BT R AEM R VA sE el 5 X i m A+ & I EMER R B DA E
BR E AR FFEH

wE, ), TFa?, el 2R, 200 HF L REK P EL s - WEER, Kb 410007
2. MFE R R, KD 410007)

WE: B ARELRFLIPAEEE X RGN 2R ES ZR R @I 2B E R e n, B AR
At TR . ik IR FRIPARE K RARA, AL AAEA 4L, PR 40(0.18 gkg' = F WM+
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FhFEYIFN-)EED T A RBAE, RABENKEA K RE Dok FREH, RARXELEEMERERESB XS
0 BT RIS 4T YEBR M & @ (glial fibrillary acidic protein, GFAP)RA&RAMIHEE @ 2EAAT2) A, R L
WA R LAR, BRI K R AR D 4 R b &b B T R A ) R FH 5 (P<0.05 K P<0.01), wHLLER B o SHE
B l—Z B, D F GFAP Rk R E 3 n(P<0.05), 7 EAAT2 £k 8 ER 0 (P<0.01), BLAXERT LSRR ERT
¥ % (P<0.01). SHELEPENRBGAT T RERY R KR F b & mieR-FEEDL S R&RF IL-1. IL-6. [FN-yfe &4
BA 6942 (P<0.05 3, P<0.01), B E 1K GFAP 5738 hm EAAT2 # & A (P<0.05 & P<0.01), stol, HE3xT KR gD o fs b,
BEA — 2 ey RAPAER . i A VIEAERRAR 5 T 38 1838 AadE o St KA ATE K Rk D 2 IR mie k@ EAAT2 &k,
VBRI RS A A, AR T A A R AEAL K R A R TR E R K.
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Effect of Zuogui Jiangtang Jieyu Formulation on the Reuptake of Glutamic Acid by Hippocampus Based
on the Active Immunity in Diabetes-induced Depression Rats

YANG Hui', HAN Yuanshan', WANG Yuhong®’, LIU Jian', LI Wei', MENG Pan’, DU Qing’, ZHAO

Hongqingz(l.The First Hospital of Hunan University of Chinese Medicine, Changsha 410007, China; 2.Hunan University of
Chinese Medicine, Changsha 410007, China)

ABSTRACT: OBJECTIVE To investigate the effect of reuptake of glutamic acid by astrocyte based on immune in
diabetes-induced depression rats, and the function of Zuogui Jiangtang Jieyu formulation. METHODS Diabetes-induced
depression rats were randomly divided into model group, positive drug group(0.18 g-kg 'metformin+1.8 mg-kg™ fluoxetine),
Zuogui Jiangtang Jieyu formulation high, medium and low dose group(20.53, 10.26, 5.13 g-kg™"), while the normal rats belonged
to the control group. The levels of IL-1, IL-6, TNF-a, IFN-y in plasma and hippocampus and the glutamic acid in hippocampus
were tested by ELISA after four weeks of intragastric adminitation. The morphological changes of blood-bain barrier were
observed in the electron microscope. The expression of GFAP and EAAT2 were detected by double immunocytochemistry.
RESULTS Compared with the control group, the levels of four cytokines in plasma and hippocampus and glutamic acid in
hippocampus were significantly higher(P<0.05 or P<0.01), and there was obvious damage in BBB. In hippocampus, the
expression of GFAP was increased(P<0.05), wihle the EAAT2 was decreased(P<0.01). The Zuogui Jiangtang Jieyu formulation
can diminish the level of cytokines in serum and the level of IL-1, IL-6, IFN-y, glutamic acid in hippocampus, and decreased the
expression of GFAP while increased EAAT?2 in hippocampus(P<0.05 or P<0.01). CONCLUSION The Zuogui Jiangtang Jieyu
formulation can reduce the excitotoxicity of glutamic acid through increasing the expression of EAAT?2 in astrocyte, and this
function might be correlated with inhibition the immune-activation.

