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INTRODUCTION



Von Pirquet (1906) coined the term sllergy and
~Gefined 1t o8 followt « |

‘The vaccinated person btehaves towards vaccine
Aynph, the syphilitic towsrd the virus of syphilin, the
tuberculous pstient towards tuberculin, the person
injected vith perum towards this gerum, in a different
manner from him who has not yet been in contect with
suoh an agent, Yot he is not insensitive to Lt, We can
only ssy of hin that his powor to rosct has undergono
a change, For this concept of a changed eastivity 1
propose the term "Allergy™.’

The sltered response may be either éus to increased
pesistance, .0, irmunity, or increased susceptidility,
1.0+ hypersensitivity. The terms allergy and hypersene
mtmw have now become synomymous. Hypersensitivity
mmm are classified into two najor classes, the
inmegiate type and the Gelsyed type. In hypersenaitivity
mmzm. antigens combine with antibodses and canse
» wma syndrones auch as systenic anaphylaste,
tmhm asthon, w fovers senum sickness, Arthm
wmtm, contact dermatitds ctes In the fomediste type
symptons are seen, usually within 24 bours, vhile in the
gelayed type it tokes much longer. The mechanism of the
dmvediate type of hypsrsensitivity is better understood




than that of the delayed type. Anaphylactie resctions

sunlly occur in this type of hypersensitivity. Ansphye
laxis is an intersction of celledound immmoglobulins
vith & specific antigen or hapten which leads to the
yolease of mediators that cabse smooth muscle contrace
tion, mammm and aiteration of mu&ar
Wmmt?&

Antibodies of the fmmunoglobulin E cless (IgF)
- are usually responsible for enephylactic reactions.
ﬁmrg antibodics of the fsmunoglebulin G clasy (I )
are known to also profuce anaphylaxis. Antivodies are
formed in response to primary exposure to asn sntigen.
On ree-cxposure to the sume antigen, sntigen-antibody
scmplex &s formed on the mast cell surface. This inducos
» buzdber of blochemicsl processes az a yosult of which
chenicsl meddators nre formed and/or releasod froo the

mast cells. These medintors are at least in part respone

sible for the various symptoms observed. The medistors
rolensed are a3 followst~ (Hiddleton, 1980)

1) Preformod mediators such esy
a) Histamino, .
b) Eosinophil Chemotaotie Fastor of




¢) Eosinophil Chemotactie Factor of
Oligopeptides,

4) Beutrophil Chemotactic Paator,
@) Beparin,

£) Chymase,

.€) lang Kellikrein of Anaphylaxis,

h) Superoxide radicals and

1) Buperoxide dismutase.

2) Rewly generated metidators puch 33
o) Blow<Roscting Substence of Anaphylax
b) Platelet Activating Factor(s),
¢J lipid Chemotaotic Pactor and

 8child (1936) showed that sdrensline innibited the
aniphylactis releass of histamine from guineaspig lubg.
This obsorvation was confirmed end extended by
Lichtenstein snd Margolis (1968) vho reported that
isoprensline, sdrenaline, metbyl xenthines and Gibutyris
oyelis adenosine nonophosybate (cAMP) inhddited sllergic
relense of histanine from hunan leucooytes end sugpested
that the effcots of all these compounds were medisted by
raiged intracellular levels of cAMP. Confirmatory findings
vwere aleo reported by Amsen and Schild (1969) with




IgBe-nediated relsase of histanine from human lung and
laniseke g al. (1571) with the relesss of SRSWA from
monkey lunge It is thus evident that incresse in
cyelie AMP levols inhibits the anaphylactic mediator
rolease, : '

CANP wag firat reported by Sutheriand end Rall
{1958). Subsequent work suggested that it has s molecular
 formila of CyglysNs=0gP with & moleculer weight of 329.2.
Its c 260 nm vus found to be 15.0 en (/ j mole (10
phosphate tuffer 0.1 M, pH 7.0) (Bergmeyer, 1971).

The structure of oAMP is demonstrated to be as

. ADENOSINE-3',5'~-MONOPHOSPHORIC ACID,
o (Cyclic AMP) - e




- Cyelic AMP 15 a hydrolysis product of sdenosine
triephosphate (ATF). The hydrolysis in oells is
cctalysed by the engyme adeny) cyclase {(E.C. hibo1s1)s
Hagnosium 1065 are required for optima) reastion.

Gyclﬁa AMP can be formed and is widely distridbuted in
nal collss Cyclic AMP, not only mediates the actions
af most biogenic amines and polypaptide hormencs
{Robison gt Bles 1968; Welss and Kidman, 1969) but also
sppsara to influence such fundamental processes as cell -
division (Ryan end nemm, 1968), fertiligation
(Custaneds and Tyler, 1968), cobryonic growth and cell
differentintion (2a1in and Montagus, 1975), blood
production {(Bottomloy st sles 19713 Rodgers oL alsy 19753
Noris st alsy 1974 )} cardise contractility and metabolisn
(Eukovets and Pooh, 19724 Entenan gt al.s 19693 Mager
8L aley 1975) central nervous system function (Weiss and
Greenberg, 1975); autonomic nervous system funetion
(Greengard et aley 19728), viston (Bitensky, 1972)§
pounologicel responses (Singh and Dhalls, 19751 Pavker
'nﬂu 197’3)‘ gonadal function (Morah gt 8l.ey 1966) and
the ryeleaso of atored intracellular meterials such as
dnoulin Oelatose gt ales 19743 Turtle th Bley 1967 and
Euo and Kuoy 1975), histamine {(Sullivan gt ale., 197%
and Sulliven gt ale, 1975b) and lysosonsl ensymes
(Imm, 19754 |




The role of oyclic AMP in the regulation of the
tnmiinn of normal colls suggests that any abnormel
g:.témm in ita Mmtmtm oay be responsibvle
for ebnomal coll function L.c, diseased states In
the folloving diseases sbnormalitics in the formation
apd/or concentration of cyelic nucleotides have dDeon
suggested: mm. ¢mcer; :mﬁavanmlar discages,
Down's syndrome, dimbotes mellitus, hyporthyrosdisn,
epilepsy, obesity and psoriasis (Woiss and Hast, 1977),

Intracollular eyolie AMP 15 degraded by the enzymne

- phosphodiesterase to yisld 5'«-AMP, Mggnesium ions are
once again fiecessary for the hydrolysis. Phosphodiesterae
ce (FE) $s found in virtually every living cell, its
relative aotivity varying grestly smong different
‘tisoues (Nelss and Costs, 1968§ Butoher snd Butherland,
195620, .

As mentioned earlicr, incremss in cAHP levels have
antisallergic effects, Inhibitors of phopphodiestorase
~have alwo been studied for the treatment of Cancer,
psoriesis, asthue, inflammation, cardlovascular disenses,
viral diseases and neuropsychistric discases (Voiss and
Hatt 1977), ) |



In gmral; phosrhodiestorases can be considered
to include all the engymes which hydrolyze the bond
betweon phosphote and one or the other of two molocules
possessing alcobdlio functional groups vhich it linka
(Rugzell, 19687,

- Gromolyn soﬁmm is a potent amaamwm drug
devoid of bronchodilator ectivity. Cromolyn sodiunm
innibits gyelic AMP phosphodicsterase (foy and Warren
1974 )+ Chumically it i¢ bischromone « the disodiun salt
of 1;3-»1»“(2«@1% LY CHronnt« 5=y ogy Je2enydrt |
S8ince its basic moloty 48 a chromone, Some ayntmtm
chromons derivatives have been evalusted in the present
study s regerds thedr antieallorgic activity snd their
phosphodiesterase inhibitory capecity.

Cromolyn soddun i a prophylactic antissthmatic
agent. S8ince brounchial ssthme $6 & respiratory trast
disenge, it was gonsidored useful to study the lung
phosphodiestorase, as effects on this enzyne would be
pore pertinent to dfem. Though there are three animal
models, guinca=pig, atopic monkey and dog for antie
asthoatic drug scroening, the rhesus monkey (Magnos

tlatia) model of ssthoa has bDeen shown to mast close

smﬂata ysan ssthos. Hence the engyme phosphodiosterage
vas isolated from rhesus ponkey lungs




LITERATURE REVIEW



“,f«, quoted 1a the preceding chaptery Von Pirquet
(1906} explicitely stated that allergy included not coly
hypersensitivity « the sltered resotivity, snjurious to
tho host » but alse fmmumity, the aiterstion bemeficisl
to the host in resisting infection.

Ovor the years, coatrsyy to Von Pirguet's origins)
inteaticn, the ters allergy in conoon sedical, scientific,
and lay usage has cooe to refer only to those imnundlos
giesl reactions thet are dasaging to the host) hypersene
sitivity and allergy Bave now DocOS® EYOONYEOUN.

It s nccessary to restrict the tem femunity, to

! igeneantibody reattions, in which no injury to
the hosty Dot rosistance to infootion is neccssarily
resctions or Stunity are restyicted to imounologioal
reactions benoficial or protective to the host organdss,
Adlergic reactions arc, then, defined according to coamon
usagt as those iwmonologiconl resotions that are dasaging
to tho tissues or disruptive of the physiology of tho
host.

Allergic resctions nre grossly divided into only
tvo types« the imediste type and the Gelayed tyDee The
ixmeliate type renctions include all resctions determinesd



by atopic IgE or Ly tyes of antidodies found in the
circulstion and body flulds. They can be transforved
fron one sndoal to another through soruns The delayed
type reactionsy in generaly are not tronsfersble
through seyum but are trensforstie thrvugh lynghoid
collse It 48 aosumed that none of the prossotly recos
gaissd circulating antibodics 1o demonstrably responsitle
for fielaged reactions, and tho naturs of the epecific
eoognition fector{s) for the delayed response is
own (Ishiaska, 1971). |

Ja ismediate type of hyporsensitivity, the central
ovent 15 the procoss of ansphylaxis. In 3¢, the sllerpen
cobines with the cellebound regginic antitoly on
basophils and mast colls, releasing pediators, which in
tufn have nuober of pharmacological sctivitien,

&) porformod pediators such s Histenine, eooinophsd
. chomotactic faoter of anaphylaxis, eosinophil
chemutactse factor of oligopeptides, neutsophil
| Mwﬁm factor, heparin, Weﬁ W mg.;.
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b) nevly genorated mofintors such a8 slow rescting
substance of moaphylexis (SRSed), platelste
activating factor(s), 11544 chevotectis factors,
and mtmlm!m mmtm, 19802,

The amw, MQ‘M) properties, and oetabolien of
these gubstences have been reviewed extensively (Austen
and Orenge, 19758 Austen, %9703 Bulllvan and Parker,
1976} Raldner end Austen, 19744 Coffey and Hiddleton,
19774 Plaut and Lichtenstesn, 19784 Levis and Austen,
1977 3«

winidazolylethyland ‘maitu
fpally w s amim L whistiatne

mmwm; mtamm Anvolved in Wﬂmtﬁv&w
rescticns of the imodiate typey appears t0 by stored
in oast celis (or basophile) es secretory granules, as
& complex with heparin and protein. This stored aming
undergoss clow tummower in comparison to the histanine
of the 01 mcosa and the central nervons systes,

