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Effect of PDTC on nurologic fuction after cerebral ischemia in rat
Yang Hanjie ,Li Guangqin,Chen Shuai ,Wu Yuan,Shen Xue ,Liu Shudong,Hu Wanqun
(Department of Neurology,The First Affiliated Hospital of Chongqing Medical University)

[ Abstract JObjective : To observe the effects of the NF-«B subunit p50 (NF-«B p50) specific inhibitor pyrrolidine dithiocarbamate
(PDTC) on the expression of NF-«kB p50, inflammatory factor TNF—a and related rehabilitation protein Reelin, synaptophysin
and Lingo—1 and to further observe the changes of neurological function scores and the morphology of hippocampal neurons in rats.
Methods ; Male Sprague—Dawley rats were randomly divided into three groups:sham—operated group(S group),ischemic control group
(I group) and PDTC group (P group). Middle cerebral artery occlusion(MCAO) was used to create focal cerebral ischemic models.
Rats in P group underwent PDTC (100 mg/kg, intraperitoneal injection) after MCAO. Rats were sacrificed on day 3 in S group and on
day 1,3 or 7 in I group and P group post—-MCAO. Longa scores was used to evaluate the neurological function of rats in three groups.
Western blot was used to detect the expression of NF~kB p50, TNF-a , synaptophysin and Reelin. HE staining was used to observe
the morphology of hippocampal neurons of rats in three groups and immunohistochemistry was used to detect the number of and Lingo—
1-positive cells in three groups. Results ; The Longa scores of P group and I group were lower than those of 5 group;the Longa scores of
P group were lower than those of I group on day 1 and 3 post-MCAO without statistical differences(P>0.05) ,but the Longa scores of
P group were lower than those of I group on day 7 post-MCAO(P<0.05). The hippocampal neurons in I group was abnormal , while the
morphology of the hippocampal neurons in P group was generally normal. The expression of NF-kB p50 in ischemic hippocampus was
higher in I group and P group than in S group{P<0.05),but it was lower in P group than in I group. There was no statistical differ—
ence on day 7 post—-MCAQO in three groups. The expression of TNF-« in I group and P group was higher than that in S group on dayl,
3 and 7 posi-MCAO(P<0.05),but it was lower in P group than that in I group(P<0.05). The expression of synaptophysin and Reel-
in in P group was remarkably upregulated than that in I group on day 1 and 3 pest-MCAO(P<0.05),but without statistical dif-
ferences on day 7 post-MCAO(P>0.05). The expression of Lingo—1-positive cells was low in S group,and it was lower in P group
than that in I group on day 7. Conclusion :PDTC can improve neurological function, maintain the relatively normal morphology of the
hippocampal neurons, which is possibly relative to inhibiting the expression of NF-kB p50,reducing the production of inflammatory
factor TNF-o and regulating the expression of Reelin, synaptophysin and Lingo~1.

[Key words]pyrrolidine dithiocarbamate ; cerebral ischemic;nerve function;nuclear factor—xB subunit pSO(NF-~kB p50) ;rehabilitat—ion

protein

SRR I PR R AR R EER R
Z—U BAGERR BT RERBEENR
R ZERBIHERENINRESR BREREL
W, PR RN R R BN E R RF T2,
BT 42 P S L 25 490 7T RE VAT R il P 2 o /S i
WENERMFT ., BRFTHRE, 765 m s A%
eh I R EORLAE MRS B A PRI R BB T BB, 7T LA4E
/NRAVATOFBEMZ TR, ot EHE R R 7
A+ —«kB p50(nuclear factor—«B subunit p50,NF—kB
p50) , & AL B -2 (cyclooxygenase—2,COX -2) B K
B, BEVLZR X4 & , 37X ki ke 1 A 5B R B HL 189,
IR R RS, S m AR A 5 ] NF-«B p50
MBI TS WS R BT RHCR , RIEE T4
F1 40 a4 (interleukin, IL)—1 IL-6 g R 30 H F -
o (tumor necrosis factor—a, TNF—a) B 355/, {H
MRUEFER D, B, A8FFEI2 i NF-«B pS0 i)

) ALk e — AR 42 B R (pyrrolidine dithiocarba—

' mate, PDTC) , #4 BRitsk i c BUILRY o iR 40 4UNF~«B

pSO0/E , MEE R HEH F TNF-o 2Bl RARKRE
%5 HReelin, Lingo-1 & 2 fih & (synaptophysin, SYN)

