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- K ahET R -

ZEE TR GK KR AP s AH o6 5
1d2. Usp2 WYSZEGHT9T

RO# O RkEF? o 2 O#ELS

WE HM KRAARYARKEEALL TR 2 B RkmbEEse W ENE . ik 30 %A
KoM 2 B R (GK) kt‘rhkﬁ'i‘ﬁf‘4 BE, MMy aRRm, AR E 7 (HKA) FBKF) T
(Hzha), #4010 2, B3% 10 A Wistar K A E% 4, AR EFT UL THAEKEFTZFHE, BHEL
TR TREREY, 294, BAMALTARLRER, £845 88, hhTFRHBHEERA—
R A, FARERE TR RAKEER 5, 48 1km 184 8.00, 10: 00, 14: 00, 16: 00, 18: 00
5 ANB ) e dkE 0L, AR eETHRTE (MBG), &8 T3 atEeiisrfi £ (SDBG), sk ik
#HiaE (LAGE ), %% 8 A4 KR, REMmRMRA, KA L EF ELISA Fnl e ik % (INS),
MEhtEE (GC) K-F, mALRSHKH RGN DNA 25463417 2(1d2 ) Bz E 4 F i TH 2(Usp2 )
KR, BERJA a3 L PCR 4 1d2. Usp2 mRNA &k K-F, GER  #4dd, &1 GK X R4 %8
g, RIUHAPERE, RRRE, HERAOINE, FRAKAEGCGK KA SR, $4AEL, HEFA
vz, B2 INS K. Usp2 mRNA &k KP4k, GC. MBG. SDBG. LABG ¥ # 27+ (P<0.05,
P<0.01); 548 2 b4z, %2520 INS K-FH 35, GC KFHAL (P<0.01); Ak, &5 Usp2 mRNA
kx4t &, MBG. SDBG. LABG % Id2 mRNA % ik 38 2 4% (P<0.05, P<0.01)., R A 4% GC.
SDBG. LABG K-F& TEHa (P<0.01), it A KI5 THBEAY EhsbxX AR 1d2, Usp2 &
b ot B Fh

KB AKX A7 ; DNA &63pH 7 2; 2 245 mhm TEg 2; AMAr AR ; bk

Experimental Study on Regulation of Circadian Clock-related Genes Id2 and Usp2 of GK Rats
by Shenqi Compound CHAO Jun', ZHANG Xi-yu?, LIU Ya®, and XIE Chun-guang® 1 College of
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ABSTRACT Objective To explore the internal mechanism of Shengi Compound to reduce blood glucose
fluctuation of type 2 diabetes by gene chip technology. Methods Thirty spontaneous type 2 diabetes mellitus
( GK) rats were randomly divided into model group, Shengi Compound group ( Shengi group ) and sitagliptin
group with adaptive feeding for 4 weeks, 10 rats in each group. And another 10 Wistar rats were recruited
as normal group. The Shengi group was given the Shengi compound extract, the sitagliptin group was given
the sitagliptin suspension, and the blank group and the model group were given normal saline. All drugs were
administered by gavage, and the course was 8 weeks. During the drug intervention, the general state of the rats
was observed, and the amount of gavage was adjusted in time according to the weight change. Once a week,
blood glucose was measured at 8: 00, 10: 00, 14: 00, 16: 00, and 18: 00 in a day. At the same time, the
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average daily blood glucose level (MBG ), the standard deviation of the average daily blood glucose ( SDBG ),
and the maximum blood glucose fluctuation range ( LAGE ) were calculated. In the 8th week of the experiment,
the rats were sacrificed and blood samples were collected. The levels of serum insulin (INS ) and glucagon ( GC)
were measured by radioimmunoassay and ELISA. The gene chip technology was used to detect DNA binding
inhibitor 2 (1d2 ) and ubiquitin-specific processing enzyme 2 (Usp2 ), and real-time fluorescent PCR was used
to detect the expression levels of Id2 and Usp2 mRNA. Results During the modeling period, it could be seen
that as the age of each group of GK rats increases, the rats showed signs of lethargy, slow response, and slow
movement. However, the Shenqi group could improve the phenomenon of polyphagia and polydipsia of GK rats.
Compared with the normal group, the expression levels of INS and Usp2 mRNA in the model group decreased,
and the GC, MBG, SDBG, and LABG all increased significantly ( P<0.05, P<0.01) . Compared with the
model group, the level of INS in the sitagliptin group increased, while the level of GC decreased (P<0.01) .
The expression of Usp2 mRNA in the Shenqgi group and the sitagliptin group increased, and the expression of
MBG, SDBG, LABG and |d2 mRNA were significantly decreased ( P<0.05, P<0.01) . At the same time, the
levels of GC, SDBG and LABG in the Shengi group were higher than those in the sitagliptin group ( P<0.01) .
Conclusion Shengi Compound may reduce blood glucose fluctuations by regulating the circadian clock-related
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genes Id2 and Usp2.

