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Evaluation of the combined effects of salazosul phapyridine, predonizolone and sodium ferrous citrate on neutrophil
functions

INTRODUCTION: We previously investigated the effects of sodium ferrous citrate (SFC) on neutrophils in
vitro, and revealed that SFC inhibited neutrophil functions such as superoxide production and chemotaxis.
Salazosulphapyridine (SASP) and predonizolone (PSL) are widely used for treatment of ulcerative colitis
(UC). In this study, we evaluated the actions of SASP or PSL on the functions of neutrophils. Moreover, we
evaluated the combined effects of SASP or PSL and SFC on neutrophil functions.

METHODS: Neutrophils were incubated with SASP or PSL in the absence or presence of SFC. For deter-
mination of superoxide production, neutrophils were further stimulated with phorbol myristate acetate (PMA),
complement-opsonized zymosan (OPZ) or N-formyl-menthionyl-leucyl-phenylalamine (fMLP). The superox-
ide production was measured on the basis of superoxide dismutase-inhibitable cytochrome c. Neutrophil
migration was measured by a Boyden chamber assay using zymosan-activated serum (C5a) as a chemotac-
tic factor. To examine the expression of CD11b and CD62L, neutrophils were stimulated with fMLP, and then
incubated with phycoerythrin-labeled anti-CD11b and FITC-labeled anti-CD62L monoclonal antibodies, and
the expression of CD11b and CD62L were analyzed by flow cytometry.

RESULTS: SASP dose-dependently inhibited the superoxide production induced by all stimuli examined,
whereas, PSL did not affect the superoxide production. SASP and PSL inhibited chemotaxis toward C5a in a
dose-dependent fashion. Furthermore, SASP and PSL inhibited the fMLP-induced up-regulation of CD11b
and down-regulation of CD62L. Interestingly, the combinats on the SASP or PSL and SFC exerted the strong
inhibitory actions on the superoxide production and neutrophil migration compared with SASP and PSL alone.

CONCLUSIONS: The present observations suggest that the combined administration of SASP or PSL with
SFC may have a potential to reduce mucosal injury by suppressing neutrophil functions in UC.
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BV K %% (Ulcerative Colitis; UC) I KBk %218 L
LITLIET S AREE TS 5 G B RAESE RS T
Hb. ZTOERIZOWTIIME LW E 2 £ oA
T, EREORE R EPEEGTLLEZLNTVDTS,
RIZICHBELRERICOWTIEHH I LTV w, 72, 4f
FRERZ & B S B IEEER R AW R O AL & |2 B 5
LTWwaEbEbRTnaY,

BUE UC DIBFIZB W T
ridine (SASP), Predonizolone (PSL) 2S{A3E D HMI 72 o
TV 528, FEBORIY T, 1S, WIEES L
CEBHIIED OISR ZHEME R L, SHF & Lo
UCTHBEE L B SN AER S HziF 5 b, bhvbih
1%, LA 2 = U g 55 —4#)k (Sodium ferrous citrate; SFC) D

[l

I Mesalazine, Salazosulphapy-

FRERREREIT K 2 B D\ CIRES L, SFC AR
dEERE, WA COUPIREERE & IR 5 2 212X

PURIERN R FEHE T 5 2 L RS 21T L 722, E 512, SFC
& Mesalazine & O FHRIERIZDOWT & #5F L, Mesalazine
ERIMANT G R R AR BCRE, WEERE & & DU ERBRRE &
HHlTFrZEdbhoizd,

Z 2 THEbb b, in vitrolZ BT, SASP, PSLIC
X éﬂqﬂfji@(ﬁlékﬁﬁ SRR, G, HAE T OFRBIL ED
PREEIC T T RE LT L, T 72 SFC &L OfEHRIEIC
b\f’é/&b’éffﬁaﬂ“ L7.

&
NEE

Sodium ferrous citrate (T —44) (% 0.025N HCI |25 f#
LM L7:. Salazosulphapyridine (ZZ 7 =)V 7 7 —~ —
7 7 4 ¥'—) i3 dimethyl sulfoxide (DMSO) (Z¥&f#E LA L
7-. Predonizolone (V% / ) 3= % / — )V CEfE LHiH
L7, ferricytochrome ¢, phorbol myristate scetate (PMA),
zymosan A, N-formyl-menthionyl-leucyl-phenylalanine
(fMLP), superoxide dismutase (SOD) (33X "C Sigma 7 & i
AL7-.
2)4FRER D Bt

