© 274 ¢ 227244 Acta Pharmaceutica Sinica 2011, 46 (3): 274-279

R B & 5 il X 3 B L = =5 S R AR PR IR KRR
LIRBZEESESNIKSER

RS LY, R, AL

(1. P b2y H2e 5 i B2 O =, Bl v 710021;
2. P2 AR I R 2F I F B B A UEE, BRPG Ph %2 712000)

FE: WU FIERESE Quke’) S5 (180 pgkg ") X b A BUBE M A I K 2t O L4 Mo Jo 5 3545
5 FRIEMEAER, KA One Touch IT 1A ASCRI R ACI o MR 7P SRV D0 e B A 1l 200 28 (A IR BE; 1
EAENE M =08 (TG) AR JH[EEE (TC) i, s Al s 44 ik il O L4 fid b PI3K F GLUT4 K3k
FIAE G . S5 SRR, BLAHZGALREA I 2 R M (P < 0.01); [A) I BCA A 25 W 2 8 0kl b K Sl oo LA i L
PI3K #1 GLUT4 [{J5R15 (P <0.01). FEAABNYSLI0 45 T BA B & SR 65 N FH 7 PR L0 A0 0 T R 45 T
PrFAEF; T 26 A I A I P 3 a5 s i PR K BR O LA i 5 345 5 % Sl % b PI3K (3R, MIicsg T
GLUT4 Ry, f5 2ot O UL g AR

KRR MR OR R SR WARERAN; WEARBENLEE 3 ARG, MIAREEE A 45 O

hE 545 R963 SCRKFRIRED: A X EHS: 0513-4870 (2011) 03-0274-06

Effect of combination of insulin and selenium on insulin signal
transduction in cardiac muscle of STZ-induced diabetic rats
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Abstract: This study is to investigate the effect of low doses of insulin (1 ukg ') and selenium (180 ugkg ™)
in combination on general physiological parameters and insulin signal molecules in cardiac muscle of STZ-induced
diabetic rats. The levels of blood glucose were estimated using One Touch SureStep Blood Glucose meter.
HbAlc levels were estimated using microcolumn assay. TG and TC were estimated using enzymatic assay.
The levels of PI3K and GLUT4 in cardiac muscle were examined by immunoblotting and immunohistochemistry.
The result showed that insulin in combination with selenium could significantly lower blood glucose and blood
lipid levels and markedly restored the PI3K and GLUT4 levels in cardiac muscle. It could be concluded that
there was cooperation between insulin and selenium, and that treatment of diabetic rats with combined doses of
insulin and selenium increased cardiac glucose uptake by upregulating the level of PI3K-mediated GLUT4 in
cardiac muscle, eventually ameliorating myocardial dysfunction.
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Figure 1 PI3K levels in the cardiac muscle membrane fraction
of control (normal), diabetic model (DM) and diabetic rats treated
with insulin (DM+1In, 1 wkg "), selenium (DM+Se, 180 pgkg™),
combined dose of insulin and selenium (DM+In+Se). Xx= s.
"P<0.01 vs DM group; "P<0.01 vs DM+In group; ““P<0.01
vs DM+ Se group
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Table 1  Effect of insulin (In, 1 u'kg™") and selenium (Se, 180 pug'kg™') in combination on blood glucose and blood lipid. BG: Blood
glucose; HbAlc: Hemoglobin Alc; TC: Total cholesterol; TG: Triglyceride. n=7, ¥+s. "P<0.01 vs normal group; ~P<0.01 vs

diabetic model (DM) group; $p<0.01 vs DM+In group; ““P<0.01 vs DM+ Se group

Group BG/mmol-L™" HbA1c/% TC TG
Normal 5.68 +£0.67 4.86+0.51 1.53+0.11 0.70 +0.12
DM 25.04 + 1.61" 8.13+0.27" 3.09 +0.13" 1.89 +0.08"
DM + In 15.02+2.56" 6.66+0.26" 231+0.117 1.41+0.07"
DM + Se 1538 +2.07" 7.03+0.37" 2.63+031" 1.61 +0.06™