KEYWORDS Shengi Compound; DNA binding inhibitor 2; ubiquitin-specific peptidase 2; circadian clock-

related genes; glucose fluctuation

2 BB JR%% (type 2 diabetes, T2DM) 2 %& 4¢
AR, T A% S SR R PR fioh e PR 3R 22 [ 1Y)
MHEAERWN ™A, IR &, B TAE, MER
AR B AE I 22 R EOY BT HEERELE S T2DM &
JRAT KRB il 2 N T BR TR T EE A PR B
W2, O pheH 5 tn CLOCK 1 BMAL1 fif 4
PR 2 728 10 1] DAARE i T2DM FT B 400 Jifd 28 38 1 % i 2
DNA 2% & # # 7] 2 (inhibitor of DNA binding 2,
1d2) SETEVFZ2 NS PR R GR 1 IR e — 35 —
WEUHE R SEBHIB B, 7 RNA FILEE (A 55 v s
BRI P, 2 RSN T B 2 (ubiquitin specific
peptidase 2, Usp2) J&—FhEZ M iz RN,
RN T, AR 2z BRI B AT IR
file, DAJRFE A N R AR P A A P, AT 2 5 4
REMIIETT, BF5E kK Usp2 25 14 W4h a1
HAERE Y, S RE T REO GG RIR TR IR
KMHIFRAE WA RS Ty, AipE s e ] T H AR
MRS, PR, WO BEE AP, S
5 B 4N RS IRE 0 ABFsTiE IR
SR HEAR IR RZ R Ir7E /> T2DM i 4
SNTENLE], RIS O 1d2. Usp2
SOp IS

MRS TE

1 ¥ A &M 2 AP R % GK K B 30 B
K f 300~320 g, SPF %%, Mitk, 5 AW, md s

Wi e S A R TTAT A R (Hp ERRERE LI SE G
ey ) $4t, SR AT IE S S : SCXK (1)
2012-0002., Wistar & FL 10 H, {4 @ 240~260g,
SPF 2%, Mtk, 5 A, tsaRsAsLEs s A B/
AIBEAE, SEE S AT IE S . SCXK (JI) 2015-030,
A GE 28 AR v 5 24 R 2 B R R e AR B A%, L
5. CAP2012004287.,

2 SRS AR SR SR A B 2
Fl#Besc e sh e, MR IREIRE N 22~23 T,
MBS R 55%~60% ., R AOGIR / REEHFE] 2 12 h/12 h,
7388 fRDRE R PO )1 A4 b R 2R B S S G BRI
IR RDRHEC T o - 5 5E 1Ak} 88.2%, R HEE T 10%,
JEFEREE 1.5%, FEAEER 0.3%, D)4 iR E 2Rl
SRS N T

3 W ZERE WA (A1 HFE)
ANZ15g #1159 EH#H10g KAEH10g
IIZE#10g F2=10g 1iZ510g H K& 6 g;
ZEEHTREHE: I mLRESREAZ 109, )l
A v B 250 5 BE P R E O BT 2 R R AR L it
20161117 ; BEERVEFESNTT - (100 mg/ F, RV
HLEE, RIS 150922 ), KT P40 K,
I AGE7K 30 mL IS AR BT

