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Study on the Anti-Atherosclerotic Effect of p-Hydroxycinnamic Acid
by Inhibiting Foam Cell Formation
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Abstract  This study investigated the anti-atherosclerotic effect of p-HCA (p-hydroxycinnamic acid) by in-
hibiting foam cell formation. ox-LDL (oxidised low-density lipoprotein) was used to construct a macrophage-derived
foam cell model, and the effects of p-HCA on lipid accumulation and inflammatory response related indicators in this
model were detected by cellular oil red O, Western blot and ELISA experiments. ApoE”~ mice were used to build a
classical atherosclerosis model, and the anti-atherosclerotic effect of p-HCA in vivo was explored by aortic whole oil
red O, aortic sinus frozen oil red O and immunohistochemistry assays. The results showed that p-HCA significantly
reduced lipid accumulation in macrophages by inhibiting the expression of macrophage lipid phagocytosis-associated

proteins lectin-like oxidised LOX-1 (lectin-like oxidized low-density lipoprotein receptor 1) and TLR4 (toll-like re-
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ceptor 4), meanwhile, p-HCA effectively constrained STAT3 (signal transducer and activator of transcription 3) and

IL-6 (interleukin-6) expression. Further in vivo experiments showed that p-HCA reduced the lesion area in the aorta of
ApoE™ mice and decreased the expression of LOX-1, TLR4, STAT3 and IL-6 in the aorta. In conclusion, p-HCA ex-

erts an anti-atherosclerotic effect by reducing macrophage lipid accumulation and inflammatory response.
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A: macrophage-derived foam cell oil red O coloration. B: lipid area statistics after macrophage oil red O coloration. **P<0.01. Results were the X+s of
three independent experiments.
El1 p-HCAHIHIE M40 & IERE B
Fig.1 p-HCA inhibits macrophage phagocytosis of lipids
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A: the expression levels of lipid phagocytosis-related proteins LOX-1 and TLR4 after p-HCA treatment were detected by Western blot. B: LOX-1 blot
results were quantified using ImageJ software. C: quantification of TLR4 blot results using Image]J software. **P<0.01. Results were the X+s of three
independent experiments.

E2 p-HCARD s BB M X EHLOX-1FTLR4AIRIX
Fig.2 p-HCA reduces the expression of lipid phagocytosis-related protelns LOX-1 and TLR4
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A: the expression level of inflammatory transcription factor STAT3 after p-HCA treatment was detected by Western blot. B: protein STAT3 blot results

were analysed using ImagelJ software. **P<0.01. Results were the X*s of three independent experiments.

E3 p-HCAMEKE M40 i 5 fiESs SR B FSTAT3HIFRIA K F

Fig.3 p-HCA lessens the expression of the inflammatory transcription factor STAT3 in macrophages
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A: ELISA kits were used to determine the levels of IL-6 in macrophages after p-HCA treatment. B: the expression level of IL-6 protein after p-HCA
treatment was detected by Western blot. C: quantification of IL-6 blot results using ImagelJ software. **P<0.01, “P>0.05. Results were the X+s of three

independent experiments.

El4 p-HCAHNHE M40 2 GE B FIL-6HI3RIE

Fig.4 p-HCA inhibits the expression of macrophage inflammatory factor IL-6



R A 0 T PR PR A0 i Y R A S J e sl Ik ks R R A O T 7 3125

Fok (F 4B AC). ixsegt FR I, p-HCAML P
PERE PR FIL-6 1K K- f1] e i 48 i ) A e
2.5 p-HCAR L ApoE™ /R EFNBKHIHR T EN
TEE 6 =20 ApoE /IS BRI = Bl Bk EEA T AR T 41
Ot S50 K AR 78 p-HCAXT ApoE /N BN ki A2 (1)
SO 25 R SRR AR L, p-HCAKNEE i 35 /b
T ApoE /N B K AZ T A (IS AR EISB).
2.6 p-HCAR /> ApoE /)R ESNAKSIHIAE RFNR
M Bk SRR AT Ot SEI L AL T &4
ApoE /MR EBINKERINE A 5, 45 HKH: p-HCA
20 ApoE "/~ B, 3 B ik 5% 110 i o5 T AL 35 A1 T 2

(A)

Control

Model

p-HCA

(P<0.01)(K6AFIE6B).
2.7 p-HCASTApoE /NRIAE., BEsstsHAIS2MN
N TR T p-HCART ApoE /N B A4 5 fy 0
FEI— NIRRT TAFTR , B T S
o, =20/ R PR E B 2 38, FF Hp-HCAZH /N
FIRE S5 RATHEZSR . A =4/ RO 8.
JREAE RS B 25 B FR BRI p-HCAZ S8R
2 (M I TR 2 S (B2, AT X AL,
BRI ApoE /I BRI AT AT 28 48 20 BT s, &
L p-HCAALEL 5, ApoE " /)N RIEIE 1) I %% 45 £ 0 BH
2 PEAR(P<0.05)(E 7B~EI 7F)

(B) 8+ ok sk
6
S
B = [
-
R
=
g
~ ==
24
0 T T T
Control ~ Model p-HCA

A: EHIKHLLOG . B: fl Hi Imagel AT 0 T BB OR AL TR . **P<0.01. &5 RN P HHLREZ
A: aortic oil red O staining. B: aortic lesion area was analyzed using ImagelJ software. **P<0.01. Values were expressed as X+s.
El5 p-HCAR D> ApoE /N EZAKAIHFEER
Fig.5 p-HCA reduces lesion area of the aorta in ApoE™ mice
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A: frozen oil red O staining of the aortic sinus. B: aortic sinus lesion area analysed using ImagelJ software. **P<0.01. Values were expressed as X=s.
&6 p-HCAR /> ApoE/MNREFNKSEAIERIARE
Fig.6 p-HCA lessens lipid accumulation in the aortic sinus of ApoE™ mice
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E7 p-HCAXTApoE/NERAE. RE=sta Az
Fig.7 Effects of p-HCA on body weight and organ eoefficient in ApoE”~ mice
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A: immunohistochemical staining results of protein LOX-1 in the aortic sinus. Positive expression is brown, and the nucleus is blue after staining. B:

relative expression of protein LOX-1 in aortic sinus was analysed using ImageJ software. C: immunohistochemical staining results of protein TLR4 in

aortic sinus. Positive expression is brown, and the nucleus is blue after staining. D: relative expression of protein TLR4 in aortic sinus was analysed us-
ing Image]J software. *P<0.05, **P<0.01. Values were expressed as X=s.
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Fig.8 p-HCA decreases the expression of lipid phagocytosis-related proteins LOX-1 and TLR4 in the aortic sinus of ApoE”~ mice
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A: the content of IL-6 in serum of mice after p-HCA treatment was determined using an ELISA kit. B: immunohistochemical staining results of protein
IL-6 in aortic sinus. Positive expression is brown, and the nucleus is blue after staining. C: relative expression of protein STAT3 in aortic sinus was
analysed using Image] software. D: immunohistochemical staining results of protein IL-6 in aortic sinus. Positive expression is brown, and the nucleus
is blue after staining. E: relative expression of protein IL-6 in aortic sinus was analysed using ImageJ software. *P<0.05, **P<0.01. Values were ex-
pressed as X=+s.
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Fig.9 p-HCA decreases the expression of STAT3 and IL-6 in ApoE™" mice
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