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Protective effects of the total bakkenolides from Petasites. tricholobus on high al-

titude hypoxia
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[Abstract] Objective To study the protective effects of the total bakkenolides from P. tricholobus on high altitude hy-
poxia. Method Normobaric hypoxia model and acute hypobaric hypoxia model in mice, hypobaric hypoxia model in rats were
established for this study. Survival time and survival rate of mice were recorded. The level of blood sugar and glycogen, adeno-
sine triphosphate (ATP), lactic acid (LLD), lactic dehydrogenase (LDH) were detected in different organs of rats. Results
The total bakkenolides significantly prolonged the survival time of mice in normobaric hypoxia model and reduced the death rate
of mice in acute hypobaric hypoxia model. The total bakkenolides suppressed blood sugar level in rats and increased the glyco-
gen level in rat liver, skeletal muscle and myocardium. It also elevated the ATP content in rat brain, liver, skeletal muscle and
myocardium. Meanwhile, the content of LD in plasma, skeletal muscle, myocardium and LDH level in myocardium were re-
duced. Conclusion The total bakkenolides from P. tricholobus have protective effect on normobaric hypoxia model and acute
hypobaric hypoxia model in mice as well as hypobaric hypoxia model in rats. Its anti-hypoxia efficacy at high altitude may relate
to the increased blood sugar, glycogen, and ATP level and reduced LD, LDH level in major organs.

[Key words| P. tricholobus; total bakkenolides; high altitude; anti-hypoxia; hypobaric hypoxia

% BLiE 3L SR @ A Y Perasites species (Aster- aceae) | {Z 43 A FRRUN P AIILSE U . FREILA 6
Bl 7 T ARG R AR RN VY R Hb X, a3 O - 0 3 S
P. japonicus (Seib. et Zucc) Maxim, T 25 1 3| 3%
[(BeWAB] ERFHHLEREH(2009ZX09103-420) P. tricholobus Fanch 2 M-85 P. tatewakianus
N VAR 754, Tel: 312 ; E-mail ; wl- . N .

[1’&%‘:’;-%1@;;1]63 FEolk s AW AE. Tel: (021)81871312; E-mail ; wl Kitam . £ 8 3 32 P. versi pilis Hand Mazz. K [
egeyudi@ . com

N c D PARN N
DEMAEE] HW S0 0 U BTzt goe O PR Dorubellus (J.F. Gmel. ) Toman, &5 8¢}
Bt B R B B, Tels (021) 818713025 E-mail; mlguo @ 126. com. ¥ P. formasanus Kitam'', H R 25 H A 3 i
2 b BEEL Ermail: doctorwh666@126. com B AR M DR i%ﬁﬁ?ﬁﬁ”[ﬂ % Jib S8 A e




2T 2017 4E 3 25 HAB 35 5 2
Journal of Pharmaceutical Practice, Vol. 35. No. 2.March 25,2017 117

JTRE REME I RAT B 5

S DR ZH BT 300 8 96 21 S T A ) B 2R e S-S e
SRS B BEAT T BN R GRS 0 Sl A A
OYESARAT T EAN L SR N ER R AL S I LA K 6
e L SE N TR R AL G SR BT AR R B
36 31 S PN TR DS A0 B D6 2 I 50 A B
Wi A AR L WA U AR TR T 5 e 3k 3 A
PR BE 63 1ot # i AKT F1 ERK1/2 B30 LA Rz
il NF-rcD3 3 s 1) 38037 » A 208 o R Ml A 6 A B 47
R Hi 22 T0 AR 7 A R B T i R R e 2 R
PR o ER e ) S R0 P TR X o Ja e e 5 R
A RIVE T R WARTE . O T IR ASZ i e 25 B A
g 1) 24 JH L AR BT 5 0E — 2P R 1 0 S 2 Y i
X e D kR PR AP A

