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Impact of iron deposition on liver proton density fat fraction in
non-alcoholic steatohepatitis rabbit models
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2.Siemens Digital Medical Technology [ Shanghail Co., Lid. Chengdu Branch, Chengdu 610095, China)

[ Abstract] Objective To establish rabbit non-alcoholic steatohepatitis (NASH) model. and to observe the impact of
iron deposition on liver proton density fat fraction (PDFF). Methods Seventy New Zealand white rabbits were randomly
divided into simple high-fat group (group A, n=35) and high-fat combined iron group (group B, n=35), then those in
group B were further divided into 7 subgroups (each n=5). NASH models were established through simply feeding with
high-fat feed in group A, or combined with injecting iron dextran solution (containing 100 mg/ml iron) 1, 2, 3, 4, 8, 12
and 16 ml, respectively. MRI and pathological examinations were performed, and the correlation between PDFF measured
with MRI and fat fraction (FF) measured with pathology was analyzed. Results After modeling, the survival rates of
rabbits in group A and B was 91.43% and 74.29%, respectively, with modeling time of (7.27+1.01) and (5.07+
1.27) weeks, respectively. In group B, with the increase of the iron content injection, the liver signal on MRI gradually
decreased, and the gallbladder and large blood vessels became not clear, the goodness of fit scores of 1 and 2 ml subgroups
were both <C5% , while of the other 5 subgroups were ==5%. PDFF was correlated with FF in 1 and 2 ml subgroups (r=
0.961, 0.893; P=0.039, 0.041). Conclusion The increased liver iron deposition could impact the accuracy of MRI
measurement of PDFF in rabbit NASH models.

[ Keywords] rabbits; non-alcoholic fatty liver disease; adipose tissue; iron; magnetic resonance imaging

DOI: 10. 13929/j. issn. 1672-8475. 2024. 04. 010

BRIUARA XS BB A5 1 BE A M BT K SR AR B BT BiE
iR F % B BE B 53 B B9 52 I

XA, H A R G L KEFLHE T
L1 )0k B2 2 e B i 12 B il 5 B, DU I B 78 6370005 2. P4 171 F 30T By B C R
A7 BRN B AR 4> 7] U1 AR 610095 ]

(# ZE] B g SRR P AR D7 Ve T 28 (NASHD BERY , WL 5 Bk T B 0 I E BT 5 %% B 1 17 43 8 (PDEF ) A 3% 1
FiE W70 HE G 2L R A RBEPL S A IR (A A, n=35) B i IR A U A (B n=35): B B4 M 1.2,
3.4.8.12 5 16 mIk 7AW 4L B4 5 o 47 A 21 LA B ARDEHRI 3% L % B 4L LA i B AR R 37 01 248 T 2 i Bk e S A e
P 2% 73 T (5 2% 100 mg/mD) , 357 NASH R ; 47 MRT K% B 2% K5 A% L 3 F MR T iUl PDFF 5 3 5555 2 90 5 1
ITECCFFOMAR G . &R ABISS N A B G A7 2240 500 91. 43% FI 74,2950 R AT 43 531 Ry (7.27£1.0D)
FAM5. 071,27 8 o B AL W41 b Bl I S8k & 38, MIRT 8 7 JF U 175 5% 307 ok 6% IR 28 R A I A% (s K3 ok

(B2 B ] BRIGKRELLRHEET A I T EB M 20231875,

[E—EH] XBL998—), & BN AE B+ o BF 58 J5 ] A= 2 W 5 CT \MRIA AYRYT . E-mail: liuzhu202103@163.com
[BISMEE ] A58 . I AC B 22 Be B 15 Be il 59 Bl L 637000, E-mail: duyong@nsme.edu.cn

[Wfs BHA] 2024-01-12 [f&[E A #A ] 2024-03-01



E A A AR 5167 2% 2024 4F 55 2145 %5 430 Chin J Interv Imaging Ther, 2024, Vol 21, No 4

- 233 -

1K 2 mliF 204 & 10 B 0 B0 <5 % HEAR & W =>5%, H AL 1 K 2 ml 41 PDFF 5 FF ¢ (r=0. 961.0. 893, P=
0.039.0.041) . £5it  NASH BRI G JF Wk 2 TR Ik 52 g MRTI & B PDEF B o 6 14 .

