B0 298 & 37 2019; 56: 826-835

PR ZHEmPIENIC BT S
2 AWNE~ 7 a7 »—Y D5rkafl & B

PR SRR WEFERI

Bl PIERZ R  KWAk B 1
FERIK /=0 A RHOE

®Es

B EFE Web

B R ZMAM»SORENICE TS Y207 » =000k s 7 OREEREET 5 2 &%
HHgE Lz, 707 7 =2 O EBENZOWTERZMERINTE TV~ 7 2% N0 Chat
L, TN AR~ 7 07 7 — Y aiEM LT 5 NK-4 O 8 % L figh L7z,

ik 4BEOMEME BALB/c v 7 212 S BB R Z &k (LID) %5 %, $RZHEEMOFET
& B /NERYEAR A EMERIMERO MBI Z R LTz R CeFEofikt 2@kl (ND) RL, &
26 DEIEZAE L7z ND NOYE 2 & ERFICHMfENE R~ 707 7 — 2 2 iEM kT 5 NK4
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A | IR TV AR 6,010 — 6,010 —
(S AN~ 365 — 365 —
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MEPE BALB/c ¥ 7 2 32 IE% HAZ L 7" B

%%J
R

i,

RefE] (7:00 ~ 19:00) OEREE N, @HEE (CE-2,
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BEER (ND)

ND (Control)

ND + NK-4
(100 ug/kg/day)
ND + NK-4
(500 ug/kg/day)

B1 A7y a—

DREWD, T—Y RSk Lic, Rz
Ya— VIER1IZR LT,

3 NK-4

NK-4 (27 1) 7 b3 7 = 0.A.1, l-ethyl-4-
[(1Z,3E,5E)-1- (1-ethylquinolin-1-ium-4-yl)-5-
(1-ethylquinolin-4-ylidene) penta-1,3-dien-3-yl]
quinolin-1-ium; iodide, PubChem CID: 5489539,
2) 1%, G CRE L 22 o KA AL %,
0.5 WvHDHIVAEFT X F)Vt)ba—Z (CMC)
VR CHRAIRRE 100 & L < W& 500 pg/mL & 725 X5
IR L, 1 mL/kg - REZOENHRFT52&T
RO, WE T 2R Lz, ND BB KO LID - %t
FEEEIZIE, 0.5 w/vo% D CMC IR & R AR ISR 10 %
5 U7,
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HIE L7z,

FRIMEREL, ARMERY A X, @R MmERE, Rk
mEY A 21, 70—H% A k4 —%— (FCM;
GALLIOUS/Beckman Coulter) % W CHRIE L 7=,
PUgEEAI M % 0.1% 7 2 IMETIVT I VER Y
v IRAEE AR P AR K (BSA/PBS) C 500 SRR L,
FERARMERPE DD T 7 ) D d L vy GRIEE
0.05p¢g/mL) Z¥MN, ERENEFME, #O6L CEiR
T30 0 BHiE LU Jze R C M BR B B o) P R e
£ — X (Flow-Count™ £ #& K7 ¥, #7547053,
Beckman Coulter) Z¥#hn L, BE#E L — 2 1000 &
ZXS B AR ERIE 7 ORI SR kB %, Z D
N FL2 [5PEM  o0 E & 2 MR R R B & U TR
U7co F7-iEELE (FS) osiEE XMl A X
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IR L T\ D78, ZOHEIC KV & Md Ok E
it L7z,

My 7 = VF el FIRRRFICEREL 72 i O
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ZXkY, NTT g ud, YA EERL, N
b)Yy oy v Egie (Nv) o
V—ik), @AV Ry v 7 (PAS) Btz i L
Olympus BX50 35 & ¢F Olympus cellSens % {#i H L
CTHEERY, BGEMT 21T >7 XY VTR,
AL —=VIEE, FLTFREL TBE L, il
e DRIRE % EDTA Bk U 7=1%/NF 7 4~
A, AT RFU ) e Y vGE A L CEIE
U7z MRS TRAET 2 BEGR ZF 5k o 4l i g,
Olympus cellSens % i\ 7z BH{EARITIC X O Jetah: &
KX (HK) Ty, —EEEFTPOF 7Y 27 b
BahF ke U,

