© 4, 1 RESPONSES OF NORMAL AND SENSITIZED AIRWAY TISSUES TO

»

(

BRONCHOCONSTRICTORS AND BRONCHODILATORS

. X : }
4.1. 1 Contractile responses to . bronchoconstrictors‘

|- u

“The forces generated by tracheal spirals and parenchymal - strips.

\

after additions of histamine, carbachol U-44069, LTCQ, and LTDq were

similar in normal and sensitized guinea pigs (Fig. 5). Since increases
in force_ower basel e tension after ‘additions of histamine were not‘

N

different inr no al -and, senSitized tissues, all the' data were’

normslized by expressing responses as 'a percent of the histamine
\ . . N - .

maximum on each tissue obtained-in thExabsence df‘any modulatory drug
(100 uM histamine=100%).v The resulting C-R curves were less variable

but equivalent. to those expressed ‘in absolute force ‘units;’ i.e., mg
. ~_ . }

.

‘force, per mg t158ue dry weight, data not shown. Histamine was’chosen

°
-

as the reference agonist because’ of the potential importance of this”“,

.

o

'mediator in allergic asthma.
On the trachea the cholinergic agonist carbachol induced the

. greatest increase in. force at the maximumvconcentration used (30 M).

4 ?

Histamine was the next most. effective agent followed by the
endoperoxide analog U-44069 (Table 7). . The C—R curves to: the layter

'agent had a biphasic profile with an initial plateau at about 1 nM.

This effect was observed in both normal and wsensitized tracheal

s - 9

vspirals. LTC, and LTDy induced the least incr\ases in force when‘

N
! \

added at concentrations of 0.1 uM, the maximum»we.could use due to

limited dvailability of these synthetic agents. LTCq was equiactive
L o ) Lo, ) L ‘ . -
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Table 7. Increéses in tension over baseline after the addition
of bronchoconstrictor agonists to 'normal and sensitized

" alrway tissue. . KR
Trachea _ - A\ Parenchyma
égopist ‘Normal K Sensitized ,Nofmal Sensitized "
‘Histamine 154.5%22.9 -~ 166.2%19.6 . 13.2%1.9 11.4£0.94’
(300 M) (13) s . (13) (10) (13)
Carbachol 288.5+43.0  256.0%43.0 8.0£1.7 6.7£0.6
(30 uM), (6) (6) o O) (10)
U-44069 S152.7+14.6  159.8#37.2  9.71.2  11.6#3.1
(1 M) . (6) (6) - (5) (6)
LTC,, 129.7433.9  102.316.3 ~ 9.143.6" 7.3%1.3
o1 ¥ @) (3) | 3) 3
LTDy, 1126.147.42  140.6428.0 9.32+0.88 9.641.2
" (6) ' (10) O

(0.1 M) - (5)

NOTE: Mean # SEM, values in parentheses are number of animals.
Values are in mg force per“mg of tissue dry weights.

i
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,“\*f°1»2 Sensitivity of trachsal and parenchymal strips to

(Fig. 5). \ T

.
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N

to LTD, on normal andvsénaitized trachea.

.

" Histamine induced a éreétsr'COnfractilefforce on lung parenchymal
strips than carbachol. Since U-b4069 LTC“ and LfD“ were not used at

concentrations %ufficiently high to cause maximum responses, their

‘efficacies. could not be compared. anetheless, at the.-maximum

cqncentrstions used (E}gs.'sc, 5d) these agents ihqreasedvforCe to

3

levels close’to the histamine maxiﬁumsrésponse (Table 7).