[REIM ] s AEWORTPENR AT s BRAT 412
[FESZES] R575.1; R445.2 [ THEFRIRAD] A

Ak W # v fg W5 ¥ B 9% (nonalcoholic fatty liver

disease, NAFLD)J& % UL PEFF 9 - v 20 o 50 4 4 iR
i . dE W K M BE W ME B %2 (non-alcoholic
NASHD . i & fb K& JH 4 M %
(hepatocellular carcinoma, HCC)"'. NASH #7255,
S 2 I A M A5 T A TR il NASH i i i) B
BHEZ—, ARG Z £ X 2k TR B 52
Do T F A5 R 0 25 R R . ARG T % NASH
R, DLW &k 0 AR R MIRT RS I AT JUE i 7 B0
SN o
1 MelEARE
1.1 SEsesh¥y MR e =2 R A4 70 2, il
b = 2 B B 8 B B oh 9 A B b o R RV R E
SYXK (JI[)2018-0761, 6 H #& , & i & 2. 5~3. 0 kg.
AW 5 25 B 2h P 40 B 23 5% 45 o A IR oE (10 B 3h ) A
(20237068 5).
1.2 # AR K ARBENL S Al S IR A (A 4 n=
35) 5 IR B AR (B4 . n=35) . FKE B4 1.
2.3.4.8. 12 X 16 ml L 744, 415 H . XA H
ali LA ey B 1k (83 94 f A Al kL + 1096 #E i +5 %6 1
Bl 296 0RO 4] 3705 X B4l DA i A 4 R 3R L OF
28 H- G Jikoor #5201 43 5 e 1.2.3.4.8.12.16 ml
A4 e A IF 2% % W (B Bk 100 mg/mD) . BERR 2 RiESH1
W(1.2.3 mIW2H ¥ 1R E ST 78 52, 4.8.12 ml L4
BEVCHE ST 2 m1, 16 ml W41 [T 5 AR I 4T 2 mlL 5 21k
W 3mD . T 4.6.8 8 M5 3.4.6.8 &4 7 %F
A B Z0AT MR 34 B WE 258 ) 36 A5 5 F R I MR ki £
J Kb B Zhy 1y B S U 2 A o A Ay o S 6 40 1] 43 G 1
IR R B R E VUK SRR IR (2242 2)°C
40%~60%"",

steatohepatitis,

B s mE IR AR
[XEHS]

1672-8475(2024)04-0232-05

Siemens Skyra 3. 0T i T4 MRAX . % il B H-Zx #5 ik
I 5 3% B H 40 1 mil/ kg 1A SRR B AR L o
DI EM R E T 5250 & b LN el s b 4 )
Aib T 8 i T g O T AR B2 B8l rhuts L AT T 1R B Il 4
LN A6 BE B PE AL K BB 43 B (T1 volume interpolated
breath-hold examination evaluation Dixon, T1-Vibe-e-
Dixon) T 18 B [u] 35 7% BP9 4 B B K i 20 85 (T 1
volume breath-hold
quantification Dixon, T1-Vibe-q-Dixon) T 18 B [\
2 BUN A6 B S RS W5 4l (T1 volume interpolated
breath-hold examination fat suppress, T1-Vibe-FS) .
T2 K43 B (T2-Dixon) J T2 2 fif HUin SR 42 80y Uk
PR [ JiE 119 (T2 half Fourier acquisition single-short
turbo spin echo, T2-Haste) 75 $14, 25 L # 1.
1.4 K1GAE RAMRILEW Syngo. Via B4 5
AT AR S BEAT B 0BT . 2 8 R R SE g N 45 HL
HA 104D ETARZ 5 1) 336 BRI T T1-Vibe-q-
Dixon [ 45 5 19 B8 Wi 43 %X (fat fraction, FE) &, F 435l
87N I SR R L e T T T R R 2 )R A 12
0.35 cm® iy ROT, I & JIF IE Fi ¥ % J& FF (proton
density FF, PDFF) ., B34~ 2 11 1 7 ¥ (B AE b 25
HREE 1 3 Az A 05 D0 B 3 BOTAl PDFF 0 (B A9 #E 5
PE . B<5% F M 2 PDFF MER R & . =5% &
WA PR
L5 JRHEALERmA K MREAME RG. U
Philips 16 HEIE CT HL K 51 T % 4% LA EL 8 20G 28 il
TR EE 28 W IEBUIFH 255 . TR I MR K £ 5 Ak gt
B B0, 5~1.0 e’ FFZH 2 . ¢ 2 44 3 38 1 Ui 4 Sy,
WL%E HE Je (0 L 3% & -3 03 A 5 Ol D AT IE FE