A7+ —LFarty PCTHELZELNEE
A#%%W%WL%@&%«AU/Tfﬁ@L
Polymorphprep™ (Nycomed Pharma AS, Oslo, Norway) (2
IR ERE BB L 72, 2 612, RIS TRA Lfb\%i?
M3k % BE2: L, phosphate-buffered saline (PBS: 137 mM
NaCl, 2.7 mM KCl, 8.1 mM Na2HPOs4, 1.5 mM KH2PO4, PH
7.4) TUHHE L, 2 x 107cells/ml ([ZFHHE L7z, HEEL 724
IR % May/Grunwald/Giemsa = 4+t L C, #iE X HE L 72 &
2%, 98% UL EOMIKA I HERTH 2 Z Ehbr o7z,
) AFRERIEMEEE R E B REDBITE

FAET 2 L Sodium ferrous citrate & DOPE AR IZ D W T ORE!

I BRI (1 x 109/ml) (2 SASP & 5 W\ Z PSL % 0.01
mM, 0.05mM, 0.1 mM & 72 % £ 912z, 72 SASPIER
TNEE I ISVAERE T 5 0.1%DMSO %, PSL IETRINER I3
BTHDH01%LY / —VEMZT. & 5IZSFCHATIE,
ZFNENIZSFC & S pg/ml &5 X)) ITREMLZ. 2L
T, 37C, 104 AR L 724, PMA (250 ng/ml), opsonized
zymosan (OPZ; fFH1ER & D HEEHT1:12) & %V IZMLP (%
FOREE 1.0 x 10M) TH-HERZ R L 72, BEA S 72iG
& e cytochochrome ciETCT: (spectrophotometer % > C
550 nm |2 BT BREEE % JI%E L, ferricytochrome ¢ D # T
Eﬁ\%%ﬁz‘éﬂt7\~/\~7ﬁﬂ? VNEEHT ) ICTHIE
L nmol/min/107cells DAL & L TR L2, B, A—I3—
T F T AR IR E 0ETER L.

OPZ 13 zymosan A (8 mg/ml) & & M LiE% 37°C, 304
B &4, zymosan JEAI % PBS Tiei L CIRHEL L 72,

4)hF AR ERBE TE BB BRI TE

WEERT & L CTHERR T C5a % H > Boyden chamber i
(2 &0 e R e L7z,

Boyden chamber (% 3 x m @ millipore filter T43-[j & 1172 I
T2oME 2 F oM EMERE TH L. TEITITEER T
& LT C5a% & ¥ zymosan activated serum % 1 2. 72. £ 7,
ESICE, R ERIRE T (3.3 x 10%ml) % 0.01 mM, 0.05
mM, 0.1 mM SASP & %\ PSL % SFC (1 yxg/ml) DFFFE
T FE2IFFAETT37C, 2000 MRIR L 72 DNz 72, %
LT, 37C, 2050 PRI L 7%, 7 1 V& — %[, G
L, WFpEkhsiEd L7 BEE 1 7 0 vy —H 72 ) 20 1
e L, Pl % e e Le.

Zymosan activated serum |& zymosan A (8 mg/ml) & & b
1% % 37°C, 30 5rHRUn S E/ER L 7.

SIFHhHDEES FREDAE

v M4l 100 112 SASP & % 2 (E PSL % 0.01 mM, 0.1

mM, 0.5 mM & 75 X9z, F7/2SASP &N Zw

Control IZIZABTH 5 0.1%DMSO %, PSL Z Nz 7\
Control IZIX A TH 50.1% 1% J = VvaeminL7z., L

T20%0 [, 37CHRIR L 722, tMLP (l#&iEL 10'M) T 15
S, 37TCHIB L 72, &AL S L7247 P ER IS Phycoerythrin
THERE L 72P1CD11bPiik (eBioscience) & FITC THERE L 72
PT CD62L HLfK (eBioscience) & 30 43, K TRIE &+,
70 —% 4 § A h1) — (FACScan, Becton Dickinson) T
FeuhE & llE L7z, 7 — % 13 Cell Quest software (Becton
Dickinson) T4#7 L, CD11b35 £ FCD62L D FE I & % mean
fluorescence intensity (MFI) CIHERRT L 7.
6)fEETALEE

5 N7-HER1E, mean £ SD T/RL72. ANOVA %
fR5E L7z, WEIZIE U T Dunnet's multiple range test %
vV, p<0.05DTFEAEED Y LHE L.
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1 FHEROEEBREEICHT BSASPESFCH
B

1FHIRIC PMA (A; n=9), OPZ(B; n=6), fMLP(C;n=10) #{E

B +¥, SASP BiMi%5E (@) & SFC AR (O;5 ug/ml)

DX—IN—FFS FEEICRITTHELRET L /-.*p<0.05,

**p < 0.01.

w R
1) PP ERE B R A R RERITE
)SASP #% 5.2 & 5 X —/N—F % ¥ NERBENDFE

PMA FIBIZ BT, HUME, SFC (5 pg/ml) PRARETIE
SASPASFNZ310.05 mM, 0.0l mM & V) EikETA— /58—
T ¥ FEREZFEICIH L 72 (p<0.05) (E1A).

