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v7uZA VRIS LBME L ST A NEERAD
fic in vivo, in vitro WX B\ TRER R RIEFHRIER 4B L
TWE I EBHISN TV A, Candida albicans (=%t ¥
LB LBAGEFHOLBE SN TV LY. IO U
BHREREXR T2z ) 201 v OEHH
LITELORFEFPHEALKECEBE2RILTWE I L
BEZONhE, Lel, ThB~v7074 FRIOED LD
BERED D> TREDODIE > - THTH %,
—kh, 27074 FRIOY A bH 4 v OEEICHT 2
BIeowTRIFEAERENN 2V, BEridz ) 207
128535, RNy AL Mg~ 2707 7
—Ihb6Df vy —u4Fr-1 (IL-1) L EBEEXRTF
(TNF) OEAHSHEET 2 2R LKLY, 12 in vitro
CBOTHLIL- 1 OEERHED 5 2 L 2 PHEBE L.
ZITinmvitro KBWTIY)RAORA Yy o2t ETE~
7074 FEDSEKWIMS EZARE» S DY A A A VOE
HBICEDEIBHART A 7ATHEL2EZDLDN, &5
WEDBFIZEDL D LD DM ERSTL 12,
I. M8 & H &
E A

Josamycin i3 I Z N B E B KX & H 0 5, eryth
romycin 3H&E ¥ 1 + v + 5 &, clarythromycin
RRIEMEGLASHLOME LRI, ZhsDFEM
3x% /=1 %7213 0.1 NHCI T5mg mlicEmL
7D 5, RPMI1640 (GIBCO Laboratories, Grand
Island, NY, USA) C&®4Y:xBE-HRTL I,
ouabain, H-7[1-(5-isoquinolinylsulfonyl) -2-meth-
ylpiperazine dihydrochloride], W-7[N- (6-amino-
hexyl) -5-chloro-1-naphthalenesulfonamide], poly-
myxin B, Escherichia coli-derived lipopolysacchar-
ide (LPS) it Sigma Chemical Co. (St Louis, MO,
USA) 5 AF L 7, v BRI (FCS) 13AX
WNAXTAMPSAFLL, HABZRE b F <A
¥¥—7zx0r (rHulFNy) 3EKAEZTEHERS
HrotEE22 371,

Y4 A4 DOEEFY

FERIEE THRELRABED S KELB5 LT,
KAGIM % FREL, Ficoll-Conray # (tLE 1.077 g/
ml) (CEEL T, HEEOETHEERIR Y S T,
ZHh % RPMI 1640+10% FCS iz ## L T, —&id

* AT HTIE X AT 81
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60 mm Petri dish iz 37°CT 2 ByfIMeE L 72, {8
MR 2 RPMI 1640 T# - TEr % L 7o #&, rubber
policeman T 1 & il }4 % 8 7z, a - naphtylacetate
esterase & naphtol- ASD-chloroacetate esterase
“HEPEEHT L, 8% LB wsu 7Y
Thd I EHBMRENT, 1~3¥10%/ml O BAZMAY
FRTEME L BREDO~ 7 054 FE % RPMI
1640+10% FCS 1oL THIR L 72, 24 5 5 48 1KF
Mt MBS & B R FLICIRD HL, —20°Cl 3RS
L7 MTT 7 v £ 1 i Denizot & @ / kT, 48K
MR & DML % H W TIT- 1219,

T4 IR

1x10°/ml OfTEMfa % —Fizz ) Rav4 v 1
ug/ml, F 7243 rHulFNy 300 U/ml & 3ti0 37°C 1 B
FIMRE L, RPMI 1640 Tk - 7%, —&0% 1 ug/ml
Y RAuwA i3 LPS & 23 i & 47 BRI
L7z

Y4 M4 OEERFE

HEMBEDO1IX10/m %Y Ra< Ay >]ug/
ml, LPS1 xg/ml, rHulFNy 300 U/ml, 1x10"°*M

<zuJ4 F&EloIL 1, TNF LR
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® ouabain, 3X1W0*Mob -7, 1X10*MDOW -7
7 I 3TCT 2 INIETR L o8k, RPMI 1640 T
gedr LT 22 KRR AR L 7,

