides, GTW ) J& )\
ORISR B IRV PER &, B HUAR B g i fe
P VERT, FTYT SR e v o SR, g 2o Atk
LHPRRZNP R Z— R E B AR R R R
N 17.9% 2 AT L PE A 209 RS R A 1k PR A
LI PR R AR R DR, TR BENS A AR L g
R RO

22 T3 i ( Cuscuta chinensis flavonoids , CCF) 298 22 T
ST R8T R 1 T RE L U A R N 23 A R 4 g T
BB O K AT A S AL S22 2 A mRNA A
AR IR LIANEF B 3800 4y RS2 LRI B 52 4 F 4, 02 2F S OALTR]
AT 530 S L, A A5 G 20 R T 4 R g
JL4E CCF 2 —FMRA B rH5PT GTW AR S gtk ny 254, (0
IR 9 AT AE , T B — PR R

R, ASF 5 2R FH 53 B i B AR 25 ( Tandem mass tags, TMT)
E AR [ AL )5 B CCF B0 GTW MM A 4 7 1 1 1
FHALA X6 37 W R 22 4 PR R B 2 S e S 25 i, ok
TF R A TR 21T B RE 7R WF 7Y B S
1
L1 25 & 53

TWAMEZH v (ILp @A RAF, 10 mg/ Jy, #t5
130925) , WS LAt 4y, A B K VA VR EC L 1. 2 mg/mL Y
AL RS S 22 7 I A By &y A= W B2 25 BB A
FRZA R (U2 50% , 45 2120130815 ) , T A= PHER 7K T ] A ot
W RES 10 me/mL )4 22 3 [ VR 2 ; BCA 2 i idf & ( 1
W R AW HAR A A BRA W, #5 020123230510) ; TMT
FrRicikon & (6 [ ZE R R B 24 |, it 5 WB314804 ) 5
Apoal HifA( GeneTex 24 H], 5 44370) 5 Pzp Hidhk (i = ik
BHE RSB R A AL S A20220616377 ) ; Hbal | Aldh3al | Ser-
pindl Hp & (2B = 18 4 9 5 R A R AL iS5 50 B 2
00090595 ,00090751 .00048588 ) ; Tktl2 HiiA (b 5t & 3K = RHE
AR F] LS 20220516) 5 iR 1eG - HRP (L3S A= PR
HA R W] 45 20000858 )

1.2 P&

Orbitrap Exploris 480 & ffi $¢ FH & 3% 1% ( Product code:
725533, Thermo Scientific, United States) ; Easy nLC 1200 {f,j% £
4¢ ( Product code; .LC140, Proxeon Biosystems, Thermo Fisher Sci-
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entific, United States) ; 55t & 48 75 I 40 BHL ( 72 )% Scientz Bio-
technology co. Itd. ,Ningbo, China) ,
1.3 4

21 HS TG AMENE SD KR (4 J5 IS, /K BTt 101 ~ 125 ),
KR T L U 4 A R RN, B R AR S
110011211104819427 , 4= 7=/ m] iIF 5 SCXK ( 7% ) 2016 — 0011,
P REBAE(23 £3) C,40% ~70% FHXR L, 12 h SLRE IR ER
FAF TR . SEIR T SR A 1 P B 24 K S ) S B4R B B
2t UE (834 . DWLL202105053 ) ,
2 FiE
2.1 palfishdy

R BRI P IR IR 5 LA D 2s 2 L GTW BRI 25 (A Y
4) .GTW B4 CCF AT (CCF ) , 4 7 B id Bk i &,
ZEAT 0.9% A FEERK 10 ml/ (kg - d)FEH . BHILLCCF 418y
BTN 12 mg/ (kg - )FEH 1 /. [FRF, CCF 4257
Y225 100 mg/ (kg - d) HEH , I 4 2570 5 2 O i R
i x 6. 25 (FRBRNT K BRI 259 700 e 3 58 2R 00 0 19 IR AR Oy
1 mL/100 g,1 Y/ d, 80T 12 f, SHSTHFRE,
2.2 HAKMFLLE