DM +In + Se 7.55+0.79"%%44

5.42+0.437%5%%

1.77 £0.167%%4% 1.07 £0.12"7%%44
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Figure 2 Immunohistochemical analysis of PI3K in the cardiac muscle of normal (A), diabetic model group (B), DM +In (insulin
1 ukg ', C), DM+Se (selenium 180 pg'kg ™', D) and DM+In+Se (insulin 1 ukg ', selenium 180 pgkg ', E)
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Figure 4 Immunohistochemical analysis of GLUT4 in the cardiac muscle of normal (A), diabetic model group (B), DM +In (insulin
1 ukg™', C), DM+Se (selenium 180 pg'kg ™', D) and DM+In+Se (insulin 1 ukg ™, selenium 180 pgkg ™', E)
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Figure 3 GLUT4 levels in the cardiac muscle membrane
fraction of control (normal), diabetic model (DM) and diabetic
rats treated with insulin (DM+1In, 1 ukg™'), selenium (DM+Se,
180 pg'kg "), combined dose of insulin and selenium (DM +In-+
Se). x+s. P<0.05, "P<0.01 vs DM group; “P<0.05 vs
DM+ Se group
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Figure 5 Correlation between PI3K and GLUT4 in the cardiac
muscle
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Figure 6 Correlation between GLUT4 and blood glucose (BG)

Wit

B AU 25 L2 I OB PR (O JULS R A T R i
o e B A A — NI FE R D 25, BB RO L
P A0 S SO RO LY. DR, A s s e B
SPVRTT R RO I B A EE R o ARSI
gE O WoR: R FORRR IS Y S B TR K R
(18 e L R ot I R AS B BH 2 o3, X0k G 0
LR G AL T R

DA AT AR ATP BRIk A+
UG 5 R R A T B o AEBDIRES R, M R S Ak B i 0o
60%~70%[M Re 77K, T 30%~40%K H T4 %
Bk, 2 R R AR RSP o E 2200 T 7y o
T B N T 1 AN BRI AL O JUE RE BTG B, i A E i
THUH] AR e FUBE I S i, 14 AR AU A DL RO
SAEPRAERERU, GLUT4 20 JULAN e Hh i1 5 2 %
W IZ i, AR DR M AL A T LI GLUT4
FEIETEYE, TSmO LK 6 25 0 (O SR ORI R, B
A FELOIIRE AR BEAG A O RE . IS
W SRR IUARARL, B A 2% 3 O JUL 4 i 25 s
BE S S 8Aa R A R RIUEE 3 W (PI3K) 11
Z 5, Egert 25 LIHTFTIE WA, PI3K (1300 571
wortmannin 1] LI PI3K /- SR8 BG5S S
5, DT TR RSB B 2% 05 | 1 6 2 W e i By o R
WFGTRE A R PRI A AL 4O UL i rp PI3KC N 4 i f5
GLUT4 [F5R1K 7K1 35 B S AIC T 1E 5 0 FRUAR, 3K i B
BERDIRAS T, PI3K Fl GLUT4 (KA /K P FRAK, B

B #EE SSRGS, RS EZ
S5 ROV PSS, TS BB A 0 UL B R
IR Re 1 B, DR AR AT, R FELIL
DIRESZ 401, BH PRws K B 5 FH B B A7 5, PIBK A
GLUT4 )R I8 KA 4 T, 5 Al ve 7 20
PI3K F1 GLUT4 [ 1A 7K A WL B Sl Uk 52 o B B K
B8 IR B AN I 5 A 9T )5, PI3K A1 GLUT4 )41k
KV 51 W A8 o T B TR B 3 RN B P AR T AL, XU
WY T A I 1 2 20 TR B 3R 1R R 1 ke S T Y
YA N R [ F, ) IS 3 50 B 24 166 T
A BEIE IO ULZE 2L PISK M GLUT4 K35, MO
JULRE B B 2 i BBURE P, A S AA S R 2R AR S R e R
kA%, X W] A Rk IR T ORE PR O R FH AL
iz —.

A S B8 6 JE I 2% RVAI IG5 I FH ot 5 TG ) B A
R RIE N S ¥ e (9 L 1 NN E Y A (|
CAAERER AN B BRI TR 5 Sy
M58 TIESZ. S4h, Ghosh ZEUSWRHFoY & W, B
PRI K BRI J5, R =KW ST BRI,
o I 2% RV BB 5 I FHY N A P T B D A [0 ) 0 i &
. ST IR ST CUE T R Z R I £ N T
AFAE AT AT AR N IR BRI L R 1 wkg ™
180 pgkg o

DL b s g5 SR I B I 25 AR IR 5 13 FH g I
Ak A ATORE P 905 DK Bl P LI W R I I, ) A i )
LN PI3K A GLUT4 [R5 . Mk, WhitE
N AT e I 8 o WL 2R PIBK A~ § 1 GLUT4
Fan, ORRE O JULGT A AR R 4k B R 24 G T 0 L
1 Be == AR R

References

[1]  American Diabetes Association. Economic consequences of
diabetes mellitus in the U.S. in 1997 [J]. Diabetes Care, 1998,
21:296-309.

[2] Cail, Kang YJ. Oxidative stress and diabetic cardiomyopathy:
a brief review [J]. Cardiovasc Toxicol, 2001, (1): 181—193.