- BFRARAL, DU R R A BRI BRI

1 #RE5AZX

1.1 SBshtBER Hu

RN RN R R EEREY SD KR, (K E R 250~
320 g, W HBEDLS K 3 4 BF AL (S #H ,n=6) WML (1
4 ,n=18) & PDTC FHL (P H ,n=18), HrpohisH X4H
Bo 1 d H(11 4H) GRifn 3 dAHI3 ) Bk 7 d A7 ),
PDTC T4 X434 PDTC i 1 d 4 (P1 41).PDTC THi3 d
#1(P34) .PDTC T 7 d H(P7 4).
12 EEEBEEAXA

Reelin —$i (Abcam) 28 fii & — T (Abcam)NF-«B — i



— 30 —

BEERKSFE 2016 4£5 41 %% 1 3 ( Journal of Chongqing Medical University 2016.Vol.41 No.1 )

(Abcam)TNF-a —3#i (Abcam ) Lingo~1 —¥i (JL T B 2% ) B-
actin & (Epitmics) EH R 156 Hiik (B X)) Sl LiRH
B (ALE R )DAB B AR (JLETHERE),

1.3 £®Fk

1.3.1 YRk AR A H S SRA MCAO B35 & K BN
SRR IR AR BRI TIT MR EE , £ Longa ¥
4361~3 SRR BAEABIFEX R, HEBRPRUE : Longa PE4T<1 43
>3 433 s PN s AR BIRER B RS RTSE T . BEAR
AR B ALIEARE/NTF 10 mm, DLk DA BH T AR o 35k
3, HA R AR,

132 PDTC FHXE XF7 MCAO RJE 30 min F I
TR 5T PDTC(100 mg/kg, X 1K),

133 WIS SHARTARE 1.3.7 d KM Longa
TESEAE M Z TR E B E , BEIFA 0T .0 4. oM
ZIERERA; 1 4 AR ER , RiERER TN, fER
W R, BRI AT T RE S &8 ;2 2 . MR TIRE T B
B, B AT E R E MR ML B 3 2 A THREE B AR,
BIFESR QUM 4 4. T H EWES HEIRTRE,

134 Y% BJE 1 K Longa WP (RfE 1.3,
7 d), BEES 10%K & EEEREXR (&4 n=3), 1,
kA MNOCEALELE, EALCELN -0, 28 0Fk
FETE 200 ml PBS, ARG SRS TE 4% BB 200 mi, Wik
B, BT 4 ZREBh (BT EBRRE)  AHED
B e KR AR A SR EE , FK 4 CEISE 24 h, FFHAM
AR &

1.3.5 HE s HRESRNT.ZHE(IERZFFEL)
% 20 min; S EERFIKK LK 5 min; FAKEERE 5~10
min; ZE1EKMHEE 3 min; 1% RTERESE 7 5 19ROBRE
Y 4 min; K EPEKKIEAKE 3 min; ZHE(D), ZH%E
(1) %& 10 min, RIEHAHH,

136 SEpdAfAdFRaiE —BFE(DHRZHEE)
£ 20 min;100%( I ).100%( I )&% 10 min,95%.80% .
T0%AE BT R BEIK & 5 min;39%H,0, FEWT A S ik
Y& 10 min; PBS W T4 P8k (5 min x 3 K ); RBE
15~25 min (FIAFRAATS W) 5 B 48241 20 min DA b ;PBS ¥
WFES> WYE (5 min x 3 K) ; FHIIER ILFMEH 37 CHF
10 min; B M—$L Lingo—1(1:50),4 Cii# ; PBS H M ¥E(S
min x 3 ) ; A ZHi,37 CHEH 30 min; PBS Wl T4 wi ik
(5 min x 3 W) ; IMABWRS EMAYBIRCOBERERINERT
YEHE ,37 CHEE 30 min; PBS W R4 WHEE(S min x3 K);
DAB B8 ; A E Y Bk B TRELR, BUE H R
e 0

1.3.7 Western blot 8] /7 1 ¥ Longa TS (RG
1.3.7 d) , RS 10%K & R EMRBER B (& H n=3) &
Wk BUHEERAN, KRB SESOINED K
A-80 COKEEHETR . BMARES , S ARAPIMAE
L I O RRR R E AR, K EREEAN TS