4 FEEGH A RS &R (insulin /INS )
ELISA {71 &, R EUH & ik R (glucagen, GC)
ELISA {7l &, S 56id7]: ReverTraAce qPCR Kit
(TOYOBO ) ; %€ = PCR i 7], Low Input Quick Amp
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Labeling Kit, One-Color, %7 ‘5. p/n 5190-2305; RNA
Spike-In Kit, One-Color, % 5 p/n 5188-5282; Gene
Expression Hybridization Kit, %75 : p/n 5188-5242;
Gene Expression Wash Buffer Kit, %75 : p/n 5188-5327.,
AR SR By B MEAX ( SEEsRAE A H] ) 5 RM2245
4 {3 Y Rk ML [E Leica Microsystems
Nussloch GmbH /A ] ) ; BMJ-A 7l iz B 41 21 40 3 /4
HE CHEMTTH R G RA T ) 3 LTS
AL (595 p/n G2565BA or G2565CA ), 454
Pz (525 pin G2534A), 4 F245Eh (525 pin
G2545A ), ZHEMCTMIES 28 2 Iz e e e (%
5 :p/n G2530-60029 ). JoIZ R K I (1.5mL,
525 : p/n MCT-150-C ) #4Il4 F “ZHERRHE A FR A w5
REPEDEFEEE (x2, 185 pin 401435), REEDEFEAR
( x2, 55 p/n 6795-410) I [ HET 275 R B0
Bl, 175 p/n Pico17 (&R K /RBHCABRAH ) ;
e PCRAY, #1%5 (ABI),

5 MR THOEE 30 H GK A FIE W M5
4 A5, T2 wEEPLIMEES 11.1 mmol/L 44 AARSLE
i e 2P 30 ORI R4 . S KE T
A () MyasssITa (Phgh4 ), &4 10 2,
Hi 10 H Wistar KECHIER 4, Jt44], Ew4d
Gy Eammel, B, SERE . PR IITTH
(VZHe ), B H S T Elame, %24 M, &5H
% K I BE % 3 0 B (largest amplitude of glycemic
excursions, LAGE ) >4.4 mmol/L Jy i 2 & <7 2 1Y
VR R BB e BB 7 B AT % 100% ., F
ANIERELR G, ELL2Y 8 8, IEH4l. BRI
5mL/(kg-d) HEMRAHERK ; 5 K dlHe 1.44 g/ (kg-d)
MRS KERE; 254 16 mg/ (kg -d) #Rk
PURSSITT iR B, KB H R N 10 5
T JE] o BP0 /IS B, R 4 S 0 e B i ] o
it

6 TR bR STk

6.1 —MENL  UESEE H 25 24 R BRI B B A
REMRAS . oK R IREDIRES S A WL EE

6.2 IR SCAIN TR BT AT K U R
kTR AT, AL, TE 5 Wistar K BLU7E 5
JE LB E 1 YR RIA] s GK R RL: Tiida] 5% 4 A,
ES 2 J Ity BRI 1 R RS At i 255 1Y
8 J&, &AM 1 H N 8:0010: 00, 14: 00,
16: 00718: 00 5 /™[] o5 Y B 175 0 o AR 4k 6
M, 1557 3 14 7K 2B ( mean blood glucose’;
MBG ). ~F- 3 i B i 45 # 2% ( standard deviation of

blood glucose, SDBG). LAGE 3k & /i Il 4 Ui 5
1500 ®°, MBG A Jg 5 AN il i A ) 7 1
SDBG Jy 5 I ARiEZE, LAGE iy H P =i Al
MR > 22 .

6.3 I R A 3R S I v v R R A 452
8 )G, ZEEANERIK 8 h, RREEFI N 10% KA FRE,
MYE R BARE, % 0.35 g/kg brifeE s 8 R . &
B Sk, SA—RPETCE Sk BB, A HOREURIM
8~10 mL, IMi#brA%E 10 Hoh—4H, LA 3 500 r/min
B0 15 min, SrEITE, WCEIER, BUET -20 Tk
FEARAE, SR S Al ELISA YEIIE L3 INS. GC.

