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T )AREHERERR T X HE PR IR R N ABER B K R B D TR M BE R
B XEB RN

EDL AR, EFa, AR BB Z0 meaa i ik G e 5 S B,
Kb 410007; 2. PR RFEE M EERE, KD 410007)

HE: BH A5 NR $AREA R T F CaMKIL, SynGAP #9 Rk H oL, IR& £ )3 A MRAR 7 4 fkgm 5T R AR A%
ARRAELWZLRBARTREG Y0, FiE LHBEER R ER FAER AL A 4 4. R4, fakhac
TR 0.18 gkg '+HE RGBT 1.8 mgkg™), ABMAEMAG &, KA F4(32.82, 820 gkg'!), AEF KA AT GXR
21, KA Morris RiE g M K R 692 18 5 Jiele st /1, Western-blotting 55 34 X &5 & NR2A. NR2B. CaMKII,
SynGAP #9kikHol, &R LEaxtBarti, Bam Kk k@S RME K, = @E K ER Y (P<0.05), NR £k TA
NR2A. NR2B % CaMKII. SynGAP &9 &k ¥ 2%V (P<0.01); LAEAVrbAs, Fabk2hinde £ )2 64 AEAR 7 & 7 2 4L ks it
RHA B 45 42(P<0.05), = IA4K & B A 2 F 3 e (P<0.05), NR2A, NR2B., CaMKII, SynGAP #j & ik 8 23% % (P<0.05 &
0.01), £5i& A VITEIERART =T VAU 2.5 3848 S St K AT ARIE K R A9 5 T8 iC e ), BEildndh RIEAT, 22 ARAPARIEIR
ZAER THE5IAT H D NR 4R LA NR2A, NR2B & & Fi#4F CaMKIL. SynGAP #9 &k, #R¥ ik LAF 2T % ik~
WA X
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Effects of Zuogui Jiangtang Jieyu Fang on Synaptic Function Plasticity in Hippocampal Neurons of
Diabetes Mellitus with Depression Model Rats

DU Qing', ZHAO Hongqing', WANG Yuhong'?", XU Yalan', YANG Hui*, MENG Pan'(1.Training Bases, Hunan
Key Laboratory of Chinese Materia Medica Powder and Innovative Drugs Established by Provincial and Ministry, Changsha,
410007, China, 2.The First Hospital of Hunan University of Chinese Medicine, Changsha, 410007, China)

ABSTRACT: OBJECTIVE To explore the effects of Zuogui Jiangtang Jieyu Fang on diabetes mellitus plasticity of synaptic
function in hippocampal neurons of diabetes mellitus model rats with depression according to the expression of NR receptor
subtype and its downstream molecular CaMKII, SynGAP. METHODS The diabetes mellitus with depression rat model was
established, and the rats were randomly divided into 4 groups: model group, positive drug group (metformin 0.18 g-kg '+
fluoxetine hydrochloride 1.8 mg-kg™), Zuogui Jiangtang Jieyu Fang high and low dose group (32.82, 8.20 g-kg™"), normal rats
were in blank control group. Morris test was used to detect the behavior of the rats. The expression of NR2A, NR2B, SynGAP
and CaMKII was detected by Western-blotting. RESULTS Compared with blank control group, the escape latencies were
longer, the space exploration times were significantly shortened(P<0.05), and the expression of NR2A, NR2B, SynGAP and
CaMKII were significantly increased(P<0.01) in model group. Compared with the model group, the escape latencies were
significantly longer(P<0.05), the space exploration times were significantly shortened(P<0.05) and the expression of NR2A,
NR2B, SynGAP and CaMKII were significantly decreased(P<0.05 or 0.01) in Zuogui Jiangtang Jieyu Fang group.
CONCLUSION Zuogui Jiangtang Jieyu Fang can significantly enhance the learning and memory ability, improving cognitive
dysfunction, and relieve the depressive symptoms in diabetes mellitus with depression model rats. The effect may be related with
the protection of synaptic function in hippocampal neurons through regulating the expression of NR receptor subtype and its
downstream molecules SynGAP and CaMKII.

