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Model establishment of hepatocyte injury in type 2 diabetes mellitus complicated

with nonalcoholic fatty liver disease
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(Abstract]) Objective To explore the feasibility of establishing the hepatocyte injury model of type 2 diabetes mellitus
(T2DM) complicated with nonalcoholic fatty liver disease (NAFLD). Methods Rat hepatocytes were randomly divided into normal
group, HG group (100 mmol/L D—glucose), OA group (02 mmol/. OA) and HG + OA group (100 mmol/L D—glucose + 0.2 mmol/L
OA). After 24 h of intervention, lipid droplets in hepatocytes of each group were observed by oil-red O staining. The proliferation of
hepatocytes was detected by CCK-8. The biochemical indexes of hepatocyte supernatant were detected by conventional biochemical
method, and the levels of NLRP-3, Caspase-1 and IL-1 in it were determined by ELISA. The protein expression levels of CK8
and CKI18 in hepatocytes were detected by Western blot. Results Compared with the normal group, the accumulation of lipid

droplets in the model group was significantly higher. The levels of hepatocyte biochemical indexes increased (P<0.05 or P<0.01), so
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were those of NLRP-3, Caspase—1 and IL-1f in hepatocyte supernatant (P<0.05 or P<0.01). The protein expression levels of CK8

and CK18 in hepatocytes were significantly up-regulated (P<0.05 or P<0.01). Conclusion The establishment of an in vitro model of

T2DM complicated with NAFLD induced by HG and OA is consistent with the pathogenesis of "liver—collaterals impaired by toxin".

(Keywords) type 2 diabetes mellitus; nonalcoholic fatty liver disease; hepatocytes; CK8; CK18; NLRP3
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() LI E 22—, M E R, 2 Al a0
b = AR A B AR B K A B B B
ik AR L, & 3L T2DM A Jf NAFLD
R BB, B2 BT R HLTE
T2DM 43 NAFLD & it fvh 5 2R a6, msiimrss
1,8 3, T2DM 4 3 NAFLD &9 B 9% HL R < B 9
W PR A R, RE S IR, “F
™2 48 BT A B A B0 A, e 7S i R
BRI AN | AR P B AR A I A i N
RS, L R SR HLE B T N i AR PEG
(PRI, “BEASUTFEE " S A8 BB A4S, 5 RS IE
PRRBEHE M, AU HLTHRR 2, 8 TR
L8R IR AE R RS . 7E T2DM &3 NAFLD ()
IR, BB H Z R R R 5 4 i
RIS MRYEHL, SRR 25 S T LA #1007,
T BRAT A RGE B PR MKR B I8 | 008 5
g AN i 57 T2DM A 9 NAFLD [{A
SN TR | 0 2 5 5 TR, B
BUAR S R IEIAEE T, AN 2 10035 724 o A
PRSI A AR (I B BRI 45 7 BRPIRAS: i —
AT I A A A A LR, A T BE 2 3R T 1
(LSRN

1 #Fd
1.1 40

IEH R BT R W T B b e A E et
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SIEW AL, 2 DAL R 150 mmol/
L B, B 40 BE 38 5 4 H B (P<0.01) 5 24 D
ZREZOAR N 200 mmol/L B, A5 [a] & 2 At 458 32
F) g F I (P<0.01) . 0.1 mmol/L. OA HIlI 436 .
48 .60 h 5 0.2 mmol/L. OA H TN 24 .36 .48,
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JLHEFE AN 1 R B OA Ve 38 o KR S Aet ) 2B 4 52 1
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OA Hi 12 h ¥R B EIHIER , KRS AHBEA  HG BCA 0.2 mmol/L. OA HIIFLF4NA 24 h J5 , 40
JE IR I ARV E (P<001), 28 100 mmol/L. FEFE I H SR O, Wk 1-3,

F£ 1 AERE HG XHAPEILTE OD & 200 (x5 ,n=6)