1 ##

1.1 #Hap5RA SCW P  SEa Ry A8,
25 1 RO €5 3% CHPLC) K 00 5 36 ) 3% 4 P T A9 7%
WO 67. 100 Hrp gL 2 i D.B.Va. llla i & &
A 18.5%.37. 1% .1, 9% .9. 6%, 45 4 =X Iz [
UL 1B 2, v R A B (Y )1 R O T 24
AR EL S 141102), S5 RT. M 0. 5%
CMC-Na # & Bic il 5 — & W B2 0¥ . % oo i
B R R CATP) IR & FLIR (LD) 3k & V7L
1% M U CLDHD I & 240 3 /e o A ) R
WL .

Ho=
13 R, R,
R, R,
W3 SEAARD  OCOCH=CHSCH, 0COCH,
#LSEAMRB 0C0C (CH,) =CHCH,  OCOCH,

W3S JIIVa OCOCH=CHSCH,
14213 RTITa - OCOCH=CHSCH,

0COCH=C (CH,) ,
0C0 (CH,) =CHCH,

1 HES43EMEE DB Va. lla W&EHAR

1.2 B 5&E INAEREBYR G (LR
J7 s Wi S R (WL B & 4 ) ) s Alpha-
1506 A2 Hha] UL 43 % BE i (g 3 oo 4 A R
AN TR EE 2 I BE Y (Bayer HealthCare LLC,
USA) , TGL-16M A1 &5 .00 B (13 5 3 A S 0 HIL AR
A M2 FD L K30 B BE 0 4% 39 % R I 0 P8 8
J7), HH-W600 % 7K ¥ By (4 B8 A 45 il 1 A R A

J L\M

0 20 40 60

B2 #3438 K E HPLC E
LSS i D2, 5S04 By
3. WL SRRV 4. 4654320 B T

F), PRO200 1 H 3 2] 3 #l (FLUKO), Agi-
lent1100 #Y &5 S0 AH 2,5 1L (Agilent, USA)

1.3 %34 SPF % 6 B ICR /N B, M ik 45
b KT (204 2) g; SPF 4% 6 J&#% Wistar K B, M
M2 AR HE (200£20) g3 SEER Sh A ¥ W A 1 iR
Je T L5 B W) A BR 2 v L SE 8 B 1 F AT IE S - SCXK
(J1)2012-0002,

WYX E S THEERSIY G . ARt E S
POKGREE: (25£2) CL @ :.40% ~60% ., A\ 1.1
IR el . AR S 7 RSy s YR sh )
A R R4 P U] R AH 56 R E o

2 Tk

2.1 HahaE

2.1.1 /PNRATERA A S R ICR /N L
3100 H, MERESF 38 N PER SR 3 d 5 iR IR E R AL
Ay R 5 4 ASETR A U R B X RO 4] AR A
R ER R B 20 K. rdl)E MR Ak
B 25 WA E A 2R R . A5 AL 2R R A3 S Ok e B
CBHPEX IO 21 280 mg/kg K 741 20 mg/kg.,
F 2 40 mg/kg . FH 4 80 mg/ kg, B 45 T
FHFEARFL 0.5 % CMC-Na W 525 X i g .
BT hE . B&HNRE TEA S ga KK
125 mlJ” FOf B0 1 2, 28 SO/ . IR DLL AR i
SRS /N BRI A7 3% I ]

2.1.2 /DNRAVEREE TR R ICR /N
100 H, MERRE A5 3l B MR R 3 d S H R FE Rl AL 4Y
95 41 B A i R CBH P RO 4 AR A L
Fl2H  En R A 20 H, & 428 25 F) & 40 )
Sh i g CBH M XF B 41 280 mg/kg. 1% & 4l
20 mg/kg.,  F| B H 40 mg/kg. & F & 4
80 mg/kg, BLAILL 25 T A AR FL Y 0. 5% CMC-Na
W5 A HEE B H LIRS 7 d, B



