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[Abstract] Objective To explore the improvements of high-fat intake on lung injury induced by Paragonimus proliferus infec-

tion in rats, and to preliminarily explore the mechanisms underlying the role of cytochrome P450 4A1 (CYP 4A1) in the improve-
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ments. Methods

and normal diet group (n = 12) and the infection and high-fat diet group (n = 12). Rats in the normal control group were fed with

SD rats were randomly assigned into three groups, including the normal control group (n = 10), the infection

normal diet and without any other treatments, and animals in the infection and normal diet group were subcutaneously injected
with 8 excysted metacercariae of P. proliferus via the abdominal wall, followed by feeding with normal diet, while rats in the infec-
tion and high-fat diet group were subcutaneously injected with 8 excysted metacercariae of P. proliferus via the abdominal wall,
followed by feeding with high-fat diet. All rats were sacrificed 28 weeks post-infection, and serum samples and lung specimens
were collected. Following hematoxylin-eosin (HE) staining of rat lung specimens, the rat lung injury was observed under an opti-
cal microscope, and alveolitis was evaluated using semi-quantitative scoring. Serum interleukin- 13 (IL-1f) and tumor necrosis
factor alpha (TNF-a) levels were measured using enzyme-linked immunosorbent assay (ELISA), and the cytochrome P450 4A1
(CYP 4A1) expression was quantified in rat lung specimens at transcriptional and translational levels using quantitative real-time
PCR (qPCR) and Western blotting assays. Results Alveolar wall thickening, edema and inflammatory cell infiltration were alle-
viated 28 weeks post-infection with P. proliferus in rats in the infection and high-fat diet group relative to the infection and normal
diet group, and no alveolar consolidation was seen in the infection and high-fat diet group. The semi-quantitative score of alveoli-
tis was significantly higher in the infection and normal diet group [(2.200 + 0.289) points] than in the normal control group
[(0.300 + 0.083) points] and the infection and high-fat diet group [(1.300 + 0.475) points] (both P values < 0.05), and higher se-
rum IL-1B [(151.586 + 20.492)] pg/mL and TNF-a levels [(180.207 + 23.379) pg/mL] were detected in the infection and normal
diet group than in the normal control group [IL-1B: (103.226 + 3.366) pg/mL; TNF-a: (144.807 + 1.348) pg/mL] and the infection
and high-fat diet group [IL-1B: (110.131 + 12.946) pg/mL; TNF-a: (131.764 + 27.831) pg/mL] (all P values < 0.05). In addition,
lower CYP 4A1 mRNA (3.00 + 0.81) and protein expression (0.40 + 0.02) was quantified in lung specimens in the infection and
normal diet group than in the normal control group [(5.03 £ 2.05) and (0.84 + 0.14)] and the infection and high-fat diet group
[(11.19 £ 3.51) and (0.68 + 0.18)] (all P values < 0.05). Conclusion High-fat intake may alleviate lung injuries caused by P. pro-

liferus infection in rats through up-regulating CYP 4A1 expression in lung tissues at both translational and transcriptional levels.
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Table 1 Sequences of primers used for gPCR assay
A JFH1(5'—3") KA GC &t (%)
Gene Sequence(5'—3") Length (bp) GC content (%)
F: CTACTGCCAGATCCCACCAA; 20 55
CYP 4A1
R: AGTGGAGCTTCTTGAGATACAG 22 45
F: ACATCAAGAAGGTGGTGAAGCA; 22 45
GAPDH
R: TGGAAGAATGGGAGTTGCTGTT 22 45
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Note: A Normal control group; B Infection + normal diet group; C Infection + high-fat diet group.
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Fig.1 Lung tissues of rats in three groups (x 400)
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Note: A CYP 4A1 mRNA; B CYP 4A1 protein.
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Expression of CYR 4A1 protein in rat lung tissues
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Fig.2 CYP 4A1 mRNA and protein expression in rat lung tissues in three groups