6 FCM ZRAWEROD~ I 07 7 — iR

THELEEE VA R LA F— (A v



70 #m, Corning Inc.) Z H W ok L 7= a2z
AWz, 5% 7 IR IMEEH T IV y a2 A —
7 )V RE M C RIS 2 P IS B L, D B
(1,000 rpm, 4°C, 5%r) L7, EExTBREL,
yiA (168 mM NH.Cl, 10 mM KHCOs, EDTA -+
2Na 1 mM, pH 7.3) 600uL % KNtk #HE (=
i, 499 U CORMERZ M Bz, KIGEIED7-
B2 EED (=) Ny 7 ZPEIRERE A, &
D8 (1,000 rpm, 4°C, 5%) HBIZ BB EL
Too MIBITEFE 23491 % 10° cells/mL & 725 X D 12
0.1% BSA/PBS # ¥R L, B0 R e 2 i 8L L
7oo WM A UK 96 /X 7 L — I (Thermo
Fisher Scientific) 1Z 10 L 9295 L, 2 fERED
Purified rat anti-mouse CD16/CD32 (#553142, BD
Biosciences) Z 10uL#isinl, 4 V%2 X— 3
YL (B, 59), i, Fifgi~ror » —
DEHI PR D 7 TV H L < & M1/M2 3 bt 4
HITNE20pL ML, 4 VFaX—2 3L
7o (F, 309, BRMi~ 7 07 7 — D7
R$itk s 7 7 Vi, Pt CD11b (M1/70) -Alexa 488
i fk (#53-0112-82, Thermo Fisher Scientific, #&
e 12.5ug/mL), ¥i F4/80-PE itk (#123110,
BioLegend Inc., &£ 0.5¢g/mL), #L VCAMI-
APC $ifk (#105718, BioLegend Inc., #&J2FE 1.25
pg/mL) ZiRE L CHB L 72, M1/M2 Sl Hiik
7127 T IV, BT CD86-Alexad88 Hi 1A (#105018,
BioLegend Inc., # J& & 5u¢g/mL), $i F4/80-PE
pufk, Pt CD206-APC bt f& (#141708, BioLegend
Inc., ¥IEE 1.250g/mL) #EAE L CTHEL /-,
KPR 7 7 IV, 0.1% BSA/PBS % 200 1L
Lo EE (1,500 rpm, 54%), LiEBRZE
I 500 £ L @ 0.1% BSA/PBS Tl fd % f&38 L,
FCM MIFEIZ U7z, WM D F4/80 M b %
F4/80", VCAM1*, CDI11b" flfa % R84~ 7 o
7y —UHK (%), F4/80", CD86" fifiaa M1 Bl
Bk (%), F4/80°, CD206 " #l i % M2 Al i K
(%) ELTCxEhZEhEH LT,

7 fRETERIT

NFZ X M)y 7T & LTNDREE LID B 2
FEHEZI Student’s t #%E, LID (FHFR) BExdh s 4
5 4 BEOHEIZ1E Dunnett's BUE A IV, @K 5
NERiGEFEEEDY & Lz, 2TOMMRITII,
SPSS (ver. 25, HAT A « E— +« TA() Z#{HH
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L7z
n # R

1 #$RZEBMETILYD ZDMESR
4585 LID 7 8 MEIER I ¥/~ ~ 2 (12
W) oM R 310xR Uz, BRI %@
U CRIMERE OB B/ E R oNed - 7208, ~
EZ v b VEIEXND R 18.7+£0.5 g/dL IZ % L,
LID # 11.7+0.3 g/dL & H EIZ{K(E (p<0.01)
L7z (B3(@@), X512, LID o MCH 3%
LA LT (B3(@) Z&Enb, SRz
A I OFFET b B /RS (B Rk O HBLAVR
Sh, mgEsk (B30) &K OIR ik 5 10
(B3() bW THZDHBIZHER LIz, JRiiEk
BAEOIRETH D8R RIMERE, LID BEC ND BEIC
HEXREBFIZHEML CWERNNEETH S -
(B3 (a)(c), ARk BRI i IZ WH % e 2213
BHENIE 5Tz (T—9 KIBH)