2irE iR 2017 4R 3 25 B 35 B 2
118 Journal of Pharmaceutical Practice, Vol. 35, No. 2,March 25,2017

1 dEBJE 1 hoB /N BUR AR ERE & AT, 3
2L 10 m/min (13 B IR b 7R R R R
5 000 mA1 8 000 m i 43 H] % 1% 3 min, fx XTI &
10 000 m,1 h J5 LA 20 m/s 2§18 [ 28 1E 5 TR 4 i
PAN OU/E582 = ksI E7/N D pT y ez8
2.1.3 KEBUEBRESLE B Wistar KR 48 H,
WERE 252Kl R PEME 3R 3 d S L BEHLAY A 6 4. W TR
X REZH B AL B | i R CPF P X D 4 AR
M iR Em AR 8 ., KA A
G390 Ay i 3 CBH M X D 21 196 mg/ kg IK 71 2t 41
14 mg/kg. o Fl & 4 28 mg/kg. & Al & 4l
56 mg/kg, H HX HRAL DL S AR R ) R 4 25 1 AH ) 44
Y 0.5% CMC-Na - 4425 A i E H 1
WL 7 d, BIGLAEBE 1 h, B&HRRBA
P AR SRR 9 CFF R A B BR 40D . L 10 m/min
B R U b T 2R U R B8 000 m, 4 R I i
5hg.Lh20 m/s G18 F R EE K& E. TR
11 X Bl 4y 0 TR WACHE IO G o U L I
WL, K BE )5  ATP.LD &% LDH (& & .
2.2 #mFEARLEF
2,21 NRUAER I BEAE IS g DR
WA R IE AR S » DA A5 1R Sy /s BUSE T Y 0 %€
febr . o BV F 0 % H/N RN H % I
FNZET M 1k 4 B[] GE 45 2 /N B A7 06 1) (]
1735 B 6] 38 A 2R (%) = (25 9 4 24 77 1% i)
[ — A5 TR 2] S 34 77 345 B[] ) /R TR 2 S 34 77 30 B i) <

100%
2.2.2 RIBESEAAEFWE DT IRER

WG RO 18 I 2 IE R I AR R RS TRAR T
DARF IR A5 1k R /0N BRPE T Y WL 5 48 b » S 11 45 4 1 3T
T-%,
2.2.3  RERAACFEARAI o R K B T
T A A A 5 TS SR I BB o 7 B af A
Ao 0 I 30 S LB 1R

25 2H SURE I 0 A T < JHF JIE 40 21 45 JRURT 500 mg,
BN BUH 200 mg, A H & (mg) ¢ Bk
WARB (D =1+ 3, — &M ARE b, hKIEE
20 min, f50H JE K R - e BEGR) G U B 1 AT & 4
ZUBE I ) R0 A

ATP.LD.LDH A4 I0 - BU& 20 2 e Pk o 4%
FEARE B (mg) + B (mD =1 9.0 A 4 B EE K 7E
UKW 6 F T AT LS K, S WA 4 C,
3 000 r/minfIK G B0 HL A B L 10 min, BT
T e FRGR R G Ul B B iE 47 ATPL.LD L LDH 9 4 i
KAt E, M REAR T 5AEPEERK 10 49 /Y LB B

BRI, AR A0 BRAR ]

2.3 %It F 44 R SPSS 18. 0 84k AT B s
G3AT . XTI TR A SO D (k) RN M
2 A1 BB L B % | ANOV A, Dunnettz test, X F
TR R DL E 43R (V) £on, A R A

0
3 EYELANEXNLRIWHEXERNZIN

301 AEHEARRDRAFH TG YA 3
SR Al A T 5 79 k4 4 T D A S K R A Ok S B A
T I ] 5 BB 2 A L. 28 S A SO B (P
0. 058 P<C0. 01, I 18 — %€ MY LML o I+
LB A % I () B A7 37 I ) 9 =3 5 90 e B 20 R
W21,

