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'U'Vl~\9l~el.f11~11 'VII:.! 

bBt!1611tl glucose 6-phosphate dehydrogenase (G6PD) b'UtlbB'W1611tl~wu1~tl'vJf1b61fG'H1'UeN 

i1-:ir11c.1 iiVJu1~?1{1..:i nicotinamide adenine dinucleotide (NADPH) lil1fl1~ pentose phosphate 

pathway (PPP) b~el6/11c.l'Uel..:Jfl'Wil11~ oxidative stress Jl1c.Jbtlb611~H1Ji'1c.Jn15fn~1''rn~'U reduced 

glutathione (GSH) m1:w~vitln~~bflvlttln'Ubel'W1611tl G6PD ~..:Je-Jflfl5~'Vl'LJ{91e:Jb611f!J1v1nn11~ oxidative 

stress t:d'W il11~Wiel..:Jb€l'W1611tl G6PD ?l1:JJ15m'Vl~t11tl11vfb61iflfl1\91bflvl apoptosis bbfl~ nephropathy 

ueJn1v1nd8..:iW'Um1~wieJ..:i belt! 1611tl G6PD b ~:w?l-:i('W 1 ur-r'l'.hm 'U1VJ11mdm 'VlcJ'U fl'Uflt!tln~ #i'1 c.1 b VJ\91d~-:ib tlu 
'U 'U • 'I 

~:JJ1'Uel-:Jfl15~ n~1 e-Jfl'UeJ-:Jil 11 ~W~el-:i rnu 1611tl G6PD (91 eJr111m~el:JJ'UeJ-:i b 611fl r11\911 'Wn11 ~~ii5~ ~ml1 mr1'WeJ n 

b 611f!J?l-:J bbfl~'U5~~'Vlfiil1W'U8-:J:JJ~'W11e-J-:J(918fl15'U8..:Jf1'Wfl11:JJ b~8:JJ'U8-:J b 611flfl1\91 b 'Wil11~~,:i flG'111 
~ . 

lil1flfl15 pre-treatment :JJ~'W11e-J-:J1t!fl15bW1~btcJ-:ib6/Jflfl1(,) HEK293 ~W~el-:JbeJt!1611JJ G6PO i1:wn'U 

n11 ~bu 1VJ11u w'U11 b6/Jr1J flG'1 :w ~-:i nG'1110ern 1 VJ1(91 eJJ111~ b 'U1Vl11'W ueJ t1 n11 b611fl J nG'1:w~hl1Ji'f'U n15 
' ' 

pretreatment ~-:Jlil~b~t!1#i'1v1fle-Jflfl15'Vlvl?lel'LJ'~~(?l'l.Jb611f!J5eJvJ:i11\91~b~:JJttl 5~~'Ufl15bb?lv1-:J88fl'Uel-:J~tl Bcl2 

b~:JJt'W bbfl~ Box r1vir1-:i ~nJ-:i1~~'Ub611f!J\911cJ1v1n apoptosis ~~1'Wfl15tJ8:JJ Pl i11~~'Uflvlfl-:J fat1~hl~1'W 

NF-kB ;,:i bb?lv1-:J1 vi b ~'W11:JJ~'W11e-J-:J:W~1'W6/11 tlflvl fl15\911 cJ'UeN b611ff J1(,) ~Wiel-:J belt! 1611tl G6PD 1 'W?l il 11~ 
• V 

b'U1Vl1TW ~1tlfl15bW:JJ5~~'U anti-apoptotic Vl~eJ Bcl2 bbfl~flvl1~~'U pro-apoptotic Vl~eJ Bax 'W€lfllil1fl'Ll 

8-:JW'U11:JJ~tl11e-J-:J?l1:JJ15tlflvl5~~'U ROS b'Wb611flfl1(,) HEK293 ~W~e:J,:JbeJ'W161itl G6PD i1:JJf1'Uil11~b'U1Vl11tl 

1Ji'eJ cl 1-:i:w'l!m{1 flqj bdeJ b tl~cJ'U b 'VlcJ'U f1'U b611f!J n~:w~1J.11Ji'f'U fl15 pre-treatment bb?lv1-:J11:JJ~'W11e-J-:J1.l 11v~i1 

?l55Wflill6/11 c.lflvl1~~'U8'W:JJfl 8?15~ ;,:i b 'Utl'Ulil~ m{1r1ru'U8-:Jil11 ~ b 'U1Vl11'W~ m~ \>ltl 1 'Vlbflvlfl11:JJ b~el:JJ'Ue)-:J b 611f!J 
'I 'l'U QJ q 

1(,) 'W8fllil1 ndw'U11 b 611f!J~1J.11Ji'f'U n11 pre-treatment 1v1n:w~m1 e-J-:J lil~Wc.!1 cJ1:JJB1AcJ5~'U'U fl15'1'11-:J1'W'U8-:J 

beJt!1611JJf1G'1:JJ antioxidant b6/1'W GSH-Px bbfl~ CAT 1m611r1Ji1t1r1vi1~~'U ROS fl-:! \?11c.lfl15b~:JJfl15bb?fv1-:Jel8fl 
' 

-ueJ-:i beJtl 1611tlJ-:i?leN 1 'Vlb ~:wtueJci1-:i:w'l!m{1r1rubdm vi t1'Uf1'UflG'1:JJ~1Ji'f'U:w~u11e-J-:i ~1 fle-Jfl n11'Vlv'l?lel'UJ-:iVJ:wv1 
V ' 

bb?lvi-:i 1 vf b ~'W11m1'V'deNbBtl 1611tl G6PD 'Uel-:J b611r1r11\91~-:Je-Jfl 1 vf bnvir111:w b~e:i:w-ue:i..:i 1\91eJ'Wb tie:i-:i1v1nm1m tluw~ 

'UeJ-:iih~nfl 1vicJ'l'111 'Vlb611flfl11(91 elil11~ oxidative stress bb(91?l1:JJ11tl'Uel-:J fl'W 1#i'#i'1 cJ:JJ~'W11e-J..:J~'Wel fllil1 n1v~i1 

~'Vli1 'LI m1i1 eJ-:J n'Wil11 \911il1 m1 cJ m1~u n elt!VltJ1uJ18..:i-d1 tiff \9lil11 ~ b~ el:JJ-ue:i-:i b 6/f i;'j i;,1\911v1nm1:w b tJ u w~-ue:i-:i 

J1\911r11Ji'Bn#i'1t1 
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Glucose 6-phosphate dehydrogenase (G6PD) is an enzyme found in every cells in the 

body. It produces nicotinamide adenine dinucleotide (NADPH) from the pentose phosphate 

pathway (PPP) to prevent cellular oxidative stress by maintaining reduced glutathione (GSH) 

levels. Therefore, any G6PD deficient cell types including kidney cells are subjected to cellular 

damage caused by elevated intracellular ROS levels. G6PD deficiency can induce renal 

apoptosis and nephropathy and has been reported in patients with diabetes mellitus. This 

study aimed to investigate effects of G6PD deficiency on the deterioration of kidney cells 

challenged with high concentration of glucose. In addition, _the protective effects of lime 

powder were tested in this model. 

Pre-treatment with lime powder increased the survival of G6PD deficiency HEK293 cells 

that were challenged with high concentration of glucose, as compared to the non-pre­

treatment group. These protective effects of lime powder coincided with a decreased 

expression of pro-apoptosis gene Bax, an increased expression of anti-apoptosis gene Bcl2, 

and an increase in the ability of cells to exclude propidium iodide (Pl) fluorescent dye and 

were independent of NF-kB activation. In addition, pre-treatment with lime powder effectively 

reduced intracellular ROS levels in these cells. Cells in the non-pretreatment group showed 

an increased expression of antioxidant genes such as GSH-Px and CAT indicating a mechanism 

to compensate for the effects of G6PD deficiency in the presence of high concentration of 

glucose. These results indicated that G6PD deficiency increased the susceptibility of kidney 

cells to an increased oxidative stress level induced by exposure to high concentration of 

glucose and such effects could be prevented by lime powder. 
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lil1'fUqj.fl1'W (List of Illustration) 
21 

Vl'W1 

it1~ 1 1~1i1U cell viability 1m61l1;11;1 HEK293 tJn~hiii',:Jb'W1~blt1,:J#11ml1\9116'l~fl11:m-u:w-u'LJ 14 

0 12.5 bbG'l~ 25 mmoVL 

1tl~ 2 1~1i1U61JeN1;'111e:itJ:w6'lB1;'11~mt11m61l6'l6'l1\91 HEK293 tln~V1l;l,:Jb'W1~blt1,:J#11ml1\9116'l~il 15 
V ,v 

fl11:!Jb-U:W'U'LJ12.5 bbG'l~ 25 mmoVL 

it1~ 3 1~\91Ufl11bbi;'l~,:Je)e)fl61Je),:j~'LJ G6PD Vlii',:Jt'W1~tltJ,:Jb61l6'l6'l1\91 HEK293 tlfl~\911tltl1\9116'l~ 15 

fl11:Wb-U:W-U'LJi;'l,:J 12.5 bbG'l~ 25 mmoVL 
V 

,d ., ., 
'Vlfl11:Wb61J:W61J'LJi;'l,:J 12.5 bbG'l~ 25 mmoVL 

V 

it1~ 5 1~191Ufl11bbi;'l~~Be:Jfl61JB,:JV'W CAT (Catalase) Vlii',:Jb'W1~blt1,:Jb61l6'l6l'l\91 HEK293 tln~\911tl 16 
., ' 

'W1\911ffvifl11:Wb-U:W'U'LJi;'l-:J 12.5 bbG'l~ 25 mmoVL 
V 

1tl~ 6 n11bbl;'l~-:ie:ie:in"1Je:i-:i GFP 61Je:J,:)b6/i6'l6'l1\91 HEK293 mv1~rn1e:i,:J'<()6'J'Vl11f!lu'V'16'le:ie:it1m61l'LJ~ 17 
V , V 

vii{,:J'<()1fl knockdown V'LJ G6PD \911tl shRNA (shG6PD-A, shG6PD-C) 

it1~ 7 1~\91U G6PD activity 1m61l6'l6'l1\91 HEK293 vii{,:J'<()1fl knockdown V'LJ G6PD b~tl shRNA 17 

1tl~ 8 1~\91Ufl11ttl;'l~,:Je:Je:Jfl61Je:J,:J V'LJ G6PD 1m61l6'l6'l1\91 HEK293 vii{,:J'<()1fl knockdown 18 
V 

V'LJ G6PD 1~v sh RNA 

it1~ 9 1~191Ufl11bbi;'l~,:Je:Je:Jfl61JB-:Jbtl1~'LJ G6PD 1tJt61l6'l6'l1\91 HEK293 vii{,:J'<()1fl knockdown V'LJ G6PD 18 

it1~ 10 W191U cell viability 1m61l6'l6'l1\91 HEK293 vri{,:J'<()1fl knockdown V'LJ G6PD 19 

bdm'W1~blt1,:J\911t.Jt11\9116'l~fl11:Wb-U:W-U'LJ12.5 ttG'l~ 25 mmoVL b'Um1m 72 ~1b:W,:J 

1tl~ 11 
V 

., ' 

1~\91U cell viability vrii',:Jt'W1~b~tl,:Jb6/i6'll;l\911tl:W~'LJ11~M vir111:m-u:w-u'LJ 2.5, 5, 10, 50, 100, 20 

,d 
1tl'Vl 12 
V 

200, 500, bbi;l~ 1000 mg% b'U'l.!L16'l1 24 ~11m 

1~\91U cell viability 61JB-:Jt61l6'l6'lb\91 HEK293 (shG6PD-A) vri{,:J'<()1flb'W1~tlt1,:Jb6/i6'll;l 21 
ti I <V ~ d.ai 2,/ V d 
mtl:W~'LJ11t--M 11:WflU'LJ1\9116'l'Vl:Wfl11:Wb61J:W61J'LJi;'l,:J'Vl 12.5 mmoVL bbG'l~ 25 mmoVL 

V 

it1~ 13 1~191U cell viability 61Je:J,:Jb61JG'l6'l1\91 HEK293 (shG6PD-C) Vff{,:J'<()1flb'W1~blmb61!6'll;l 22 
V I V ~ dc:1 V V .J . 
mtl:W~'LJ11~M 11:lJflU'LJ1\9116'l'Vl:Wfl11:Wb61J:W61J'LJi;'l,:J'Vl 12.5 mmol/L bbG'l~ 25 mmol/L 

V 

1tl~ 14 1~191U61JeJ,:J511B'LJ:WG'lB6'11~.n1t11'LJb61!6'l6'l1\91 HEK293 (shG6PD-A) Vlif,:Jt'W1~blt1-:i\911tlfl11 23 
V S V 

., ., ' 
c:l I <V O tj,:;:i 'V 2.1 

pretreatment 61Je:J,:J:W~'LJ11C-J,:J bb6'l~b'W1~t6'Jtl,:J11:WflU'LJ1\9116'l'Vl:Wfl11:Wb61J:W61J'LJ 12.5 tbG'l~ 

25 mmoVL 

1tl~ 15 1~\91U61JeJ,:Ji;'l11eJ'LJ:WG'lB6'11~fl1tl1'LJt61!6'l6'l1\91 HEK293 (shG6PD-C) vrii'-:Jb'W1~bttl,:)\911tlfl11 24 
V 'V 

., ., ' 
pretreatment 61Je:J,:J:W~'LJ11C-J,:J bb6'l~b'W1~b~tJ,:J':/1:WtlU'W1\9116'lviiJr111:Wb °U:W°U'LJ 12.5 bbG'l~ 

25 mmoVL 

1tl~ 16 1~191U61Jmfl11bb6'1~,:Je:Je:Jfl61JeJ,:JV'LJ GSH-PX bbG'l~ Catalase t61l6'16'l1\91 HEK293 (shG6PD-A) 25 
V 

1 V V V I 
tj cl ii ei I QJ O .::::f,::,J 

'Vlb 'W1~b6'l tJ,:Jm tl fl11 pretreatment 61Je:J,:J:W~'LJ11C-J,:J tbG'l~ b 'W1~b6'l tJ,:)11:W flU'LJ1\9116'l'Vl:W 
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~11uruJ11'W (List of Illustration) (\9leJ) ., 

fl'l1:lJL6U:W6U'U 12.5 IUH~ 25 mmoVL 

1tl~ 17 1~~'U6lleNfl11bb~Wl-:J88fl6ll8-:J~'U GSH-PX bbG'l~ Catalase b61.1G'JG'l1\91 HEK293 (shG6PD-C) 
'\J 

d JI ii JI I Q./ ~ dei 
'VI b 'W1~bG'l c.1-:im !:Jn11 pretreatment 6ll8-:J:W~'W1'JtN bbG'l ~b 'W1~ bG'l t.1-:J11:Wfl'U'W1\911G'l'Vl:W 

fl'J1:Wb6U:W6U'U 12.5 bbG'l~ 25 mmoVL 

~tJ~ 18 1~~'U6ll8-:Jfl11bb6'f~M88fl6llel-:J~'W Bax bbG'l~ Bcl-2 6ll8-:Jb61.1G'JG'l1\91 HEK293 (shG6PD-A) 
d 3 v JI I v ~ dei 
'Vlb 'W1~bG'lt.1-:J~'Jt.1fl11 pretreatment 6ll8-:J:W~'W1'Jt--J-:J bbG'l~b 'W1~bG'lt.1-:J11:Wfl'U'W1\9116'l'Vl:W 

fl'J1:l.Jb6U:W6U'U 12.5 bl6'l~ 25 mmoVL 

1tl~ 19 ';j~~'U6ll8-:Jfl11ll6'f~-:J88fl6lleN~'W Bax bbl;l~ Bcl-2 6ll8-:Jb61.1G'JG'l1\91 HEK293 (shG6PD-C) 
'\J 

d JI v 3 , Q,J ~ dei 
'Vlb 'W1~bmNm t.1fl11 pretreatment 6ll8-:J:W~'W1'Jt--J-:J bb6'l~b 'W1~bG'l t.1-:i11:w fl'U'W1\9116'l'Vl:W 

fl'J1:Wb6U:W"LJ'U 12.5 bbG'l~ 25 mmoVL 

~tl~ 20 fl11f!fl~1fl11eJflb6'f'U.fl1t.1L'Ub61.16'16'lb~t.1 15 immunofluorescence \918 NF-kB 

b6/.IG'Ji;l HEK293 (shG6PD-A) 

