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        EFFECT  OF  BENZODIAZEPINE  ON  ANTIGEN-INDUCED  EOSINOPHIL

                INFILTRATJON  INTO  GUINEA  PIG  CONJUNCTIV･A

                Ei-ichirou Kawatta, Jun-ichi Mori  and  Michiharu Ishizaki

           Dopartneent o.f Cij)hthctlmogcz{D,, Dokto,o L,inivemsity' ,School of ttfedicine

  The  effect  of  benzodiazepine (BZP) on  experimental  allergic  eonjunctivitis  -ras  studied.  Ma]e

Hartley guinea pigs were  sensitized  with  ovalbumin  (OVA) and  then  hemologous  anti-OVA

serum  was  injected intrayeneously  into guinea  pigs  for passiye sensitization.  BZP  was  adminis-

tered at  a  dose of  5 mglkg  by intraperitoneal injection (i.p.) according  to the following schedule
respectively;  a  single,  repeated  twice  a  day for 3 days, repeated  twice a  day for 3 days plus a

single  and  repeated  twice a  day for 7 days. OVA  challenge  was  performed  to the conjunctiya,  20

minutes  later, conjunctiyal  edema  during the early  phase  respone  (EPR) was  observed  and  again

at  6 hours later, both eosinophil  infiltration into the conjunetiva  and  the platelet activating

factor (PAF) serum  ]evel during the  late phase  response  (LPR) were  examined.  BZP  did not

inhibit the development of  conjunctival  edema  during the EPR.  A  single  dose of  BZP  did not

inhibit, but repeated  doses of  BZP  for 3 or  7 days significantly  suppressed  eosinophil  infiltration

during the LPR.  And  after  repeated  doses of  BZP  for 7 days, all  PAF  serum  Ievels during the

LPR  were  under  the lower  detection limit of  the assay.  These results  suggest  that  BZP  has an

inhibitory  effect  on  antigen-induced  eosinophil  infiltration into the cenjunctiva  during the  LPR.
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            INTRODUCTION

  It has been  clarified  that  neurotransmitters

such  as  substance  P (SP) and  calcitonin  gene-
related  peptide (CGRI'), which  are  known  to

cause  neurogenic  inflammation, pla)i important
roles  in allergic  reactionsi)2).  On  the  other  hand,
benzodiazepine  (BZP) is known  to suppress

various  types of  neurotransmission  through  the

centra]-type  benzodiazepine receptor  (CBR) by
conjugating  with  v-aminobutylic  acid  <GABA),
an  inhibitory neurotransmitter,  In addition  t(}

this central-type  receptor,  peripheral-type ben-
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Abbreviations: BZI' bciizodiazepine; CBR  central-

t},pe benxodiazepine receptor;  CGRP  calcitonin  gene-

re]ated  peptide;  EPR  early  phase rcsponse;  GABA

3.-aminebutyJic  ucid;  LPR  late phase  response;  MBP
major  basic protein; OVA  ovalbun]in;  PAF  p]ate
activating  factor; PBR  peripheral-type benzodiaze-

pine receptor;  PCA  passiva eutnneous  anaphylaxis

zodiazepine  receptors  (PBRs) have  been
identified both In the periphery and  the central

nervous  system3),  and  have  also  been identified

in mast  cells`),

  In humans,  immediate  allergic reactions  in
the conjunctiva  deveiop rapidly  after  antigen

challenge  and  subside  xarithin a  few hours. A
clinical  ocular  late phase response  (LI'R), occur-

ring  6-10 hours after  the antigen  challenge  ancl

characterized  by recurrence  of  irritating eye

symptoms,  has beeri described5}. In passively
sensitized  guinea  pigs, the early  phase response

CEPR), i.e., hyperemia  and  edema  in the conjun-

ctiva  is observed  about  20 minutes  after  the

antigen  challenge,  The  peak  of  eosinophil  infil-

tration into the conjunctiva  was  observecl  6

hours after  the antigen  challenge6),

  We  have  found that capsaicin,  a pungent

agent  of  red  pepper,  induces eosinophil  infiltra-
tien into guinea pig conjunctiva  via  the  release

of  endogenous  SP  and  that endogenous  SP is

involved in increasing antigen-induced  eosino-
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phil infiltration (unpublished data). Eosinophils
have been  highlighted as  the effector  cells  in

allergic  inf]ammatory  disease because of  their

granule proteins7). Platelet activ･ating  factor

(PAF) is the most  potent knewn  chernotactic

factor for eosinophils.  IIence, we  examined  the

effects  of  BZP  on  eosinophil  infiltration and  on

the PAF  serum  level during the LPR  in guinea
pigs.

