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Intraperitoneal injection of hydrogen-rich saline promotes reverse cholesterol

transport and decreases plasma lipid levels in golden hamster with hyperlipidemia
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[ ABSTRACT ] Aim To observe the effect of intraperitoneal injection of hydrogen-rich saline (HRS) on reverse cho-

lesterol transport in golden hamsters with high fat diet. Methods The male golden hamsters were divided into three
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groups: chow diet group, high-fat diet group, and high-fat diet+HRS group.  After 12 weeks of high-fat diet feeding and
HRS administration, macrophages labeled with * H-cholesterol were injected into hypercholesterolemic golden hamsters, and
then radioactivity in blood, liver, bile, and feces was measured. = RT-qPCR and Western blot were used to assess the
transcription and protein expression levels of cholesterol reverse transport-related genes in liver tissue. Results Long-
term feeding with a high-fat diet induced significant hyperlipidemia and liver lipid accumulation in golden hamsters. ~ Com-
pared with the high-fat diet group, after HRS intervention, the body mass of golden hamsters decreased (P<0.01) , plasma
TC and LDLC significantly decreased (P<0.05), TG slightly decreased (P=0.11), HDLC significantly increased ( P<
0.01), oxidative stress index MDA in plasma and liver significantly decreased ( P<0.05 or P<0.01), antioxidant index
glutathione (GSH) significantly increased ( P<0.01), liver weight/body weight ratio slightly decreased (P=0.05), TC
and TG in liver decreased by 10.8% (P=0.05) and 20. 1% (P<0.01), respectively. Liver steatosis was significantly
relieved, but there was no significant change in inflammatory factor levels.  In isotopic tracing, high-fat diet fed golden
hamsters treated with HRS showed decreased *H radioactivity in plasma at 24 and 48 hours by 16.5% (P<0.01) and
8.9% (P<0.05) respectively, while increased *H radioactivity was observed in liver, bile, and feces by 1.2-fold (P<
0.05), 1.2-fold (P=0.08), and 1. 1-fold (P=0.08) respectively, compared to those fed a high-fat diet alone.  Fur-
thermore, RT-qPCR and Western blot analyses of liver tissue demonstrated that HRS intervention resulted in a decrease of
CD36, scavenger receptor-Bl ( SR-Bl), and low density lipoprotein receptor ( LDLR) protein levels by 39.5% (P<
0.05), 40.5% (P<0.01), and 28.0% (P<0.01) respectively, an increase of ATP-binding cassette transporter G5
(ABCGS5) and sterol regulatory element-binding protein ( SREBP2) protein levels by 1.5-fold (P<0.05) and 1. 3-fold
(P<0.01), and an increase of mRNA levels of ATP-binding cassette transporter Al and G8 by 2. 9-fold ( P<0.05) and
3.2-fold (P<0.01) respectively in high-fat diet-fed hamsters.

Conclusions  Intraperitoneal injection of HRS

promotes reverse cholesterol transport in high-fat diet-fed golden hamsters and exerts lipid-lowering effects.  Additionally,

intraperitoneal injection of HRS may alleviate hepatic lipid accumulation by inhibiting hepatic lipid uptake and promoting
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cholesterol excretion from liver.
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WA AR A IRAF , 1929 40 A0 ( ¥ % o0 A R
HIRAF) ;5 JE A H W = B (triglyceride, TG ) 4
BRI E KA &4 5 4 TC 4 & Bk I E X
Fla(mEFE); i TC.TC . &EEFE aEE
B (‘high density lipoprotein cholesterol, HDLC ) #a
LDLC #4277 & (A6 3% o £ 4642 ) s 1 = B (malondi-
aldehyde , MDA ) F2 4 t H ik ( glutathione , GSH ) & & 4
MRF & (I EZEE);DMEM H B FEf i 4
1% (HyClone ) 5 i 2¢ 97 8% fig FEL [ B2 Bt A 4 % B (leci-
thin-cholesterol acyltransferase , LCAT ) 7& P A ] 3, 7
& (Sigma) ; TransZol Up TransScript® One-Step gDNA
Removal and ¢cDNA Synthesis SuperMix # TransStart®
Top Green qPCR SuperMix ( 4t 7% 2 X 4 ) ; ABCGS |
ABCGS | [E B 18 7 7. {4 45 & % & 2 (sterol regulatory
element-binding protein 2, SREBP2) 7% & X % K Bl
(scaveger receptor-Bl,SR-B1) #1 B-actin & ( Abcam ) ;
CD36 A (R R =B, K FEEE A Z K (low
density lipoprotein receptor, LDLR) FL& (& & £ 47) ;
A B R0 E F o tumor necrosis factor-ar, TNF-o) |
B 4 fi A% 6 (interleukin-6,1L-6) #7 & 21 i /> % 1B
(interleukin-1B,1L-1B) ELISA i 7| & (1T # B %) ;
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L FLEREAR, AARBEAANEAKET 4 Ck
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FHRTENEAR,ET4Ck4,48 h G XA AAM

