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Construction of simvastatin nanoparticles and their effect in
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[ Abstract ] Objective  To construct a simvastatin nano drug delivery system and explore its effect on
atherosclerosis model rats. Methods Laser confocal microscopy was used to detect the cell uptake capacity of simvastatin
nanoparticles. Rats were randomly divided into a model group (Model) , simvastatin group (Sim) , simvastatin nanoparticle

group (Sim-LPNs), and control group ( Control, normal rats), with 10 animals per group. A biochemical analyzer was
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used to detect TG, TC, LDL-C, and HDL-C levels. HE staining was used to detect pathological changes in arteries and
vessels. Western blot was used to detect changes in p-AMPK and p-ACC protein levels. Results Sim-LPNs had a uniform
spherical appearance with a mean dynamic diameter of 180 + 23 nm. Compared with COU-6 treatment, the green
fluorescence intensity of Caco-2 cells treated with COU-6-LPNs was significantly enhanced (P<0.01). Compared with the
Control group, the TC, TG and LDL-C levels in the Model group were significantly increased, and HDL-C was significantly
decreased ( P<0.01). Compared with the Model group, the Sim group had significantly lower TC and LDL-C levels ( P<
0.01 or P<0.05). Compared with the Model group, the Sim-LPNs group had significantly reduced TC, TG, and LDL-C
levels, as well as significantly increased HDL-C levels (P<0.01). Compared with the Sim group, TC and LDL-C levels in
Sim-LPNs rats were significantly reduced (P<0.01). In the Model group, mucosal degeneration, edema, and typical
atherosclerotic plaques with a thick lipid core and foam cells were observed in the arterial blood vessel walls. The Sim group
showed some improvement, but the Sim-LPNs group had a more obvious improvement. Compared with the Control group,
the relative plaque area and relative plaque area/total surface of the arterial blood vessel wall of the Model group were
significantly increased (P<0.01). Compared with the Model group, the relative plaque area and the relative plaque area/
total surface of the arterial wall of the Sim-LPNs groups were significantly reduced (P<0.01). Compared with the Control
group, the expressions of p-AMPK and p-ACC proteins in the liver tissues of the Model group were significantly
downregulated ( P<0.01). Compared with the model group, the expression of p-AMPK protein in the Sim group was
significantly increased (P<0.05), and the expressions of p-AMPK and p-ACC proteins in the Sim-LPNs groups were
significantly increased (P<0.05 or P<0.01). Compared with the Sim group, p-AMPK protein expression in the Sim-LPNs
groups was significantly upregulated (P<0.01). Conclusions Simvastatin nanoparticles have a good anti-atherosclerotic

effect, which may be related to the enhanced absorption of small intestinal cells and activation of the liver cell AMPK-ACC

signaling pathway to regulate blood lipid levels.
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FAR AT ($ 5 S6196) Ml COU-6 (1% =
442631) 14 F 3£ [# Sigma 24w ; SH[E EE (TC) i1 7
& (5 20180105 ) | H i =g (TG) 7 & (L5
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F); GAPDH HRIg H B DU -85 7] ; AMPK A
p-AMPK $ii /& | Acetyl-CoA Carboxylase ( ACC) $T A&
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BRSO 1 mL 20 20 2 246 W, 34
AR IT Tk F %5 5 min, 2% SCilkY Jy ik B EL
A, HRAL 30 wg A PELT SDS-PAGE HLJK , 18R
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( Model ) K. TC . TG .LDL-C 4 5. ZF &  HDL-C B
WK (P<0. 01) ;414 F Model , = XA 4 ( Sim)
TG 1 HDL-C Z8fL A B ., TC Fl LDL-C & & %A
(P<0. 05 B, P<0.01) ; 5 Model # It , AR AthTT 44k
K4 (Sim-LPNs) TC \TG \LDL-C ¥ i 2 41k , HDL-C
B & TH (P<0.01) ;55 Sim A F, Sim-LPNs Kl TC
1 LDL-C B EFEAR(P<0.01) (WE 1),

2.4 BVAKXRIZHHK HE L EMWBHEFELBIHR
[k

WK 4 frs, HE B @55 58 % 3, Model 41K FR
Bl I R R S A R K b, 7 I R v R L A
() Sl Ik s B B Ak B0 e, 5 FL RS A 0 0 TR, Y VK
s Sim 41 H B — 2 20, {2 Sim-LPNs 2 8038 B hy
R, MRS, g5 Rk 2 R, 5
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5