2 Wi NASH b« O JFF 48 g Big 105 42 =>5% ; O iF

interpolated examination

1.3 MR A KA AjfE A5k 12 he R AN PN DL 5V 20 IR 5 O A0 M AR AR AR P . AR
#1 HTERAERNMRITFI &S

MR ¥4 TE(ms) TR(ms) ZEE(mm) biEl 3 W9E(Hz)  FOV(mm)  FFA7REQK)
T1-Vibe-e-Dixon 1.25.2.48 4.06 2.0 195 320 1040 330X 406 2
T1-Vibe-q-Dixon 1.49.2.84.4.19.5.54.6.89.8. 24 9.95 2.0 111X 160 1080 157180 2
T1-Vibe-FS 1.51 3.65 2.0 176X 320 600 144210 2
T2-Dixon 89. 00 5970 3.0 235X 384 930 237X 330 2
T2-Haste 116. 00 1100 2.0 210X 384 723 148190 2




« 234 - P EA A AR 51677 2% 202448 55 214 55 41 Chin J Interv Imaging Ther, 2024, Vol 21,No 4

NASH Ilfi PRAFFE X 4% b 160K B8 105 IF 5 4 9% 0 2%
FF<6.9%; 1 9 . 6.9%~16.4%; 2 4 , 16.5% ~
23.5%33%%,>23.5%

1.6 Gib2a M R SPSS 26. 0 48T 40 1 4K .
Lot s 7R W L TE 28 20 A B9 3T VOB, 4L 18] 47 4 57 R
KK 56 . K 40 N AE 26 & 2 (intra-class correlation
coefficient, ICCOTPEAL 2 44 BE I IAE 19— ek, LL ICC>
0.75 N —8 4. LA Pearson #H & ¥4 0 #r v Ak 2% T
ME Dixon I ill PDFF 5 3% F 55 BL AT il FF A9 40 56 .
P<<0.05 2 RA Gt #E L.

2 R

2.1 ##7 NASH MR @ Rig5 fint, 3k 58 H A ff
T AVB AL A7 I R4 5 91, 43%(32/35) Fl 74. 29 %
(26/35);B2H 1.2.3.4.8.12 }2 16 ml .20 53 S 47 1% 4.
5.4.4.4.3 % 2 H o AZHASREE 8 BN E B AR,
IR D AR R I A DL IR 1 K AR R, o 2
SUUL TR IE J5y 3 20 4058 e 5 @A ) 24 (7. 27 £ 1. 0D Al &
B 255 6 J8 H BLIH R B B R U N R B AR R
B, ) & B 3 R B L 2 R 5 R
SR o AR A (5. 07 £ 1. 2D . A B4l
I RIE 25 G2 L (P>0.05).

2.2 MRI 2% B & PDFF ) — 8t i (ICC=
0.865). A4 MR ULIE #5555 5, JH 4 e Kl
% W on ¥ Wi, PDFF A 1.66%~29.43% . F #

D : B

(15.9847.28)% . B4 4 W20, Fifi v 5 8k & & 1
Ty JFHEIE MRTAF 5 322 8 0 A1 o B 38 K O il 45t 78 R0 5
1 K 2 ml 57 2 A9 B V5 VA3 S350 o 4005 A B2 43 B i <
5%, =3 ml & WH=5%;1 K% 2 ml W4 PDFF N
5.67%~22.62% F#4(13.6246.48) % (H A 54
HAEGT) . WE 1~4.,
2.3 RHALAFEKE AHALEBA 1 L2ml V4%
e T UL 40 A T S AR RRUG O, B 40 A L s 7
P K B I i i A1 A 20 6 w20 i R PR A IR I L IR S
JC Bl i 2 R I 2R DO R B AL LA W A S 0 I A
2 FEE P 14 T A L ASOIR IR B L SR X BT A X R
PR 1 IR L W /w2 B 2T A 4 U A S kv R
ARV . AR REFE0H 3 H 148
H.29014 H.3% 7 X, FF H2.74%~26.38% .3 F 1
(18.5946.2) % s BHRR NI M - BFE 0% 4 H 1%
11 H 2205 5 .36 H.FF k4.30%~30.90% . -4
(15.48+8.07) % . WK 1~4.
2.4 MXMESHT BAMLK2mlW4 PDFF 5 FF
A% (r=0.961.0. 893, P=0.039.0. 041) .
3 iFig

1 R S ST NASH 3 4 8 50 p AR 1% {H 45
SRR TR A ik R e N A 4 2N Bk i, R
AR UTRUAT S m IF AR5 AR AN TR v
B W % 41 (dextran sulfate sodium salt, DSS) + &

@] BUIE.

