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(W] B FEMEe R EseE R RAEM R AR ALE . A5k 50 2 SD K REEHL A *T B4 |
MERIA] 18 mg/L 84 36 mg/L SR RFEARAMBTT AL, A R4t e mimt, gy 4 At s IEARL, 28 6 B4 T
18 mg/L 136 mg/L FRLAWE /30 18 mg/L 136 mg/L &R K 45 11 FIEMFTHES |18 mg/L 136 mg/L 4
253 HIHE AR N 18 me/L A1 36 me/L Fr48K 3 ml/ke (R, SF My T A HEE AT 10 me/ kg (AEE , Xf B S5 A A
AR K 3 ml/kg (KT, 25 14 FAARANIER B, K ALE TG TC \LDL-C FAFHEZ TG TC & &, AT 44
21 O YL E g A5 s 0 , S 2 AR AS I T4 20 GRP78 SREBP2 HMGCR Fl LDLr Rk KFE, R S5xF
TEZH HL B BRI Y 1L 3 TC \LDL-C AT TC TG ¥ 78 (P <0.05) , S5HA bds 36 mg/L 840 1fiL3E TC .LDL-C Al
Jif TC TG ¥R (P <0.05) , HZL O Yo s SR 2 JF4H 215 R A L0 YL I 0kE, 18 me/ L 2840 .36 mg/L 2840
KR ALY T 20 21 e R 2 5 4 T 20 K [R) R B el 20 (P < 0..05) o 4 4 Ak 485 1 W7 8 T8 20 K BRUBT 4 4 GRPTS
SREBP2 HMGCR Al LDLr 2 kKT, 18me/L R4 K FRFZHZL GRP78 \SREBP2 F1 LDLr 2R 3R 357K F,36 mg/L
HEA R U 4E4Y LDLr 25 4 238K S thfth T 40 K BUF 4121 SREBP2 1 LDLr 25 (3K 7K V- 35 B 2 1 %) i 2
(P<0.05), 36 mg/L 484 K BUT414! GRP78 SREBP2 Fl HMGCR & 14 35 /K U AL TA A2 T LDLr B A%
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Mechanism of the trace element strontium on alleviating
non-alcoholic fatty liver disease in rats
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YU Guang', FENG Zhi-giang' , PAN Qiang-wen'
(1. Department of physiology, Southwest Medical University, Sichuan Luzhou, 646000 China;
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[ Abstract] Objective To investigate the mechanism of trace element strontium on alleviating non-alcoholic fatty
liver disease (NAFLD) in rats. Methods Fifty SD rats were randomly divided into five groups. The control group was

fed with ordinary diet and the other four groups were fed with a high fat diet. From the 6th week, rats in the strontium 18
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mg/L and 36 mg/L groups were fed with water with strontium in concentration of 18 mg/L and 36 mg/L respectively. These
two groups were separately given strontium water (3 mL/kg b. w. ) by gavage from the 11th week, while the Simvastatin
group was given simvastatin (10 mg/kg b. w. ) by gavage from the 11th week. Rats in other groups were given matching
normal saline by gavage at the same period. The rats were killed and the TG, TC, LDL-C levels in their serum and the TG,
TC levels in the liver were detected at the end of the 14th week. The lipid accumulation in the liver tissue was observed
using oil red O staining. The protein expression levels of GRP78, SREBP2, HMGCR and LDLr in the liver tissue were
assessed with immunohistochemical staining. Results The levels of serum TC, LDL-C and liver TC, TG in the NAFLD
group were significantly higher than that of the control group (P <0.05). The levels of serum TC, LDL-C and liver TC,
TG in the strontium 36 mg/L group were significantly lower than that of the NAFLD group (P <0.05). ORO staining
showed that lipid accumulation in liver increased abnormally in the NAFLD group compared with the control group, while
the lipids accumulation in the liver decreased obviously in the strontium 18 mg/L group, 36 mg/L group and simvastatin
group compared with the NAFLD group to a different degree. Immunohistochemical staining showed that the protein
expression levels of GRP78, SREBP2, HMGCR and LDLr in the NAFLD group, those of GRP78, SREBP2 and LDLr in
the strontium 18 mg/L group, those of LDLr in the strontium 36 mg/L group and those of SREBP2 and LDLr in the
Simvastation group significantly increased compared with those of the control group (P <0.05). The protein expression
levels of GRP78, SREBP2 and HMGCR in the strontium 36 mg/L group decreased obviously compared with those of the
NAFLD group, while those of LDLr in the strontium 36 mg/L group increased compared with those of the NAFLD group (P
<0.05). The protein expression levels of GRP78 and HMGCR in the simvastatin group decreased compared with the
NAFLD group(P <0.05). The protein expression levels of GRP78, SREBP2, HMGCR and LDLr in the strontium 18 mg/
L group had no significant difference compared with the NAFLD group (P >0.05). Conclusions Intake of trace element
strontium at high concentration for long time can alleviate the disorder of lipid metabolism and non-alcoholic fatty acid liver
disease (NAFLD) in rats. Tts mechanism is probably related to its adjusting of endoplasmic reticulum stress, the activity of
HMGCR and the function of LDLr.