12 J&J5 M6 2 ks i b BE , Sz RIVIRCHS A0 520, 22 S2
FLHLUIA 4% 225 PREE € 48 h, HEAT TR ARG AL 5 4 0
ZERTIRBUE o A EALEHZURA - 80 C kA vRAr, I T A
TSI Bz 2 1 e R BT v ( Western blot, WB ) B ik o
2.3 TMT & &% & 4 % 440
2.3.1 #REGR FEH BRI CCF 44 M s
HEURE S P i A AR (1. 5% SDS/100 mM Tris — Cl, pH
8.0) , AT L LU L) I AW KR J5 , 7E KK s A 10 min,
12 000 r/min #§.0> 15 min, B 3. AW A BB AR A
8 mol/LEKZE AN 1% 4 R5 AR 2405 52 i, JH ey 55 B 75 e Ak
FRPLAE UK EEAT 3 ORI B, K5 KRR EE BRI R B W) LA
12 000 r/min A E7E4 CHES0 10 ming )i, e i, o
Fig Wi 32 78 4 W BT BCA 320500 0 0 5 48 1 vk B
2.3.2 LC-MS/MS o4r PR TCHE 20 3 b 19 8 A e AT
DURE o 1035 A DURE P A I B8 5 I B i T
TP R B AR Z TR , T35 W A AT e S Ak S LA ) A
Hihk, HFBUE S G FEA ] T SDS — PAGE #2125 &
Wros i 5 M 25l IR 5 80 1 50 Ay BTk kb
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AR B HEATREY) . 55 2 RZIEREYT, AT pH (E
1 6.0 545,12 000 r/min B.0> 15 min, BUEE & 19FE Wb AT
TMT 4b B, 1 FH SRR o O8R5 3 15 LG — MS/MSS 43-#T 5 5%
JH Uniprot v Rat (25 F1 5T 40 2 2% B8 7 s B e vk AR w15
PSKE i
2.3.3 A EFHH  #id egeNOG — mapper /41 Dia-
mond FEJT , 75 248 22 2 1 77 51 %% B 14 5 [ A4 ( Gene Ontolo-
ey, GO) TIfE AL N 5 3 R4 [ R4 5 (Kyoto Encyclopedia
of Genes and Genomes, KEGG) i i% & 2 /3 #r F1 COG 3 B
g5 ZEEAEEUEAL R > 12 5809 <0.83 HP<0.05
NZEFEARTRIESA . XG50, 2517 GO Rif KEGG
JE g COG iR PPL 2% J&7R , STRING 7EZ M ul (hitp://
www. STRING - db. org/ ) 34522 R A EHE AR PPL M4, Wk
{518 25 W 3 | Origin 2021, GraphPad Prism 9, Adobe Illustrator
2021 A TEERR
2.4 WBRIMAMEXE A KK

FEIZ 30 mg SEALHLUFHIE BRI AR , 12 PBS PE¥ 2 1K,
S IS A A B R A W RIPA 28 il 240, 2 0
10 min, JT] BCA 250 &2 W 2E . $RIL 30 g 25 AR i JFiE
1t SDS - PAGE ¥ i 43 25 3 % # | PVDF JIE |-, SKJ5 I A
5% BINEYIH Y TBST ZZ i £ 1 h, 5—4i 4 CHELRK.
JH TBST Y% 3 Y5, I i & 2 he )5, iMA ECL M,
I RO AT R T
2.5 JITFEF

fE 11 SPSS 26. 0 FEATHE T3 M7, 718 BB A7 5 IS 0
A3 USRI £ AREDE (x = 5) iR, P2 ] FL R A 3 A
A ¢ K3, 22 20 (8] H B R T ANOVA 37, J5 22 55 I 2R A LSD
07 AT R I I RS 5 AT G RS 3 A R o
ALECFIP S 2 B ) [ M (P25, P7S) Tk, 2 W) L 48R
2 - R, Z2 A ] L ABCR T & R R - IRITRIA 5
P <0.05 XRERAGIHFE L,
3 #R
3.1 REHFMN