The thresholé copcehtfations sf the aboveAagents, as sxsrapolated :
from C-R cufves, were similar in the spprOpriate tissues of normal.and .
sensitized animals. Howe?er, differencesl were noted‘ betveen the
trachea (large airways) and the lung parenchyms (small: airways).
U-44069 was bronchocsnstrictor on t;e trachea at concentrations as low
as 10-13 M, .whsress, on the parenchyma, a contfactiie, effeCt‘ was
osserved at about 10“;1.M. LIDq‘inducéa contractile effscts on' the

parenchyma at 10-12 M, but only caused an equivalent effect (perceﬁt

histamine maximum) on "the trachea at a concentration of 10-!! M

bronchoconstrictors:

The'pDz anﬁw-log EC5¢ histamine maximum values for hisﬁamine,

carbachol, U-44069, LTC,, and LTID, on normal and sensitized airway

i
-

tiSSues are shqwn in: Table 8. There was no observable differencg in

E

sensitivity of the airways to the above bronchoconstrictors between



e

-

L

-

Table 8. Sensitivity of airway tisjyes from normal and
- . .sensitized animals to brofichdconstrictor agents %E vitro.

(3)

' @
s v
5 7
- - Trichea ‘Parenchyna
. ' ? * * “,,’ = " Ry i
‘Agonist ¢ N&rmal Sensitized Normal  Sensitized
Histamine. 5.3410.082 5.% $0.083 ' 5.01#0.04a 5.17:0.092
(13) L asY T b(10) - (14)
IR N B
L. ) li‘ { /v;' / [,{' .
Carbaghol 6.41+0.138  16.59£0/093" 5.5840.05a" 5.45:0.11a .
' (6) - (6) . (10) (6)
U-44069 - 9.7%0.33 9.1 10.3@ 7.140.17b  7.21+0.24b
(5) (6) " (6) (6)
LTCy, - 8.210.3b 8.1740.2b 8.89+0.06® 8.96+0.6D
- (3) 3 3) “(3)
,\ l . \\ ) ,
‘LTDy - 7.82%9.26>  7.8620.15P 8.9 +0.25b 8.85+0.28b
‘ ' (10) (10) '

(10)

NOTE: Mean t,SEM. values in parenthes

apD2v= -log ECsg maximum of drug.

b-log ECsg histamine naximum.

eg are number of animals.
" “ ki ’ . v
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g

normal and ovalbumin-sensitized animals as determined in vitro (Fig.

-5, Téble 8). The order of potency of the agoniéls 'éh normal and

sensitized trachea was U-44069 > LYCy > LTD, > carbachol > histamine.

On the parenchyma the order was LTC, = LTD, > U-44069 > carbachol >

histamine. : ‘ _ ’!
In all our experiments, challenge of sensitized tissues with 0A
. . “ . .
resulted in a prolonged dose-dependent contraction. Concentrations as

~
low as 0.1 ug/ml were effective with a maximum obtained at about

.10 pg/ml. Addition of OA (100 pg7/ml) to normal tissues did not induce

any 6béér&able effects. Hence the basic criterion of hyperSEnsitivity

to aig;ecific sensitizing antigen was fulfilled.

'

4.1.3 Effects of cyclookygenase and lipoxygenase, inhibitors on the

responsiveness and sensitivity of airways to

L

bronchoconstrictors: ; : .

1

Indomethacin (8.5 uM), NDGA (30 M), and phenidon¢ (185 M)

reduced the tone of tracheal spirals but had no effect on the tone of

parenéhymél strips (Table 9). The tone of tracheal spirals was

o

reduced most marke&iy by phenidone and least by'NDGA. .Tone of nbrmal

and sensitized tracheal spirals were reduced to a similar extent. The
effects of indomethacin, NDGA, and phénidone on responses of the °

. » , ’
trachea to histamine and carbachol are shown in Fig. 6. For both of

.these bronchoconstrictors the tension developed to low concentrations

was reduced whereas tension developed to higher and maximal
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Table 9. Effgéts of inhibitors on tone and percentage change from
: preincubation tome. - ' ’
Trachea Parenchyma
Inhibitors *Normal Sensitized Normal Sensitized
Indoﬁethacin -25.9+3.4% -29.9%5.9% -4.120.7% -4.2+0.5%
(8.5 uM) (21) (26) (14) (15)
- .Phenidone =44 .,5%5.4%  -41.9%3.7% -4 .8+1,0% =5.50.7%
(185 M) (21) (25) (14) (16)
" *' .