[ Key words] Strontium; Non-alcoholic fatty liver disease; Endoplasmic reticulum stress; Hydroxymethyl glutaryl

CoA reductase; Low-density lipoprotein receptor

Ak ¥ K5 ¥ B8 05 IF ( nonalcoholic fatty liver
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R W ORE B R R AR A OE R
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FERIARCE Y ARE S AR R IR
5 B8 (strontium , Sr) 7K T FEAR S A AL -4 000 58
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IR AR ) KRV AL CER) AU
BLOER ), H PP IR 3 XU R A (T 57 JRRL 24X
/NI DI S B (AT -0 N N [ 0 YA/ =i D I 2 =
8E (Olympus ) , ISOGREFR{Y ( Biotek ) .

IR 2F AR ABIT (simvastatin, SIMVA) (J7 524
b)), SRR ( Sigma) |, ] PN S A7 4 M 0 (L 3fg
BRI BAE LR SN LT 0 ) HE 4 Ak
F £ (Solarbio ) , &4 I [ F ( T-CHO) 5 H il = P&
(TG) M XK & LI AEWERAR) , frEdib
Pt iR & (SP-0023 ) .GRP78 Hii& . HMGCR Hifhk
LDLr $L & F1 SREBP-2 Ht {& ( 18 58 £k 2E ¥ R A
F]); DAB AKX I & (20 x ) (HEH AW H KA
Al
1.3 ZBAH*E
1.3. 1 SEEy4H . 50 HSD it e At R B, LA i)
RIS NP SR 1 A G AT RS . BENL S okt IR
2H ( control ) | 5% #Y 2 ( NAFLD ) | 18 mg/L 4% 21
(Sr18) .36 mg/L #8240 (S36) Al 2 1 Al 1T 41
(SIMVA) ,10 H/4H ., X BE2H 4k 2 0k 2 St inlk) , H:
a4 A Re R, SRR RDREC 7 . 77. 6% Sk
BliaDEL [ 10% $h 5% FE R 5% FEWE 2% JH[E B |
0. 2% M SEARTREH A 0. 2% TN JL AR A W 1E , 26 6 J&
HLL5T Sr18 41N Sr36 LWk EE 45114 18 mg/L F1 36
mg/L A ERHIK . 56 11 AL, 45 THEE , Sr18 41
H1 Sr36 ZH 3 S HEA BE N 18 mg/L M1 36 mg/L &
7K 3 mL/kg PKTE , SIMVA 4T 10 mg/kg A
T, Control 2415 NAFLD 24 J# A= #H /K 3 mL/kg
(NG
1.3.2  ARACRAE RARARIE . SC5E 14 AR, A
2% Y B AR MR (1mL/ kg 74K TE ) i M 0 S0 IR e,
WUE sk, 1w 53 25 J5 26 15 V4 B B B R 2
= Bg Aoz 6 B I S 135 I [51 B2  total cholesterol, TC) |

H i =8 (triglyceride , TG ) FIMEE %5 [ A5 25 11 H [ s
(low density lipoprotein cholesterol, LDL-C ) ¥ & ; it
SRR PP, 12 1Y 5005 - F SR 5 WK 500 myg (]
TR AT I AL 10% 213K W, #2304
AR S B A _E 3 e TC RN TG A 4
FFEHE OCT AU | — 80°C A VAAE 15 wm vKIEYI A,
ML O Yoo R T A 21 R R DU RBUE . AT
ZHAUWE o 2 41 AL K GRP78 . SREBP2 . HMGCR I
LDLr 25 [0 2235« bR A< A FH R 1 2, A s A 38 )5 1
4 pm Y1, Fe e e AR i A T e e Ak e 0
(SP #:),GRP78 .SREBP2 HMGCR & LDLr FEH &
SR M T A (L ORE, R BE R SR A Bl AL
PEHL 10 N AEHEZSWE (10 x 10) , K £ E Media
Cybernetics 2% F) i Image-Pro Plus & 14 43 ¥t 8 1
(Version 6. 0) il %2 347565 B ( ATOD ) {8,