¥hile stil)l pudjest to controversy, it is believed
that the ioounologiesl, calcinmedependent Pelesse of
histanine involvos two processes, porhapy dncluding the
dissociation of higtamine from the granmiles snd the
cxeoytosis of the suboellular cytoplasmic gramile
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{Eaninteronak and Diammat, 1978)« The heparineprotein
conplex of sast oell granules has lonesxchango properw=
ties, snd expooure of the grenule matrix to en altorsd
ionic environment results in an exchenge of bistensing
for sodiun jonss Onoe relessed, histasins contyibutes
to sone manifestations of the clindcal syndrome of
imediate hyperacnaitivity reactions. Histanine
undergoes petobolism by one of two pattwuyse One;
through methylation of the ring stwucture by f 18
amtmﬂmfm; Jiedding methylhistanine, whish

| iged through monownine oxidsse to mw»
sacetic sodde Altomatively, histenine can widergo
an omgﬂm deaxination by histoninase or glaninoxidesc

y indGapolessnctic scid. The products of this netebolism
are Wﬁﬂﬂ in the urine,

The mest coll hes teen Ampldcatod as & sonrco of
toth histeaine, and 5RSeA (Kaliner and Austen, 1975}
Parker, 1979), aitbough other cell types also sppear o
serve that function. Two expericentsl eystess that
generate SAS«A ars the sensitized fraguotited lung and
. messured by Dioaseay o the guinesepig ileun, and it
produces o slow subetained contraction even in the
presence of sn Hywhistsuine receptor biocker and an
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nap ’bem mly menmr mawma by Lewis ﬁt ﬂ;ﬂ%ﬂh

508w was demonstyated 0 Lo resistant o proteases
and shospholipases but labile to arylsalfatases and
mmm Kalinor and Austen, 19753 Posker, 1970).
Furtbermore, it was dmmonstrated that GBSed could be
amm. fros arschidonic acid, perbaps through & ligoxye
gennse pathyay, tut At sppearcd to be more polar thes,
and coudd bo seperated from, eonventionsd prostaglendings
{Payker, 1979),

Recently, (Fox, 1979, it was suggested that SHSWA
mey be "identical® to leukotriene G, one of & gronp of
compounds releted o the prostaglanding sdentifisd by
Samaelsson ot ads . of the Sarolineke Institute in
Suweden, Leukotricne ¢ contatos the anino wcid oysteine
covalently linked to the Dwcarbon fatty acid derivative
of the prosteglandin precursory arschidonic scid.

Lewis gt gd¢§1960) succesofully charscteriged SRSWA fron
bhuans Jungs They peported that huoan SHO-4 4s leukotriene C
of SRbed of hunkn lung snd scoounts for albost all of the
bislogical setivity. It i3 probatly foraed fyon
leukotriene Cy in ipo by en ensymatioc process of the well
known  eglutauyltransferase types
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nophids oceur in relatively large mmbers in
pulmonary tisgues and mucosa) secretions of mthmatics,
although-their role 45 not completely understood (Soetxl
and Austen, 197‘5h Inveatigations demonstrate thet
neither mtiwly pure SiBeh nor histanine woas Chonoe
toctic for thoge cells. This providod the basis for
discovery of cosiophil chemotactie factor of snophyloxis,
another preforned primary medistor. Fosinophid chemotactie
factor hag & molecular weight of > 500, snd is an scidic
peptides Two tetrapeptidos with amino anid sequence |
ValeOly-Serlu and Ala«lly-Serdiu wore recovered fron
extracts of bungn lung fragments m vore shown to be
chesotactic for sosinophils (Kalingr ang Austen,y 19754
Gootal and Augten, 1975). Whothor these tetrapeptides
arcy in facty the cosinophil chemotestic factors remadng
t0 be dotermined conclusively, |

Additionslly, other pharmseologically potent
materials have Leen shown to be relessed from provicusly
gengitiged lung tiscue on immmological challengo.
Prostoglanding of E and ¥ odasses are rapidly synthepised
Their phormacologion) sctivitics are probably medisted
by intracellular mesgengers, the cyclic nucleotides,
eyclic gusnosine monophwsphate (CGHP), and oyolic AMP
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and they themselves are conpidored secondsry sedintors
whose syntbesis and relesse may bo governed by bisturdde
or ERBwb o

In efdition to the prostaglanding, other chemicals
yet poordy charsctorimed, probably comtribute to the
syaptosatology of allorgic asthom. Flateleteastivating
factor 18 & 1pid released on an imunoplodbulin Eeantigen
intoraction on basophils or lung tissue (Kalines and
Austony 1975)« Plateloteactivating factor induscs egores
gation of platolets and the subsogquent release of
serotonin, vhich cen csuse suooth cuscle contractions
Serotonin 18 3+( Peasinoethyl Msenydroxyindole, It 1
deaninated “by BAD to WWMMWQ it ie

alcohel dehydrogonase, AL mtaboutea are sxoreted in
tho urine,

Extenaive studies (Auston and Orange, 19795 Austen,
1578) Sullivan and Parkor, 10765 Kaliner and Austen,
1974 Coffey and Hidoleton, 1977§ Flaut end Lichtenstein,
1978) of Ik dopdndent fsmounologiosd relemsc of chemjosl
zodiators fron nast cell and basophils hove provided a
partial pdoture of the | ol cevents involved and,
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thusg the various fool for potential pharsscoldgiesl
intervention. Interaction of specific antigen with

mast collebound XeE antidody prosumsbly results io
Bambrene mﬁtémm agoogisted vith extracellnlar
cslciun fon trepsport into the coil. This nitisl step
18 sccompeniod by tho sctivetion of a proesterase, which
18 converted to an active clymotrypsinedike serine
caterasey which subsequently cngagos in furthor sutocns
talytic sotivations Possibly, celciuneson infinx i¢
epoential for initial sctivation snd entocstaly
motivation of the proestorase to the vstevane, She
active estorase docays quite rapidly.

A subsequent cnexgy-dependent stop csn b inhibited
by Zedeosyglucons, Precisely wbat function n the'
tediator rilease sequence is subserved by the enorgy
requirenent 18 not cortain, but 5t cay to yoleateg to
the function of a “mtmtn.: ,Mow » Bince dense
bands of nicrofilaments have besn ohserved around nmst
cell grmim; especially during degramulations Hiorow
eilanent function is probavly davolved in nsdiator
m&mm, and the function of microfilasents oan be
affeoted Ly oytochalesine A and B, Studics with these
agents fndicated that bistemine relesse and SR5eA

-gencration and yolesse can be dissociated. Adthough
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- @gtochalasins A end B enhance histanine relesse, they
dnhivdt concomdtent formation of SABwd,

Bevers) studies sndicated an importent funotion of
niorotubules in pedistor velease frow must colls and
besophiles Colohicine, & compound that binds o the
micvotubuler subumit protein, thereby preventing
picrotutule assesbly and function, inhidits bistasine
relosses feavy water ®L0), oo the other hand, favours
nicrotubule subunit aggvegation and facilitates histemine
relonss e

The wetabolis rogulation of wedistor relesse has

- been dnvestigetod intensively. One sspect of metabolie
control of mediator release that is quite well worked
out in soveral ip vALLD eystoms involves the effects of
CAHP, GHPy and sgento that affcet their intrscellular
concentrotion. Numerous studies (usten and Orsnge, 19753
Austeny 1970} Sullivan and Perker, 1975 Koliner and
Austeny 19744 Coffey snd Middleton, 19775 Plaut and
Lichtenstein, 1978) have indicated that agents that
incresse cAliP levels {(o.gs P wagooists, histauine,
prostaglandin B and cholora toxin) tend to dcoresse
chenicol pedietor relesse, wbile agents that decrease

. GAHP lovels (wegs G ~adrenergio sgonists) tend to inorosse
chemical medjator roleases On the other hand, compounds



17

that incresse GNP levels (e,g. cholinorgic agents and,
perhaps, ¢ eadvenevrgic compounds) tend to increase
modistor relesse. Becont evidonce appears to establish
€GHP a8 an dwportant mediator of irmunological sedistor
relosse in busan lung (Kaliner, 1977). |

llegiator roloase can be nodulatod by rroducts of
the sympathetic and parssyspothetic acrvous aystem end
other substonoes acting through speoific roonoptor
systetis end affeoting the intreccllular Yovels of cAP
and GNP, Calelus plags s criticel role in the control
of dntroccllnlar eyolic nucleotide concentrations through
its ability to inbivit adenyl cyclase (Robison gt adey
197%0), stisulate guanyl cyclase (Schults, 1978) and
regulate phosphodisstorsss regulator protesn (Drostorm
25wy 19750

Sutherland snd Redd (1958) first reported the
pressnce of cyclio AlYP, The ¢yclic nucleotide that modiates
ﬂm opinsihriss-induced activation of liver phosphorylece,
has devoloped into & Lroad and noveld concept, touching
every fucet of biclogicel control mschaniswy, Adenosine
3'y5'-monophosphate (oyelic ANP) and othor oyslic
aueleotides have now bean desonstrated, not only to mediate
the sffects of most bormones and osurctrensmitters, but
alas t0 be Snvolved in govres of biechenics) and
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phyoiologiesd events (Haynes, 1960§ Ball and Sutheriend,
19613 Hangeard and Hess, 1965} Suthorland and Bobiscon,
19665 Suthoriand ob ales 19685 Bobison gt ales 19683
Exton ond Park, 10683 Weiss and Kiduan, 19093 Ball £k 8y
19655 Weless 1970} Greengard and Costey 19703 ¥eles and
Crayton, 1970n) Beoner, 19713 Bobison gk ales 19718, b§
Dordman b Mkey 19714 Voles, 19718 Bittlemsn and Burcher,
1972} Greengasd gk ades 19720) Ball, 1972} Bitensky sod
Gornan, 15733 Kehn and Lends, 1973) Druscond gf. aley 1975)
- Gresmgard an¢ Robdsony 1973, 19744 Buvkard, 1975) Weiss,
19“?%% Welss ond Hatt, 19771 Weiss and Fertel, 1577

i Baltdon, 19770

mmar noreal am:, W‘Eﬁ twkg sny mm
slteration in the concentyation of thess compounds, oAy
be responsible for sknormsl oell funotion, that 19, &
Aigensed states Indeed, seversl lines of inveatigstion
indicate that oyoldc nuoleotides oay be involved 10 &
wm:y of olinical conditions ranging fros canivor snd

| escular discases to mental 1llness (Levine,
%WN Uzonow and Welss, 1972ef Murad, 1973§ Ksbn and
Lundsy 1973; Schudts and Gratuner, 19735 Wolwsy 19758




goveral yesrs have dealt with the role of endogenons
horaones- shd mmtm&&m 4n controlling the
intracelloder concenteatione these cyclic muwleotides,
 Nore rosontly, Snvestigstors havae turpod thoir sttention

to the posstdility of manipulating the concentrations

of thess nuolectides by rbarsscologicel neans (Bprechkenridgo,
19704 Acer and Mekinney, 1973§ Amer and zmash'bm, w754
Woiss and Fertel, 1977)s :

It cyoldc A¥P 15 fnvolved in so sany processes and
has 80 nany sctionsg the question ariscs, bow cen drugs
that set by changing the cootentration of oyolic AHP
produce & specific offect? The snpwer to this guestion
48 provided by the cvidsnce that the mwm mmmu
s the wmmm mmw ABCE d ‘
amttﬁea are not W mhm ontities, btut,

umr; are cosplex enpyns systems, sxisting in m‘m@a

he m;r 7 &m&ny PRAYHRO0
salectively change the _mamty af t&m_ m Qf enyyne




that is prescnt in s curtaln type of colls. Tois would
yesult, in o selective alteration of the jotracellular
concentyation of o cyciic nucleotide in that cell and

thevebyy tause & selective sodulation in the function
of that oelle

Lichtenstoin and Margolis (1968), reported that
MMWM theophylitne and dibutyryl oAMF tlocked
- Seeunoglotulin B (IgE bnediated hiotaning roleases

Hmmn 3 a&o (1970} and Smith gt ade (1971} showed

that dncreascd ¢yclic ANP lovelan inhibited lyephooyte
proliferetion, The inhibition of basophil and iynpbonyte
fupotion by oyclic AMP was thus confirmed. It lesds
towards the control of inflasmatory and immune oeld
function, by exogencus drugs and endogenous hormones,
m Anterest with specific recoptors to oodnlste

The releose of sodiators ss & yesult of intersction
of allergen with cellsbound Igh antibodies Pixzed to
receptore on WM and mest cells is the contead

20
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eyent 30 the pathogenesis of allorgic diseases
(Lichtenstein, 1972): Sensitised bosophile and pest
cells are alrcady present et the site of antigen
exposure; end scoumalation of other cells 1s not
fequired to produce the hypersensitivity rosctions
Thus, following sntigen eszposurs, antigensantibody
conplex releases the medsators of 'Ipediate hwthrage

relenoe of cediators 18 reduced by eyolis AMP

oF by mm mmmg that intersct with cell surface

rocoptors to sctivate adenylate cyclese (Sowrne of ales |

1974 Orange b ﬂ.u W‘)O The ondogencns horosneslike

| amys. eyclase agonists include, beteesdvensrgic agents,
glandin B (S6E0), adenosine ond histemine, A0

tm ageau are potent iahibitors of histamine releass.

