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Abstract:

[ Objective ] To assess the association between arsenic exposure and diabetes mellitus in SD rats.

[ Methods | Forty specific-pathogen-free (SPF) SD rats were randomly divided by weight into control group, diabetes mellitus
model group (diabetes mellitus group), and low, medium, and high dose arsenic groups, respectively, with eight rats in each group, half male
and half female. The arsenic groups were continuously orally treated with sodium arsenite at 0.45, 2.25, and 11.25 mg/kg, respectively,
for 15 weeks. During the experiment, the body weight was measured weekly. After 5 weeks of experiment, intraperitoneal injection
of alloxan was given to the rats labelled as diabetes mellitus model. Fasting blood glucose and urine glucose were determined

once every two weeks. After 15 weeks of experiment, the rats received intraperitoneal anesthesia to collect and weigh heart, liver,
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spleen, lung, and kidney. Total cholesterol and triglyceride in rat blood samples were determined by COD-PAP method; low-density
lipoprotein cholesterol and high-density lipoprotein cholesterol by direct detection using microplate reader; glycosylated hemoglobin

by enzyme colorimetric assay; insulin and insulin-like growth factor-1 by ELISA.

[ Results ]

that of the control group (P <0.05), and there was no significant difference in weight between the arsenic groups and the diabetes

In week 15 of the experiment, the weights of the diabetes mellitus group and the high arsenic group were lower than

mellitus group (P> 0.05). The organ coefficients of liver and kidney of the diabetes mellitus group and the high arsenic group were
higher than those of the control group (P <0.05), but no difference in liver’s organ coefficient was observed between the high arsenic
group and the diabetes mellitus group (P> 0.05). The average levels of fasting blood glucose of the high arsenic group in week 11,
13, and 15 were higher than those of the control group, and in week 15 positive results for urine glucose were detected in the
high arsenic group (P <0.05). Compared with the control group, the levels of total cholesterol, triglyceride, low-density lipoprotein
cholesterol, and glycosylated hemoglobin were significantly increased, whereas insulin, insulin-like growth factor-1, and high-density
lipoprotein cholesterol decreased in the diabetes mellitus group and the arsenic groups (P <0.05). There were no differences in the
levels of low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, insulin, and insulin-like growth factor-1 between

the high arsenic group and the diabetes mellitus group (P>0.05).

[ Conclusion |  Abnormal lipid metabolism and elevated blood glucose are observed in the SD rats exposed to arsenic. The change

of glycolipid metabolism index of the high arsenic group is similar to that of the diabetes mellitus group, suggesting that arsenic

exposure may be closely related to the occurrence of diabetes.

Keywords: arsenic; rat; diabetes mellitus; blood glucose

Citation: REN Dong-yan, XU Meng-wei, SUN Gao-feng, et al. Association hetween arsenic exposure and diabetes mellitus in rats[J]. Journal of
Environmental and Occupational Medicine, 2018, 35(2): 102-107. DOI: 10.13213/j.cnki.jeom.2018.17602

EERARUCN T Z A R HAC S PIEE . WH5E
Je B, e DN TR PR A o 248 A v T TR A
f, ELREA B AL AR 715 I ] (388 o, B PR 14
KB T, SR i SRR R B B
P — PR PEAE B, PR A AR, iR
NP PR C F o MR ifp R A TR B SRR A3
AT AR SN SE  HORL /T R R PR A
TSGR N 2R, (LR 3% Z 8] 8 Sk 1 A7 A 4
BT AR SR B PR P i & B A O, LA
ANTEIFR AR R N YL B L SD R RV | iUl A il
TR ACH AR OL, St — R et S R 1Y
KIARAE -

1 #R5H%

L1 AH#

LLL A RO EAREN (LR T AL Tl
PR ], HrE ), POAE I RE (Sigma, JEE ), /KA E M
( Kt R ER AR A A, HED, 45% = Rsik
(Jeat e BB BRA R, ), PREFRACC S
IR, HE ), JPS-5 U IMBEAC R BeE A AR (A,
1 & ), I [E EE( total cholesterol, TC ). = Bt H ih
(triglyceride, TG ). 1= % B g 25 1 IR [5] B ( high-density
lipoprotein cholesterol, HDL-C ). {I%% B i £ 11 IH [ib] fit
( low-density lipoprotein cholesterol, LDL-C ), ¥k Ifi.£1.

