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Effects of Intermittent Fasting on Splenic Galectin-3 Protein
Expression in High-fat Diet-fed Mice
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Abstract : Non-alcoholic fatty liver disease (NAFLD) causes the increase of splenic macrophages. Galectin-3

plays an important role in the phagocytosis of macrophages. However, the role of splenic galectin-3 in NAFLD

remains unclear. This study determines the effects of intermittent fasting (IF) on splenic galectin-3 protein
expression in high-fat diet (HFD)-fed mice. Mice were fed an HFD for 30 weeks and then either continued on the
HED or subjected to IF for the last 22 weeks. IF led to the reduction of spleen weight and attenuated NAFLD in
HFD-fed mice. In particular, total splenic iron concentration was decreased in HFD-fed mice compared to ND-

fed mice. However, IF reversed the total iron level. Increased splenic galectin-3 expression in HFD-fed mice was

significantly attenuated by IF. HFD + IF-fed mice had fewer galectin-3-positive macrophages in the spleen than

those of HFD-fed mice. These findings indicate that IF can improve galectin-3-mediated phagocytosis in mice

with NAFLD.
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ohH1]. M2 EAYATS A S (simple steato-
sis), H| € Z-&A 97+ (NASH), 7H3 3+ (hepatic cirrho-
sis) = X3H ¢ UTh[2-4]. HEZSAGHE S HY
3ol thFet S w5, 53, HYZSAEHE
3 Ao Al YollA AFEA Al EFH (cytokine)E©]
Z7FstaL Zraol disl FeFstrt(6]. vl &AW
WL E B, A EW] Lo & % 11]740}*
&5 sk H[A (spleen)] E}“‘?} HSHE doxlnh(7

HIGFZA A ALY oF 20%00| A H1He] 2717 %‘
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Fig. 1. Effects of intermittent fasting on NAFLD in HFD-fed mice. Representative images of H&E staining of hepatic sections. The high-
ly magnified images in the black boxes within the upper panels are shown in the lower panels. Scale bars, 100 um. ND; normal diet, NIF;
ND + intermittent fasting (IF), HFD; high-fat diet, HIF; HFD + IF, CV; central vein.

7vsto] HA- A}, ol dEt HIA F7F EH&A
off 59 F4ol Uehdth(8). stAITE H|E A S A A S
O 2 Qg v Hejg el Wt gt Hegt 7
A2 A YA P

Z-eEl-3 (galectin-3) Y HH-S-(immune response), &
% (inflammation), Al| XA} (apoptosis) 52 thoFst A
RGN Fazt QTS df= T YFTOE NER
Holu Al Zujoll A EAgTH9]. E3 ZEE-32 i
(cerebrum)), A% (heart), ©| A} (pancreas)| A= WA 4&
HA]qt, ¥ (lung), H]A (spleen), $] (stomach), A% (colon)
A= EA L@HT(10]. §3], Z2Y¥d-32 B|gAESA|
WA Bl e ALE A QIrH(11-13]. HE
FEAR7HAS ShAo) v A ZE™-39] =27} 7}
Sk, Bl g AR AR A PS FZIgTH[14]. whatA,
ZEe- 3= B YRS AGHAS e AHat Agat v o
g7 de) a3 9 & Ao iHch

H| Tk (obesity) T A2E T H (type2 diabetes mellitus)
of gt k= A7 o= AAETH HFA gt (caloric
restriction) T 2% HEFL ZAA2A 7|1 A&TAFA
(insulin resistance)2 7HAA|ZITh FEAHE AN EF
AghE DA A o] Fo ob/ob®} dbldb AYF A BIER
SARATE AT 15,16). @FAITS HHsH=
=419 oF 60~70%F EULEN AT AdedATE=
oA, b2 gEAR dHoR Ad=E HAS o

A
>3

_—

7+ A 4] (intermittent fasting, IF)= B¢ T X272 3}
LA,

oleit ATNAE e B AToIAE Ao
43 v LA A7 REAN B ELo] o] B
WApe 271 R A A (ron) 5= 2 3eh
o 92 vA=AE Stz ok £ AF43
= "I F7|HEket v oA W E = A d-3TA A
o} vl e A A R Helsl o] $a% 4TS o
S 9loT el Ho| 2US BY MLTSALRLY
o WoFR A AR ATE AART}