2 HRZHEEMmMA S OEEIRFO MRS
12 BE OPR ZWEE I E TV~ 7 212 % Uk
% ND IZ 9% 2, NK-4 (100 & L < 1% 500 2 g/kg/
day) % 2EMEORG Lz ED~EZ O VE
DR ZFR2IZR LI, 28HONDEBEIUIZKED
LID - XflBEEDO~NE 7 o ¥ VEIdtk 2 2L
14.0 HE T3 15403 g/dLIZEL =D DD, K
RELTNDREE (16.4+0.1 g/dL) XV EEICIK
Mo lce TIICK L NK-4 500 ng/kg/day % #5-L
TZRETCIE, 13.6 HERLABEC~E 7 0 E VAL LID
SRR RIS, 14.0 BTl 16.3
+0.3 g/dL & ND BEEFEFELTHE L, 2ZILRD
Sy (WAG ISy

ARIMEREL, ARIMERY 4 X, MCH, SRR MmEREL
&, BRI, NK-4 #5102 X 2820
HHENTED -T2,

3 FRETEEX(CXT D NK-4 DHE

AR TIRFOME 7 =) F rExB4@IZRL
720 ND BEIZHARTN o LID BEDIE 7 = 1) F >~
E|IIEICAD 72 <, EPEFEERIIEE L Tt -
72o NKAFGIZXBIMET =) F vEOFEE
IIBH NI > T2H D0, EEENRD -7,
R BEAL R EEA D)V ) v T ) —BEPEER (s
NEVTY V) OEGETRERZE 4 0)ICR U,
)V VT —IGERERLIE, ND BECIIRIEEEIC
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@A~EJOEME FRIMBRE, MCH, #RFRMERLLE (LIDEF :n =23, ND& :n=8)

SER AR B
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el
I
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LID ND LID ND LID ND LID ND

(b) LID 8% & U° ND B DR 2 M&E

LID ND

Bar =5¢m

() FRIMIRF & CHRFRMIRDOKIE S (LID B : n =23, ND#H :n=18)

) ZARNIINEE . IR AR M ER
0 @ LID 0 -
20 4 Q -O- ND . LID
30 % -O- ND
s S
o 207 o 207
10 10 -
0 0
3 12 Mgk K ZHEAIME 7V~ 7 X O MKFAIRAR
% <R o, LIDFETHEEAZRD S (R 5(a) o R E s T 0 A oD B il il 7 J) B 0 1
N9, NK-A4 55 OFED Ieh -7, LID FECHBOBRFERERM S RO, g L 7c
4 [EiES L UEHORERRFMEIE PRIRREIC 5D B ARZFERDEI 2 K 5 (0)ITR L 7,

JEE D RLRE OB ZE TIE W TN OBET & AR FRRIZ B O ARFERIEE AR5 IR L. WH
RIMEREFER LI~ 707y =Y HE I, EBHITNKA FHIZXK > TN AHEINGED 5N
5L PAStEZ /R LTz 2 2 CTHRMELD PAS Btk 2o MU R Y v THERTEEHICIY 707 7 —V%
~ru7y—UEFHIY S &, LID BT ND B & L ETHRFEREN RSN, NK4AHKERH T~
DI HEANAEN TN EEEX ) - 7z 07y — Y RMTRFROEMOSHER I N
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®2 PRZHEAMOEEMRIZSTSENEZOE A (g/dL) OHR
B 12.3 12.6 13.0 13.3 13.6 14.0
LID + 0 | 11.3+0.3 122405 14.0+£05 14.9+0.3 14.2+0.2 15.4 £ 0.3
NK-4 100 | 11.1+0.4 12.1+0.4 13.7+£0.3 14.9+0.2 14.5+0.2 16.1+0.2
(ug/kg/day) | 500 | 11.4 +0.4 12.5+0.7 13.5+0.3 14.5+0.4 14.7+0.2%* 16.3+0.3*
ND 17.840.4%% | 17.840.4%% | 17.5+0.3%* | 18.0+£0.4%* | 17.1+0.1** | 16.4+0.1%

R, FE £ EHERE TR L (h=7~8, *p<0.05, **p<0.01 vs LID - XfHAEE)
@MmFE7zVF>E (n=7~8) (b) BREEAREE TN F DRILY > T I —BERIGEHE (n = 4)

400+ » <0.01 LID - XA ND - %I
~, 3501 ; l Zsﬁ

] 0.01
E 300 sz | 7T ]
& PR Lo
£ 950 \ i
A = 1 31
2001 NPy
" 1501 ¢ B
O] == e 2
&2 1001 0 100 500 ND
g 50 NK-4 (ug/kg/day)
LID
0 100 500 ND
NK-4 (ng/kg/day)
LID
4 1458~ ™ 212 BT B Wk
(B 5(c)), DRI E FDEEN TSN T D80, Y IAH