NDGA -15.3#4.3% -12.245.6% -3.520.7% -~ -3.50.9%
(30 uM) (22) (25) (14) (15)
Vehicle +23.845.6%Z +18.7 6.4 -2.8+0.5% -2.6+0.97%
(control) (22) (26) (14) . (15)

.SNOTE: Mean * SEM,, values in parentheses are number of animals.

-

*p < 0.0l versus control.

*

?

)
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Concentration-response curves to histamine (upper panel) and
carbachol (lower panel) on normal and sensitized guinea-pig
tracheal spirals, after pretreatment with 1indomethacin
(8.5 uM) (00), NDGA (30 uM) (A), phenidone (185 pM)y (), or
the paired control tissue (@). Values are mean * SEM (n=5
for each curve). Significant differences from paired control
responses are as indicated: *p < 0.05 and **p < 0.01.
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concentrations was enhanced sigpificantly (p<0.05) when compafed with
the appropriate paired control_;issue. ' The response§ in the presence
of the 1inhibitors were not diEf;;ent between normgl and sens}tized
tissues. '
Figure 7 show; the responses of tge trachea to LQCH and LTD,
Aafter incubation with the inhibitors. | There was a reduction' in
résponées.to”}cﬁrconcentration of these agents im both normal and
sensitized tissue. There was also a tendency towards enhgncement't;
h;gbér concentrations of. these agents although this was not statistij
cally significant due to large variability of the observations.
The responses of the trache; from nofmal and sens{iiﬁed animals
_to the endoperoxide analog U-44069 aftef incubation with indomethacin
(0.28, 2.8,-and 8.5 uM) are shown in Fig. 8; The responses t§ lower
concentrations of U-44069 were unaffected by prior and continued
exposure to indomethacin. On normal trachea the responses éb higger
concentrations of U-44069 were significantly'enhanced (p<0.05) after
~ exposure to indomethécin (2.8 and 3‘5 M), whereas no such enhancement
was observed on sensitized tracheal spirals. Furthermore, the
enhanced responses of normal trachea were signifiéantly (p<0.65)
difﬁerent from the comparable responses on sensitized tissues.
The responées'of normal and sensitizea’lung parenchymal strips to
'histamine, carbachol, and U~44069 were not ?ffected by prior treatment

with the inhibitors (Fig. 9).

LTC, and LTD, C-R curves were not reproducible on the parenchyma

-~
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7. Concentrationresponse curves to leukotrienes ‘C, and D, on

normal and’ sensitized gufnea plg tracheal spirals after
pretreatment with indémethacin (8.5 uM) (0O ), NDGA (30 uM)
(A), phenidone (185 M) (), or the paired control tissue
(@ ). Values are mean + SEM (n=3 animals/curve for
leukotriene C, ,and 6 animals/curvé for leukotriene D).
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Fig. 9. Concentration-response curves to histamine (top panel) and
carbachol (middle panel) on normal and sensitized guinea pig
lung parenchymal gtrips after pretreatment with indomethacin
(8.5 M) ((J), NDGA (30 pM) (A ), phenidone (185 pM) (Q), or
the paired control tissue (@ ). Responses to U~44069 (bottom
panel) after indomethacin pretreatment (0.28 uM) (A ), (2.8
) (O), (8.5 uM) (), or the paired control responses (@ ).
also are shown. Results are presented as mean#SEM (n5 for

“each curve).
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The tissues were ptimed then incubated &w
l[‘ "

as mentioned earlier.

