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[ Abstract | Objective To investigate the effect of Huanglian Huazhuo capsule on diabetic macrovascular

disease by regulating peroxisome proliferator-activated receptor y (PPARy)/phosphatidylinositol 3-kinase (PI3K)/protein
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kinase B (Akte) pathway based on histone acetyltransferase (HAT)/histone deacetylase (HDAC) balance. Methods Forty
apolipoprotein E (ApoE) gene deleted mice were randomly divided into model group, atorvastatin group, Huanglian
Huazhuo capsule group, and atorvastatin+ Huanglian Huazhuo capsule group, with 10 in each group. Ten wild-type C57
mice were included in the blank group. The mice in the atorvastatin group were gavaged with atorvastatin at a dose of
10 mg/kg, the mice in the Huanglian Huazhuo capsule group were gavaged with Huanglian Huazhuo capsule aqueous
solution at a dose of 0.675 g/kg, the mice in the atorvastatin+Huanglian Huazhuo group were gavaged with atorvastatin
at a dose of 10 mg/kg and Huanglian Huazhuo capsule aqueous solution at a dose of 0.675 g/kg, and the mice in the blank
group and model group were gavaged with normal saline at the same dose, once daily for 8 weeks. Mouse thoracic aortic
smooth muscle cells were collected and divided into blank group, human oxidized low density lipoprotein (ox-LDL) group,
ox-LDL-+PPARY silent group, and ox-LDL+PPARYy overexpression group. The blank group was cultured with blank serum,
and the other 3 groups were treated with 100 pg/mL ox-LDL, and co-cultured with serum containing 200 pg/mL Huanglian
Huazhuo capsule. The ox-LDL+PPARy silent group was transfected with PPARy small interfering RNA, and ox-LDL+
PPARY overexpression group was transfected with PPARy plasmid. Automatic biochemical analyzer was used to detect the
blood glucose and blood lipid levels of mice, hematoxylin-eosin staining was used to observe the pathological morphology
of mice thoracic aorta, flow cytometry was used to detect the apoptosis rate of smooth muscle cells, and Western blotting and
quantitative ploymerase chain reaction were used to detect the protein and mRNA expression of HAT1, HDACI1, PPARy, PI3K
and Akt. Results Compared with the model group, the contents of postprandial blood glucose (PBG), total cholesterol (TC),
triglyceride (TG) and low density lipoprotein-cholesterol (LDL-C) of mice in the atorvastatin group, Huanglian Huazhuo
capsule group and atorvastatin+ Huanglian Huazhuo capsule group were significantly decreased, while the contents of high
density lipoprotein-cholesterol (HDL-C) were significantly increased (all P<<0.05). Compared with the model group, the inner
wall disorder was improved in the atorvastatin group and Huanglian Huazhuo capsule group, and a small number of foam
cells were observed. The inner wall of thoracic aorta had the most significant improvement in the atorvastatin+Huanglian
Huazhuo capsule group. The apoptosis rate of smooth muscle cells in the ox-LDL+PPARy silent group was significantly
lower than those in the ox-LDL group and ox-LDL-+PPARYy overexpression group (both P<<0.05). Compared with the
ox-LDL group, the expression of HAT1 protein and mRNA in smooth muscle cells of the ox-LDL+PPARy silent group
was significantly increased, while the expression of HDACI1, PPARy, PI3K and Akt protein and mRNA was significantly
decreased (all P<<0.05). Compared with the ox-LDL+PPARYy silent group, the expression of HAT1 protein and mRNA in
smooth muscle cells of ox-LDL+PPARY overexpression group was significantly decreased, while the expression of HDACI,
PPARY, PI3K, Akt protein and mRNA was significantly increased (all P<<0.05). Conclusion Huanglian Huazhuo capsule
can improve the expression of HDACI and the activation of PPARY/PI3K/Akt pathway by inhibiting the expression of HAT,
inhibit the metabolic disorder of mice with diabetic macrovascular disease, increase the apoptosis of smooth muscle cells, and
reduce the formation of arterial plaque, displaying a protective role.