5 g~ 07 7—20FCM

ARIMER DA I D M~ 707 v —
(F4/80", VCAMI1-, CD11b"; K 6(a) D&,
ND #9.0=1.0%IZxf L LID - XIE#EEC 12.4 £1.2
% EBFICHEML CWi=d DD, NKA4 K5 D
MBI ON -7 (K6b), Mg~ o
77—y DML (F4/80*, CD86*) & M2 (F4/80°,
CD206") Dirfftxa i s e (R7(@@), MILIX&ARE
30 ~ 40% FEEE CTH MBI FHE S NK4 512X 5
Bz onikr-7= (B70)., —H, M2IZ
ND B 15.3+1.1%izxt L, LID - XHE#E20.2+ 1.1
% ERFREIREMNAABNT-, X612, NK-4 OS5
FEIZIG T M2 O 4138 L, LID - NK-4 500
pg/kg/day B 5-BETIE 25.0 £ 1.1% & LID - xHREE
WCHAREBEICHEML Tz (B7(c)

m =*= =
B EIERORIMEKEAICEbS Y707 v —Y

ATk ZFLELL, Mii~vrorr—v
% fi#HT U 7=, Kobayashi & D kY IZHE U CHhE~
7 ZIZ LID Z 468 LRIk 2 Mg S 95 2 &
T, /NERMEEEEM RO E B % 4 58K Z
METNVEWZ 8 EBI TR T 52 ENTE L, ¥
7 20 BRI/ ST A — 7 DA DWW B E MEIR
BRONT, R OIS OREMBOTF L7
HRERBIZERN AN - EEz 6N,
F 72, ARBRIIR A B e R BRI A X FR D B
T, RIMEIC X 2 2B MFE & X R VR,
IZANEZ B B VAN UK ZIREDHELT LT,
BALB/c ¥ 7 Z DR IMLERFF a3 43 H EiEr S
TWA"Y Z b, LID MEGBEIICEE I
T 1B TR IR VX EABRBALG 20 1 7 AI3EA L
v, RERPIOSTEEIZEA LIz IEF ARk o gk
ERPARPERERIC X > THlibI %728, FEEOFK Z
WX LID A3 R 1 P AU ERE T BELEEXS
Nico FERMITIREEDHETT T D RBRR Z R IME T
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@BIAVRES v T (PAS) BHE~YI 0T 7—20  (b) BREOKRIFERIEHRCER L IcRREIZERLIEG]
(A L7 RFREERTRLL) LRSS UERD
FREFHRE (AT PF VY e IFDUREB, n=4)

.r ; -

RENBEGRS LUZOHK
(A; PASBEME~/0 77—, n=4)
- - =

O 1

Bar = 10 g m

30+ A 3,000 p <0.01
= p = 0.051
1\ 25 600+ 2,500 B
oo & 500 @, ﬂ
D20 ! I = 2,000 E
B 15l x = N 21,5001
N 300 ~
> i B = & 9007 &= o
4 104 = 200{ [ @ # 1,000+
EN S IS p < 0.05
2 54 1004 500
Q-‘ — — —

0 100 500 ND
NK-4
(ug/kg/day)
LID

(c) LID - x{888% & LID - NK-4 %58 (500 ¢ g/kg/day) DREEED KRN LRIFERESSE

M¢: RFRBEHERT I /AT 77— ; FLTERE)

LID - % fE

A

Bar =50 ¢ m

L R R —] L R R —]
0 100 500 ND 0 100 500 ND

NK-4 NK-4
(ug/kg/day) (ug/kg/day)
LID LID

LID - NK-4 % 5-8¢
(500 pg/kg/day)

f
o

5 14 8in~ 7 2O K OVE B O MR 23

Wi, —fkise b OBRRZHERA I EBLLL -2
RETINVENWZ B,

PR ZHWEIMNET V<7 2125 L, ND % 2 8
G52 ORREREZRT &, ~NEZ O VMEDFERH
eERIEERS 5N DD EICIZEEE T, 1
7 ) FrEB X ORI ESE L KL FEH
P iZiF E A ERIRE L Thieh 57z SRRZHE
MOEELHTIE, PIHIC~NEZ O VSO KR