AR A SR B, AB B HRS # AR
% 5 H 0.7 ~0.75 mmol/L,
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BKE, T KERLEF PBS Bt B, kE
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1000 r/min &3 10 min, 3F £ 3%, fn N 38 & 43
FrEEEAM, ARG AR REREMN THE KL,
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1.7 RT-qPCR #&iNERE KT FRIE

FIFl TransZol Up #& L4 41 & RNA J&, % Al
TransScript® One-Step gDNA Removal and ¢cDNA Syn-
thesis SuperMix # RNA X % 5% 4 ¢DNA, & 5 JH
TransStart® Top Green qPCR SuperMix # | E #y 3
F &k, LW GAPDH EE O 4, R A 274 &1t
AR RLE, 5T NEL,

% 1. RT-qPCR 5|#1 551
Table 1. RT-qPCR primer sequences

AR FiiF51¥ gl

GAPDH 5"-TGGCCTTCCGTGTTCCTACC-3’ 5"-TAGCCCAGGATGCCCTTCAG-3’
ABCA1 5'-CGGAGGTGGCTCTAATGACC-3’ 5'-CTTCACCCCGCTGATGAACT-3’
ABCG1 5'-CCTGCGGACTTTGTCATGGA-3’ 5'-AAACGGGTTCACGTCTGTGT-3'
ABCGS5 5'-ATGAGAAACAAGCAGGCGGT-3’ 5'-GCTCTCAGCATGGGAAACAGA-3’
ABCG8 5'-AGAACATGTGGACAGTACCCG-3' 5'-AATCTGCATCAGCCCGGAAA-3’
SR-B1 5"-AAAGGGCTCGCAGGATAAGG-3’ 5"-TGTCTTTGGGACCCTACAGC-3’
HMGCR 5'-GACGGTGACACTTACCATCTGT-3' 5'-GATGCACCGTGTTATGGTGA-3’
SREBP1 5'-GCACTTTTTGACACGTTTCTTC-3’ 5'-CTGTACAGGCTCTCCTGTGG-3'
SREBP2 5"-GAGAGCTGTGAATTTTCCAGTG-3’ 5"-CTACAGATGATATCCGGACCAA-3’

1.8 Western blot #UIFFAE P EXERAKIE

KA RIPA R BREBRFEARLEEE, KB
' G, m N BRI, #4T SDS-PAGE % it #. Uk
At E 5% MR E W B B — B R’
BEH,_HHE R, KA ECL # Rt ¥ X LR
ME A KK E, Image ] RS E B K KEMAE,
ML B-actin &F A A WS TR AWM REE,
1.9 SZitZEHH

AL xxs k7~ , 5k A GraphPad Prism 8 #
MHBFHATRIT 2T EHEE, A EXA LR
R ERMM,P<0.05 K ZFHRITFENL,