KEY WORDS: diabetes mellitus with depression; Zuogui Jiangtang Jieyu Fang; NR2A; NR2B; CaMKII; SynGAP
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W PRI AE R —Fft N G il o B 4 0 P S 1 ™
WA NRREE. @RMEF. 2HALH
34T ACKERI e, RS PRI I R AR SE (diabetes
mellitus with depression , DD) {1 & £ £ A
8.5%~71.4%", HIARIE (1 3 & K KN 7 B BRI
MEGR MBI . BT, £5F DD 5T 2 &
TR, B K57 HL] AR OR R
il 78T DD R0 25 W 5L S TF K o A PR ZH T A
WL R I, DD ALK BRI A 75 2R e H TR AL
I R B A R, W AP TR R
G JMERRARI, Tz A T ) NR 2 4R35 1L
FH, LIRSS . A CERIRGE, B FIR
BEIRZE NR BEIFELTET CaMKII .
SynGAP, M4 i #2155 (long-term potentiation,
LTP) K B #2855 (long-term decline, LTD), (4%
Ty e S e o el Y ERL, T K 2 ST
Diee 5 i 28 oo R fib vl 21 %5 DA O . ALt
ASCHG I AT W NR OS2 4R WY K H R i A
CaMKII. SynGAP FIFRAIEH, FRZE VA BN
1577 X684 BRI I R ATV RE AR TR K BRI 1 fih 42 T R
fiuk Ty fie AT 2R () DRV T LA
1 w8
1.1 5

OneTouch 1T Y I A 43¢ S I 4 4 4% (3% 1 5% 4F
2y F])s HI1210 BY7K % 48 (Leica A A]); Mini protean
3 cell Y 3K AU(BIO—RAD A ]); PS-9 ALY
(REFILRHEARATE); MK3 B G =E
PAAE); HIRAKR PR WA (Pipetman) ;
DB001Morris /K& E AL 58 W 2 FAMRHEA R
THEA ).

T VA B A T SRR R Eh T R R 2 K
B — B 2= B ) 750 Rk 4 bl A9 7K TR 408 i i) R 1
W 100 mL, @57 7 —WZ PP R EER %, L
FEELGHURS 5 RN A =30 pgemL ' B
G E=18 pgml'. EHZE =04 mg'mL .
FHH#E B=1.2 mg-mL™". FFE5 =02 mg'-mL ™.
IR OO (B e W HE R G R A A, b5
1402115, #tk: 025 g): FHER MR EGEE
Patheon, #lt'5: 2087A, #ik%: 20 mg); HEMRIL
# (streptozotocin, STZ)(3E[E Sigma A#F, fit5:
126A038, #i#%: 100 mg), Western blotting 4 J%
BRIy F Pk NR2AGHE 5 : Ab14596). NR2B(dit
F: Ab65783). CaMK II (#it 5 : Ab134041) fl
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SynGap(#lt5: Ab3344)¥J14F Abcam A #]; BCA
A € 8= R 57 & (Thermo 2 &, #it 5 : PICP123223),
RIPA 2H 23 41 ff Pl iokt S s ( bl R W 2B 9, it
5: BYL40825),
1.2 W

SPF 2%, &', SD K& 50 H, #&Jii & 180~220 g,
EH 8 R SR v A LIS S A R A ml SR, AR
YFAAE S5 : SCXK(iH1)2013-0004, & #&iE 5 -
43004700004535.
2 AE
2.0 KE SRR IR AAIAE Zh A R () ) 4% )

SD KR#ELE 14 d & RKEm#E &L
(10 mL-kg )&, KERZAAZK 24 h, EHk—
VMR VE A TR e L L 4 °C AR AF I MO R N2 22 P i
(0.1 mol-L™'. pH4.5)f) STZ (38 mg-kg™"), i
B3dJE, KRIEEAZEK 12h, WE IR,
e 2 5 LM% =16.00 mmol-L™" K B #AT 28 d
P P AN T T M N . I D R B R AR
24 h. 45°M5i% 24 h. 4 ‘CUK/KIE 5 min. 45 ‘C#H|
S min. B2 8 hy WHEHEN(RESE 200 mL, 24 h).
Je R 1 mine BRBAT 1A, [FIFRIEA E L H I
22 HH5%H