W kAR R R . R4 SR S LI A Lo i 2
R 35 g 0 PH R 3 5 4 SR SR S n %5 D) A
Kl SR R OR R RS E YR
FEUCE R A | I IR T FE A RS- A
5 GUEAC IS M ) 45 R A A — B Qi AR
A AR F BB G2 PR S ] £ B A
PEPEIRYY | 5 SR RS ML B B EREAE
AR BT ST A B, 28 I8 I R KRR
553 RAEFEN B2 18 FACH O, 2RI
AHOCFE I IR R M o B HOfA i &b 1R s 1 i L
FEATIE R, o2k o sl it B, 87 G 1R o] X A 24K
A 4 By, )28 B A AR A I A 2R AR
TRz R DL g AR X e AR T
PR RE R IG RN R T B2 —
REAAF 28 & B, e PR B A AT RS A2 D e 7 1
TR PR X v PG HUBRGS /N RO WL A e AR
PRI BEARBE T 380 3 A i 2 2 [ LA o Jk
YeJa PR AR, IR IR R W JE TR HUBRGL /N,
RN ALEE CYP 4a WA R AE N 1) 2 Fh PASO Bl 28T
V2R R SRR (L e i IR IR B T LA
CYP 4A F23k F™ . Sweeny 2520 % 9, /N UKD 707

ST $ X 2 IR IR kBT ), PR A R A A AR
TR SEEPUAR R N . AWFFT S IR A MR
FFHE W H RGeS R FRAR PR , I T R FRUti 2
g B2 AR R 37 ARAE PR IR B AR AL, R B R B A
AL TS AR AR WA RE T CYP 4A1 3R
INTEFFFE I YT AAE AT REFLE

CYP 4A FE TRt rh KA IR TR 8 i w- 858
b, G5 E RN EE R —2, CYP 4A1
Z 55 A W ER N AR R, % PPAR-o 1
5, AR HERR TR B R S Ak 1) DR g , W 3 o g BTk
AT I IIE R FEREPEAE T . BRI CYP 4A1 75
mRNA S H Gt i) 2 A FRIB 7K, (H 2 B
AR A6 VOIS BRI P 5 8 0 W B ) 08 i ot
BHm R S ZEAIE AR S S AR IR
B ML AE 45 95 0 3 % DA O S IR AR B Rl e i
PPAR-vy LR Ag R AL, 17 L W 240 el M2 B Ak A T
UG 985 SO A T i D R AL Ak Ik L2
i M2 R A T AR i i i AT I A PR S U 4%
I, B LU ANREA AT AREIT R BE, SE
R BB = B IR AR R S B (14 ~ 28 d K DU ) BL
A I G038 S B i A G T B e Sy, o i 32 5



176 L SRR BT 25

Chin J Schisto Control

0T ARFFE IR R I, S+ = R R B A K UMY P
A T B SN AL 2 AN PR 7 TL- 18 A TNF-o ¥
FEEAR, HM 20 2159 R B 40 A P R Ik e + B IR B
I ORI AR A G AR U R T R AL A 5 T
I AU 1 & TR RR A T T B G0 J N5 B
Sl o Y= L) 20 O B S AR e e [ R R
CYP 4A1 mRNA JEE A 3RK , BEAR IR {12 98 20 Jfd PR+
IL-1B A TNF-a Ve ¥ 5 = IR HR AN RE I Sz 3, F 52
it R A e AR . AT REALE R SRR A
I CYP 4A1 FEH XK M A SR iR A Ak
P S T R O () RS BIR k) T 289 628 K207, AT
RAFRSEIAGVE R o HS ST ad JE R R ek
HH CYP 4AT MR SE PR AR — . I
A KT CYP 4A1 88 [ 3RIKE 7 itE— 23 i Dt/ 3t
PSR B = B IR B PR A A 2
Hurt CYP 4A1 T IR X FIRARR F 5 A0
SR i B RO HLEI TR A T A

E by W ey e IE TR TN

EETTEAER XA BRI BT IEHR s 3 Wtk o
Prfcdls 85 BOE3 T RIE RIS SR IT
B e L IRE L ERR VW S SR R S ER
85 EHOE S AR LSO R ), f5 BT
590 e SUE BRI B RS

(&% k]

[1] Tidman R, Kanankege KST, Bangert M, et al. Global prevalence of
4 neglected foodborne trematodes targeted for control by WHO: A
scoping review to highlight the gaps[J]. PLoS Negl Trop Dis, 2023,
17(3): e0011073.

Donato RA, Donato RJ. Pulmonary, liver and cerebral paragonimia-
sis: An unusual clinical case in Colombia [J]. Travel Med Infect
Dis,2022,46: 102253.

WORKLL . T 25 A B AR R YT - B PR e A B # s
[D]. BB RWIERIE,2022.

