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Abstract : The effects of combined therapy of subtypes of phosphodiesterase
inhibitors (PDEIs), which can inhibit the production of TNFe, were studied in rats with
actively induced experimental allergic encephalomyelitis (EAE) by myelin basic protein.
The rats with EAE were treated with a single PDEI or the combination of two or three
PDEIs type3 PDEI50mg/kg/day,
20mg/kg/day, and dipyridamole, 50mg/kg/day). Each agent or the combination was
injected throughout days 1-10 or days 1-21 or days 8-21(only three PDEIs). In the group
treated with three PDEIs for days 1-21, the incidence of the disease was less than half
and the clinical score was significantly decreased compared to the control group treated

(amrinone: papaverin HCl:non—specific type,

with normal saline. The other groups treated with one or two PDEIs were partially
effective. On pathological examination, mononuclear cell infiltration in the spinal cord
was decreased in the most effective group. The mRNA expression of TNFe by the
RT-PCR method in peripheral blood cells and spinal cord was decreased in the group
treated with three PDEIs. This study suggests that the combination therapy of three
subtypes of PDEIs is effective in the treatment of EAE in the rat and the combination
therapy of PDEIs may be of benefit in the treatment of multiple sclerosis.

Key words : experimental allergic encephalomyelitis, phosphodiesterase inhibitor, multiple
sclerosis '
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5L (Multiple sclerosis; MS) i, TR
DREVRBEREBTH 5. FORERFITVEZHS D
TR BV, BB 5 HOCREERETH
D TNFa 7z EDW A b I 4 U HFEDORIECEER%E %
BT ERMONTWAEY, Ao MS OBEh ¢
TNFa #HEETH ), ik E CRAELRALIC TNFe OFF

i

EDPHERENTVWD Z EV % EH S, TNFa 13 5 12ER
BERMLTVWBEEZZLNTWA, F7-, TNFe 135
EBAY IT Y Fud A MCEEMICE XY, MS 0BT
TN Tdh5HERNT L V¥ —MiNE B4 (Experimental
Allergic Encephalomyelitis: EAE ) ® % % % 1 TNF«
PUEAHIH S 5 2 &2 7 O BIERF I b EE R %E
ERIZLTCWAE, LEoZ &h 5, TNFe OHIFIA, MS
DIERIZHATH B TREMEITRBENS.
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TNFa Ol F % & DFEH & L T, phosphodies-
terase inhibitor ( 2L'F PDEI & B&3) & X i¥h 5 SEHI#
HH 0T TIHRIGH D SN TWwA™2, PDEI %, {EH
WEPLY AT 1055 4750 PDEI kU IR
PDEI @ 6 A S A", ZNEFNEHEMERET
R 5720, %D PDEI #6352 & T TNFe 2 F
FCHIHFIL) 2 eEZONL, ThETHLIE, 3701
7 T = w7z in vitro EERR T, D PDEI ¥
HZ LX), HAI X Y KRE T TNFa BEEZHIH 5
&, POFEERMPDEI L5414 73BIVF A T5D
PDEI A EHLENERTH D L R FERL TV 59,
ZZTEABIFEIZBWT, EAE 2FE L 725 v M IR
REY /type 3/typeb PDEI % #l A& b THS- L, FEH
IR ZMET L7z, Tk v 82k, FHATO
TNFa & i EY 14 v 4 > THDHIL-10 DEYRE &
RT-PCR # % F\WFERE L 72,

mEEF &
1)ERBY B X U EAE OfERK
1. %

BYiE 6 B4 OME Lewis v F(HEASLC, ER)
170 bz AL, 1 EBOBMLO%, 6 HEEGIC CERICH
W, Iv MIAT YV ABEHE s — JIC@ERNICINE L
IREE 23°C, MXTIEEE 55 + 5%, K% 10-15 [, F
, 12 FEBBARE Y 1 7 VO T CHREKER E B
252 CHF L7
2. EAE OFHE