1tl~ 21 fl11f!fl~1fl11eJflb6'f'U.fl1t.1L'Ub61.1G'l6'lb~t.1 15 immunofluorescence \918 NF-kB 
'\J 

b6/.IG'll;l HEK293 (shG6PD-C) 

~tl~ 22 eJ\9111fl11\911t.16ll8-:Jb6/.IG'li;l b~elbtl~mJbvit.1'Ufl11&i~ih~V111-:i propidium iodide 

n'U Hoechst 33342 L'Wb6/.16'11;1 HEK293 'V!6l-:J~l1fl knockdown ~'W G6PO 

\?l'Jt.1 shRNA (shG6PD-A) 

1tl~ 23 fl11iai fl~1 fl11\911t.16ll8-:Jb 6/.ll;li;l .fl1t.l b{ilfllK 8-:J~G'l'Vl11fl11.J'V'16'18elb 1?fb61.1'Wi 1~ t.1fl11tJ8:W 
'\J ' '\J 

propidium iodide L'Ub61.16'16'11\91 HEK293 'V!6l-:J~1fl knockdown ~'U G6PD ~'Jc.I 

shRNA (shG6PD-A) 

~tl~ 24 eYm1m1\911t.16lleJ-:Jb6/.IG'li;1 b~mtl~t.1'Ubvit.1'Ufl11&i~~1~vr11-:i propidium iodide 

n'U Hoechst 33342 L'Ub61.16'11;1 HEK293 'V!6l-:J~1n knockdown ~'U G6PD ~'Jc.I 

shRNA (shG6PD-C) 

• I .J ,,, ~ 'l v v ~ •. I ~ 'i' v 
';iu'VI 25 fl1';jflifl~1fl11\911t.16lleNb61ll;ll;l .fl1t.l b\91fll;le)-:J~l;l'Vl11fli'Uy~l;l8elb ';j?fb6/.l'U\91 b~t.lfl11t.18:W 
'\J ' '\J 

propidium iodide L'Ub61.16'16'11\91 HEK293 'V!6l-:J~1fl knockdown ~'U G6PD \?l'Jt.1 

shRNA (shG6PD-C) 

V 
'Vi'U1 

26 

27 

28 

29 

30 

31 

32 

33 

34 
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rl1el5'U1EJaru~n"Mrubbfil~rl1~el~bmun1111ijEJ (List of abbreviations) 
QI 

G6PD 

NADPH 

PPP 

GSH 

ON 

PKA 

cAMP 

FSGS· 

HEK293 

ROS 

DMEM 

FBS 

MTT 

nm 

DMSO 

shG6PD 

.GFP 

BCA 

DCFH-DA 

DMSO 

RCF 

RNA 

cDNA 

RT-PCR 

mRNA 

GSH-Px 

CAT 

SOS-PAGE 

w/v 

TBST 

One-Way ANOVA 

mmoVL 

µg/ml 

Glucose 6-phosphate dehydrogenase 

Nicotinamide adenine dinucleotide 

Pentose phosphate pathway 

Reduced glutathione 

Diabetic nephropathy 

Protein kinase A 

Cyclic adenosine monophosphate 

Focal segmental glomerulosclerosis 

Human embryonic kidney 293 

Reactive oxygen species 

DMEM-Dulbecco's Modified Eagle Medium 

Fetal bovine serum 

3-( 4,S-dimethylthiazol-2-yl)-2,5-diphenyl tetrazoli um bromide 

Nanometers 

Dimethyl sulfoxide 

Short hairpin G6PD 

Green fluorescence protein 

Bicinchoinic acid 

Dichloro-dihydro-fluorescein diacetate 

Dimethyl sulfoxide 

Relative centrifugal field 

Ribonucleic acid 

Complementary deoxyribonucleic acid 

Reverse transcription polymerase chain reaction 

Messenger ribonucleic acid 

Glutathione peroxidase 

Cata lase 

Sodium Dodecyl Sulfate polyacrylamide gel electrophoresis 

Weight/volume 

Tris Buffered Saline with Tween 20 

One-way analysis of variance 

Millimole per liter 

Microgram per milliliter 

7 



'U'Vl'W1 (Introduction) 

U'<il '<il'U'Ll'lh°~6lJ1 fl 1 400 ~ 1'Ll fl'Ll~1 fa fl 1~f 'I.H,Hrn 1~ vi 'U'<il 1 fl .n 11 ~V1 ·fr1-H el'Ll 161ltl glucose 6-, 

phosphate dehydrogenase (G6PD deficiency) ~i16'11b Vl~:tJ1'<il1fltl11flG'l1tl'W'Ll~6ll€1-:J~'Ll G6PD r:i-:i1;,rn 1 VJ 

b€1'Ll161ltlv11-:i1mw161-!l '<il'Llb'U'LlbV!MLVJb611616111~el.fl11~ oxidative stress bd€1-:i~1ma'Ll161ltl G6PD i1V1u1~?1{1-!l 
' 

nicotinamide adenine dinucleotide (NADPH) '<il1fl1~ pentose phosphate pathway (PPP) b~mhtl 

'U€1-!lfl'W.fl11~ oxidative stress .fl1tll'Llb6/ll;'ll;l~1tlfl11fm111~19l'U reduced glutathione (GSH) Ol1191ffUfl~ 

r,j'tJ1tJv1d€1-:Jbe:J'Ll161ltl G6PD Jjfl hibt?l\91-:Jmm1 bb~b~e:J 1~fu~-!lm~~'Ll b'lf'Ll m1~\9lb(€1 Vl~€1t1111~f'llm'U1-!l 
V S 

'li'W\91 '<il~i:1-!J(;.Jl;'I 1 VJ~'U1 t!ilmm1 Ll;'l~M"il1-!l'<il1flb6/ll;'ll;l b~\91 b~e:J\91 bb\91-:J bbM m5tl'Ui"l~'Ll (acute haemolytic anemia) 

~6/I1'Ll Qaundice) bb61~ hyperbilirubinemia €1~1-:ihnM1md€1-!!"il1flb€1'Ll161ltl G6PD b'U'Ll housekeeping 

enzyme ~i"l'IJ 1m 'Ll'VJflb 6/l611;l6ll€1-!l';f1-:J fl1 tl 191-:JlT'Llfl11:tJe'.l191tl fl~~bn\9lt'Llfl'U b€1'Ll 161ltl G6PD ~€1:t-li:1-!J(;,J6'] m~'Vl'U~€1 

b61lriit'W1 L'LlWtl~tl11'<il1fl oxidative stress 1~b'lf'Wfl'Ll "il1flt111flim116ll€1-!l Xu bb6'l~riru~1'Ll 2010 wu11 

.fl11~'\l'l';f€1-!lb€1'W161ltl G6PD ?11:t-111mVl~tl1'lJ1LVJb6/ll;'l611M6ll€1-:JVl'Lli11~19l'U oxidative stress b~:tJt'W'<il'Wbn\91 
V 

apoptosis amff-!lt1-!lb~:t-11~19l'IJ 8-isoprostane bbrt~ albumin L'LlU6'16'111~ L\9ltl~-!16'lel-!lb'U'Ll marker 6!1€1-:J 

oxidative stress ~W'll1m 'W.fl11~ endothelial dysfunction bb6'l~fl11eJm?l'IJ6llel-!l renal tubule <2J -!11'W1~tl 

~ flr;'l11 :tJ1~-:JVl:tJ \?I bb?l 191-!! 1 VJ b ~'Ll'",l1.fl11 ~'\l'l';f€1-:J b €1'W161ltl G6PD b 'U'WU'<il~ tlVli1-!!6llel-:Jrl11:tJ ~ 191 tl fl ~611€1-!l 'lM 

(nephropathy) 

Diabetic nephropathy (ON) Vl~el hfl 'lM '<il1flb'IJ1Vl11'Llb 'U'W(;.J61 oif 1-:i bfl tl-!l~i"l'U 1~ti€1 tll 'Ll ~ 'U'J tl 

b'IJ1Vl11'W (diabetes mellitus) L191tJi1tl1M1mtl'W6'11bVl~611flt!J '<il1flt111flim111~tl611€1-:J Xu bbl;'!~ Zhang L'WU 

2005 bbr!~ 2000 i"l'IJ111~1?1'1Jtl1ml;'l~6'{-:J6'11m1mVl~tl1'lJ1LVJbf1\?l.fl11~ oxidative stress amff-:i61\91)~\9l'Ufl1) 
V 

'V11-!11'W6ll€1-!lb€1'W161l:t-11'Llfl~:tJ antioxidant b'lf'W G6PD L\9lt!€11Mt!t111i:l-!!iqJqJ1!1!~1'WL'll1~'Ll protein kinase A 

(PKA) <3l bb61~ cAMP <4l Bfl~-:Jt1-:Ji1-!11'U1~tlt'W1 ~?l'W'U6'1'4'Llrl11:tJi:tJ'W'W5WVl11-!!.fl11~'\l'l';f€1-!lb€1'W161lJJ G6PD 

bbl;'l~.fl11~ b 'IJ1Vl11'W L\?ltli"l'IJ.fl11~'\l'l';f€1-!lb€1'W161ltl G6PD b ~:t-16'1-:Jt'W 1 'Llr,j'tJ1m 'U1Vl11'Llb~€1b vitJ'IJ fl'Url'LlDfl~ <5-Bl 
V V 

~-:Jbb6'1191-!!LVJb~'Ll11~-!l.fl11~'\l'l';f€1-!lb€1'Ll'l61ltl G6PD, ON bbl;'l~b'U1Vl11'Ll ilr111:t-1i:t-1'W'W5M€1fl'WL\9ltl€11'<ilil oxidative 

stress b'U'LlU'<il~tl~611flt!J 

U'<il'<il'U'Wi1m1'll1?1:t-1'W 1 w1~i1nvii1 'Wfl11~1'Wa'W:t-1l;'l86'11~:t-11fliflw11~ m 'U'Wlil1'W1'W:tJ1fl b ~€1Vl\916'leJ'l.l 
'\ <l 01 "l 'ti 

tl1~~Vl5.fl1WL'Wfl11fflw1hr1~bMtl1'U€1-:Jfl'IJ oxidative stress b'lf'Ll :tJ~'Ll11(;.J-:J (Lime powder regiment)~ 

r11?1M11'<i1116 1911 .tltl~,r m1 LM?l 16!11-:JP! fi191~m ~€1'1f1tlf flW1bb61~'U€1-!lfl'W hr1D11M :kl1'Vl\916'leJ'l.ltl1~i:1vi5mV11 'Ll 
' 

'<il1flt111fliflW1 Pajaree Chariyavilaskul bbl;'l~flru~ i"l'IJ116'1116'lfl\91:tJ~'W11(;.J-!!i1fl11:t-1?11m1t1 L 'Wfl1161\?!Wlil'U 

6lleJ-:i reactive oxygen species (ROS) 'l~ bbl;'!~ 61\9lfl11bn\91 oxidative stress 6lleJ-:Jb6/ll;'ll;l'l.fV1€1'lM HK-2 cells 

L'W6'1.fl11~ calcium oxalate monohydrate treatment ~1tlbVl~,d' 6'1116'lfll?l:t-l~'Ll1'J(;.J-!J ~-!l'l.J1'<il~i1Mfltl.fl1i"I 

b 'Wtl-:JWBM e:i fl11'UeN fl'Llbb61 ~~m1-Jm1m~€1:t-1611€1-:J b6/l6'll;'l1M '<il 1 fl.fl 11 ~ oxidative stress ~ bf1\9l'<il1 fl mwde:J-:i 
V 

b€1'W'l61ltl G6PD ';f1:t-lfl'U.fl11~b'U1Vl11'Ll ~-:Jb'U'W~:l-116!!€1-!!fl11fliflW11~tl-d'b~e)e)5'lJ1tlfl61'lflm1b~€1:tJ6ll€1-:Jb6/li;'1611M 

human embryonic kidney 293 (HEK293) '<il1flfl11V1'fa-!!beJ'Ll161ltl G6PD ';f1:t-lfl'IJ.fl11~b'U1Vl11'Ll bbl;'!~ 
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'Vl~?lel'Utj'VIB6lleN?l1'~?ln~ :W~'U11eJ-:l MeJfl1';j'LJe)s'.Jf1'ULLG'l~~'U~rl11:!Jb~eJ:W6lleJWl.fG'lG'l1\91 eJG'lfl1';ifin~1mli\J~b'IJ'U 

th~ LcJ61.ftJMelfl1';iL 'U1 l'-ilnG'l 1nfl1';iL~eJ:W6lleJWl.f6lG'l1\9l~Ln~'<i:J1n oxidative stress #i'1c.Jfl1';ib'Vl~tJTW1'<il1nfl1';j 

'Y'l~eJ-:JLeJ'U161.fii G6PD ~1:Wf1'1.J.fl11~L'U1Vl11'U zj-:Jel11il'W1hJ6'/fl1';itfo-:in'UbLG'l~-rn~1.fl11~ DN 5nJ-:iLU'Ufl1';iMeJ 
'\) 

1\91Q'l.h~a.:ir1"1Je:i.:i brl'a{lfl1';i1itt (Objectives) 

1. L~0?1{1-:i1m~G'l6lleJ-:JL61.fG'lG'l1\91 HEK293 ~'Y'l~eJ-:JLeJ'U161.ftl G6PD LLG'l~fin~1eJG'l6lJ0-:i.n11~(?1-:Jnci11M0 

fl1';jL~0:w LLG'l~fl1';jeJci';jeJ~6lleJ-:JL 61.fG'lcl' Ldm w1~ Li c.J-:i 1 'LleJ1V11';iLi cJ-:iL 61lG'lcl'~ih~(?l'IJJ1mG'l?1-:i 
'\) '\) 

2. L~eJ~n~1m~U1'Ufl1';i\91e)'IJ?l'UeJ-:JLLG'l~nG'l1nfl1';iL~eJ:W6lleJ-:JL61.fG'lG'l1\91 HEK293 ~'Y'l~e)-:JbeJ'U161.ftl G6PD 

Ld0 L w1~Lic.J-:i 1 'LlmV11';iLi c.J-:JL 61lG'lcl'~ih~(?l'IJJ1\911G'lr:1-:i J__, 1 m~(?l'IJ~'UbLG'l~ 1 'l.J';j~'LJ 
'\) 

3. L~eJ'Vl~i:1eJ'UeJG'l6lla-:i:w~m1eJ-:iMam';i~'U'vJL61.fG'lil\91 HEK293 ~w~0-:iLa'Ll161.ftl G6PD 1i11nr111:wL~a:w 
'\) 

~Ln~t mdm W1~ Li c.J-:J 1 'Llel1V11';i Li c.J,:J L 61l6lcl'~:ih~(?l'IJJ1\9116li:1-:J L ~e)MeJc.JeJ~1\9ltlD';i~?l-:Jr1-:J1'U11il c.J'Ue)~ 1 LLG'l~'Ue) 
. '\) ' 

~ 2 LLG'l~ b U'Ufl1';j6'f-:JL?l~:w-:J1'U11il c.Jvrm11'U 1 'Utl1';i 1.if i:11';i?ltl~li11n'W61.f?l:W'U 1 'Y'l';i~e)e) nn'VIBMeJ~l1'Ufl1';i\911cJ6lJe)-:J L 61.fG'lcl' 
~ ' "I 

1#i' 

L U'U'Vlfw c.J1mur1r1G'l~:i1r1 rur11 LLn~-:ir1:w LLG'l~'l.l';i~L 'Vlfll61.f1~ LLG'l~:i1wn:ww{0:w~lil~i\9!J'U1eJ~\91n ru6l'I LLG'l~ 
' ' 

L 'Vlrl 1 'U LG'l~fl1';iLL W'VltJ~'U 1 Mel 1 'l.11 'UeJ'U1rl\91 'e)'Ub U'Ufl1';i?l'W'U?l'4'Ufl1';i~1 L 'U'Ufl1';i\911:W'U Lc.J'U1 c.Jbb Vl-:J61.f1~ 1 'Utl1';i 

i\9!J'U1rl'U bLG'l~~-:Jrl:W~:iJr1ru.n1'Y'l 1 ~t-:i ~'U 
' 

