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[Abstract] Objective To investigate the effects of tramadol on insulin resistance (IR) during cesarean section
complicated with gestational diabetes mellitus ( GDM ). Methods 120 patients of elective caesarean
sectioncomplicated with GDM (level A1) were collected from Dec. 2015 to Oct. 2016, randomly divided into the
tramadol injection treated groups (0.5 mg/kg-TRMI, 1 mg/kg-TRM2 and 1. 5 mg/kg-TRM3) and the control
group (CON) (n=30). The patients of TRM groups were injected with tramadol after delivery of fetus during
caesarean delivery under combined spinal-epidural anaesthesia (CSEA) and the patients of CON group were treated
with normal saline as control. The plasma were collected before CSEA (T,), after delivery of fetus (T,) and
immediately after caesarean section (T,) for determination of the expression of blood glucose, insulin, HOMA-IR,
interleukin-6 (I[.-6) and tumor necrosis factor-a (TNF-a) by hexokinase, chemiluminescence method and ELISA.
The activation of PI3K/Akt signaling pathway of epiploon were detected by RT-PCR and Western blot. Results
Compared with T, the concentration of blood glucose, insulin, HOMA-IR, 11.-6 and TNF-¢ increased significantly
in T, and T, (P<C0. 05). The factors of above decreased in T, of TRM2 group and TRM3 group comparing with
CON group. but of no significant differences between TRM1 group and CON group. Compared with CON group in
T., PI3K/Akt signaling pathway activated significantly in TRM2 group and TRM3 group (P<C0. 05). Conclusion
The tramadol can attenuate IR during cesarean section complicated with GDM and may regulate the secretion of 1L~
6., TNF-o and PI3K/Akt signaling pathway in the treatment of IR of GDM.
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FEAK I GDM (112 W b 1 J5 GDM. £ HY R 3% 4F T
o FhIRIN D 2SR TR AR RR R
I B J€ R, A ) B T i % e e B 5
JEY 7%, BOURNE %85 % # il o 2 72 36 97 DL AKX
oA 1) [) B A 5 )RR AV It 4 & A 1 XU S 0 O AE B 4R
S SRR PR B . i A R RN T AT R
4 i AR Y . AR 5 40 i A
BRI E GDM = A 4l R il E 2 00 g
W, M X GDM 7= 3 Bk 5 ZHEPTAH ¢ PI3SK/ Akt
5 A I A DG 5 E T R, Ol il S 2 T
Fit GDM ) 7] GE ML 42 HEAR 4l

1 X&57F%

1.1 iSHitRE

FRAE v e N R SR AR A7l A i (W S331-
2011) , 230 T AR YR 24 ~28 J& A I 25 i B (FPG)
75 g BT IS COGT T A 25 I8 IR 285 1 h
A2 bt A S B 7K P & 1 DL AR AT — J5 B B AT 2 W
5 GDM:FPG>=5. 1 mmol/L,75 g OGTT =3 & Ifil
BE=5. 1 mmol/L, It # % ¥ J5 1 h Il ¥ =
10. 0 mmol/L,2 h Ifii B >=8. 5 mmol/L,

1.2 SNIRERHERIR A&

BEHL 2015 4F 12 A & 2016 4F 10 A 7Ep4)Il K2
TEVEEE — K B2 Wi o GDM (1 47 88 1350 8 7 1) 22
H W ASER : GDM 2y Al 9%, B GDM H 75 2
SRR IR YT R AT 48 il B 45 ) 7R E R kG A
JA =37 JA o HEBR bR AE < G U T A A A R il
I 5 M FH - HERE i AQ 0 25 s = ksl = L )
B TR N 5 A iR A OC = i R B R s E IS
B 5 56 KA ) S 5 0 7 s 6 BRI AE DG 25 1 A Ao Bk
LM o AW 5815 B A e B8 28 B 2R D o it
e I B A F MG R 1
1.3 HERFHAZE

AR R i 2 R BEAIL R A Sy 4 AL A
e h S 2 W AL B4 TRMI (0. 5 mg/kg) .
TRM2(1 mg/kg) . TRM3 (1.5 mg/kg) 54 ¥ kK
Xt B ZH (CON 2H) . 4341 30 ], A 2 J5 JF 0 ik i
il M EME T L3~ 4 [a] B 15 18 6 55 R F
0. 505 tE A L R 12,5 mg) , BRI HF 40 55
Ji BV 204 43 2H w5 ok T ST T4 AR D 22 S v i A
ERIK IF A S S I E B0 G B AR 5% 4 24 DL AS
T W I — B BEAERLED .