F1 EIZXIHNENIERARENDER
FiE B 8 R A B A 0 X 59

5 Y e 1%
A wE mE s R
(H)  (mg/ke) %)
HETRY 4 20 — 880.14166. 7 —
i R 41 20 280 1010.5+-197.8% 14. 8
IR ik 4 20 20 994.4+138. 2" 13.0
rh ) 2 20 40 1050, 4+212.5" " 19.4
1w 79 4 20 80 1075.8+£73.0% " 22.2
* P<C0.05,* * P<<0.01, 582 [ %%

3.2 sEAEMREHADART RGO R EDAR
SR VR R AR S L B AR 2 L R A L SR SR R
PIERAIG . i ) i A P BB T 3R 43 i 65963024
35202500 F1 1020, 55 A5 T 41 K L . 35 B 4 g B
FRERAE T (P <0, 05) , B 3 32 BN iR &% 77 = 4
W 4 AT ARS8, HLFE A 205 25 %) == 0 3 m, JE T %
BT RRAR s 778 ) B OB OC AR, HL o 7R £ 41 0 R )
HEBAIH K 22 R A G E L (P<<0.05 8 P<<
0.0, Wz 2,

F2 BEIRIAAENAERERENRIETENZI

13 B Rk ik FET- %
(@29 (mg/kg) %)
I 2 20 — 65
i B 2 20 280 30~
IR0 4 20 20 35
rp) 20 40 25%
1R 79 i 20 80 107~

* P<0.05, " * P<C0.01, 5 8B 2 i



2T 2017 4E 3 25 HAB 35 5 2
Journal of Pharmaceutical Practice, Vol. 35. No. 2.March 25,2017 119

3.3 MM AEHARRKELIERG Y@

3,301 U i SR BRUMWE & s s e AR X
FECZH Y KRR i s % ) W TR R R A (P <
0.01), EBIRIXF RRZH AR LL , e =) 3 B IR 45 7 i 4
A AR T R BRI I B 5 B (P<<0. 01) , 1 145 il
e 40 55 A Y 24 ) TG W 35 25 5 (3R 3D

F3 BARSNENREREARMES L0

40 SR A2 h I )
() (mg/kg) (cp/mmol « L™1)

R X IR 41 8 — 6.964-0.99
LT % Bt 2 8 — 9.38+1.06"*

Wl e 4L 8 196 10.40£1. 68
AR5 2 41 8 14 7.1140.95% %
w2 8 28 6.8340.45% %
w3 7 2 2 8 56 6.73£1.34%%

© 0 P<C0. 01, 5 He X B F A # 7 P<T0. 01, S5 10 %) BR 2 L 4

3.3.2 0hHs R AR R BRI L B % UL L UL P B D
TR e AR IR A rh L ORI L
JUL o0 WL B D 5 £ 1 38 3 AR T e R B2 (P <<
0.01), TEJHNEL 2 b, 5458 0 %) B A L, e 3 5
DA TR 5 700 R A DA R v B A B R YA T
s HZES WA G EE L(P<<0. 0D) s 785 85 LA
DL 2 HA w7 i ] 5 R A i 22 5 2
Yt L (P<<0.05 8 P<<0.01), L% 4,
3.3.3 X i i SR BRI L E LB B UL, O LR
ATP S8 55 B X A1 AE H 4578 X6 BE 41
R E BB LSO LR ATP ¥ I8 3 B AR
(P<<0.01) $&/RIE B R T . 5 85 78 ) B 240 LU A 7E
ki 2 25 R R 2H 2R e, e S| 5 R N TR A R e A A
i L B AT R S ATP 5 5 (P<<0. 05 8 P<<
0. 01) s 7E B 8 LAL 2L A0 LA 2L H w3 39 & 4 v &5
ETE ATP 58 (P<<0.05), W 5,