‘the inhibitors (vehicle for the paired coantrol tissua), and thdh

C-R curve was generated on each tissue. Figure 10 shows the regﬂo

-2
of hormal and sensitized parenchyma to LTC, and LTD, after the@}k

treatment. All the inhibitors reduced the contractile response LOJ
o

concentrations of LTCy and LTD, (10‘10 tp 10"7 M). Responses cﬁb
*J

10‘11 M) were also redudtd

concentrations of these agonists (10‘12,
ri

Concentration-regponse curves for the bronchoconstrictorsi‘?
w4

drugs were the same 1f established fréh’

l\

presenae of modulatory

tone which 1s a consequence of these drugs ﬁk
o

ed mechanically to 1 g tensionmflt

reduced basal

established from a tone read just

ensured that changes in  the responsiveness and sensitivityfgip

congequence’ of cyclooxygenase and lipoxygenase inhibitors, wﬁgg@
due to changes 1in tone. ) © ?f
d trachea to hi;fﬁm
iicantly different from téése

The sensitivities of normal and sensitize

carbachol, and U-44069 were not signf

‘u
subsequently generated paired time-control curves. The pD2?

‘\

from the initial C-R curves for histamine and carbachol on i%on
\LH

trachea were 5.470.13 (n=8) and 6.57%0.08 (n=10) (mean*SEM), SQrz

the comparable pDj values derived after gemeration of a secé?d.
curves were 5.21%0.06 (n=8) and 6.52+0.09 (n=10) (p>0.05). gﬁ

The pD, values for histamine were unchanged after treatmﬁgé

indomethacin, phenidone, and NDGA on normal and sensitized (%

(Table 10). Sensitivity of normal and sensitized trachea to cax\
‘};f]
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Concentrationmresponse curves to legkpt'g.'rienes Cy (n=3) and
Dy (n=6) on normal and sensitized lung parenchymal strips,
after pretreatment with indomethdcin (8.5 ) (0O ), NDca

(30 uM) (A), phenidone (185 pM) (D), or the paired control
tissue (@ ). The responses to leukotriene C, (upper panel)

were - those. _ob‘tained”‘ after - generation . of = an 1initial
concentration-response curve. Results; are meantSEM.
Stgngificant differencés frqm paired control responses are as
indicated: *p<0.05 and *#*p<0.01. . ' 7

7 N . - -
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Table 10. Effect of dinhibitors on sensitivity (pDZ') of . tracheal ‘
| spifals to histamine and carbachol. ‘ -/ .
~ - - S /
/ e
{
) £
. - Histamine Carbachgl .
=7

Inhibitors - Normal . ‘Semsitized  Normal ;Sensitized
Indomethacin. 5.33:0.13  5.37#0.08  6.4130.08°  6.53+0.09

(8.5 pM) - (8) - (12) : 9 / (9)
Phenidone 5.47%0.16 5.450.12 6.2'@&0.08* 6.3240.05%%

(185 uM) (8) : ( 9/ ’ (8) ., (8)
NDGA 5.3240.16  5.2230.06  6.53%0.07  6.5630.06

(30 ) (8) (1) /- (9) - (9)

‘ S, /. o B

‘ o / .-
Time and 5.2140.06 5."19,‘&0./20 6.5240.09 6.57+0.07
vehicle control (8. -~ (12)/ . (10) (9)
’/ - .
S ) . N : ’ . . o . .// : . i .
‘NOTE: Mean % SEM, values in. pa_re}nthc/a/ses are number of animals.
‘ » ’ ‘ < . -/ .
*p <.0.05, **p<0.0l., relative to/’control tissue. o -
. : / N : )

4 - 2



was significantly reduced (p<0.05) following incubation with phenidonev
}

(185 pM). The sensitivity of tracheal spﬂrals and parenchymal strips

i -

to U-44069 was unaffected by indomethacin treatment.

4.1.4 Relaxant;reSPOnses to bronchodilatorsi
Isoprotérenol, ‘VIP . PGEy and fofskolin caused a dose-dependent
"relaxation of the guinea-pig trachea and the lung parenchyﬁal strips

(Fig. 11). There was no diﬁferenfe between normal and sensitized

tissues in the relaxant reSponse .tb all four drugs used. The rank

‘th se.