Histanine iteelf interscts with s histanine type 2
receptor on hunan basophils to inhibit histexine relenss,
and this anhibition ie blocked by Hy satogonists sach es

tienide or ciootidine (Lichtenstein sod Gillosple,
@9?33; Lfforts to delineate an) B, receptor on mast cells,
hoveyer, have been unsuccessful (aliner, 1978),

Bince the effects of epinephirine, histanine snd
adenoeine are blocked by spooific antagonists, thesd



agents {and presumsbly B, and grostecyclin) increase
cyolic AMP, by soting on receptors linked to sdenylate
yoleses The oochanien by vhich cyelins AMY mmtka
nediator relesse is uct known. It 1o suggested that i¢
scts early 4n the release process, and that, it linked

to obligatory tnvard flux of ¢alcium, and that 15 related
to sderotutale function,

Cyolie ANP pepsurenants sre mootly sade in prizate
sproiesy eithor in chopped lung tissue (whore oast cell
ropresent o cinor conponent of the tismw) or in pixed
leukooyte systoss in which the basophils ropressnt dsss
than 15 of the toted cells (Ishigaks ot ahes 1972

Adenylate cyclase stizulstors, extsts in givo and
expocted to modulate Loth the allergie response and the
gubacute and chronis Anflsanatory processoss In nonkey -
skiny the wheal end flare response to sntigen has been
inhibited Ly theme It 48 0180 clesr that, botssadrenergic
agonists and phosphodientorass inhibitors are useful in
the treatoent of sllorgic conditions, Presusadly, their
therapeutic effects are due, not only to relaxant effocts
mmmmmammmhmm,m sl to their
Johdbitory effects on usdiator reloase,
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However, thore ave, exceptions whon changes in
cyolic nnolectide levels do not parails) fnhibitor of
releases BEpinephrine, for sxmmple,; incyeases rab onot
coll oyolic ANP without affecting histsnine relesss
{oudlivan gk ales 197907 A rFecent experioent wit
husan besopbils destustrates disgociation detwoen
oyelic AMP slovation and inhibition of histesins yelease
(Marone gk Akes 1979)s Wben both Lipvaygensse and

sicoxygenate metabolic pathvays m Blocked w
tetragnolc acid mz,mmmmus

The effects of changes in the levels of o0NP on
iomediste hypersonsitivity reactions huve besn less
| ammw studieds In chopped lung preperations,
srgic stimnlation increases cyolic GHF levels,
Cholinergic agents and oyclis OHP derivatives potentiate
| mmmma medsator release (Balinor g gley ¥9728)s
Bovevery oyclic GHP dows not affect the seleass from rot
mmt ﬂim. WMMMM#WW




It 18 not cdesr, whethor the snpresse in cyolic OGP
lovels in long tissue 48 due tO a direct effcot of
cholinorgic agents on the mast cells or whother, 1&
roficota thelir wm oo éthez' coll types.

- &t appesrs to oall inte guostion the yole of
cyedie nucleotides in modulating cediator yelesse
(Flatehorn ang Keliner $578) Relinor, 1578)s Howover,
it has to be remepbored that the workers were mossuring
oyclic nuclectides in lung tigsue, which conteins upto
50 different celletypes, 50 that it s inpossidle to
secertain wiich ¢ell (ist alons the fntyncellulsr
conpartzent), the cyelio nucleotide changes belong to»
Howevey, for reosbns a8 yot uiknovn, histanine may
induce incrense in cyolic AMP sud eyclic OMP evon
porbaps in mast colls, in intracelluler compartoents
which are unreluted o the process of mwdiator relesso.
Alternativoly, it nay bo, as Ealiner speculate that

nast cells, unlike basophils, leck hidstemine yeocoptors.

There in one finsd pieco of evidence which pust
congtdereds Coulson et ade (1977) compared the sntisnse
phylactic ectivity of o wariety of compounds, which
possesoy in vorying degreo, the power to inbdbit
degradution of cyolic AMP and oyclic GHP In huoen lung.
They found that a8 the sbilsty to inkibit hydrolysis of

24



@Wuc GRP incressed relative to oyolie AMP,; so did

; ' 8 potondy inayease, W&m ‘beesuse
hoaphods ,:twmt were able to influsnce intyocew
1lular pools of cyolic nucleotide, thereby supporting
onae mmm idea that cyclic ANMF plays s key role in
retunsng nediator roleases

thoso mma which hydrolyse the bond belween phosphate
anf one oF othery of the two moleculer yoosossing aleoholic

funotional grovps which it [T ldinks (Russell, 1968).

In 1957, Ball, Sutheriand aod Borthet found thet,
the setivity to incresse liver phosphiorylase fornstion
by & hostestable substence was rapidly lost during
inoubation wAth extracts of hoert, ltver and bregn. This
rmg which uas subsaquently identifiod as coyclic ARP
wos shoam to be hydrolysed to 5'%AMP by on ensyne found
in beort (Sutherland and Redl, 1558). Since those studies,
this ennyne, oyelio mucleotido phosphodicstorase hes Leen
oxtensively characterised by numerous invostigators, The
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early work of Drummond and PerrotteYee (1961) assorived
its Gistritution in rabuit ticsucs, its cation depsndence
and &t substyato epecificities, This work wss confismed
and oxtended by Sutoher end Sutherland (1962). & nuaboy
of investigators have subssquently studied ayolie
nucleotide phoaphodiestorase and their muxts, are
discussed in detsil in Mm giscagsions

Cyslic nucleotide phosphodiostorsse sctivity is
found in virtually s} living cells, its relstive
sctivity varying greatly asong 4ifforent tissues of
enisals and plants (deiss end Costs, 19683 Butcher and
Butherlend 19623 Yeiss end Pertely 19774 Appleman gt -
15731 Amor sud Krelghtaumy 1975)s The regionsd and
subcelliuler distribution of oyodic GMP phosphodiesternse
gencrally parollels thet of cyclic aMP phospbodissterase.
Doth ensyme activities aro found in al) suboellulap
~ fractions with most of the activity being in the
100,000 x g supoynatont fraction (lait and Messe 19774
Welos and Costny 19685 Nalr 1066§ Cangpbell and Qliver,
19721 Beavo gt aley 19705 Pertol ond Weiss, 19, 1976),
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Although, rhoaphodiosternse is largely soludle

. articulate form of ensyns also cxists. The
wume engyte pay be of greatoer physiological
mmma singe it contaeins e hash aﬂﬁnﬁty fors of
1975¢ Clerk az.az.u 1973)« 4 soluble fraction also
containg a high affinity fornm of the engyne (Usunov g8 ales
1974 Brooker ot alée 9683 Lagarde sud Colobert, 15723
Wedeh snd Strads, 1972)s It is core likely that both the
10w snd high Ko forns of phosphodicoterase play e rols
in regulsting the intracellular concentretion of oyolie
nucieotides, the low En forn of the enzymd being respois
sible for the basel levels and the bigh Kn forn contyos
3iing the cyclic nuclestide consentrations mm.ng |
hormonal stiouletion a&’ the nucleotide cyciases (Weins
end Btrada, 15722« |

‘The ¢yclic nucleotide phosphodicsterascs are not
conflotely substrato spoosfic singe some of the perified
shesphodiostorace ensymes can hydrolyse cyslic AHP and
eyolic GBP as woll A & noober of othor eyolic mucelotidesa,
Howevory the 4tfferent isosymes of phosphodicsterase o
bave diffcrent relative affinitics for the varsous qyolic




nucleotiden (Rosen, 1970b§ Thoopson and Applemen,
1971b} Song end Cheungy 19715 Beavo gk mdes 19743
Sung &b ahey 15723 MiXor gf aley 19733 4mer and Npol,
19734 Bussell gb ales 13731 Brostros and Wolffy, 1976).

Prospbedicstorose mw: anomelous kinetlo
- behavior, suggesting either the oxistence of a mgu
engyne form with the property of fiogative cosoparstivity
{Rossel) gt sy 1972) or the existence of st lesst two
forms of phosphodicsterage, me having & Jov affinity
{high En) for oyolic ANP and the othesr baving o high
sffinity (low En) (Usunov gh ales 1973 Welos ant Btrads,
19723 Thompeon ond Applemen 1971aj Loten and Snoyd, 19761
Waise 2k ales 19728 Schonhofer gt ales 19724 Volus and
Stroday 19733 Strads gh ales 197 )« Evidence suggests
that both possivilitics are traes Onl one hand, 4t hos
been shown that thore are different polecular forms of
pthosphodiesterane mnd on the other hand, 4¢ has boen
shevn that oven highly purified isomyuss of yhosphodisc:
gtorane oxhibit nogetive or positive cosoperativity,
suggesting that thuse are ellosteric sites on the cnayme
that iaficence the ostalytic site (Beavo gt gles 15718
Russell gt pl«y 19724 Dait and Velssy 1977§ Frenks snd
pHonus, 1971 )e
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The phl optisa for phosphodiosterase s botusen 7.5
and 940 (Prumvond snd PorrotteYee, 196135 Hair, 19663
Yenahan gh aley 19697 Wedan gt ales 19723 Schrosder and
Bickenborg, 19731 Cheung, 19718} Ogabo end Darke, 19724
Roseny 1970a3 Song and Cheung, 19715 Husng and Bemp,
19711 Goren ané Hosen, 1972a¢ Butten ok Ales 19730«

Ha” and under certain mmmg. caleiun has been shown
t6 be requived m snayze activity (Dutchor and Sutheriend,
19624 Relktuchi gt adey 1571y 1672, 19733 Cheung, 197184
Té0 and Hsng, 1973).