1.4 #RAUWE
TRRIERT CTo) bR ZE B 43 85 B Z0 (T, ) LR R

B2 (T, ) 2R £ A& 7 IE A1 o i K 1l 5 T DG i iy Wi
RIPIBEA L5 g, 5853 WF BE 5 20 o WA s — 43 B
TRIzol ¥ # B 48 fg &5 RNA, — 1 i i RIPA Fi
PMSF {2 S & . brAab B 5¢ B 8 T WA P IR
a8
1.5 BREBR|HEKFEKRN

T To T Ty SREEFR K AR T O 4 s 125 )
E FPG ¥ B 5 B AL 27 &k D6 vk o0 i 25 R B =
(fasting insulin, FINS) 7K ¥, Jil 5 &2 #L P 35 4K
(HOMA-IR) % A} FPG(mmol/L) X FINS(mU/L)/
22.5 75,
1.6 ELISA # il 5 J&) i 5 1 47 52 43 b 7k F

T To T Ty R &R R K I AF W 1] ELISA
F 3 77 £ (1L-6 ., TNF-o ELISA Kit, ik 1§ 5 4: 4
FHEA BR 2w, A =D 358 B 43 #5248 I XUk L ELISA
J7 U X 48 4L BR AR A % -6 (interleukin-6, 1L-6) Al Ifi
i A g PR BB [l F-a (tumor necrosis factor-a, TNF-
o) HEAT RE BT .
1.7 Real-time PCR # il & ¥ & 2B 22 b PI3K #A
Akt ) mRNA %3k

PRI R 2 20 RNA, I 45 33 5% s 5] &
UE A A5 AT 5 S 3k B cDNA, SR 5 7 & HE R
MX3000P S} 5 5E Bt PCR AL EFEATHE Y1 L S )i
AR 20 ul.7. 4 pLL DEPC b ¥ H, 0,10 uL. SYBR
Premix ExTag™ 0.8 pl. PCR Forward Primer.0. 8 ;L
PCR Reverse Primer f1 1 pL <DNA, 5| Ki%E % 4E
PTERARAFREGRGE D, PCRY HAM:95 Tt
ARk 30 5395 CAEPES 5,60 “CiR 2k 30 s, 72 °C 4 it
1 min, 3t 40 1§ 3., LI GAPDH Py % |, %
27 R T B A N R A 6

®1 ZHIEE PCRTASIY

Table 1 Primers used in real-time PCR

Gene Primer sequence (5' to 3") ljlrzoed/l;;)t
PI3K F:CCACCTCTTTGCCCTGAT 324
R: TCGGTTCTTTCCCGTTAG
Akt F. ATGAGCGACGTGGCTATTGTGAAG 329
R: GAGGCCGTCAGCCACAGTCTGGATG
GAPDH F: AGATCATCAGCAATGCCTCCTG 109

R: ATGGCATGGACTGTGGTCATG

1.8 Western blot ;% # il X M & 46 41 dh PI3K #0
Akt W EARIE

PR MR 20 2088 1 4% BCA 307 & vl 1 4
TR A BRI BT . B ME A A 1X
R IR AT 100 CiliK & 5 min, B ALRF
I 3E A EF7 SDS-PAGE (BEJi ik B 100 g/L) . &4y
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BEARMBHEBILEE S PVDF H 1.5%
WA W5 K- TBST Bl = 25 CH M 1 hs eyt A
PI3K mAb(No. 4249) , Akt mAb(No. 4691) , f 7
A GAPDH mAb(No. 5174) , #J § CST(EE) .
TAEMWEE R 1+ 1000,4 CMEE 1/ TBST Bk
5 min X 3 Y, fIm A BRAR o A A W B AR O Ll S B AR
IgG(H+L) (A0208, #H m RAEWH AR AR AF, L
W) (121 000)EIRMEE 1 h; TBST PE 5 minX 3
W LECL & {4, ] ChemiDoc™ MP % % #1741 % .
PLH B H A5 OB A/ N 2 8 1 GAPDH 0%
JEE A 2 PISK A Akt f9AHR 2k i,

1.9 HZHitZEFHE

B A IES M o £s Fom . 4
] Fb 35 R O 22 40 A ok ¢ K 56 s R AT A 15 25 4 A 1)
FH A K Y A3 TR) D R 7R S A1) #CR B SNK-q
kg s P<<0.05 S A= E L.