S8 RIS A BCA B E B AWRE , FIFE A _EREG vh
BAEBAEME, ERTHE, RImBELFREKMA 5 pl BE
Marker R&AHE ARG (FE 25 pl), RBHRKICH 80OV
{EJE , Marker & M43 B3 A7 S5 ¥ h 100 V EE, ZREB 2
EBE B Rt ks, P Marker AR FERERX
B obndE , IR EN HWER &, ITYI% K PVDF I, &
Tk RIS, L 250 mA BRI, 1 kD 4 FEEE
1 min RBUSE B E, % IEE % PVDF BAA S%RLR
P AR, 37 CRERIEH 2 ho FE—3i(B-actin 1:500,
Reelin 1:500, 253 1:500, NF—B p50 1:2 000, TNF-a: 1:150) ,
4 CI, TBST IILYE(10 min x 3 1K), 37 CHEEF _HOkE
1:1 000)1.5 h, TBST ¥#E¥E(10 minx 3 &),
14 B

FeBE TSR, MR SR M Bl 00k, N Y BB
HN FEYELIRE , WA AR YT 5 BEVLIERL 5 K10
B BT A 7E 10 x 20 BURMREECT S BB i X & & 5 4~
EXREENUE, BAEHE 25 MR, GitE M REF R A
ARG M 4 BB B & TR 4R BB e T2 3R
HFTT
1.5 ST FoH

iz SPSS 19.0 FEit 8%t 4 L5 BT SRAR A B A TR
T, THEYTE R R £ FREE (x xs) R, REIRTE
A Longa V4T SR FHE R W B 7 24047, 4L B Ly
ZFE A LSD-+ K ; IR AP « I, BN E
PR BRE I E5, REKAE =0.05,

2.1 FHBARFSAE

TZHK R, Longa 1Y 4L S A RFIBEFR (P0.01), R
JG 1.3 d 1M P4 2 HiFFERERITEE X (P>0.05),
ARG 7d,PAKBHLHEKRER IAHE , ERAERIHF
FB(F=2.712,P=0.022)(E 1),

1 MCAO Jg Longa 4 b8 ( BRBL: 43 ,x +5,n=6 )

Tab.1 Comparison of Longa after MCAO( x +5,n=6 )

A5 MCAO/5 1d  MCAO53d  MCAO/E 7d
S 0.000£0.000  0.000+0.000  0.000 + 0.000
14 2.500£0.548° 2.167+0.753* 2.000 + 0.632"
P#H 2333+0.817° 1.833+0408" 1.167 + 0.408°

a5 L RIBM, P<0.05;b 85 S HRHA ., P<0.01

22 Reelin, A% NF-kB p50 . TNF-a & & & ik

7E MCAO RJGEE 1 XA 3 Red, 1 4% S Hilg HR
Reelin, 22 il B 5 1 91 B &K (P<0.05) ,P ANE 1 HEH BT+
B (P<0.05), TiZE MCAO RJG% 7 Ri, KRB D RME
Reelin T #i5,1 45 S AL A EZER (P>0.05),PA
1A BXEHEE L(P>0.05), MCAO RJF 1.3 4,1









BEKER S 2016 ££55 41 %2 1 3 ( Journal of Chongqing Medical University 2016.Vol.41 No.1 )

— 33 —

HaTfE BERRMIEEETRBEREERMNE
e,

Lingo-1 & H (leucine~rich repeat and igdomain—
containing, nogo receptor —interacting protein~1,Lin—
- R SHEBEARNE T REREREFIIM
FPERRE F G5 HIRAY Nogo VERIZ A EH -1, KK
HRHHA 4 FhEE E (Lingol-4) , BT RMH A R4t
HA Lingo-1 FFMERIK, BRILG, Lingo-1 FEH
W3R 1A, I BB R ARk L /5 # 22 T BE R 52 1) I
W82 —, Lingo-1 HIZ I, W] BE ARtk L f5 #4948 TT 0
BREMPARME T HRIER,

ABFEMEER) 1 447+, AR5 1.3.7 d NF-«B p50
FIAKB S I, KRB A% D R A R X Reelin
HHFBMEK, Lingo-1 HHARIXWE, M4 TFPDTC
J& ,NF—«B p50 & FEM%, A& & Reelin HHAFX
£, LINGO-1 B RA T, 1§ S HAMZ 4
SE  METhREE s,

& EBTR, PDTC JEid #] NF-«B p50 1, b
18 TNF-o SE AR 724, LARATI 28 \Reelin |
LINGO~1 % < FR 2 & 1 50728 4k , M T 5k i
PR F W AL R AR E , S AP R
HRAE— B MM A R — BB

2 % x w

[1] Meairs S, Wahlgren N,Dimagl U, et al.Stroke research priorities for
the next decade—a representative view of the European scientific com—
munit[J].Cerebrovasc Dis,2006,22(2-3):75-82.