54l 12 h 24 h 36 h 48 h 60 h

HH 0.8120.01 1.07£0.05 1.19£0.01 1.34£0.03 1.5620.03
30 mmol/L. HG 21 0.92+0.03%* 1.490.027 1.92:0.027 1.74+0.04%% 2.4420.047%
50 mmol/L HG 41 1.03£0.06%* 1.64£0.05%* 1.96£0.05% 2.02+0.06%* 2.48£0.027%*
100 mmol/L. HG 41 0.99+0.08%* 1.43£0.03 7% 2.19+0.03 2.2320.01%* 2.77+0.027
150 mmol/L. HG 41 0.77+0.02%% 0.8720.03%* 0.95£0.027+ 1.05£0.04% 1.2520.027%
200 mmol/L HG £H 0.3120.01%* 0.24+0.01%* 0.40£0.027%* 0.22+0.02%% 0.61£0.02%%

L HIER AL, #4P<0.01,

K2 AERE OA XTLRAILIE OD EAISLNE (R+s ,n=6)

4l 12 h 24 h 36 h 48 h 60 h

IEH 4L 0.81+0.01 1.07+0.05 1.19+0.01 1.34+0.03 1.56+0.03
0.1 mmol/L. OA 4 1.04+0.06%* 1.08+0.03 1.14+0.02* 1.17+£0.07%* 1.32+0.07%*
0.2 mmol/L. OA #H 1.05+0.05%* 1.00+0.06%* 1.02+0.05%%* 1.05+0.03: 1.2240.01%*
0.3 mmol/L. OA 4 0.62+0.02%* 0.36+0.03%** 0.35+0.03%*%* 0.18+0.001** 0.25+0.04%**
0.4 mmol/L. OA 41 0.42+0.02%* 0.32+0.02%* 0.21£0.04%*%* 0.17+0.004** 0.18+0.02%%*
0.5 mmol/L. OA 4 0.22+0.02%* 0.21£0.01%* 0.20+0.02%%* 0.19+0.01%** 0.2+0.01%*

L BIEW 4L L, #P<0.05, #%P<0.01,,

F 3 HGCEEE OA Xt ATFZHAEIEsE NG 2R AR (n=6)

2051 12 h 24 h 36 h 48 h 60 h

IEH A - - - - -
HG 30 mmol/L+OA 0.1 mmol/L 41 - 5.13% 36.31% 51.38% 19.41%
HG 30 mmol/L+OA 0.2 mmol/L 21 29.67% 72.23% 80.37% 86.60% 88.92%
HG 30 mmol/L+OA 0.3 mmol/L 41 34.61% 67.38% 80.88% 87.34% 88.98%
HG 30 mmol/L+OA 0.4 mmol/L 21 71.94% 74.37% 80.29% 86.37% 88.34%
HG 30 mmol/L+OA 0.5 mmol/L 41 76.39% 64.68% 80.12% 86.52% 88.85%
HG 50 mmol/L+0OA 0.1 mmol/L 21 - - - 28.89% 2.95%
HG 50 mmol/L+OA 0.2 mmol/L 4 - 11.84% 11.46% 37.90% 22.61%
HG 50 mmol/L+OA 0.3 mmol/L 41 41.90% 70.74% 78.18% 87.04% 88.73%
HG 50 mmol/L+OA 0.4 mmol/L 21 45.12% 69.15% 78.77% 86.60% 88.15%
HG 50 mmol/L+OA 0.5 mmol/L 41 77.01% 70.92% 79.87% 84.59% 88.47%
HG 100 mmol/L+OA 0.1 mmol/L £ 16.81% 45.01% 66.64% 58.75% 69.76%
HG 100 mmol/L+OA 0.2 mmol/L £ 30.53% 49.21% 72.37% 78.33% 83.47%
HG 100 mmol/L+OA 0.3 mmol/L £ 64.03% 73.72% 77.00% 82.73% 86.48%
HG 100 mmol/L+OA 0.4 mmol/L £ 65.88% 72.79% 77.00% 83.40% 86.61%
HG 100 mmol/L+OA 0.5 mmol/L £ 72.31% 73.72% 77.34% 82.28% 86.61%
HG 150 mmol/L+OA 0.1 mmol/L £ 55.75% 71.02% 71.86% 73.86% 77.51%
HG 150 mmol/L+OA 0.2 mmol/L 4 67.49% 73.07% 76.75% 82.06% 85.59%
HG 150 mmol/L+OA 0.3 mmol/L £ 67.74% 72.97% 76.41% 81.53% 85.78%
HG 150 mmol/L+OA 0.4 mmol/L £ 67.37% 71.85% 74.64% 82.13% 84.95%
HG 150 mmol/L+OA 0.5 mmol/L £ 65.88% 71.11% 73.72% 83.62% 85.46%
HG 200 mmol/L+OA 0.1 mmol/L £ 57.48% 70.64% 75.15% 82.43% 86.29%
HG 200 mmol/L+0A 0.2 mmol/L £ 67.00% 70.08% 73.63% 80.57% 84.69%
HG 200 mmol/L+OA 0.3 mmol/L £ 67.24% 71.02% 74.47% 80.64% 84.75%
HG 200 mmol/L+OA 0.4 mmol/L £ 64.28% 72.60% 77.00% 83.40% 86.35%