2 #HXR

2.1 —fERREFAREE

JITA G AR ST 120 157 10 34 ) 58 T K
N F2 R 7= Bl — W1 O 45 41 B 22 R R BE 3t 2R
XL 2,

x2 SHAOFEEFREBER

Table 2 Characteristics of paticipants in different groups

Characteristic CON group

TRMI1 group TRM2 group TRMS3 group

(n=30) (n=30) (n=130) (n=30)
Age/yr. 3244 3145 3043 30+3
Height/cm 161£5 158+5 160+4 163+4
Body mass/kg 70.8+8.4 65.346.8 69.6+9.3 69.3£9.9
Parity (median (interquartile range)J 0 (0-1) 0 (0-0) 0 (0-0) 0 (0-1)
Gestation/week, median (interquartile range) 39 ( 38-39) 39 (38-39) 39 (38-40) 39 (38-40)

2.2 BATEARAFPC.HEEBERBERERMK
T

T, T, i % 41 FPG. k5 K & HOMA-IR % T,
Fm (P<<0.05, @i Z M5, T T, & %,

TRM2 5 TRM3 4 FPG, JiE 1 £ & HOMA-IR %
CON 4 F#AIK (P<C0. 05); T, B TRM1 41 F iR 5455
CON ZHAH b 22 R o ge it 27 2 L (P>0. 05), IL% 3,
2.3 HAXREBRIL-6 5 TNF-o HRILKF

®3 HHAEWMZ FPGC.EREMREBRMMEB (n=30)
Table 3 Levels of FPG, FINS and HOMA-IR in each group at differnet time point (n=30)

Group
Index Time
CON TRM1 TRM2 TRM3

FPG/(mmol/L) To 4,6840. 24 4,73+0. 27 4,76+0. 26 4.74+0. 22

T, 5.59+0.26% 5.61+0.247 5.55+0. 267 5.52+0. 287

T, 6.55+0.27% 6.51+0.297 5.29+0.37%~ 4.93+0.33%*
FINS/(U/L) T, 15.21440. 675 15.131£0. 700 15.18940. 631 15.2344+0.717

gy 17.81140.870% 18.023£0. 7657 17.77540.913% 17.82940.927%

T, 18.75540. 9607 18.66340.9167 16.52440. 6367 * 15.79240.576% "
HOMA-IR T, 3.16640.218 3.18140. 231 3.21540. 247 3.21140. 204

T 4,42840.298% 4,49440. 2727 4,38840.3047 4.37940. 3347

T, 5.45740.345% 5.40140. 3657 3.88740.318% " 3.45940.267% -~

# P<C0.05, vs. Ty in the same group; * P<C0.05 , vs. CON group at the same time point.

fetus; T, : After caesarean section

T, . T, B 4sMNE M 16 5 TNF-o« B3R EK
A T, JhE(P<<0.05), i L2 M)5, F T, i

R4 REAXBWZISMNEM IL-6 F1 TNF-o B R LK FE(n=30)

Table 4 Levels of IL-6 1 TNF-q in each group at different time points (n=30)

Ty : Before CSEA; T;: After delivery of

Z], TRM1~3 414 & i 1L-6 5 TNF-o [ 325K
% CON 4R (P<<0.05), W34,

Group
Index Time
CON TRM1 TRM2 TRM3

1L-6/(pg/mL) T, 167.417423. 550 162. 929423, 068 171.4704+19. 842 166.5934+22.023

T, 301.287+32.7617 299.783+28.970% 302.766+27.873% 314.270£27.791%

T, 332.761434.392% 295.839430. 8407~ 229.988429.579% " 209. 838430, 1487 "
TNF-o/(pg/mL) To 21.170+3. 811 21.28843.895 21.123+3.902 21.878+3.629

T 30.437+4,972% 30.13844.824% 28.880+4,730% 29.1954+4,700%

T, 34,134+4,5427 32.465+4,252% " 27.085+3.920% 22.678+3,481%~

# P<C0.05, vs. Tg; % P<C0.05, vs. CON group at the same time point. T,: Before CSEA; T :

caesarean section

After delivery of fetus; T,: After



% 3 3

AT BLAF S 22 3 S R DR DR 7 I = R e s ARSI R T 449

2.4 HAAMBEALAS PI3K Akt mRNA R ik
TRM2 #1 TRM3 4 KW 21 21 PI3K Fi
Akt mRNA [EiE5 T CON 4, 2R A% i % 5

Y (P<<0.05), {H TRM1 415 CON 41t 2 R T
Bt L (P>0.05), #ES5,
2.5 HHEAXMEAHLAF PI3K Akt EARRIE

x5 BAAXMELAL D PI3K 71 Akt mRNA B3R 3E (n=30)
Table 5 Levels of PI3K mRNA and Akt mRNA in each group (n=30)

mRNA CON group TRMI1 group TRM2 group TRM3 group
PI3K 0.53740.090 0.54640.078 1.160£0.179" 1.42240. 282"
Akt 0.61940.109 0.63340.101 1.24340. 253" 1.50440. 314~

% P<C0.05, vs. CON group

TRM2 Fl TRM3 24 K M i 2H 21 v PISK il Akt
FEHRIEE T CON, ZRAEHITHE X (P<
0.05),fH TRM1 4l FiR & A5 CON 4AH 2 5 T
GiitaE & L (P>0.05), WLFHE .