6.4 1d2, Usp2 St HS F Al kb3t sh ¥ )a,
T T MR s, BUBRIR ALY, FRiCE AR A,
BT -80 CHUMRIRARAE, T IEELE A, o i
MR IER AL, BRI S, F2idl, S48
SAFEARM Y- E R, FEHE R Z 7 Agilent /)
Bl 42 3 M 4*44K 15 - (design ID: BH170048 ),
RS AR RA R, Rl R
H Invitrogen 1) Trizol #F 17 & RNA 9y £ B¢, i JH
QIAGEN RNeasyKit 4lifk & RNA, 296FRid, A
S NN S R R B = BT TN €/ TR e =B W R
FRAR PRI AT t K50 AR M 22 S 36, DA w57
{545 (fold change, FC) #f12 SN A FIEMT
TR AW, FC>2 Fn L £k FiE, FCEM AL
AP | 3RA i ; FC<1 LN FA NI, FC {Hil
/INE A S PR RIS

6.5 1d2. Usp2 5B % % 8 it PCR &l 5K
986 it PCR 1Y 3EAS [ B SRR AL TR Y 1 S 45
BOGE, fERNARRMFAHEE-SUNEN T, K
A< DNA & 59 8= x5O aE te, i v {4
R BOEYR O MEY (POHRE ) YR
Wish & kO, Hotm 5 W=y e e, it
T A e S RS DU T LA E RE AR R . 51 R
F 75 % J] Primer Express 3.0.1 k{4441, A T4
YT (L) BROAERA RN G K. Hi1d2 5]
Y4 %5l A_43_P11685-F. A_43_P11685-R, /¥4l
$1 5" -GAGCTTATGTCGAATGACAGCAA-3’, 5 -
AAGGAAAAAGTCCCCAAATGC-3’, Usp2 5| ¥ %4
PRk A 44 P407259-F. A 44 P407259-R, 5I¥1IF%1
1 5. -ACGAACCAGCAAGCTCACAA-3’ . 5’ -CAAA
TTCTCTCAAGTCCAGGTCTCT-3’,,

7 Gt OTE O EHER ] SPSS 200 #1748
HOM, HEERD X s £ow, 8350655,
KRR 200, AFEHE, RS R
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%, P<0.05 NZRA GRS
g R

1 S — sl GK KRR T8/ b i (a,
S, PRSI, Wistar KRB G H AL
I A IR 4, GK R BUREfiCR S84, KBk
5L, RNHEE. ST, SIERWAE, GK KR
YokEmZ, e, REmMIK, #4541 GK KR,
BE RS, BRI R RE, ROVR SR, SifESE
B 8

LR LR A AR R B ARER A IR EIL S, IR
FEEBOL 2 A SIS, 25 8t T i EGE 25 R
B R BRAE SIS 7 8 (5544 K) FET-1 H, 3t
Toffln , B MR, WRER i TR
HI I S BT

2 HKAKEINS, GCAFIHK (F1) 5
WA A, BERIZ INS KOEFEE, GC KT
(P<0.01); SR i, 75254 INS KT,
GC K FBEML (P<0.01), ZEEAIEIR INS /KF-THE,
GC /K REAR, H2ZER L¢3 X (P>0.05), [F
BFZ 4 GC /K Trizhdl (P<0.01),

1 HKAKHFINS, GCATIE (X+s)

ZH3) n INS (ng/mL) GC (pg/mL)
EH 10 0.54 £0.10 175.42 + 33.60
s 9 0.34+0.13" 567.93 + 76.75"
2 10 0.44 +0.09 500.26 + 77.80*
[iiEz) 10 0.50+0.10" 379.13+93.97%

e HIEFA A, "P<0.01; SHORA L, “P<0.01; SP5254
H#, *P<0.01

3 HUIKRRmpERshbE (%2, 3) S5EW
LA, BRI R BRI TR (P<0.01); 5
R LB, SA P24 HES 4. 8 JER MpHK
SRR (P<0.01, P<0.05); S5V5254 Hede, 7efEE
8 RS A = (P<0.05),