V4 7 395 HH SR (00 B PR A5 28 K B 4 4k I = B AL
O3 4 4 BRI ZE B 25 4 (PR XUIE 0.18 g-kg '+
ERER YT 1.8 mg kg )N AE A FEREARAR T . I
FIE(32.82, 8.20 g-kg A, & 4K R AT TH
M RFOE R RN RE B 4525 28 d. A HUER KR
10 RYERNZEASTIRAL, =5 (A X A AR A 45 5
SRR AR R K .
2.3 Morris /KK E 5256

KBFEET D RIR, Morris /KK E A TEAN
HEIEFE 2 em BHEKOKIR 23~25 °C), A&
BRI D S b . B 1~4 KRBT S5
Rl K B 5 2 R T, ANASTR] 9 77 5 K K B T v
BETAN, ML 60 s PN KFIC 1 & )i Ok 3
(escape latency, EL), # 60 s WibARNE F, KR
51984 5, il EL N 60s. 5 5 RAEERR
SLEGAS R R iciZRe 7y, WoEF &, KRB XL
FIRN, 183 60 s K ERAE D G PRUFHK (1 [a]
R A2 (8] 5 & i 8] (space exploration time, SET)s.
SEIGITE B 8: 00~12: 00 58K, FHEREFREN
HAh R AR,
24 FAR

24 h BEEAFIKMWH 10%8) K G 7l
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(4 mL-kg WG, B TFARE L, R,
WrSKHUG , VA VR & PR o B U S T R AR
W, AR YR, —80 CUKFEIRTT -

2.4.1 Western blotting fxil] T~ EP & H i N R fi
W(EE 20 mg 22300 0.15~0.25 mL ZRR) , PLid i
N BY R N T B B, K, B
12000 rrmin"'s 4 °C. 15 min), X _FiEWREITE
F 5 5E 85 -80 CR-AF. BCA W7 & ilse Lid
PEHURE S (0 SE PR BE FIRJE . AR4E H 18 A B AR XY
PR EIRFRAE 15%KRF S 10%7 8k, L
FECREFL 80 pg), 4G 80 V. 20 min, 7&K
120 V. 60 min, HL¥K 2 AR1C IR 2= 2115 & R
EDE . SRA T R B TP E A
RS E) NC B b, FHZ8F/Kppyk NC B, FH
ANBELLTRG 5, ¥ H B2k AN 2 %1 #0837 T br
0 )5 I TBST Ye L MHFR 4L NS 5% Bt g 45
IR R A 2 A 48t ], 4 'C Nk . A TBST
Ve 3 RJE MR — P ds IR b, 4 C o
BidW. BA TBST ¥k 3 Wa AN s 2
(1 2 1000), BFE 1 h(37 'C). Bfh: JELEH
T EVRAR, TN ECL thEAT 46 2% KOG R

Image2X A H I Fr 15 Be S il 2 1 3Rk o B
(2K FEAR -

it abH

Bm o M R H g3t SPSS 16.0, T it &
PR X £s Fon, HMEECRHABREN Z5
B, K5, XU, P<0.05 NERFEESIT

2.5

%;%r‘\‘o
3 &R

3.1 Morris /KK 5 s2ig

&g RA R, HSAAHKR EL ZHHY
., HJE 3 d Z5H R#EMP<0.01 8¢ 0.05), SET
B> (P<0.05). ST, BHYEZ 4L
R 48 3 AR A8 7 v 7 B KRR 2B 4 ORI BL 2 2 4
(P<0.05), SET &FIEK(P<0.05). S5HEEH, i
VAT A AR S v 77 o i . 2 DO R R S R IS
FE R B2 2RI RE 7, RfRINAR . S5 LK 1.
3.2 Western blotting &l 45 £