KEY WORDS: Zuogui Jiangtang Jieyu formulation; immune-activation; astrocyte; glutamic acid; hippocampus
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RO, WEIRIE B 60%~T5% A MAE %, H
Hi10%~35% A AR BRIRFDIRA T, AP
AR PR TR IAHE 2, IR AT A 32 40 Y I ik P
KRB, FEAE KA T o e R A . BFAR R
B, fh2 8O0 i R BUR TR IR i f, 4k s
M R A AR s EARERS, R SAER
HOFRFEET S, F SN A A
A VR F BT FE A DL, B PRI I A RE K B
B R PR L 18 8 1 3(excitatory amino acid transporter
3, EAAT3)&i&/>, VGLUT2 #is 2P, fT
BRI E A
transporter, EAAT2)/E & JE R i 40 i B A 5= 1R
B, IS 5 RRARM IS, TR R
RANHISAE K SR S P 2RI 5 DL v R A BT 7T

PRI, A SR B0 40038 0L 25 7 B PR I R A A AE
R BRZe VT B W AR s R 0 G 8 7T A A
EAAT2 [R3RIE, WY 50 R KRR 5 Y R
i A0 DR 574 R X 4 2 R B S BCHR R 5 A o 3
AT, ATk — 2 0 PR I R AR RE I
WA Z IR A i i fEA 2w 7. R,
%25 B BT 0 WA e BH 7 )3 B R AR A T B

2(excitatory amino acid

YEF AL .
1 NBEMHR
1.1 5%

T VAR MEARAR J7 (ARG NP EE 18 g T
MER 3 g, 3 9g. P 15g. 1HZKEYE 12 g,
FIfd 12 g 22T 9 g, fff 9 g FEZ 12 g0 FF
B2 6 g RO g, JEAENE E R s 2 KA
—BHEERBE, I B %R R K BT 4 S
il BRI AR, SR — W 2 Pk AT B R s,
T B HURSI R E S AN E R =>0.03 gL
e k=018 gL', EiE=04gL " S
=12gL"'\ FFEM=02gL " HER —H WK
ARG ERAT, L5 150514); H
AR (ER R 3 75 VT e %&, VA [E Patheon, #t5:
SS41A).

1.2

SPF 2 SD Kf 72 R, &, 180~220 g, bl
A SR T SR SLIR S IR A AL, W AHES
SCXK(##)2013-0004; & 1% 1iF 5 : 43004700013559.

o EBACRL 252 2017 4E 5 H 56 34 555 5 )

SCEGHE M PEESE 3 d, s E R 5ok,
1.3 k5

e I FL A IC B 9 ME T B 10%, TR it 4 e e
0.2%, J&H 20%, NHEREA 2%, M:iE-80 20%, M
TE 20%. HEARVEEE R (STZ, ft5: 9064043, 3%
Sigma), MM F-1IL-1). FEAN -6
(IL-6)~ JHJRRFEIH F-a(TNF-a)s T3 Z-y(IFN-y)
) ELISA WG & (Bl s RAEDRH AR A, it
53179 20160729); bt K EAAT2. /N ERFTK
J52 R A 4 R P B 1 (glial fibrillary acidic protein,
GFAP) £ 7 & it f& (#t 5 7 il & 22515-1-AP,
60190-1-lg, Proteintech A F]); Polymer X ZLA il
RAEAS: K147704D, dbRirh 2 EHFA ).
1.4 X#s

Olympus ¥ & W % (H A& Olympus) ;
DVP-W7 BB R G A KRG E KNG E R4S
AT]); H600 BUFE N B (H A H LA H]); MK3
RIPAR A (3£ E Thermo).
2 HE
21 SFHKEY