The existence of multiple nolecular foros of
piosphodiesterase hao been Gemonstrated in many tissues
by nomerous dnvestigators using a vardety of toehniques
(Szunov gb aley 19743 Dertel and Weiss, 1974 Claxk snd
Porkingy 19714 Strads ot pley 19744 Thoupson snd Applesan,
19743 Goren gt pley 19715 Moan and Christiensen, 19743
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Ggunov end Weiss, 1972b4 Klots gt ales 19723 Schrodar

and Rickentorg, 19738 PAchard gt adey 19734 Pledgor of hey
mﬂu Strada and Pledgery 19753 19753 Wolls gt Ahey 15753

Singer gt alsy 19760

 The pattorn snd ratio of these phosphodfestorase
$sozymos vary with the specific tissio (Ugunov g% pley
1974 Thoaaon and Appleman, 19713 Monn and Christiansen,
19713 Ugonov and Welem, 19720y Singer o ales 1976) and
ool type (Uzmmov of aley 1974419738

While purifying phosphodicstersse from bovins btrasn

Cheung (1070a and b) noticed that the phosphodicatorase
activity degroased as the eanyme Locane BOre pure, sugges

pting thst & factor that sotivates phosphodicsteruse was
being remoyed Quring the jurdfieation process (Cheung gk Aley
1975)e This sctivator bas now been isolated and has been
atudies (Brostpot gL shey 19764 Kakiuohi gt ples 1970}
Brostromy 1973 Wickson b aley 19755 Levine and VWedes,
19760y Tho qotivator is e hestestable, csdlotunedspondont
;mm (WUsutov and Wolss, 1572bs Wolf ard Drosteom, 15743
Eskivchi and Yomauahi, 1970 Wang gh alsy 19758 Lin = A+ T
wm, with @ molecular weight betusen 11,000 and %0,000
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{Cheung 19713 Teshics and Rakiuchty 19740, The mechanimm
by which the sctivator incrcases phosphodScsterese
activity 18 quite complex, This endopenous activator is
of purticular interust becnuse 3t As extremely potent
snd highly selectives Less than 1 pg of sctivator 48
capable of incrensing the activity of one of the moleculsr
forey of rhosphodiesternse more than tonefold whtle the
activity of ethor isosymes of phosphodicsterase fsolated
from the sswe tissue resains essentially unsltered

Godss g alvs 1974 s Horeover, this sotivable fora of
pbosphiodiesterase is sot present in ol tissues (Halt snd
Heisn, 1976, 1977) Fortol and Welsg, 1976) mnd where it
i0 foundy 3t 45 presemt in difforent smcunts yelative to
‘the other shosphodicsterase Ssozymes (Ugunov and Welss,
197208 Greenborg and Welos, 19761,

The effoct of any Suhibitor on a given soxyme systen
is usually oxprossed,cither os, the dissociation constant
of the inhibitorecngyne complex (Ki) or ag the concentpas
tion of the inhibitor ceusing 50 # inhibition of enzyme
sctivity st a given substrate concentration (Iz0)s These
two factors are equal tnly under certsin hinetic condie



differcntinl distribution of phoshicdicotorase
1soongynes, sccording to tiseus end cell type (Usunov
gL aley 19%) aud since those isosynes hove & d4ffoe
rontisl response to inhibitors (st gk aley 1974 ) &
conparison of the effect:of shosphodiesterase innibitors
based on tudies using difforent stosphodiesterase
sources i a1fficult, ¥oreower, nany investigstors have
etudied the offcots of phosphodliesterase inhibitors in
the presonce of high concentrations of gubstrate. Under
these ansay conditione the total phosphodiesterase
aetivity will reflect both the high Km and Jow Km
eRIyze, ‘

The following clascod have been studied for tholr
ability to inhibit rhosphodiesterase (Weise and rsrtal;
im} 39 ‘

2} Popaverine and its snslogs
3) Cpelic nucleotides and their an&iaga
b} Inideszolidine derivetives

5} Fyragolo snd pyridine derivetives
6) Gudbstituted imidasopyreaines
72 Bubstituted mn‘.uag triagines and p
8} Substituted guines




9) Irddasoline dorivatives
10) Semicarbasones
11) Phouethylenines

12) Epgot alkaloids and lysersic scid dorivatives
13) Reserpine sad yeserpins soalogs |

1) Frenothlosines

15) Bengodisgepines

16 Pibengngepines

17) Sulfonyioress

18) Sturoide

19) Copdise glycosides

20 < «mwmmx and ite anadogs

25) besa mwmmms
28) Viavoznte

pyran dorivatives

28) Miscellansous pharmecological sgents
a) Diurotics
b) Hetabolio inhibitors
) Adkylating agents

4) Ditters

o} snktedn

33
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From the data availoble upto datey drogs say inhibit

phofphodiestorase by seversl Giotinot mechanisns en

1) by conpetitive Liackade of the active ensywe gite,
thereby mmw scoess of ocubstrate to the aite
(0450 tmmnme, cyelia GHP and low mﬁw
tions of pepaverine)

2) vy soting es nonwcompetitive antagontste of the
substrete (high concenteations of wmm and

3) by Anterfering with the sctivation of phosphodies
sterass {e.g. trifivoperasing and related
phenothissines, ealofus binding compounds ),

Since the use of cromolyn sodiun as an antiepllorgie
agent, chromone derivatives were synthosiand anc studied
for their antieallergic activity (i1lis and Shaw, 19723
Ellis and Barker, 19723 Darker g ales 15735 Wright and
Johnson, 19735 Nohora sf aley 19774 Rantick ot Ales 19764
Pevlin gt ale, 19774 1978)s
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Bince the  ~ discovery, o considorsble azount of
work has been done to characteriae the coyolie mucleotide
phosphoaiestersse (B.C. 3.10417) engymes and olarify
the significance of their sctivitios under physiclogioal
conditions, Segoral methods are currently aveiladle for
nonitoring rhosphodiestorase activity. The most sensitive
_ of those pothods iy the redioejsctopte assay method
doscribed by Thoapson and Aprlecan (1971). Gyolis AMP 13
bydrolyred by rhosphodicosterase to S'=Adenosing nonophoe
gphatey which iz In its turn, further cleaved to adencaine
and phosphate group by addition of snake venom. The
rafiolabelled amount of sdenosine is mensureds

Another scneitive method of neasuring phopphodiestorage
activity depends on the ability of 5'«AHP 1o inhibit
fructosechisephosphatase sotivity (Hans g aley 1977).

The other methods arc less scnsitive. The most widedy
atiliced mothod is peasurenmt of orthophosiliate reloased
from the protuct 5'«AMP by snske venon. The inorganic
phosphate csn bs either moasured by the method of Fiske
and Subbarovw (1925) or Garbanga gt al. (1980}, by
eemtry. Sevsral core spectmmotwatm sothods
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a) messurement of §'einopine manopbosphate (SYeINP)
produced from SYeAMP by sncubstion with 5%eaNP
demninase Wm and Perrott-Yee, 156%)

nt‘ WIP uim the mmﬂm of M& rod
mmm mm; 19793

¢) conversion of 5'-ANP by myokinase to AT? which
45 then neasursd by coupling to the pyvuvste
" kinase and lactate deliylrogensse cstalysed
reactions (Carter af aley 1979)

&) neasurenent of inosine; bty clenving the prefuct
G'aAMP by adenosine deaninase (Bergmeyesy, 1974)

¢) messuresent of peastrophensl nsing bigepenitson
shenyl phosphate as substeate {zainly used for

snake venon phospbodicstesass) (Bergnoyer, 1574)

£) using luciferineluciforase tecinique (Weiss g adey
1972)¢ In this techuique, phosphodicsterade is the
rate 2dmiting step in & soquence of pesstions '
starting with conversion of oyclic AP to §'eantP
aod ending with tho formation of ATP, ATP is then
quantitated by firefly luciferineluciferase
w:m@a The Light generated iz neasured by

escence biometer or liguid sointiliati
amtmmwﬁ.




One of the nonwspectrophotocetric mothods consists
of direct neasurement of protons yolessed by titrimetric
cethod (Cheungy 1969)s

37
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Comparison of sensitivity of phonol red ascay with
other methods of measuring phosphodiosterase astivity.
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The experinental mtm!. podels are based on the
Spedlator concept® of allergic disorders. The rationsle
for this approach of soreening 1ios alpost toteélly en
the known pharrmeology of the prototype prophylsctis
antieallergic agent cromolyn sodiun and its welle
estallsshed olindend activity.

Cromolyn sodiun &8 not orally active snd ds,
therefors adninistered as & powdored serosol. The drug
is efficacious in only o portion of the sstimatic

patients for reasons that arc not at prescnut vndersatood.

Consequently, a compound that is orally active or that

oan protest a broader group or preforedly all asthoatios

would be & significant advance in therapy of asthup.

a) Isolated cast colls (Sullivan gi ads, 19758)

b) Blood Acukocytes (tasophiis) (Lichtenstein and
Gillespie, 1973),

¢J) Freagoonuted lung tissue (Shoard gt ales 1967

Chakrin g% mhey 19795 Orange g sdes 19713
Erell and Chakrin, 1978).
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Isolatod mast colls - A cuomonly used tochaique
for obtaining & relotively “pure” population of mast
¢slls involyes the use of ret peritoneal flutd. In brief,
col1s are removed from the poritoncsl covity of passively
scnsitized ats by o siople washing with a phyniologiood
‘861t solution and centrifugation of tho washings. Cells
are than suspended in sn appropriate physiologiosl
medive and challenged with sntigen to induce histemine
reloaso. Preincubstion with antieallergic ngents reducca
the soount of histamine rolesse . on challenge.

Girdlarly, Y1cod leuksoytes (basophils) which sleo
contain histenine and may be prepercd from sotively
sensitizcd snimals or sllergic hunan donors, suspendoed
in an appropriate peddun and challenged with tho appros
priate antigon 1o rolease the madistors of enaphylaxiss
Zheso typea of systoms are relstively sinple and sconsold
and they provide an csgontinlly homogonous cell poyolas

tion . " %o study sutiesllergic agentas

Ihe next model in highor order of cosplexity in the
tosting sequence 18 the An wAlro fragrented lung moded
preparcd fron various species including rats, guineaspigs,
@ogsy rhecus monkeys and mmmens (Shenrd gt sle, 19673
Chekrin g} alsy 19705 Orange o ales 19783 Krell and
Chakring 1978). lungs obtained from noroel or eotivoly
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sensitived animals or humans are cliopped into swald
fragnents, pasodvely scnsitised with resginic sntibody
(!%z thoge obtained fron norual animals )y placed in
phyoiologicel mediuns and then challengod with the

- appropriste antigen. Many chmmt substances can Le

be redessed on Smounplogiosd chellenge from fraguentod
Jung tdssue, and some appear to be speodes spocific.
%he shéey aumber of substsnces relesscd as well as the
rothor sophistioated technology required to assey each
subatanoe, prociiides the poutinge anslysis of sore than
two or three substances. Consequentldy, osny leboratories
" dnvodved in the seareh for novel anti-allergic ugents
often meamire eithor hictamine or G3SeA or boths The
seloction of these two modintors 18 based on tho obsere
vation that much of the Yody's hiatssine is sequestered
within mest cells, tho oells believed 4o play a major
role in pathophysiclogicnl provess. Thus, iobidvition of
histanine relense by anti-allergic agente provides
ovidence that the oolocule s alteving the meot ool)
relesse process and hopefilly, that the inhidition wall
oxtend to el cubdtances emmnating from this cell.
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Rat passive cutencous anaphylaxis (Ovary snd Biep
1952) 15 the nost widely uoed tost for primary ladoratory
cxperimentel syotem. Ite principel advantages gre that
it is sinple, rapid, econmicnl and pomiguintitativo,
Purthersore, the potontial ora) efficscy of compounts
may be ssscssed st an early otate in the phartecologies)
testing scquences Major disatvantages are that it yrovides
only eircunstantiel ovidence as to the cechaniss of
action of the compounds and that efficacy is established
io cotaneons tiseue rathor than in designatod thayapeutis
site, plsonary and tracheobronchial tissue,

Ret passive poritonesl enaphylasis Kalinor af als, 19720)

Bat passive poritonesl snaphylaxis is nostly vecd
when quantitation of the medintor release is desired.