Bl 1 SRty T 9 AR AR 3 A 03 S Ho 5 5]
Figure 1 The size distribution and transmission

electron micrograph of S-LPNs

Control ZHAH Y, Model £H 2 ik Ifi 5 BE AH X B B 1 £
FURF X B e 17 AR G T 3 8 E O (P <0.01)
Control ZH 1 Sim ZH & WLHH & 22 57 ; Sim-LPNs ZH AH#¢
T Model 2H 3l Jhk 11 A5 B AH X BER i FRURIAF X BB v
FH/ B B sk /) (P<0. 01)
2.5 BHAKXKRBRIFALS p-AMPK 1 p-ACC EH
RiET

Western blot 455 5 7~ , #1458 T Control £H , Model
HAR BT p-AMPK il p-ACC FEH F AW B E
T (P<0.01) ; SEAIZHAH L, Sim 4 p-AMPK 4§
ik ¥ i (P<0.05) , Sim-LPNs £ p-AMPK
Al p-ACC HAKIE B E LIH(P<0.05 5% P<0.01) ;
5 Sim 44, Sim-LPNs 4 p-AMPK 4 4 %1k F
FH I (P<0.01) , L3 3 FIA 5,

DAPI COU-6 Merge

DAPI COU-6-LPNs Merge

T : A Caco-2 44 COU-6 MY HL; B: Caco-2 4XF COU-6-LPNs
HIBEHL

2 Caco-2 4%} COU-6 Fil COU-6-LPNs fYHXIK
Note. A, Caco-2 fine intake of COU-6. B, Caco-2 fine intake of
COU-6-LPNs.

Figure 2  Absorption capacity of Caco-2 to COU-6 and

COU-6-LPNs
10007
*%
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g 8 400
S
=)
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Control COU-6 COU-6-LPNs
3 Caco-2 ZHEHL COU-6 Fl COU-6-LPNs J&ifiY
GRS

Figure 3 Fluorescence intensity of Caco-2 after fine

uptake of COU-6 and COU-6-LPNs



82 ] AR PR A 247 2020 4 11 45 30 %% 11 #]  Chin J Comp Med, November 2020, Vol. 30, No. 11

3 itig

LPNs VE NI JLAR R SR FL 1 1 0 L 25 24 3R
4t HEAL GG AR TR 5 ) 40 K RL 9 Fh 4 K 2454
EARI LSS ZERG I ACAS 5P 25 0 A= W ) FH B A
il 245 9 R 2 T ks T UER B ) PLGA
S AP RT R AR A RE B 2 R 4N oK AR 1 Ab
Fe, 6 FE K 25 WA A Ak i AR 2 Ah 5k
55 40 R AR ) 2R TR EL A LA A= LD RE BRI I AT 3G
YKL T B A= AR 2Pk | [R) st B A5 R 2% 245 4 1Y R
T BRA, KR R T T DR AT 2 i 3 A
B | Rk — A0 1 4 AR B, 3 25

AR ST B2 AR AT K, B0 IE K BB 3
R, FIUL 5L 35— A BRI | oA R T 388 T xoF A= 4 g
() 230 P T 186 o AT B N R 25 3 R 5 . AFSE R BL
LPNs A B35 Caco-2 ZIIEXT COU-6 [4EEL, 7% i
7, Caco-2 AL AT W 5 /N = K 441 it 4 [+ £ 200 it
Bk PSR Y PN 2 4540, Ak G B i A FidE
T B, 0 A5k AF 5 25 4 W 00 RD §5 5B 1 A AR T
HIS IR LPNs BEHE R 25 W 1 /N B Wl
FLIME TC . TG . LDL-C . HDL-C 7K % Bl | 5206 2%
B, Sim A 3 3 FEAK TC #1 LDL-C 7K ; 1M Sim-LPNs
AT Sy b 2 R AR TC A1 LDL-C K-, i B i
EREAR TG K EFFH R HDL-C KF, 4275, LPNs A

£1 HHAKRIME TC TG LDL-C HDL-C /K¥( % +s, n=10)
Table 1 Serum TC, TG, LDL-C, HDL-C levels of rats in each group