HG 200 mmol/L+0A0.5 mmol/L £ 67.74% 70.27% 74.98% 81.61% 85.27%
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3.3 UMM N IR ) e

SIEWHMI W 0 o g s, Fais
100 mmol/L. HG 41H3#% 24 h & , 40 M 5 N - IR
/NS ;22 0.2 mmol/L. OA ZH I3 24 h 5, 41
JEPN AR i 22 T IE R 4R HG 41348 100 mmol/L. HG
A 0.2 mmol/L OA JHilli#4 24 h J5 ,HG+OA ZHANA N
JE IR E SR WEZ TIEH A HG 4% OA 4,
TEILE2,

P i
K -

ey (;’;’!' a oo, 2
s

IEHA HG 4 OA#

2 FrEMRERsRAEE M (ILL O Jeth,%400)

. JA‘ :‘

3.4 BLHAFARML ALT AST TG TC &) HL#E
SIEH 4 At HG 41 .0A 4 K& HG+0A 4
ALT AST TG .TC #8454 Tt (P<0.01 & P<0.05),
5 HG 41 .0A #H b ,HG+OA 4 ALT AST.TC %
FR¥ B T HG 24H(P<0.01 & P<0.05) ., 1EW.3 4,

R4 BEMFMHIAELIERR (345 ,n=6)

CKI18 - S MR 48 kDa

Practin D D G /> D.
RO

&
B3 KAFHABA CK8.CKIS EAMHEMERIZE

o

5T RAE R T NLRP-3 ,Caspase—1 IL—-1p 7 414
Jin(P<0.01 X P<0.05), 5 HG 415, HG+OA 414
R % 3% T3 R AE H F NLRP-3 Caspase—1 . IL-1B
SR B FETE (P<0.01), 5 OA 4L, HG+0A
HANM R 77 EE 2 5E N F NLRP-3  Caspase—1
IL-1B &Y B ETE (P<0.01), TEILE 6,

*®6 HIEAMATHAIES EiF NLRP-3, Caspase-1,
IL-1B &= (x+s,n=6)

25 NLRP-3/(ng/mL)  Caspase-1/(pmol/L)  IL-1B/(pg/mL)

29.83+0.23
34.59+0.42%*

36.10+0.33
39.77+1.37%*

IEH4H  18.42+091

HG4  19.78+0.26*

OAZH  19.40:0.13 35.82:0.84%
HG+OA £ 21.65£0.52% #4408 4] (2] 75454400

41.87+0.07**
47.860.56+ 440

4151 ALT/(U/L)
EHAH 2511:0.92

AST/(UIL)
22.24+1.46

TG/ (mmol/L) TC/(mmol/L)
0.39£0.02  0.59+0.04
HGH  29.42+2.64% 20.28£1.04%%  044:0.01%% 0.75:0.08%*
0A4l  34970.62%%  30.04xL.57%  043:003*  0.70£0.05*
HG+OA 41 41,5421 50++8452 38 [8+] 53#+AMLD (0 480.01%+5 (,86£0,024%450

. S IERH AL, #P<0.05,**P<0.01; 5 HG 4 HL#L, 4P<0.05, 44P<
0.01;5 OA 41 H%:, #P<0.05,44P<0.01,

3.5 HAHANFAIEN CKS .CKI18 H Y AL

SIEWAML  HG 41 0A 4 5 HG+OA 41
N CK8 ,CK18 13RIk 41 hin (P<0.01); 5 HG 4
Fb# , HG+OA 4140l Py CK8 . CK18 4 11 A ik
FET HG 41(P<0.01); 5 OA 41 L%, HG+OA 4]
YN CK8.CKI18 FRHZFRIAH BT 0A 41(P<0.01
K P<0.05), HELEE S5 A 3,