HIERW A e, #iRI41 MBG. SDBG. LABG
I Fh i (P<0.01); SHAI LR, 4. 7
241 MBG. SDBG. LABG ¥ #] i & 1% ( P<0.01),

F2 SAURBIMAEHHE (mmolll, X+s )

25 n T i Y 4 K HH 8 K
BN 10 55+1.0 55+1.0 6.1+1.2
(e 97" 231+£52° 23.7+35" 24.7 +2.7"
S 10 218222  19.7+3.8" 20.7 £3.1°%4
iR 10  209=x28 195+36"" 18.6+1.0%"

e 5 OE W 4 MR, CP<001; 58 R 4, © P<Q05,
P<0.01; H5PHZh41 e, 4 P<0.05

R3 KHKE MBG. SDBG. LAGE /K¥F[14
(mmol/lL, x+s )

415 n MBG SDBG LAGE
EH 10 5.07+095  0.67+0.45 1.87+1.24
e 9 21.47+218° 262+053  7.35+1.44"
ETs 10 18.77+1.40" 1.92+0.80°* 522+2.06"*
(e 10 17.68+0.62° 1.10+0.33* 3.05+0.99"

VE: SIERALIE, P<0.01; SHUB4LE:, ©P<0.01; S7§2541
He#s, *P<0.01
Z 4 SDBG. LABG 7K P Frhzhdl (P<0.01),

4 1d2. Usp2 & H R ki 25 R i (£ 4)
|d2 FERLRIL - IE R LA A, (H SR,
HES A - BRI | P24 - BERIALY R R Usp2 78
BIRUZ - IEW AT, fES ] - BRI, a4l -
FRIRIZH 24 |

Fz4 1d2, Usp2 L HZEE [P (FC) ]
N BN IERA O S BN U4 BUNg
1d2 0.31 (1.33) 0.02 (0.37) 0.02 (0.38)
Usp2 0.07 (0.20) 0.02 (3.81) 0.14 (6.20)

YE: FC{f >2 % [, FC (i <1 % F

5 1d2. Usp2 SEHT 2% i PCR £ I 45 2R Lk
W (FR5,6) Id27ERBAIL - IEH4H B, L&
PRI, SR - A PE254 - BRI
;s Usp2 TERS U] - IEF A4 Fill, 765 4 - i
. PG - BRI B, S5IER A, B
Usp2 mRNA %A AL (P<0.05); 5184 Mg,
ZEH . TiZ54 1d2 mRNA k%, Usp2 mRNA
FikTtm (P<0.05),

£5 1d2. Usp2 Eht PCREH [P (FC) |
FEA OB B SRR e2igL /g
1d2 0.33 (1.36) 0.01 (0.26) 0.04 (0.46)
Usp2 0.30 (0.18) 0.01 (5.29) 0.02 (11.34)

+R6 £411d2. Usp2mRNA MM FER LK (X5 )

21 51 n Id2 mRNA Usp2 mRNA
EH 10 0.1110 + 0.0469 0.0371 +0.0149
i 9 0.1510 = 0.0418 0.0066 + 0.0039"
ETs 10 0.0391 +0.0094 * 0.0351+0.0111*
e 10 0.0697 +0.0199 * 0.0752 +0.0296 *
FE: SIEWALHE, "P<0.05; SHUML HAE, ©P<0.05
Wit

I B PRI B R AR (R IUBHAS e )
BR B 5 4 I8 D52 3 (it il o e P i f A A e
J&, I, ERTHEROM AR AT T B EE RS AR
PRRIRAR” o R 2 AT R AT T LR R 4 1k
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Peds, R N BRE S ETE T AR 2R AL N R
IERYZhAE, BRI “Pgsfalgs” M, b 2 i fe s e
PR NN 2 51, BB RS MER .. S©
HITHUNS ., KRB, i<, FELRlbg,
HRAMELZ T, JFREANE G, KAER . AEHL. L2
BOALZS AN BARS , AR, AUPEFS . REE I
K, fIMKGEY . A SCIRTEIRR S 1 5 /b I w
W s NFEFEALHI ) fE R A PR A ey
BRI