2 & R

2.1 HRS 375 i I fiE £ 75 3t 5R 1 A 7K F B9 22 0

HFD 41 4 ¥ 1 B 80 B b %) 1 s I0AE , i 3
TC .LDLC 1 TG 7K i % F+ 5 ( P<0.01) , HDLC I
H RFE(P>0.05) ;5 HFD ZUAH b, HFD+HRS 4 4
RIS TC  LDLC /K & 3 f% ik (P<0.05) ,
TG KV W& A FEAR (P =0.11) ,HDLC /K- i % Tt
B (P<0.01;%2), P4 HRS % 22 8 5 E 45 12
JE AT LAYE T B kB s 5 0% v M A 4 R Y
IR 7K,
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Figure 1. The effect of HRS on oxidative stress levels and LCAT activity in golden hamsters(n=6 ~8)

2.3 HRSMWEEMESHIMRFREERER. &
b Rz B F0 2 i E F oK F B 22

5 CD dAHEL , HFD 41 4 ¥ M B 1R 5 AT
PREEHE I (P<0.01) ;02T O Yyt 45 5 R BT IE A
PR S RS L (P<0.01) , Holp BT TC F1 TG
SR 1.8 5 (P<0.01) Al 1.9 f5(P<
0.01), 5 HFD £ AL, HFD+HRS 41 4 %% 1 1Y
TR R FEAK (P <0.01), IFAR HL s A FEAR (P =
0.05) ;7HZL O Yeta 2h 5 5 7R Tk P4 i ot & AR
LR (P <0.05), fFHE TC F1 TG & & 4% W K& A%
10.8% (P=0.05) F120. 1% (P<0.01;% 2 f1K 2)

HFD £ 4 % b U IE MDA &5 & FF 55 2.8 £i%
(P<0.01) ,GSH & & [£{% 26. 9% (P<0.01) ; i Ji
WS HRS J5, MDA & & %1% 22.9% (P<0.05),
GSH & Tt 1.4 f5(P<0.01), 5 CD 4 L,

HFD 4 HFIE TL-6 & BT+ 2.5 f5(P<0.05); 5
HFD 4141t , HFD+HRS 2 T TL-6 5 50 A BRI
(P=0.72) A 25 (K 2),
2.4 HRS X444 P RE & &2 5 HE 80 2R B 72 0l
2521 4 Wb UM HOBCS PR AR 48 h N T
=, HRS TS I 2 H B 7E 24 h Fi1 48 h 8
HFD 20 %3 % F B 16.5% (P<0.01) 1 8.9% ( P<
0.05), 5 CD 4 AH L, HFD 2 TR H 805 A%
28.7% (P<0.01) ; HRS T 1 J& BFE* H i 5 1k T+ 5
1.2 f%(P<0.05) , 275 HRS ¢ ¥ H-H [F 55 5] 51
k3% 5 CD ZAAHLG, HED 28 0 F2S (8 v 1 s
PESF AN 1. 2 % (P =0.10) F1 1. 4 1% (P<0.01) ;
HRS T3 A FIZE (8 A HOBCR M 4300 e 1.2
f5(P=0.08) Ml 1.1 4%(P=0.08) 15t HRS Al LA
B - UL T g R R 28 A AN HE (T 3)

F 2. BERREST HRS XM & E iR A= A LLFMmAS K ERIF M (n=16)
Table 2. The effect of intraperitoneal injection of HRS on body weight, ratio of liver weight and body weight,

and plasma lipid levels in golden hamsters(n=16)

! WFiE/g  HERH/% TC/ ( mmol/L) HDLC/(mmol/L)  LDLC/( mmol/L) TG/ ( mmol/L)
CD 1616 3.320.4 3.020.6 2.420.3 1.420.5 2.1%1.5
HFD 202+12° 5.5+0.5" 7.5+1.4° 2.020.3 5.6+1.3" 6.7+1.6"°
HFD+HRS 185+11" 5.0£0.3 5.7+1.4" 3.2+0.7° 3.8+1.7" 4.7+2.4

H:a y P<0.01,5 CD 41 1L# ;b i P<0.05,¢ i P<0.01, 5 HFD 4 Ib%,
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Figure 2. The effect of HRS on the levels of hepatic lipids, oxidative stress and
inflammatory factors in golden hamsters(n=7 ~8)
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Figure 3. The effect of HRS on cholesterol efflux efficiency in vivo(n=6 ~8)
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