20 5] TC TG LDL-C HDL-C
Groups (mmol/L) (mmol/L) (mmol/L) (mmol/L)
*F BE4 Control group 1.540.23 0.51+0. 14 0. 39+0. 05 3.2320. 12
FRIZH Model group 4.53+0.36 " 1.16+0. 18 ** 9.84+0. 11" 2. 46+0. 28 **
FARAMBIT 24 Sim group 3.85x0.31% 0. 86+0. 09 6. 62+0. 107* 2.4920. 19
FEARAMTT A AKA L Sim-LPNs group 2.56+0. 2044 0. 63+0. 07* 4.02+0. 38744 3.09+0. 22*

TE: 5 Control 4IAHLL, ** P<0.01;5 Model 414 L, P<0. 05, P<0. 015 Sim 414 L, #* P<0. 01,
Note. Compared with the Control group, ** P<0. 01. Compared with the model group,*P<0. 01. Compared with the Sim group, 2 P<0. 01.

4 KT HE Qe

Figure 4 HE staining of aorta in each group

R2 SURBSIIKINEBERN BEER AR ( x +5, n=10)
Table 2 Relative plaque area of arterial wall of

rats in each group

AR BESR AR AR BEH A
2150 (mm?) /JENTH (%)
Groups Relative Relative plaque
plaque area area/total surface
X & 2H Control group 0 0
FEHIZ] Model group 0.67+0.12™  65.65+8.33**
SFEARAMITAL Sim group 0. 50+0. 07 53.24+5.96

FEARAMTT KR4 Sim-LPNs group 0. 28+0. 03** 33.51£5.17%*

5 Control ZHAHLL, ** P<0. 01; S5ERIZH M L, #P<0. 01,
Note. Compared with the Control group, ** P<0.01. Compared with the
model group,*P<0. 01.

R3 SHAKRRUFHL A p-AMPK Hl p-ACC HIX
FEHRERE(x 25, n=3)
Table 3 Relative protein expression of p-AMPK and p-ACC

in liver tissues of rats in each group

215! Groups p-AMPK p-ACC
Xt HEZH Control group 0. 660. 05 1.79+0. 19
FiHIZH Model group 0.13+0.02"  0.32+0.02*
FARAMIT 4 Sim group 0.27+0. 04* 0.37+0. 03

FEARABT T ARAL Sim-LPNs group 0. 7120. 0842 0. 67+0. 08"
1. 5 Control ML, ™ P<0. 01; SEAIAH A L, P<0. 05, #P<0. 01
4 sim 4AHIL, 44 P<0. 01,

Note. Compared with the Control group, ** P<0.01. Compared with the
model group,*P < 0.05, P < 0.01. Compared with the Sim-LPNs
group, 2% P<0. 01.

P-ACC W s —

ACC s « S —

GAPDIT W A —

5 R KBUIFHLT p-AMPK il p-ACC & kK
Figure 5 Expression levels of p-AMPK and p-ACC protein

in liver tissues of rats in each group
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22— T ACC S8 TR AR 1t %) FR A g, 24 B
PRAL T R IR AS B, 4L 2140 i N AMPK #5385 , i
TEALHY AMPK A ERR AL ACC 14 79 57 55 F S B 07 1
M5 R 50 ACC RIE N8 Wy iR &4k hn
JEAL I35 Vi 5 R 10 1R K S R AIG, B 7 AR A 2L b 1y T
RO R AR EE AR T, S 5k
K BEFEAE A B A, ABFFOREE T AMPK
T ACC FHAERAAL, 45 50 & B, 3h bk ok A A L
BIR L AMPK Fl ACC B2 AL & F13% 2 2 I, Sim
TAIT SRR U p-AMPK W12 3%, {H ACC 751k
ANBIEE, 1 Sim-LPNs 3697 J5 #5578 K B p-AMPK
Ml p-ACC 1 13 Fil, iXEE4/R AT Sim, Sim-
LPNs A B 2 3476 IF 40 s AMPK-ACC {553 %, A\
M2 502k A EHE Ay,

2% PR ABEE T Sim, Sim-LPNs X} 20 Jik ke A fifi
R BB B m i y7 VR L, Tz F Al e S 3 i
7N Xk 225 40 VR R AL TG 4 AMPK-ACC {5 %5
I I i AR A ok,

SE k.
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