R4 BARSABEMNAEREXRFE.SHENOCNPERSENHM

40 S éﬁé&jﬂi AL LﬂJL
() (mg/kg) (mg/g) (mg/g) (mg/g)
X B 4 8 — 44.8440.72 13.8241.32 15.98+2.16
L5 i 2 8 — 31.09+1.08"* 7.87+1.67"" 8.434+1.78" *
W e 4L 8 196 38,0840, 72% % 8.87+2.70 9.5744.05
AR 1 4L 8 14 37.9541.29%% 9.8442.13 10. 582, 83
w2 8 28 38.02+1.02%% 10.60+1.71 11.27+2.00
e ¥ R 4L 8 56 38.13+1.53%% 10.96+2. 84% 13.73+2.30%%

* 0 P<<0.01, 5 B BRZH AL # P<<0. 05, %% P<<0. 01, 5 BRI BRAH LA

£S5 BARKENEXNBEREXRKATEEHRNOAS ATP & 280

) B A Hm HfHE AL AL
(@20) (mg/kg) (pmol/g prot) (pmol/g prot) (pmol/g prot) (pmol/g prot)

X B4 8 — 730.50+92. 16 809.43+113. 87 827.77+165.53 1 126.60+236.91
H5L AL %6} HE 20 8 — 433.42+50.78* " 383.13+118.23* * 349.05+142.06* * 713.01+176. 53>
i R 41 8 196 604. 904162, 05% 653. 36172, 49% % 447.87+108.77 794, 74+260. 92
L1 B i) 8 14 616.784124.57% 614.32161. 447 450. 43142, 02 834. 374245, 16
w4 8 28 655.57+170.01% % 649. 44206, 78% % 513. 62+90. 49 956. 00+ 167. 38

e 79 4 8 56 686.99+131.05% % 676.75+154,23% % 527.59+136.50% 1 040.43+298.13%

* P<C0.05,* * P<C0. 01, 5% FEXF B4 FL % = P<C0. 05, %% P<C0. 01, 55 A% AR 4 L 4%

3.3.4 XU B AR RIm 2 . B L. o L LD
ErRARE I 5 R X B R H A R X HE 2 K LI
OB ONUR LD & ¥ 8 T m (P<<0.01),
RN HRZE A B L 7 a2 B S SR PN T A% R
49 ] RAAR I LR 25 i (P<C0. 05) T b i e 401 5 4t 75
ZHAH L TG S 35 25 55 76 B LA 20 e S 5% 0N i
25700 2 R i e AL A B B AR T LD 5 i (P<
0. 01) s 7E0> LA 2 v, e =} 3 50 P i 45 791 i AL 1 T i

SEREAL LD Fr i (P<<0. 058% P<C0.01), 1 i i FE 41
LRI B AH L, 22 TGRS L3 6,
3.3.5 Sy e i AR BRG IL LDH 5 i 19 52 i)
55 X A AR HE , B RS X BR 2 K B0 Uley LDH
TR E TR (P<<0.01), SR 4 L, i
i BFE A LA B W6 S| P T 5 ) o 4 3 R R A LR
LDH &, HZERA St B L (P<<0. 05 8 P<<
0.01), WLFE 7,



2irE iR 2017 4R 3 25 B 35 B 2
120 Journal of Pharmaceutical Practice, Vol. 35, No. 2,March 25,2017

F6 HEAXSNENBEREXNRME. SR OIS LD 2ENFN

401 YRR ERIN / B AL L

(H) (mg/kg) (cp/mmol « L™1) (mmol/g prot) (mmol/g prot)
X iR 8 — 1.9040.57 0.51+0. 28 0.66+0.21
AT S HE 41 8 — 3.6340.65% % 1.3540.31*~ 1.2940.30% *
gl it 8 196 2.8120.59 0.8640.27%% 0.9820. 29
AR 2 41 8 14 2.6140.75% 0.89+0.20%# 0.88+0.29%
eh 3 4 8 28 2.5940.93% 0.8340.21%% 0.8040.19% %
1R 70 2 8 56 2.5440,95% 0.75+0.16%# 0.7140.27%%

