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Effects of typical phthalate esters on lipid metabolism in rats and its potential mechanism
ZHANG Rui"?, CHEN Xiaozhen?, LI Liping", ZHU Yue', LI Ling, LIU Herong', DE Xiaoming" (1. Ningxia
Medical University, Yinchuan, Ningxia 750004, China; 2. Southeast University, Nanjing, Jiangsu
210000, China; 3. Tumor Pathology Department, General Hospital of Ningxia Medical University,
Yinchuan, Ningxia 750004, China)

Abstract:

[Background] Di(2-ethylhexyl)phthalate (DEHP) and dibutyl phthalate (DBP) are representative
environmental endocrine disruptors of phthalate esters (PAEs). Some studies have shown that
PAEs exposure may have an impact on lipid metabolism.
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To investigate the effects of DEHP and/or DBP on lipid metabolism in rats and their possible mechanisms of action.

Thirty-six weaned healthy SD male rats, 3 weeks old, weighing 50-70 g, were divided into four groups, i.e., a corn oil control
group, a DEHP (750 mg-kg™") group, a DBP (500 mg-kg™) group, and a DEHP+DBP (750 mg-kg +500 mg-kg™) group. The rats were exposed
to DEHP and/or DBP by oral gavage for 8 weeks, and weighed once a week. The rats were anesthetized 24 h after the last dose, and
blood was taken from the apical part of the heart. Serum high density lipoprotein-cholesterol (HDL-C), low density lipoprotein-
cholesterol (LDL-C), total cholesterol (TC), and triglyceride (TG) were detected. Liver tissues and perigenital adipose tissues were
collected, weighed, and one portion of the tissues was fixed in 10% neutral formalin for pathomorphological observation, and another
portion was used for mRNA detection of lipid metabolism-related genes such as Janus kinase 3 (JAK3), signal transducer and activator of
transcription 5b (STAT5b), and peroxisome proliferator-activated receptor y (PPARy).

During the DEHP and/or DBP exposure period, the rats in all groups were free to eat and drink without death or injury observed.
Compared with the control group: The body weight gain in the DEHP+DBP group was lower at all time points from the 2nd week onwards
(P <0.05); the liver organ coefficients of the DEHP and the DEHP+DBP groups were higher (P <0.05); the serum LDL-C levels in the DEHP
and the DBP groups were higher (P <0.05). Compared with the DEHP+DBP group: The body weight gains in the DEHP group at the 2nd,
4th, 5th, and 8th weeks were higher (P <0.05), and the body weight gains in the DBP group were higher at all time points except the 1st
week (P <0.05); the liver organ coefficients in the DEHP group and the DBP group were lower (P <0.05); the serum TG level in the DEHP
group was higher(P <0.05), and the serum LDL-C levels in the DEHP and the DBP groups were higher (P <0.05). The pathomorphological
results of liver tissues showed that the hepatocytes in the DEHP, DBP, and DEHP+DBP groups were disordered with loss of cord-like
arrangement, swelling (suggesting change of cell proliferation), and presented bilirubin pigmentation. The pathomorphological results of
rat perigenital adipose tissues showed had irregular alignment, sizes, and arrangement of adipocyte in the DEHP, DBP, and DEHP+DBP
groups. The results of rat liver lipid metabolism-related gene mRNA levels showed that the liver JAK3, STAT5b, and PPARy mRNA levels in
the DEHP, DBP, and DEHP+DBP groups were lower than those in the control group (P <0.05); the rat liver PPARy mRNA levels in the DEHP
and DBP groups were lower than those in the DEHP+DBP group (P <0.05).

DEHP and/or DBP can inhibit the increase of body weight to varying degrees, induce inflammatory damage to liver tissues,
and cause abnormal lipid metabolism in rats, and the associated mechanism may be related to inhibiting the activation of JAK3/STAT5b/
PPARYy signaling pathway in rat liver tissues.

lipid metabolism; phthalate esters; di (2-ethylhexyl) phthalate; dibutyl phthalate; rats; tyrosine protein kinase/ activator of
transcription signaling pathway
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ERAZCEZAFERI(TEKRLCIESE 2020-
640 5)o
122 i zsE501E RBEOEBNAFRES
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SREGABIRENBIATAE S RNA EH R cDNA, L
25 UL AR H TR RN EE PCR, R 54 95°C
305,95°C55s,60°C 30s, 40 NMEW, FH3INEFL, E
8 3R, GAPDH 1E RS ER, KA 2 FITERA
EE mRNA RIXKFEY, 5I1¥&ITEMRALEET R
B, IR 1o
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314B R EM)(5°>3) REG >3
JAK3 TGTAGCCTCTCATCCTCAGAAGCAG ~ ACACAGGTCCTCAGCCAAGTAGTC
STAT5b  GGAGAATCTGCCAGGACGGAATTAC CCATCGTTCCAGTGAGGCTTGAG

PPARy CGCCAAGGTGCTCCAGAAGATG AGGGTGAAGGCTCATATCTGTCTCC

GAPDH AGGTCGGTGTGAACGGATTTG GGGGTCGTTGATGGCAACA

1.4 FHitFERH

S FH SPSS 23.0 MHMAIT F DT, itERE A
BHTEE (X + s)Rm, ZHBNLERERRRE RS E
i, LHIBI R EL AR A LSD-t 7, 10307k A 0=0.05,

2 R

21 KE—RSHERRM
ZHARRESHABILHENSHIERRI, T

L, B=5, AR BHEHE. BAIK.
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ERFHE, EERSNENIEEK, REAKRK
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DEHP AR BRAERKERESE 2. 4. 5. 8 AYET
DEHP+DBP £H(P<0.05), FREE 1 A, HRZ N BTE
mDBPA KR A E KEIY S T DEHP+DBP A