"lleJ'Ub"IJvl"IJeJ.:i1r1';i.:,n1';i1icJ (Scope of project) 

-:i1tJ11ijcJ'd'~a,:im';i~n~1r111:w~:wi'U66lleJ-:J.fl11~w~eJ,:JLeJ'UL61.fii G6PD .fl11~Lu1V111'U LLG'l~r111m~0:w 

6lleJ-:JL61lG'lG'l1\91 L~cJ'V11fl1';ifin~11'U model L61.fG'lG'l1\91 HEK293 ~V111~w~eNbeJ'Ll161lii G6PD #\'1c.J1fi knock down 

~'U G6PO LLG'l~L W1~Li c.J-:J 1 'U?l.fl11~L U1Vl11'U ~~\911:Wfl1';iL 'l.l~ cJ'UbL UG'l-:J6lleJ-:JL61lG'lcl' L~c.J'J~';i~(?l'IJ cell viability 

\91';i11il?leJU'l.l~:w1ru reactive oxygen species (ROS) .fl1cJ1'Ub61lG'lcl' ';i~(?l'I.Jfl1';iLL?l~-:JeJeJf16lleJ-:J~'Ll1'Lln~:w 

antioxidant LLG'l~ apoptosis anJ-:i1~';i~(?l'I.Jfl1';i\911cJ6lleJ-:JL61lG'lcl''<i:J1n apoptosis \916leJ~lil'U'V11fl1';i~'U~fl11:W 
d ~ V ' V 

L?leJ:W6lleJ-:JL61.fG'l6l HEK293 li11f1.fl11~~-:inm1mcJ:W~'U11eJ-:J 
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16nT~~1b'U'Un1'a1:5'v (Materials and methods) 

Pre-treat with 
Untreated with lime powder 

lime powder (1,10,50, 100 
mg%) 

I I I 

Control (normal 
dose glucose 5.5 High dose glucose Knockdown G6PD 

mmol/L) 

I I 

I I I I I --

12.5 mmol/L 25.0 mmol/L 5.5 mmol/L 12.5 mmol/L 25.0 mmol/L 

Cell viability by MIT assay 

Activity of G6PD by spectrophotometry 

Intracellular ROS by ROS DCFDA assay 

Gene expression of antioxidant enzymes by real time RT-PCR 

,N ' 1. n1'abW1~bf;lfl{lb6lJf;lf;I 

'Vl1 n 1'H vn :a i ~ ,:i b 611 l;'l i HEK293 hi DMEM-Dulbecco's Modified Eagle Medium (DMEM) 

(Gibco, USA) ~ij 10% fetal bovine serum (FBS) (Gibco, USA) h1'1.n11~~m'U~~~ruVl3JiJ 37 eMP11 

"" .., .- 1 1 , d21 ~ 21 
b611l;'lb611~6'1 1~~'Ufl11'Uel'W ~Bein 611~ (CO2) 'Vl';iel~i;'I~ 5 bbfl~fl11~'1J'W1el~i;'I~ 95-99 

QJ ~Q t Ill/ 

2. 1~'1.J'i:i11ru cell viability bbf;l~fl111Jbtl'IJW~6llel.:l'IJ1~1f;lfl11:l.lb6ll:l.l6ll'U~.:lbbf;l~:l.J~'IJ11tN 

b ~el'V1~6'1el'U fl11~ L tl'W~~'1lel-:ltl1~ 1l;'l~i1fl11:l.l L "U~"U'U'1-:l 1 'WL611l;'ll;'l1\,l H EK293 l~ ~~lil1';itt.!11il1 m~ ~'U 
'U 

'1lel-:I cell viability 1~m-w1~Li~-:1L611l;'ll;'IL'W 96 well plate ~fl11~Vl'W1LL'W'W'1lel-:IL611l;'li 2 x 104 Ltl'Wb11;'11 24 

i1L~-:1 lil1f1i1'WL'W1~Lt~-:ii1~n'Utl1(,11fl~i1fl11m-u~-U'W'1-:I 12.5 Lbfl~ 25 mmoVL 1~'<il1'W1'Wb611l;'li~ 72 
'U 

i1fo-:i ~1m'Vlfl'Wfl MTT assay 1~~1-ULfl~el-:I microplate reader 1~~1m1~~n~'WLL'1-:l~fl11~m1fl~'W 570 

'W1 l 'WL~\,l';i (nanometres) 

d .., II II .J 1 .., .J1 I fl "' I .. 'i' "' 
b 'Wel'\ll1';i~~'U fl11~ b '1]~'1J'W'Vl b Vlm~'1~'1Jel-:l~~'W11!:N 'W';i~~'U'Vl ~ b u'W'W~(,lelb611i;'lft b~ ~'Wlil1';itt.!11il1f1 

W~'U'1lel-:I cell viability 1~m-w1~Li~-:ib611l;'ll;'IL'W 96 well plate ~fl11~Vl'W1LL'W'W'1lel-:IL611l;'li 2 x 104 Ltl'WL1m 

24 i1 l~-:1 lil1f1i!'WbtJ~~'Wel1Vl11Li~-:1b611fli~i:-1'1~n'UlJ~'W11!:N ~i1fl11lJL6[~-U'W 1, 10, 50, bbft~ 100 µg/ml 

1~~1-u dimethyl sulfoxide (DMSO) Ltl'W~1'Vl1l;'l~m~ 1~'<il1'W1'WL611l;'li~ 24 i11~-:i ~1m'Vlfl'Wfl MTT assay 

'i' 111 "" . .., , .,. .J .,,, 'i' ( ) 
b~~ '1Jbfl1el-:I m1croplate reader 1~fl1f111~~nl;'l'WLL'1-:l'Vlfl11~m1fll;'l'W 570 'W1b'WL~\,l';i nanometres 

1i11ni!'Wb611l;'li HEK293 lil~t;1nV11f111'Vl~'1B'Um1mtl'W~~'llel-:l~~'W11i:-J-:I ~1~n'Utl1ml;'l~i1m1~ 
'U 

b"U~"U'W6'1-:1 l~~Vl6l-:llil1f11~1~~'Ufl11~b"U~"U'W'1Jel-:l~~'W11i:-J-:I ffilJLtl'W~~~m611l;'lf11(,l HEK293 ~-:i1~L'W1~bt~-:in'U 
'U 
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b6116'1Glb'U'WL1m 24 -a'1hM Vlir-:J'<il1fli1'WL'W1~btti,:r:h:wn'U D-glucose (Sigma, USA) vli1r111m-ii':w-if'W 12.5 bb6'1~ 

· 25 mmoVL b'U'Wnm 72 -a'11m bb6'1~~1~~'U'lleNr111:wbU'W'Yl~-u0-:ib6116'16'1b~m'Vlr1Dr1 MTT assay 

3. Knockdown ~'W G6PD 

Knockdown v 'W G6PD 1 w 6116'1 Glb M HEK293 1 ~ tl Hf sh RNA Mel v 'W G6PD (Origene, USA) vi 
a1m1t16'1~fl11bb?l~-:i00n-u0-:i~'W G6PD 1'W1~~'U translation 1~t11~~'Ufl11'V11-:J1'W-UB-:Jbel'WL611tl G6PD b'Vltl'U 

1#l'n'U.fl11~'W':iel-:JbeJ'WL611tl G6PD Class II b~B1'tlbU'W1m~6'11'Wn11Pin~1\9ie:i 1~tii'.i 2 constructs m:wm11.:i~ 

1 
d o ., 

m11.:l'Vl 1 m~'U sequences -ua-:i shG6PD 

Construction Sequences 

shG6PD-A 5'ATGAGCCAGATAGGCTGGMCCGCATCAT3' 

shG6PD-C 5'CTGACCTACGGCMCAGATACMGMCGT3' 

G6PD shRNA ~ml1L-ii'1~b6116'16'1b~t11'tl Lentivirus (Origene, USA) 1'Wm1af1-:imin1r11Tta el'4.fl1f1 

11{?1vii:-J~(,l~ml1hlb'W1~bit1-:ii1:wn'Ub6116'1Gl HEK2931~t1i1.ff'WMB'Wfl11 transfection ~-:id 

- 1'Wvi 1 b'W1~biti-:ib6116'1Gl HEK2931'W 12 well plate vl-:i'H-ii'1:wfi'W vi 37 eJ-:JPl1b6116'1b61JcJ6'! 

- 1uvl 2 'V11fl11bM~tl:WV16'1B~vi 1 vi'lh~flel'U\911tl 0.5 µg -Uel-:J pleti-shRNA constructor, 0.5 µg 

plenti-ORF expression, bb 6'I ~ 0.6 µg packaging plasmid 1 'W Optimem (Life technologies, 

UK) 50 µl 

"" d - b(,l'Jtl:WVIG'lel~'Vl 2 i:-J6'!:W Megatran trasfecton reagent (Origene, USA) 4.4 µl fl'U optimum 

'll~m\911 50 µl 

- '<il1fli1'Wi:-J?l:WVl6'1el~v1 1 bb6'1~ VIG'leJ~vi 21vh-b'1n'W bb6'1~'U:wvlm1rnn:Dvfa-:ib'U'Wb16'11 15-30 'W1Vl bb6l1 
' '\l 

t111'll1a"lm6116'1Gl HEK293 viL'W1~Liti-:iH LU'Wnm 12-18 -a'11:w-:i 
vd e::!i ,d ~ 3 , ~ 

- 1t!'Vl 3 '<il-:JL'U6'1tl'WL'U'Wel1V11'JL'W1~L6'1tl.:iL6116'16'1'Ufl\91 

- 1t!~ 4 L'U~tl'Wel1Vl1'Jb'W1~Lit1-:iL6116'1Gli;11Vl'fofl11rl~Li°iBm6116'1Glvlt1n knockdown V'W G6PD 1~ti 
'\l 

'U'J~flel'UL'U\911tl 10% FBS bL6'1~ 2 µg/ml puromycin L'U'WL16'11 48 -a'11:w-:i Lb~1~-:J'V11fl11\911'J'<il6'lel'U 

fl11b~el-:Jbb?1.:i-u0-:i GFP Vlir.:i'<il1flfl1'J transfection bL6'1~ M11'<il6'lel'U'J~~'U-Uel-:J G6PD activity, G6PD 

mRNA expression bb6'1~ fl11bLl;'J~-:Jelelfl-UB.:i 1 'll1~'W G6PD flel'W'V11fl1'J'Vl~6'1el-:J5'W1 \9lel 1 'U 

· 4. 1~1~~'U G6PD activity .n1t11m61J~i HEK293 'Vllil.:!lil1fl knockdown ~'W G6PD 

bfl'U pellets 1 'Wl;'1116'1~6'11tl 1X PBS '<il1fli1'W'V11 l Vlb6116'1Glbb\9lflb~tlf1~'WL~tl.:i#i'1t1 sonicator '<il1fli1'W'<il~ 

1~'ll~mrul'll1~'Wb~tl15 bicinchoinic acid (BCA) assay kits (Thermo Fisher Scientific lnc.,USA) 

1~1~~'U G6PD activity 1~ti'W16'!116'1~6'11tl'<il1flL6116'1Gl'll~mM1 10 µl i:-Jl;'J:Wfl'Ul;'l116'1~6'11tl master 

mix 'U~:W1\911 490 µl zj-:itJ1~flel'U\911tl NADP (Sigma, USA) 0.38 mM, MgCl2 (Bio Basic Canada lnc, 
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Canada) 6.3 mM, glucose 6-phosphate (Sigma, USA) 3.3 mM, melaimide (Sigma, USA) S mM, 

bb~t Tris-HO (pH7.S) buffer (Bio Basic Canada lnc, Canada) SO mM bbl;'ltt111'1.J1~1rhrn"a~~n~tlbb6'1-:J 

vi 340 nm vl~ruVl.lJ:W 37 e:J-:Jf!l1b61lm6/!tl6'1 btlunm 15 'WTvi 1~mfl~e:J-:J microplate reader ''inm!mh-hvi 

1m'I.Jf11'W1WbU~tl'Ubviti'Ufl'U NADPH standard curve b~elf11'W'JWVl1"at\9l'U"IJel-:J G6PD activity 

" " . 
5. -r ~"a~\9l'Uel'W:JJ~Bf;f;f~.fl1 v 1 m 6lJ~cl'V1i-:i~ 1 n b w1~b~ v-:ifrn nvt11 \?11 ~vi ijfl 11 :JJ b ii':JJii''W f;1{1 . ., ., 

b'W1tbiti-:ib61ll;'l~1\91 HEK293 L'W 96 well plate 'llD~ black plate (corning, USA) 1i½iifl11:W 

Vl'W1bb'W'W 2x104 cells/well 1iJ1nt!Ub'V'l1tbiti-:ib61ll;'l~i1:wn'Utl1vi11;,v/iifl11:!Jb'U:W'U'W6'1-:J 12.S bbl;'lt 25 mmoVL ., 

Vl1:W6'11\9l'U b'U'Wb'Jl;,1 72-&11:w-:i liJ1flt!'W"a~\9l'lJ"IJe)-:JeJ'W:Wi;'106'l"a~.fl1tl1'Wb61ll;'liliJ~t1fl1~ fati15 Dichloro-
• ., 'U 

dihydro-fluorescein diacetate (DCFH-DA) assay (Cell Biolab,USA) V161-:J~1rn'V'l1~biti-:ib61lm-1i1:wnu 

tl1Vl1l;'I b61ll;'lcl'~nu:w1~tln1"ab~:W DMSO U~:W1Vl"a 8.6 µl b~ell;'ltl;'ltmti DCFH-DA 1m~m1:!Jb'U:W'U'W 10 

mM bbl;l'J~-:1~6'1:Wfl'U 1X PBS 1utJ~mVl"a 100 µVwell bbl;'ltU:w'V1-:i111uvl:w~Htl'Wb'JG11 30 'WTvi 'V161-:JliJ1ntYu 

W\9l'U"IJeJ-:Jel'W:Wl;'l06'l"a~.n1 ti 1 m6111;,cl'1iJtt1n1 ~'I.J~:w1rubb?l-:J'Wl;'I ae1 b "a?! b61l'W\91 vlm"a~~ n~u bbl;'lt'I.Jr;1a tJ'V'lG1-:i-:i1uvi 
'l 'U 'U 'U 'U 

fl11:Wtl11fl~'W 495 bbl;'lt 525 u11'Wb:wm Vl1:W6'11\9l'U 1~ti1-Ubfl~el-:J microplate reader 

6. 'J~"a~\9l'Un1"abbf;1~{1elelfl"llel{l~'IJ 

'V161-:Jlil1n knockdown 8'W G6PO bbl;'lt b'V'l1tbiti-:ii1:wnutl1ml;'lviiifl'J1:Wb'U:W'U'W6'1-:J b61l1;,cl'ffi~lil1flfn"a 
'U 

'Vl~l;'lel-:Jlilt~ntl1:w1?1n~ RNA 1~tiel1~tl'I.J~n~ti1"1Jel-:J Trizol reagent 1~m~:w Trizol (GeneMark Bio, 

Taiwan) l;'l-:JhJ1m61ll;'lcl' pellets v/1~ o/1-:iHvi~ruVIJJ:Wi½eM 10 u1vi liJ1nt!m~:w chloroform (Sigma, USA) 

~6'1:w1 Vlb oif1nu bb6"1~-:i'V1-:i H b tl'Un~1 10 u1vi lil'Wb ~'Wfl1"abbtin.ff u"IJa-:J6'11"al;'ltmti i\J-:i1 '1.Jtl11 'I.J~m VI~ ti-:ivi 

m1m11 12000 RCF btlm1m 15 u1vi vlaru'Vl.n:w 4 a-:if!l1b61ll;'lb6/!tl6'1 '<iJ1nt!u~~rhu1?1.ffuuu?1~m1ci1u 
'l 'U '\J 'l 

'Vll;'leJ~'Vl~l;'leJ-:J"IJ'W1~ 1.5 ml 'Vll;'le:J~1'Vlll bb6"1b~:W isopropanol (Merck Millipore, USA) bb6"1tl11'1.Jbn'Uv/ 