‘Bat paseive pov ansphylsxis (iavtel and Kdicius, 1977)

This 48 oo extresely simple technique, It dopents
npon the peagurcment of odema produced in rot hindepaw
by antigeneantidody reactions Here again, the pormesbility
faotors play s dominant rolo. Purthor, not indsvicusl
medintors but the conbined effoct of all modiators &s
Weﬂo |
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Various i iwn models of ®alicrgic asthua™ have
boen dovoleped in poveral species to gein tnfermation
on the potential efficacy of coopounds in preventing
sotigens=induced byonchospustie Since these models
considershly zore conplex than KA oy PBA, mmm
evaluation $n these mothods generslly ocoupies the
terninel stop $n the pharmscological testing soquence.
Hodels have been developed in ssall animals guch as the
rat ané guinepspig, utilising eitber gotive or pasaive
sensitisation, moot froquently with ovslbtesin op
dinitrophenolesvaliumin conjugatos (5t0tland and Shuro,
1974 Fremer gf ey 19755 Ammitage gt Blay 1952).
Afntigen nay be prescnted paventerally for procipdtation
of systenic snephylaxis or by an anrosol to induce
pulmonary anaphylaxise Pretreatont with an effioncicus
antissllergio egent would be expected to reduse the
severity of the respanse to antigens The mnjor adwantsges
of these modols ore that the principal cediators of
pulponary anaphylaxis bave beun detormined in both
apesies (smm st Sharey 19743 Prazer gb sley 1079
Armitege 4t alsy 1952) snd that the censitiszed snizalp
aro casily snd econonioslly sweilable in large nunbors.

A oajor disedvantege of theso models s that until
rocontly, they have not allowed for the uss of spphistis
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due to the suall sise of antrals (Diarcond and O'Doanell,
1977 )« Betornination of the effcets of antigen or
sssessmont of Jung courdisace rather than a trus dotere

- pination of resistance to alr flow in large and spall

In lorge animals, principally dogs snd shesus
conkeys with » spontencously oscuring hyporsensivivity
evo used (Chakyin and Ereld, 1976). An alternstive to
these actively sensitized models 15 pasoive sensitisation
0f the eirvays of nonhypersensitive éogs and monkeys with
high titer reaginic serun obtained from hypersensitive
donors (Pattorson end Kelly, 1974 ), Major Glsndvantages
of dargo animal models dnclude s

1) Animals with spantsnoous mmw broachisl
sntigen hyporsensitivity, particularly shetns
monkeys are relatively scarces

2) Antigen challenge can be no more froguent than
every 2 weekes Shorter Sntoryals lead to highly
Thus, large nucbers of animale sre roquired to
ovalusts yessonable susbors of osporinental



3) Pulmona ‘mmmwmaﬁmlymmug
oven in the sane anioels

) Large snizal nodels are costly to develop end

§) o clear insight hss yot been gained regarding
the bioehemical pharmscology wderiying the
monary pathophysiologys Therefore, unexpeated
mlta are Giffioult to ummwf

6) Various pharnact . cechanisns other thun
inhibition uf modiator reloase can account for
s reduction in the response. For cxample,
cngeorgen antagonien of propinent cediators and
spooth ouscle bronohodilator activity both
Peduce responsy scverity. |

73 spparently, hupsns uniquely cuffer from asthome
Ko case of allergic asthoa in a nonehuvan speodes
has boen reporteds Therefore, while there is
presontly no sltermstive, those laboratory medols
ey ulticately prove drrvlevant to the clintcal
syndrooes .
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Aveonion sulphate A.Bs
Godsom chlordde G «Re

Hagnesiun chloride, 6R20 GR

Copper sulphate, SH20 GR
Fot.Sode Tarterate, 6 020
&od.bi«carbonate

804 J85hydrogen shosphate
Glucose

ﬂefm amm
mmm o eand 153 )

L - ] mig
em'v' N luewism.aa Phoaptiste

Priencd Bed O s

Hopa: In Io
150 mi”; s m)

&etﬁm&eﬂ Charaoal

808. Carbonats AR
Theophyliine
FolinsCiocaltesn rengent
Cal,Chloride, dihycrate CR
Atropine A
bordotelln Fortusis

[>wmercaptosthanol
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4) Aotivsted Charcoal,

2) 25 o Trisehydrochloride tuffer «- 3,027 go of
Trisetydrochloride in 1000 ml gives & 25 v soluticn.

Peior to usey the astivated charcoal (400 mesh)
wis trested with 0,1 B HC1 by successive ssdimentations,
thon washed repeatedly with watcr and neutraliged by
mmang in several wolumes of 25 ol TriseBC) tuffer,
pH 749+ The resuspension was done at loast three timess
The emmt was ggain washed with distilled watoy
{pll 6,0), Then &t vos filtered through Whatmsn Nost
filter end dried at 20°C constant weight end stored
roon tonpurature tili uses

3) 't‘mamwniﬁmﬁ buffer (50 mit) e THi% Va8
propared by dissolving 6.055 gos of frisehydrochioride
G!Mh 12141) in 1000 1} of Aistiliod water.

&) pemercaptosthanol 63&5’ o) we 29&;91 ng of
pecsorosptosthancl (.4« 78413) dissolved 4n 1000 n of
distilled water yielded 3,75 uM solution,
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Oresa ob ads (1977) have desorsided the method for
the isolation of phosphodiestorase froo human lungs
Hewaan gt als (1974 ) hove vorked on rhesus sonkey lung
CANP dependent hosphodisstorsss. Hence o aodified
mothod of Nownan b ale was uzed for the isolation of
the enxyoe. |

The process 1o nainly divided dnto

1) bBowogendsation,
 2) Aroondus Suighate purdfication

1) Bumogenisation

125 %0 2,0 Rg) vere renoved surgically and imecdistely
frozen until useds The tissue was thaved and triseod of
excess fut and connective tissus, The tissue vas
hotogenised using Cenco howogeniger in 3 O volumes of
Tris mmarm tuffer 50 u¥, containing

vas cmtzunsed maaaw mtrm:gc at 100,000 x ¢ for
30 minutes at ¢°C.

48
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. pu %sc;a.?ion
2) Azmonsoun Bulphote ¢

L e o P L

The supermatant frection of the above Bpin was
stirred vith emonive sulphate in & concentsetion of
35t @a/lites for €0 siuutes. The teupeyature wes _
maintatned at 29C, After this, the solution was centpie
fuged at 100,000 x ¢ for 30 ninutes at 0%, The mnn
was wuwzm 10 sinteomn guantity of Yripshydrechis
tuffer (50 oM mtmw 3#5 wH F’ mmtonhm
,ctwgnummnmmm«mmmaum
against Tris«hy oride buffer (50 wi, pB 6,0), After
GmmmMmaamaammﬁm & hours
nores

The onayse solution was dialysed through dlalysis
tuding (Aritur H. Thouss Cosy U hels

R

he appropriate dislyeds tubing (Ho W 3787147, out
off value 3,500) was boiled in Afotidled wator repeatedly
to remowe the incorporated salts snd glycorol from the
tubing. The tubing was then tied at ons end end the
erigyme solution to be dialyred vas £11led 4n it Sue
tubing was closed fron the other end wad placed in &
besker containing the dialyeis tuffers The dialysis buffer



ves continuously sgitatod with o megnotio stirrer st
4%, Aftor eppropriste tize the dlalysis buffer wos
changed and the process continued as before. At the end
of the dialysis the tubing woo taken cut snd the cumyoe
wao collected,

3) Chazcoal treatoant o

For removal of proteinsbound adenine nucleotids
charooal treatment wad carried ocut,

To the dialysed cnsyme solution activated charcoal
vas afded in a concentration of 20 mg/l. e mixtore
vos agitated intemmittently for 15 minutes st 0°C, The
charcoal was repoved by centrifugation oo Janotzki E-2h
nodsl at 500 x g for 40 minutes.

The supcrnatont of this spin was dislysed against
distilled water (pH 7,7) for 6 hours. After this the

ensyse was redialysed against digtilled water pi 8,0
for 6 hours.,

After dialyeis the ensyme was stored 4n 3 ed
m.‘m.



Engyno doubling §

%o chosk whethor any veastion 18 &ue specificelly
t0 a5 engyme sction or not, a peranater of the sctivity
whith £ often studfed 18 the relationship between the
~ congentration of the ensyme and the Fesotion welooity.

To study this psraseter varions concentrations of
the ensyme were sddet. The snsype activity was then
deterxined &8 desoridbed later in each cavo,.

Optimum pil »

» chavsotoristic parametor of an enzyme activity
i 1te optimun pH 1.9, the pi at which the wnsyee sctivity
is naxtme, This parstetar of the phospbodiesterase vas
also studied, ‘

In this expersment, sosay mistures having warious
pll values ranging fron 7.0 to 8.8 wore prepared, he
mwmemmmwammmamﬂm
as that of assay mixtures, using dixlysis
d1stilled water of the sppropriate pi,

HIDRARY
¢ AVPRINE INSTITUTE



The ensymatic aotivity was cessured and plotted
it in depentant upon the 3H of the environment. The
nog-onsymatic hydrolysis of the substrate vas also
simultencously studiod,

The plil, at vhich the engyno sotivity ves magtaun

vith minimal noneensymatic bydrolysis, was telken ap the
optious pil for the ensymo activity.

Rinotics of the envyme reaction » The mﬁ}umm
canatents

The Hichelis~Menten constant, or the Ko value for
an ensyme sctivity i perbaps one of the most important
porameters in the identification of the enmymc activity,
- The K value 4s that concentration of the substrate at
which the resction rate is mexioem.

The doteyuinstion consists of ceasuring the resotion
velocitiens st warious substrate concentrations. By plotting
the reciprocal of the yemction wolocity agninst, that of
the substrate concentration, or the lLinevesvoreBurike plot,
tho velue of the Michelis-Menten constent ¢an be |
calenlated s '
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In this determination various subsirate concentyras-
tions (50 fﬁ to 500 fm vore used.

. The enmyne sotivitics were determined as desoribed
" 4n all the above cascs and the plot of the reciprocal
of the resction veloeity agasnst that of the substrate
concentration was drawns The negotive mtmept on
tnexmummmwm 0348
emtant.

The method consists of neasuring the colour produced
by the veaction of peptide bonds with slkaline eopper
tartarate end betveen phenolis groups on roteins end.
the PolinsCiocaltesu reagent. The colour produced han
8 brosd absorbance maximus around 660 may the wavelength

Bosgents 1

1) Polin-Cincnltesn Bmmt (EDH) » wm vas diluted
132 with vater befors use. '



2) Alsaline copper tartarate solution < This was
prepared freah by nixing solutions A mﬂB in the retio
of "%u

Solution A ¢ A tolumn of 0.5 § hytrated coppoy
sulghate Wﬁﬁ, 5'820) and 1 £ sodiun
potassinn tarteato,

Belution B § & 2 gn % solution of sodtm csrbonste

3) 8tendard Protedn Sclution « This wss prepared as
& %0 tg ¥ solution of Bovine sorun altumin (Cotn
Praction Vi Stgums) containing 15,3 § nitrogen by wesght.

One =3 of protesn solution vas treated with 5,0 ml
Ikaline copper tartrate solution and shaken vigorousdy.
After sxactly 15 minutes 0,5 nl of the PolineClocaltesn
reagont vas sdded after dilution and the mixture shalien
thoroughly. Thirty minutes Jater, the optical density
| utmmwwmuﬁ&m;mn%mm% \
(bsuseh end losb) coloriveter,

A stendard curvo wos prepared by developing the |
colour in protoin solutions containing graded concentrations




25

of protein (10 pg to 100 ngls Optical density wis then
plotted against the protein concontration, 1o got a

$he protein consentration dotoroined o8 sbove uan
Used to sxpress wll valies a5 & funotien of the protein
gontent of the engyre, HE,

the pertially purificd fractions by the oothod of
Fiielde gt ahe (1979),

Pyinciple ¢

This sssay 15 bascd on the fact that the hydrolysis
of cyelic nucleotides to tho corresponding 5'erhosphate
ester by phosphediestorase makes avallable, sn additional
titroble proton of the S*ephosyhate groups By incorporoe
ting Fhewol Bod in the essey Dixturc, the rate of the
proton production can be ctntinuously mossured by ponie
toring the dcoresso in absorbance of the tasie chyomophore
of Phenwl fed at 560 no.