(P<0.05) £5RWE 1 PR
400
AR AR 4
= DEHPZH s |#
300 == DBPZA m *
= DEHP+DBP4H +
20 t *
g 200 i
i #
ﬁ *
100 #it,
0
1 2 3 4 5 6 7 8
B iEl/fE
(] *: SX$BRLALLER, P < 0.05; #: 5 DEHP+DBP £AELER, P < 0.05,

E 1 DEHP #1/3% DBP REX K RIFEIE KEHFM (n=9)
Figure 1 Effects of DEHP and/or DBP exposure on weight
gain of rats (n=9)

23 WARME. £EEAEREHALRIESREN
Al

DEHP. DEHP+DBP A KR HIATAEAE SR R ¥ EE =
XFFBLH(P<0.05)  DEHP+DBP 28 A FR AT AR AT 28 R # 55
=T DEHP. DBP £H(P<0.05), K 45823 B FEASAHH
DREB[BAMABLLRERYEXDAITERX(P>
0.05) . Z55RUNK 2 FiiTo

& 2 DEHP #1/3% DBP REx ABATAE. £IE2EAREREALA
ARERAITM (x s, n=9)
Table 2 Effects of DEHP and/or DBP on organ coefficients of
liver and perigenital adipose tissues in rats (x + s, n=9)

bap:| FHAERE 28 5 50/% 4 IESR A ERE RS AT B R /%
XFER 2.6210.19 0.64£0.12
DEHP 2.99:0.24 0.57+0.10
DBP 2.6810.26" 0.51%0.09
DEHP+DBP 3.21£0.08 0.50£0.15
[3E]* SXTERLALLIR, P<0.05; #: 5 DEHP+DBP £ALLER, P < 0.05,

2.4 PARRMBEPMBEHEXELIBTHEM

DEHP. DBP A X R IMJF LDL-C REF T IIIRA
# DEHP+DBP £H( P < 0.05) ; DEHP AXRRINE TG (KES
F DEHP+DBP £H(P <0.05) ; I TC. HDL-C JRE#H{1T4HIE]
ELIREE R AT ER(P>0.05) 0 L5RINEK 3 Fiko

%< 3 DEHP #/z% DBP FExI KR MASHXEHIstn
RERIRME (x£5, n=9)
Table 3 Effects of DEHP and/or DBP on blood lipid-related
indicator levels in rats (x + s, n=9)
EA{I(Unit) : mmol-L™

Al TC TG HDL-C LDL-C
YFER 2.4310.61 0.5510.16 1.29:0.39 1.62%0.30
DEHP 2.95+0.86 0.7740.32" 1.55+0.29 2.25¢0.35""
DBP 2.58+0.95 0.64+0.29 1.53#0.52 2.45:0.54""
DEHP+DBP 2.330.45 0.50£0.20 1.90+0.45 1.57+0.18

[3E]1* SXBLALLER, P<0.05; #: 5 DEHP+DBP HELE%, P<0.05,

25 WARE. £EZABEBHALSKRERLSE
pUE=

FALANRIEBESERE R XNRAKXEFHA
B EEl 4% R R ER R = IETIREED I, HEDIEE TS, BEAZ K/
4] ; DEHP. DBP #1 DEHP+DBP 2H A FR FF A pE HE 51
Hil, FRREATIREE, FFAMIE A, KM MM
WA, SO A ARRNEGEETNINE,
NE 20, STERAEEHAEALANFTEELSER
T WERAKSEHABESHAN, HFIEFT, 2
F IO N8 H ; DEHP. DBP F1 DEHP+DBP £H K i
BERF R HE P ZREL, XS 2T AR, KINF—,
L& 2B,

X HELH DEHPH DBPZH DEHP+DBP4H

[E]1: 34FB4H; 2: DEHP £H; 3: DBP £4H; 4: DEHP+DBP £H, L1THFKFR
RAFFHBRREGEZTRCTE,
2 DEHP #1/zk DBP &3 KB (A) . £5EEZRAE
BERA4E4R (B) FRERRSAS BRI (HE $26)
Figure 2 Effects of DEHP and/or DBP on the histopathological

morphology of liver (A) and perigenital adipose tissue
(B) in rats (HE staining)

2.6 Xt AERAFAERE R XEE mRNA JKFRIF I

DEHP. DBP #1 DEHP+DBP £H X i BT A £H 41 JAK3.
STAT5b. PPARy mRNA 7K - &5 1 F X+ BR 2B (P<0.05) ;
DEHP. DBP 40 K R AT AE4H 4R PPARy mRNA 7K E5 i
F DEHP+DBP £H(P<0.05) . £5RINE 3 Fiiko

wWww.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(7) 803

15 1.5
% 10 % 10
bl bl
" ®
i% 0.5 @ 0.5
® B © » P e B
& & <>‘?>w S & & o?gw S
&
Q‘o o‘c
[E] *: S534HRLALLE, P<0.05; #: 5 DEHP+DBP £ALL4K, P < 0.05,

3 DEHP #/3k DBP AR EX KR JAK3(A) .
STAT5b(B). PPARy(C) mRNA 7KFHIZ0H
Figure 3 Effects of DEHP and/or DBP on JAK3 (A), STAT5b (B),
and PPARy (C) mRNA in rat liver
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