[ Key words | diabetic macrovascular disease; Huanglian Huazhuo capsule; histone acetyltransferase; histone
deacetylase; peroxisome proliferator-activated receptor y; phosphatidylinositol 3-kinase; protein kinase B
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hydrochloride, L-NAME ) , ¥4k 4 J&, # 7B R
s KA AR sl . 10 LT AR C57 /LA
3 TR R
1.4 ol hp TR 10 HEFAR C57 /MR
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(triglyceride, TG) . =% EIEHE H AR EE (high
density lipoprotein-cholesterol, HDL-C ) J Ik % &
A2 FIAH[EEE (low density lipoprotein-cholesterol
LDL-C) # &,
1.6 H-EF & RIS F LN, 738
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M1 A 100 pg/mL ox-LDL $£55 5% . PPARy Jii ki
BeYe )y 3% CHk [8] , PPARy siRNA #5395 vk
SHHR[9] -

1.8 mieTz i BRESHdloh, Hax 3 A4y
JA 200 pg/mL 8% Abyh B & 245 138, 25 4
NSRRI ZS M, 3557 24 h G TR 225550 .
ME BTS2 30k [10]
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FRCHIIEEEEE AV S 5 uL PLIR A YL (0, MG
PR & E 15 min, FEAIA 200 pL 25 &0, HH
A YHMSGHA TR

1.10 & & Ji 9P i ok 46 ) T 7 AL 4| A ¥ HATI
HDACI1. PPARy. PI3K % Akt & & %9 & ik Vil
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IR 5 & 5 #Ef T SDS-PAGE. B3 11 & 557
#| PVDF i, 7305l A—4%T (HAT1, HDACI $ifk
B L@l 1 ¢ 2000, PPARy. PI3K. Akt¥i
AL GI 1 1000) BEATE, FiINIAZ
PP 1gG (FBELLBI N 1+ 5000) 2472,
FH PBS #h. # PVDF B B, 1Rk
R, FH Tmaged 4% B 5045 21 1Y 8 (1 451
AT KI5, DL GAPDH WINZ:, 8 HIED
HYAE R RIRIKF-

1.11 qPCR #: | -F 7§ WL 2m B & HAT1., HDACI .
PPARY. PI3K % Akt mRNA # % & F i L 40
ML 28 0.25% fig 25 F1 i 5 1k J5 >k ] TRIzol i i
£ EURNAL B 38 B A9 RNA 2 % 5% 4 cDNA,
PLB- WL 3h & o N 2 i 47 qPCR. [ I 45 14
95 °C i 2% ¥ 3 min, 95 C 2 ¥ 55, 58 C i k
30s, 40 AF R AR 45 R 27 T vk
AT e SR PN R . HATL IE 7 51 9 8
5"GATGATGAAAGATGGCACTAC-3', J2 [f] 5] ¥
3 5-CCTTGACCTTGAAATGGAGT-3'; HDAC iE
15149 M 5-GCCAAGTGTGTGGAATTTGT-3', %
m 51 ¥ K 5-GGAAGGACTGATATGAAGTTT-3';
PPARY IE[6]5[#) /) 5-CCCTTTACCACGGTTGATT-
TCTC-3', K [a 5%~ 5-CCAGGCTCTACTTTGA-
TCGCACT-3'; PIBK IE 15| ¥°/ 5-GACTCCAAG-
ATGAAGAAGATGTG-3', 5%k 5-AAGTA-

GGGAGGCATCTCG-3% Akt 1E[1]5 %14 5-GGGTG-
GACTGCTCAAGAAGG-3', JZ [n15|%) } 5-ATCC-
TGCCAGTTGATGCTGA-3"; B- Wlsh&EHIEM 514
A 5“ATCATGTTTGAGACCTTCAACA-3', JZ [f]5]
Y1k 5-CATCTCTTGCTCGAAGTCCA-3',

112 %it a2 RH SPSS 23.0 FF x5 it
30T, SLREHRTT & IES 0, Uxts TR, £
HIA BRI R 7 22004, 2 E IWECR R/
BEM S, WEKIE (a) 24 0.05,

2 # R
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OB BEL] . PTFC AR AT 4 g, BTHEkfthy] + 2
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PIREAR, HDL-C & e, ZRWa5IEE X
(P¥)<0.05) . W1,

22 BWDRMEFBRBRETLEKRET FHA/N
SEUMG = Sl ok I P BE 2 T BT, MR TCIRBE,
WA HES IE %, Jo3fgE ; ARUZH /N BRI 32 3l bk i
BN, AR BEHUE R, RGN £,
RAE IR POV LA 2, 5HTR A A L, BT
FEARMTT 20 . 3% T e 3 /)N BRUM 3 2 Ik o A
P EE 2R AL, IR D BIHE AT
~+ B 3 A R A A /)N BB T B kL A PN BE R R R
BLEY BB P T BT FC AR T 4 . B3 Tl e e
LI 1,