EAE OFHEICIE I =) VIEEMER (MBP) OB

G|

RIEEE 7z, MBP OAB~X7F F (Sigma,St.Louis,
MO)80mg % ¥z 4 %L H 10mg, Freuind Incomplete
Adjuvant (CFA) Iml 2{8& L CT7 Y25 b &{EEL,
— B ® foot pad IZ—EH 721 0.1ml % Z THE LGEEL
729, FAEEER L L T20 LD Lewis 7 v b Z W, EAE
BRERE R,
3. ERIREEEA 37 DEIR

BRI+ 52 BE0b L ICBERBELR TV, B4
DRERHWEDHTIOREP ST OBKRA I TO %D
IFRCERL 7.
D IEE,
CREOBA
L BREO TR
DSEaR TR
T DU RRIE
A
BERAITIEEBICOVWIREZMKRITB L O
RT-PCR HED 72D\ 2MEH L 2B % v 72 10 IT % 73
L,EAE BEHRL A a7 OEICOWTI Y b a— L
LB L7z,
2)FEF 5

150 lE® Lewis 7 v MZ EAE &% B I 2\, FH|
#5-% L7, Yoshikawa 5% D& L 1), type 3 PDEI
@ amrinone (Meiji), type 5 PDEI @ dipyridamole
(Boehringer / Yamanouchi), FE#IREK PDEI @ papav-
erin HCl (Dainippon) ® 3 1% PDEI #ffH L7-. &
NoOEFNIKBEUTDH 5 20BN IHEEICHKSTE S
ZEBFRTH o7, EFHGHMB L Z20MAED

Tl W N = O

Table 1. Experimental design

Group Treatment(s) Days of treatment
C Normal saline 1-21
A(1-10) " Amrinone 1-10
P(1-10) Papaverin HC1 1-10
D(1-10) Dipyridamole 1-10
AP(1-10) Amrinone + Papaverin HCl 1-10
APD(1-10)  Amrinone + Papaverin HCI + Dipyridamole 1-10
A(1-21) Amrinone 1-21
P(1-21) Papaverin HCl 1-21
b(1-21) Dipyridamole 1-21
AP(1-21) Amrinone + Papaverin HCl 1-21
APD(1-21) Amrinone + Papaverin HCI + Dipyridamole 1-21
APD(8-21) Amrinone + Papaverin HCl + Dipvridamole 8-21
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Table 2. Sequences of primer sets

Nucleotides
TNF « sense 5' TACTGAACTTCGGGGTGATTGGTCC 3'
antisense 5' CAGCCTTGTCCCTTGAAGAGAACC 3'
IL10 sense 5' GACTTTAAGGGTTACTTGGGTTGC 3'
antisense 5' CACTGCCTTGCTCTTATTTTCACA 3'
Bactin ‘sense 5' TTGTAACCAACTGGGACGATATGG 3'
antisense 5' GATCTTGATCTTCATGGTGCTAGG 3'

RFIZDWTI2FEIZ40 T 72 (Table 1). ZH#% 513 MBP 0
BEeBIro7-H%8E1HEL, 11 @OKELT
-7z, C B3 1-21 HMAMEIRAES, A1-10), P(1-10),
D(1-10) #E #7124 amrinon, papaverin HCL, dipy-
ridamole % 1-10 H EM#% 5., AP(1-10) #13, amrinone
& papaverin HCL @ 2 ##%5, APD(1-10) #i%, amri-
none, papaverin HCL, dipyridamole ® 3 %|#& 5 & L
7z DUFRABRIC A(1-21), P(1-21), D(1-21), AP(1-21),
APD(1-21) 13, 125 21 HH#% 5 L7-#TH 5. AP-
D@-21) id3#% 8 225 21 H#RG & L7z, HHFGE
ETFRLE L7
a) EBEANK(ml/ B, ERT#HE)
b) amrinone (30mg/kg/ H, MEEAN#HS)
c)papaverin HCI (30mg/kg/ H , Fz T#5-)
d)dipyridamole (50mg/kg/ H, MEMEAES)
3) IR RS

BAERE 4 BB, 28I —EFo8M2hHL,
TRHI—TVREED S LT 4% 8T RV A LT VTR
FEAWTHEREEE B 2 WERZ R L 72, BEE
ERICEDNIE 2R LAY MR YY) v -2 F U
HE) et % B 2 2\, G2 BEMBE T CHAZMBEORE %
k=S YA
4)Reverse transcription—polymerase chain reaction
RT-PCRYEC & 5 F 4 7 4 ~ (TNR e, IL-10)
mRNA DFEH