SD KR UAEEILA 10 mL-kg™' 4L H
14d, BR 1 k. RIKEEGRANG, KEER
NERUK 24 h, — R R ER KO O EE IR T R
(STZ)38 mg-kg'o M 72 h 5, KRIEGAZEK
7 h, WA NEOBE, N R ik EA IR b =
16.00 mmol-L™" { K BRONHE R BEAL, FF4k 848 T
Wi IR )4 28 d 181 NI, H ST PRI T R
AR AE S A AT, R AR R K SRR AL 2 AR R4
PPk 25 0 ( — XK 0.18 gkg '+ R PE T
1.8 mg-kg VRIA I PR BEAR AL 7 e b s AR SRIE 4
(20.53, 10.26, 5.13 g'kg s H, 4 12 H. 5
12 2 SD KR/EAIEH XA . SHKRES
Y57 28 d, IEHXRRALRIBER 45 T SRR AN 2K 0
K, SRESSE R S AT FR AR R .
2.2 FEAREEAHE

K BRI 5 B8 E S KB, 2 500 r-min”!
B0 15 min, YSCBR IMLIE T4 M 1Al . B S
H 6 HH T ELISA &l F1 Western blot i%6, 6 X
FF G Ak S5 AN s B A I . ELISA A5 90 A1
Western blot 46 [ A< b B 7772 R Ab BE K B ST
ZIVBUG, UK RIS, EMRIE S K IR L,
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W BV T ELISA s AW A& T
Western blot {036 . 505 2H A6 A1 HE 85 4 A A B 77 7
NARBER R, FTIFRfE, MODRNER, BIIFOH,
K 4% 2 PR T HEE, DA e & A Sk 2%
o L, KRR A A NIRRT 4% % K+,
T g kil A EGE S E T 2.5%% 1%
i, F T EBAI .

2.3 FEARRI

2.3.1 ELISA fadll  ™#4% 8 ELISA 125 & Ut
00 5 I AN ST (1) IL-15 IL-6 TNF-a.
IFN- v DL K ifg By H A R R 5 1 o

232 HEHERN KHEEHFRNESET 1%H%K
W, PBS MG, SRR LK, PRER
HE L3RS, U 7 5 P T R B - A A R A DU e
17 I FL B S TR .

2.3.3  XUE G ACKT I [ G OK R A e
Vela, RABSERARERK, ZHIKEW, R+
I RS VI, ks, K4k, TR
BE, BEY ., N E L2 s E AR, =
W E 20 min, JAZRZ R, 500N RbTR
f. GFAP(1 : 100, Z£[F Proteintech)Fl/]N BT A B
EAAT2 $ifk(1 1 100, & Proteintech) T 4 CHi
HFidhi. 37 CHIR 45 min, PBS ¥ 3K, MAMK
WREEARIC L EH N R 1gG FIBRIE B FR B 10 1 1L
FEhif 1gG, EERE f5 PBS {5y, N SABC,
FEiRI¥HE 30 min, PBS ¥ 3 k. DAB &, JiAK
MR, WK, EWH, #HiF. RABEG RS
KEREG, iR EAAT2 A1 GFAP [ 4L
I A

it e

BHE /> MK SPSS 16.0 it #ft, iHEE ok
X tsEm. e RHBRETTZ0, ¢ f
I, UMK, DL P<0.05 AZRAHFit%5E L.
3 4R

3.1 ELISA &5}

HIEHE X A LB, B K B IE il
S)HWHF ) IL-1. IL-6. TNF-0. IFN-y &5 PLK
g 5 S IR A AR 38 W 3 T i (P<0.05 B
P<0.01); SRR LLAL, o AR RE AR AR O v 7 =
KRR AMIE A ) IL-1. IL-6. TNF-a. IFN-y, #5
B IL-1. IL-6. IFN-y IR E RIS &
35 PR (P<0.05 8% P<0.01); 22 A REBE AR 7
FIEMARNREL S KA IL-1 MIAERNEER
ZFR(P<0.01). SR WE 1.

3.2 HBTIGIN S

HIEW XA b, RS 2H K BRI 5 B Y
Fe AR AR, ISR, I B B =2 A
JEEAY, B EIGE. SEEAAE A, BT
2 20 A2 A PR A0 7 e R R LR BRI 2
AR R B R A . SR L 1.