order. of potency no?i; agents‘fonk‘the airways was VIP >

iSOproterenol > PGE2 > forskolin;(Table 11) " The parenchyma was more

sensitive than the - trachea 0 _these drugs. Normal and sensitized’

tissues,exhibited,similar.sensibivity'to.these agents. Isoproterenol

was the most efficacious dfug used on the trachea causing the most
: : R -

relaxation ~(Fig.ll, Table 12). Forekolin was the next most

-

efficacious drug with VIP and PGE, being equivalent. PGEzfrelaxed
_airways at low concentrations. However%%gt higher concentrations (>1-
nM) this agent sometimes contracted the{lung parenchymal strip.(fig.'
il). ‘ | / |

4.1.5 Effects of indomethacin-pretreatment on drug-induced

.
N

relaxations:

Indomethacin (8.5 uM)-pretreatment did not significantly change

[
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The relaxant responses of normal ‘and ovalbumin-sensitized
-guinea~-pig tracheal spirals (a) and lung parenchymal strips
(b). Symbols indicate the following: (0O) isoproterenol,
(A) forskolin, () vasoactive intestinal peptide and (V)

[

prbstaglandin E;. Tracheal spirals were precontracted with -

“arbachol (1 _ pM)  and lung parenchymal strips were
mechanically a&justed 1 g to baseline tensfon. Results are
mean*+SEM (n=5). '
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"Table 11. Sensitivityd of airway tissues from normal and sensitized
animals to relaxant agents in vitro. '

I3

Trachea ’ Parenchyma CO
- Agonist ~ Normal Sensitized, Normal Sensitized
Isoproterenol = 7.11#0.27b  6.80%0.13 7.1940.17  7.30:0.11
—— = ’ . ‘ v ! . .
Forskolin 6.10%0.30 5.4410.13 6.6610.09  6.40%0.13
VIP  7.66%0.06°  7.59%0.05 8.51+0.18  8.73%0.14
o . S e . ,
PGE 6.54+0.15 . 6.83+0.28 7.62$0.24  7.37:0.21

4 = Negative logarithm of the concentration ofheaCH drug,reduired to
achieve 50% of the maximum response to that drug. ' :

bMean+SEM (n=5).
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Table 12. Maximum control relaxations (mg force mg"l tissue dry
. weight) of alrway tissues from normal and ovalbumin-
gsensitized guinea pigs after addition of telaxant drugs in

vitro.
¥
Trachea : farenchymp )
Agonist | Normal Sensitized Normal Sensitized
Isoproterenol 120.8421.48 111.9%18.5  7.920.7  9.31.1
(10 M) : ‘
Forskolin 106.7+17.8 . 86.8%#10.2 10.8+1.4  11.7:0.8
(30 uM) : '
vIP 35.7+10.3  69.7#18.8.  3.330.5  4.6%1.0
(0.1 M) - ' . g
PGE, ‘ 39.2+ 8.3 55.9+#16.0  2.6+0.8 3.1£0.7
(trachea: 30 uM) ' : :
or ‘ oY

(parenchyma: 10 M)

"8 = Mean*SEM of 5 experiments.
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the efficacyp.of ;SOprotereno}, VIf,"PGEz :Ot forskolin“in-‘;ausing
relaxations ofithe’nofmal or sensitized trachea -(Fig. 12); Furthgrft
more, :hé sensitivigy of the tissues to the drugs (expressed as the
negative iogériﬁhh o{ the ECgq) was unchanged; All comparisons were
rei?tive to the paired time and vehicle control tissue (Tasle 13);
Indomethaéiﬁ (8.5 pM)-pretreatment-éignifitantiy (p(0.0S)vreduced
;he magnitude of the relaxation of‘ pareﬁchyma induced #gy “high
conéentrations of isoproterenol (1-10 pM), forkskoliﬁ (1-10 pM)’aﬁd
PGE, (0.1-10 M) on hérmal anéﬁéensitizéd_lung parénchyma (Fig. 13).
However, the. Eéso, of ‘each drug was unéﬁanged' when cbmbared to

control. As with the trachea, all comparisons are relative to the

\'paired time and vehicle control tissue (Table 13).