The prioary advantages of the spoctrophotometric
agcay used for sscaying SDE inhibitics by this method

8) 4t provides initial volocity memsurepents, and
thus 18 2deadly suited for studying the kinetic
proporties of partislly surified proparations
of sngyne md

b) 4t doos not require the todious and tize consue
aing purification of comercislly availeble
sabstrate which 32 often requirved when radioe

$00raLA00.08 #100K SOIURIGN « A 2.0 uH aguecus otock
4 aamumofmnnimdmmwatmw&% for
11mitod pertods (1e2 weeks)s The podar absorptivity of
each usew stock solution was detorained by the tityation
- of a 10 i selution of the indieator to il 0.8 and
messuring the in obsorbence at the S60 os, sbsorption
53 % 0% ™', ca”t,

o6
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2 81 Phenol Red solatson & 35438 g of Phenol Kod was
dnsolved in 50 g} to glve
240 o polutions

L0 o Soalum Chloride solution ¢ 233,60 og Nall ai
in 100 m) of Phenol Red
{125 pﬂ) aolution.

5w Magnssiuo Ghioride solution +- 10%.6 ug of Hgll, 6.
- | vas diorolved in 100 ol of
125 i Phetiol Rods

149 th cAMP soluticn ¢ 624591 gD of cAMP asscolved
in 100 ®l of 125 it Fhenol Red
solution.

1ine solution 3 18,02 mg of Theophylline
diagolived 3o 10 o} of distilled
water,

Ulass Gietilled wator war btollel for 10 to 20 pinutos
. to make it Carbonedioxide freo, ood then tuseds

pE of all solutions was adjustod to B.O.
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Prosedure

Sho ascay nixture consisted of %0 i HaSl, 5 i

- Mgllyy 125 i Fhenol Hed and cAP at s concentration
of 1,9 o, The 3l vas sASusted to 8.0, The total
resotion volume wng 1.0 sl The rosction wvae inStisted
by the addition of phosphodiestorage (67,5 7“"
Theophylline was used a3 & known stendard inhibitor of
the Wﬁwwcm 0 be tested ummmm
reaction nixture befors the sadition of FID. Dianks
vorg ran sioulteneously. A1l reactions vere mtm out
at 22027, The pil of the standard drug and testedrugs
vas sdjusted to 6,0, The contimuous titration wan
tecorded by measuring the deoreass in sbsorbance st
G0 nme AX) assaps wore performed in trifiicsto.

W o% an‘i‘%a;\\@a&'m sthuddieo .

Feoale adbino rats (Wister. strain) weighing botwesn
100-200 g woro injectod with egg sibmdn (10 mg/ng)
intra-muscalarly and Sordetelds Pertusts organisss (2x10'0)
Antenperitonenily. After 12 days the snicels woye snaesthee
tised using snaesthetic ether, The L10od was collestod by
eardiac. puncture. The sorum vas collected fron infividosl



rats and poclels The presence of IgE sntibodien wos
testod by the nothod desgribed by Ovary and m msw

vhich 18 as followss

Pepsive cutensous anaphiylaxis reastions wore
produced by the techaique of Ovary and Bler (1952),
The backs of the aldine rats (Wister) wore shaved with
an elcotric hair clipper, care being tahen te avoid
irritstion. Usually, threo intesdormal injootions of
041 81 antiserun were cade on oach side of dorsal giin,
about 155 oo from tho pidline, with a sharp Sbegauge
abort bevel hypodersio needis. Tvonty-four tours later,
~ the snioels wore injected intravenovsly with ¢ sl of

Evans Dlue (25 mg/kg) in saline (0,85 % HaCl) containtng

antigen (35 mg/kgle Tventyefive to 30 minutos aftor
antigen injection, thw antoals were killed, the shin
wis rofiected and the lesion dismotor was mossured on
the inner surface of the skin with & transpsrent scales
- The presence of Ig& entibody wae esteblished by dostrus
etion on hoating (56°% for U B) snd by persistance of
the FCA yenotion uptd at lesst nine days.
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Sot antiecgg albunin coyun was diluted 92 with
0,15 M seline (0,85 £ NaGl). One sl of this dfluted
© sorwn wos Anjocted dnto the peritoneal cevity of male
rats weighing 150 to 200 gnay Aftor s datent period of
tvo hours the sninals were challenged dntraporitoneally
with 2 ng of eggenlbimin 40 5 ml of heperiniced
(50 pg/ad) tyrode sclution. The enimals were sscrificed
after 5 ninutos, the sbdomen wes opened and the pordtos
neal fluid vas collected, | |

e perdtonsal £loid was centrifuged st 1000 g for
g mm. The supernatant vas assayed for histanine

Prugs tested for rtosrhodisuterasc ectivity were
soreensd for antisallergic aotivity by using ret passive
peritoneal snaphylazie, ALL drugs in the wolume of 1 m1

‘were injected introperitoneslly (10 mg/sd) cne sinate
prior o the adnindotration of antigens |

The druge wore testel for tholr antiehistaminie
setivity Af any, on atropinized guinos-pig Douwn,
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4 guineaepis (Cavdo murgelius) ves killed by o blow
o0 tho hesd ond the throat was cute The abdonen was
opiied and the fleun 1ifted outs A pdeco of the ileun,
about 5 cm loug, wes renoved from the region sbout 6eB on
owsy from the osecal end, and flaced in a Gish centalning
Tyroto solution (Fa', W02 oy K, 2,7 oy Ca'" 346 my
R"* 241 miy O 15,3 oy BoR0y  OW oMy BOD, 1949 ity
Glacose 5 oM) previonsly vermed to 37°C,

Atropioe (10 }zg/nu vas sfded to the Tyrode splution.
The 4leus wag then gontly flushed with wars Tyrede (37°C)
and the mesentery cut. A picce sbout 3 cm long was thon
cut off snd tied with thresds satidiemotricslly end
sourited in sn orgen beth containing Tyrode solutson
tion wes allovod 0 equilibriate for 30 minutesy with
changes in solution after every 10 minutes, before the
gtart of the exporiment,

Responsce were recorded to atanderd conostitystions
of Histemine (10-80 ng/el) using & frontel writing lever
Iagnification x 103 1038 » 0.5 g)mmwkmgm
 PBIET . Weﬁ of perdtonesl fludd content wers slpo
token sinilarl
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The protein content as e¢stimated by lowry's method,
of ths supernatent fraction aftor first splac " et
1004000 g was 7.7 ng/od, While that of the fiond sanple
vas 2,25 ng/l. The specifio activity of mn,mm g spin
voo 7,79 n ooles of cAP hydroiysed/min/t ‘ ] |
while that of final ensyne mmtm wes W.817 n nolos
of oMiP hydrolysed/binfeg of protesn.

The hydrclysss of cyokic AMF by the ensyne Phospoe
dicaterese was found to be llaear for L5 minutes, The
effcot of various ensyme concentrations on the hydro
is shown in Greph Hos L )y It 48 svident from it that

the rate of hydrolysis proportionatoely fncroascs w;w: the
facreese in eusyse conconteation. |

yuts

The offect of changes in pil on the assyy system is
shoun Graph Hoe 2 )» The 5l range sclcoted was betvesn
7+0 to B,Bs It 18 clear from the nature of the graph
that rate of hydrolysis of cAllP incrosses with incresse
in pE £113 pi 8,0 and then decreasess Hence optioun pil
of the ensymd is 8,0,

The dabibition pattera by theorhylline, & potent
phospd tersss inhibitor was studicd (Gmw m;. 3)e |
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by

045 BN 63491 5, the hydrolysis. The highest concentration
(1 = 0"38) of theogbylline produccd 78,85 & snhib
of the hydrolysis of cAliP,

Erm amummm constant (Kn) for the hydrolysis
otmmmwmmmm thosphndinstorase vas
ammammmpmwmmmcmmwmm
the Lineweavor«Durke Plot &raph How 1 Js

The following table fndicates the offect of test
-ngmmmmtmmm from
rhesus monkoy Jung and their antiesilorgie sotivity, using
rat passive peritoneal anartylaxis. oo of the compounds
bad eny entiehistardnic activity per se.

£ nhd mct ﬁmg&m@r
A W A AT A it S

Ot ot 0,5 gt

1, wgﬁﬁﬁ of $0.36 9@;‘3
s Mc o
2) Bod.ealt of 60,68 w22t

37 Sod.enlit of Geanthyl, oY ﬁa " &ua
3 MW%GW ) w ' 3’_, ' 305



7) Beaothyl chrooone

8) Z;guthw  2estyryd. |

» gﬁgtyryl ugy e

10) E,&&MW&

i 4‘3;53? 1@«»
£“1 s2o58 5obielt s

dipyren

‘13 h’m‘a"ai;?&?;a,
L1200 5,

64

% mgﬁm of % inhibition of

A K ARSI ST

‘ad g 0,9 M

59419

21,19

37438

304605
39.698

043 714133

h2.30 |

82,64

12) 2,4 diacotyl Besoreinol 63.245

13) 2 p -ngghmw)mum by

PEA

P I C SRRSO

«28,29
»33.21
< Be19
6
k551

L1.82

5k 412

31,98

49,2
61,98
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DRUGS TESTED FOR PDE~INHIBITION AND
ANTIALLERGIC ACTIVITY.V .

7 Mccs/cssn

Sod.salt of 2-carboxylic asiea-t
f”,° 881t of 2-car ox ' '750d. salt of 3-hydroxy
chromone. o - .

'*, chromone

ONa

. osN-Be2
’Sod;fsalt,qf-bwmetgyl,.
: 3-hydr6ky7¢hromone;

GSN-B-4
2-Hydroxy~1H—naphtho(2 1~b)m
Pyran-1-one.

GSN~B~5

~

3-Propargyloxy chromone . GSN-B-11

e

6-Methyl chromone

' OON‘TH.H '



GSN—B—12

o .fMethyl chromone.»';.._ e GSN-B-M I

7-Methoxy,2-styryl isoflavone. e

 GSN-B-17 | . GSNeBV-35 .

5,7-Dimethoky,2-styryl~ " 2, 8-Dime thyl<d=6-d1ioX0=
1sof1avone o _' 3,5,7;10-H-sbenzo-(1,2+p_ ]

| : 1 ' 5,4-b) = dipyran. E

.~ GSN=BV-36 )
4,6-Diox0=2,3,5,7,8, 10-H- e S GSN-BV-37

benzo-(1 2-b: 5, 4"b')" N 3,4-Diac_etyi.teﬁorc'incl |
dip\]Ean. i S . N




 asweBveds GSN-BV-39 |
2'()B-Naphth°xv)-dimethv1-“ 3 7-ma1dehydo-4 6-dioxom
Fumarate. ; 25,8 10-—H-senzo(1,2-g. 4 5-@)‘.

v Dip!ra A

GSN-C-2 S5 ko

_4-Me thoxy-N- (4" -oxo=4H 1)  p-d-dethoxy-N-[4! ~oxo~6=

- 0 - b |
. P Oxy 0Xo ( . methyl,-cm( i )bgnz@pyran“a[ ‘

. bemowmn'si‘“myndi“e)"  formylidine ]-Aniline,

Aniline.-

 GSN=C~7

BSNC=5" | r ,
3-[2~Hydroxy-5-me thylphenyl  3-(2-Hydroxy=phenyl)=3=
- —— enyf]- ‘oxo=1~(1-piperidyl)~

-3—oxo-1~l19piper1dy1l-prop-2-ene.'. prop=~2~ena.