“r P<<0. 01 54 EXS B4 85 % P<<0. 05, %% P<<0. 01, 58 %0 %) BE 4 b4

F7 EAFENENBEREKR N LDH 2 2%

a3 BIL7E G op i Kty L
(@20) (mg/kg) (U/g prot)

X IR 41 8 — 2 732.34+553. 61
H5L D %) HE 2] 8 — 5799.34+1 316,62
i 4l 8 196 4 157.314952. 68%#
IR k4 8 14 4 416.114908. 017
Fh R 2 8 28 4 125.66+1 223,697 #
A 8 56 3764,54+4919,73%%

© 0 P<C0. 01, 5% A R4 B4 s # P<<0. 05, 7% P<C0. 01, 5
HIXT R L3

4 itig

R AR e D Y 2 B IR I L 2
SEAUARRE R AU AL LR N R B RS E -
e D JUE R e e D A g U Rk B g
FEE L AEAR SR T R 28 M 2 2 T B S
T e e ol H B S S TR AT LA A K 1 25 5 51
B 25 ) %k vy DLk S PR PE T . AR BRI A R AR
36 31 SR U5 PR TR A% 7 e 2 X T I P A AR
7N BB A7 T B 8] 482 1 77 0% IS [0 389 0 25 O B — € 1Y
FR R AR 5 () I 7 0 s e S TR o o 3o
P TR A% ) A (R R MR IR T /DN R S
TR,

TE R EUNE BT - Bl I A 2 AL AR BT A 26 958 3K L
1 3 207 Nz — . oo A v i 23 1 4 7 Bl T LR 3t
207 ATP. R A4 2 70 T N B AR . 7 5y ikt
RO NI ER AT 7E LDH AL R L 8 A
FURR™ ™ o AW I i AU 4 8 000 m ) Bk IR dik
SAPRIE 5 3 N7 KRR ke SRS R I I R oz Y 2
PR . AR R B2 v ORI AR I S T R T
B JUL O LR B T AR L 2 AL Y g
JECBR S5 08 LR BE 5 T TG 19 7 5K 98 20 R S LR AL T
JOL PR s T i R L O LR B AT 5 i
PR T H OGS IR R W AE SR AU O T 25 E 45 15 5
4 (3t BE S AN A 5 TR F M2 o S L UL L 0 L

B LD &3 8% T w0 L LDH & &t B 8 5
T T BR AL . 2% B i S5 S5 AL AR B 0 47 G AU
W, LD = A BUE L LDH 36 BR. B 4020 45 7 0 3| 3¢
SNBR IS Wistar KRR K F FEAG 10 E #8%
HWE AT ATP & & A B g in. LD #1 LDH 11y
ARFRE TR, 25 Bk AR 4 SRR ] e SR
FAFT L 0 S 3 R PN TR A AR R B P RS E L 3R M AL
FENEAS OREIR DL & ATP 5 L 080 LD BLE D
Ko LDH B35 1 o 98055 e Jat ot 40400 43 oo st L A4 i o
A IF 4E R DL N PR R A

A5 Ry 5 06 S S P T T R UL o i R AR 1)
KRG PRIt 1 F S RL 2= AR FE 0 v it e 4 1Y
BEAILT A Rtk — A

[ % 3x#k]

(1] hRkpe s A G HiEZE A 2. P EAEYEIM] JE . fl 2
A 1999 :94-100.

[2] EZEPEHEHR(HEAL R hEAREIM]. Fif.
b ¥} 24 R AL 5 1999:914-916.

[3] EE&R.HBEW.K K. BRI SR Z M= s Xt
SAGELT]. 55 B BE K224 4) ,2006,27(11) 1 1210-1213.