YA HALDT vA Uk

IL-1a & IL 1 8 i3 KB A2 S, 2R
i} 72 assay kit = & v, sandwich enzyme immunoas-
say THIW U 7zo BE MR 1 7.8~5,000 pg/ml T &
5, TNFId AL AR b o L) 2RI 1
PT 050 EIA Kit o & D enzyme immunoassay TH#il
E L 7. BIERMIZT.25~232JRU/mI T H 5, 1
JRU/ml i3 0.33 ng » protein/ml i {24 ¥+ %5, IFNy
BHRD * v Mok b (Centocor, Malvern, FA,
USA), radioimmunoassay T Biomedical Labora-
tories \Z THIE L 72,

A MHAVEEDTTA I TR

1x10%/ml OfFEMAL %KY 2 £ >~ B 10 ug/ml,
Y RavA > 1ug/ml, %743 rtHulFNy 300 U/
ml & 3£12 37°C 1 RERME L, RPMI 1640 T > 7:
#®, ¥V IF>¥B3ug/ml, lug/mloxy) Ao~
¥ v % F2 43 10 ng/ml @ LPS & 23 b & 47 By ] 5% 9%

Table 1. Stimulatory effects of macrolides on the production of IL-1 a

Erythromycin

(ug/ml) 0 0.1 0.2 0.5 1 5 10 50
Exp. 1 550* ND§ 540 900 1,260 1,080 ND ND
2 164 ND 192 197 202 362 212 ND
3 245 312 262 280 294 234 ND ND
4 1,850 5,700 9,300 7,700 6,500 ND ND ND
5 1,060 ND 1,630 1,600 1,860 ND ND ND
6 1,900 ND 2,300 2,150 2,000 2,100 2,800 1,100
7 2,800 ND 3,800 2,950 ND 2,400 2,450 ND
Clarithromycin
Exp. 1 245 ND 284 246 217 245 ND ND
2 275 290 ND 360 235 195 ND ND
3 1,850 10,100 8.400 4,800 7.600 3,200 ND ND
4 720 ND 680 720 820 770 ND ND
5 185 ND 170 220 265 235 185 ND
Josamycin
Exp. 1 84 ND 108 66 125 330 600 ND
2 720 ND 810 590 815 930 1,050 1,070
3 1,400 ND 1,400 1,460 1,700 2,620 2,600 ND
4 1,060 ND 1,160 1,180 1,270 ND ND ND
5 185 ND 235 285 425 195 370 ND

1x10° ml adherent cells were incubated with the indicated concentrations for 24 h.

* IL-1a pg/ml . § not done.
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HA M AHA L DELBT

FTEMBEO1X108/ml 2 ) Ra~q > ]ug/
ml, ®Y 2%+ > B 10ug/ml, rHulFNy 300U/
ml, 1X10°*M ® ouabain, 3x10*M o -7, 1~
10°M D W-7 7 £ £ 312 37°CT 1 0 & 4 IRp 4] 55 %
#, RPMI 1640 T¥EHL THY 3 ¥ >~ B 3 ug/ml
3T 20 5 23 WEMARIHEL 7o, & 72, ouabain DM
BEE210*M»510°M T, H-7DWME%* 3x107*
Mps53-10"MET, W-TOHWEB %210 M» v
107"M g TELERTLEED L H IS 2RFMIBIREL
AN