      MATERIALS  AND  METHODS

Pkessive6, sensitixed  gztinea P4gs Prepaiztion

 As shown  in Fig. 1, male  Hartley  guinea pigs

(300-35e g) were  sensitized  by intraperitoneal

injection (i.p.) of  1 "g  ovalbumin  (OVA) and  5
mg  aluminum  gel (10 mgfml)  mixture  once  a

month  three times  or  more.  One  week  after  the

last sensitization,  blood was  collected  from  the

auricle  artery  and  ana]yzed  using  the 48-hour

PCA  (passive cutaneous  anaphylaxis)  reaction

according  to Ovary7s method8).  When  the PCA
titer was  640-fold or  higher, as  much  as  possible
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   of  the animal's  blood wa$  collected  after  being

   anesthetized  with  pentobarbital,  and  its serum

   was  isolated, Sera  obtained  from  each  guinea

   pig were  combined,  mixed  and  then  stored  at  -

   80:C. A  2 ml  aliquot  of  the  homologous anti-

   OVA  serum  thus  prepared  was  intravenously

   injected into the guinea  pig  for passive  sensitiza-

   tion. Forty eight  hours ]ater, a 10 pt1 drop of

   ovalburnin  (30 mgfml  physiologica]  saline)  w･as

   instilled onto  the conjunctival  cul-de-sac  (OVA
   challenge)  to  provoke  an  immediate  allergic

   reactlon.

Ben2odiazopine administvation  Procedttre

  BZI' (Diazepam, Takeda  ChemicaT Industrie$,
Tokyo,  Japan) was  suspended  in 1%  methyl

cellu]ose  (Sigma, St. Louis, USA)  at  a  10 mglml

concentration,  and  administered  according  to

the following schedule.  Since no  significant

difference was  observed  between the no-

administration  group  and  the  vehic]e  group
administered  1%  methyl  cellulose  twice  daily
for 7 days at  the  same  volume  as  the 5 mg!kg

BZP  group  did, the vehicle  group  was  used  for

Ma]e Hartiey guinea pigs {about 300g>
were  sensitized  three  time$  by intra-

perkoneal injection of 1 yg  OVA  with

5 mg  Al(OH)s at monthly  intervals.

.>

x

Male Hartley guinea pigs {about
300g) were  passively sensitized  by
intravenous injection of 2 mlkg  oi

the serum. Six hours atter OVA  chal[enge, guinea
pigs were  sacrificed. Each eye  witin eyelid
was  incised at bs largest $ection  and
stained  by Hansel's method.  Eosinophils
inside coniunctiva were  counted  using  a
lightmicrescope.

.>

/ ×
.5 .5

/
BIood samp[es  were  withctrawn  frem the auricuiar After a  4&hour  sensitization  pe-
vein  one  week  after the last sensitization  and  guinea riod,  OVA  was  challenged  directIy
pigs showing  a 48-hour  passive cutaneous  to conjunctivaoftheguinea  plgs.
anaphylaxis  titer of t:640 or more  were  sacrificed,

and  the sera  were  obtained  and  pre$erved at -80℃

        Fig. 1. ScheT-atic illustration of  the experimental  design for studying  the

      influence of  a]lcrgen-inc]uced  anaphylaxis  on  conjunctival  histolc]gica] findings.
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the control  group.

  Group-1: 5 mgfkg  BZP  i.p. 30 minutes before

           OVA  challenge.

  Group-2: 5 mg/kg  BZP  i.p, twice  daily for 3

           days (the last dose was  injected 3

           hours before OVA  challenge),

  Group-3: the same  treatment as  for group-2,
           plus a single  5 mg!kg  BZP  i,p. 30

           minutes  before OVA  challenge,

  Group-4: 5 mg/kg  BZP  i.p. twice daily for 7

           days  (the ]ast dose was  injected 3

           hours  before OVA  challenge).

Mac7vscopical changes  of the conjztnctiva  dun'ng

the EPR

  Twenty  minutes  after OVA  challenge,  conjun-

ctival  edema  was  observed  and  was  graded into

three  levels, (-)(±.)(+), in each  group.  The
designation (+) indicated an  obvious  edema

detectable without  lid eversion,  (±> indicated an
edema  detectable after  lid eversion  and  (-}
indicated no  edema  detectable.