~WVl.fJ:W -20 a-:ifl1b61ll;'lb6/!tl?I btlunm'I.J"atmru 16-20 i11m 'VIG1-:JliJ1nt!utl11tJ~ub'Vl~tJ-:ivifl11m~1 12000 

RCF btl'Wb'Ji;'11 15 tnvi vi~WVl.fJ:W 4 el-:Jf!l1b61ll;'lb6/!tl6'1 liJtb~'W pellet "IJ'W1~b~nv/n'W'Vll;'leJ~ bb6"1b'VI 

isopropanol v1-:i bb6"1b~:W 75% ethanol (Merck, Germany) tJ~mVl"a 500 µl ~-:iv1-:iHvl~ruVIJJ:Wi½a-:ibtl'W 

b'Jm 5 u1vi bb6"1i\J-:itl11uhl~'Wb'Vl~ti-:ivifl11m~1 7500 RCF btlunm 5 invi vlaru'Vl.n:w 4 a-:if!l1b61lm6/!ti?I 
• 'U 

riauviliJtb'VI ethanol o/1-:i bbl;'lt 11-:i pellet v1-:iHlilmbi½-:i i\J-:ib~:W RNase free water b~eJl;'ltl;'l1tlLbl;'ltt111tJ-3'~ 

'I.J~:w1ru"l.le:J-:J RNA ~'Jtlbfl~a-:i Nanodrop 1000 spectrophotometer (Thermo Fisher Sciencetific, 

USA) ria'WliJtu11'1.Ji-:ibm1t~ cDNA 1~v~1umt'U1'Wn1"a RT-PCR 1urn"abU~tl'W RNA 1i½btl'W cDNA 1~v 

~~ revertAid First Strand cDNA synthesis kit (Thermo Fisher Sciencetific, USA) b~eJ~1iJttl11tJ-3'~ 

fn"abb6'1~-:Jelelfl"IJel-:J8'Wv16'1'W 1 liJ 

V161-:Jlil1nvl6"-:ibfl"a1t~ cDNA bb6"1 \9ia 1 tJ cDNA liltt1ntl11'1.J1bfl"a1t~b6ti-:J'I.J~mru"IJa-:im"abb6'1~-:iaan 1 u 
'U 

"at\9l'U mRNA ~1tl15 real time polymerase chain reaction (Real time PCR) ~'Jtlbfl~e:J-:J real time 

thermocycler (Thermo Fisher Scientific, USA) 1~v1'Wn1"a'Vl~l;'leJ-:Jflf-:i'lllilt1~n1"abb6'1~-:ie:ian"l.leJ-:J8'W 
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G6PD, glutothione peroxidase, cotolose mud1 6-actin LU'lJ internal control fav sequence 'UeN 

primer ~-!!Vl:IJ~Fil~~mL?l\il-!!1'lJvt111-3-vl 2 · 

\91111-3~ 2 Specific primer t'i1vtfof11':i1\ilf11':iLL?l\il-:JeJeJn6/Jel-:J~'lJ L\iltl1fi real time PCR 

Gene 
r r 

Annealing PCR product Sequences 5 -3 

temperature size (bp) 

G6PD Forward primer: GTCAAGGTGTTGAAATGCATC 
57°c 187 

Reverse primer: CATCCCACCTCTCATTCTCC 

GSH-Px Forward primer: CGATCGGTGTATGCCTTCTCG 
57°c 105 

Reverse primer: GAGGGACGCCACATTCTCG 

Cotolose Forward primer: TGGAGCTGGTAACCCAGTAG 
55°c 209 

Reverse primer: CCTTTGCCTTGGAGTATTTGG 

6-actin Forward primer : ACTCTTCCAGCCTTCCTTC 
57°c 171 

Reverse primer: ATCTCCTTCTGCATCCTGTC 

Box Forward primer: AACATGGAGCTGCAGAGGAT 
51°c 200 

Reverse primer: CAGCCCATGATGGTTCTGAT 

Bcl-2 Forward primer: CGTGGGGTCATGTGTGTG 
57°c 89 

Reverse primer: CGGTTCAGGTACTCAGTCATC 

7. 1\il1~~'lJfl11bbli'l\il-3eJeJn61.le1-3 h.hmJ 
. L61f~~ pellet ~N1'1Jfl1':i knockdown ~'lJ G6PD ~~~mnu b~eJtJ1:IJ11\ilfl1':iLb?l\il-:Je)e)fl'1Je)-:JL'l.h~'lJ 

G6PD b6lrn~~~~fl'Yl11iLL\91fl1'lJ Ripa buffer (sigma, USA) ~1:IJflUfl1':i1-U\1°1~eJ-:J sonicator (VIRITIS 

company,USA) ~1m!u~~~ntl1m11il'll~mruhh~'!JL\iltl1i bicinchoinic acid (BCA) assay kits (Thermo 

Fisher Scientific lnc.,USA) vt~-:i~1m!u1'll':i~'lJ~l°111:IJL'U:IJ'U'lJ 401:1JL\°1':iflf:1J~~t1ntl1:1J11~':i~~Ufl1':i 
'U 

LL?l\il-:Je)e)fl61.Je)-:JL'U':i&i'lJ G6PD \9leJ1'll 

L\iltJiiolf'lJ\91e)'lJ~-:Jd L'U':i~'lJ~~tlflLWfl1'lJ 10% SOS-PAGE LliltJ1im~bL?l1'V'lvh 120 volts L'U'IJL1m 75 
'U 

'lJ1VI vt~-:i~1m!u~~tlfl transfer1'llti'-:i nitrocellulose membrane Lliltl1im~LL?l1'V'lvh 100 volts Ltl'lJ 
'U 

L1~1 90 'W7VI L~el transfer L?l~~L~tJu{e:iv LLN'lJ membrane ~~~fl block 1u blocking solution (5% 

w/v non-fat milk 1u TBST buffer) LU'lJL1m 1 -ti'11m Lb~~ 'Yl1f11':i6l1-:J membrane 3 1°1f-:i 1°1f-!I~~ 5 'lJ1VI 

L\ilt.l TBST buffer ~1m!utl1LLN'W membrane 1'll'U:1-IflU anti-G6PD (sigma, USA)~ dilution 1:30001u 

TBST buffer L'U'IJL1~1 16-20 -ri'1L:1J-!! ~eJUJ'Vlil:JJ 4 eJ-!lfl!1L61fm61iv?l ~1m!'L! G11-!I membrane 3 \°1f-:i 1°1f-:i~~ 
' 'U 

5 'Ll7VI ~1!:J TBST buffer LL~~'U:1-lflU secondary antibody~ dilution 1:5000 ~e:iruvtn:\Jiu-!I LU'Llb'Jm 
• ' 'U 

2 -ti'1 L:IJ-!1 LL~~ 6l1-:J antibody ?!1'L!Lf1'lJeJeJfl~1tl TBST buffer 3 1°1f-!I 1°1f-:i~~ 5 'lJ7VI fleJ'Ll~~~1\il':i~~Ufl1':i 
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bb?li;J.:JeJeJfl'lleJ.:Jbtl1~'W G6PD ~11'.l chemiluminescence system bb6'1~ ~-actin '<il~~fll'tlb'U'W internal 

control cl1V1fofl11 normalization \,leJ1tl 

8. n1'a1bfl'a1:::~-ueJ~%1 (Data Analysis) 

.:J1'W11ill'.l 1 'Wflf .:id'<il~tJ1 L?l'WeJ-UeJ:IJ6'1 L ~.:J'V'l11ru'W1 LL?li;J.:J'llmm L 'U'Wf11Lu~ l'.l (mean) LL6'i~G11'Wb ~l'.l.:J L 'U'W 
'U 'U 

m~1\i1'W (standard deviation) l'W1tlfl11'Wbb6'1~~111.:i fl1';j'V]i;]6']e).:Jbb'U.:JrnliteJeJflb'U'W 2 nciii1mu ~e) nciii 
d.!J '\J 'l '\ V '\ 

flTUflit (control) LL6'1~ nciit(;)1e:Jci1.:i 51-ire:iit6'li1fl11LL'<ilflbb'<il.:Jtln~ 1i unpair t-test b~mtl~l'.l'Ub'Vll'.l'IJ 2 nciii 
'l 'l 'V 'l 

tl1~6ll1m Vl~e:i One-Way ANOVA b~mtl~1:J'Ub'Vll'.l'Umnn11 2 n~iitl1~6ll1m(uhJ bb\91V11ni1m1bbluflbb1u.:ihl 

tln~'<il~l'll?I~~ Mann-Whitney U test 1i;ivi1fl11itbb~fl\911.:Je:id1.:ii1tl'1:J611flqj'V11.:J?I~~ Li'./e:i p < 0.05 

~%1n1'a'Vli;Jr;lel.:J (Results) 

1. n1-a'VI i;iae1'U f111:1.1 b U'UW'etbbr;l :::-a~iu"1Je1.:ia1-ae1u:1.1gi 0 a-a:::.fl1 v 1 m61Jmf .fl11:Jmf-:i m-ab w1~ti v-:i t61J%1%1b~ 
• 'U 

V ~ d 21 V 
HEK293 ~11'.l'U1~1%1'Vlfl11:l.lb"IJ:l.l"IJ'U 12.5 bb%1::: 25 mmoVL 

V1&1.:J'<il1miv.:iL61!6'lf;l HEK293 tln~ ~1ml1~16'l~fl11itb-Uit-U'W 12.5 bb6'1:i 25 mmoVL b'U'WL1m 72 

i1lit~ 'V'l'U11vlf111m-u:w-u'W 12.5 mmoVL bb6'1~ 25 mmoVL ?11m1tt'V11l'Vl1~vi'u cell viability 6'Ji;J6'J~b'Vl~eJ 
.J.a1v o v .d -=:I q v '61 1 d 

84.37±2.11% bb6'1~ 75.10±9.22% 61l~it'Wt.16'!1flqjbite:Jbtl11'.J'Ub'Vll'.J'Ufl'Ub61lm'lb'Wfl~itfl1'U~it'VI p=0.025 bb6'1~ 

p=o.002 ~1mhvi'u citJ~ 1) 
V V V t 

8fl'Vl~rJ.:J'V'l'U11Vl&l.:Jb'W1~b~l'.J~b61!6'lf;1~11'.JtJ1~16'l'Vl1~~'Ufl11itb6U:lJ6U'W?I~ 12.5 bb6'1~ 25 mmoVL W~'U 
'U 

?111ff4~6'10?11~.fl11:J1'WL61l6'1~~\~:u(ue:id1.:ii1tl'm{1flqJV1~e:itl1~mru 1.25±0.06 (p=0.008) Lb6'1~ 1.45±0.20 

(p<0.001) b'V11'lleJ~b61l6'16'11 'Wfl6liffl1'Uflit~1:Wr;l1~'U ('aU~ 2) 
.. 'l cu . 

p=0.002 

p=0.025 

100 

» ----:§] 
.: .... 

C > 0 
<.> 50 

~~ 
u~ 
~~ 

0 

itJ~ 1 -a~vi'u cell viability l'Wb61l6'161 HEK293 tln~V1&1.:Jb'W1~Liv~~1ml1~16'lvlfl11:ub'1iit-u'W12.5 bba~ 25 

mmoVL 
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p- 0,001 

p=0,008 

12.5 bbl;l~ 25 mmoVL 

2. n11'VJ~l;{eJ'lJ nTHba~~eJeJn"lJeJ~!hrn&i:1.Ja11;1'WeJ'W:i.J'r;J€16t1~ (antioxidants) 1 'WL6ll'r;l'r;lb~ HEK293 
• • SJ ., ., . 

.n1aV1i~m1b'W1~b~a~1utl'1~1'r;l"W\ol113Jb"LJ:i.J"LJ'W 12.5 bb'r;l~ 25 mmoVL 

.fl1tl'Vl~-:Jfl11b'\1'l1~blc.1.:ib61ll;ll;ll~ HEK293 tJn~ 1ut11~1l;l~fl11:i.JL'Dit'U'U 12.5 bbl;l~ 25 mmoVL 'W'U 
' ., . 

m1bb6'11Y1.:ieian-ue1.:i~u G6PD b-W:i.J"liu 1.42±0.38 (p=0.196) bbl;l~ 3.36±0.48 (p<0.001) wh ~1:1.J~1~u bila 

b'U~c.l'Ub'Vtc.l'Ufl'Ufl~:i.Jm'Ufl:l.l (1tl~ 3) b'li'Ub~c.11fl'U~'U GSH-Px n'W'U'J1iJfl11bb6'11Yl-:Jelelflb~itt'U L47±0.50 
' • SJ 

I I d 1/ V ~ d.c:1 V iJ 

(p=0.130) bbi;l~ 2.08±0.29 (p=0.007) b'Vl16Uel.:Jfl~itfl1'U~it b:1.Jelbi;JcJ-:J(Y]'JcJ'U1ml;l'Vlitfl11itb6Uit6U'U 12.5 bbi;l~ 

25 mmoVL ~1iir;11~u (1tl~ 4) 'Uelflli11fli1t1-:i'W'U11~'U CAT (catalase) i1n11bb1;'11Y1.:Jelelflb~ittue1~1.:ii1 
SJ 

'Wc.16'l1flqjb~elb'U~c.l'Ub 'Vtc.l'Ufl'Ub61ll;li;Jb 'Ufl~itfl1'U~it ~ 1.38±0.14 (p=0.038) b'Vl1 bdelb'W1~tlc.1-:i\111c.1J1~1l;l~ 

m1itb'D:1.J'U'U 12.5 mmoVL bbl;l~ i1m1bb6'11Y1.:Jelelflb~ittu 1.28±0.31 (p=0.113) b'V11b'Ub61ll;ll;ll~ HEK293 ~ 
V V ti , 

b'W1~b~c.l-:JIY11c.l'W1~1i;l 25 mmoVL (1'Uvi 5) 
SJ 

p 0,001 

ictJ~ 3 1~~um1tb1;'11Y1.:JeJan-ua.:i~u G6PD 'Vl~-:Jt'W1~tlc.1-:it61ll;ll;ll~ HEK293 'Lln~\111c.1tl1ml;l~m1miiiiu~.:i 

12.5 bbl;l~ 25 mmoVL 
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6'1-:1 12.5 bba~ 25 mmoVL 
'U 

= 2.0 
<:> ·;;; ., ., 
~'q,1.5 
>I~ ., = < cc 
Z -5 1.0 
p:: "O 
e-; ., .... 
~ _, 0.5 

.a. -<C 

U 0.0 

p=0.007 

p=0.038 

3. n11a{1-:ib61Jf;l!il HEK293 ~vtfo-:Jbel'W161J:w G6PD ~'Jtlfl11 knockdown EJ'W G6PD 

bde:iV11n11 knockdown 8'Ll G6PO 1m61Jm1i\91 HEK293 1~6'l1b ~'<il lil~'W'Un11b~B-:lbb6'1-:J61JB-:J GFP 

fl1tlLWfl~B-:J'<il6l'Vl11!'ll'U'W6leJ0b16'1b61l'U~ (1tl~ 6) bb6l~'W'U11b61la~ HEK293 ~ knockdown ~'W shG6PD-A 
' 'U 'U 

' Q,.I t{ ..::i ')' 

bb6l~ shG6PD-C 1~1?1'1J G6PO activity 61.le:l-:lb61J6l6l6ll?l6l-:!:J..J1'Vl 28. 78±5.86% bb6l~ 78.84± 11.08% bl?ltl6l~6l-:J 

0ci1-:i:wtl'mf1fYty~ p<0.001 bb6l~ p=0.001 m:wcl'1191'UbdmV1ti'Ut1'1Jb61l6l6l1'Lln~:wr11u11:w (shControl) ~-:in11 

i;l~i;l-:Jdb'vit1ul~n'IJ G6PD class II bbfl~ G6PD class IV \911:Wci'1191'1J cit1~ 7 ) 
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·1mm1I 
<:11111rlll 

'a'U~ 6 n1'HbMMelelfl'llel-:J GFP '1Jel-:Jb61lml1\91 HEK293 i11c.J1(11fl'~,el-:Jlill;l'Vl'a'al311.J'Wl;lelelb'H'fb61l'W~ Vl~-:Jlil1fl 
~ ' ~ 

knockdown ~'W G6PD lil1c.l shRNA (shG6PD-A, shG6PD-C) 

JU~ 7 'a~~tJ G6PD activity 1'Wb61ll;ll;l1\91 HEK293 Vl~-:Jlil1fl knockdown ~'U G6PD hrn shRNA 
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vt«.:iliJ1n knockdown 8'U G6PD b~cl shRNA 1m61ma1~ HEK2931~~'UtJ'Un1'abb?l~.:J'IJeN8t! G6PD 

b~cl1fi Real time PCR 'l"l'U11 b61laa1~ HEK293 ~~n knockdown 8'U G6PD :Wn1'abb?l~.:JeJeJn'IJeJ.:J8'U G6PD 

~a~a.:ie1~1.:i:wt!cJi1~t1J~ 0.17±0.029 (p<0.001) b'Vl11m61laGl shG6PD-A bba~ 0.90±0.022 (p=0.002) b'\111 

1 t!b61laGl shG6PD-C bflm vicJ'Ufl'Ub61laa1 t1mfaJA1'Ufl:1J (shControl) ( 1'll~ 8) 
' ' ~ 

p=0.02 

P' 0.001 

1'll~ 8 ·rni'UnTm?l~.:ie1e1n'IJeJ.:J EJ'U G6PD 1m61laa1~ HEK293 vt«.:iliJ1n knockdown EJ'U G6PD 1~cJ 
~ 

shRNA 

vt«.:iliJ1n knockdown 8t! G6PD b~cl shRNA 1m61laa1~ HEK293 ~.:i1~~t!tJ'UnTabb?l~.:J'IJeJ.:Jb'lh~t! 