~ (KR/NVS/E)

__aéa(é!,4'~D1hyqroxypheny1)~oxymethy148,7-d1hydtoiy~ |
R 4~o0x0~-4-H(1)~benzofuro(3,2-b)~pyrone.
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Por phoophoddestorase inhibitich, theophylline

{18 3edinethy]l xenthino, M, 180,2) was used 85 &
standard drugy while Orovolyn sodiun [dtsodite calt
propano, S was considered as the referenco Compound for
antisallorgio activitys Compound 2«(3',4' Gthydroxy
phonyl oxynotiyleBaedihydroxyshisoxn-hii{1) benpoturo
(3s2¢b) pyrous, has shoun significant eotivity. Al)
results 1isted in the table aro exprossed with reference
to the activity of the sane. Crooolyn codim: showed 8 £
antieallergic activity, vhon used st a dose of 10 og/ig
U 60202002y 345, 7984100, boaso L 1,2e18 543 Jdtpyran,
§e7eainethoxy 2estyryl ssoflavone, 2,4ediacetyl rosoroinoly
Sodive salt of 3ehpdroxy chromouey and 2eHydroxyeiHe
aaphthol 2,190 Jpyranetecne have pmim MMeﬂu
erase :nhmwry mmty- Sef ety '




Jehydroxy chremons, 2elydroxy«tli-naphtho(2yieb pyrans
fecnie and sammmioﬁm are not only devold
of antisallergic aptivity, but mrmea hiaton
rolepoe fron mast es1in. |

Prom the results of inhibition of shasus monkey
lung cyclic AMP phosphodiestorase and inhibition of
fomutologically relessed histanine release fron pat

znst cellg, the compounts ot be divided into two major

greupsy considering the highest activity.

Group one, conalsts of coepounds having good
SOtivity dn Doth systems 2,(3%,Y «dihperonyshenyl)
W,?MWM“ Jansoturo (3,2¢b)
. pyrODs hgw;3;5g?i3ﬂ%bm“gw Goltelid )
dipyran and 5e7edimethoxy, 2-atyryl isoflavons «

Oroup seoond, consists of sd) other compounds
vhich do not have signifisent inNibitory eotivity in
both the systemas -
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. Vrom the results, the order of the drogs baving
sotiealliorgic sotivity snd phogphodiestsrese inhibitory

aMBii

Propedeens has shown the lovest mmumme inhibie
_tm property and low antie-sllergic activity. Introduction
of sekhy) group st position 5 of the phenyl ring of this
antiesdlorgic astivity. Cysidsation of 2ehydroxy group
with sjscent carbon stes yielding the compsuntd Seethyl
& to 8 emtses further Geovense in FE.inhibitfon, but slight
increass in sntieallergic metivitys Denoval of methyl growp
with introduction of carboxy group ot 2 pesitica produces
o chunge in REssahibitor;
sntisallergio agtivity, Besovsd ¢
m oratizn of hyGroxy group st 3 positisn increases
WWWW to o siguificant extent, btut




eany atimi&%ﬁ oaot cellige Etherdfication of this
compountls deoreassd MEeinhibition, csusing maxiouwn
relense from mast cells. Introuction of methyl group

at 6 position 1o Sehydroxy chromone Ancveasod HE«
inhivitory sroperty to s groated extent then the incresso
due to etherification, btut to s leaser oxtent than the
unsabstituted derivative, the anti-sllergic aotivity

Sutstituting Wﬁ group by Mﬂwmﬁm

mmty. am of nethyl group cd‘ pow:m By Goorenses
alightly Mieinhibition, but inoresscs antisallergio

Substitotion in chromeme suclens at 2,3 and 7
positions yislding 7-mebhoxyy2,stysyl dsofisvcne, which
has moderate aotivity An both systoms, Incorporation of
an odditionel methosiy group at position § inorcased both
- PEeinhibitory activity as well s antSeallorgic sotivity.
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Considoring the ¢ pyrone part of the chyumons molety
as an imgortant phsymacophore, another. r epyrone has been
benso £715233 54e3t Je4syrany vhich bas escellent
PEeinhibition with pronising sntiesdlergic aotivity.
Purthor adfition of mothyl groupe at 2 and 8 positisn
respectively cmuses slight docresss in FOGefnnibition snd
513ght inoresse in sutiesdlergis sotivity. Incorporation
of aldehyde greups instead of mothyl groups at positions
3 ang 7, yields compounds that ‘have sim{lar PEeinhitdtory
activity, and antiesllepgio activity intersediate to that
of the wmibatituted parent compound and of the methyl
derivative.

Frop the pesults 4t is ovadent thot 2e(3° N 'editgtroe
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For the study of the inhibiticn of shesus wonkey

mm ghosphodiestorase, the ensyoe $solated wes cytow
Jaszds dn location, L0 W3 intracolivlar sasyue 18

uum. m sytem the drug comes divectly in contact
with the ensyme, vhile 11 the i yivg system it bas to
pass omabrane barriors. In the in yivo aysten, solubls
3ity, porhilicity, systenic absorption, and yeriong
othor factors piay sn imgortant voles lost of ,’fﬁ‘fm
chrononoederivatives ore insoloble in aguecus
hence the possivility of the drug oot coming in mﬂtm
with the intracellular engyce can a0t be ruled cuts Due
t0 high lipophilicitys thore is & chance of o high
sammtm of the druges dinding to lipoeproteins,
roraing dnspluble Wn&emar&mam,
me mtmmmmmm tighs Due to thisy the
dzug may undergt various sodifications sush as conjugae
tion, or tiotransformaticn #0 s to zake the drug
ifisctive after abeorption, Davoren end Sutherland (1963)
reported thut cyolic ANP i secroted by cells snd this
process oay inwolve ab active transports The effest of
testedrugs oo this nay have sn fmportant sele in
decdding 4ts 20 wign sctivity.




 The effeot of these drugs on calotun Sons vill
al00 be & criticsl feotor in deternining their offect
on AT {0 yivds The relationship Lotwecn the phospbices
ddestorase activator and ealotun mmm firmdy
agtablishnd now Rakinehd ;',"'.g 19703 Eakdnend
&L aley 19734 To0 a0d Wang, 1973! Teshioa and Baltiuchi,
195744 Wolf and Brostrom, 19} Wickeon g% shey V975 )
Recentiyy a heat-atable, calciunedspendent protoin,
eriginelly shown to incresse phosihodiostorase sotivity
(Cheung, m, b) bas been domonstrated to sstivate
adenylate cyclase as well wmctmgt&u iﬂ?ﬂﬁ Chaung
8% aley 19750

Pharmagologiond sgents m aifferentially tahibit
the warious umm of phosthodiestorase (Uounov ¢ akes
19745 Velen gt oles 19744 Wedss, 107505 Pertel and Welss,
© 1976) The inhibition of isosyoes of pwestiodlestorase
way have a significant role in 4o wivo studies. Theso
. ove dlatinet phosprodiestorase isonynes psmociatod with
& particulate coll fraction (Thompson gt adey 19738
Busaell gt aley 1972) ond it £o possidle mt thene
isoRyous arc slso gifforentially rﬁtm&w ama
affecting phosphodiostorase. ‘
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& 1018 for oyolic AMP in physislogical and biochoe
meux ovents has now boen well estsblished. Seversl of
the actions of oyelic GAP sppear to be oppoaite of
thﬁu of oycdic AMP, These cbseruvntions sre a&!m to the
soscalled yineyang hypothesis Goldberg um, 1975 )4
Hence the effects of tustedrugs on the engyme gusnylate
oynlase (E&Ne64142)y Tosponsible for eynthesis of COMP
and oGNP phosphodicntorase cansing hydrolysis of OHP
wiil alse throw sddstionel 1ight on the antlesllopgis
activity of these drugye

m:mmmmmmmmmmm

sphodieaterases, tost=Arugs could heve also cltered
m afmzs of cycise AMP by preventing the Antormetsion
of cyolic AMP with its recopteors Cyoldio AMP ﬁmm to
exert most of its sffects by sctivating protein kines
(Lo "_,a 1973). Bince yrotein kinase cay exist in several
ol Yecular forms (Redsmann gt ples 19715 Rubin
ﬁmg imi Labrie ﬁ&ﬂm 1971) it sy be possible

\tterns, as sm for the ghosphodiesteranes, and hence
ﬁmmb@mﬂm varying infloonce on mediator

relense furdng the annphylaxis studseds The selection of
histening is based on the obscration that much of the
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Body's histanine 38 Sequestered withih mest colls, the
oells belioved to play & sajor role 4o the pothophysio-
lopdcsd process. Time inhibition of histanine releese
by antieallergic drugs yrovides evidenco that the
molecule 48 altering the mast coll releasy process and,
hopefully, that the ianibition will extend to ald
substaces emanating from this cclls Bistanine scoretion
from mast cells may be inhibited by slovatod intracsliunlar
Jovols of cyclie AP and by sevorsd antieallorgic drugs
(Bexrsage, 19755 Carland ot aley 19605 Pepys g alsy
19798 Enado gL pley 19591). These conpounds arc clodoed
to act divectly on the calciuzegating mechanisn sctivated
by the enaphylsctic resction, preventing nfiuz of 0,
fron the extemal cnvironment and so blocking ¢xotytosis
(Foremen gk ales 19778y b3 Foremsn 2% sley 49755 Powtrell
and Gouperte, 1977)s The testeconpounds might modulate
the caledue signel by activating mesbrenie Jumpo to
axtrude the cation fron the oytosol or precote sequess
tration of the ion into intemal storesg as docs cyclie
prevent the sccumilation of radiolabelled oaledun by
‘stimilated sast cedls (Poreman gt ales 19778,0)s This
effect wos attributed to a detreaped influx of the ion,
tut is equally well explained by an increased offiux




of the cation, Accumlation studies alone will not
déstinguish betvwsn these possivilities (Berridge,
1975 )« Alternativoly, the druge pight have effects not
fanedistely rolated to caleium homoostasss and sight
prosote ddseggregation of miorctubules Gillespis and
Lichtenstein, 1972) involved in the phosphorylation
of proteins in the plasse or perigranmlar mesbranes
and so prevent the fusional changes involyed in
exoeytosis (Sulliven snd Parker, 19764 Theoharides
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st pley 1980) or have an as yet 13 defined stobflising

effect on the mast cell senlrans.

. Besides eslcioe fonsy the bioohemiesd requirements
for the imunologicsl felease of pediators comsist of
on $otast glyeolytic pethwey and the notivation of &
sexins ssterase frow its precursor state (Kaliner and
Austen, 1975) The effect of testedrug ta thene night
have played an important role in  dnhibition of his
relenso from past cells, '

The resction of oast coll oenbrane bowd antibvody
with antigen lends to ophingolipdd clustoring, ond
this clustering is provented by antieallergic drugs of
cheotons types Since 3¢ has Deen suggested that those
drugs sct by preventing G, influx into the oell, 4t
 seezs possibtle that the glycosphingolipid clusters oay
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bo asmcisted with the calotum gate {Cortsin gt ale,
1981 ), Bence, dogroe of inhibition of sphiagelipid
olustoring by testedrugs will also sefieot on the
antisollergic activity.