3.3 WEAEHMNES

HIEFE R A E R, BAYZH KR GFAP
FKiEEER, T BEAAT2 £ik & E /D> (P<0.05
B P<0.01); SAEAYZH LUA, BH 25 40 R0 70 VA P b
i 7 2H v 71 B 2H K B D) GFAP R IA 2 /b,
1M EAAT2 3Rk i 3 38 i1 (P<0.05 5% P<0.01). 7214
B b fR AR 7 R ) B 4 GFAP R IE B # J+ &
(P<0.05). ZHF WL 2 A 2.

24

F1 AAXRBLFEELFARETRAEAREEMN=6, Xts5)
Tab.1 The levels of cytokines and glutamic acid in different groups(n=6, x £s)
3% 553
A5 IL-1/ IL-6/ TNF-o/ IFN-y/ IL-1/ IL-6/ TNF-o/ IFN-y/ BRAT/
pg'mL™ ng-mL™" ng-L™! ngL™ pg'mL™ ng-mL™" ng'L™ ng-L™ pmol-L™!

IEHXHZL 30.8442.33  29.36+2.82  115.71+15.40  37.54+526  22.13+1.34  26.93+2.72  77.33+14.16 21.89+7.86  1.11+0.06
BRI 41.04+1.85” 40.00£2.06” 152.04+13.45" 71.26+16.73" 43.81£2.70” 44.85+2.10” 118.56x12.88" 43.42+11.11" 1.82+0.127
FOPEZGH 32.08+1.48Y 34.29+1.89% 115244545  42.88+7.72%  29.56£3.21Y  32.67£2.70Y  91.65£9.44Y  26.66+5.37Y  1.24+0.14"
72 VA BB ARAR 5
FAAL 33.9942509 35.9742.95) 121.0346.147  46.46£6.907 35.64+3.48" 347242090 921941529  24.80+7.05)  1.34+0.06"
A 39.86+2.52 37.60£1.91  142.10+14.13  54.63+2.80  37.45+2.40% 39.83+4.01 112.38+4.05  34.94+5.04  1.47+0.11%
EHELL 39.4044.09  38.16+2.71  148.83+21.97  68.35:6.36  43.13£533  41.00+5.21  114.93£12.80  37.30+2.95  1.68+0.15
¥ HIEFXTBALE VP<0.05, 2P<0.01; SEERANE, *P<0.05, YP<0.01,

Note: Compared with normal group, DP<0.05, 2P<0.01; compared with model group, 9p<0.05, ¥P<0.01.
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Fig. 1 Electron microscope results of BBB of rats in different groups(400 X)

A

2 ALK D E S AL 4 R (400 X)
SEZk-GFAP; MEZE-EAAT2.

VAR A TT e VAR A TT
IS TREH fEFEH
¥ = "4‘;5 »

: : * ‘f&_‘ﬁb
JE ABERE AR 5
{iilk=esi!

Je AMRARAS )7
R

Je A AR 7
Gl B

Fig.2 Electron microscope results of double immunocytochemistry of rats in different groups(400°X)

Solid line-GFAP; dotted line EAAT2.

F=2 AHKEED EAAT2. GFAP th 4 15 5L (n=6,

X+
"ifa;.SZ) The levels of EAAT2 and GFAP in different groups
(n=6, xts)
A5 EAAT2 GFAP
IR X AR 1.74+0.15 1.13£0.08
RO 0.86+0.13% 2.07+0.08"
FHPEZ A 1.22£0.17" 1.66+0.117
72 VA RERE A U7 e 2 1.20+0.13% 1.77£0.24%
72 VA R AR T T B 2 1.08+0.21 1.91£0.16”
77 VA R AR T A1 R 2L 0.96+0.14 1.93+0.50

I HIEEMRALE "P<0.05, P<0.01; SHBALLE, YP<0.05,
9P<0.01.

Note: Compared with normal group, "P<0.05, 2P<0.01; compared with
model group, YP<0.05, YP<0.01.

