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8.5%.20.1% ., BHTEEMBELZILEMER HepG2 40 24 h, 40 4R R ACH 5045 4 s B0 Bb Bk, i HE 5 35 8L 0%
Wk, EESHAETHSTA MKA ROS KEFE,GSH WK FREMK, it BERBELREM HepG2 AN
GSH & ,1ff ROS NeE# XAt iFBrm ML bk 554, R HepG2 ARAT .
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Solanine on apoptosis by regulating glutathine hormone and reactive oxygen species
to damage mitochondrial structure in HepG2 cell
GAO Shi-yong'?, XU Li-li"?, JI Yu-bin!*?

(1. Postdoctoral Research Station, Institute of Materia Medica, Center for Life Sciences and Environmental Sciences,
Harbin University of Commerce, Harbin 150076, China; 2. MOE Engineering Research Center of Natural
Anticancer Drugs, Ministry of Education, Harbin University of Commerce, Harbin 150076, China)
Abstract; Objective
The cell morphology was observed under inverted microscope. Staining with Annexin V/PI, the cell apop-

To study the relationship between apoptosis and mitochondria damage. Methods

tosis was observed by laser confocal scan microscope and the apoptosis rate was analyzed by flow cy-
tomety, Transmission electron microscope (TEM) was used to observe mitochondrial structure. ROS was
determined by confocal., Colorimetry assay was adopted to determine the reduced glutathione hormone
(GSH). Results
died. Staining with Annexin V/PI, Annexin V-FITC was high fluorescent in solanine groups, which is ob-

The cell number in solanine groups was fewer than that in control group, and some

viously apoptosis features. The early apoptosis rate is 4.0%, 8.5%, and 20. 1% inducing by 0.4, 2, and
10 mol/L solanine for 24 h, respectively. Swelling mitochondria, absence of mitochondria crests and vesi-
cles were found in mitochondria of HepG2 cell treated by solanine for 24 h. The ROS levels increased and
GSH level decreased in solanine groups. Conclusion Solanine could induce the apoptosis and the effect
may be attributed to decrease GSH, which interrupts the immediate remove of ROS so as to damage the
mitochondria.
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hormone (GSH)

Je 2 (solanine) 4 i, EEFFE T s
WY L% Solanum tuberosum L. R ZE & iy d%
Solanum nigrum Linn, f2¥ 4, ESRFEHER
BEREMFPHERS  BEEX RIIETENE
By, BELE RRRBER L FRMASD
B« B- TR UM A 30 R, R A R AR R A R &
FamR , RREHRTRI R R AR
R Hop 17 98 /N B B9 A2 AR B 1], IR SR BT R R
FEE W X N T 40 M HepG2 i 40 I % 1F H &
SRUC, ML 9T 2R U O B R O 3 PR 4 e oA
TR ZREIBLAME HepG2 WERS, A S5H
MM LCa™" ) MR SR B REREA X D, &
BFERENH TEMERM L, #— SRR RER
BRI RZFES HepG2 AT i3 B o
XHERRLEA G RAHRE K.

1 ME5E

L1 255 Rk R, REss 9%, a R R
TR &K KP4 RPMI 1640 B 5r &, £ H
Gibco A A G4 ME UM NEFAEY T EMHA

B2\ & s Annexin V-FITC 40 ffg 8 7= & 0 iR & . 76
HE (ROS) RILAH & E A A BEH AL (GSH)
KR & B B REGEARBIFR I,

1.2 Eamia k. AFTE 40 Mok HepG2 WHER
ATCC (American Type Culture Collection), B J
L4 P ye B= Bt b B BF E BT AR B 4R 1

1.3 {{#8:CO—150 R S fbhesE M. £ E NBS
A7) SW—CJ—2F Bl TIE G, 5 R B o5 N v
% ;SP2 RIBOL REFR B, EE Lei-
ca AA);CKX—41—32 HAEE ZHE. B & Olym-
pus 2~ R ; H—600 B FESF 4%, H 4 H > A &) EP-
ICS XLL—MCL EPICS XL—MCL # 2 40 i ¥, &
E Beckman-Coulter A 7];6R R &R B HE.OHL,
% E Beckman-Coulter 22 H] .