Histolagical exaneination  dun'ng the LPR

  Six hours after  OVA  chailenge,  guinea  pigs
were  sacrified  using  overdosed  pentobarbital
sodium  (100 mg/kg,  i.p.) and  the orbital  contents

together with  the  eyelids,  were  collected,  fixed

in 1O%  formalin and  embedded  in paraffin. Each
eye  was  incised at  its largest section  and  mi-

crotomed  into a  2.5 ptm  thick  section.  After

staining  by Hansel's method,  eesinophils  "rere

counted  under  a  light microscope  (× 400). At
this largest section  of  the eye,  the length of  the

cenjunctival  epithelial  regions  of  male  Hartley

guinea pigs weighing  300 g and  350 g were

I3.195 ± O.e40 mm  and  13.188 ± O.034 mm

respectively  (n=,6, each).  Since it was  assumed

that the total conjunctival  area  at  the large$t
section  was  constant,  the area  for the  eosinophil

count  was  limited to {nside the total conjun-

ctiva,  from  the epithelial  region  to the muscular

layer and  the tarsus. Eosinophils in b]ood ves-

sels and  Iymph  nodes  were  not  counted.  The

conjunctiva  of  each  animal  was  examined  to

assess  morphological  changes.

The  Effect of  Benzodiazepine on  Eosinophi]otaxis

                    PAF  serttm  level det'emozination

  Blood of  the animals  in the  control  group  and

group-4  {repeated BZP  i.p. for 7 days) was

collected  at  the tirne the eyelids  and  orbital

contents  were  resected  6 hours after  OVA  chal-

lenge. The  collected  blood was  extracted  using

ethyl  alcohol,  and  I'AF  serum  ]evel was  mea-

sured  using  radioimmunoassay,

Statistical analysis

  The  data was  analyzed  statistical]y  using

Student's t-test. Significant differences were

determined at  the P<O,05 ]evel.

                RESULTS

Macroscopical changes  of the ayes during ihe

ERI?

  As  shown  in Table  1, in the passively  sensit-

ized guinea  pigs, no  differences were  observed

in conjunctival  edema  among  the groups at  20

minutes  after  OVA  challenge.  In all groups,
obvious  conjunctival  edema  was  detected. It

seemed  that DZP  did not  suppress  the EPR.

ConJ'unctival histolagical findings during the

LPR

  As  shown  in Fig. 2, in the no-BZP-

administration  group  (the control  group), local

eosinophil  infiltration into the conjunctiva  was

     Table  l Conjunctival edema  2U minutes

            after  OVA  challenge''Conjunctivaleclema

'C}uineapigs' eyes{-){-)(-)

Control' 8 o ] 7'

Group-1 6
'e

(] 6

Group-Z' 6 o o
'6

Group-3 6 o 1
nt5

Greup-4 6 o I 5/

 The  designation(+)indicates an  obvious  edema  detect-

ab]e  without  lid eversion,( ± )indicates an  edema  detect-

able  after  lid eversion  and(-)indicates  ne  edma  detect-

able.

NII-Electronic  



The Japanese Society of Allergology

NII-Electronic Library Service

The  JapaneseSociety  of  Allergology

Ei-ichirou

 Fig. 2, Conjunctival histological findings 6

hours after  OVA  challenge.

 A: In the  no-BZP-administration  group,  local
eosinophil  infiltratien was  rernarkable.  The epith-

elium  sloughed  and  the tissue became  loc}se also.  (×
1OO)

 B: In the BZP-administration  group,  the tissue

was  tigher  and  less epithelium  s]oughing  wus  obser-

ved.  { × 100)

remarkable.  Moreover,  the epithelium  sloughed

and  the  tissue became  loose also.  In the BZP-

administration  group, the  tissue was  tighter and

less epithelium  sloughing  was  observed.

Eosinophil coz{nts  the LPR  haean =f S.D.)

  Control group: 537 ± 106 cells  (n=8)
  Group-1: 509 ± 102 cells  (n=6)
  Group-2: 386 ± 140 cells  (n ==  6)

  Group-3: 276 ± 55 cells  (n=6)
'
 Group-4: 260 ± 72 cells  (n=6)
  As  shown  in Fig. 3, no  significant  difference

was  observed  between the control  group  and

group-1. However,  the  eosinophil  count  was

significantly  suppressed  in group-2  (P<O.05),

Kawata  et  al.
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 Fig. 3. The  effact of  benzodiazepine {5 mglkg  i.

p.) on  conjunctival  eosinophil  infiltration during the
]ate phase  response  in guinea  pigs, (control/
repeated  vehicle  i.p, fur 7 days, group-1: a  single

BZP  i.p., group-2i  repeated  BZP  i.p. fnr 3 days,

greup-3: repeated  BZP  i.p. for 3 days plus  a  single

BZP  i.p., group-4: repeated  BZP  i.p. for 7 days.)