1.3.3 Gt B8R SPSS 17. 0 1E4e i3
B, B AT IE A P A 56 K Ty 25 SR PERG G, SR 5 F
TR T 25007 (one-way ANOVA) K56 S AT 5L
250 1A FE R A LSD 32, 75 SR A AE S 506
55,P <0.05 mESFHAZRIFE X,

2 R

2.1 I TC.TG.LDL-C ffF TC.TG & &
T

BEARIZ 5 18 me/L 841107 TC, LDL-C FI}T
TC TG 7KF-BH 8. & F X% B4, 11 L TG 7K F-BH 8
R TRRZH (P <0.05) ;36 me/L £84H FI=¢ (oAl 7T
ZH1MYE TC \LDL-C 7KF-BH I 5 X% B4, i L7 TG
JKEI AR TR IRZH (P <0.05) . 18 mg/L B4 ifil
% TC LDL-C /KF,36 mg/L $84H IfiL3#% TC TG LDL-
C A TC TG 7KF, S (R T AL I TG A TC |
TG KX AL TR (P <0.05, WFE 1),

R 1 X NAFLD KU TC TG LDL-C FIfF TC TG &AM (n = 10,x + 5, mmol/L)
Tab.1 The influence of strontium on serum TC, TG, LDL-C and liver TC, TG in the rats with NAFLD

25 L3 8 IH [ 13 H i — g I I B NS AR P IR JFF RO JHEH- vl =R
Groups Serum TC Serum TG Serum LDL-C Liver TC liver TG
X} HEZH Control 1.58 +0. 14 0.85 +0. 08 0.26 0. 04 4.20 +0. 88 2.22 £0.19
HBiRIZ] NAFLD 4.47 £0.69 " 0.32£0.18" 1.25+0.26* 5.96 +0.77* 3.07 £0.27 "
18 L4 i
mglg " 3.52+1.11** 0.29 +0.08 * 0.94£0.28*%  5.42+0.45" 2.67 £0.48*
36 mg/L £84
mg’;()nﬂ 3.41 £0.71%* 0.20 0. 06 ** 0.74 £0.19**  5.01 =0. 56* 2.56 £0.37*
ERAMTT AL . .
i'egfgw;{ 4.40 £0.96 " 0.19 £0.03 ** 1.23£0.43* 4.94 +0.85* 2.31 +0.38"*

Wt SXFIRA L, P <0. 05 SR LL#, P <0. 05

Note. Compared with the control group, * P <0.05; Compared with the NAFLD group, *P <0. 05
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18 mg/L 841 & 36 mg/L F8AIFHE R HH LN
LT YRR TR, R LIS RIS (P < 0. 01) , i X R
2 JFF I P DL B S 2 Y R 5 SRR LA 18 mg/
L $82 36 mg/L B4 S At 7T 41 -4 it it 21 4%
JI B AR 5 R 5 A TR A 4 AN ) AR > (P <
0.01) (K1),
2.3 BF4A4th GRP78 #1 SREBP2 EHRIATL
5 X IR L, AT AT AN 18 mg/ L B4 K BRI
2120 GRP78 I SREBP2 B~ A At 7T 24 K FUIF4H 40
SREBP2 5 [ ik K P W] 1 i3 T X B4 (P <
0.05) ,36 mg/L #841 K FF4141 GRP78 il SREBP2
KApARATT 4 KR40 GRPT8 B R BK T 5
YIRHZF TG FE (P >0.05), SHEAIZ
4,36 mg/L £841 K U441 GRP78 Fl SREBP2 &
EARABTT 4K BT ZH 4L GRP78 & 14 ik /K B ik
RFHEAIL (P <0.05) , 17 18 mg/L 2241 K U4
41 GRP78 1 SREBP2 J = R M 1T 41 K B 2 21
SREBP2 1Rk K - SHEAH TG4 257 (P >
0.05), 18 mg/L 84 36 mg/L FH4H FI-E et iT 40
KEUIF4HZ GRP78 1 SREBP2 & 1 kK, & 4H
2R TG E X (P>0.05)(F2.3),
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2.4 HFALAH HMGCR EQRIET

550 HRZH b, AR 2 K BRIP4 HMGCR 28 1
KK TR IRLH (P <0.05) , T 18 mg/L £84H ,36
mg/ L SBZAFIE AT T4 K BUF4 21 HMGCR 2 H13&
KA SRR T EPE 2257 (P >0.05) , SHA]
ZH 3,36 me/L FE A B o M TT 41 K U 4148
HMGCR I RIA KPR TR (P <0.05) , 1M
18 mg/L 40 K FUF4H 21 HMGCR 25 1 e iA 7K 515
RIH TG 2E 225 (P >0.05), 18 mg/L £84 .36
mg/ L SBZAFNE AT T 41K BUF4 21 HMGCR 2 H13&
KKV A 2 22 R TESe T (P >0.05) (B14)
2.5 FFALAF LDLr EARIET