P13K

—_ ____J|_. _-——‘Akt

GAPDH| e s e o | s e == —-|GAPDH

wn
T

E3conN
CdTrMI
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P13K Akt

EJTrM2
[0 TrRM3

=
T
*

#

=
wn

Relative expression of protein

MiE |HAKXKMRALRF PI3K f1 Akt EAREKIE
Fig Expressions of PI3K and Akt proteins in each group
* P<C0.05, vs. CON group
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GDM & —Fl 2955 DK 5 o 4 45 35t A% TR 28 3R 458
P2 5 R HRHL S 5 1k R 1 0 4 o 1 B e 5 A
Ko Horb S ZHEHU R GDM (5 3 4L B L AL . B
A 28 JE A T 3 R L BRI KO B O LR 2
A PR B R IR, B IR B AN A TL-6
Ml TNF-o RN TG 2 025 TSR
P kAN Y RFRE LI GDM = idE T,.T,
WA AR FBG, R & R & HOMA-IR, IL-6 #l
TNF-o ¥4 T, L7t

19 5 F AT A% TR 1 5 ALK b Rk 4 A FAE
FH s R, Horp PISK/ Akt {5 5 38 8% 76 9 & %
S ¥R BRAE F v I T B A R A I R R 3
A R W] PISK/ Akt {55 @ B BHWT 2 5 T R
RAPIR LAY ZEea D R BA I GDM Y

FEIAAR S WA R 20 20 PISK (3635 5 1%
FEAA R IR T . ARV 206 IR I LA F 5 HiE
WA SE T il 2 AR s TR 5 Y 1 R e b
J PI3K/ Akt {5 5 i i (9 + WiAE VY . AR89 &
WAE T, o, W H T 5 21y TRM2 Fl TRM3 2
PI3SK Akt BRI FIEE 13R85 CON A L1
Tt [\ — B 21, FBG, JiE & R & HOMA-IR,IL-6
TNF-o /K ¥ CON 4 AH L33 REAK . XU ih 5 £
AIREMSE T PBK/Akt 5 5. 2 5 TS RHIM
B BELIT . H 0 5 #E AT BE Rl iF 2 5 T 1L-6 Fil TNF-o
FORMEAT . BEE PISK/ Akt {5 5l % 5 5 & KK
PUR A BF AW R A 2 0 IEE 2R T RAE S
MBS ALA H A RN,

#H £ ] DL ) #% I F-kB (nuclear factor-«b,
NF-xB) 1) 3¢ 35 M 020 T1-6 F1 TNF-o fif 33502,
A T ke BRSNS B 3 Ak 1 G 95 A0 i e DL Bk
PI3K/Akt {5 5 i@ % 0 ¥ 3 2 19~ UF W+ 2
TNF-o Fl 1L-6, & Ji R i 5 3621, FRATT i
FELE R B I 2 () T W BE i TL-6 1 TNF-a R 2
R0 /b, T PISK/ Akt {5 5 i % AH OGP £ GK 1
PR N S FARPUAKT A Bl . AT Rl 5 24k
FH PI3K/ Akt {5538 % 19 43 F ML ¥ B A2 AR ff
A, D ] e B PISK s H B I 11k
3 o I F I YK A9 [ B 410 PISK/ Akt {5 538
B H b — A~ R R B NF-«B, M40 ) 1L-6 A1
TNF-o 635, B 98 5E N IR fe 200805 AL 1) g
T 52 IO A 0 R AR PTK . il S 2 el 7 o —
A EARA S 5 9 0E R 5 AT K P 22 18] 1 - i
VAT R — 2 W S ) AR

AR5 FAR B R 2o B s RS B R 2 E
204 ) Ko A URR AR BObE BR ) 45 R 2R T i S 2 T
il GDM Jig 55 ZZ BT 1 B B8 15 1 — 25 1) sl 4 52
B R RS M B £ 5 5 PI3K/ Akt A G0
SR . AWFFE T, 1 me/kg & 1.5 mg/kg i 5
22 bk 1 S AT DL UR AR O B K OF 1 B T O HL B AR
HOMA-IR 7KV PISK/ Akt {5 5 CF445 459 50
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