4.1.6 Effects of bronchodilators on adenylate cyclase activity.in ~

i

1:w control and indomethacinrptefreated lung membranes:
The adenyIute cyclase of normal and sensitized guinea-pig lung

had basal activities (measured in the absence of any drdgs) of 54.8%

1 ~1

9.6 and 60.3%8.2 pmol‘cyclic AMP mg~" protein min™", respecﬁively.
Responses .of luﬁg adenyiate cyclase to 1soprotérenoi' were hormone-
.‘specific {Fig. 14) since. they were abolished by the B-adrenoceptor
antagonist propranoiol 1 uM), wﬁeregs ;hé'responses to fGEz, VIpP aéd
forskolin weré unaffected by_prOpraﬁolol. .'IséprotereﬁOl, fo, PGE,

and forskolin stimulated normal and” sensitized gulnea-pig . lung

adenylate cyclasé'accivity. There was no difference'in the magnitude
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Fig. 12,
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Ef fects of indomethacin®on the relaxant responses of normal

and ovalbumin-sensitized . guinea-plg tracheal spirals to

{soproterenol (OO ,M) forkskolin (A ,A) (a) and vascoactive

intestinal peptide (O , @), and prostaglandin Ey (V,W¥)

(b). Open symbols represents the responses of the time and.
vehicle control tissues and the closed:symbols represent the

responses of the paired indomethacin (8.5 pM)-treated

tissues. Results are mean#SEM (u=5). '
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Sensitivityad of airway'tissue'froﬁ\noggal and sensitized

~ Table 13. a
' animals to relaxant agents 1in vitro. Effect of
indomethacin pretreatment.
Trachea ' . Parenchyma
Agonist Normal Sensitized ‘ Normal | Senéitized
Isoproterenol  6.90%2.22>  6.8010.13 7.10%0.20 7.30+0.19
(7.174#0.37)¢ (6.60+0.19) (7.14+0.17) (7.21%0.17)
Forskolin v 6$.2420.5 5.50+0.14 6.26+0.33 6.25+0.20
(9.10t0.39) (5.51+0.26) (6.37+0.29) (5.81+0.25)
VIP 7.7120.16  7.5120.05 8.45+0.26  8.6740.24
(7.85%0.14) (7.65:0.13)  (8.44%0.28) (8.96+0.49)
PGE 6.620.24  6.530.23 6.780.09-  7.260.19
(6.40%0.07) (6.66+0.22) (not - (not

determined) determined)

{

4 = ~Logarithm of ECgy

P

b = Time control tissue

€= Indomethacin (8.5 uM) treated.

values. are meaniSEM‘(ﬁ*S)-
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B. Normal Parenchyma
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20

T

40

wi—
ot

S

\j.-

S 8

L
L

0 9 8 7 6 5

-Log [Molar]

Ef fects. of indomethacin on the relaxant responses of normal
and ovalbumin-sensitized guinea-pig lung parenchymal strips
to isoproterenol (0], M), forskolin (A , A) (a) and VIP
(O,.), and PGE, (VV,V¥) (b). Open symbols represent the
responses of the time and vehicle control tissue and the
closed symbols represents the responses of the paired
indomethacin (8.5 uM)-treated tissues *Significantly
different (p<0.05) from the time and vehicle ‘control tissue
responses. Results are mean+SEM (n=5).
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of the stimulation between normal and sensitized lung (Fig. 15 and
16).

The stimulation of adenylate cyclase by the above drugs was
concentratioh~dependent, and occurfed at low’concengrations (Fig. 15
and 16). The rank order pf efficacy of these drugs on lung adenylate
cyclase activation was forskolin)iso?roterenol-QIP)éGE2. Forskglin
was the most efficacious déug on lung édenylate cyclaée. Basal lung
adenylate cyciase activify wasl'increased to 500.0+50.5% of basal

activity with a forskolin concentration 100 uM (Fig. 16).