500 BRAH 3 1A 2 (18 mg/L $4H .36 mg/L
B AR AT K FRATFHE LDLe 2 1 Rk K
KR T4 (P <0.05) . SHAIL H#,36 mg/L
B K BUFZHZY LDLr 25 2235 K - B i i A A
ZH(P<0.01),1f 18 mg/L FH4 I H AT 40K B
JHFEHZR LDLr 25 587K SR A o gt 127 25 7=
(P>0.05), 518 mg/L $84H L% ,36 mg/L £B41FN
SEARABTT 40 KR BUFZH 4 LDLr 5 1R A K 5 18
mg/L BTG IT¥ 225 (P >0.05), 536 mg/L
FRAH HRER 2 AT T 40 K U440 LDLr 28 1R 3k
KK T 36 mg/L 841 (P <0.05) (E5),

Xy 5 PR

group

T A K IRZE B AT ; C.18 mg/L 4840 ;D36 me/L 4841 E . FARAMBTT 4L ;
F AR LRI (P <0.055 ™ P <0.01) ZLE0RL 2L 0 7R iR Wi
1 TR MBS L (ML O B4 AR =50 pum)

Note. A: Control group; B: NAFLD group; C: St 18 me/L group; D: St 36 mg/LL group; E: SIMVA group; F: Histogram compared the differences between groups
(*:P<0.05;" :P<0.01). Red particles: Oil red O staining showed fat droplet accumulation in the liver tissues.

Fig.1 Lipid accumulation in liver tissue and morphological changes (Oil red O staining, Bar =50 pm)
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Group

TE AT HRZL; B AAIALC 18 me/T 48415 D:36 mg/L 4841 F . 2 i T 4L F . 4110] L ABALIR A
(" :P<0.05; ™ P <0.01) b 0k & 1R I5 5
2 JFZHZ1 GRP78 MR A (AR =50 pm)
Note. A: Control group; B: NAFLD group; C: Sr 18 mg/L group; D: Sr 36 mg/L group; E: SIMVA group; F: Histogram compared the
differences between goups ( *: P<0.05; ™ ;. P<0.01). Claybank particles: protein expression
Fig.2 Expression of GRP78 protein in the liver tissue (Bar =50 pm)

AR B AL C 18 meg/L A8 ;D36 me/L £841; K. R MIT 4L
FAUA LA MR (7 0P <0.05; ™ . P <0. 01) KEE (ks . 26 R ik it
B3 Jf4H4 SREBP2 HE M A (PR =50 pm)
Note. A : Control group; B: NAFLD group; C: Sr 18 mg/L group; D: Sr 36 mg/L group; E: SIMVA group; F: Histogram compared the

differences between groups ( *: P<0.05; " ;. P<0.01). Claybank particles: protein expression
Fig.3 Expression of SREBP2 protein in the liver tissue (Bar =50 pum)
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T AT HRAL; BB ;C . 18 mg/L 4841;D .36 mg/L §841;E. = 0ATTHL;
F 21 LR (2P <0.05; ™ P <0.01) b (U FokE, A R IAE
B4 JFHZ HMGCR HHMFRIA (PR =50 pm)
Note. A; Control group; B: NAFLD group; C: Sr 18 mg/L group; D: Sr 36 mg/L group; E: SIMVA group; F: Histogram compared the

*

differences between groups ( *: P <0.05; ™ . P<0.01). Claybank particles: protein expression

Fig.4 Expression of HMGCR protein in the liver tissues ( Bar =50 pum)

I A A ]
S
4}_-5‘ ot

B

T AR B AR C 18mg/L 84 ; D :36mg/ L H84 ;B - HRALTT 4
F AR HCRHERIE (7 0P <0.055 ™ <P <0. 01) AR (0 J0RE . 8 1 R At
B 5 JF441 LDLr FEMERE (FFR =50pum)
Note. A: Control group; B: NAFLD group; C: Sr 18 mg/L group; D: Sr 36 mg/L group; E; SIMVA group; F: Histogram compared the