II. # R

v2as4 FDHA bA4 v EERBIER

FAGIM P {5 M8 % RPMI 1640+10% FCS 2 i##
XRT, FMEOVI7OTA FFIE 24 BFEIZEL 7o
BREREIZ, D% D RBMEEEL EARCEREE
4RERICHERRZZLOD, TV RO~ Yy, 7
SVRAURAYy, YabeA vy IBERIKENKC
IL-la DELZRIEL 72 EEDEHBEIIZLD
BRI TR > T/ (Tablel), IL-1a ODE4ARIZ
2 AA ZHBEBICEKEL TE D, 4X108/mlAET
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LIk OE W TH o, 10, (THEMIAEL) RO
A vk AREEID S T2 HMIBE R LT, BEME W Y A
FAA Y EBIE L, FORRE, IL 1 OELIIER
8 h e 12 B I MAAE LD, k3D LT
(Fig. 1), &7, V2034 E77 ) AgvA4
2 v TNF OB~ B AL -5, £ ORI
RS9 <, LPSTEE N T THERIBHIICESE
SqlgL7: (Table2), g1, MTT 7 v &£A4i2&»
T, UVSERB LUK 7707 7 — JHMREAND
W AERE LT, 5~10x10°/ml O B £ fo i
1-10%/ml OIEFTEMAE LPS 1 ug/ml, & 65—
oIy RovA4yy, 7V AuRA Ly, YaY
24 D% Lug/ml OMEENMA T, 48 FME%
L, MTT 7 v ¥4 %21T-> 1, £ DR, {THMA,
EMBERO L 6T, MTT EtE i3 REKRFER
BF+2h, £-3%LLixror: (Fig. 3),

H4 M4 VEECHTET T4 I TR

&k % RPMI 1640+ 10% FCS+ polymyxin B
10 ug/mlefT, —&id, lug/mox) Ao<4
v, g7 AawA Y k3kiz37C 1 BfER
BLTH»S, gL TLPS & 23B5RIZ% T 5 -, &
sl rav, 2L THBEL AL,

7=k ot (Fig. 2)o IL-18 DEE WXL T IL-1 oFE4A 13gmL 7z (Table3), L7z:835 T, x
£ 10,0004 7 A
& 8,000} ’
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Fig. 1. Sequential analysis of the effect of macrolides on the production of
IL-1 .

2%x10%/ml adherent cells were incubated with clarithromycin (A:0,
0.5, 1ug/ml) or erythromycin (B:0, 0.5, 1, 2 4g/ml) for 4—8h.
Both A and B are representative cases of three experiments,

respectively .
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Fig. 2. Stimulatory effect of erythromycin on
the production of IL-1 a.
Representative case of three experiments:
1x10%/ml—4x10%/ml adherent cells were
incubated with medium alone (0—0), 1 ug/
ml(@—®), 2 ug/ml(a—a), 10 ug/ml(0—0)
erythromycin.
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Fig. 3. Influence of macrolides on the proliferative activity of lym-

phocytes and monocytes.

A:5x10°/ml adherent cells ware incubated with 1 xg/ml LPS
and a concentration of erythromycin (0—0), clarithromycin
(@—®) or josamycin (a—a) for 48h, and an MTT assay was
per formed. Representative case of six experiments. B:1x10¢/
ml nonadherent cells were incubated with 1 zg/ml LPS and a
concentration of erythromycin (O—0), clarithromycin (®—@)
or josamycin (a—a) for 48 h, and an MTT assay was performed.
Representative case of six experiments.
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Table 2, Stimulatory effects of macrolides on the production of TNF

ug/ml 0 0.2 0.5 1 2 5 10

Erythromycin <1.0° 3.0 5.6 4.2 1.7 <l1.0 <1.0

Clarithromycin <1.0§ 1.7 1.9 2.3 2.0 1.9 ND

1x10%/ml adherent cells were incubated with 10 ng/ml lipopolysaccheride and eryth-
romycin or clarithromycin at the indicated concentrations for 24 h.

* JRU/ml. mean value of three experiments. § JRU/ml. mean value of two experiments.