# M (glycosylated hemoglobin, HbAlc ) i 5 £ ( g 5L
BEEY) TR, hED, BB R RS RFEAEK
¥ -1(insulin-like growth factor-1, IGF-1), ELISA i
g DU SRR AR A FRA R, A ),

1.1.2 =3t % SPFZ%SD KR40 B, MifE&F, &
H(78.8 £5.1 ) g( A ERKFEZLI P hL
g, TS SCXK (G#r )2011-0004 ).,

12 Fi&k

12,1 sitpad 21 RSN SR, 5L s W di
IR RERL T R X BRZE, BEPRAHIZH (IR ), I
BHERENAR . . R e i (AIRAR L | i | S
M), B H, MEMER Y

122 TwERMEE RAERKENERRZED
B HE 5 (LDsy ) Jg 45mg/kg, LA LDs 1 1/4 1/20
F1/100 6 5 A ER M g« L (RS BRI i, 400
11.25.2.25. 0.45 mg/kg. 48 2H AN [R5 5 114 75 it
K CARR R R EE 5 S B oK s ttE A T L, ST A R
(mg )=Ye3E M mg/kg ) x RHE( g )/ 3P R/KE( mL)
x K& (mL), HH#FE; XA [ B RoK (R
KO et o ESEYRRE 15 8, YeaEii Rl A R il sk sh
REE POk Kb EE,

123 #ISDABRBERFEHEA KEABUOKIFE
AR RR R, IE S5 5 A G, 0 AR 5 I 18 s v 5
VY AR E KA (73 2 IR %52, 55— 120 mg/kg, 24h



- 104 -

www.jeom.org IS EE2E (] Environ Oceup Med ) 2018, 35(2)

J& 100 mg/kg )o 7SI ZS IR ALY, FESTEHE 3. TR
W2 1 RS, 23 I B ZEHRFZE 1.1 mmol/L_F Ay A5
Yio ¥EREA NI, P PO A MR e K TR (A 2
%R [T ),
124 SLHdesrllE  ERXSES )G, R 2 JRE
— R BRI . PRAE o FH IR A FE 2 A0 R ML T K B
FEFBANFL o, R A 2 B iy 00 g AR A A
GE WO R BROPR R 22 0 8, P PROB X 4480 7 PR o
AL A W AN b B T ORI, RO AR B 3 4
Ao S R IR - = L 14+, = 2+ (045 2+ 3+,
4+ ), FRELINZREE 15 )8 )5 LA B 10% K& &
M (0.3 mL/100 g LA%E 100 g (KT 11 ) I8 I i3 S bR, R
B B8k 3.0 mL, iEEICAS L, TG
JIL L A I A R R AR, IR IR R R B0
I3 T —80°CAR-AE, FH COD-PAP Ji i & A Bl ke rp
TC. TG, FEFRL E AN 2 LDL-C . HDL-C, it
3 5E HbA Le, ELISA P22 i i 5 & | IGF-1,
1.3 %t E o

K SPSS 17.0 G i3k 4 4 7 8080 43 B, Tt %
B DL x £ s FOR, 7 2257 BR BB R 7 224017
HE— A AT A A R LA, SR Dunnett-¢( LSD-£ 45
55 ); T EATT RER TR A ES B AR 45
Febp 2 [A]AH M 22K FH Spearman 2520 A1 520 Hr o 46
K7k YE 0=0.05,

2 R
21 RA—MHFEABRAREH T

SEus ], X REZH R RRAE R R A, oK iR K
TEANBNER, BRI Jtss . R, FIX R, &
gl R oK SEE R B, BETH . BT,
G, KRS, 173hiR %, ZiE A |
AR S5 S, (] P R B2 B 1 A R AR R ) 5 R
UUE, Bkt SEB g fini 1 R, mmdd R ESE T
1 BB PRI R BR324 i 1 st Ak
2/, 2R IRETRESEHDERFEER, A6 LK
B2 I IR 2 T 11,1 mmol/L, A E 75%, HoKG #h2E
BE, fE R VERE, SOVIRED, BEHATLME, BA THITOE,
FEELINER