G6PD 1~cJ1fi western blot 'l"l'U11 b61laa1~ HEK293 ~on knockdown 8'U G6PD :wn11bb?l~.:JeJeJn'IJeJ.:J 
" 

hh~t1 G6PD ~a1?1a.:ie1~1.:i:wt!mh~t1i~ 0.21±0.086 (p<0.001) b'Vl11t1b61laGl shG6PD-A bba~ 0.68±0.074 

(p=0.008) b'Vl11m61laGl shG6PD-C bflmvicJ'Ufl'Ub61laa1t1n~:1Jrl1'Ufl:IJ (shControl) (l'll~ 9) 

p 0.008 

shControl shG6PD-A shG6PD-C 
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G6PD 

Vl~-:Jfi!1fl~'LlcJ'Llfl1'Hb?l~-:Je.le.lfl6U8-:J~'Ll hh~'Ll bb6l~ G6PD activity1'Llb61J6lt'll\9l HEK293 ~ 
.c::I c:: d .c::I V V ~ Jf Q.I ~ d..:::i 'V V d ti V 

knockdown cJ'Ll G6PD b 'U'WVl b ';jfflJ';je.Jmbm b 6/Jf;lf;lfil~~m 'W1~bf;l cJ-:Jfl'U'Ll1\9116lVl:l-Jfl11:l-J b 6U:l-J6U'Ll~-:JVlfl11:l-Jl 6U:l-J6U'Ll 

12.5 lb6l~ 25 mmoVL lU'Lll16l1 72 -a'11m 1~cJ'W'U111'Llb61J6l611\9l HEK293.1'Llfl'1:l-l shControl ih~191'U cell 
' 

viability f;l~f;l,:je) ci1-:i:W'WcJa1fi'rul~8l tl~cJ'U b 'VlcJ'Ufl'U l61Jf;lt'J~hil#i'b 'W1~lt cJ-:J~1:l-lfl'Ut11m6l~:Wfl11:l-l l 'U:l-J'U'W?l-:J 
v V 

l~cJ:W1~19l'U6U8-:J cell viability b'Vl~e.l 87.02±3.01 % (p=0.001) bl6l~ 76.28±3.19% (p<0.001) \9!1:l-l6l119l'U 

bl6l~cJ-:J'WUfl11:l-Jbl\9lfl~1-:imh-:iil,!mf1fi'ru1m61J6l6l1\9l HEK2931'Llfl'1:l-l shControl WV111-:itl1\9!16l~fl11:l-l 
V ' 

l-il:l-J-U'Ll 12.5 blf;l~ 25 mmoVL ~ p=0.002 (J'l.Jvi 10) 1~cJ'W'U11~-:J';j~l91Ut11m6ll~:l-Jt'Ll b61Jf;lt'Jfi!~\911cJ:l-J1flt'Ll 

l61J6l61L'Wfl~~ shG6PD-A 'W'U11 cell viability il1~19l'U6l~6l-:J8ci1-:iiJ,!m:11fi'qJbnaltl~cJ'Ub'VlcJU!l'Ul61J6l~ 

~hll#i'l'W11~LicJ-:i~1:1-Jnutl1\9!16l~ilfl11m-u~-u'Ll~-:J 12.5 bl6l~ 25 mmoVL glucose 1~cJil1~191U6ll8-:J cell 

viability l'Vliia 78.37±3.27% (p<0.001) lbf;l~ 65.95±5.78% (p<0.001) \9!1~J1191u blf;l~ :Wfl11:l-Jll\91fl~1-:J 

fl'Ll8ci1-:i:il,!m:11fi'qJ'a'~Vl11-:Jt11m6l~fl11:l-Jl'U:l-J'U'Ll 12.5 blf;l~ 25 mmoVL ~ p=0.007 (J'l.Jvi 10) 

?f1'Lll61J6161L'Wfl~:l-l shG6PD-C 'WU11 cell viability il1~19l'U6l~6l-:Je.Jci1-:iiJ'WcJa1fi'qJln0ltl~cJUl'VlcJ'UllU 

l61J6lt'l~lill#i'l'W1~licJ-:i~1~nutl1m6l~:wm1m-u~-u'Ll~-:i 12.5 lb6l~ 25 mmoVL glucose 1~cJ:w1~\9l'U6ll8-:J 

cell viability b'Vl~8 79.04±8.78% (p=0.24) bl6l~ 73.91±11.94% (p=0.01) \911:l-l6l1191U bl~'li!'W'Ufl11:l-l 

ll\91fl~1-:Je.Jci1-:i:il,!mhfi'qJ1~Vl11-:Jt11m6l~m1m-u~-u'Ll 12.5 blf;l~ 25 mmoVL (p=0.491) (J'l.Jvi 10) lb~ 

0ci1-:ibt1\9!1:l-JW191U cell viability 6UeML61J616lL 'Llfl~~ shG6PD-C t1-:imnn11b61J6lt'11 'Wfl~:l-l shG6PD-A 1 UVJfl 
., 

Q.I ii V o 

1~~Ufl11:l-l b 6U~6U'lJ6ll8-:J'lJ1\9116l 

1111 shControl 
la ShG6PDRA 
• • ShG6PDaC 

J'l.Jvi 10 'J~l91U cell viability 1m61J6l6l1191 HEK293 Vl~-:Jfi!1fl knockdown ~'lJ G6PD bn8b'W1~LicJ-:i\?71cJ 

t11\9116l~fl11:l-ll -U:l-l'V'lJ 12.5 bb6l~ 25 mmoVL b'U'Wl16l1 72 -a'11m (* lb\91fl~1-:Je.Jci1-:i:w'WcJa1flqjb~8 

bvicJU!l'Uflr;l:l-Jmi1l111l'W1~ltcJ-:i1111cJtl1m6l~fl11~b'V~'U'lJ 12.5 bbf;l~ 25 mmoVL) 
. ' 
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5. n11'Vl~ae:iur111l!btl'Ww'M"l.le:i-:ill~'W11t-1-:i 

lil1ne.J6"lf111'Vl~6"lB-:lfl11llb'U'W'W'M6/JB-:J:U~'W11e.J-:J ~Bb61.f6"l6"lb\9l HEK2931'Wn~:u~ knockdown ~'W 

G6PD L'U'Llb16"11 24 -ti'11:u-:i 'W'U11Wli1'U61Je),:j cell viability ~1°111:UL-U:U°U'Ll 2.5, 5, 10, 50 bL6"l~ 100 mg% 1'Ll 

J-:iflB-:Jb61.f6"lGl 1~iifl11:IJLL\9lf1~1-:JBcl1-:iiluc11;11AqJfl'UL61.f6"lGl'YthJ1Ji'b'W1~LicMf1'U:U~'Ll11e.J-!l bb~~rl11:Ub6U:U6U'W 200, 

250, 500, bb6"l~ 1000 mg% 'W'U111~1i1'U6/JB-:J cell viability 6"l~1;1,:i0cl1-:iiiirc11;11Aqi ~B 75.28±4.94% 

(p<0.001), 71.61±3.87% (p<0.001), 50.36±12.29% (p<0.001) bb 6"l ~ 12.38±2.03% (p<0.001) 

\9l1:Uci'11i1'U 1m61.f6"lGl shG6PD-A bb6"l~ 63.54±7.80% (p<0.001), 67.22±7.10% (p<0.001), 45.95±5._13% 

(p<0.001), bb6"l~ 10.21±3.03% (p<0.001) 1'Llb61.fl;!Gl shG6PD-C ciu~ 11) liJ1f)e.J6"lf111'Vl~l;le),:J1'Wr1-r-:id 

:u~'Ll11e..1-:i ~ 50mg% ~-:i~mifom~m11hfl-lil'Wrn1'Vl~6"l0-:i1,iB1tJ 

- shG6PDaA 
shG6PDaC 

l'U~ 11 1~1i1'U cell viability Vl~-:Jb'W1~Limlb6/.fl;!GlJJ'1cJ:U~'Ll11e.J-:J ~1°111:!Jb-U:U-U'Ll 2.5, 5, 10, 50, 100, 200, 

500, bbl;!~ 1000 mg% b'U'Llb16"11 24 -ti'11m (* bb\9lf1~1-:JBcl1-:iiiirc11;11AqJbfl0bvicJ'Ufl'Uf)~:U~1~1Ji' 
V 

b 'W1~b~cJ-:Ji1:Ufl'U:U~'Ll11e.J-:J) 

6. 'lh~a'Vlfi.fl1'W"lleJ-:Jll~'W11 t-1-:l \>ie:i fl11b~eJ:IJ"llel-:J b6ll~~b\9l HEK293 b 'W.fl11~b 'UTV111'Wbb~~W'ie:i-:i bel'W16ll~ 

G6PD 

~1~cJb~e)f)fl11:!Jb6U:U°U'W6/JeM:U~'W11e.J-:J ~ 50 mg% m1m'Llf111'UeNfl'Ll (pre-treatment) fl'Ub6/.fl;ll;lb\9l 

HEK293 cell 1'Llnci:u~ knockdown ~'LI G6PD b'U'Wb16"11 24 -ti'1fo-:i bb6"l~b'W1~Lic1-:ii1:unmJ1\9l16"l~f'111:U • 
b-U:U-U'Ll~1-:J1 b'U'Ll 5.5, 12.5 bb6"l~ 25 mmoVL b'U'Llb1m 72 -a'11:u-:i 1~cJ'W'U11fl~:U~ pre-treatment Ji'1c1 

:U~'Ll11e.J-:Jflel'WL'Vn~btc1-:i·h:unutl1\9l16"l1~1i1'UUn&i~fl11:Ub6U:U6U'Ll 5.5 mmoVL w#i'u cell viability 6/JB.-:J 

b6/.fl;!Glf1ci:U shG6PD-A bb6"l~ nci:u shG6PD-C hl1Ji'1;1~6"l-:JBcl1-:iiiirc11;11At1Hflmvic1ununci:ur11ur1:u 
'l 'l V '\ ') 

97.53±8.31 % (p=0.525) bb6"l~ 98. 77 ± 12.68% (p=0.826) \9l1:Uci'11i1'U 
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d "1 , .., ,, 
6/Jt\J~Vlb61i~~ {91 HEK293 fl~lJ shG6PD-A fl1!:JVl~-:Jfl1';i pre-treatment ~1!:JlJ~'W11t-!-:J bb~~ 

b~1~bicJ-:i~1w1uJ1{9)1~~m1m-olJ-o'W 12.5 bb~~ 25 mmoVL {9)1m'l1~U ';i~~U6/JeN cell viability ~~~-:i 

{9)1lJW~Ufl11m.iflJ-o'W6/JeNtl1{9)1~~b~:J.Jt'W 1~tJ~~mb'Vl~B 70.37± 7.19% bb~~ 67. 79±3. 76% \911lJci'1~u 

zj-:Jbb{9)fl~1-:J~1flflci:J.Jfl1Ufl:J.J8ci1-:iih!mh~'ru (p<0.001) bb\91e:Jci1-:ihn{911lJ';i~~u cell viability 6/Je)-:J~-:J?IEJ-:JflcilJ 
'\ 'l V' '\ 

I V V I 

~-:inci11t1-:imnn11ncilJvh~1~b~!:J-:J~1W1'U'W1{9)1~'ni1fl11m-olJ-O'W 12.5 bb~~ 25 mmoVL b'Wt.l-:JEJci1-:ib~!:J1 
' 

e:ici1-:ii1'11mf1f'i'qibdmvitJunun~lJ~ pretreatment 1~m61imfo~~-:Jb'Vl~B 48.45±3.24% (p<0.001) bb~~ 

55.76±6.07% (p=o.002) {9)1m11~u C1t1~ 12) 

shG6PD-A 

100 
;;.-, p<0.001 .,._. ,_ 

p=0.002 .... -
~ 

- Q .... 
,.Q i... I co::: .... .... = 
;>- Q 

(.) 

- I!.. "i> Q 50 
u "$. 
::R'-" ~ 

0 

I Q/ ~ dq ii V d 
';i1:l.JflU'W1{9)1~VllJfl11llb6/JlJ6/J'W~-:JVI 12.5 mmoVL bb~~ 25 mmoVL 

6/Jru~~b61i~~1{9) HEK293 fl~lJ shG6PD-C fl1cJ'Vlfi'-:Jf11';i pretreatment 1?11!:JlJ~'W11t-!-:J bb~~b~1~bttJ-:i 

~1lJnutl1\911~~f111m-o:J.J-U'W 12.5 bb~~ 25 mmoVL {9)1lJ~1~U ~U11';i~~U6/JB-:J cell viability ~~~-:i l~!:J 