[4] Zhang N, Guo ML, Zhang G, et al. A new neuroprotective
bakkenolide from the rhizome of Petasitestricholobus [ ]].
Chin Chem Lett,2008,19 (7). 841-844.

[5] Wang YL,Li RP,Guo ML,et al. Bakkenolides from Petasites
tricholobus and their neuroprotective effects related to antiox-
idant activities[J]. Planta Med,2009,75(3) :230-235.

[6] R, E MWW, B SR RS )] 2 =%
PR 24224, 2010, 31(7) ,779-781.

L7] BWRF ZEAR5E, Ph— NG, S5 0 3 AR 25 b i — AN £ 2 0
o B ILGUBATE L], 2524274, 2016, 51(8) . 1285-1289.

[8] Jiang Q,Xia YY, He JM, et al. Total bakkenolides protects
neurons against cerebral ischemic injury through inhibition of
NF-«B activation[ ] ]. CNS Neurol Disord Drug Targets,2014,
13(5) :874-884.

[9] Jiang Q. Li RP, Tang Y, et al. Bakkenolide-[l[ a protects
against cerebral damage via inhibiting NF-kB activation[] ].
CNS Neurosci Ther,2015,21(12) .943-952.

(F#% 125 7



2T 2017 4E 3 25 HAB 35 5 2
Journal of Pharmaceutical Practice, Vol. 35. No. 2.March 25,2017 125

A O HLC/AR 7 Ja CD133 3 1Kk 7K - 3 e 1) 78
F ok A B (progression-free-survival , PES)
I 4

EREZ R OITRER N AR X )
DA R K 143X VR 0 4 L R JE L X L 5-Fu S ki
AT 7 AR T 25 M R B BIL ) s R B A AR
5 & B, HCT-116 4 Mo 3 & 335 MLHI1 5, i
T2 R S P s bR AR CD133 i 2635 W 3 1K
FEAERE AN 5 A AR & 4 CKS Fl CK20 K3k iR, i
Bl MLHI1 3R FA% 7 HCT-116 40 g 19 i 82 1 20
ML 4R IR T HCT-116 400 xf 5-Fu 7= A4 1
RITT 2 o A R AR 45 B W 98 20 i e 2R A RO A8 52
B MLHI 5158 5-Fu By 245 ¥ 7 Ge 5 AR i i g
T 20 AR P B DDA G . ARG A R 4G A Ak
PRl e % 25 . i 9 8 3 X AR ST 2590 5-Fu 189 T 24 H1L
PEAE T R S A

[ % k]

[1] Brenner H,Kloor M, Pox CP. Colorectal cancer[J]. Lancet,
2014,383(9927) :1490-1502.

[2] Chen Q,Liu Z,Cheng L, et al. An analysis of incidence and
mortality of colorectal cancer in China, 2003~ 2007[J]. China
Cancer,2012,21(3) . 179-182.

[3] Hsieh P, Yamane K. DNA mismatch repair; molecular mech-
anism, cancer,and ageing[ ] ]. Mech Ageing Dev,2008,129(7-
8):391-407.

[4] Hewish M, Lord CJ, Martin SA, et al. Mismatch repair defi-
cient colorectal cancer in the era of personalized treatment
[J]. Nat Rev Clin Oncol,2010,7(4):197-208.

[5] Sinicrope FA. DNA mismatch repair and adjuvant chemother-
apy in sporadic colon cancer[J]. Nat Rev Clin Oncol,2010,7
(3):174-177.

[6] Boland GM,Chang GJ,Haynes AB,et al. Association between
adherence to National Comprehensive Cancer Network treat-
ment guidelines and improved survival in patients with colon
cancer[ ] ]. Cancer,2013,119(8):1593-1601.