Hap e A iR, BA4 NR 24k A
NR2A. NR2B JH N4 CaMKIIL. SynGAP [1)
TR FE A LAl B 2 BN (P<0.01) . SAYH LR, A
I 2 W ARATS 7 v 7 LA BH % 24 4 NR2A W NR2B.
CaMKII. SynGAP 1)K & & LA 2 2 )8/ (P<0.01
8% P<0.05). 45 RPN, Fo VA BEBE AR 7 v A 20
5 NR2A. NR2B. CaMKII. SynGAP & [ ()% ik
m. WE 2. Bl 1,

F1 FAARFILNLERNER (X+s5, n=8)
Tab. 1 The ability of learning and memory in different groups (X s, n=8)
4l 5l L ELs SET/s
ESIPR H2R HIR Ha4R
7 R R - 49.63+1.88 38.03+0.98 21.10+2.44 6.38+0.87 28.55+0.86
AR - 60.00+2.47 58.30+4.67"  53.67£3.467  48.11+3.21Y  17.47+0.94"
B 24 40 NI 0.18 g-kg ' +EEFRIRFEIT 1.8 mg-kg! 55.87+2.34 54.23+4.75 48.23+2.05 33.88+0.35°  21.55+0.92%
AL 32.82 g'kg™ 57.66+5.78 55.29+4.21 47.63+£3.92 37.3242.81Y  19.56+0.78%
=L 8.20 g-kg™" 60.00+3.25 56.71+4.21 51.56£2.07 46.59+3.22 17.77+0.18

E: 5EAXRARE, YP<0.05, 2P<0.01; SHBALLE, YP<0.05.
Note: Compared with blank control group, DP<0.05, 2P<0.01; compared with model group, 9p<0.05.

R2 AU KEEDL NR2A. NR2B K 4 4% o0 K fik CaMKII. SynGAP EEREME (X +5, n=8)

Tab. 2 The gray value of NR2A, NR2B protein in hippocampal and CaMKII, SynGAP protein in hippocampal synapses in

different groups (x £ 5, n=8)

A5 & NR2A NR2B CaMKII SynGap
2 (AR - 0.056=0.008 0.045+0.010 0.047+0.008 0.102+0.023
o Rickiil - 0.852+0.042" 0.750+0.154" 1.008+0.256" 1.013+0.133"
FEVEZGE —HIXUNE 0.18 grkg ' +ER BRI IE T 1.8 mg-kg™ 0.565+0.108% 0.365+0.152% 0.065+0.016” 0.192+0.113%
R A 32.82 gkg™! 0.572+0.110% 0.410+0.069% 0.114+0.044% 0.235+0.131%
TR == 20 8.20 g-kg™! 0.653+0.155 0.507+0.085 0.528+0.127 0.561+0.107%

5 ARBALLE, VP<0.01; SERLLLE, PP<0.05, YP<0.01.
Note: Compared with blank control group, VP<0.01; compared with model group, ?P<0.05, ?P<0.01.
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Fig. 1 The gray value of NR2A, NR2B, CaMKII and SynGAP protein in hippocampal synapses in different groups
Note: A—blank control group; B-model group; C—positive group; D—Zuogui Jiangtang Jieyu Fang high dose group; E— Zuogui Jiangtang Jieyu Fang low

dose group.
4 itie

AW KM, SaAX AR, BHAAHKR
R EL LAK SET AWEMER, KRB
BIER B 2 s T 7 U5 PR W AR T 7 v 7 T 3 Ok
/b DD #AK B EL, ZEH SET, W] B35 B IR
IR AMAIRE B2 A BRI 2 B) 2 S0 1 e F . B
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FE VA RRRE SR AR 7 V] RE 2B IS NR 24k IR
5T CaMKII. SynGAP {IRIE, LML
JLRAMTHRE AT, AR DD K R A FIAEE IR .

