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An immunopharmacological study of benzonitrile derivatives.

AKIHIKO WATANABE

Abstract : Benzonitrile derivatives with acetoxyamino groups have strong anti-allergic actions.
Among these compounds, 3,5-bis (acetoxyacethylamino0 -4-chrolo-benzonitrile (TYB-2285) is the
strongest anti-allergic drug. In this review, immunopharmacological profile of TYB-2285 will be
described. TYB-2285 inhibits passive cutaneous anaphylaxis at 1-30 mg/kg and also inhibits
antigen-induced histamine release in passive peritoneal anaphylaxis. TYB-2285 does not inhibit
antigen-induced histamine release from peritoneal mast cells passively sensitized with IgE even at

10" M. TYB-2285 inhibits antigen-induced histamine release from IL-3-primed persisting cells,
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but not from unprimed persisting cells. The same result was obtained in human basophils. The
priming effect of IL-3 is inhibited by anti-CD1lb antibody. Adhesion of eosinophils to cultured
human endothelial cells was inhibited by TYB-2285 and anti-VLA-4 antibody, but not by DSCG,
ketotifen or anti-Mac-1 antibody. TYB-2285 inhibits antigen-induced accumulation of eosinophils
into the airway of sensitized rats at 10-100 mg/kg. TYB-2285 inhibited acute bronchoconstriction
in rats at 3-30 mg/kg. TYB-2285 inhibited late bronchoconstriction and airway hyperreactivity in
allergic sheep when given after antigen provocation. These results, taken together, show that
TYB-2285 is a promissing anti-asthmatic drug because of not only its anti-allergic effect, but also
of its inhibitory effect on eosinophil accumulation. The mechanism of action of TYB-2285 is sug-

gested to inhibit cell-cell adhesion.

Key phrases : TYB-2285;adhesion molecule;eosinophil;interleukin-3(IL-3); anti-allergic;asthma
(Ref 31)

AR TIIINETELDRTLIVF-F LTI DL~ A M VEEEREZRTEWL, 207HBEN, BFRSH
ENTELY, FOFRABRELTEVERERZ 2, ZOFERELT, TLVF-RIEOEBRFEISBEOIRE
BERELCERS>TOWBEDNBITOND, T4bb, 7UVF-HRBEBREDERENMAEFEEZEL L LT,
BwarEREWE L M EDEEOMEDL L Win vivokin vitroD &, 5T ML LEEIKRELMETSHY, 2
NOEZERL2WTHELHET LI LI TERY, BEIIDWTE, THETIZEHLOMT LV F-FiT—KIZ
Ty FORRA PRV L TIIEZEIE V3125, POV R M, SHEEIRRICH L TidEd TRZEMEMEV[4]
TENEWHINTAS, T/, in vitro&in vivoDHEDEEEL L TIE, BFin vitroDEBRTIIHBE I R
b, HFEEREHCTHEREERE L TV 525, in vivo T A M, HEERIEEOK A 2 ML & B
WWEELTBY, 7943/ 72ZF - RKETREEZEREL TV 0EEZLNAE([S, 6], &6, TLAVF-%
FERFTCIE= A b eV PIAMCITEEERS O RAEMMALIC X 2 BOBED 7 LV — RIEORE L BHALICEE 2 %E
FHoTWV 5, o T, TUMF-MEBGEHELHET LB, Ch6DZ L2 QBHICB W ERRALHEBET
LT ENLETHD,

Afg T, 3,5-bis(acetoxyacethylamino) -4-chloro-benzonitrile(Fig.1, TYB-2285) D E B ZEMMHE
WZOWTHRAT S,

CN
O 0
HSCYO\JlN N){/O\'fCH3
O H 0o

H ¢
TYB-2285

Fig.l Chemical structure of TYB-2285, a benzonitrile derivative. 3, 5-bis(acetoxyacethylamino)-4-
chloro-benzonitrile;molecular weight;367.75
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Fig. 2 Effects of TYB-2285 and ketotifen fumarate on OA-iduced PCA in rats. Drugs were given
p.o. 30 min before antigen challenge. Data are shown as mean and SEM of 8 animals. ¥,
++ *xxx:n<{(.05, 0.01, 0.001 vs Control, respectively. #,# #:p<0.05, 0.01 vs ketotifen fuma-
rate, respectively