Table 5. Time-dependent inhibition of ouabain, H-7 or W-7 on the erythromycin effect

Table 3. Priming effect of macrolides on the production of IL la

Cells+ medium 1 hinc. = cells+medium 23 hinc. — IL-1 115 pg/ml
Cells +medium 1 hinc. — cells+LPS 23 hinc. IL-1 1,120 pg/ml
Cells+erythromycin 1 h inc. -+ cells+medium 23 h inc. IL-1 148 pg/ml
Cells+erythromycin 1 h inc. — cells+LPS 23 hinc. IL-1 1,650 pg/ml
Cells+clarithromycin 1 h inc. IL-1 140 pg/ml
Cells+clarithromycin 1 h inc. — cells+LPS 23 hinc. — IL-1 940 pg/ml

|

{

l

}

cells+medium 23 h inc.

1x10%/ml adherent cells were incubated with 10 ug/ml polymyxin B with/with-
out 1 xg/ml erythromycin or clarithromycin in RPMI 1,640+10% FCS for 1 h
washed twice, and then incubated with 3 ug/ml polymyxin B with/without LPS
for 23 h. Reprentative case of three experiments.

Table 4. Dose-dependent inhibition with ouabain,
H-7 or W-7 on the erythromycin effect

ouabain (M) (=) 10-* 10-¢ 10-* 102
IL-1a (%)* 100 59 42.9 34.9 6.9

H-7 (M) (=) 31077 3x10-° 3x10-* 3x10
IL-1a (%)°* 100 102.5 74.8 49.2 34.4

Ww-7 (M) (=) 1077 10~ 10-* 10~
IL-1a (%)* 100 64 76.8 55.8 20.8

1x10°%/ml adherent cells were incubated with 1 ug/ml erythromycin for 3 min,
and ouabain, H-7 or W-7 of each concentration were added for 2 h, washed
twice, and then cells were incubated with 3 ug/ml polymyxin B for 22 h.

* mean value of three experiments.

medium ouabain 10—°M H-7 3% 10-°M

Inc. time

1h 2h 3h 4h 1h 2h

Erythromycin 1 ug/ml 430 380 210 135 94 340 135

LPS 10 ng/ml

450 ND ND ND 70 ND ND

rHulFN 300 U/ml 2,000 ND ND ND 725 ND ND

3h 4h
135 40
ND 35
ND 620

1x10® adherent cells were incubated with 1 ug/ml erythromycin/10 ng/ml LPS/300U/ml rHulFNy and 10 gg/ml
polymyxin B for 3 minutes, and 10~ M ouabain or 3X10~* M H-7 were added for each time, washing twice, and
then cells were incubated with 3 xg/ml polxmyxin B for 23, 22, 21 or 20 h.
Representative case of four experments.
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3y L (Table5),

nE, v7uif FRIOIL-1EE 52 5N
BT 2B, RPMI 1640+ 10°, FCS i polymyxin
B 10 pg/ml #4102 T 37°CT 2 BRIMRIEC L 7ok, e
LCHIB 2N THE® T 2 &, polymyxin B 2&/
LwE b b IL-1 LRI 1/2~1/3 2y LT,
L7-»8-> T, RPMI 1640+10% FCS iz it LPS 53
BALTWS ZEBHEEND, £ TRV
FEYUBIEF Y b (Z FRAR—y—, 4{LPLH
#) CFCSHDIYFhFv o REBELLEDS,
411.2 pg/ml DRADBR S L7z,

II1. % =

227054 FRREMEIL in vitro \CBWT, K
e B &, BRKEFERNIC IL-1 OEL £ RIM
T2 ZE0RM At (Tablel), IL-113% < O
BN EEINTLE I ENHSNT WS, FHflid
HEET 208, KM EEMK L TE#RIR» S0 IL-
latIL- 18 DEAREHET 2 £, (TEMRL»S
OBHI2BETHY, FRATEMELIX10°/mlic &Y
UHRIMERE DO ¥y METHBEL 72 T %5 - 10°/
miNz 2 EEERINICI/ICEP LI EnS,
vzsu74 FRICL > TEEDRIBE N IL-1 OM
BEERMAEHARTHI I EBb2 o1, £ 1,
TNF Q& % b ZREKGHCHIBT 2 2 L9300
7283, FOEAKIL-1icLTED 8<, 10ng/
mUEFEDLPSOBEENLETH > 2 (Table2),
Roche & 3 EM i3 in vitro TIL-1 DEEICEEL 2
WEFELTVEYS, HSDERTOEE X 10~100
ug/mlEz DBV, EEELZLIOLIICH
BECEEELLVLIH TSI EEERL TS
(Table1), Z i3\ TIMHERIEAEAE & MIH
32k (Fig.3) rBELTW3755,