25 VR B AV /NVE S B 5O R JE | 4545 48, &%
FAERSAMNEZ W VR, 20 S ~T 2 BN AT IR
R B SR HES A e, A RE S IR b R AN, R N ST T G
To BRI K RSB LA LU B 05 W S, AR /NS R 4
AR B 1) E] B AR, ARG b B 78 g A2 R A, A RS A
LS 43 8% 5 PRS2 PR F-10] 02D . CCF ZH R BREZ LA A /)N
EHEREEREBAH AR W, bR Reas Mg, s Y
LI S R 20 0 40, A R A R A ) L 2 TSR A
St sERE HAR ST, N & B Bl B 2 iS4 b oy
AR, E NS TR, WaETTXXIE 1,
3.2 ReFEBEAREERAAEAN TMT € 2% A R4

25 PCA I3 Mt FEACH S 0, DA DOXKILIED 2, g P
5 CCF BB GTW SEALSig; i VR T, Boni F TMT 45 14 J52
H 2B RXT COF 20 58 A 20 2 W] 1) 25 5 3R 3R B L lF AT 5

e 1 7381 AR B, HoAT RV . BBAL S A A AR,
FIAEARHE 4, TREARH 30 4, 2 REABEGET 34
Ao S, CCF 4 R34 20 Fh R B &
P A04E 6 B BRI B BT 23 AN IR, G FE S 1.2
L 0. 83 519748 b, WAHTIXNVE 3,
3.3 RAFHEHAEEZRRAZANENELEIMN
3.3.1 GOk adr X CCF AIFIBIRIZ BEAT GO TERE
O3S LAVT A 22 v 3R B 1 Y T AR T RR , 45 R 24 5T XA &
4 R o AR R, 22 R YT S A B2 D 4l
M AR (15% ) AR (14% )  Z A A PR R (11% ) |
XS BV (11% ) AR FE (11% ) o FEAM S v, 22
SRR R 1 L 5] S5 K 11 2 2 A 73] S 4R (50% ), FE R 2 A
A (40% ) & E A BRE G (10%) o 75> T IHREH, 2 5%
R E AT EEA GG (47%) S FIIRERTY (19% ) FifiE
AETE(16% ) o HE4T GO & £ 43 Bt LADAili 5 26 Ty e S Al v 22
FRIBE AT R W G R A XXV & S B . e
AP Bt ZFRABEAFES S MKIEE OB ES
HENREFXE IR RN . MR, 2 RFTIXNED
GTSE )i DRA AR N 04 108 A o SO €50 e R i
FEEA A0 P R ER 5 0 1A 3 R
3.3.2 KEGG #4tg £ 44 RH KEGG il %5 #r CCF 410
BRI I 22 5 08 o s I R BN, FEBRR AR
N4 BU5 ( African trypanosomiasis) A2 4 & i 2 1D %5 2% ( biosyn-
thesis of ansamycins) 2] % f2 L] (histidine metabolism) | 4
55 6E 1L 948X 2 5t ( complement and coagulation cascades ) Fl4E A
ZIHALT U (vitamin digestion and absorption ) FH 2¢ 24 55 3K 1)
PR, IR XV 6A, fEiX S E2R R BREARS
TEEA R E AR BN A - 1(Apoal ) T ik
JF1(Map 1) (IMETHE AR alpha — 1/2(Hbal ) R A Al A 5
2(Tktl2) | Z P NE A B 3A1 (Aldh3al ) .o -1 - EEREH
(Pzp) ARG T 1 (Serpindl ) Y3154 CCF TG K4 T
WA, JAGHTIXXVE 6B K 1,
3.3.3 COG BAM %% R4 COG WAL R
S3HT, AR WAE TN 7 R . R RE S, F 8
AL RSN G . 1R B R S AL B A TE] B
FRAE i R R BB T I iR AR
3.3.4 PPLp#T T #E—BRWIHFHLH, 22 573K B0
AT E] B, (1) STRING $iefis e A ffy 1 B AL 20 FIVR o7
HZAIA KA, A 26 D5 5 (A Steing £ EH AR R 3 4
2253 1 Mapl ,AABRO7060971. 1 ,CON__P02769 X ij ft) 3L A,
HCE AR SRR 26 DS RFRYCR) M 1S FUAHEEH
K Apoal \Pzp Map 1, Hbal Serpindl ,Aldh3al Tktl2 /54& PPI
P02 B rhC A I 5 2 A 22 S 38 AR AR ELAE T RO A
2, WAFTIXNE S,
3.4 WB 4-#r