WTFNOEY S PCAZ HEEKEMIZHEIT 5, TYB-22858 X Uketotifen®50 % ICHIHIHEIXZH Fh0.568
L UB.9 mg/kglitEE N, TYB-22851%1, 3B X T°10 mg/kg TV 3N dketotifenll R THWHHIEZ RT =
&b, TYB-2285DPCAHHI{ER idketotifen & D WL D EE 2 HN/2[T],
1.2. v 2R 7F 7« 5% 2 —(Passive Peritoneal Anaphylaxis)iCRIZ T8
TYB-2285, DSCGH & PFamlexanox®10 mg/kg% #NZFNIEFETR0.5, 1H 5 WIISFRICEEAKRES L T
7 v FPPAIIRIZT B R MRE L2 % Table LIZR T,
Table 1 Effects of TYB-2285, DSCG and amlexanox on peritoneal anaphylaxis in rats

Drugs Dose Time Route n Released Histamine Inhibition Dye LLeakage Inhibition
(mg/ke) (min) (ng/ml) & (ug/site) (%)
Control - 0.5 i.p. 6 755+88 - 41.3%5.3 -
TYB-2285 10 0.5 ip. 5 482 +21** 36.2 32.7+6.2 20.9
TYB-2285 10 1 i.p. 5 321+35%* 57.5 17.5+£2.3 ** 57.6
TYB-2285 10 5 i.p. 5 358 +43* 52.6 21.1%£2.2 ** 49.0
DSCG 10 0.5 i.p. 5 154+117*%* 79.6 13.24+4.7 ** 68.1
Amlexanox 10 0.5 i.p. 5 109435 ** 85.6 10.4£2.0 ** 74.8

Wistar strain male rats were passively sensitized with diluted
anti-dinitrophenyl-ovalbumin(DNP-OA) antibody. Twenty-four hr later, rats were
challenged by i.p. injection of the antigen. Five min after challenge, peritoneal lavage
was performed. Histamine content in the collected ascitis and its ability to induce
capillary permeability was measured. Drugs were given i.p. 0.5, 1 or 5 min before
antigen challenge. Data are shown as mean and SEM of 5-6 animals. *, **: p <0.05,
0.01 vs Control, respectively



Benzonitrilefb &) @ %% HHE = 19 31l 27
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Fig. 3 Effects of TYB-2285 on nanphylactic histamine release from rat peritoneal exudate cells.
Drugs were added 30 sec before antigen challenge. After 15 min imcubation, released hista-
mine was measured by radiommunoassay. Open and closed column shows Control and
Spontaneous release, respectively. @:TYB-2285, Data is shown as mean and SEM of 4 ex-
periments. **:p<<0.01 vs Control
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HEYA MV B L PIHEEROhistamine B IZIZ Z N 5 OMBEAH MK A 2R FOBELTEY, in vivo Tl
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Fig. 4 Effect of TYB-2285 on antigen-induced histamine release from P-cells in the presence/ab-

%ence of IL3-CM was pretreated for 5 min(a) or 15 min(b). **:p<0.01 vs Antigen + IL3-
M.
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Fig. 5 Effects of TYB-2285 and DSCG on histamine release induced by anti-IgE(0.03 2 g/ml, 15
min) from basophils of normal subjects in the presence of rhIL-3(10 U/ml, 5 min). Column,
symbol and vertical bar shows mean and SEM of 8-18 subjects, respectively. * **:p<0.05,
0.01 vs anti-IgE + IL-3, respectively.
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Fig. 6 Effects of TYB-2285 and DSCG on histamine release induced by anti-IgE(l#%/ml, 15 min)
from basophils of normal subjects in the absence of rhIL-3. Column, symbol and vertical
bar shows mean and SEM of 2-5 subjects, respectively. % %:p<0.01 vs anti-IgE
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Fig. 7 Effects of 10-fold diluted and non-diluted antibodies, anti-CD1la, and anti-CDI11b and anti-
CD18, on histamine release enhanced by rhIL-3. Column and vertical bars show mean and