IZHADEL, fth TERNEFEEE DIEIC# % a3 5
W, KRB TIEANEZ o VRIEG» KN
sk EAEBE LIz Ex bz, v 71
77—V EIEMEAL T B NK-4 % 2 ERkST L CRED
BT HE, ~NEZOL VEORBEIIEEXN, %
FEFEEECHELZZEND, Y2707 7—UH
NEZ O AEREIZEES 5 Z EARRI N,
Sl DR Tld NK-4 #2512 X D (R gk O [al 1
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(a) FREGBE~Y 2 07 7 — (F4/801M, VCAM1+t, CD11bl) D&z
2T A= —ERA NI S LICEITZEHH] (ND )

109

gating

10"

F4/80 =y
g

(b) 14 B~ ABEROREEE~ I/ 0T 7 —OK

(n=7~8)
10° = 254
D1 pz N =X
: gL =
10 Xr7u7y—v 1\ 201 |
; - N 154 [
iy e | o
- -3:-;\. }: ~ 10
m"-?m TREL LA g% 54
; 2
- RS

0

"100 500 ND |
NK-4 (ug/kg/day)

LID

6 148~ ZOMIKIZE TR~ 2707 v — 2 DK

50+

Do w >~
=] =] ]
L L I

F4/807CD86 ™ cells (%)
=

(]

(b) M1 (F4/80%, CD86%) & (n = 7~8)

M1

T

0 100

T T 1

500 ND

NK-4 (ug/kg/day)

LID

(c) M2 (F4/80%, CD206%) & (n = 7~8)

F4/80T7CD2067 cells (%)

(a) M1 (F4/80h, CD86%) # LT M2 (F4/80F, CD206%) DXFE7:
2INT A= —ERA NI LICETREHE] (ND B

M2
35+
$ < 0.01
304
251

. & =
|

» < 0.01

J

0 T T
0 100 500

NK-4 (ug/kg/day)

T

LID

ND

1

7 148~ ZOMEIZE 5 M1, M2 DX

WD 5720, NK-4IZ~NEZ Ol JfED
MEx RH T\, ME7 =) F &S NKA4 5
THEEENRDH DL DDIEENABNDLZ LD, &
IR & i 5001 NK-4 138 o a1 % & (et

ERAEIL: S VA SR

MR Cld, i LID BECARIMERZ B L 7z AR %
BilCftdAa~r7u07y—UnR6NLEEHIZ,
FCM f##ricBs Wb LID BEOREH~ 27 a7 » —
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UHOEMLTEY, BiEEIC R~ a7 7 —
UHREET B Z AR NIz, B [EE I o AR
~ru7y—ol, BRZTCIEHNM LRk T &
BL, ZOPFERMIKEAICH > EHEIND
2, NK-A4 F5IZX 5~ 27 07 v —2 Ol
WEARBNTED T2, ~NEZ o MEDEE
hRBEE~ 2707 > =25 LaEnEEZ BN
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Abstract

Objectives: The purpose of this study was to evaluate the polarization and the roles of macrophages
during the recovery phase of iron deficiency anemia in mice. In addition, the effect of NK-4, which is
known to activate reticuloendothelial macrophages, was examined on the recovery from iron

deficiency anemia.

Methods: Four-week-old female BALB/c mice were given low iron diet (LID) for 8 weeks to induce
the appearance of microcytic hypochromic erythrocytes, which is a feature of low iron deficiency
anemia. Then, they were given normal diet (ND) for two weeks to recover from anemia. Some mice
were orally administered NK-4 (100 or 500 ¢ g/kg/day) during the recovery phase. After 10 weeks,
they were hematologically and histopathologically examined. The population of splenic macrophages

were analyzed by flow cytometry.

Results: The hemoglobin levels in the LID (control) group were gradually increased after switching
to ND, but they did not reach the levels of ND group of mice in two weeks. Administration of NK-4
(500 g/kg/day) promoted the increase in the hemoglobin levels, and finally the levels were
recovered to comparable levels of the ND group of mice. Both the ratios of red pulp macrophages
(F4/80", VCAM1*, CD11b") and alternatively activated macrophages (M2; F4/80°, CD206%) to the
total splenic macrophages (F4/80%) were increased in every group of mice during the anemia
recovery phase. Especially, the increase in the population of M2 macrophages was significantly

promoted by NK-4 administration.

Conclusion: We found that the increase in the M2 macrophage population contributed to recovery
from iron deficiency anemia. Furthermore, our study indicated that NK-4 promoted the recovery from
anemia through increasing the M2 macrophage population.
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