23 BMTFEMmCA TFE S HA I
1% A (5.954+0.63) %, ox-LDL 41 i L4
TR (7.5511.15) %] 575 H4AM LT,
ERAEG ¥ X (P<0.05) . 5 ox-LDL 41 #f
Ft, ox-LDL-+PPARy T8k 41 -5 WL 40 i 8 T~ R B
K[ (4.45+0.57) %vs (7.55+£1.15) %, P<0.05],
ox-LDL+PPARY i3 £ 15 4 57 1 JUL 40 o 0 7~ R T+ 5
[(14.96£2.08) % vs (7.55+1.15) %, P<0.05].
LI 2,
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Tab 1 Comparison of blood glucose and blood lipid levels of mice in each group
(mmol * L"), n=10, x*s

Group PBG TC TG HDL-C LDL-C
Blank 430+0.23 2.354+0.25 1.50+0.26 1.3440.28 0.690.10
Model 11.36+0.51° 14.50+1.62" 2.67+0.31 0.61+0.20" 1.25+0.18
Atorvastatin 6.03£0.71""  641%£1.05"  1.90+054"  089+0.17°  0.75+0.14™
Huanglian Huazhuo capsule 5964080  6.60+1.00"  1.9240.60”  0.90+0.16"  0.76+0.08""
Atorvastatin+ Huanglian Huazhuo capsule 5.35+0.41°47 5.1241.05°47 1.6420.30°*7 1.15£0.30"47 0.634£0.05°4"
F value 232.6 173.8 11.29 14.730 43.430
P value <0.001 <0.001 <0.001 <0.001 <0.001

"P<<0.05 vs blank group; “P<<0.05 vs model group; *P<<0.05 vs atorvastatin group; ~P<<0.05 vs Huanglian Huazhuo capsule
group. PBG: Postprandial blood glucose; TC: Total cholesterol; TG: Triglyceride; HDL-C: High density lipoprotein-cholesterol;
LDL-C: Low density lipoprotein-cholesterol.

N 5) C) S0um = @ S0um ®

1 HAHE - FORERREA/NRMESIRERS
Fig1 Observation of pathological morphology of thoracic aorta of mice in each group by hematoxylin-eosin staining

A: Blank group; B: Model group; C: Atorvastatin group; D: Huanglian Huazhuo capsule; E: Atorvastatin+ Huanglian Huazhuo

capsule group.

0.30% 4.81% 0.20% 1.26% 0.79% 1.60% 0.96% 9.63%
10° F 10° 10°+ 10°+
10'F 10*F 10*+ 10*+
= = = =
10° F 10°F 10°F 10°+
10°} : 10%F = 100 10°F
92.75% . 1.14%| 92.22% . 6.32% 94.76% . 2.85% 84.08% . 5.33%
10° 10* 10° 10° 10* 10° 10° 10* 10° 10° 10* 10°
Annexin V-FITC A Annexin V-FITC B Annexin V-FITC C Annexin V-FITC D

2 AR E AT ENARETE
Fig2 Apoptosis rate of smooth muscle cells in each group detected by flow cytometry
A: Blank group; B: ox-LDL group; C: ox-LDL-+PPARY silent group; D: ox-LDL-+PPARY overexpression group; ox-LDL: Human
oxidized low density lipoprotein; PPARY: Peroxisome proliferator-activated receptor y; PI: Propidium iodide; FITC: Fluorescein

isothiocyanate.

24 & 41 F & AL 4w j@ F HAT1. HDACI. &, HDAC1. PPARy. PI3K M Akt & |13 ik 7K %

PPARy., PI3K & Akt & & k& 52 4RI, (% (P17<<0.05) ; ox-LDL-+PPARy i KA

ox-LDL ZH°F- i WL4R M i HAT1 25 1 k5K T, T LA AR HATL 25 1 Rk KF- B IR, HDACTH .