TIGEE 15 R, FHRRAKEZ PGSR
X (P<0.05), HA bl 5 i 4k AL F
R (P<0.05); 45 YL s 20 50 PR 4K SR 1A =R
ZEFIGT2FE L (P>0.05 ), WK1,

F1 AENEREERREENTHL(g, x+5)
Table 1 The change of weight of rats in each group at different

time points

o ACTERD s o 10 5 15 [
bl o Before 550 5104 1504
Group n o Week 5 Week 10 Week 15
exposure
Xf HRZH
. 8 99.1+74 288.8+46.1 363.2+77.7 429.6+101.0
Control
S5 4
*Eiﬁ{ﬁ/ﬂ . 96.1+7.1 271.6+423 331.3+91.9 3264+72.6"
Diabetes mellitus
4]
fieiedl . 8 100.3+62 2732+394 364.9=+81.7 418.4+104.4"
Low arsenic
BRI
. . 8 98.7+6.2 272.6+529 346.2+91.7 373.4+107.8
Medium arsenic
el
lﬁjmrﬂ . 7 984 +6.6 262.6+40.3 288.5+49.0 303.8 +63.78"
High arsenic
H 1.474 1.571 4.517 10.460
P 0.831 0.814 0.341 0.033

[ Ja: Gt 43, P<0.05; b: G@A4E, P<005; c: 5
He o 4 et P>0.05,

[ Note Ja: Compared with the control group, P<0.05; b: Compared with

the high arsenic group, P<0.05; c¢: Compared with the diabetes
mellitus group, P>0.05.
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Table 2 Comparison of organ coefficients of rats in each group

25 7 %

Organ coefficient

Eiv] Tl
Group T B G it JiF
Heart Lung Kidney Spleen Liver
X HRZH
) 8 0.36x0.05 0.63+0.13 0.73+0.07 0.20+0.02 2.66 +0.19
Control

BRI

. . 6 041+0.10 0.84+£0.18 1.04+0.12" 0.26 +0.09 3.69 +0.51"
Diabetes mellitus

fiARZH

Low arsenic

8 0.35+0.03 0.65+0.10 0.78 +0.08" 0.20+0.04 2.55+0.13"

R

. . 8 0.34+0.04 0.68+0.12 0.79 +0.03" 0.21+0.03 2.60 + 0.23"
Medium arsenic

i

. . 7 033+0.03 0.76+0.18 091 +0.11* 0.21 +0.02 3.31 +0.53*
High arsenic

H 6.040 6.679 24.063 3.738 20.826

P 0.196 0.154 <0.001 0.443 <0.001

[ Ja: SATEALE, P<0.05; b: GEm4lLi, P<0.05; c: &
e AL, P>0.05,

[ Note Ja: Compared with the control group, P<0.05; b: Compared with

the high arsenic group, P<0.05; ¢: Compared with the diabetes
mellitus group, P>0.05.
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Table 3 Changes of fasting blood glucose in rats at different time points

ZH 51 ( Group ) BPEc(n)  H5F(Week5) 47 (Week7) 559 (Week9) 4511 ( Week 1) 45 138 ( Week 13) 55155 ( Week 15)

X HEZH ( Control ) 8 3.98 +0.57 6.31+0.35 4.96 +0.47 4.30 +0.65 4.80 +0.42 4.40 +0.40
BRI Diabetes mellitus ) 6 3.97 +0.62 17.55 +2.90° 20.02 + 6.72° 18.95 +3.42° 18.60 + 8.11° 17.82 + 2.26
AL ( Low arsenic ) 8 4.06+1.03 6.43+0.77 5.16 £0.59 4.71+0.39" 4.79 +0.49" 5.38 +0.85"
iz ( Medium arsenic ) 8 4.98 +1.02 6.26 +0.83 475 +0.64 471 +0.44" 4.44 +0.44° 5.39 +0.78"
i ( High arsenic ) 7 4.77+1.08 6.51+0.67 5.04+0.72 5.83+1.13" 6.01 £0.67° 6.46 +0.78"

H 6.346 17.062 16.446 22719 24.892 27.045

P 0.175 0.002 0.002 <0.001 <0.001 <0.001

[ Ja: GAEANE, P<0.05; b: HErdlhi, P<0.05,
[ Note Ja: Compared with the control group, P<0.05; b: Compared with the high arsenic group, P<0.05.