 Columns and  bars represent  the  mean  ±  S.D.,
control;  n-8,  ethers  n=6.  

*P<O.05,
 

**'P<e.OOI;

significantly  clifferent  by the Student's t-test.

{pglml)
   40

-o>
 30-eEff$L<

 20cr

10

.

   .

   .eee

e-ee-e

.a

         Control  Group-4

         (n==6) (n==6)

 Fig, 4 PAF  serum  level 6 hours after  OVA  chal-

Ienge. (coiitrel: repeated  vehic]e  i.p. for 7 days,

gruup-4:  repeatecl  IIZP i.p. for 7 days.) The  lower

detection limit of the assay  was  2C) pgfml  and  value$

lower than the  limit are  arbitrarily  expressed  as  19

pg!rnl. (n= 6)

group-3 (P <O.OO1)  and  group-4  te <O.OOI).

enF  serztm  level dun'ng the LPR

  As  shown  in Fig, 4, every  PAF  serurnlevel
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collected  in group-4 (repeated BZP  i.p. for 7

days} six hours after OVA  challenge  was  under

the  lower detection limit of  the assay.  In the

control  group, the increase of  PAF  serum  level

was  observed  in 3 out  of  6 guinea pigs, The

lower detection limit of  the assay  was  20 pg/ml
and  values  lower than  this were  arbitrarily

expressed  as  19 pg/ml.

The Effect of  Benzodiazepine on  Eosinophilotaxis

DISCUSSION

  In this BZP  administration  study,  the  IgE

mediated  immediate type reaction  "Jas  not  sup-

pressed,  but eosinophil  infiltration was  signifi-

cantly  suppressed  during LPR  after  repeated

BZP  administration,  and  at  the same  time, each

PAF  serum  level in group-4 was  under  the  lower

detection limit of  the assay.  These results  indi-
cate  that  the  release  of  preformed  mediators

derived from  mast  cells, mainly  such  as  his-

tamine, have not  been suppressed,  but the newly

generated mediators,  such  as  PAF,  have  been

suppressed.  BZP  has been widely  used  in clinical

practice because  of  its sedative  and  anxiolytic

effects.  The  mechanism  of  its action  is the

promotion  of  the inhibitery effect  of  GABA
through  CBR  by GABA-BZP  receptor  complex

agonistic  action,  and  it suppresses  the release  of

various  neurotransmitters.  In contrast  with  the

CBR, the PBRs  are  distributed in several  glan-

du]ar and  secretory  tissues, such  as  adrenal

glands, salivary  glands, testes, kidneys, nasal

and  lingual epithelium3),  and  have  also  been

identified in mast  cells`) and  the spinal  cord9}.

PBR$  are  found in mostly  abundance  in the

mitochondrial  outer  membraneiO),  The inhibi-
tory  effect  of  various  compounds  on  mitochon-

drial respiration  is well  correlated  with  their

affinity  for PBRsii)'i`}. It has been postulatecl
that  PBRs  might  be linked to cyclo-oxygenase

and  inhibit arachidonic  acid  eyclo-

oxygenatieni5]  and  that  there might  be some

common  regulatory  mechanisms  for the

biosynthesis of  I'AF  and  arachidonic  acid

metabolitesi6).  On  the other  hand, PBRs  are

coupled  to calcium  channels  and  the blockade  of

calcium  influx is involved in PBRs  functionsii].
Imrnunological stimulation  of  hurnan mast  cells

Ieads to the exocyto$is  of  preformed  granule-

associated  products and  the generation of  newly

synthesized  eicosanoids.  The  suppression  of

eosinophil  inifltration and  low PAF  serum  level
during the  LPR  after  repeated  BZP  administra-

tion indicate that the newly  generated rnedia-

tors, such  as  PAF  through IgE dependent acti-
vation  after  atlergen  challenge,  might  be sup-

pressed t.hrough PBRs  by BZP  and  that  occupa-

tion of  PBRs  by BZP  might  require  repeated

administration,

  In the periphery,  sensory  nerve  endings  are

distributed in the vicinity of  mast  cells. When
neuropeptides,  such  as  SP  and  CGRP,  are

released  from  peripheral  sensory  nerve  termi-

nals,  various  physiological  activities,  such  as

mucous  secretioni7), vasodi]atationi),  increase in
vascular  permeabilityiS), degranulation of  mast

cells'9), and  taxis of  eosinophils20)  are  induced.