2 FE

2.1 MHENEIR KPS . HepG2 MM S 10 M4
M # RPMI 1640 3EEHS,5% CO, .37 C %41+
TSR, 3~4d U1 K, HARERRESRE,
ENPAERE,0.250 REBHABRERS 104
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Fad M RPMI 1640 SR R B A RKE N
3X10°/mL,F 6 fLRPHAEMN | mL. K FHE
F 37 C.5% CO M A mFEFRM PSR, 24 b
JE A 5] ok BE o 2R e, AWk 4 3 10.2.,0.4
pmol/L, ¥ X BAMABER, HAWE R 1.15
pmol/L, BA ¥ %t B8 28 fin A # R 4K B RPMI 1640
R, ZEABEFRMAPIER 24 h,

2.2 BIEBHMEBEWNERERX HepG2 HMIES
B AR 24 h R BETHEEMETWE
WAL RIFHE. :

2.3 Annexin V-FITC/PI e a3t LB EHEA
WEE 2 % HepG2 4 M T- MR A . ¥ Annex-
in V-FITC 4 A TR m &5 k. 2 &RN
T 4fusEsE 24 h FUEHM, F PBS ER AT
L BIXI°AELRH4H,1 000 r/min Bl 5
min, # F#, A 195 L Annexin V-FITC 4%
AX) BREBME. A/ MA 5 pL Annexin
V-FITC 3%, . BRESE . ERENXFEF 10 min,
1000 r/min B . 5 min, L, A 190 L
Annexin V-FITC 4% (1X) BREEMM. m
A 10 uL B BE (PD 68, BRIES, ki
B . 1000 r/min B.0> 5 min, W4, F 100
pL Annexin V-FITC &% (1X) REERL4IM,
ORI RAAH BB T WE,

2.4 Annexin V-FITC/PI % & ¥ 2 40 fd A T & F
B T- % . # Annexin V-FITC 40 g I8 1= & 1)
ARG ERE. SBOT HEER 24 h FRE
AR, PBS EEMAMHITH. M 1IXICHESR
HI4AHE,1 000 r/min B4 5 min, FE L, MA 195
pL Annexin V-FITC Z&¥ (1X) BREHERYIM.
A 5 uL Annexin V-FITC, BRIRA G, FiR#k
% 10 min, 1 000 r/min . 5 min,F L. M
A 190 gL Annexin V-FITC EEWm (1X) B%H
B, MA 10 pL BULHRRE R AR, BRIES . K
B EHCE . 1000 r/min .0 5 min, 4 45, H
100 xL Annexin V-FITC & &% (1X) REHEZM
H,300 B R PSS . =X 40 M 0 52 4 T 40
M E K 488 nm, K4 MIECH 10 000 4,
2.5 Jp3ERRNT HepG2 40 M 4% i ik 8 S 45 1 1Y B2
0.3 24 h S W40, PBS ¥ 38, IR M 2%
ROBACHEE2h1Y% RMEEE 1.5 b FH
R R IR . SRE R RS Epon8l2 i, @MY f
Bt 6 O Bl B2 AT R PR A DL L B ST L R

2.6 R ANFE HepG2 41 ROS K

Wi ¥ ROS KM & 5 E8E, Bk T 410
BFE 24 h 5, ABRSAMABKEN 1 X10°4/mL,
ZABMMMER 1 mL, I iH RPMI 1640 HEF
BIE4 M, i A CDFH-DA A% 10 pmol/
L,37 °C #X%# % 20 min,PBS $ek 3 U, HOLL B
ERWEMARM G ABE (FD, B R BEK 485
nm, k FHiE K (530£20) nm,

2.7 HE@EX AFE HepG2 #il8N GSH W%
W% GSH il A& mRE BEnT . 4K
B3 24 h J5, WCEE 40, PBS SRR A0HE 3 WK, Il A48
I AERIFRMEDEZREAN S B REF
AR 37 °C KX RE & AT PR R A R
4 °C & 5 min J5,4 ‘C.10 000X g B.> 10 min,
WSul FEBRFEHRBEENMEEANE, HR
—ERFERTASRE KON E ., RELR &R
HATE ] GSH & T8, 43 30 A BE S Fbr o & o, 25
min 5 FREARNIE Aws, F2H /MK, WH
PRUER R E R BB K&,

2.8 BIEALER. FABBEL x5 R, H SPSS
13. 0 it X BB HAT O AR t K.
3 #R

3.1 HERBBMENE LERI HepG2 41IES
Ry I EERAEA 24 h J5,HepG2 IIE B LR
UL 1. 4B A WS BE B O U855, R G BE AR K TR
ik , B THRBEP, BWEAREERE D, B
Hus &, ik B ga/h, | B BT, BB
3R A, s BE A0 RRCE A N 0 D AR R D
TRMHAZEAE, 23— VR BRBRN. H
M RAMRESHEE LRBESFYAE. Akt
A MIEREA KR, MR A ES
B, A KBUE B, BT AR, LR .
3.2 Annexin V-FITC/P] fefa It BRERH D
AR AMAET KA Annexin V-FITC/PI 3t
e  BARREAMEMENE, EXEHANE
Annexin V 1 PI ¥4/ 4% ; 48 A 7 1 52 34 A9 41 i S
52%, Annexin V-FITC B ¥, M HEEFKE KK,
PI &% @, 4N Annexin V-FITC Hl
Pl B MRS ERN, AREEO BT,
TRERRE 2, RFAWEREBIMEM 24 h 5.5
S+ Annexin V-FITC B ¥, fiIE £ R A5,
gEmos MM 24 h J§ PS 48, Annerxin
V-FITC &3 h B AN AEMRATIRA, Mk HA
WHEE TS, A EAK HepG2 4 An-
nexin V-FITC F1 PI #10MK %, R R -S40 .
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FA 4 3 R 1.15 pmol - L' B