o

Mz WU
1. 43888

338 C57BL/6 =3 AFE Zotd (Heul=, BE)9
A TStk A (18T n=10)8 47502 g
th AP EL 60% Z 28 XA 0] (high-fat diet, HFD,
Research Diets Inc, New Brunswick, NJ, USA)E 305+ &
b AFAH T 2AFA o] - A (HIF) 85 53 1L
Aol S 3 F TAAIE 2% S AU A4
3} Aol wtEsIY T 272 A4 0] (normal diet,
ND) EE BaHalo] A NIFE A= AT Ao]
2 walylth RE AL 470 sASAt AFE
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Fig. 2. Effects of intermittent fasting on the weight of the spleen in HFD-fed mice. (A) Spleen weight, (B) Representative images of spleen.
Scale bar, 1 cm. (C) H&E staining of splenic sections. Scale bar, 100 um. Significance was determined by two-way ANOVA. *P<0.05,
**P <0.005, ***P <0.0005. ND; normal diet, NIF; ND + intermittent fasting (IF), HFD; high-fat diet, HIF; HFD + IF, WP; white pulp, RP;
red pulp.
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RE FRATS AARYYNE FEATAYIY 52

7] 9199 3] (GNU-170116-M0022) 9] 4912 2kt
g#aE AAS BFEEE utEAUL oAl

(H&E, Abcam, Cambridge, MA, USA) 84& 3 & BX51

=101 4 o 3] 1slalod
A FE Zoletil (20 mg/kg, Virbac Laboratories, Carros, @m|73 (Olympus, Tokyo, Japan)y& AHE-3k] Al Z18keHR

France)d Rompun (5 mg/kg, Bayer, Bayer Korea, Re- &L
public of Korea) 22 ulF 3ttt 223H4 EAS 3, 4. 2=

A (@ET n=4)°] 0.1 M AAFA 8] 4] F4 (phos-

phate-buffered saline, PBS)®]l 4% T}2}Z 29| 3] = (para-
formaldehyde, PFA)E H4AS F3f #Ftct. 74 v
A& 4% PFAC] 4°CollA 12A17F F<F F7F 1A
IRE 2 YR GdIPTY ALAE AX mhta

gtk o] AAH H|AEHE Perls Prussian blue (Iron
Stain Kit, Abcam)Z @A}t d GAE &gol=t
BX51 333 du]% (Olympus)>& A3}ttt F7F=
Y5 HAe & 34 5= H 24 7| E(MAKO025, Sigma-
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Fig. 3. Effects of intermittent fasting on total iron levels in the spleen of HFD-fed mice. (A) Representative images of Perls Prussian blue
staining in splenic sections. Scale bar, 50 um. (B) Total iron concentration in the spleens of ND-, NIF-, HFD-, and HIF-fed mice. Signifi-
cance was determined by two-way ANOVA. *P <0.05, **P <0.005, ***P <0.0005. ND; normal diet, NIF; ND + intermittent fasting (IF),
HFD; high-fat diet, HIF; HFD + IF, WP; white pulp, RP; red pulp.

Aldrich, St. Louis, MO, USA)E AHg-3ke] A|zALe] 2134 6. IO ST A

ol wrer St mtetlo] AAH vFAEARS ALoA 1A7F B 5%

R A g & FA L 2 E-33A (Santa
Cruz Biotechnology)@} THAINZ o} Q1 F4/803+4| (Santa
Cruz Biotechnology)E Z}Z} 1:1002.2 3]X3te] F A9
ol 4ocol s Fb Mg At olAFAL Alexa
Fluor 488- = 594-H3 &% 223442 A wH-8-38k3d
o, HL 4, 6-totu]| T e-2-H 4 2l & (DAPI, Invitrogen,
Carlsbad, CA, USA)E thx gM3lqc. £gtolt =
VectaMount (Vector Laboratories)S AF&5}o] 2k} 1
BX51-DSU @1]7 (Olympus)& AHE-3to] ti& o|n|X|&
Atk TEIL A (x400)2] 100 % 100 pm” HH A 2
del-39} F4/80 A7} Ao B H= hAAZ 5
E4ste] af == #ASHT