BRI EIAZ N 24 h, JLEFE TR APk
A R, T i AC X (suprachiasmatic
nucleus, SCN) Z5WEmizLsh® L3, RgFfr
R H AR S, SRR, /N SCN
AR 28 TR 28 TR AN B B R B R T R YL B
AT RGE T B Rl 028 SCEAZ i v e R e
BRI RSN EH S P B BT R TE
MEVFZ H w18, 3 R A A B 5y
o rhIemEhE T SR L RERIEAERI SRS R
TURNE, XEEBIAE RO I Bhtt— oM . Bk
M, BPRhEERZEAE | 2 T AN TOLRE R BRI AN
e RYE AR AE I 22 20T Be S EUR T AR ALY
HE ™, BERER T ARELSR T B 4iHE: 5
L, RN R B i 1B 5 2 A 043 LA T 875 1K o
Wi, JFTENG S8 B B 9 5 28 10 77 A R0 S s L sk
Sl . B AN AESZ B BT HE I IR R AR
RR Tl A8 2] 48] 2 M T e 2 9 U P & 32 B T 1
BTSN . T REIR PR . AT R 5 AR
(S IENE R

|d2 BAEVF 2L sl Al 8L rb 1 R 1 BEIE -
- iR R e Y. SCIAFSUER T 1d2 R/ ERUE
RGN AIER, BoOEH D Re R i
FOPERT O 1d2 SRR (1927 ) /N BRI H e as
I E R, R A R E AR, W
FE Rz F IS SR AR, M 1027 /)N B2 B R
WHIR & | f AW U3 0, SRR ) 2 AN
AR R 5 R A WK ARG, M 127 /N
B8 B S JIL ) 0 2 W 5 SR NPT B A Bl T e 5% 2 ek
P TR

12 2RV HUEE (ubiquitin specific proteases,
USPs) 9k 2:17 R AEE M 25005, AR R ZFh A
Yyt R Z B0 RE I R, AR BRI, [FS
'3, BT MR A g )0 Horf Usp2 A wif
BEAA, B Usp2A (Usp2-69 ) #il Usp2B ( Usp2-
457, Usp2A 7 B mg 4t et R 8 5 A5 AH DG

R, 7R Usp2 7 W40 i 5AG 45 2 PO RS R 1
FH. TEE WM b 255 1Y Usp2A #2580 i 2 sk 35 A
JHEAS A B J B ZE AU ME, BRI, EWE AR i Usp2A
HAE S T2DM JG F L s i S 9 Feshiscsert,
Usp2 Gl /N BRTE SR ARG R, Usp2 5
BHEP 8 12 A AR OCIE, JF HAR 2 BMAL1, BMAL1
i 3 HoxE CLOCK/BMALA 75 35 DA 1) % Si A FH 9
Xof B G IR A R 0, Usp2 S E ke £
PERIOD1 (PER1) #H3¢, ik 145 HAZ i#F A FIAH
ZRIH PERT IhHE, Usp2 St 2k 14/ BU7E I h Th fig
R PV, 2WF5E, Usp2 B % ko i 5
FE bR T 7 2032 L. Usp2 il e b S5 4 4
FRE W ApEfazs, Usp2 Wit SAFIE 118 - B3t
K [EEERE ZUB 1 ( hydroxysteroid dehydrogenase 1,
HSD1) KIiLHHE L FUS R F SRR IR B AR
PG AL R P 2 B A TR 22

ik S DALV SRy e AR DR 1) 1 Bl 7 S -
PRURER, KSR BT, X AR R R
SCEE P AW RN SRR A S E A A,
(RN R HLTI SR T e — DR, G E e
Wt LR B FLAN R A G SE R S 1 B Al ieThfg, ik
LU, RS RICPTZ RIEE RS, WA
ATREN, S EE vl e FE 1d2, 1 iE Usp2
FER RIRACE IR B R, DA ik s, R
T2DM 24 T3 RIA Y7L,

Pl 2 58 AR SCAEAER 2 5
& £ x
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