OPZ 2 BT, BB CTIZSASPAT0.05 mM & V) &
REETA—N—=FF ¥ FAEREZFEEIHH L7 (p<0.01).
F 72, SECHEHEETD SASPA0.1 mM TR — 83— F
N2 A BEICHH L7z (p<0.01)(K1B).

fMLPHIEIC B\ T, HMEE, SFCHEHTE DM T SASP
730.05mM & V) EEEEC A —S—F F 3 FEKEZAZIH

X2 47 hERDLEFEREIC KIT §SASP, PSLESFCOFE
WA D TH 3 Cha e eERF & L THY, IFREROBEE
BEICRIZH SASP (A; n=4) 3 LU PSL (B; n=5) NEE %48
5T L 7. SASP &% % \\ I3 PSL (D Bi¥EE (@), SFCHAEE (O;
1 pg/ml). **p<0.01.

HlL72 (p<0.0)(E1C).

F72, TXCOFRRKIIB T, HMEE, SFCHFHTED M
ZIE SEC 12 & ) A= 58— F ¥ FARITPIH S 5 )
W2 o728, BRLREZRDLN->7-.
iPSLIESIC L B R —/IN—F %3 RERBENDFE

PMA, OPZ, fMLP W N OFFIZB W T, HhEE,
SECHf FIBE DAL T, PSLO A — /8 —F F 3 FAEFADE
BEIFRO & N7 % > 72 (data not shown).
2)aF Bz ERE D BITE
)SASP % 5.1 & D lEFEREN DFLE

SASP ([ HUHEE, SFCHERTEO VT IICE VT O AR
FHNCEF R ER DB ERE 2 HIH T A2 MEAICH Y, TEFN
0.01 mM, 0.05 mM & V) il B CH IR 2 #IHI L 72
(p<0.01). 72, SFECLDPFAHICL Y, S5 IZHEEREITHD
il S, BT, SFCHHBEOMICIIAEERAEITFEDO LN
72 (p<0.01)(X2A).
i)PSLIEEIC & D WEERENDFE

PSL I HUMEE, SECHEHAEED W IIZ BT b AR
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X3 #ZEESTFCD11bDHEIRICKIFTSASP, PSLD
B

1FhIk % IMLP TRIB U BRI A 5 N BHEEDF CD11b D
ZEIRIERAIC KR IT T SASP (A,B), PSL (C,D) DELE % HIHE
UM CD1bifAz AW T7O—H%1 b4 U —THEIE
L 7=. Control I3 SASP DA T % % 0.1%DMSO, L < I
PSL@?@Z&’(%%’QI';‘!/—)b’&bﬂit%@&??‘ Resting
EMLPEMAEWEDERT. T—2IEHKEKA[I & A CICR
L, Control % 100% & L, mean = SD % B (n=9), D (n=8)
IZRY. *p<0.01.

(ZBF R ER D WEFERE & BT 2 EIAICH D, 0.0l mM & )
EERE CA R IEERE T I L7 (p<0.01). F72, SFC
EOBEHIC LY, S HICHEERITEIH S A, HREE, SFC
BERBED BN IZA E AR ZENRD 5Tz (p<0.01) (X 2B).
FPHOEED FREDAIE

)iZEEDF CD11b DRIBADFE

SASP (£ 0.1 mM T fMLP F#{1C & % CD11b D ZEHiHE 5

EHBICHEHIL72 (p<0.0)(E3AB). 72, PSLIZ0.01

X4 #ZEDFCDE2LOFIEIZKITTSASP, PSLD
B

1FhER % IMLP TR L 7-FRIC & 5 h 2 1E5E 5 F CD62L D
down regulation (Z &% X9 SASP (A,B), PSL (C,D) D&&*%
HICAER LU - CDe2L Az LW T 70 —H A b X M —
THIE L 7=. Control |¥ SASP DA T % 3 0.1%DMSO, &
LLIEPSLDBETHZ IR/ —IVEMNAEZHDERT.
RestingldftMLPZMNA HEWVWbH D ERT. T — X IERKEHI £ A,
CIZ7/R L, Resting # 100% & L, mean£SD % B (n=8), D
(n=5) IZ7R¥. *p<0.01.