SEM of 3 subiects. a -IgE:anti-IgE, I%G:Mouse IgGl, lla:anti-CD1lla, 1lb:anti-CDl1lb,
18:anti-CD18, **:p<0.01 vs anti-IgE + rhIL-3.
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rhiL-312 & % KA 5 Opriming SR OER X = X AIARHTH 55, Schleimer[17] & 13 4FIEHEER o
I[gEL 7% —HRIgES THOHME ZE@BL 2 \wE LT 5, Bochner & [20]13 rhIL-3A4F 1 2 3R > PN 52 il L
NOEEFBET S 2L, rhIL-3dFEEARERE LOCDIbSFFORBELEMEELZ L 2FEH TS, Yasuda
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CNEDERD S, rhIL-3IXFERERK EOBES FORBE LM S € Thistamine MO WRE S 727 2 L S
Ehb, BADOBEMETOLCDIUDIETHE /70— FVHAKRIZ L DIL-3I2 & o THIR S N7-histamine i B A3 # )
ENBZENS, IL-3IZLAHEST, FIZCDIbOFERM®D L < IIBAROHMME;EMCEGTHb DL Bbh
%, DSCGIZHBIM 2T LV F—ETH Y, BEENLZENHERLARTHREIRLE: 62V, LALaAFSL, K
6 [21)ix< 7 Ap-cellsidfibroblastiZEETAZ LIZL Y, primingZ %752 &, DSCGRIEALAZYA ML
NS DFEFFRIC L HhistaineE DA X HHI T LHMELTEBY, RADOBRBELEBRTLIDTH 72,
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3.1. b FERMMFEMER. FHPEROERE FREMRADOEEICRIZTEE

BB OB S, TYB-2285138EMHEMIZ X Y histamineEEEHIEIER * BB T 5 Z EPTRE I N, 22T,
RIZT LV F — RIEDOB KRG ML 2 5 MBISRE T 58 b AR R BT BV TAREY OREIRIERIC oW T
BE LI oW TR B,

BEE SRR IM A N R M (Huamn umbilical vein endothelial cells; HUVEC) % Tumor Necrosis
Factor- « (TNF- o ) COESRIALET 2 &, b PR MGFERIIHUVECION L THELREI T, ZOREIHVLA-
AFUE TR IE S N5 25, HiMac-1Hih Tl T hHHl S22 (Fig.7). —7, HHIEROEEIH Mac-
IHEA TR S h5%Y, MVLAARGETIREISI S w2 L 2s, FEROEEIZIVLA-4/VCAM-1-selective,
IFHhER D I Mac-1/ICAM-1-selective & & 2 LN 5[22],
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Fig. 8 Effects of TYB-2285, DSCG, ketotifen and anti-adhesion molecule antibodies on adherence
of eosinophils to HUVECs(human umbilical vein endothelial cells) stimulated with TNF-
a. HUVECs were prestimulated with TNF-a for 6 hr and were allowed to wdhere human
eosino-phils for 15 min in the presence/absence of various drugs or antibodies. Data show
mean and SEM of 3-8 experiments. *p<0.05 vs control
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TYB-228513 i BRER D& 3§ 5 (Fig.8) 7%, MFHIROBEHRIILEE L 2\ (Fig.9) 2 & 45, TYB-22850%
VLA-4-selective 2 #EMHFHZ2H L T4 [22] 2 L AR EN LA, TYB-22851iMac-1% 4 L 7- {7 EEER O i
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WEZZHN5, TYB-2285 DUFRREREEEHIFIER ZIERDILT LV F —ETRRII L A LEOOLNT, B THRKRE
WHEETH5HH, TYB-228503 %2 DRHOEESE 2 HHT 2012200 Tid, BV MBOESE, FMBOLt LY RE
HLDLEZLND,
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Fig. 9 Effects of TYB-2285 and anti-adhesion molecule antibodies on adherence of neutrophils to
HUVECs(human umbilical vein endothelial cells) stimulated with TNF-o. HUVECs were
prestimulated with TNF-« for 6 hr and were allowed to wdhere human neutrophils for 15
min in presence/absence of various drugs or antibodies. Data show mean and SEM of 3-8
experiments. *:p<0.05 vs control
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Fig.10 Effect of TYB-2285 on eosinophil accumulation into BAL fluid of sensitized BN rats. BN
rats were actively sensitized with ovalbumin and B.pertussis on day 0. On day 11, they
were challenged by the antigen inhalation. BAL was performed 24 hr after the challenge.
Data show mean and SEM of 8 animals. *, **:p<0.05, 0.01 vs Control