5. JIAEERZE M (western blot analysis)

duld 2285 99, 9% B (AEY n=6 ZEH|
obAl 9 EAEA] AA ZtH| B ZE T-PER §-3)
$+2 N (Thermo Fisher Scientific, Carlsbad, CA, USA)o{| A
2315kt @A %= bicinchoninic acid (BCA) &
A (Thermo Fisher Scientific)& AFH&3le] A3}t U2}
A= 2 E-334 (sc-23938, Santa Cruz Biotechnology,
CA, USAYE 1:10000.2 343k 4°Co] sh2ul Eof
S A AT p-Acting B $E& EEI] 93 2
B HEERE AHESHATH Z3te skehdg 7] 4 (Pierce,
Rockford, IL, USA)S AFg-3lo] ©hild wic & AHE35 4,
3Fahahg-S LAS-4000 ] (Fujifilm, Tokyo, Japan)S At
8ot B4t F=A &40l Multi-Gauge V 3.0
olu|x] &4 =2 I (Fujifilm)S AHESHATEH SAEAL PRISM 7.0 (GraphPad Software Inc., San
Diego, CA, USA)S AME-3t4 T B E A&EE Shapiro-
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Fig. 4. Effects of intermittent fasting on splenic galectin-3 protein expression in HFD-fed mice. (A) Western blot analysis and quantifica-
tion of galectin-3 protein in splenic lysates. 3-Actin was used as a loading control. (B) Representative galectin-3 (green) and F4/80 (red)
staining of splenic sections. Scale bars, 50 um (10 pm in white box). (C) Co-localized galectin-3 and F4/80-positive cells were counted and
analyzed in four-five fields (100 X 100 p,mz). Significance was determined by two-way ANOVA. *P<0.05, **P <0.005, ***P <0.0005.
ND; normal diet, NIF; ND + intermittent fasting (IF), HFD; high-fat diet, HIF; HFD + IF, WP; white pulp, RP; red pulp.
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Wilks AA-& o] &3t A4 (normality)S TEsto] o]
BAELA (two-way ANOVA)S AXSHAT, 187 2o
Tukey®] AF$ (post hoc) HHAEE ARSI & 3t
Yt £ P FELAH(SEM)E EAISHT. {28
E((P-3)ol 005HT 22 H9E oju|dt Ao 4
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1. ZHEA | 2l T X|HA0] WFe| HIYIS XU
Zzete| s

WA 7F@ o] 7Izke] mAAold] 23 wAE
SIEAYEES HaATI=AE U] st
SutE AT} o e o2 UL sict LA o] Fol
RBF e A ZU A B2 *«l Xl
o] T4
HFAlo
HAS

/\]—M 1)

-2 (lipid droplet)S

B4 AHANE PAEY AE] 30
P23 A BASITHFi. 1. 3440 Ex
A4 A AE R A A gEHo] B

N F¥ ox

dAL o] o3t v YT A YA HAaTE uf
2 HARA Y] wistel WAL (white pulp, WP)Z}
47 (red pulp, RP)9] Z2Z8+2¢] W3S FHelsluxz}
ok A o] A Ex A4 HEE 4] AHY H|
A9 ztel= Y (Fig. 2A). SHARE TAF2j0] A
Fo] vFFAE A0l AFET A3 wol F7tst
93\_9_\::1 7]—@1-1/\101] 9,]6]] Eﬂ]fs}-x—l o=z 7L_’:\—54°4‘:]'(Fig

2A). HEA QL v SAAR A = vGTA S H3tet
UX|3FSATH(Fig. 2B). YRE2A|3H] o= wiald
I} A& o] HestA FEEo] HEEHU AT 1
A A o] 9} 11]‘1'“—101 EEA AT RFoA WAL
*PO]%Z_M AN &- 0] F7bo] Yol As wEstAAT

FAAQA Zol= ¢lth(Fig. 20).

S

A2 o] Tt H HEFE AAsI= FH 7|HL
2 w35 FET2EE A (iron)2 ALFH 404?‘&4
Perls Prussian blue §A A= FA4] o] == HAH4 o] 7+

B4 47 e HugAolN the] sl Fo) @
#E it (Fig. 3). AW DAFHo] Ex TP el
AL vg&e] HASYAE ol 4F) HgR
o4& ol Ho| WAEAG 0|8 FAsy] $iste ¥l
FzAUe AR de| sEE 235t 440l A4
of vl & wf LAAle] AH Hge] A SET} g
SFAX T TR o] T A oAM= BAFLRE F935)
A Z7tEe AL A5 At (Fig. 3B).

E
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TAEA ] BH HZ 7”%1 34—‘1%‘@%
7V, ZFaA Ao o gags FASHAT(Fig.
4A). A4 0] Zrd Ao ot dEE-39] Mste wi
A odokth. ZEE-32 dAFEE ste AN ZAA
A, wEbA g A4z e] EAA9 F4/806P1119} H=
of ZAYIFAE ol &t o|FUAFFUE +HHA
T} (Fig. 4B). A& o] F4/804] Td twﬁli—%%
22 Ao FdE = ZYE-3ZA 0] DA o] A
FolA wo] A=A SpAIT AAFA o] ZHAH 4 A
A AASAoAE B2 59 23 QA 27T HHas
At (Fig. 4C). /4] oleh A4 o] TAEA AH M=
WEEHE AESo] Ul