differences between groups ( *: P<0.05; " . P<0.01). Claybank particles: protein expression
Fig.5 Expression of LDLr protein in the liver tissues (Bar =50 pm)
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ey, B N AR i R AGE . ARSI S R R 18 mg/
L #82H K BUALYE TC LDL-C FHTF TC TG HF&A% ;
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%o PRI DL 01 e v B b b8 A BRPT A Rk 38
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5 RABTT IS, AR SC B BRI X BE S AR A 7T 41 A AR AT
Wl B ol L, Wk — IR SE I R 2 AT
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KAl H 25 80, 32 28 I a5 | LR A 4
TG L, ST AR HOR B R VA
NAFLD FiiGF- B e JE i, AR 20 1) il i Je
BERTVE Ry PR L/ 386 5 S ) T A AR
DE AT W RE 23 R — P B ) o iR A2 HUE 80
AT R NAFLD AR 1A 7=,

NAFLD &AL AR 52 2%, HET AN i
(R R FT Al — AT o DA 5 ZHEh o |
JERR BTUCR Ry 3, R AT o W) 32 A 45 S Ak 0z 38
PR TIRERRE T i A S Ak | PR T I Rz 8 H 4
Koo RAEIRIE ST 4L Ho i A i 25l 51
IR VIR NAFLD & A4 R 10 g 3%
A L3 STin2 3o 2638 T L sl 2 JF U s s A8 17k | e
I A 7K SF-, FEAIL I AT BE 2 90 il LXR-a—SREBP-
Le—FAS {555, 90 g I R 1 5 A, 48 S ]
HENR A ZE RIS % NAFLD BYW8? GRP78 J2& PN i

P L ) — A N R T, AEARORE IR AEURTIR Ca® 25
BORAESTF R E R B DL GERF Nl MR . ERS B G
B UPR, 154k 5> FAEMB GRPTS, 45 R IT &1 &
M7 IERIT R, IER0E P15 50+, 51 ERS
AHICHR A IR, X R 6 30 % FVs &2 A A i PR A 79
T-AES RPN RS Sk AT,
SREBP #3475 , HoAE A NAFLD JE i ad 2 v (1) G
Bl SRR R, AT R s UL I R DT IR R H o = TR
B 1 DA B i i 40 e Y 4 At AR A 3 R
SREBP, H: SREBP-2 %5 5 i [l (i 4 a7
BT 45 R R BRIZH GRP78 Fil SREBP-2 # 14 %
R4, 107 18 me/L 81 36 mg/L £841 GRP78
5 SREBP-2 & ik AKFREAK, X K B 7E NAFLD
Bl A AR5 1) P IO D9 T 38, 50168 g s 7 I I
ERL AR B AYE T, GRP78 Fil SREBP-2 & [ #F
I IR R IR 3 I P Jo I 7 A T % i ek
FE4H Mg BeAR , e A i AR 31, AT EE NAFLD,
HMGCR S 1 H [ B 1 0 G S il , 0 1 52 22
PRI Z IR, AT 18 mg/L $84H .36 mg/L £
R M TT4H HMGCR 28 A #2305 2 PR 7 7E 48
FEAATT A9 7 FH T IR R B A ik 2D, == ARt 7T
JEAR IR A HMG-CoA I JE B0 1 7510, 38 1 30 7]
RPN B G RS A 8 SRR TS T, LA EL DR A [
B, Wl A2 3 LDL-C A&, R, Fo AT 4
AR AT RE L A 5 AR M TT A I ] HMG-CoA
DS T (8 LR ML A R tE — 25 B,
LDLr J&—Ff{v 40 ff 2 1f 9 BB A 2R 1 I A2 4, BT
WiEfe A 4 & . LDLr 4 50l 2% v s 5 BRI R 1
LDL #F AR A3 43 il 3 Bk 22 4k i o, LD fig 55
WS ER N IECI L, Shimano 1 Shimomura
W52 & B SREBP-2 #£ 845 LDLr A2 £ ZAEH
SREBP 5 H 24 i 0% & P B SCAP-SREBP & &
Yy J5 Bk oy f R 1 76 4 e BE (nSREBP) 34 i LDLr
5 HMGCR (4% 55 , M8 45 B R >, AR B9
18 mg/L 81 36 mg/L 84 LDLr T F£ A EH L
X R AR ZE 5, o] DL ARRT 3 e 8 LDL N iR
BARTE L TC EA M AR o, i B BT AR,
PN G N w, i

ZE LTI 5 v TR R AR A TT UG IR i 2
AL, 95 NAFLD, HALGI AT 68 5 oo iF ERS, 0
HMGCR %4, DA K55 LDLr PN 75 0 3 AE [ B A 4
AT, TARELI NAFLD & A= B H v = ms i
BRI A et — 20 5E
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