3.2. NEFRICLBIBMES Y MREANDIFMRBARICRITER
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TYB-22851310-100 mg/kgPHE THEFZRIZL 2 5 v MENOFBEEREHE % FHEEEICEHIT 2[24],

PFRRERIR B IE Y A PV KRAEYE, THIREKERO2 00BN SN TV B2, REFIVICBIT L IFREERE I
REHHHICyclosporin AIZ L D EHIZHFIEN 5231745, BEOHT LAF—E TSV L 55, T
MBS TH D Z ENRBEENTVD,

fiE->T, TYB-22853MENEMBBAOEELMEIT LI LI12L 0, HREOBB~OBE+EHT 2 DL E 2
bhb,

4., EBRMIBEEFNICRIZTTYB-22850F 8
41. S v MBFRTERERICICRIZTER

Donryu$%7 v b #OAL BHBEREICL Y BMEL, LIHBICHEEZBRAZS T2 2108 ) BIER KMk %
RY[26]e ZOETNEHCTTYB-2285D1EH 2 HE L 72 £ Fig 1LIZR S,
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Fig.11 Effects of TYB-2285 and ketotifen fumarate on antigen-induced bronchoconstriction in rats.
Drugs were given p.o. 30 min before the antigen challenge. Data are shown as mean and
SEM of 5-33 animals. O : Control, @ : TYB-2285 3mg/kg, A : TYB-2285 10 mg/kg,
O] : Ketotifen 30 mg/kg. *, **, *** : p<0.05, 0.01, 0.001 vs Control, respectively

TYB-2285133~30 mg/kg THEMKAFMIZ K BEIRE S % HI$ 5, ketotifen (30 mg/kg) IHEFRIF %D
SOERRE UG & IS 555, ZRUARBEORERRICIIEEY RIZE 2\ ([26],

AT OSBRSS M A OIgEGUARM & B 2 ABBIMR % "9 [25], Hihistamine® T & 5 ketotifen i
B o2 HIEHER 278 S 2045, Hiserotonin@ETdh Hmethysergideld EHLHHIER AR L, RENZHT L L
F—ETHLDSCCGHERLIHEMZ/RL, Thromboxane AxTxA,)EHKHEKOKY-046 b F & % B 1E A
ERTIENL, RRERERDIIIgGEZ AL T A MDA EE L Tserotonin® TxA * BEHET 2 L 12k h &
BEENLLDEBDND[25], E-T, KEFIVIZBIT HTYB-2285 DK AR UMV B 7 L V¥ —fEH 12
EoCdbneEZLND,
4.2, EVVERVRERESIURERRMECRIITEE

AscarisiCBRBIEEI N Y DICHEABRAT 2 &, BIER OKERERIGA o 72 AUE o 72 B ICHUER A6-
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Fig.12 Effect of TYB-2285(100mg/kg) on antigen-induced late bromchial response and airway
hyperreactivity in allergic sheep. TYB-2285 was %iven p.o. 1 hr and 22 hr after the antigen
challenge. *, **:p<0.05, 0.01 vs Control, #:p<0.05 vs Pre
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