mM L ECEMLPHIELIC & A CD11b DI3SH 15 % A = (23]
# L7 (p<0.0D)(X3C,D).
i)EBEDF CD62L DHRIMADFIE
SASP (£0.1 mM 2L | T fMLP#fI#IC & % CD62L @ down
regulation % & B \ZHf] L 72 (p<0.01) (KI4A,B). F 72, PSL
13 0.1 mM LA T IMLP Hll#1Z & % CD62L @ down regula-
tion % A =2 L 72 (p<0.01) (K 4C,D).
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UC IR R RIEEE R TH D, TORIEICKED
BT BB S RE L 7oA AR & B RAERUEASEE G- % &
WHhNTWA, KIEDOHFLI R EE % R7- TP ERIE, %
E DI RZHIRE O FIFR % 38 1) SAEFAL A~ L, SEH
MIZBWTRYEEETHBIZ, A—/—FF T F, #fE
LAk, e Faxy I U0, REEERL & OGRS
AL A, SNOIEERRIIBREEE LA L, EARBHEE
HEICBWCTHBEREEZ R L TWAHD, @RI HEE S
NEEZORFTIIBNTHEEEETLLEbNTED,
UCIZ BT H A ERD & B & 02 15 1R 32 A3 R
M2 EET 2 EE 2 5N TWAH, FEES, TR %
BEOIMAFOHMERT, F 72 KR Al TRk &
HEREEDSTTE L, F o RBEHOMBETIEA — N —F F
F, #\EIbKkE, e FOXy I U0V, REEERHI AL
TWBEZEERBETLEHRETEN TS,

LLRT b b g, SECOUF kSRR I R I T T DWW\
THES L 722, ZOfER, SECIZHFhERD B % P L 7-.
EHIZ, A== F F T FAWE,F TdH A NADPH oxidase
DIGFHAL & 2 ORERIEEZ RIS 2 Z LI & ), iFhzEko
A—=X—=FF ¥ FEEEZIHT L 2 L25bhrorz. Tz,
bitbh, UCOEE % GHEIETDH 5 Mesalazine DI H
ERPSAEIC R IT T2 L SFC & OBEFRIEIZ OV THR L
723, FOFER, Mesalazine 13375 5+ (CD11b) D3EH =
g2 2 L&y, MENEHR~OEEZHH L, £
MCH &R 2HEELIHL, S HICA—IX—FF
N AR R A J 9 2 W REVEASE 2 7z, 72, SFC & Off
HIZBWTH A—=28=F ¥ FHER, #EE%2 & O hEREE
REIC BT, IR EREREE IR S s 2 L o%h
Motz 2T, A HUCDHZDMDIEIEIETH 5, SASP,
PSL DUfHHEREEFEIIHI D A F1 = X LD WTHE L 72,

SASPDIEMVERRFE T 2/EH & LT, L5 1E, SASP
I3 A—78—FF ¥ FIZH L 0.025 mM ~ 0.1 mM DJEE T
HEfRFNICEREHE R L EHME L TnD, T2,
Williams 5 (&, SASPIZ A —/8—F F 3 FIZx4 A7EFEE
HIZRBO o7z MELTBY Y, ZOEMAKTIIHS
P EN TR, BRI S X, EMEGREEE IZ SASP
4gk BRI G L 72355402, i I i B2 5470.05 mM
IET L EME LTV AL, Z2C, Allbibilg, 0.01
mM ~ 0.1 mM @ SASP & CHEER % 4T > 7245, SASPIZ Y
NTORI BVTHFHER A — /85— F F 3 FER Z EEK
FRIZHIHI L7, SoERL D, SASPIFFE SN TWS
A== F X FHFERZT TR G ERZFOD DR
Hild5EE25N, Z0O7OHEMKNIIBWT S IGHTHEREE
A BHE L, PLSEMEH BT 2 Ll SN,