525 LR, BEAY] Apoal 35 H R IKFEIK (P <0.05)
Hbal (P <0.05) # Pzp (P <0.01) & [ FRiA T SR L
%, CCF 2 Apoal \Tktl2 25 (35T &, i Hbal ,Aldh3al \Pzp .
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# 1 KEGG il pg A H

KEGG j# R 2R [GE SRR L% PSR P value 43 ¥/ (kDa)
AP Hup Apoal 30.67 0.643 Up 0.008 109 30.062
Mapl 0.771 Down 0.004 201 47.775
Hbal 0.798 Down 0.003 790 15.329
WA AR Tkil2 127.79 1.292 Up 0.043 126 68.364
2H AR Aldh3al 21.30 0.825 Down 0.049 924 50.339
AMA BE I 9 R 5 Mapl 11.28 0.771 Down 0.004 201 47.775
Alm 0. 800 Down 0.008 849 167.125
Serpindl 0.782 Down 0.005 212 54.552
A F IR Apoal 42.60 0.643 Up 0.008 109 30. 062

Serpindl & [ F 15 K&K, H tp Hbal (P <0.05) il Pzp (P<
0.01) HHARBHMEFEAG IR L, WE9. %2,

Apoal e — 17~35 kDa
Tkil2 | G- —— 1 /| 68 kDa
V| |
Aldh3al R SR W | 48kDa
Hbal —— | 14~16 kDa
Pzp | == =B = 54 kDa
Serpindl = = | 57-60 kDa
GAPDH D emmm emmm | 36 kDa

ZEE4l BUYAL CCFEL

9 Apoal \Tktl2 ,Aldh3al Hbal Pzp Fl Serpindl {475 4323k

4 Ttig

GTW A i PR FH B4 o B 24, A 24 14 245 o 4 S e 41 il
AR A B A T AN R R IR AN T 20, 224 DR s 2B 7
IS FH T2 SR B 5B PR B s B RO IR R S
VI 255 1 B P SE 50 vt SR B 75 28 i o e P Bl ) 2 58 R 56
S5 ML, AT BRSSO & B
FARBZH KE RIS T R 2N SR 2, SR 5
FHZG R A7 AR A OC , Al i R sy AR 4 T S BURAF K BRL
FUAE R /INE 25 SN AR AN ST A0 sl D , B 52 PR 7 B0
b TS T SEALSCRR AR ARGE T 10 & B il AR R it - 22 hk
ORI, M HE RIS R T R RE R R 52 B, e T B R
FEC O TR B S GTW LSRR 2 L T,