RIEBEMERRS B L OFEMBE Y # L RT-PCR 1S
&% mRNA OB 21T o7, %7, 14, 21 HIZ C B,
AP(1-10) #, APD(1-21) # & 0 3L O8Y % EIEL
WCHE L, TA%G - T VREEO b & IZEE 2 IR L,
TFREHIR & SR TR LAM A TR L 72, kTR
YR L, TEHEMTIRL . 11 L 72403 Ficoll
gradient #:% VT OSBRSS 2L L, WIla % S
7 b L7z, BHEAICOWTIE EAE OHERIGIZE D
LYNTOY A M A Y EEMBRERIT 2720, Bl
Mile(ZETHE, ~2077=V)0a%633Ir0s

V7, TAMEHA M 20L& ToMBEEdSHE LT
mRNA O 2B o7,

TRELL 721 > 788k 5 X 107, & %\ idH 8 100mg (24
L, 1ml ® TRIZOL # (GIBCO/BRL, Grand Island #F,
New York) #F CHREIVF A AL, T FI—VIFE-T
4 RNA ZHiH L7-.

RNA id7k 1244 (RNase—free) |28 L, 10 4-f 56°C
TR, — 80C THRAFL7z. RNA lug % RNase-free
® DNase (Boehringer Mannheim #, Indianapolis, IN)
ML %, random primers & GeneAmp RNA PCR Kit
(Perkin-Elmer, Roche Molecular #t , Branchburg, NJ)
ZHV, 7aba-vidiEn FEE RT) KbEB 2%
2 72, KIZER &7z cDNA 1220 T, 50pmol @ TNFa,
IL-10,87 7 F > @ % primer (Table2) #/M%z,95C14,
55C 143, 72°C 14 T 40cycle ® PCR Fn% B % -
72 (Perkin Elmer Model 480 thermocycler). PCR 7 H
(10pA) 1 3% 7 A1 — A5 VESIKEN, ethidium bro-
mide (0.5pug/ml) b L, RIT 4 F7 4 )V LGS,
512 X 512-pixel gray—scale images T7 ¥ ¥ VAL L, i
ESHEBI 207z, ¥4 MF A ¥ (TNFa,IL-10) &
TOFOREERETERLL.
5)fERT

WEET - HYMAAT 1T Student's t-test & —TEEREBEIC L Y
BIRWERESYRMEFRL L.

i S

DEFRAT 7
a)EAE OFfEE O~ b u— VB (Fig.l A-C)

EAE DFFEDHER T 20 ILFRCTOMEIKT EAE &
B LFAERIF 100% THH Z L 2R L7-. C BETH
FEIEERIZ 100% CTH D, BAESH 7 HEICREL, %13
HEWCEEA 75 =2 L2, %23 HEICIZIZIZE
FALT 2 HMAROEBE L 72,

b) %5 1-10 A R DY 53 (Fig.l A)
A(1-10) #, P(1-10) B, D(1-10) B B 55
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T, BIESRPRLENTD, ¥ -7 2Aa T CHLAES
LIRS N h o /2. AP(1-10) B &, APD(1-10)
Bk, U-72a7PFCEHLEEEILHSLE. AP-

D(-10) #:43, BEFFE 12HE L2, FEIEEL .

WFNOBETHFEAERIT 100% THo 7. H1-10 HE D
B5TIE, BEOBETIHIZEAL Y PO VEELE
A%, 28, SHIEBERTAZ LT, BEXEE, &
FEE % E S E7.

c) & 1-21 H M 0% 53 (Fig 1 B)

A(-21) #, P(1-21), D(1-21) BEQHMHFSEIZ, £
WHBIKELY -2 2a7dRRET L2, &I
BEETE o7z, AP1-21) BHTIdRER, ¥ -2 22
TEDHEZICHELS. IS 3FEIETVTNRD 100% D
BIERTH - 7295, APD1-21) BEECTIIRERIZ 0% TH
D, BEZOL O SN, BELEELEEIC
FIEWGEIEL, ¥-272a7d 1 UTEho7. #H1-21
B#SHETHEE 1-10 HESR L MEOZEEZRL, 37
BEICTREZO b OB EH S .