' 
~~~-:Jb'Vl~e) 64.56±4.49% bb~~ 76.65±8.16% {9)1:l.J~1~U ;-:Jbb{9)fl~1-:J~1flflcilJfl1'UfllJBci1-:ii1tl'm;11f'i'ru ' ' ., 
(p<0.001) bb\918ci1-:ihn{9)1lJ';i~~u cell viability 6/18-:J~,:j6'{e),:jfl~lJ~-:Jflci11t1-:imflfl11fl~lJ~b~1~bttJ-:i~1lJf1U 

~ .J.:::1 Vii cl I e:f I c:,IQJ O Q..J aJ .c:I Q/ I .J 
'W 1{911~ Vlll fl11m 6/JlJ6/J'W 12.5, 25 mmoVL b ~ c.l-:J B !:J 1-:J b~ c.l1 B !:J 1-:Jll'W c.l6'11 fl qJ bll m VI !:JU fl'U fl~ll VI 

pretreatment 1~m61l~~~~~-:Jb'Vl~B 53.37±4.43% (p=0.046) bb~~ 55.76±6.07% (p=0.001) {9)1:J.J~1~U 

c1t1~ 13) 
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shG6PD-C 

100 p=0.001 

El ~ 
50 

0 ...... _ _.__...._-,--..__.......,,....... ...... _ _.__...._-,--..__.......,,....-

., ' ' 
i1itflU'W19116'lviiJr111:ub-U:U6U'U6'1-:Jvi 12.5 mmoVL bb6'l::: 25 mmoVL 

'\) 

7. n1'a'Vl~fifel'U'a:::~'U"l.leM611'ael'W:!Jt'!8&t'a:::.fl11:J1m61Jaa191 HEK293 v1 knockdown au G6PD .fl11:J'Vli-:J 
• 'U 

3Q,J 61~ d vv 
n1'ab'W1:::ba1:.1~nu:u:::u11~mta:::b'W'W1\,l1t'l'Vlfl11:Ub"l.l:U"l.l'W 12.5 ua::: 25 mmoVL 

'Vl6l-:Jlil1rn-w1:::ti l:J-:Jb61i6'1G'i'l91 HEK293 vi knockdown V'U G6PD ~11:Jfl1'a pretreatment :w:::'U11(;.J-:J 

b'U'Ub'Jm 24 olf1tm bb6'l:::el1'V11'ab'Vl1:::bi1:1-:ivli1J19116'Jvlm1m-u':u-u'U 12.5 bb6'l::: 25 mmoVL b'U'Ub16'11 72 

olf1 lwi i5-:i1~Pin~Trn~'U61Jel-:J6'11'aeJWJ6'lB6'1'a:::il11:11m61i6'l~L~l:115 DCFHDA assay t~1:1'W'U11na:wvl pre-• '\) ' 
treatment ~1m.J:::'U11(;.J-:JfleJ'Ub'W1:::bi1:1-:i~1:wnutJ1mm:::~utln~vlm1m-u:u-u'U 5.5 mmoVL W~'U ROS 

'lleNb61i6'l~na:u shG6PD-A bb6'l::: mi:w shG6PD-C 1:w1~6'1~6'l-:imh-:ii1'11m·h~tmdmvimJnuna:wr11ur1:w 
'I '\ V 'l 'I 

0.988±0.12 bb6'l~ 0.96±0.06 911:l-J6'11~'U 

'1Jru:::vlb61i6'16'1191 HEK293 fl~:U shG6PD-A .f111:J'V16l-:Jfl1';j pretreatment ~11:1:w:::tJ1'J(;.J-:J bb6'l:::b'W1:::bi1:1-:i 
ti I • I V 

~1:Ufl'U'W19116'lvifl11:l-lb6U:U6U'\.J 12.5 bb6'l::: 25 mmoVL 911:U6'11~'U 'a:::~'U61JeJ-:J ROS b~:U;'\.J911:W'a:::~'Ufl11:U 

t-u':u-ii'u'llei-:itJ19116'lvlb~:l-l~tJ t~m~muu 1.21±0.05 ua::: 1.33±0.07 tvh m:u6'11~u eil-:itt9ln~1-:i~nnmi:w 
' 

fl'J'Ufl:UelV1-:JiJ'Umf1~ru (p<0.001) bb~acl1-:ihn911m:::~'U ROS 'l]e)-:JJ-:imNm'!:u~-:ina11~-:iua1:1n11na:wvl 
'I V 'I 'I 

ti 'V I I 

b 'W1::: b~ l:J-:J~'J:l-J fl'U'W19116'lvii1r111:w b "U:U"U'\.J 12.5 bb6'l::: 25 m moVL b 'Wl:J-:Jel cl1-:i b~l:J'Jel cl1-:iil'WcJ6'l1~qjb:Welb vi l:J'U fl'U 

n~:uvl pretreatment t~cJ'a:::~'U ROS b~:U~'\.Jb'U'\.J. 1.40±0.08 (p=0.031) bb6'l::: 1.66±0.17 b'Vl1 (p=0.010) 

\,11:U6'11~'U ( 'atl'V1 14) 
'U 
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shG6PD-A 

2.0 

p=0.031 

~ 

o.o ....... __,.__.___._ ............ ...___......_....._,........ ....... __,.__.___._.....,_._ 

V V • 1 

treatment 6UeJ-:J:U~'Ll11i:-J-:J bbGl~b'W1~b~t1-:i~1:un'U'W11>11G1vii1r111moii':u-ii''Ll 12.5 bbGl~ 25 mmoVL 

d ~ I QJ V J" 
6UU!~'Vlb6/i(;l(;l bl>l HEK293 fl61:U shG6PD-C fl1tl'V!Gl-:Jfl1';j pre-treatment ~rnm~'Ll11i:-l-:J bbGl~b 'W1~b(;ltl-:J 

I QJ ~ d V ii O V QJ ~ )f V 

':i1:Ufl'U'Ll11>11Gl'Vlfl11m6ll:U6U'Ll 12.5 bb(;l~ 25 mmoVL \911:Ual\9\'U ';j~(9)'lJ6lfe),:j ROS b'W:U6ll'Lll>l1m~\9l'Ufl11:U 

t'll:U'll'Ll6lleJ-:itl1mG1~t~:u.fftJ L\9\m~:uttl'Ll 1.25±0.11 bbGl~ 1.37 ±0.09 tvh w1mi11P1u ~-:ittwn~1-:i~1nmi:u • 
fl1'UfJ:Uel~1-:JihTm11~qi (p<0.001) bb~el~1-:J hnw1m~\Pl'U ROS 6llel-:JJ-:iG'fa-:Jfl~:U\Pl-:Jfl~11 ~-:i11at1n11n~:u~ 

b'W1~bttl-:J~1:Ufl'Ut111>11Gl~iJfl11:Ub'U:U'U'Ll 12.5 bbGl~ 25 mmoVL b'Wtl-:Jel~1-:Jb~tl1b~mviti'Ufl'Ufl~:U~ • 
pretreatment L\9\tlW\Pl'lJ ROS b~:U.ff'Llb'U'Ll 1.40±0.08 bbGl~ 1.66±0.17 b'V11 (p=0.010) 1>11:U~1\Pl'U (ltl~ 

15) 
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2.0 
;;;;-
e ..... 
§ 1.5 
<-' 

s 
0 

rFJ. .::: 
0,::, 1.0 
~ ~ 

~ 
~ 
;.. 
<-' .s 0.5 

shG6PD-C 

0.0 ........ ....,.._.__,_ __ _,__..__,......__.,....,.._.__,_ _ _,__........,,......_ 

1t1~ 15 ';j~li]'IJ61Je)-:Jl;'f1'ae:J'U:l-!6106'f'a~.fl1cJ1'Llb61Jm'l1~ HEK293 (shG6PD-C) 'Vl~'1b'W1~btcJ-:J\911!?Jf11'a 
~ ''\J 

., ., ' 
pretreatment 61Je:J-:J:l-l~'U11!!-J'1 bb6l~bV'l1~b~cJ-:i~1m1ut11m61'Yii1r111:1Jb-U:l-!6U'U 12.5 bb61~ 25 

mmoVL 

8. fl11'Vl~6le.1um1ua~·i,.:rnern61Je.1-:J~'Wm1mt11~1'1.Je.J'Wa.l~fut1~ (antioxidants) 1m61rn~1~ HEK293 ~ 
' ''ti 

ci v Ji6lf d 
knockdown a'W G6PD .n1aV1~-:im1 pre-treatment wrna.1~'1..!11!!-J-:J bb~~ b'W1~b~a-:i i'W'W1\911~'VI 

fl11a.lb"Ua.l-U'I.J 12.5 bb~~ 25 mmoVL 

'Vl~'1~1flbV'l1~bicJ-:ib61Jm'1l~ HEK293 ~ knockdown Vt! G6PD \911cJfl1'a pre-treatment :l-l~'U11!!-J.:J 

b'U'Ub1611 24 -ri'1fo-:i bb61~81'Vl1'HV'l1~btcJ-:i~i1tl1\9116l~fl11:l-lb6U:l-!6U'U 12.5 bb61~ 25 mmoVL b'U'Ub1611 72 

-&11:l-1-:i ~1 m!'Ulii-:i 1\91?if1'l'J1 fl1';j bbl;'i (?),:je)e) f161Je),:j V'U~ b~cJ'J6LJe),:j n\mci:l-!6'11'a~1'Ue:J'U:l-!6106'f'a~ th~f1e)'IJ\911 cl 
' ''\J 

Glutathione peroxidase (GSH-Px) bb61~ Catalase 1(?)cJ15 real-time PCR 

61Jru~~b61Jm1=i\91 HEK293 f1~:l-l shG6PD-A .fl1cJ'Vl~-:Jf11';j pretreatment \911cJ:l-l~'U11!!-J-:J bb6l~bV'l1~btcJ.:i 

I Q,.I ~ _,d V V O V rv ,::;:,f 

'a1:l-lf1'U'U1~16l'Vlfl11:l-Jb61J:l-!61J'U 12.5 bb61~ 25 mmoVL m:l-!611(?l'IJ ';i~(?)'Uf11'abb6'f(?),:je)e)f161Je)-:JcJ'U GSH-Px 61(?161-:J 

brlmvicJununci:1Jm'Ur1:l-l 1(?)cJ61(?)61-:Jb'Vl~e:i 0.42±0.26 bb61~ 0.59±0.30 wh m:1JJ1i;i'u bb~mh.:i1 'an~1m~i;i'u 
' ' 

b-U:l-1-U'U 12.5 bb61~ 25 mmoVL Lvfo~e:ici1.:ib~cJ10ci1.:ii1'11m·11r1f1)brlmvicJ'Uf1'Uf1~:l-l~ pre-treatment 1~cJ'a~lil'U 

f11'abb6'f(?J.:Je:Je:Jf161Je:J-:JV'U GSH-Px b~:l-l('Llb'U'U 1.35±0.28 (p=0.013) bb61~ 1.53±0.13 (p=0.033) bV11~1:l-lJ1i;i'u 

dQ.J .c:1 .d vv~ dc1 v 1 

61Jill~'Vl'a~(?)'Ufl1'abb6'f(?J-:Je:Je:Jf161Je:J-:JcJ'U Catalase 61(?161-:J 'Vlfl11:l-lb61J:l-!61J'U'U1m61 12.5 mmoVL b:l-le:Jb'VlcJ'Uf1'Uf161:l-l 
' 

fl'J'Ufl:l-11(?)tJ61(?)61-:Jb'Vl~e) 0.67±0.22 bb~f1~'Ub~:l-l('U~fl11:l-Jb6U:l-!6U'Utl1m61 25 mmoVL b~:l-lb'U'U 1.27±0.45 
' 
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b'V11 bb~e:Jch:ihnM1:l-l'.i~~'UflTm?l~-:Jele:Jn61JeNV'U Catalase 61Je:J-:JJ-:i?1a-:inci:l-l~-:Jmh;irnA''Ub~:l-l~'UBn1'Umi:l-l~ • • 
_.J' l QJ ~ d.c:::1 'V V .c::I I .c:::I I cf V O V d .::::i QJ 

b'W1~bl;J!:J-:J'.i1:l-ln'U'U1Mll;1Vl:l-lrl'J1:l-lb61J:l-161J'U 12.5 bbl;]~ 25 mmoVL b'W!:J-:Jelt.11-:Jb~!:J'Je)!:J1-:J:l-l'Utl?l1flqjb:l-lelbVlt.l'Un'U 

n~:l-1~ pretreatment fam~~'Un1'.ibb?l~-:iaan61Je:J-:JV'U Catalase b~:l-l~'Ub'll'U 2.05±0.37 (p=0.007) bbl;l~ · 

5.68±1.01 Cp=o.019) bvl1M1:l-1~1~'U ciu~ 16) 

shG6PD-A 

8 

p=0.013 p=0.033 

CJ GSHaPx 
CJ Catalase 

'.i'U~ 16 '.i~~'U61Je:J..:Jn1'.ibb?l~-:iaan61Je:J-:JV'U GSH-PX bbl;l~ Catalase b6111;11;1'1M HEK293 (shG6PD-A) ~ .. 
df V _J-' I V ~ aJq V V 

b 'W1~ bl;Jc.J-:J ~11:Jm'.i pre-treatment 61Je:J-:J:l-l~'U1'Jt:,.J-:J bbl;l~ b 'W1~ bl;ltl-!l'.i1:l-ln'U'Ll1M1l;1Vl:l-lfl11:l-lb 61J:l-161J'U 

12.5 bbl;]~ 25 mmoVL 

61Jfll~~b61/l;ll;lbM HEK293 n~:l-1 shG6PD-A .fl1tl'Vl~-:Jn7'.i pre-treatment ~1tl:l-l~'U1'Jt:,.J-:J bbl;l~b'W1~bit1-:i 

I Q.J ~ d V V O V QJ .c::I 

'.i1:l-ln'U'U1M1G'IVlfl11:l-lb61J:l-161J'U 12.5 bbl;]~ 25 mmoVL Ml:l-ll;l1~'U '.i~~'Un1'.ibb?l~-:Je:Je:Jn61Je:J-:Jtl'U GSH-Px G'l~G'l-:J 

bdmvic.J'Ufl'Unci:l-lm'Ufl:l-1 1~t1i;l~l;l-:Jb'Vl~el 0.50±0.15 bbG'l~ 1.06±0.55 b'V11 M1:l-1~1~'U bb~aci1-:ihnmm~~'U 
' ' 

n7'.ibb?l~-:i aama-:ivu GSH-Px 61Ja-:iJ-:i?1mncl:l-l~-:incl11n~'U b ~:l-l~'U 1 uncl:l-l~b 'W1~ti c.J-:ii1:l-ln'Utl1M11;1~iir111:l-l 
' ' 

b-U:l-1-U'U 12.5 bbG'l~ 25 mmoVL b'Wt1-:imh-:ib~t11aci1-:i:w'w'mhflqjbdmvit1'Ufl'Un~:l-lf1 pre-treatment 1~m~~'U 

n7'.ibb?l~-:iaan61Je:J-:JV'W GSH-Px b~:l-l~'Ub'll'U 1.27±0.22 (p=0.013) bbG'l~ 4.22±1.09 (p=0.043) b'V11Ml:l-1~1~'U 

dv .c:::1 d vv~ d.c:::1 v 1 

61Jru~Vl'.i~~'Un7'.ibb?l~-:iaan61Je:J-:Jt.l'U Catalase 1;1~G'l-:J Vlfl11:l-lb61J:l-161J'U'U1M1l;l 12.5 mmol/L b:l-lelbVlt.l'Un'UnG'l:l-1 
' 

fl'J'U~:l-1 1~t.1l;l~G'l-:Jb'Vl~el 0.86±0.37 bb~mf'Ub~:l-l~'Uf1r111mi:l-1-U'Utl1M1G'l 25 mmoVL b~:l-lb'U'U 2.66±0.55 

b 'V11 bb~aci1-:i 1 '.inM1:W'.i~~'Un1'.ibb?l~-:Je:Je:Jn61Je:J-:JV'U Cata lase 61Je)-:JJ-:i?1a-:incl:l-1~-:Jnci11n~'Ub ~:l-l~'UBn 1 uncl:l-1~ ' . 
V V I I 

b'W1~b~t.1-:ii1:l-lfl'UtJ1M11;1vi:wm1:l-lb-U:l-l-U'U 12.5 bbl;l~ 25 mmoVL b'Wt.1-:iaci1-:ib~c.J1aci1-:i:w'w'm11flqJbi1mvit.1'Ufl'U 
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1 ..J y v .:::i d_ 1f d 
n~l-l'VI pretreatment bl?ll'.l'a~l?l'Uf11'abb?l\?l-:t00f1'1l0-:tl'.l'Ll Catalase b'l"ll-l'll'Llb'U'Ll 2.51±0.27 (p=0.001) bbr;'l~ 