2t 2 T BTSSRI (WS R BT R RN M4k

SEAb 2 AN L R, B 4 T R R B T TS
HRRS , BiH 2 B 5Y & B 22 F B Re (R i 2 LA 4 i A
KNG CERS AN R B A, AR B R A T ER T REE S
SR e B 22 T BB PR i B A 25700 Y L R TR
ERIE MRS MR A58 PF MRS 06 01 RIS T RE 1 45 SR e B,
CCF XPH5 135 J1 FBSsh R A e HEAE ) o BF9E M, CCF o]
3 2 52 U EGF mRNA J 2K [ 38 35 1M %0 7 2 T il 70 5
AR SEAUI , P S A BT A AR A T R
[, CCF AT b 98 37 45 240 W v 2 i 36 A2 AR i K7 IR i p —
AKT 25, 418 HE Q) AF 323 40 I i 3 58 A3 46 . CCF il
XTHUER 2N 500 FIr B0 R 4 BREEALZL 21 Bel - 2 2 Rk d >
1 Bax 2K {1 F 00, I A e 4 A T RE DO L AR
HHTHIRTSE & B, CCF ml 3l M A AE RS A i S B AN & 4%
A T3 3G T SCF/ ¢ — kit ,C — myc FI CREM # [ 381K
B B AL i R R TS5 Fas 5 Fasl (038 350k & 54
FEANMIIEEE AL I 24 AN B R T Ve R AR A RS AN i
(3B RE 1, TG 2 75 N e 2 S B MErE A A 0

AWFFE LATE H R A F M CCF B4 GTW S 3L 45 f 1
FIHLH . B CCF THUG IS RE T 29 Fis &Ik E AR,
SARIBIT BRI L, Ko BRI A i 6 Ff, T M& A R
23 fjr, WB &5 BRI B A 5 B O R4 A5 R —
., KEGG B GO MHriEst, i CCF JA¥ iy 2 &k H 1
T DL 3 2 SRR AR T A S T S AL

GO S M i/m  FEM MR, 2 R KB M EA S S TH
F AN IR 20 S0 2 | 200 P I L 200 M T A I S A
W B TR (B B I M A1 R 5 R 0 R R 1 kL. e
R R E R R E A RS S MRS R
PR I3 e B 1 BURLK T R 2 e A ORI B VA AR
AR F5 1 SORE He A A WA A0 R B IR 70 1 2 AR I
AR R PE RNE 6 R A 88 SN B 80 S o € I P TE i A% VB
JEAAAL A AR R KT A IS X At A SR

T2 AU I LT Apoal \Tku2 Aldh3al \Hbal \Pzp Fil Serpindl {92 [ 3K B (x £5)

415 n FH/(mg - kg ™) Apoal Tkil2 Aldh3al Hbal Pzp Serpindl
ZHA 3 - 1 1 1 1 1 1
ERIZ 3 - 0.773 £0.172* 0.795 +0.059 1.447 £0.323 1.917 £0.320* 2.899 +0.484" 2.277 +1.163
CCF 4 3 100 0.874 +0.055 1.308 £0.449 1.356 +0.300 1.054 £0.475°¢ 1.536 +0.384¢ 1.520 +£0.464