d) %5 8-21 HE OFEY#: 5.5 (Fig.1 C)

APD(8-21) BT, BERII CELIZIZAKT, ¥ -
JAATERRET LA EEEZIIELNT,EAE OFF
BERELIHTAbDOTE D7,

2) REZWRET (Fig.2)

CHETREFMEENCHERFE, WERHZL &ICHZ
MR ATERICRE LT\ 7 (Fig.2a, b ). ZDMBOBETH
EAE O5HE L 7B T iaE ik v h b 2o 7278,
BRAIT7OEVWEATCIZORENI DD o 72
(Fig.2,c,d). APD(1-21) BEDRSE L % 7o 72D B
T, CHTALNI- L) ZHlEREIZIEILALALR
ro 7z (Fig2e).

2) RT-PCR fE#TIZ X 244 +# 4 > mRNA £

TNFemRNA 1X, 877 F mRNA DK THEL
Fig.3 ® a [ZKMIMA 5 D TNFae, b iZH 5 T? TNFa

|

R L7z, KEEE bRMEIM, HHL DICET7, 14, 21 H
BECTHEL, F 4 HECEEYRIENFH -7z, CH
X 9, AP(1-10), APD(1-21) T, AP(1-10) # X Y AP-
D(-21) BT, TNFe %334 L7z Fig3ab). 20D
TERNIRMIL E FRE L b ICARICRD bz,

IL-10 22T b Fig.3 D ¢ I[ZHEMIMTD IL-10, d 2
BRHTHOIL-10 2/RY. #7, 14, 2l HETEHEB L
HAEIM, FREDICHHEL, FUHBICEELRRLL
(Fig. 3¢cd). C# X Y,AP(1-10), APD(1-21) T IL-10
FEDECEE LA CoEmE RN, T bR
OoN7z, DEX ) PDEI #6:H LERR B LIS
B\, RIEMET A b H A >~ THDH TNFa BEAITIIH &
n, HEES A M4 THBIL-1038EmL-2 8%
mRNA L~V CHERE L 7=,

Z %=

PDEI |2 & 5 EAE Ml EBRIIBAEZ CIcdbAALN
T & Jpmom™| F 5l SRIVER O 720 % DR R % SR
WTBHED HENTESSY, 22 C, PDEL % HFIT
B R4 TRHHATAIEICILY, EFREKR
ETINshzRE L) 52 RSN, T-B%%
PDEI DGR ZHERT ALENH S LIEHI LTV
89 EAE OHREZNE SR, TTREITONS &,
FAIMLAN C S PUE 2SPUR TR R IS HL Y oA £ g sk
HPUR L3RR, g THIREA R L 5, 5L
THEAIAD D B RIEHEAL T MRS PR R B AT
LEBEFREZREL, 08828 ChRmEIc SER
2T AR 250, 5y b MBP 2L % EAE
TiE, EAMILAEEREIS 1EMEE, ZORBERE
BRECTHIHRPEEZONTVAS, AROFKERIY, =
no 31D PDEI 2 EAM 2 EOERBEICHNS Z L
T,EAE OFEZD S DI T 2R H 5 Z &A%
bhrolz., iz, FHEMREATRERLB X OCKELTH

Fig. 1. Clinical scores of EAE rats

Fig.1.A. Amelioration of EAE by preventive application of several types of PDEIs. 60 Lewis rats were immunized with MBP
in CFA ( into one hind footpad and divided into 6 groups. From the begining day, amrinone (A; 30mg/kg/d),
papaverine (P; 30mg/kg/d), dipyridamole (D; 50mg/kg/d), amrinone and papaverine (AP; A;30mg/kg/d,
P;30mg/kg/d), or amrinone, papaverine and dipyridamole (APD ; A; 30mg/kg/d, P ; 30mg/kg/d, D; 50mg/kg/d)
were injected 1.p. and continued until day 10. Control rats were sham-treated with saline (1Iml/d) i.p. Clinical scores
are described in Section 1(3). The clinical scores are improved in the group AP(1-10) and APD(1-21).