DTN

El1 BHImIWAHS A.T1-Vibe-e-Dixon[®l; B.FF Elx PDFF=10.27% ; C. {40 B R BIA R /3 %03.46% ; DE.HE 4L £5(D, X 400)

K s e (o (B, X 100 W B E /R FF=7.44% (B4 ROD

I2CY [ s . 2E.

B2 B#H2mllE4 it A.T1-Vibe-e-Dixon &l ; B.FF El/R PDFF=11.29%; C. L& KR L& U0 4% 2.64% ; D.E.HE Z: {4 (D, X
400) K&+ A (E, X 1000 R HLE R FF=16.72% (@& 5 ROD



E A A AR 5167 2% 2024 4F 55 2145 %5 430 Chin J Interv Imaging Ther, 2024, Vol 21, No 4 . 235 .

(SA]

- ‘
‘.
5 ey
5 Ll
et ‘
4 S5
s L i 3 'ﬂ
.'v 3 : o ' ; i S
[3C] (e ERA KIS S 3E

B3 BH3mlFH % A.T1-Vibe-e-Dixon &l ; B.FF B PDFF=6.15%; C. &0 BRS04 80 14.00% ; DVE.HE 4L {4,(D, X 400)

K g 0 (E. X 1005 B /R FF=14.02% (&4 ROD

B4 BH4mlFH% A.T1-Vibe-e-Dixon |8 ; B.FF K75 PDFF=22.62%; C. 44 1 5 18 75 304 18 i 43 %2 33.63% ; D E.HE ¢ {5, (D, X

400) K ¥ Ye (1 (E . X 100) 755 FLE /R FF=30.90% (@& A ROD

BE K& d 7 /N BUNASH B A, & 3 2. 5% DSS A Jiit
MRS NASH, i #5294 2 8 (0 AGE F T i 52
Jo 38 B 0% BT B NASH . 55 A 3500 b b Z€ K #y . Y
IRZE L D SR i 4 I R ST 7R 6 1% 5 Mg 2L (it 4L
JE R 30O BT S/ BUNASH A5 8B 4 8 L 25 58 o
iy T K i B A B S TE TR 7L Ry e A T i (H R R L i
B8], HL/IN BRAE AR R RE 7™ 3, s JORL T s o o 55 o B
T A ST N R Ak Ak B A, R ) RO 77,78 %
(49/63) . A5 38 b e B ) e ) 75 B e Bk O S A e
T2 YA A 7. NASH RS , it A% o [ 5 A 4 ], HL
JIT AR R A5 T KB NASH BFSE . A BF 5% 1
SE R R R B A A 2 FUG T JR 3 AL 2 o 2R
P~ AL B 5 5 B 41 3 B0 B 2 U 5 0
K B2 AT, T RE S NASH 3 e S BUT 68 4k 3 &
S

B £ 3 23 WF 55 5A S ME Dixon 5€ T A% B
B AN B R DRSS W) 5 (0 AT BF 52 K B0RT £F 4k A
BRUTAR ¥ RT 5% ) JHF J0E A I % o 5 47 F 22 55 100 D 181 AT g
FETREA R /N R DR AR BE AN TR . ARBF SR8 B 4%
Foe FEAR ORI 3G T 43R 7 WAL, R IAL 1} 2 m1E
ZH R W SR DL A A B <506, T H AR =3 ml
W =5% , MU A B 41 1.2 ml W 40 #4750 47 5
ZER R 1 M 2 mlW4H PDFF J5.67% ~22.62%, A
Y15 FFSRIEM G 3280 1 & 2 ml W41 MRTFT I g

BN Z BRUURREZ i, 17 4% 5> 220 MIRT T I A iy
TR Z TR .

Zg bR IE 45 B oon . NASH H 55 RS JF i 2k 1t
=300 mg ¥ 5% g MRl AT JiE PDEF /4 E 8 14 s {0
EN N S U N SRS ST Ve -

F @R AKELEFALAEFE,

A BT ak X AUAT R R I A 55 IR B Ae i B
F A AR KT B K RIS LB
B REFRFIIT AFTER XFH FALE,

(&% k]

(1] AR BE = 2 T 5 23 22 IR 05 T PR P T 2 20, v [ B O P 2
UG s PP 4 2 2 B3 2 ARSI R U M s B v 4 e (2018 T
BOLT) AL 15 B, 2018, 31(5) : 393-402,420.