K5 REAFMAEA CKS,.CK18 EOHEX RILE (ks ,n=6)

215 CK8/B-Actin CK18/B-Actin
IEH# 0.06+0.04 0.06+0.02
HG 241 0.53£0.087* 0.0920.01
OA 4] 0.70+£0.047* 0.13+0.03%%*
HG+0A 21 0.80£0.03%+A42 0.20£0.0 1 ##AAAL

W SRR LA, #+P<0.01; 5 HG 4 L%, 44P<0.01; 5 OA #H [k
%, 4P<0.05,24P<0.01,
3.6 AU S H NLRP-3  Caspase—1.,1L-18
TR

SIERAM L, HG 448 HG+OA 4% 5% |

S IER A R, #P<0.05, #4P<0.01; 5 HG 4 L5, 44P<0.01; 5
OA 4l H#, 24P<0.01,

4 g

CEPRE R MR B G5/ (2018 BB ) )
Hg HH NAFLD 12 W R B2 5215 2% ke 34 21
N AS AL, IR A P Ak 2= 48 b S8 22K
P, P 107 SRR AL WA (3 TG A HrLk
W ZAEE IR TR, 2 NAFLD 43 T2DM i, 1fi
T S LR L AL B A () CK—18 Y 4R 21 14 1 1 s 3
JEIZWT NASH (1 fa AFEY, A SEgRid@ byl O 4y
€0 S A0 A ARSI A& B1, HG BEA OA 15 520 41 ity
MR E LI TG TC F5hr¥4 83 & FIEH K i
JFamie, R HG BXE OA - IF4ii )5 |, i 15 55
WY ALT AST i i 25 5 TIE R 4 4R 41
JH S PR 5 AR 1, A D) BB AZ 40 8 2 R 24 e 5%
% F¥E 1Y NLRP-3 \Caspase—1 IL-1B #AE K+
iw, R HG B A OA 4G |, 40 s 97 il
HH AR S RAE 7 i B 3 TIEH AL IR iA S
Je W2 i NLRP-3 AH 5 98 0 15 538 B9k o B2
TG A P = A RAE RN, A WF9E &L CK8 DL
CKI18 AYSEH , S5 ST A R R S AR,
30 3 A I 200 B PN 1Y CK8 L CK 18 7R A I 23k & B
HG B4 OA ZHAY CK8 .CK18 7 A8 IF #2413
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BETE, #E—H] HG B OA Tl ST &
A0, MRS HG 3% OA ¥, HG A OA 5
A A 0 R 2 $E R T2DM & 9 NAFLD {£
AN AR AT B D ST

BFF 5% DA A JHF I v 8 070 A 2% JHF 8% Y AR Ay
M, R IR A A 3 S % B, < FERUIE A B
AP BRMLA I PN SAE S ™, 3 3 SCHRAFF 9T & 3R,
“HEPUT4 " RAHLIE T2DM &I NAFLD & &t f 5
ZEIRZ P i < R Y, U EUR R &,
XS YRR AR AE R F IV E LT A AR e, <
TERLARARS P A B B IRE R R+ .
“GERHFMT, W REETES, AN A4
((IFIFFE R ) ) IR T B 80w T 246 1K
OPUR I S DN e Ui NS JSELTI TN
ZR B 1 2% BR—0ln A T IR, 45 A T RO B
(A BT RE , A SEEG 7 82 57 T2DM A JF NAFLD 1
FA S A0 B A58 477 5 50 Bs) 0 o o3 A 200 i 5% 5 1)
B B = = IR AR T | G B 5
A 007 T AR = Y e e i ok B il 2
P28 " LR AL . >4 100 mmol/L HG BK G
0.2 mmol/L, OA 5 /T4 24 h ¥EFR5%44 T, 40
JHL3 5 s B, R B B e A e
I P A8 P | & A0 S5 17 A0 440 k48 4 A B S8 v T HG 4
A OA 21, $E7 = b i N A 05 028 PR A A 45,
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