Fig.1.B. 60 Lewis rats were divided same as described above. Those PDEIs are injected from day 1 to day 21. Clinical acores
are improved in the group AP(1-21) and APD(1-21), especially in APD(1-21), peak scores are suppressed

significantly.

Fig.1.C. Therapeutic application of three PDEIs (amrinone; 30mg/kg/d, papaverine; 30mg/kg/d and dypyridamole;
30mg/kg/d) does not alter the course of EAE. Three PDEIs were injected from day 8 to 21.After scoring on day 14
one rat from each 12 groups was removed for histological investigations.
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Fig. 2. Histology of the spinal cord of EAE rats treated
with several PDEIs. (Hematoxylin-eosin stain-
ing ; a-e)A lot of mononuclear cells are found in
perivascular space and subarachnoid space in a
rat with grade 4 score in group C (a ; X 200, b ;
X 100) .The amout of infiltrating cells in a rat
with grade 2 in group AP(1-21) are much fewer
than those of groupClc ; X 200, d ; X 100) and
mononuclear cells are hardly found in a rat
with grade 0 in group APD(1-21) (e ; X 100).
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Fig. 3. RT-PCR analyses for the expression of TNFa(a,b), IL-10( c,d) and B-actin in bloods (a,c) or spinal cords
(b,d) from EAE-induced rats treated with saline (C) and two (AP) or three (APD) combinations of PDETs.
The concentration of PDEIs and the duration of treatment are same as Fig. 1. Each column indicates mean
values of the ratio of cytokine mRNA(TNFe mRNA ; a,b,JL-10 mRNA ; ¢,d) to £ actin mRNA, calculated by
each value based on the values obtained from the image analyzer. The TNFe /8 actin ratio is suppressed
in the group treated with two or three combination of PDEIs(AP or APD) compared with control group.
The IL-10/8 actin ratio increases in the group treated with two or three combination of PDEIs(AP or

APD) compared with control group.

HlY B 70I2id, BIEFERD L DEGILEPOEET
bV, SOIERFBERSERKGTHILVEHRTH
5. SERMWCER & OFRMEER O JSE T 5 HRR
IEH OB, RRFIHEANTH 2 ERFEML Y T
BEE I\ H 2 5§ 5 2 & CIEROFEBEZMHIL, &5
BRI b A 125§ 5 2 L TLORERYE
SEDLFHHMRAPHFETELLEZONS.

RN TEEL&E % b D TNFa 1%, EER TIE LPS

RIS L) TAPOY A PR32 u s THLEESR
LD, FIRCOFMARE IV FELETFIThbho T
%\, TNFa (&, 7)) THIRBICY A Y h A VEEZRL
DAY A P eMAESER, F)ITFTY RO A b
CHEEECH I HEEEZT EE Y F 72,
TNFo-transgenic mice 1213 EHRFFEMIZHEATE 2 Y
W EERRIICHMETI SR T S S IBENEE ISR
LT LR H®, TNFe ER#O 70 AIZES LT
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WBLDEEZLNE., §RTDY 47D PDEI I, &
) THIBIZ T TNFo OEEZ IS 25, 40 in
vivo 2B\ T PDEI #f 5B 0RMIL ) > <5k, %
BETD TNFa DREAE mRNA L~V THIE S 7.

—77,IL-10 12 EAE I BV 2 HHIESY 4 M H 4 > oft
KToHH, IL-101 4 7 1 ~8— THIF (Thl) ©
TA A VEEZIHIL, 327070 7OEELEE
#5562 & &L ) EAE OFE 2 Hi#$ 5 ©2. PDEI
%5 TNFa D REA % P 5 #F & L Tl nuclear factor
T& % NF- ¢ B ® down-regulation = X 1 #ll f2 & /9
CAMP Z NS ¥ AT LI2L B EEZ LN LI,
IL-10 % EOWHEIET 4 I 4 V2 BT 28713 $ 72
B0 EbNs?. 3707 TEERY DLWV
72EBTlX, PDEI i¥ TNFa DL ZHIHIT 2 7215 ¢
<,IL-10 DEA % JLHE L72°. PDEI S EBROKEE, in
vivo Tb, #fHlES A M A4 > Tdh 5 IL-10 2 S
¥, EAE SfEZHHIL 7.