T2 525 AALHAL, P <0.05;b Has HA WAL, P <0. 01 ;¢ SERA A, P <0.055d SEMA AL, P <0.01,
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JISE AR L2 WA TR 22 40 A 0y ek R VRS AR 43 T D RE I
XFFIRE ST T B 2 A IR T R 4
B VA SR S AR R AR T R S A T B R
254 DNA RETSHEMELT - BREAWE 6. MRk
B, 1R TRV BB SR 452 5 52 00 ) i 4IRS 48 L1 20 il A
R TF) LB, T T A S o, AA 2 U SR8 i o Th i, 4
FRTE W 1) SR AU R A , S50 7 AR A RS A0 I 9 20k
HABPXRZ? Y BHEEREA TSl 2 MEEEA
(Apoal \Apoa2 ,Apoc3 I ApoE) 41 B, 77 5 I Bl B 1 iz i, & 5
LI B 20 M A A SR TR, 48 45 IE M R KR B
FE P R ISR SR T R AL IR T B AR A b T A I g
SEH AT R BWUARATE R G AR EAL, B4R IR A, A
FE AR H 8D, Leydig 20 M1 , 4 i P4 R 107 3 i385 22, 2t
({5 5 158 Z B, P ECE RS W A2 B0, R I8 o 2>, 16 1 B
o ALY B AL (Superoxide dismutase, SOD ) &4 A AL
PR HE 4 , 48 bk H KA 4504k ) B ( Glutathione peroxidase,
GSH - Px) AR EEPTE ALY, N ¥ ( Malondialdehyde , MDA ) J&
A MU RSERS BT E AL R N A 2 —, S AR IR T
WL S A 8P B8 035 B 11 el 2L 9 R 10 . ZHANG K S
5 0 DSR2t AL 3 AR SOD (GSH - Px B4 3 1 A1 T
1 MDA (55 B S 35052 RS 058t B AL RE R 5 . 1l CCF
AT EE SR T B A Y AL B D, BEAIR MDA & &, 90461
R B ALZA 505 R T, CRAPo0 7 ISR T A 4 335 1 4 Py 2K
s 8 T A R R R P IR A 1 Pl T R s 1
X AR B A , T VR T R B A AR SR A, B
SN T B, TR B S TR BNAY AR . IF & AT il
SRR R BRLS2 LA 4 T MDA F GSH - Px 7K, {747 52 LK 4
LT B B R UG Bk E, GO 43 M W CCF
AT RE i 3 T AL GRS T ST RE IS 2R KT VA
LN AR T PR 45 G SR PR IBEE GTW B sy S50
LU , DTS00 200 i A 45 T 1

KEGG i@ % & tE r i £, & CCF 4 #E 5, Apoal |
Hbal \Tktl2 \Aldh3al Pzp Serpindl 25 T AL M4k B A&
VP EER A AR M S B KB R G E AL
WG B 1%, DA GTW AR B BE 1 . Apoal J2& & %5 FE g
T R E AR A, BRI 2 R R R 3k
O, B A IE A B, A N R i fg AR
WRPTR UG AL BT T RS R A0 i ) BE A T
IRAEDY o H0 MR | i NS LT L 30 DK RE R AL MR &
B P M1 OE 7, Apoal 38 I NF - «B &2 . F
i Fas/FasL DL /0 40 Ji 04 1 35 484 58 b S AL B s 17 4 31
JELUFFSE % W Apoal 5544k S A 3, CHI X P 4%
KWON W S 45 HEAT G BN/ TIESE Apoal £ F AZKHE T
P TOAAR S5 X3 00, R - i) T B2 2 R 4, JHL 35 TR 7 i
5 T4 v s S ek , T R 7 VAR T IH [T e M RRS 74
AU R 5 0 T R AT BAE L, 3 — 25 52 RS T 10 802 IR R
FISZHR A2, PLUMP A S 451 JjgtfE24 FUER] Apoal 245U

[ 7 A 20 M T I R REL [ [ S BB T 06 7 B9 ISHID T
S L BUBAT SIAR KO/ Apoal KO F/IN BUSE AL H Y I R T
B, FH] Apoal 75 %2 AL J5 240 ML r i LI e 18 A0 S I AL S
HR FEEE B, T2 776 T 40 B A, S W B R iR AR
(Pentose phosphate pathway , PPP) J5 4 4 fk 45 52 (1 i , B %
HEAG A A BB A R, T8 22 25 S AN A TR 5 — R A%
HEAN NAPDH , M T A 40 1 0 480 A6 0 25 4 45 i 45 o 7 4 428 )it
B2 A2 B T LR T O S TR PO B 4 5 E O
AL Thl2 1R 5, BAHLEIRTE . DAVA-
LIEVA K 20 5% A AL i Thel2 5 TOHRs 74 0 %
EYIRG, TR B A I 0E A bR 5 . Hbal 2 1l 2175 1
(Hemoglobin, Hb) f %2 i 4% , ¥ M B9 21 40 fa £y Hb 3%
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