(2] 2R, T8, A WRAE 4 ARTERS PR IR 107 PR 22 36 97 S A5 A fw)
PR A A JE LT )AL Tolk B4, 2023, 40(3) : 225-234.

[3] LV S, JIANG S, LIU S, et al. Noninvasive quantitative
detection methods of liver fat content in nonalcoholic fatty liver
disease[ J]. J Clin Transl Hepatol, 2018,6(2):217-221.

[4] HU F, YANG R, HUANG Z, et al. 3D multi-echo Dixon
technique for simultaneous assessment of liver steatosis and iron
overload in patients with chronic liver diseases: A feasibility study
[J]. Quant Imaging Med Surg, 2019,9(6):1014-1024.

[5] FRIEDRICH-RUST M, MULLER C, WINCKLER A, et al.
Assessment of liver fibrosis and steatosis in PBC with FibroScan,

MRI, MR-spectroscopy, and serum markers [J]. J Clin



[9]

[10]

236

P EA A AR 51677 2% 202448 55 214 55 41 Chin J Interv Imaging Ther, 2024, Vol 21,No 4

Gastroenterol, 2010,44(1):58-65.

LK, J e, BT, A MR S i H AR VP AL AT 2T 4 Ak Al RS 1 N
U5 5 B AF 7 LT ] o 6 B 2 58 4R 2 L 2022, 30(2) + 100-
105.

LLIB, FENG G L, FENG L, et al. Establishment of a rabbit liver
metastasis model by percutaneous puncture of the spleen and
implantation of the VX2 tumor strain under CT guidance [J]. Sci
Rep, 2023,13(1):2802.

TANG A, DESAI A, HAMILTON G, et al. Accuracy of MR
imaging-estimated proton density fat fraction for classification of
dichotomized histologic steatosis grades in nonalcoholic fatty liver
disease[ J]. Radiology, 2015,274(2):416-425.
ALSAQAL S, HOCKINGS P, AHLSTROM H, et al. The
combination of MR elastography and proton density fat fraction
improves diagnosis of nonalcoholic steatohepatitis [J]. J Magn
Reson Imaging, 2022,56(2):368-379.

VP ORI RTR S OMAECT RRfE R4l A  E A5k R
ROTJE BT Z AT 4k f 0 At 5 [T ] g 2% 92 2%, 2018, 33
(4):344-348.

[11]

[12]

[14]

[15]

[16]

Ti/INER R SE SRR S5 AR TIOR8 s T 5 /0N BURSE 2 g
Sz E S A 2, 2020, 36(16) :1925-1930.

WA, R AR A D R S ORE PR AR W5 YT % 3
PIBAVE S AFFE[ T ). P2 25 S I IR, 2023, 39(3) : 82-87.
B, T ST, A MR R A 819 5 B A Ik AN i 2ot
A DR E B3 T BT B LAY SE R T ST [ ] MO A 52 B L 2022,
37(8):928-933.

GRAT K, GRAT M, ROWINSKI O. Usefulness of different
imaging modalities in evaluation of patients with non-alcoholic
fatty liver disease[ J]. Biomedicines, 2020,8(9):298.

DI MARTION M, PACIFICO L, BEZZI M, et al. Comparison
of magnetic resonance spectroscopy, proton density fat fraction
and histological analysis in the quantification of liver steatosis in
children and adolescents [J]. World J Gastroenterol, 2016, 22
(39):8812-8819.

ZHAN C, OLSEN S, ZHANG H C, et al. Detection of hepatic
steatosis and iron content at 3 Tesla: Comparison of two-point
Dixon, quantitative multi-echo Dixon, and MR spectroscopy[J].

Abdom Radiol (NY), 2019,44(9):3040-3048.

TELERETERETERETERETERETERETERETERETERETERETERETERETERETETELETE UL RERETETETERETERETERETETETERETERETERETE RO RE TR TR

H L] 27 A 391 P55 e PR 141412 (2023 ilr )
WIR SR

— gy

o A R R R DY AR AR (2023 RO 7T 2023 4F 11 A iy op ERR S SCER TR T 5 b oo KAl o O A A
AR IR ) A AR A JE AR B E A -

1 M iE#(CIE):528.174;
B3l :1410;

#MmEF:1. 185;

ft 5] 0 EF 1. 01;
SEZMETF 1. 024;

B 545 : 0. 143,

A Ui A W N