HDACL. PPARy. PI3K } Akt & [ R E KR PPARy. PIBK M Akt 1 R kK FFhm (PH<
(P#1<0.05) . 5 ox-LDL# #H kt, ox-LDL+ 0.05) . L3, %2,

PPARy ULERALF- 1 AL L HAT1 £ (1 3Rk K7
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Fig 3 Expression of HAT1, HDACI1, PPARY, PI3K and Akt in smooth muscle cells of each group detected by Western blotting
1: Blank group; 2: ox-LDL group; 3: ox-LDL-+PPARY silent group; 4: ox-LDL-+PPARY overexpression group. HAT1: Histone
acetyltransferase 1; HDACI: Histone deacetylase 1; PPARy: Peroxisome proliferator-activated receptor y; PI3K: Phosphatidylinositol
3-kinase; Akt: Protein kinase B; ox-LDL: Human oxidized low density lipoprotein; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

K2 HBHATFEFNMETS HATI. HDACI. PPARy. PI3K M Akt EHFRIEKFELLER
Tab 2 Comparison of protein expression levels of HAT1, HDAC1, PPARY, PI3K and Akt in smooth muscle cells of each group

n=6,xts
Group HATI HDACI PPARy PI3K Akt

Blank 0.5740.13 1.0840.18 2.054+0.19 1.1840.25 1.55+0.33
ox-LDL 1.664+0.20" 0.8140.30" 1.3640.17" 0.8740.19° 1.1240.22
ox-LDL+PPARY silent 1.874+0.31" 0.4840.08™ 0.9640.10"" 0.5040.07"* 0.8040.15"
ox-LDL+PPARY overexpression 0.90+0.26"*  0.93+0.11""*  1.80+£0.30"* 1.024+0.16"* 1.2840.13"4
F value 41.250 13.960 33.770 15.710 11.980
P value <0.001 <0.001 <0.001 <0.001 <0.001

"P<<0.05 vs blank group; “P<<0.05 vs ox-LDL group; *P<<0.05 vs ox-LDL-+PPARYy silent group. HATI: Histone
acetyltransferase 1; HDACI: Histone deacetylase 1; PPARY: Peroxisome proliferator-activated receptor y; PI3K: Phosphatidylinositol

3-kinase; Akt: Protein kinase B; ox-LDL: Human oxidized low density lipoprotein.

AH %F 22 35 5 89 5, HDAC1. PPARy. PI3K }z Akt
mRNA FIX} F kB FEE (P15<0.05) ; ox-LDL+

2.5 XA-FiEM4afe s HAT1, HDACIL, PPARy,
PI3K % Akt mRNA 49 & X ox-LDL 4 “F i JL
4ff JfL 1 HAT1 mRNA A8 X} 2 ik & & T %5 [ 4, PPARy i SRR 411 LA il HAT1 mRNA FHXT3R35
HDAC1. PPARy, PI3K J Akt mRNA fHXf %Kik & [k, HDACI. PPARy, PI3K J Akt mRNA #H
T2 HA (P<0.05) . 5 ox-LDL 4 #1 L, XA EIE (PH#<0.05) . W3,
ox-LDL+PPARy JLERZF- 15 JLZH AL H HAT1 mRNA
*3 KATFBAMEEH HAT1. HDACI. PPARy. PI3K. Akt mRNA #EX RS LE
Tab 3 Comparison of relative mRNA expression levels of HAT1, HDAC1, PPARy, PI3K and Akt

in smooth muscle cells of each group

n=6,xts
Group HATI HDAC! PPARy PI3K Akt

Blank 1.0040.00 1.0040.00 1.0040.00 1.0040.00 1.0040.00
ox-LDL 1.41£0.18" 0.564+0.20" 0.631+0.07" 0.754+0.09" 0.58+0.12°
ox-LDL+PPARY silent 1.76+£0.24™ 0.3040.06™ 0.4040.04"* 0.5140.08" 0.3640.09™*
ox-LDL+PPARY overexpression  1.16+0.20"°*  0.82+£0.10"**  0.792£0.10"*  0.86+0.05*  0.81%£0.06"*
F value 20.250 22.920 93.530 60.520 70.950
P value <0.001 <0.001 <0.001 <0.001 <0.001

"P<<0.05 vs blank group; “P<C0.05 vs ox-LDL group; *P<C0.05 vs ox-LDL-+PPARy silent group. HAT1: Histone
acetyltransferase 1; HDACI: Histone deacetylase 1; PPARY: Peroxisome proliferator-activated receptor y; PI3K: Phosphatidylinositol

3-kinase; Akt: Protein kinase B; ox-LDL: Human oxidized low density lipoprotein.
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