4 1ig

2 TR PRI A A A 2 N8 A SRE P R
AR, BEPR 2 5| B s, FERIAE
IL-1. IL-6. TNF-a. IFN-y ZE40 R 71 K &R
N, R, AR MR TR SR KR TR, —
AN S Gy 325 1k I R o A R R R A A —
b EHOE PR 5] S ) 4R R PEADAR SR, PR R
SRR STZ BEAS MR I 7 i 3L T %A 3
WA, T LB L I R R R B R KBTI RE IR
AR bR DL K H E1E3) . F 2] Re ST Ad 2 D Re 5%
AR AR bR AT TR, SRR, MR

T E ARSI 2557 2017 4F 5 H 5 34 B35 5 40

BRSPS R AP B, HE R A
M= &= B 7F 5 Open-field SL56 HH i 5 s £
B9 /0 s Morris 7K A B S50 o b eV AR A B 2
K, AR RN A B g E . Ak, S2ig bR
RI s AR TY KB I A e B i R A -1
A a-FIENUNEh & A ERA I B R R, IVALIR 5 &
R T, RN N B B o R R T,
JER TSI J5E,  Fo) 44 M T RS 4 Y 1) B B A
e F M A Sz 38 b e A i I i % S o R
BRI, BE PRI FH R AVARRE K A7 7E B B 1
1L B 5 M 453055 5 R L T ST A 4 SR AR
— W RN, R BRI I A AE K BRI i
HF ) 4T B R R DA ok o i 5 e R R N A
et — 20 51 N o e B0 -

B R 0] 5 AR AT N 2 a4, (HFHL
il 42 4 i oK 5 A B . ORI IR FUIE R, ML
A H I L P AR ) B 2 O 5 W PR I R
ARIRE (1 % A 2 AR SR, T 0 2% 40 A DR R R T
DAL A 5 [ 44 22 N G 0 B A T L T R A
I SI 6 0 s A W g 1 AT 2R U R i A i R S K
TR, B PRI FH A HIARIE B 2 K B g B+ TL-1. 1L-6+
TNF-a. IFN-y (5 & 5E T &

T G 2 W R 6 FHE R HIAI R R A e (1) B T A
DX o ifm fii o B 43 49 5 5040 o 0 A w4 B R K

Chin J Mod Appl Pharm, 2017 May, Vol.34 No.5 <647 -



N . R4 B A P =R ) R T
Ll fe, HERMTRIA EAAT2, F5A SRR
m%L,%%MWﬁ%EAEME,u%FE%
kg BRI, RIS HT R B, BRI R
IARIE R RIE SR E R S 'R E M, BEKR
JR 4N A GFAP RIAE 2, B I o 40 f i ik B &2
HRMH =R i WEmﬂzﬁﬁwmﬂm,ﬁk
HEDN, B8 PRI I A HAIRE R BRI P 4 2 IR 7 B 1
INRT BE A2 R O RIS, W S B B IR S TN
BV AR SE0E, FEOLER EAAT2 Rik
b, HiELSEMRERAEARSENN. 47
FEVARERERAR T 5, BEAUK R S IL-1. IL-64
IFN-y A SR (1) & 5 2 2 PR, B IR R 40 g
(1) EAAT2 315 525 0
RNt E e N Ayl ) 1R AT ]
5. URAZH AT I FLERE . PUAAR. A TR
ST REAT 7 2 WA, R AR A 4T
JiTH R SR o ARSI — IR T
7 VA B R AR 7 e S R E R, BRI,
AL I LR AORE R I R AR E K BR i T A v B
B, AR A K BRI P SR BOEIRAS , i 5
BRI AR EAAT2 Rk, Wb in j 5 2R
HETT AR DA 22 o0 . BT 40 i Rk T
BEAEAT S-SR AR LB L 5204 o] 3
PESETTH, FEUESHG. FHik, TP aEg%
CA b7 s — 2B A

REFERENCES

[1] DERAKHSJANPOUR F, VAKILI M A, FARSINIA M, et al.
Depression and quality of life in patients with type 2 diabetes
[J]. Iran Red Crescent Med J, 2015, 17(5): €27676.