SHRMEAIEE, BREME < VIE LG L PR
AROBREMET LT BREEORETH 5. BEIEE
PEICIE AT T4 FHIFHAV LN D, BREZIH S ¢
HERE L CE, REHHFIRA V5 — 7 20 8% %
EPFEHENTVREY, WTFRSEWEESASNS 720
0 XD FRAGERISVLETH S, PDELIR, MAER
GBS OZhR A & IR R, KRR EE, A
THLRFI & L CHIRIBH ST B2 . EEFIDA &
O#S VEEIGEETH Y, BHHRSICBIT2%4%
VN SN EF DB KHFHET A, 2N S D PDEL
R B HLAE SUS O BRI 5R V355 2 Bk 5 2 2 &
B, SREBEDER % P IBED—>TH 5.
488 2 7% o 72 PDEI £ 12 & % EAE #IfIEBIC L Y,
SHRUFAIEDEMW 2 FHHEEDO—D> DRt % 7R L
7=,

b B

SGHRMELIE DB £ 7V T 5 EBI E T By
Fiigk (EAE) 27 v b % & 5\ T, phosphodiesterase
inhibitor (PDEI) 2 & % FSAEFIHIZIR I OV CTHET L 7=,
PDEI &, £ RBE{LIE EAE 1235 1F 5 hiE iR R 4o
CERLEEZBEEZTLRERYA PAA4 > CTH 2
TNFa DERZWHT 5. FHW/zPDELIX, 7547
D7z % amrinone, papaverin HCL, dipyridamole @
SEHTH Y, 1HIHEIMDITA, amrinone & papaverin
HCL DfiAG b, 3F & & THEG L-RER (B L7 4%
SEIRIEE & U CEAMIIRIS T 5 BB 1-10 B O,
RINHIET 5 821 HOM, B L ULEBTH 5 1-21

=

HOM%@ELL. BRAITZ2 02550 6B CcF
fliL, —HOBW %5 14 H B ICHEEREELR, £7, 14,
21 H BISRMME MRS, % L T mRNA %
WYL, TNFa, IL-10 DA% RT-PCR Ex VT
R L 72,

FRIRA 271, 1HIOPDEL X b 2%, 2%k b & 3
#I? PDEI %5 L7227 )V — 7 C,EAE QR A I 78
NEWEADT AL, FeEB2ELTHSE2BIR
DTIHET, BRA I TN A E@METRL. 3
®ID PDEI # &#B% 5 L7V — 7 TiE, BEZD
0% L, do L bEMUENED SN, BHHE
BATIE, &I EARE W E OBEMEE A5 h
7oS, FAE L ho EEICOWTIE, B e
AEHZRL N D572, RT-PCR 12 & 5 mRNA OFAT
Tld, ®KIEWT 1 b I A > TH 5B TNFa 75, PDEI % #
5952 LTRAIL, MHEOY AL P4 TH S
IL-10 ¥ ind 2% 5072, b TNFa & IL-10
DZAbIE, PDEI I X AR A 2 7 OB ITHIET 2 b
nDEEZ LN

PLED#ERD S PDEL X5 v b EAE 2B W TRER
FRARAIRER C D RAEDFREE % HIHI T B RIRTED b N,
WEORLLY T 54 T2PHTHZETLYERMES
WY ZEARENT. REFIRST 285 L L CAES
YA M4 ThHbHTNFa DEEZHFHITLZ DA
%53, WHIMEY A P AL TH B IL-10 IS5
ZEBIFLTNELEZ S 272, PDEI 345 ML
AE 7 & O HARARE R C O SV I B M B 0D R % B0
THEHE LTHEBTHATREMND Y, EHEFEOR
BBV TIATEARICES T2 ETLIVENTHS
ZEDITRENT.

E i i

TERZ DICH2Y, FIHHIRE, HWREZEY L
ERRENEMREHEARSE H OREE, 4%
BREGGEEN R REST SR a5
ERbHBETETET.
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