L7] BAIR VRV 8 i, 55 B I 22 K DU i T v N 285 T i 240

(8]

9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

BT A0 CD133™ AysZma [T ], b 3838 K% 2 4 (B MO
2016,36(2):161-165.
Taverna P, Liu L, Hanson AJ, e al. Characterization of
MLH1 and MSH2 DNA mismatch repair proteins in cell lines
of the NCI anticancer drug screen[ ] ]. Cancer Chemother
Pharmacol,2000,46(6) :507-516.
Rosen JM,Jordan CT. The increasing complexity of the canc-
er stem cell paradigm[]]. Science, 2009, 324 (5935): 1670-
1673.
Zeki SS,Graham TA,Wright NA. Stem cells and their impli-
cations for colorectal cancer[ J]. Nat Rev Gastroenterol Hepa-
tol,2011,8(2) :90-100.
O'Brien CA. Pollett A, Gallinger S, et al. A human colon
cancer cell capable of initiating tumour growth in immunodefi-
cient mice[ ] ]. Nature,2007,445(7123): 106-110.
Ricci-Vitiani L, Lombardi DG, Pilozzi E, et al. Identification
and expansion of human colon-cancer-initiating cells[J]. Na-
ture,2006,445(7123) :111-115.
Dallas NA, Xia L, Fan F, et al. Chemoresistant colorectal
cancer cells, the cancer stem cell phenotype, and increased
sensitivity to insulin-like growth factor-I receptor inhibition
[J]. Cancer Res,2009,69(5):1951-1957.
Ma S, Lee TK, Zheng BJ, et al. CD133" HCC cancer stem
cells confer chemoresistance by preferential expression of the
Akt/PKB survival pathway [ J]. Oncogene, 2008, 27 (12) .
1749-1758.
Yasuda H, Tanaka K, Saigusa S, et al. Elevated CD133, but
not VEGF or EGFR,as a predictive marker of distant recur-
rence after preoperative chemoradiotherapy in rectal cancer
[J]. Oncol Rep,2009,22(4) :709-717.
Sinicrope FA,Mahoney MR,Smyrk TC, et al. Prognostic im-
pact of deficient DNA mismatch repair in patients with stage
[l colon cancer from a randomized trial of FOLFOX-based ad-
juvant chemotherapy[ J]. ] Clin Oncol, 2013, 31 (29): 3664-
3672.
Sargent DJ, Marsoni S, Monges G, et al. Defective mismatch
repair as a predictive marker for lack of efficacy of fluoroura-
cil-based adjuvant therapy in colon cancer[ J]. J Clin Oncol,
2010,28(20) :3219-3226.

[KFmABH] 2016-10-28 [{EEABAH] 2017-01-09

[(AxHE] FEFER

(EBF 120 ®)

[10] Netzer N,Strohl K, Faulhaber M, et al. Hypoxia-related alti-
tude illnesses[J]. ] Travel Med.2013,20(4) ;247-255.

[11] Imray C, Wright A, Subudhi A, et al. Acute mountain sick-
ness: pathophysiology, prevention, and treatment [ ] ]. Prog
Cardiovasc Dis,2010,52(6) :467-484.

[12] Collier DJ, Wolff CB, Hedges AM, et al. Benzolamide im-
proves oxygenation and reduces acute mountain sickness dur-
ing a high-altitude trek and has fewer side effects than ac-
etazolamide at sea level[ J]. Pharmacol Res Perspect, 2016, 4
(3):1-12.

[13]

[14]

[15]

Mirtschink P, KrekW. Hypoxia-driven glycolytic and fructo-
lytic metabolic programs: Pivotal to hypertrophic heart dis-
easel ] |. Biochim Biophys Acta,2016,2(11):1822-1828.
THEENE T RELE BT SE USRS S R X AR i B
LA PR 1R LT ). % 22 PR 25 40 35,2016, 28(6) - 1-4.
Sl A, Th BRI AR IR Sk 2 £ AR R Y IR A B
T B T M B O e St S R R A R R S LT ). KRR 7=
95T & ,2015,27:1815-1820.
[ EB] 2016-11-14 [{EEBEHM] 2016-12-07
[AXHmEB] FHR