[2] YORULMAZ H, KAPTAN E, SEKER F B, et al. Type 1
diabetes exacerbates blood-brain barrier alterations during
experimental epileptic seizures in an animal model [J]. Cell
Biochem Funct, 2015, 33(5): 285-292.

[3] QIU A W, LIU Z, GUO J, et al. Relationship between
neuroinflammation and neurodegenerative diseases [J]. Progr
Physiol Sci(4=H R} 223t &), 2011, 42(5): 353-358.

[4] CHENJ X, YAO L H, WANG H L, et al. Roles of glutamate
transporter EAAT?2 in occurrence and treatment of depression

- 648 - Chin J Mod Appl Pharm, 2017 May, Vol.34 No.5

(3]

(6]

(7]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[7]. Chin Pharmacol Bull(*H
874-897.

XUYL,ZHAO H Q, DU Q, et al. Effect of Zuogui Jiangtang
Jieyu Formula on amino acid transporter expression in

Zi L E9E R, 2016, 32(7):

hippocampal astrocytes of diabetes mellitus rats with
depres-sion [J]. J Beijing Univ Tradit Chin Med, 2016, 39(6):
470-475.
CAO Z Y, DONG R G. Study of hypoxia/reoxygenation on
expression of excitatory amino acid transporter-2 and
glutamine synthetase in cultured astrocytes [J]. Mod Med J
China(HH E B EZ 24 E), 2014, 16(2): 49-53.
PR B IR R A AE S R A 1) i S % b 25 T A
[D]. #iFE: W EEZG R, 2013,
T, BT MR RAE S B RPE IS 1 IR RRELT]. TP AERE IR
Rk, 2013, 5(9): 569-573.
DEATH M Y, SHOELSON S E. Type 2 diabetes as an
inflammatory disease [J]. Nat Rev Immunol, 2011, 11(2):
98-107.
YU M X, LIU X, DU L T, et al. The mechanism of caninal
IKKo and IKKP in insulin resistance and type 2 diabetes
mellitus as well as drug therapy [J]. Chin J New Drugs( 7 [E#f
#iFiE), 2017, 26(5): 535-541.
YANG H, DU Q, ZHAO H Q, et al. Effects of Zuogui
Jiangtang Jieyu Formula on protein expression of ColV, ZO-1,
and a-SMA in hippocampal blood-brain barrier of diabetes
mellitus rats with depression [J]. Chin Tradit Herb Drugs(+ %:
25), 2015, 46(21): 3214-3218.
TRL/INSE OB PRI e R AAIRE DK SR v S DX UL i 5 5 ) 453 £ L
il B 2 TR[D]. WiRE: WG TR 2K, 2015.
WANG J M, ZHUANG P W, ZHANG Y J. Research progress
on role of neuroinflammation in pathogenesis of type 2
diabetic encephalopathy [J]. Drugs Clin(BlXZ5%) 5115 K),
2015, 30(4): 470-474.
FEWe, KB, BRI S Z AR MR R AL T
HIE BT FURER ). BR2ART 2%, 2013, 42(9): 13-16.
WANG Y H, YANG H, LI W, et al. Zuogui Jiangtang Jieyu
formulation prevents hyperglycaemia and depression-like
behavious in rats by reducing the glucocorticoid level in
plasma and hippocampus [J].
Alternat Med, 2015(2015): 158361. Doi:
158361
WANG Y H, YANG H, MENG P, et al. Effect of Zuogui
Jiangtang Jieyu Fang on behaviors and cognitive function in

Evid Based Complement
10.1155/2015/

diabetes mellitus rats with depression [J]. Chin J Mod Appl
Pharm( E IR 25%), 2014, 31(12): 1427-1431.
WANG Y H, YANG H, YIN L T, et al. Effects of Zuogui
Jiangtang Jieyu Fang on blood glucose and lipids in diabetes
mellitus rats with depression [J]. Chin Tradit Herb Drug(+' &
#), 2014, 45(11): 1602-1606.
WekiE H A 2016-09-07
(K335 HIEH)

p E AR 2525 2017 4E 5 H 58 34 555 5