2255 . MMP-9 1 TIMP- 1 75 F 5 I ZH % Bk K B2 4k Ak
i FRIE KR ST ] hE BE 2R, 2018, 8(5): 51-55,164.
A L AR IR AR Bl A A TR B R SO I R BT
FELD ] B RWIERIE, 2021,

Ripp SL, Fitzpatrick JL, Peters JM, et al. Induction of CYP3A ex-
pression by dehydroepiandrosterone: involvement of the pregnane
X receptor[ J ]. Drug Metab Dispos ,2002,30(5): 570-575.

FIy, BRGE , AR, 45 . A2 SR IR O U S AL i 5
PPAR XS B H T4 1Y) CYP4AT B FIA R [T ], TAERFST,
2017,46(5): 802-806.

Calder PC, Jackson AA. Undernutrition, infection and immune
function[J]. Nutr Res Rev,2000, 13(1): 3-29.

Strunz EC, Suchdev PS, Addiss DG. Soil-transmitted helminthiasis

and vitamin A deficiency: two problems , one policy[J ]. Trends Par-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

asitol,2016,32(1): 10-18.

AR AR IR A, 55 T IR R S KR Th/
Th2 SRR A AT () ). TR IR 2A e, 2021,
16(2): 171-176.

THEE A, XSR5SR X 2 O S
AR By 2L 2 B4 5 TR B8 B it gt 4 2 s koA [0 ). rhAe
PE2h4%,2020,35(2): 616-619.

Houdijk JG. Influence of periparturient nutritional demand on resis-
tance to parasites in livestock [J]. Parasite Immunol, 2008, 30(2):
113-121.

Kokova D, Verhoeven A, Perina EA, et al. Metabolic homeostasis
in chronic helminth infection is sustained by organ-specific meta-
bolic rewiring[ J ]. ACS Infect Dis,2021,7(4): 906-916.

Kiser ET, Wacker MA, Dixit UG, et al. The Inflammatory effects of
dietary lipids regulate growth of parasites during visceral leishmani-
asis[J]. mSphere, 2021,6(4): e0042321.

Nagajyothi ', Weiss LM, Zhao D, et al. High fat diet modulates Try-
panosoma cruzi infection associated myocarditis [J]. PLoS Negl
Trop Dis,2014,8(10): €3118.

Brima W, Eden DJ, Mehdi SF, et al. The brighter (and evolution-
arily older) face of the metabolic syndrome: evidence from Trypano-
soma cruzi infection in CD-1 mice[J]. Diabetes Metab Res Rev,
2015,31(4): 346-359.

Neves RH, Alencar AC, Aguila MB, et al. Hepatic stereology of
schistosomiasis mansoni infected-mice fed a high-fat diet[J]. Mem
Inst Oswaldo Cruz,2006, 101(Suppl 1): 253-260.

Mimche SM, Lee CM, Liu KH, et al. A non-lethal malarial infec-
tion results in reduced drug metabolizing enzyme expression and
drug clearance in mice[ J ]. Malar J,2019,18(1): 234.

DT, kD 00, L RIRIREIE S CYPAA i RE S S
ANERAR RS AR 07 I AR BT [ ). BBE R R 4240, 2019,
54(11): 1678-1682.

Sweeny AR, Clerc M, Pontifes PA, et al. Supplemented nutrition
decreases helminth burden and increases drug efficacy in a natural
host - helminth system [J]. Proc Biol Sci, 2021, 288(1943):
20202722.

Yang Z,Smalling RV, Huang Y , et al. The role of SHP/REV-ERBa/
CYP4A axis in the pathogenesis of alcohol-associated liver disease
[1]. JCI Insight, 2021, 6(16): 140687

Roman RJ, Renic M, Dunn KM, et al. Evidence that 20-HETE con-
tributes to the development of acute and delayed cerebral vaso-
spasm[ ] ]. Neurol Res,2006,28(7): 738-749.

Sikder K, Shukla SK, Patel N, et al. High fat diet upregulates fatty
acid oxidation and ketogenesis via intervention of PPAR-’y[J]A Cell
Physiol Biochem,2018,48(3): 1317-1331.

Huang SC, Everts B, Ivanova Y , et al. Cell-intrinsic lysosomal lipol-
ysis is essential for alternative activation of macrophages [J]. Nat
Immunol, 2014, 15(9): 846-855.

Pelgrom LR, Everts B. Metabolic control of type 2 immunity [J].
Eur J Immunol,2017,47(8): 1266-1275.

Allen JE, Sutherland TE. Host protective roles of type 2 immunity:
parasite killing and tissue repair, flip sides of the same coin [ ] ].

Semin Immunol,2014,26(4): 329-340.

[KwB#] 2022-1221 [4&%8]

b $-2