[2] Steiner J,Rafols D,Park HK,et al.Attenuation of iNOS mRNA ex—
acerbates hypoperfusion and upregulates endothelin —1 expression in
hippocampus and cortex after brain trauma[J}.Nitric Oxide,2004,10(3);
162-169.

[3] ladecola C,Zhang F,Casey R,et al.Delayed reduction of ischemic
braininjury and neurological deficits in mice lacking the inducible ni—
tric oxide synthase gene[J].J Neurosci, 1997,17(23):9157-9164.

{41 Iadecola C,Niwa K,Nogawa S,et al.Reduced susceptibility to is—
chemic brain injury and Nmethyl ~D-aspartate ~mediated neurotoxicity
in cyclooxygenase—2—deficient mice[J].Proc NatlAcad Sci USA,2001,
98(3):1294-1299.

[51 Scali C,Giovannini MG,Prosperi C, et al.The selective cyclooxyge—
nase—2 inhibitor rofecoxib suppresses braininflammation and protects

cholinergic neuronsfrom excitotoxic degeneration in vivo[J}Neuroscience,
2003,117(4):909-919.

[6] Longa EZ,Weinstein PR, Carlson $,et al.Reversible middle cere-
bral artery occlusion without craniectomy in ratsfJ].Stroke,1989,20(1):
84-91.
[71 Bowen KK,Naylor M, Vemuganti R.Prevention of inflammation is a
mechanismof preconditioning —induced neuroprotection against focal
cerebral ischemia[J}.Neurochem Int,2006,49(2):127-135.
[8] Lin Z,Zhu D,Yan Y, et al.Herbal formula FBD extracts prevented
brain injury and inflammation induced by cerebral ischemia-reperfu—
sion[J].J Ethnopharmacol 2008, 118(1);140-147.
[9] Huang J,Upadhyay UM, Tamargo RJ.Inflammation in stroke and fo—
cal cerebral ischemia[J].Surg Neurol ,2006,66(3) :232-245.
[10] Adibhatla RM, Hatcher JF.Secretory phospholipase A2 IIA is up—
regulated by TNF-alpha and IL-1lalpha/beta after transient focal cere—
bral ischemia in rat[J]).Brain Res,2007,1134(1);199-205.
{11] Clemens JA,Stephenson DT, Dixon EP,et al.Global cerebral is—
chemia activates nuclear factor—kB prior to evidence of DNA fragmen—
tation[J].Molecular brain research,1997,48(2) : 187-196.
[12] Gabriel C,Justicia C,Camins A, et al.Activation of nuclearfactor—
kappa B in the rat brain after transient focal ischemia[J].MolBrain Res,
1999,65(1):61-69.
[13] Stephenson D, Yin T,Smalstig EB, et al.Transcription factor nu—
clear factor —kappa B is activated in neurons after focal cerebral is—
chemiafJ].J Cereb Blood Flow Metab,2000,20(3) . 592-603.
[14] Gong C,Qin Z,Betz AL, et al.Cellular localization of tumornecro—
sis factor alpha following focal cerebral ischemia in mice[J].Brain Res,
1988,801(1-2);1-8.
[15] Kellom M,Basselin M, Keleshian VL,et al.Dose —dependent
changes in neuroinflammatory and arachidonic acid cascade markers
with synaptic marker loss in rat lipopolysaccharide infusion model of
neuroinflammation[J].BMC Neurosci,2012,13(1):50.
[16] Fatemi SH.Reelin glycoprotein ; structure , biology and roles in
health and disease[J).Mol Psychiatry,2005,10(3):251-257.
[17] Forster E,Bock HH,Herz J,et al.Emerging topics in Reelin func—
tion[J).Eur J Neurosci,2010,31(9):1511-1518.
[18] Won SJ,Kim SH,Xie L,et al Reelin—deficient mice show impaired
Neurogenesis and increased stroke size[J].Exp Neurol,2006,198(1):
250-259.
[19] Chao X, Xiong C,Dong W.Activation of peroxisome proliferator—
activated receptor B/5 attenuates acute ischemic stroke on middle cere—
bral ischemia occlusion in rats{J].J Stroke Cerebrovasc Dis,2014,23
(6):1396-1402.
[20] Ahmad M, Graham SH.Inflammation after stroke:mechanisms and
therapeutic approaches{J].Transl Stroke Res,2010,1(2):74-84.
[21] Yi JH,Park SW,Kapadia R,et al.Roleof transcription factors in
mediating post —ischemic cerebral inflammation and brain damage [J].
Neurochem Int,2007,50(7-8) :1014-1027.

(AR XHER)