4.78±0.42 (p=0.016) b'V11~1l-Jr:r1111'U (ltlvf 17) 

shG6PD-C 

6 
CJ GSH-Px 
l:11£'£1':d Catalase 

1tlvf 17 'a~l1l'U'll0-:Jf11'abb?fl?l-:t00f1'1l0-:t~'Ll GSH-PX bbr;J~ Catalase b61lr;1r;1'1~ HEK293 (shG6PD-C) fl 
" % V JI I Q,J ~ da, V V 

b ·vn~br;J l'.l-:Jl?l'Wf11'a pre-treatment '1Jml-l~'Ll11f;.1-:J bbr;J~b '1"11~br;J l'.l-:t'a1l-lf1'U'Ll1!?11r;J'Vll-Jfl11l-Jb 'lll-l'll'Ll 

12.5 bbr;J~ 25 mmoVL 

9. f111'Vl\?lae1um1bba\?l-:ie1e1n"l.l0-:i~'Wn~l-lvf b~1:.11•u&:inun11~1mbuu apoptosis 1m6ll~rn'1w HEK293 vf 
,, ,, . 

knockdown ~'W G6PD J111:.1'VlliY'1f111 pre-treatment ;{'Jl:.ll-l~'W1'J~,:j bb61~ bW1~bml:J,:jb'I.JU1~161vi 

fl'J1l-lb6nl-l6n'W 12.5 bb61~ 25 mmoVL 

Vl~,:j'<iJ1f1b'l"l1~bicJ-:ibG/lr;Jr;Jb~ HEK293 vi knockdown ~'Ll G6PD ;{1l'.lf11'a pre-treatment l-l~'Ll11~M 

bum 1r;11 24 -n'1 Ll-1-:J bbr;1~01V11-ab '1"11~bimvi:wJ1mr;1vlm1m -ii'l-1-if'Ll 12.5 bbr;J~ 25 mmoVL b um1m 72 

-&1 Ll-1'1 '<il1m1'Lli5-:J 1~Af1~1f11'abb?l\?l-:Je)e) f1'1Je)-:J~'LlvibficJ1-i1'0-:inu f1~l-lml:Jbb 'U'U apoptosis 'lh~f1e)'U~1 l'.l Bax 

(apoptotic gene) bbr;J~ Bcl-2 (anti-apoptotic gene) Ll?ll'.116 real-time PCR 

'1Jru~vib61lr;1r;1'1~ HEK293 n~l-1 shG6PD-A .fl1l'.l'V!Gl-:tf11'a pre-treatment ~1l'.ll-l~'Ll11CN bbr;J~b'l"l1~bim 

1 rv~ d vv ov v .:::I d.1'.d 
'a1l-lf1'U'Ll1mr;J'Vlfl11l-Jb'1Jl-J'1J'Ll 12.5 bbr;'l~ 25 mmoVL ~1l-Ji;'l1\?l'U ';i~\?l'Uf11'abb?l\?l-:Je)e)f1'1Je)-:Jl'J'Ll Bax b'l"ll-l'll'Llbl-Je) 

b'Vll'.l'Uf1'Uf1Gll-lfl1'Ufll-! Lm.Jb~l-lb'U'Ll 1.34±0.17 bbr;J~ 1.53±0.12 b'V11 ml-lr:r1~u 1'Ll'llru~vl-a~~'l.lf11'abb?l\?1'100f1 
' ' 

'l]e)-:J~'Ll Bax '1JeMJ-:t6'10-:Jf1Gll-J~-:Jf1Gl11 f1Gl'Ub ~:U,'LleJV1-:Jl-!1f11 'Llf1Gl:Uvib '1"11~bt cJ-:Ji1:un'l.li!11?11r;Jvi:wm1:u b-ii':u-ii''Ll 
' ' 

12.5 bbr;J~ 25 mmoVL b'Wl'.l-:JBV1'1b~l'.l1BV1'1:WUm'l1r1qJdjm'VlcJ'Uf1'Uf1~:U~ pre-treatment Ll?ll'.l'a~~'l.l m-a 
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.c::1 .:::.! 1f ~ I O V d 
bb?l~-:Je)e)f1'1.le)-:Jtl'W Bax b'W:W'1.l'Wb'U'W 2.45±0.21 (p<0.001) bbat 3.12±0.67 (p=0.005) bV11\,J1:J..Jm~'U '1.IU!tVl 

<V q d Vi.I~ d.c::1 IV I 

1t~'Uf111bb?l~-:Je)e)f1'1.le)-:Jl:J'W Bcl-2 a~a-:i Vlfl11:J..Jb'1.l:W'1.l'W'W1ma 12.5 bbat 25 mmoVL b:We:lbVltl'Uf1'Uf1a:W 
' 

fl'J'Ufl:W L~tla~a-:Jb'Vli-la 0.85±0.08 bbat 0. 79±0.11 b'Vl1 bb~acl1-:ihnm:w1t~'Uf111bb?l~-:Je)e)f1'1Je)-:J~'W Bcl-2 
' 

mmoVL b'WEMacl1-:ib~macl1-:iih!mf1~i;yLdm'Yltl'Ufl'Uf1~:W~ pre-treatment L~tl1t~'Uf111bb?l~-:iae:in'1.la-:J~'W 

Bcl-2 a~a-:Jb'U'W 0.45±0.15 bbat 0.54±0.06 (p=0.037) b'Vl1m:W6l1~'U (JU~ 18) 

shG6PD-A 

4 
CJ Bax 
CJ Bcl-2 

'a'U~ 18 1t~'U'1.18-:Jf111bb?1~-:iaan'1.la-:J~'W Bax Lrnt Bcl-2 '1.leJWllmit\,l HEK293 (shG6PD-A) ~b'W1tbltJ-:i~bEJ 
'IJ 

J( I Q..1 ~ d.c::1 9,/ i,/ 

f111 pre-treatment '1.18-:J:Wt'W11t:N bbatb'W1tbaEJ-:J'a1:Wf1'U'W1\,11aVl:Wfl11:Wb'1.l:W'1.l'W 12.5 bbat 25 

mmoVL 

'1.lrut~b61laa1\,l HEK293 n~:w shG6PD-C .fl1EJV!Gl-:Jf111 pre-treatment 1?11EJ:Wt'W11!!-l-:J bbatb'W1tblEJ-:i 

I Q..I ~ d i,/ i,/ 0 <V <V .c::I ed. 11 d 
'a'J:Wf1'U'W1\,11a'Vlfl11:Wb'1.1:W'1.l'W 12.5 bbat 25 mmoVL \,11:Wm~'U 'Jt~'Uf11'abb?l~-:Je)e)f1'1Je)-:JEJ'W Box b'W:W'1.l'Wb:J..Je) 

b'V1EJ'Ufl'Uf1ci:Wfl'J'Ufl:W 1~m~:J..JL'U'W 1.17±0.09 bbat 1.15±0.06 b'Vl1 \,11:W6l1~'U 1'W'1.lillt~'at~'Uf11'abb?l~-:Je)e)f) 
' ' 

'1.la-:J~'W Bax '1.la~~-:i?la-:i nci:w~-:in~11 f1Gl'Ub ~:w.ff uacl1-:i:w1n 1 un~:w~L v,i1t LiEJ-:i':/1:w nrn11ma~i1f111:wL -if :w•-ifu 
' ' 

12.5 bbat 25 mmoVL b'WEJ-:Jacl1-:ib~tJ1acl1-:ii1tl'm:11~i;yLdm'YlEJ'Ufl'Uf1~:W~ pre-treatment L~tl'at~'U f111 

bb?l~-:Je)e)f1'1.le)-:J~'W Bax b~:W61i'Ub'U'W 2.02±0.12 (p<0.001) bbat 2.28±0.22 (p<0.001) b'Vl1\,J1:l..J6l1~'U '1.IU!t~ 
Q..I el d 'Vi,/~ .d.c::1 Q..I I 

'at~'Uf11'abb?l~-:Je)e)f1'1.10-:JEJ'W Bcl-2 a~a-:i Vlfl11:Wb'1.l:W'1.l'W'W1\,11a 12.5 bbat 25 mmoVL b:We:lb'VIEJ'Uf1'Uf1a:W 
' 

fl'J'Ufl:W L~EJa~a-:Jb'Vli-le:i 0.76±0.12 Lbat 0.89±0.12 b'Vl1 LL~acl1-:ihn\,J1:J..J1t~'Uf111bb?1~-:iaan'1.la-:i~'W Bcl-2 
' 
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mmoVL 1,-wmmcl1~b~cJTeJcl1~iJtl'mh·1qJbde:i1,vicJ'Ufl'Ufl~:l-l~ pre-treatment 1111cJ1~\9l'Ufl11bb6'1\?l~eJeJfl61JeJ~~'W 

Bcl-2 6l\116l~b'U'W 0.58±0.05 (p=0.032) bb6l~ 0.39±0.06 (p=0.01) b'Vl1\911:l-lfl1\9l'U (ltl~ 19) 

shG6PD-C 

3 

_Q..&...1....,.&.Ji...-i,........,........,1..1.w-.&..L.r-'---" 

D Bax 
D Bcl-2 

d v .c:l ~ .J JI 
1tl'VI 19 1~\?l'U"lleJ~fl11bb6'1\?l~eJeJfl61JeJ~cJ'W Bax bb6l~ Bcl-2 "lleJ~b6116'16'lb\91 HEK293 (shG6PD-C) 'Vlb'V'l1~b6'lcl~ 
'II 

~1cJm1 pre-treatment "lleJ~:l-l~'W11t;.J~ 1,1,r;1~b'V'l1~btcJ~'j'J:l-Jfl'Utl1\9116'l~iJr111rn-irii-ifu 12.5 1,1,r;1~ 

25 mmoVL 

10. tl1~a'V16.fl1W6llel'13.J~'U11N'1~eln1';ibbal11'1elelfi6llel'1 NF-kB L'Wb61J6'16'11~ HEK293 ~W-:feJ'1beJ'U161J~ G6PD 

L'U.fl11~b 'U1'V!11'U 

'V!~~'<il1flb'V'l1~btcJ~b6116'16'11\91 HEK293 ~ knockdown ~'W G6PD ~1cJfl11 pretreatment :l-l~'W11t;.J'1 

b 'U'Wb 16'11 24 -B'1 b:l-1~ bb6'l~eJ1'V!11b 'V'l1~btcJ~~iitl1mr;1~m1m -U:l-1-U'W 12.5 bb6'1~ 25 mmoVL b 'U'Wb 1m 72 

-&11ii~ '<il1 mf u~~ 1~~m11 m11,1,?f 111~e1B n"llm m~'U1um10m6'l'U~di111tu.n.1 cJ 1 m 6116'1Gl 1111cJ ~1un11bb6'1111~e:ie:in 

"lleJ{I NF-kB b\?lcJ16 immunofluorescence '<il~b~'W1~'J1'<il1fl 1tl~ 20 bb6'1~ 21 'V'l'U11 1,de:ieJeJ:l-1 NF-kB 
'II ., ., ' 

'V!~~'<il1flb 'W1~ b~ cJ{l'j1:l-Jfl'U:l-l~'W11 t;.J-:J bb6'l~ 'U1\9116'lfl11:l-lb -U:l-1-U'WG'l{I fl11~\11~61JeJ::! NF-kB '<il~~l1lvi'U1b 1 ru 
'\J 

cytoplasm 61JeJ-:Jb6116'l~b'W'VJfl1 n~ii t-:ihiL~'Wfl11:l-lbb\9lfl~1~1uVJnn~rn611~Gl 
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NF-kB Hoechst 33342 Merge 

Control 

50mg% LPR 
pretreatment 

50mg% LPR 
+12.5 mmoVL Glucose 

12.S mmol/L Glucose 

50mg% LPR 
+25 mmol/L Glucose 

25 mmol/L Glucose 

Jtl~ 20 fl1'j~f1'\_oj1fl1'jeJflbG'f'U.fl1tJL'WL611G""IG""IL~tJ 15 immunofluorescence ~el NF-kB L611G"l~ HEK293 

(shG6PD-A) 
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NF-kB Hoechst 33342 Merge 

tJtm'Ol 

!Om% P:R 
jJI' ti' ttlm 'Ht 

50mg% L'PR 
12, -- mmo 1/L lusmi 

:om% ·pf\ 
2.:- wm,tjl/ · 1u iU!f 

it1~ 21 fl1~~m~nnT~eJflb6'l'U,fl1cJ1'1.JL61ll;'ll;'ll\9lcJ 1fi immunofluorescence ~e.l NF-kB b61lm1 HEK293 

(shG6PD-C) 
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b'U 1 'Ill 'J 1 'I.J 

bdavY1rn-ab'W1~bit1-:ib61Jm11~ HEK293 ~'Wia-:iba'W161Jtl G6PD n'IJ:w~'W11~-:i~iJr111m-ii':wif'W 

~ 50 mg% dJunm 24 -a'1fo-:i bbi;'l~b'W1~bit1-:ii1:wn'Ut11~1i;'l~A'J11Jb6U:W6U'W~1-:J1 b6l!'W 5.5, 12.5 bbi;'l~ 25 

mmoVL b'U'Ub'Jm 72 -B'11:w-:i 1i11nt!'W1~f'in~1rn-amt1"l.leJ-:Jb61Jl;l6"l~'Jtlf11'aeJeJ:W Propidium iodide 119ltl'W'U11 

fl~:W~ pre-treatment ~'Jtl:W~'W11~-:JfleJ'Ub'W1~bit1-:ii1:wn'Utl1~1l;l'a~~'IJ'Ufl~~r111m.if:wif'W 5.5 mmoVL 

W~'Ufl1'a~1tl"l.leJ-:Jb61Ji;J6"1flci:w shG6PD-A bbi;J~ nci:w shG6PD-C hl1~l;l\9li;J-:JeJci1-:iiJ'l1t1a1~rudjmvit1'1Jfl'Uflci:W 
'I 'l V 'I 

f)'J'IJA:W 11.21±1.27% (nci:WA'J'UA:W 11.36±2.03%) bbl;l~ 7.73±1.23% (nci:WA'J'IJA:W 6.86±1.36%) 
'I 'I 'I 'I 'I 

m:wl;\'1~'1J 

"l.lru~~b61Ji;Ji;j1~ HEK293 fl~:W shG6PD-A .fl1tl'Vli-:Jf11'a pre-treatment ~'Jtl:W~'W1'J~-:J bli;J~b'W1~bit1-:i 
I Q.J' ~ ,d 2,/ V o CV V 6' ~ 1{ 

'a'J:Wfl'U'W1~1ffVIA'J1:Wl"l.l:W"l.l'W 12.5 bbl;l~ 25 mmoVL m:wm\9l'IJ 'W'U'a~\9l'U"l.leJ-:Jf11'a~1tl"l.leJ-:Jb61Ji;Jl;lb'W:W"l.l'Ubbl;l~ 

b-vi:W~1:WW~'UA'J11Jb 6U:W6U'Wtl1mi;'l~b -vi:wt'Wbfimvit1'Ufl'Uflci:WA'J'UA:W 119lm-vi:wl 'U'W 17.65±2.45% bli;J~ 
' ' 

24.40±5. 06% ~1:wl;\'1~u bbl;l~'a~~urn-a~1t1"l.leJ-:Jb61Jl;l6"l"l.leJ-:Ji-:i6'la-:i nci:w~-:inci11rnfo b-vi:wt'Waci1-:imn 1 'Wnci:w~ 
' ' V V 1 1 

b'W1~b~t1-:ii1:Wfl'U'U1~1i;'lviiJr111m.if:wif'W 12.5 bbi;'l~ 25 mmoVL b'Wtl-:JeJci1-:ib~tl'JeJ~1-:iiJ'l1t1a1~qid1mvit1'1Jfl'IJ 

n~:w~ pretreatment 119lm-vi:wtmtl'W 29.3±2.93% (p=0.006) bbl;l~ 70.97±5.04% (p<0.001) wh 

m:w1;11~'1J (<;i'U~ 22 bbi;l~ 23) ., 

shG6PD-A 

p=0.006 

~ 

iu~ 22 e)~'a1f11'a~1tl"l.leJ-:Jb61Ji;J(l bdm tl~t1'Ubvit1'1Jfl1'a~\9l~J~'\ll11-:J propidium iodide fl'IJ Hoechst 33342 

1'Wb61Ji;J6"1 HEK293 Vl~-:Jlil1fl knockdown V'W G6PD ~'Jtl shRNA (shG6PD-A) 
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• 

Propidium iodide Hoechst 33342 Merge 

Som% PR 
11t -.u, utm nt 

-Om % 111\ 
-- 111t1t(J 1/ tu~u~ -

it1~ 23 n11Plm~nn11~1t1'1Jel-W1Jftci' mc.11~n~e:i-:i~ft'V11113l'Uvl~e:im 16'1b61J'W~ 1~c.1n11EJm.J propidium 