v r7uI4 FRIEY A b4 > OEELXEERIMY
DA% ST, IFNy 72 £ LR LPS & £ ORI
WEBHA MAACDEERTIAIVTTHILED
£z o6hnt: (Table3), a3, &) Ao<A
VU REOLST 2 &, KRB ala & imie~ 7
077 —Yh50IL-1 & TNFOEEDEET 52
EAERLUNS, ZOBICHIAE% PHA 2 IFNy &3t
T BT Y Au~A v UHBRERLD bEER
XL T, &5, i vitro TTY) RO A Y
v B8 cytokine DEE4 & RIS L 72 K HAZHERT O A%
BEZRD L CHEMIETHLEFEZONEZL, B
Ty zao~4 v oRGEONTERE L in vitro T
Aul-BELAMLTWwE IR ENrS6Y, TYAD
24y A b AA VEER in vitro DA ST,

HNTH /74307 BHCL EHURME A 1 B,

In vitro TOELRMENIEE) A4 v it
5%, ML 4 HMRE v 27074 FD2 7)Y A0vA
LR 16 AMRE~Y 7O I4 FDY a4y kE,
o~ za 74 REC LMD &OTH - /o3, 16
BMAT 70T FRIOBE, »i) MRETKNLE
Bl skl = & 7%\ (Tablel), Ya¥ v A ¥ r&
1,000 mg #6118k 5 L 2875, ME M Iiz2.6
ug/m THBY, LivioT, 16HBAvs7074
FEIDOY a~A Sy TILARORENTIZY A L A
1 vEERBIESV b S,

BREBRTTRU L D, FERIGW IL-1 O XEaE
4: & (RPMI+FCS DFEDA) & HMAIBAF ~
DORIEHERE»RZD R > T, ZHhiETTIEHELD
IL 1 B4 CHT 2R THEBENTHE T e,
L MO REEOBAZSKESBEEL TS
LOLrELIOEND, E1-7—FiIm& ks, FUMHE
ADSDHIETL ZOBRC L > TRIEHENRE > TV
fro EKIGHEDBAZSEO OO ETHATH S, &
72, FCSwcixp iy FhbFvy Y BREALTWY
30T, AWz FCSmuy MElOZELEEBL TV
ERbhd, LT, £ %L OEBROERY
ihb,

<7034 PRI & 3 IL-1 OEERK ORI
BIZLPS THON2FNERIILAERUTH %,
BER IR A ST T TIL-1 REFOBEREIND
rubh 35, RXOEBRFRTII® 7074 FRIHE
TR L T o IL-1 MBS S iz, polymyxin B
prEERICMASEIL- 1 OEERIIBY LI, £
FERICHW FCSHic x> N+ F ¥ > 43400 pg/ml
BERALTW, Lis->T, 2074 FRIOE
AERBIZT Y F P F L ICEBRIMADOEREEL
£z 515, polymyxin BAHIZ THHBMLESE
B/i250pg/mBEHZDT, R2HHTETLL
wrBEbhd, LicdsoT, v27 074 NEILEMT
A MHAVEEETIOLE DIBZSEOBETH
3, LmlL, zVARaRA Y77 )AavA v
12, 10ng/ml 75 1ug/ml OEE D LPSFET T,
LPS $EAANEF & Bk BEREMIC IL-1 OE4 2 #|
BL:DT, LPSLI3RL2HBFIC L > TESE R
BLTwbEEZOND,