3Ty DD R A BRI AL, Horp, W o
2605 b W] S S 2 ST AL TR R e 4 AR 2
fihe WAL ANE T R A EECR, Mt
PR i@ I o 2 TG R A AT R R AR, 5 R fil)5
TR 2R 24k NR 456, fBibfs s, MiiEsh—
ROV, SRS AT . NR SZAE R
SRR 2 fik 1) B9 rp R 5 B 4R YT, NR2
& NR AR ZM RS A, HEA NR2A
FEEW S E LR AL FRIE, NR2B £ B
W MR S RS b F R, R PRI S AR
RAHS:$3 NR2A. NR2B #ik Fifl, {2l Ca®'
WIETF, M CalaR, A KR B,
SEZ TR, TR R AR 3842 1 LTP ™,
I LTP {35 5 159 I 4 28 70 98 fid v 28 14 25 D) A 5%

WA LT R E R IE LTP Al
LTD. CaMKII 5 SynGAP & H ¥I1EAE T 5 i J B
ZW, CaMK T A5 fif 5 EU% ) PSD-95 #has il
5 NR2A AR C Kumgh 4, Mo 5
fab W7 ¥EE, CaMK 1T 7E NR 32 R4 #i i) LTP 2 fph ]
PP A ) S B VR DY, R S JE A AZ T R AR
Al /D53 F o SynGAP J& — /a1 B AR 1E K D Ay
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WOBOE 5, MM A B e e i Y,
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HE& Thr286 f7 45 SynGAP &4 Bkm 1k i 2%
I, RasGTP FgiE Ve S2 BNHH], AT 5 e AL 2% fil
THARETT AR LTP 2, B354, BEIRFRE T,
NR ffJIE7% NR2A. NR2B ) 35 i1k, @i 500
Rl ¥EYEThE R H CaMKIL. SynGAP [k,
SO 0 2 o0 S T B R AR AR A, AT 3 S
T Iei, e iZohREmS, PR .
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GC BT EFRL L HEERIZ5h 7 #BEHIAFIFRE
RBL, 2R, AL, FARE, IR, ZE GLmzmE Rk, W 110016)

BE: B ZindtmEAEREMNTARDIRAS T LB, —A TR, Wakw. Z k. W&, LK. N,
N-ZF K F BLE(DMF)T # A UG R B 295 k. A% KA Agilent DB-624(30.0 mx0.32 mm, 1.8 ym)E@E4E, #
A RA, RAEKEE FAANEZFID), #HAETREHR 200 C, BWREREA 240 C, BBRRAALFIR, Rikh
20 mL'min™!, #4% 1 pL. &R AKTE. ATk, WAk, =K. g, 8. DMF #5843 545569 o
B, ZURFHEAMLE, FHRKESHNA 102.4%, 100.1%, 96.5%, 91.6%, 103.6%, 106.6%, 102.5%, RSD 3}
<5.0%. £5i8 ARZEEME. ik, NS, REVES, TH TAMRYILRA P ARG IEF e mE.

KR Law Atk AR TR Z Uk ANERNKREE

FESES: RI17.101 XEktRERD: B XEHS: 1007-7693(2016)05-0525-04
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Simultaneously Determination of Residual Organic Solvents in Rivaroxaban Drug Substance by GC

ZHANG Yue, LI Pei, HU Lihua, XU Huarong, BI Kaishun, LI Qing (School of Pharmacy, Shenyang Pharmaceutical
University, Shenyang 110016, China)

ABSTRACT: OBJECTIVE To establish a capillary GC method for the determination of residual organic solvents including
alcohol, dichloromethane, tetrahydrofuran, triethylamine, pyridine, acetic acid, N, N- dimethylformamide (DMF) in rivaroxaban
drug substance. METHODS  This method utilized an Agilent DB-624 column(30 mx0.32 mm, 1.8 pum), N, as carrier gas. FID
was used as detector with the temperature of 240 C, and the inlet temperature was 200 ‘C. This method used temperature
program and the flow rate was 2.0 mL-min '. The injection volume was 1 pL. RESULTS The 7 residual organic solvents
alcohol, dichloromethane, tetrahydrofuran, trimethylamine, pyridine, acetic acid, DMF were completely separated, the linear
relationship was good, and the average recoveries were 102.4%, 100.1%, 96.5%, 91.6%, 103.6%, 106.6%, 102.5%, respectively,
and the RSD were all <5.0%. CONCLUSION This method is simple, rapid, accurate and highly sensitive, which can be used
for the determination of the residual organic solvents in rivaroxaban drug substance.

KEY WORDS: GC; rivaroxaban; acetic acid; triethylamine; residual organic solvents
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