24 K RSAEEA g R 5 (P<0.05 ) WL 50 43 XA
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15 JE I, A 2H O B MRS, D 235 SR 4 S B, 22 kA

O RAT S 3 L (H=33.040, P<0.001 ). 4. T4 AEMEREAXRERIO=I )

25 K SR L A AR 2 R Table 4 Changes of urine glucose in rats at different time points

51( ) 51 (Week 5) 5515 8 (Week 15)
A\ AL i N v ZHH (G
%%\% 15 }?:‘JHTJ‘, L:J‘Xd‘ﬁﬁéﬂ [:[:ZBL, %Wﬁéﬂgg% ! o - + 1+ =2+ - + 1+ =2+
TR RUMIE TC. TG . LDL-C fil HbAle K- 5 ( P< T2 ( Control ) 8 0 0 0 § 0 0 0
prap—— .
0.05 )’ Hﬁu[’%%'::‘ R IGF-1 5 HDL-C E(J7J(_TF‘E{E§( P<0.05 >; HEDRE4 ( Diabetes mellitus ) 6 0 0 0 0 0 0 6
A2 ( Low arsenic ) 8 0 0 0 8 0 0 0
=N 70 5 ) 4 SN A _ | =
P Bl 2L 5 0 PR 4K LU LDL-C, HDLAC, JB &3 5% 2L ( Medium arsenic ) 8 0 0 0 4 4 0 0
2. )y ALY M M N
IGF-1 K2R TG 2472 L (P>0.05 ). SHER AL 5 ( High arsenic) 7 0 0 0 0 0 7 0
ke, Rl ALTC, TG, A A . HbALe AP B o 0 5.0
. P 1.000 <0.001
(P<0.05); ARHAFNE A2 A LDL-C /K- 54K | TFG-1
x5 FISEARSHEAXRRBFERELBRNELRILER (X £5)
Table 5 Comparison of biochemical indicators in rats of each group in week 15
HAbfE bR Xt HEZH (=8 ) IR (n=6) {EANZL (n=8 ) AL (n=8 ) A (n=7) Pl P
Biochemical indicators Control Diabetes mellitus Low arsenic Medium arsenic High arsenic
LI mmol/L.) 0.61+0.15 1.68 +0.29" 0.97 +0.23™ 0.98 +0.12 1.310.14* 3127 <0.001
Total cholesterol
e L) 0.37 +0.03 0.54 + 0.09" 0.39 +0.03" 0.40 + 002" 0.46 +0.07* 13.63 <0.001
Triglyceride
2R S 1 [
REETER AR VLA mmol/1. ) 0.64+0.16 0.85 +0.14° 0.67 +0.15" 0.69 +0.07° 0.80 +0.13* 311 0.029
Low-density lipoprotein cholesterol
=R AR B =3
PRSI SR F AR (mmol/L. ) 1.19+0.39 0.77 +0.17* 0.94 +0.21* 0.80 +0.21* 0.79 +0.12* 4.01 0.010
High-density lipoprotein cholesterol
I FE g L -
BRERRERET 1 (pg/ml.) 636.43 £40.11 362.60 + 31.87° 53531 £29.08"  494.45+39.89%  330.12+37.01* 88.76 <0.001
Insulin-like growth factor-1
?fif( agiul.) 4.49 +0.20 2.92+0.12" 3.98 +0.28" 3.38.+0.19" 3.04+0.11" 81.12 <0.001
fﬁ)ﬁﬂu*ﬁ( mmol/L ) 4.40 +0.40 17.82 £2.26° 5.38 +0.85" 5.39 +0.78" 6.46 +0.78" 27.05 <0.001
Fasting blood glucose
; n
LML (%) 3.55+0.01 8.50 + 0.56" 4.35 £ 0.64™ 4.76 £ 037 5.86 + 0.26" 32.00 <0.001

Glycosylated hemoglobin
[ Ja: GABEALE, P<0.05; b: SHAAWEK, P<0.05; c: HHRFALE, P>0.05; d: HGHRFALE, P<0.05.
[ Note Ja: Compared with the control group, P<0.05; b: Compared with the high arsenic group, P<0.05; ¢: Compared with the diabetes mellitus group, P>0.05;

d: Compared with the diabetes mellitus group, P<0.05.
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