iodide 1'Wb61lflfl1~ HEK293 Vl~-:J'iil1n knockdown ~'U G6PD ~'Jc.I shRNA (shG6PD-A) 

'1Jru~~b61lflfl1~ HEK293 n~:u shG6PD-C .f11tl'Vl~-:Jn11 pre-treatment ~'Jtl:U~'U1'Jt:N bbl;i~b'V'l1~bit1-:i 

I Q.I~ .J tit/ OQ.I Cl.I ~~~ 
';i'J:Un'U'U1mfl'Vlfl11:Ub'IJ:U'IJ'U 12.5 bbfl~ 25 mmoVL ~1:Ufll~'U '\f'l'lJ';j~~'U'IJel-:Jn1';i~1tl'IJel-:Jb61lftftb'V'l:U'IJ'Ubbfl~ 

b~:U~1:U';i~~'Ufl'J1:Ub 'LJ:U"LJ'Utl1~1fl~b~:Ut'Ubdmvic.1unun~:Ufn'Ufl:U 1~m~:ub'U'U 31. 70±5.18% bbfl~ 
' ' 

43. 92±5.64% m:u'11~u bbft~1~~un11~1t1'1Jel-:Jb61mi'lle:i-:i~-:i6'le:i-:in~:u~-:in~11n~ub~:ut'Ue:i~1-:i:u1n 1 'Wn~:u~ 
;f I Cl.I ~ .Jci1 ti ti ..:::::,1 I ..::::ii I ..::::ii Cl.I O Q.I _d .:::ii Q.J 

b'V'l1~bfltl-:J';i'J:Un'U'U1mft'Vl:Ufl11:Ub 'IJ:U'IJ'U 12.5 bbfl~ 25 mmoVL b'V'ltl-:Jeltl1-:Jb~tl'Jelt11-:J:U'Utl6'11flqjb:Uelb'Vltl'Un'U 
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n~~~ pre-treatment lv1m~~t'Ub'U'U 49.93±4.65% (p=0.01) bbrl~ 68.81±5.43% (p=0.005) b'Vl1 

~1~~1\9l'U (1tl~ 24 bb61~ 25) ., 

shG6PD-C 
)=0.005 

rr 

J'll~ 24 eJ~11nTi~1t.161JeJ~b•1mi bdmu~t.1'Ub'Vlt.1'Un11~1?1~1~V!'J1~ propidium iodide nu Hoechst 

333421'Llb61Jr1Gi HEK293 V!Gl~linn knockdown V'U G6PD \91'W shRNA (shG6PD-C) 
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> . 

Propidium iodide Hoechst 33342 Merge 

-0111 % Pit 
p1· tt utm nt 

, omg'Yu t.'PR 
12,. mtm, Vt., 1u'1@s 

!Om% Pit 
-11, mmuVL 1Uijijg 

it1~ 25 m1;n~1m1m1:J-ua-:ib61l~~ m1:J1tJi'n~a-:i~~'V111~tlvJ~am 1m61l'W~ 1~1:Jfl11~m.J propidium 

iodide 1m61l~~,~ HEK293 V16"-:J'<il1fl knockdown ~'W G6PD ~11:J shRNA (shG6PD-C) 
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el.fl'U'a1f.l/1lil1'HlJ (Discussion) 

.fl 11::: 1-a fl L \91 lil 1 rn u 1 'Vf 11 'Ll (Diabetic nephropathy) b 'U 'Ll .fl 11::: bb 'VI 'a fl i el 'Ll vl vrn L {91 'U eHJ 1 'Ll 

L ';ifl b U1'Vf11'Ll e'.r1i l:J(ij-:J 1~Pifl~1e-Jam:::'VIU6/JeJ-:Jtl1\9l1flvli1r111m 'LJ'Ll-U'Ll6'1-:t\9le) b61laa1\9l L 'Llfl1';i'Vl~fle)-:Jdcr1~tl 1~ 
~ ~ ~ 

Pifl~1L'Llb61laa1\9'l HEK293 L~tlfl1'aLVn:::Lic.J-:ib61laa1\9'l HEK293 ~1:unu.fl11:::vli1tl1\9'l1am1moif:uoifu~-:i 12.5 

bba::: 25 mmoVL 'WU11tl1\9'l1af111:ub-u:uoifu~-:ii1e-Jav1'11vi''a:::\9lu6/JeJ-:J cell viability a~a-:imh-:iil'Llmh·1qJ b~eJ 

b tl~l:JUl,'Vll:JUflUL61laa1 'Llfl~:U1°11Ufl:U bba:::fl1';iG'l~G'l-:J6/Je)-:J cell viability bb 'U';ie-Jflii''LlflU';i:::\91Ufl11:uL 'LJ:U'LJ'Ll6/JeJ-:J 

tl1\9'l1avlb vi:u(u 8 fl~-:JcJ-:J'WU11';i:::\91U6/JeJ-:Je)'Ll:UG'l 06'1W 1 u b61lG'l~b ~:u(ue1cl1-:ii1'Lltl6'11fltllbdeJ b 'W1:::bic.J-:i~1:U nu '~ ., 

tl1\9'l1avlilfl11moif:uoifu?1-:i bba:::m'ab~:u(uil:u'w'uinu'a:::19lutl1\9'l1avlb~:u(u ~1mvr\9'ldb61laa1\9'l HEK293 ;s-:iil 
~ ' 

fl1'a\9leJU?l'LleJ-:J\9leJ.fl 11:::vli1tl1mafl11m -u:u-uu?l-:i L~c.Ji1.fl11::: bfl~tl~eJ eJfl61lb~-lru ( oxidative stress) b 'U'Ll'Ulil~tl 
~ 

L~tl'Ufl~bb6l1b61la~lil:::eJ11'3ttlflW'U1'Llfl1'a antioxidation .g-:itl'a:::fleJU~1tlbeJ'LlL61ltlvrmc.J(9]1b6il'Ll G6PD, 

glutathione peroxidase (GSH-Px) bba::: catalase (CAT) L'Llfl1'a'UeJ-:Jfl'Lllba:::a~'a:::\9l'U.fl11:::bfl~tl~eJeJfl61! 

b~-lr'Ll (oxidative stress) .fl1tll 'Lll61la~a-:i bb\9lbdeJbeJ'LlL61ltlbn~.fl11:::'W~eJ-:Jlil1flfl';i';i:U'W'Ll6cleJ:U'Vl1 L vi'b61laa11 ' . 

'Vf~eJ L:W'Vl'Ll\91eJ.fl11::: oxidative stress B'Llb ~eJ-:J:u11il1fl.fl11:::tl1mavl?1-:i 1~ \91-:Jlil:::b ~'Ll 1~1il1fl fl1'a'Vl~ae1-:ivl'Wu11 
~ 

· beJ'LlL61l:!J G6PD, GSH-Px bba::: CAT ilm'abb?l~-:JeJeJflmfl('Ll b~eJ'Wtl1tl1:Wfl1'Ufl:U.fl11::: oxidative stress vl 

bn~lil 1fl fl1';ifl';i::: (9)'Ll.fl11::: bfl~ tl~ e)e) fl61lb~-lr'Ll ~1 c.Jtl1\9l 1G'l 1°111:U b 'LJ:U'U'Ll 6'1-:J 1 vi'a ~a-:i lil1 fl e-Ja fl1';i'VI ~am b de1-:i (§)'Ll 
' ~ 

bb?I ~ -:i 1 vi' b ~u11beJ'Ll161ltl G6PD t.i 11il :::il fl11:U6'11A ru \91 eJ fl1'afl1'U fl:U.fl 11::: b fl~ cJ ~eJeJ fl61! b~-lru1 u L 'afl L\9l lil1 fl 
., ' 

b'U1'Vf11'Ll e:ici1-:ibn\9l1:Ue-JG'lfl1';i'V1~6'leJ'U\91-:Jm111imbtJ-:Jfl'U-:i1'Ll1itl61Je)-:j Xu bba::: Zhang L'LlU 2005 bba::: 2000 

vl'WU11';i:::\9l'UtJ1mavl?1-:!6'11:U1'atlb vrtic.J1'W1 L vi'bn~.fl11::: oxidative stress bba:::a~'a:::\9l'Ufl1'a'Vl1-:!1'Ll6/JeJ-:J 
~ 

beJ'LlL61ltl G6PD L~tleJ11'3ltlfl1'a?t-:JilqJi;y1ru~1u1tl'a~'Ll protein kinase A (PKA) <3J bba::: cAMP <4J ~-:id~1~tl 

m~11e-Ja fl1'a'Vl~am\91-:i fl6'111eJ11il b tlue-Ja L u'a::: c.J::: tl116/JeJ-:Jfl1'a?I rub~c.J?l:u~a 1 'Llfl1'afl1Ufl:Ufl1';i'Vl1-:J1'Ll6/JeJ-:i b61la~ 
'1 V 't 'l 

1 vi'b tlutl fl~ b ~eJ\9leJU?l'LleJ-:J\91 eJ.fl11::: oxidative stress B'Llb ~eJ-:J:u11il1fl.fl11:::b 'U1'Vf11'Ll ~1 m 'Vf\9'lde'.i'1~tllil::: 1~ ' ~ 

~1b'Ll'Llfl1'a~~m:u pathway vlb~moifmL'Llfl1'al°l1'Ufl:Ufl1'abb6'1~-:JeJeJfl6/JeJ-:JbeJ'LlL61ltl G6PD am~e:J-:imlil1flm1::: 

L\9llil1flbU1Vl11'Ll\91eJ 1 tl 

lil1m1u1ic.Jrie:iuvrtl'1'W'U11fl1'a'W~eJ-:i6/Je:J-:JbeJ'LlL61ltl G6PD i1m1m~moife:J-:in'U L 'afl L\9'lb 'U1Vl11'Ll L~tl 

6'1-:ie-Ja 1 vi' bn~.fl11::: bfl~l:J~e)e)fl61Jb~i'LlbbG'l:::fl1';i8 flb?l'U 8fl~-:)fl1';i'Vl~a e)-:j 1 'LlVl'Llvli1.fl11 :::'W~eJ-:JbeJ'LlL61ltl G6PD 
~ 

(Albuminuria) bvi:umfl('Ll .g,:im1:::191-:Jfl6'111fleJ 1 vi'Ln~ L 'afl L\9llil1m 'U1Vl11'Ll 191,:it!u~1~c.J;s-:i 1~1il1ae1-:i L:Ub~G'l6/JeJ-:J 

fl1'a knockdown V'Ll G6PD 1~mdm'W1:::bic.J-:ib61laa1\9'l HEK293 vl knockdown V'Ll G6PD bba:::b'W1:::bic.J-:i 

~1:Un'UtJ11911avli1f111rnoif:u-uu?1-:i 'W'U11b61laa1\9'l HEK293 vltifl knockdown V'Ll G6PD i1'a:::\9l'U6/JeJ-:J cell 
~ ~ 

viability a~a-:imflfl11b61la~ffi:iJ1~ knockdown ~'Ll G6PD 6if-:itl~:U1U!b61la~vl'aeJ~6/J11?lbb'U'ae-Jflii''LlflU'at\91U 

tl1mmb6'l :::';i::: \91U fl 1'a'W~eJ-:J6/JeJ-:J mu 161ltl G6PD vl b ~:u(u u eJ fllil1 fld5-:i'W'U11 'a:::\9l'U e:Ju:ua a?l'a::: 1 m61la~vl '~ 
knockdown vu G6PD i1tl~mru:u1mba:::bbtl'ae:i''Ll\9'l1:Ufl'U'a:::19l'Utl1\9'l1mba:::m'a'W~eJ-:ibeJ'LlL61ltl G6PD vlb~:u(u 

bbJJ11b61lailil:::'Wc.J1tl1:Utlf'U'a:::\91Ufl1'abb6'1~-:JeJelfl6/Jel-:J~'Llfl~:U antioxidant enzymes bb6l1f11?11:U 'Llelfllil1fld5-:i 
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'V'lU11b61lG'l~~~fl knockdown 8'Ll G6PD iJfl11\P\1tlbbUU apoptosis b~lJ:'Ll favi11~\i1Ufl11bb6'1\?l-:Je)e)fl'lJe)-:J 

8'Ll Bax 'Vl~e:Jfl~:1-J apoptotic gene b~JJt'LlbbG'l~ Bcl-2 'Vl~Bfl~lJ anti-apoptotic gene G'l\?lG'l-:J '<il1flfl11 

'Vl\?l G'JB-:J'il'<il~ b ~'Ll 1~118'Ll G6PD iJm1JJG11r1ru~eJ fl11B cl1eJ\?l'lJB-:J b61lm=i1~ 1 u6'1.n11~ b U1Vl11'Ll n11V1\?1G'le:J-:Jd 
., 'U 

e1'mifo-:im'<il1flflG'l 1n1 'Llfl11'Ue:J-:Jfl'Ll.f111~ oxidative stress G'l\?lG'l-:J 

~1 m 'Vll?fCT~1iv~-:i 1~tl1lJ~'Ll1'Jt:-N ~~b 'U'Ll6'111~i".iqV1i1 'Ll fl11'Ue:J-:J fl'Ll.f111~ oxidative stress '<il1flfl11 

1im"lU11 rY;l1JJb'UlJ'U'Ll'lJeJ-:JJJ~'Ll1'JN~~ 50 mg% b'U'Llfl11JJb'UJJ'U'Ll~11lb'U'Ll'W~~m61lG'lG'l1~ HEK293 ~'V'l';;e)~ 

be:J'Ll161ltl G6PD bbG'l:ndmiv-:ib61lG'l~bbUU'UeJ-:Jfl'Ll (pretreatment) fav1ifJJ~'Ll11N-:J 50 mg% b'U'Llb'JG'l1 24 

i1tlM rfomiv-:i~1t1J1~1G'lflG'ltfl6'l~i".ir111m-uJJ'U'Ll 12.5 bbG'l~ 25 mmoVL 'V'lU11 ll~'Ll11tNrir1ru6'llJU~1'Ll 
'U ' 

fl1':i'Ue)-:J fl'Ll fl11~1 !:J'lJe)~ b 61lG'lG'l1~'<i11 m U1'\/!11'LleJ'Llb ~e)-:Jj_j1fl'<i)1fl.f11'J~ oxidative stress L\?l !:J6'11lJ11f;l cJU cr~fl11 

b ~JJtmrn~6'111e)'Ll:!-JG'lB6'11~.f11!:J 1 'Llb61lG'l~ bb6'l~'Ue)~fl11\P\1!:J'lJe)~b 61l6'16'11~~'V'l';;e)-:Jbe:J'Ll 161ltl G6PD 1 'Llm'J~L U1'\/!11'Ll 
'" 

1~B ~1-:iihTv1;11r1ru '<il1 n m11:5' v'ilLL6'1\?l~ 1 ~\ ~u11 JJ~u11 t-MiJr1ru6'1:1-Ju~1 u m1u m nu fl11L~BJJ'lJB~ L 61l6'16'11~~ 
., ' 

'V'l';;el~Le:J'Ll 161ltl G6PD eJ'Llb ~B~m'<il1fl.f11'J~L U1'\/l'J1'Ll 

l;f';i'U~f;lfl1';i1:5'a (Conclusion) • 
.n11~~iJJ'1~16'lfl11JJb 'UlJ'U'Ll6'1~6'11:1-J11~-Ufltl1.f111~ oxidative stress 1 ~Ln\?lt'Ll 1 'Llb61l6'16'11~ HEK293 

'U 

L ~JJmntu 1'Ll6'lm1~tlfl~L61l6'l~'V'lt11t11JJ'\/!1'Vl1~'UB~n'Llm'J~li1~mh1~1!:Jfl111 if antioxidant enzymes L 6U'Ll 

G6PD li)-:J'<i!~L ~'Ll 1~'<il1fl fl1':ibL6'1\?l~e)e)fl'lJe)-:J be:J'Ll 161ltl~ L ~JJ:'Ll e:Jcl1~ 11fi~1lJ Lde:J L61l6'1~ Lfl\?l.f11'J~'V'l';;e)~ LB'Ll161ltl 

G6PD ~eJJ-1£:t~t-.16'1~e:Jfl11L~!:J6'llJ\?lG'l 1 'Llfl1':i'Ue:J~fl'Ll.f111~ oxidative stress L 'U'Llb '\/!~ 1 ~L61lG16'11~L~BmLG1~~1t1mn 
' ' 

tu liY-:i1Tum11 'll6'llJ'Ll 1 'V'l1~iJnV1i~1'UeJ'UJJ6'106'11~LL6'l~fl11e)fl b6'1Ufl'Ll1'<il~6'11:I-J11tl6'l (?] fl'J1lJL~e)JJLLG'l ~fl11\P\1 !:JeJ'Ll , gl ,~ 

L ~e:J~'<il1 fl.f11'J~L U1'\/l'J1'Ll'lJeJ-:J b61lG1G11~~'V'l';;eJ~LeJ'Ll 161ltl G6PD 1~ L 6U'Llfl'Ll 
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