<

o #

Aol A= vigte] oJgh B A YHATS 7H
§H7P v, By A = Za, e a Z4EE-3
T MY F7HE BYou EEAE B3 ol
gt uake] Fefsha wstEgt op el Zed-3 g A o]
%’iElL A& SPoHh webi £ AFZTe 90
o ® 1 9373 2 HAd7S5S st ujAe 7%
% ‘ﬂi}% H|ghah 22 EH*P(‘EM Hej e & wakeh 9

wok ohUje} B EAE B A
ShAl F0% U T AL

R8

A BALE AN
Fgat v W)y
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gt
ge AALBAL AP os Adge} X ¥,
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A% Belo] Qi Moz Fholch nekA 7kwt u]A Afole]
el 4 @ thate] thalA Be dAFEe] wusm 9
7). Ml EA YA ] Qi Aol A w7
24} ol u g vlma) 2 ) AAkle] vl

7} —7}4@1
s gadn. AFHIZEICDHE ST T HZAY
o] H| &S ool LA LA YHASY] NYPA=E T

wel7|E St EEATNAE AFoIA 1257 Fot 27
B ngs AFsHE wEe A A SIHITHI1S].
°1i'13P Ao Byl El 57]0] 271w o] WA
S7He 9ug 4= i, S E Y (portal hyperten-
swnH Z7lo] wWE wFRu o 2712 z#E 4 ot
[19]. & A7 A= F7He Hlg —4 7
3 AaEio oL HYgIA A
gt o]2HA AxZ Yzt
v g ojilets YA G dRoln w3tEA
U o)l o @ A, HEF 2 Gk AAS: o
HS Pt vhd Ao S F =228 AT
3] ol o H HE 7 oA EHJEM JuIFz

N
A7k 2R 9
Zage] A4l

"ot de A" %Q‘ﬂ Nz2-& E‘iﬂé:ﬁa ‘?_}E—t—fﬂ A& 5]
o, JEF2H FAL AT (bilirubin) 22 HEEH
ot & Ao Aol Aot HwFE wf A4
o] ¢ v ALY Ho| AaFHYT AA v
ol d =rn ZHAEQLH AW nAHHAo] 71 A AL
Aol n vlus & o &4As] AL =HA FARE
AR o] AFET FosHA FrHES & o Uk A7
7+ A RA o] Aol &gt vgte g BIAAA AdE
T = F7FskAL o] 2 g Af&-gol ¢t HoRN 23
A& F3Ae S/ vEd Aes A7 EY
Ak @352 withe] Anrt HEEH A, ol ¢ AFA
A o] B9 vZ A Ao &g AHE 9
AlgtAgo] 7Kgt 23S AT (8] S7HE o
ANz AEF AFAEE FAAF 2 vy HAA 2

%“éi} E}@—i?(monocyte)«] H"%— A3t ot A
ZF7HE A Az 9

i

i)

¥
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fr

£ 7143 Aol glrke A7ATIE YeH19]. 54

o Z
832 AtE dFZnE ZEE 35427 28" A
FHoA 25|y AR7te] == FHHE([20.21], o2 AT

M= 23] Atsta AEHAE gaAg ez ARzt

™Al 2|5t H|Z Z=IEI-30| HEE 215
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I HARss %*Zﬂ/\lﬁt}—é
252 29937t & l
29 APA}AHL UrE}uE*
Atte Aoz AR 2
Aepalofof gt H|gFEAFZE
7t ZFE Ao o3 Fadrhe=
ZhA & AFolH = HZelA Y
st Bl WHEL AU 3AZL BALA R
ths A& A Fo| JHE ), A& A= A
29} 7FA & 7| H 3 (dendritic cell)o| A BRE| 31, w2022
AL THZLe} BHI LA HTh10]. & &

= A7) 2ol o] HMaRU ] ZEE.3 AN ES} T
Zu2lo] A v Aol A 2715t A ek, 1% J@‘ o] 7+dd

4 ARAAE Be 49 2934 ZIt Fase. 4
Apalolah AAAlel ZHEAA AR WEEA ot
oh.meba B A7dats 2AgAele] o8 S7hE W
e EE AR F7t2 2937 Sk A
2 B 4 glon, o8 2L B oY 4 vk

=
A2 o2, 2 A= HdIZSAE ] o) v
Htj7} ol g A FFe TRl it ¥R oldE A
Pste M2 BdS RoAEn AR, 305 5 A4
o] Fof Blgt Aol A Bl ti7}t fEEn. =4, 12 d
A2 B G ZAYE Y AR byt Bl 2

o FAE AT v ge 2 dd A2 vy A
TEE S7MZIA AN A e ZEE-3E

SA w2 ddse AN 22 Asd
29| AR B EISA AR A ERt ofy

v 7ol 8% 48E ¢ Ao Jdd
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