PSLOBT L8y 3 v Z7ERHIE, VY Y —LEDORE

b, BB BTETCHEDOIIH 2 EOMWFIC L WIS, 20
EPICHIEER, JL7 LIV — VB, P R oI 72
EOFEMERZH LTV 5 IHHERREA RIS T 2 H1H%)
BB L TlE, Nelson 5%, PSL 2% 1.0 mM ~ 6.0 mM D
BT, FN51301mM~1mMOEET?, 72, &
HS5IF1.0mMELEDOEETHO A —8—F %+ FIEEEH
RRELTWAD, EZAD, MHEEIIBVWT, £55
I, PSL 60 mg % H[AIFEITH55- L 7235612, Sl i i
%30.0012 mM IZ3ET 5 L5 L TV 59, F 72, Norrow
51&PSL 1250 mg % AR5 L 7235612, 2RI
RS EE AN 0.0l mMISET S EHELTWAEY, Z
T, bbbk, 0.0l mM~ 0.1mM @ PSL & T
FEEREAT 0 72205, $RTORFU BV TUHHERA — /38—
F U FIHIRIRIIR S hdh oz, TNSORKERE LY, PSL
FAERRICBWTIEA— 8= F F 3 N2 LIRS 1
RO, ZOMOERIC L D PIRER R L2 HHET 5 L Eb
nrz.
PHEDBNIZ, SIEHD S REOWERT-2EE SN,
AR TS &) IR ERIE SRR I R A 5 . R LY
IHIFAREE 4 B X 2§ X — 28— F % 3 FIdIFREkoiEE
REEEI L, S SICHIMERD MAENENOEE T IET &
EZoNTnRHe, F71- B\ LKREICEL Y CSadsE L
LT EDPHEINTVE®, 4], ZDCSax L7z
Bkt ERE 12DV T SASP, PSL OAEH % 0.01 mM ~ 0.1 mM
DRETHF L72E 25, £H12001mM & 0 BERA
[ZHFhER DB E R BT B 2 L Db o, T 70, Bk
FFIZBWT, fHERD & L 7 F 45 F (CD62L) Dshedding
(down-regulation) ¥ 7213XCD11b%2 ED A ¥ T 7 > D5 I
Iz &0, HhEkDSrolling R L 2285, #FIICKIE
HALIRE T 59, 22T, 40, b FEkoibEE O E
JFa 5% 72912,CD11b & CD2LDOSEHLIZ D\ TSASP,
PSL D& % #at L7z, SASP, PSL (0.01 mM ~ 0.1 mM)
IE 5 & IREMRKFRIZ CD62L @ down regulation &
CD11b OFEHEm A IH L7z, ko Z L2056, SASP,
PSLIZ, fFhEkOEAE S T2 HHT 52 212X, IFhER
O P L, R L U TR 2 58T 5 L& 2
bNs, F72, M34DCDT/RL7ZL DT, PSLAY0.5 mM
DEEFIZBWTEEIZCDLb D5EHL L CD62L @ down
regulation % I L 722 & 124} LT, SASP ([X3,4 D AB)
AT40 ~ 60% LHIHI L o7z 2 &0 5, EikED PSL
(0.5 mM) (ZSASP & ) 5 < ff Bk Dtk & [HE S 5 ] REME
DR Sz,
DUONOLFIOWZEL D, 1~ 10 pg/ml @ SFC I3 fH
EROMWEVER AR, Wk 7 & O hEREERE 2 014 5 =
LA X W PIRIERD R A ISR 5 2 L DS P o TV B2,
ZFZT, A= 8—F %2 FERAEIZE LTI SFC i
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5 pgml, BEEREICE L CIXSFCIEREE L pgml 2L,
SASP, PSL & OISR IC DV THE L 7-. SASPHLMEE
LWL, SFCHEHIBETIZA — %—F F ¥ FAERAHIH
ENAEADFRO Sz, S 512, SASP, PSL HME &
L, SFCBERIBECIEIF P ek BRI A EICHRI S
7o, IS OFER LY, PSLIZITFHERDEEERE, T 72 SASP
VTIE R A e & R IH LT, SFC & ARINM A
HERET 2 L&z 6N EBROERRIZBWTD, FEIR
BRI G4 5 2 I X D IEROYEEZ RO DL S
ENLITLIEA LI, SR INS OVEHE I L 72720
ElEbLNEG,

4-lal, SASP, PSL DU REREEREIC T T 3B 2 M) L
7-. SASP I KR ICITF T ERD A — /8 —F F 2 N
PN L7z, F72, SASP, PSLIZ, #4551 DI % il
52 EICX D IFREROBEER T A 2 EEI LN
72. E 512, SFC & D FIZHB T, PSLIZEEERE, SASP
WXIEEERZ AR & R % SFC & HINMYICHET A 2 &
Dhoholz. 2O X HIZ, SASPIZLLHIHET L 72 Mesalazine
EFREICSFCE D ICBW TR R A2 5IE T 5 2 L a%h
Moz, L7zh55 T, SASP, PSLIZUCIZx L Cif MR
B B\ GEERE Z T 5 2 &2 X ) PLAERDR & 5
T DRI Z 26N, E512, SECEHHTAZ LI
L0, SR PMRIEREDE E B TREMEARIZ S 7.
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58, 2006.
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