[3] Cullen P, Eckardstein A, Souris S, et al. Dyslipidaemia and
cardiovascular risk in diabetes [J]. Diabetes Obes Metab,
1999, 25: 189—-198.

[4] Biondi-Zoccai GG, Abbate A, Liuzzo G, et al.  Atherothrom-
bosis, inflammation, and diabetes [J]. J Am Coll Cardiol,
2003, 41: 107-117.

[5] Dransfeld O, Uphues I, Sasson S, et al. Regulation of
subcellular distribution of GLUT4 in cardiomyocytes: Rab4A



TR e & 3855 A0 B AR Ve 131 3155 3 B o K SR LI B 3R A5 5 T 3 IR 15 £

© 279 -

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

reduces basal glucose transport and augments insulin respon-
siveness [J]. Exp Clin Endocrinol Diabetes, 2000, 108: 26—36.
Garvey WT, Hardin D, Juhaszova M, et al. Effects of diabetes
on myocardial glucose transport system in rats: implications
for diabetic cardiomyopathy [J]. Am J Physiol, 1993, 264:
837-844.

Guo ZX, Xia ZY, Violet G, et al. Cardiac expression of
adiponectin and its receptors in streptozotocin-induced diabetic
rats [J]. Metab Clin Exp, 2007, 56: 1363—1371.
Egert S, Nguyen N, Brosius FC, et al. Effects of wortmannin
on insulin and ischemia-induced stimulation of GLUT4
translocation and FDG uptake in ferfused rat hearts [J].
Cardiovasc Res, 1997, 35: 283-293.
Nielsen LB, Bartels ED, Bollano E. Over expression of
apolipoprotein B in the heart impedes cardiac triglyceride
accumulation and development of cardiac dysfunction in
Biol Chem, 2002, 277: 27014-27020.

Katz EB, Stenbit AE, Hatton K, et al.

diabetic mice [J].
Cardiac and adipose
tissue abnormalities but not diabetes in mice deficient in
GLUT4 [J]. Nature, 1995, 377: 151-155.
Stapleton SR. Selenium: an insulin-mimetic [J]. Cell Mol
Life Sci, 2000, 57: 1874—1879.

Berg EA, Wu JY, Campbell L, et al. Insulin-like effects of
vanadate and selenate on the expression of glucose-6-phosphate
dehydrogenase and fatty acid synthase in diabetic rats [J].
Biochimie, 1995, 77: 919-924.

Becker DJ, Reul B, Ozcelikay AT, et al. Oral selenate
improves glucose homeostasis and partly reverses abnormal
expression of liver glycolytic and gluconeogenic enzymes in
diabetic rats [J]. Diabetologia, 1996, 39: 3—11.

Zhang L, Chen LM, Ni HX, et al. Effects of puerarin on the

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

expression of glucose transporter 4 in adipocytes of streptozocin
induced diabetic rats [J]. Chin J Clin Rehabil (4 K5
%), 2006,10: 135-139.

Ghosh R, Mukherjee B, Chatterjee M. A novel effect of
selenium streptozotocin-induced diabetic mice [J]. Diabetes
Res, 1994, 25: 165—-171.

Battell ML, Delgatty HLM, McNeil JH. Sodium selenate
corrects glucose tolerance and heart function in STZ diabetic
rat [J]. Mol Cell Biochem, 1998,179: 27-34.

McNeill JH, Delgatty HLM, Battell ML. Insulin like effects
of sodium selenate in streptozocin-induced diabetic rats [J].
Diabetes, 1991, 40: 1675-1678.

Ers6z G, Yakaryilmaz A, Turan B. Effect of sodium selenite
treatment on platelet aggregation of streptozotocin-induced
diabetic rats [J]. Thromb Res, 2003, 111: 363—-367.
Naziroglu M, Dilsiz N, Cay M. Protective role of intraperi-
toneally administered vitamins C and E and selenium on the
levels of lipid peroxidation in lens of rats made diabetic with
streptozotocin [J]. Biol Trace Elem Res, 1999, 70: 223-232.
Furnsinn C, Englisch R, Ebner K, et al. Insulin-like vs non-

insulin-like stimulation of glucose metabolism by vanadium,

tungsten, and selenium compounds in rat muscle [J]. Life Sci,
1998, 59: 1989-2000.
Stapleton SR, Garlock GL, Foellmi-Adams L, et al.  Selenium:

potent stimulator of tyrosyl phosphorylation and activator of
MAP kinase [J].
269.

Biochim Biophys Acta, 1997, 1355: 259—
Stapleton SR, Jivraj S, Wagle A. Insulin and insulin-mimetic
selenium mediate the regulation of glucose-6-phosphate
dehydrogenase gene expression via difference signal proteins

[J]. FASEBJ, 1998, 12: 1404.