v z7us4 FRIBHA bAAVE2EET ZBFCD
WTETORNERALTEIATIE, TV RAovA Y
v OELRE L Nat, K'-ATPase, protein kinase
C, calmodulin® # h T W :BIRMWEER TH 2
ouabain, H-7, W-7iZ & » TEHSHN G X 77,
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YIVADR 707 y—Y T3, ¥/u7y—yaIuo=
— RN F (M-CSF), LI’S 3% Na*, K'-ATPase
EHIML2, LPS & 3 1L -1 03 4 il # ix PKC,
calmodulin % 3 2 BB TAL Z - T\» 5%, calmo-
dulin i34 V¥ 7 LAMKFEMRIE 2N LT PG OEE
EEILAD, 7y —MROARREEEHT 2%
FHENIC ) 204 v THIERIML oL &
%, 0.5ug/ml T PGE, 41,050 pg/ml % v 1,650
pg/mlicmL 7, b5 5A, TVATTA YK
oTEE I IL-1 2/t LT PGE, BSEE4L 2 h e
WREM O TETELV, S/, ) ATYA YV IEH
REEXFH 2500, w7054 FKIOMLRIMERF %
BRERT 2213, FEEIC Nav, K'-ATPase ®, PKC,
calmodulin #IE ¥ 2 Z L BLBETH D05, D7l
ELINSOREBEBMEL TWwa LR Eh 5,
Briz, w7074 MElp= 2707 7 — Y REHER
DL RH 2 L2 TTRHEL TV 3BT, &
ORI Ru=4A vy, uxyruvf vy, 7
ZVAoRA YU 4ARRIHETDHY, Va3
P4 oRITHRA v YD1 BRARIILL
AMEIL T, ¥4 A VELECBITS 4ERRE
16 BRFROEHOLEENS TR L, v 27077 =Y
R ER & IL-1 ZERBER L IZRA L
REITHEZDZERTERLLLHINZ VW, L2L,
IYRARALyOE%ELY, HABRKR~ 7O I4
F&IE in vitro \CBWTHEK <2707 7 —YF0O%H
EHIRE & BAHIRE O BUH I RIEAIC B  Z L SR &
ht:, Zhidwzo77—Y1o0=—FBATF M-
CSF) LAKDOIERATHH®, =)Ao= >
DIEFRVBEFEER L ED L S b bo T3
OB, F 72, IL-1 1335 R 72 R EE
BAEFHOI>IEBNREINTWLEY?, ZhidIL-128
in vivo, in vitro TGM-CSF #EA &€ 2327
EOBENRES N TV, SEOWETRLE~
7054 FHEIOYA s A4 VEEERCEEN N~
077 —I~NOERD, BEPHEER L EOBRELH»
Do TVLEDDIREEDOFETH 5,
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KINETIC STUDIES ON THE EFFECTS OF MACROLIDES
ON CYTOKINE PRODUCTION

Jun'ichi Katahira, Ken Kikuchi, Yusuke Shibata,
Hiromi Hasegawa, Kyoichi Totsuka and Kihachiro Shimizu
Department of Medicine, Tokyo Women's Medical College,

8-1 Kawadacho, Shinjukuku, Tokyo, Japan

We described in the last paper how erythromycin given orally enhanced the production of interleu-
kin-1 and tumor necrosis factor by both peripheral blood mononuclear cells and alveolar macro-
phages. Thus we investigated the kinetics of the immunological action of erythromycin and other
macrolides in vitro. When peripheral blood adherent cells from normal volunteers were incubated
with erythromycin, clarithromycin or josamycin, the production of interleukin-1 «, interleukin-1 8
and tumor necrosis factor was enhanced dose-dependently . This stimulatory effect depended on the
number of cells cultured, and peaked around 8 to 12 h after incubation. These macrolides also had
a priming effect, producing interleukin-1 @. The production of interleukin-1 was partially blocked
by ouabain, H-7 and W-7. We therefore hypothesize that Na*, K*, -ATPase, protein kinase C and/
or calmodulin play a role in the stimulatory effect of macrolides.