H1

10 pmol - L' 385

2 pmol - L' R 0.4 pmol - L JE3EHK

BEBNENE HepG2 ARKET

Fig. 1 HepG2 Cell morphology observed by inverted microscope

B 0 R 1.15 pmol » L' EH

10 pmol « L EEER

2 pmol « L' R

0.4 pmol - L' 355

2 Annexin V-FITC/PI W4 R £ 2wt HepG2 BT W
Fig.2 Effect of solanine on apoptosis of HepG2 cell analyzed by Annexin V-FITC/PI staining assay

3.3 Annexin V-FITC/PI % 4t 7 =\ 40 B A & il
EWIES HepG2 MM R B T-#* . Annexin V-
FITC 1 Pl e 5/ 5 R WHE 3, IEH MEHKRA
¥ Annexin V-FITC #1 Pl %e 68 (@A T f);
T BRI 40 B Y ¥ Annexin V-FITC ¥: 8 ,PI It &
SR CnEA T AR50 4 MR I T A 4
A AR &8 Annexin V-FITC 1 PI $e 48 (0@ 4
Ff8). 0.4.2,10 pmol/L B3 A F HepG2 4

Mi24 h REET-R2 54 4.0%.8.5%.,20.1%,
HE—EMNEIKBE.

3.4 EEW X HepG2 4 M £ ki th il 18 45 #4 1 &
. R A R B on, Bt X B R
w0 EEW . ZYER HepG2 41 24 h 5.
SERRAH B BA 1 X i 2H 40 B 2 L 1A 3 o B B i L 3 4y
PRI HETI R BT R MR R A E
B, WA 4,

10°

103?;31 5 10° 1 B2 1 B2
33.9% 2.9% 43% S00% 5.8% 42%
10°4 102 102 1 2
10'3 10 e 10!
E 2B3 ~4B4 . 3
3 Ny e 86.0%
11 ]2 ‘gﬁ 113% o :
10° 10! 107 10 10° 10* 1080 100 10 100 10°
FL1LOG FLILOG FL1LOG
B e HR 1.15 pmol - L' B 0.4 pmol- L' JEEEHK
10° 10° =
3B1 B2 ZB1 2
?151.3% 4.7% 1.8% 6.7%
10°4 q__’ 102 s :
10'3
B3 i
182.5% .
10°
B : - i

10° 10' 108108
FL1LOG

2 pmol « L' EEERR

1Q° 10 0 R 12
FLILOG

10 pmol L7 3EHK

3 RAMMARVLEFHES HepG2 ARATHEMATE

Fig. 3 Effect of solanine on apoptosis rate analyzed by flow cytometer
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1.15 pmol » L a*m

10 pmol =

4 EEHEX HepG2 MRLHAEBRSHNTM

Fig. 4 Effect of solanine on mitochondrial ultrastructure in HepG2 cell

3.5 JEWN AN HepG2 4N ROS 5
me e ZE R AE A HepG2 41 24 h J5 , Je 2588,
£ ROS B35 TFHAMEXT A, 10 pmol/L K3EK
HEAMMBALKEET 2 EZREFEE (P
0.01),2 umol/L WA 5 M X B4 b & it
¥EREE (P<0.05), 3MFEMATE ROS B
SR H—E W B KE N, FEE WA B R
M. GRLELIHES,

®1 ZEEI HepG2 MM ROS REIKM

Table 1 Effect of solanine on ROS content in HepG2 cell

2 51 C/(umol » L™1) 40 1 3 ROS (FD
[ 4 %t 18 - 20 6.55:+0. 43
HH 1.15 20 34.3340.41%*
&3 0.4 20 11.16£0. 92
2 20 18.281+0. 43"
10 20 24.6740.47"

S5 M . P<0.05 °* P<C0.01
* P<C0.05 ** P<C0.01 vus negative control group

B A3

1.15 pmol - L' BB

10 pmol « L* BEER

2 pmol - L R EERE 0.4 pmol « L' fEZER

5 REWEI HepG2 #HA P ROS WHBEH XMW
Fig. 5 Effect of solanine on ROS fluorescence in HepG2 cell

3.6 BRI AME HepG2 #ifiy GSH BRI
WA S SE WA F AT HepG2 #0M0 24 h /5, AN
GSH B R ZE X FHItEXT B4 ,0.4.2.10 pmol/L J&
ERASHUEMNBRAUBA ¥ EREREE
(P<0.01),3 MAIRARMK GSH g8 E R —E/
PR AR B, GSH 7K F B8 5 3 B8 57) & 14 189 K T
. ZRILE 2.
®2 XR¥Wxt HepG2 MMM GSH Ry F M
Table 2 Effect of solanine on GSH content in HepG2 cell