In the conjunctiva,  sensory  nerves  branching
from the trigeminal nerve  are  distributed dense-
ly, According  to Luhtala et  al.2i}2M, le-20%  of

gangliocytes in the  trigeminal  ganglion are

SP-positive, and  about  40%  are  CGRP-positive,
The  role  of  GABA  as  an  inhibitorv neurotrans-

mitter  in the central  nervous  system  has been
recently  complemented  by the  identification of

GABA  receptors  on  the primary  afferent

neurons23)  of  the peripheral  nervous  $ystem.

GABA  receptors  have  been  classified  into

GABA-A  (bicuculline-sensitive) and  GABA-B

(bicucutline-insensitive) subtypes2`).  The  (.}ABA-

A  receptor  and  the GABA-B  receptor  are

centrolling  the  CGRP  and  SP  secretion,  re$pec-

tively, in an  inhibitory fashion in vitro25}26). On
the other  hand, SP  and  CGRP  immunoreactivity

co-exist  in capsaicin-sensitive  primary  sensery

neurons  and  are  simultaneously  from  rat  spina]

cord  sections  by capsaicin  or  potassiumZ7}.
CGRP  is potent]y inhibit SP  endopeptidase  iso-
lated from human  cerebrospinal  fluid and

potentiates the SP action2S).  In vivo,  the GABA-
A  receptor  forming the GABA-BZP  receptor

complex  may  suppres$  CGRP  release  in the

NII-Electronic  



The Japanese Society of Allergology

NII-Electronic Library Service

The  JapaneseSociety  of  Allergology

                               Ei-ichirou

peripheray. Because of  these effects,  neurogenic

inflammation may  be suppressed,  then  the

eosinophil  count  and  PAF  serum  level during

the LPR  may  decrease, However,  further

studies  are  needed  to better understand  the

mechanism  of  BZP  action.

 Eosinophils are  commonly  encountered  in the

conjunctiva  of  ocular  allergies,  and  are  thought

to play pathophysiologic roles  in allergic  inflam-
mation,  The  activation  of  eosinophils  and  subse-

quent degranulation result  in the release  of

major  basic protein (MBP) and  other  eosinophil

granule  proteins, x4Jhich  induce histamine

release  from mast  cells29)30}. Further more,

MBP's  cytotoxic3i)  and  neutrophil  activating32)

properties are  important factors for generating
allergic  inflammation.

  In conclusion,  the results  suggest  that BZP

suppresses  the antigen-induced  eosinophil  infil-

tration into the guinea pig conjunctiva  during

the LPR.

 The  authors  thanl< Professor Fumio  Kogure  for he]p-

ful discussjons and  comnients  in reviewing  Lhis manu-

script,
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モ ル モ ッ ト結膜 に お け る抗原誘発好酸球浸潤 へ の

　　　　　　　ベ ン ゾジア ゼ ピ ン の効 果

　　　　　 獨協 医科大 学眼 科

河田英
一

郎 　森 純
．一

石崎道治

　ベ ン ゾ ジ ァ ゼ ビ ン （BZP ） を モ ル モ ツ トに 投与 し，実験的眼結膜 ア レ ル ギーへ の 影響 を調 べ た．同種

抗 ovalbumin （OVA ）血清 で 受身感作 した モ ル モ ッ トに ，
　 OVA を点眼投与 （OVA 　challenge ） し て結

膜局所 に 1型 ア レ ル ギー
反応 を起 こ さ せ た ．OVA 　challenge 　2e分後 early 　phase　response （EPR ） の 結

膜浮腫 を観察 し ， 同 6時間後 ，
Iate　phase 　response （LPR ）の 結膜好酸球 を測定 し，同時 に 血清 PAF 値

を測定し た．結果 ， 1＞BZP 投与は EPR の 結膜浮腫 の 肉眼的所見 に 影響を与え な か っ た．2）　BZP ／回投

与 は LPR の 結膜好酸球浸澗 に 影響 を与えな か っ た．3）BZP 　3 〜 7 日連続投与 は LPR の 結膜好酸球浸

潤 を有意 に抑制 した．4）BZP 　7 口間連続投与 で ，　 LPR の 血清 PAF 値は ， すべ て 測定限界値以
一
ドで あ っ

た．以 上 の 結果 よ り BZP は モ ル モ ッ トに お け る LPR の 結膜好酸球浸潤 に 対 して 抑制的効果 を持 つ こ と

が 示唆され た．

N 工工
一Eleotronio 　Library 　