Though Coulson gt ale (1977) bave shown the
intersyvlationship of ¢yelic nucleotides end anaphye~
lactic yeactions, scoe othor investigators heve studicd
‘phosghodissterase inhibition for studying mechanian of
drug action (Tateson and Trist, 1976; Dagdt et nlss
19794 Georglev gt ey 19793 Hidier ai aley 19803
Jarvest snd Love, 1950) Glenon g% adey 19818,b),
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As discusped carlier, phosphodiestorase inhidbition

2oy be studicd to evaluate the antiesllergic sctivity

of eynthetic drugs. It will glso foous light on the
| mohmm of action of the drugs. Prom our studies

soditm ealt of 2ecorboxylic crooone and (3% 4t «dihy
aroxyphenyl JoxynethyleB,7-a1 hydroxysheosoehli(1 bensoturo

(342«bJpyrone have shown promising anti-nllergic
astivity as tested by rat pessive peritonesl anaphylaxis.
~ The first compound has no promising activity as »
posphodiesterase inhibitor. The later showed excelient
sotivitys Therefore, further work on this compound os
&n anti-allergic drug is desirsble.

Chyomones in general showed phosphodicsterase |
‘innibitory activity suggosting further work on this series
of compounds,

Modsl derivatives of 5,7 dimothoxy, 2 styryl isoflae
yoos and b, GealoxoiE, CHebenso/ 1 ,2eh8 5 hebs Faipyran
may be synthesized snd tested, It is interesting £o note
that the later compound 4e a fused Bensodipyrans Purthey
work on this type of compounds may be Yewardl
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% CHAUDEARI, De Be

t Master of Pnarmecy

3 Drs Bhide, M8,
i_ ﬁ!ﬁﬂ, émﬁmd—s

$ %ﬁm Ingtitute
mew - 300 092 .

- 3 SIUDY OF ANTIALLEBGIC DRUGS IN
RELATIOR 90 FHOSFHODIBGTERAGE
ACTIVITX .

CEEROERY

Ansytiylaxss 38 an intoyaction of the eell bound
tmméglobuling IgE with the specific antigen or hapten
mmmmmmamo@mmm of dmediate typere
and &timm of vascular mmmmzy;i

A vast mambor of chomical substunces are known to be
relessed during experimental anaphiylaxis, inportant anong
thess dre histening, serotonin, amtumm GHBedy
bradykinin snd pexrmeability tmm.
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ﬁne O0f the earliest attenpts showed that adrenali
inhibited the snaphiylactic relesso of mmm fron
guitioaspig 1ung.3 This obsorvation was confiymed
,e:sm,wmmm ed Margolts,” who Teported
that 1m0 dno, ad _:._‘,;',mmmmm
ity ric mm AHP inhibited mam:tc relenic of

138

3t has boooue clear thut stimnlet

’mmwiedthat fwutmts inhibit histanine o
by slevating the intracceliular levels of oANP.O

The ensyme, phosphodiesterssc plays the role of
mking down cyoiic AMP to Ste insctive mme&msso

DO i tsarisivas B 5 A,

in general, riwsphodicsterascs cen be consideped
eawmwmmwmmwwmma
mw phogphate and cne or ﬂw othey of two moleonle:
possepsing slecholde functional groups which At umﬁ

Iheoretionlly any dnhibition of the awm mm»
m&wmmmmwwmwm in intracelinis
otfP concontrstions and thos inhibit a m:tmim mh&nm
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This nechanisn holds good for s large numbor of drugn,

The present approsch towards the development of
sntisastheatic u&nta is %mfﬁﬂ directed towards
developoent of |

a) mu which stioulate adonyd cyclascs

b) w vhich inhidvit phosphodiesterase.

Studies on intracellular cANP? congentrations and
QM of sdrenergic drugs suggcested s close parsllicif
in intrscellnlar GAMP concentration and effects of the
drugse It wae enggested by Sutherland and hig coewoskers
thdt&mrﬂamtmsmmwatmmm
mmmmmwmmmuwmmww
- eptore. Working on this basis & mmber of
Mutoma are actively pursuing the first type of
MMﬁmwraIMMumme
tested for their effects on g erecsptors,!

. Bince the clucidation of ncchentms of hydrolyais
APy systemic explojtation of phosphodiestesase inhibators
for potentia) antisnsphylectic sgents has been goldng ons
rm&romanmmmwmmrtaiam
caspoinds for their mmum inhivition .
in pelation to their antieanaphylsctic sotivity,

| S __...\_/
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The cngyee phosphodicstorsse is found virtuslly in
al) lving cells, its relative sctivity varying grestdy
song different tismes.S Difforent tissues ana celd
types bave thelr ows tnique pattemn of the sudtiple

forms of phosghodtesterase,” Bronehil asthea being s
disenne of the respirstory tract it ves essentisl to
stwtmhmmmmtmuaMnmm
ew%mwnmﬂtmttamum.?mm |
monke m:aemmmmmumaz«wﬁ
sinsdate tumon asttes,’® Hence the engyme phosphe s
mmmmmmwymmmwmm
of Davad Green gt als'? &0 fo3lows ¢ '

obtained surgieally and iswedistely fromen wntil used,

The tissue wes thawed, trixned of exsess fat and counective
tissues and homogendsed fn 3K Trigetuffor (50uM) ccutaine
.3ng o suercaptoothancd (3.75 mi) having PR 6,0, The crude

~ homogenate was contrifuged mt 1,00,000 g for 30 minutes,
The supernatunt wvas stirred with azmonius sulphato

(351 8/3) for €0 mins, &t 4G, The phosphodiesterssy
redissolved and Asalysod agndost Tris waffer (12 hvw.).

To thy ialyred engyne charcos) trestoent was given, 2



110

I engyoe wos pedislysed against double distiiled
watery il 8,0 (12 hrs,)s The aliquots was ddvided in
a3 tubes and kopt at =200, ALY handling Guring

. onsyae preparation was dons at 4%, Protein congentree
_ tions were det #d sccording to Lowry'3,

A2 crarscteristies of monkey lung phosphodiestes
rase wore studied (Pime dependence, Km, [, pH, ),

The continuous spectrephotonetric aessy pethod vas
Peastions were cerried out st 22% and in a fotal
volume of 1 uls Dmgs used for testing were sdfied in
#olution fore or in finely mifom nixture (insoluile
@mamammumammy;mq;
mmuammm:mormm.mm
wire tested either at 0it o or 0,5 oM conoer

~ She Grugs wove tested for thetr antiesllergie
sotivity usiog past

’im x wers mam«'l u&th mmu (i@mm
intremscaler) sné Bapsztussis orgsntmn (2 x 0%
ormmh After mmm the animals weye mﬂmm
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olDRAKY 4
- «AFPEINE INSTIVUYD

TNTIBAY Y QJ H

8at antieegg albusin seron vas diluted 152 with
e.waamm mmxaxmwmammwma
mmmtm wmw:mmumw ah
After & mm yurm of 2 hours the snivals were
_ g,.-:.:;--mzuwrm&m
ortateed (50 pg/ad) Tyrede solution, The
mam@mmgmm,MwmoM
the perstoneal fiugd collected and | ‘h;f_';atma
m5m.mmwmmmmmmm
content on atropiniged guinesspig Sleums Tost drug in
the value of 1 n} were Injected intraperstoneslly cho

The protein concentration of menkey g phosphodsoe
sterase vas found to be 2.25 ng/ele The approz. Ko
vas obsorved to be BO M. Theophylline at 1 eM couce
Anhibited 78485 § of phosphodiesterase, while 0.5 o end
0.1 aif theoptylline iuhibited 63,19 § and 297 & of
nonkey dung phosphodicaterase. The optimum pli was cboerved
to be 8.0, The DSCG inhibited B9 § of the histemine
relesse fron mast cells, Compounsd GS5D=17 and GSB-EVe36,
GoNellel and GSHeh have shown significent phesphodiestorass
innibitory sotivity, tut dess significent antiesnapbylectic




sotivitys Compound GBM? tinve chown lowest mmm
storase iahibitory activity, aod weak satisgnertiylactic
inhivitory muv;t?. Compound 7 Wﬂ&n, osmaa M
GEReloly thmsh shoved w MW&W fnhibition,

Levels of intracellulsr nusleotides play an important .

rols in the functions OF wide vartety of cells. The

cyelsc AMP has boen Jdentified as the controlling factor
off the scoretory activity of mast celis, Studies on
onsymes affecting tho levels of this muclectids buve
ielded dnportant clues towards the mechanien of sotion
0f various drugss & nowber of wezm.y used m:mmm
agents have demonatrated signifi "

adonyl cycloss and the mmmem@ we mww
atteapted to sorrelate uammzewn inhibitory
mtxﬁtybtmdmgaumi . sntiestaphylactic
activity.

The results obtatned from our studies with my
lung phosphodicsterase dexonstrate that though in some |
Guscs & good correlation is found between ensyne inhiditicn
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m@mtamitwmmwwm.

We hove &lvided the rugs studied Into two EEOURS,
sifdy 1) 40 which & correlation is seen (KR/SVS/S end

0SHaBe17)§ 2) 0 which the drugs affect cve aysten but
ot the other. The two systems studies by us are
entirely different from esch other. An Satramcellule
amommmmummmmm- dzation,
tm%mmtwmmummm
and effects on other enmymes 0o not affcot thw phosphos

sterase ptudless These could, ms M izportant
role m rat passive peritonesl hydaxd

mwwmmwmmgsuwmm
asoept that phosphodiesterass inhibition is not the only
ammwmmmmwmmmm
whm.wmamam&tby‘ ;imade

aglugion, ve have demonstrated the activity of &
mwormmmmmmmm ensyne
obtained from monkey lungss This test is u wery usefud
tocd for studying the nechanies of setion of drugs which
Snhidst fsmmogenic histesine velease.
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S Inmstition ME  § Tanftition of
et g faahmkaof

Ot ml 0.5 it

Compounde

’" *
N
3
U
5
6
79
8s
9
10+
1,
13
e
$6,.
17+
18.
19+

7 HCBAEN 30360 98
RR/MVS /5 100 100 100

GEReDnl ' 60,68 #2241h
GSHaleg L3468 43,05
GEReDeh ’ 59419 28,20
GEBaleT 21419 «33.219
OGR«E~11 137,38 = B415
GENwBa12 30,605 U
GElleDeth 394608 Lh5.51
GSHaDwty 70M3 714153 u1,62
0BNeBV~35 2.3 012

s S

GEReEVe36 82461 | 31498
. G8NeBVe37 63249 49.2

GEleDY138 bh .11 84.98

GEHeEV=39 W6 72 455

GElaCe2 184564 103432
ooNoh 35.69 100,86
6834%5 56,684 56457 $8.53
GSUcs? e H06

"

{ - e 5 z . "
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APEENDIX - II

5,7-Dime thoxy.z-styryt.. tag t
”ieoflavone. ' T

a, 6~dioxo~2 3 3,7.8 10~nubenzo- ;
(1 2-*2 5, 4-2,-41‘)713”. o e e

Sodium salt of 3~hydroxy_'.;
chromona-z 3-one. ' \

2-Hydroxy~-{H=Naphtho-
(2,1-b)Pyran~1-one,

3«(2-Hydroxypheﬁy1)ua—axd~%é_
(1~piperidyl)-prop-2~one.

GgN=C-7



fonnylldlne)-aniline,_'

KR/st/r

2+(3',4'-Dihydroxyphenyl)oxyme thyl-8, 7~dihydroxy-
4~oxo~4~H(1) benznfuro(a,h~b)wpyrone.

:.p~4~M9thonyN§(4'40ib-6~‘-'
- methyk-4H(1)- benzopyran—a"

3-Proparglyoxy~chromone. -
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