# 5 C/(umol « L71) GSH/(nmol « mg~ 1)
BA 4 %t B - 8. 524342
ER® 1.15 4144231
EEW 0.4 6.70-£4. 12"
2 5.56+3. 57" *
10 3.80%4. 64"

BT B . © 7 P<<0.01
* * P<Z0.01 vs negative control group
4 itig
2% TR R 28 Xof e 25 B e B A P LR AT T AR

ZRFFRE, KB I 5 B % I Ak 1 e R A R 4 e R
i M Bk A 1R S 9 40 VR R AL 0BT 5T 3R B O BE R X
A% HepG2 WARBAERSES MM RET
XY HHASHARATHRBEAIRRRERT,
AR EREBITEAERBREFE TSR T3
LA GHME W, AL R #H—50
KT RERBITRBE A G RAHEXERWEWE,

BB M Annexin V/PL Y X 40 B HE 17 4
o R RABOE L RAE T B AR KW I R E
% HepG2 AT HHER, WA - EHILR, X
B 0.4.2,10 pmol/L EEBEBEFHARA T, F
Bt SR 90 X 4 R A 0 4 A R T R, B S HE S R
RIS HEITE R, A 0.4.2,10 umol/L HIEAE
FAF HepG2 #4H 24 h BHFET-RSHH 4. 0%,
8.5%.20.1% . R4 G ¥ BHET LIERIER
GRS E R AT - S RINT REBREBER
HepG2 HIFAT=.

BT dEmmBAThRECBER ERT
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BEHHAEHAMINEN T, HEU ELRKE
Bl b 5K FH 3% 59 e B R 2E e 22 e % A\ 98 HepG2 41
F 2% L 1 R T G A K R AL, R OB 25 B 68 fiE
HepG2 MK R AL AN LA B E, FERA
J B Rk RS HESI ZEEL SR EES
HEHE ZNEESHEAREN KRR ETH
R MEM EEEN R EHEBERR T REL
HEARMABARE  IMARER CBNE.
LAERMMER=4E N EEGE Ak
BHWSBRP AT BRABTEXRENBHE M
ROS'WEREH P —IMEERREK, LR KR ROS
AR EES T GSH B4R A+ HE ROS H
MEABHERN-—FFIEYRY., —CTEH
ROS 7] LAi# o A S B B B HL % —GSH %1
B, PI & Z B 4 7 — 28 W P45 , M SR04k i AR T T B
BUERHKEE,HY ROS =43 LHAMME
LRE T T B A 3 VA BRI, MR ik ik & 3% B
ROS W&, ERERERG . BRET
KA EE Jo 2o g% BRI B R B SR X F
FHAE—-ERMXR, TEWNET EERMAEM
HepG2 41l 24 h G XT 4 i ROS 7K K& GSH K
FHZER. RABCEERERBBMER AR
A [R] v B2 Je 22 A Al HepG2 40 24 h IS X+ 413
W ROS /KRR m , KRR EMAEEF & HepG2 4
MM ROS @KF, mAESHAESRHALEEIE
TERFEHENER (P<0.0D),BE—EHF BKB
KR, WBEEBUARKRE EEMEM 24 h 53T
HepG2 40 g 19 GSH /K 8 % mi, & B0 0z 22 o 4
HepG2 #ifiy GSH KV BFEMK, FLBRER
BR, HERE T GSH BN E . EA N EE
BIR, 3 ROS K¥F+ &, % ROS A £ 5
GSH i 8 L8E ) T B, &Kobi ik X 2: % 3 ROS
MELTE, T BE R K & & ik, ROS i i £ 1L
SRBKNEE Bk DNA REEMEAK, & RE
LR PGB DI RE R AL T B VRN 8
BHFEHRAFRMARAE CERATHXEFY
Bl BERIAEENARGEE CE JATP FEK
ZETHRESRTMHEXET 1 (Apaf-) &H/,.#HE
&R, H AR caspase-9 5HE G AT/
1k, caspase-9 GG, BIE /5 ¥ caspase-9 BEBMIEH
fih #y caspase, Il caspase-3 % ;caspase-3 B 54

BT AT  BIE B caspase-3 EHAETIHE DNA B
OB R AR, RAT RAMRA T, XEHERH
B AR -,

LEERTR, R ERFEFARMAT 5 HREMK GSH
EHSBME LA ROS 7 B 8 Kbt 1§ B 1 8 3R
KB EMEEEENRR.
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