4.1.6.1 Effect of indomethacin-pretreatment on adenylate cyclase
activation: | |

| Indomethactm (8.5 pM)-pretreatmeét»of guinea—pig‘iung parenchyma
did not significantly change basal .accivigy or drug-stimulated
activity of the enzyme (Fig. 16, ?ab;e ‘14). The effecfs of
indomethacin-pretreatment on the forskolin-induced ictivation of

adenylate cyclase of normal and sensitized lung are shown in Fig. 16,

4.2 ANTIGEN-, A23187-, AND AA-INDUCED CONTRACTIONS OF NORMAL AND Q{;\

SENSITIZED AIRWAY TISSUES.

4.2.1 Effects of indomethacin, NDGA, or mepacrine:

A23187 contracted normal  and gensitized - tissues in a
concentration-dependent fashion (Figs. 17 and 18). There was no

" difference in the mag@itude of the induced contraction between normal
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- R ‘ \fa . . ' Gy '
' *Table l4. Adenylate .cyclase activity ‘Qf..qontrol and’ indomethacin
‘ (8.5 pM)-pretreated lung membranes. Results are mean*SEM
" of 4 preparations. o ‘ ;

Normal Lung' Sensitized lung
. ’ C;ntrol | Indomethacin Control Indomethac{yy
Basal ac;ivity : 54.8% 9.6 Ql.&%,3.§; 62.31’9.?‘ 50.5+ 7.2
(Pmoie; mg‘l min';) . . . '  o ' :.°?
| @ 

% of basal éctivify

v

i

" Isoproterenol (10 M) 181.1#16.6 180.6%16.1 . 158.4#15.3 157.7415.8

CPGE, (100 W) © 156.6321.9 146.1%l6.4 165.1%11.6 156.9% 6.1
VIP (1 @) . 179.0£13.5 180.0%27.7 186.3% 9.6 171.7¢18.5
. o - ‘f\‘_‘ . B .
e ' . o ,1\_

9
)
¢
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52 —s
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40t
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0 20 40 60

vTime (mm')b

Contraction of normal and sensitized trachea by A23187 at
0.19 wM (QO), 1.9 M (@), and 5.7 pM ([J). Responses are
expressed as a percentage of the ‘maximum response to
histamine (100 pM) obtained initially. Results are mean*SEM

(n=5).
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A23187-and Parenchyma

‘ o T~
Normal
80r
1 t— ‘
‘ 40F
2 . ————%
g .0 .
S 20 40 60
[72 I .
T
S ,
~. 3 .
E\ Sensitized
* sor - o+
40}
0 20 .40 60

T«me(rr'nn‘)

18. Contraction of normal and seansitized lung parenchymal strips
by A23187 at 0.19 uM (O ), 1.9 WM (@), and 5.7 uM (O).
Responses are expressed as™ percentage of the maximum
response to histamine (100 pM) obtained initially Results
are meantSEM (n-S) '

?
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-

" " and sensitized t;séqes (trachéa or parenéhyma).. The ¢0n§rgcpions
induced by A23187 were prolonéed and the profile. of contractions were
E}fferen& from those induced by OAF(Fi 19).' The maiimal contractile

_ responses induced by A23187 or' OA were at 5.7 uM and 3 ug/ml,
reSpectiVely.‘ These concéntrations were used in further experiments.

Indbmethacin (8.5 uM)—pretreétment enhanced both types of con-
tractions significantly (p<0.05) (Fig. 20). The presence of.AA (32.8
pM) did not further élﬁer the respbnsgs of indomethacin pretreated
tissues to either OA or A23187. This concentration of AA contracts the
tissues on its own to about 307 iof haximal histapine (data not shown).

NDGA (50 uM) pretreatment.either éomplegély abolished or reduced
QA— aﬁd A23187-induced contractions of the trachea (Fig. 20).

AA slightly relaxed tracheai‘ spirals and contracted - lung

A  parenchymal strips before'indomethacin—bretreated. AA.(66‘pM)-induced
contractions Jafter indomethacin;pketreatm;ﬁt were uhaffectéd by

J_mepacFine (210 w) ga phospholibase A, _ihhibitor)—pretreatment of

¢

normal and sensitized trachea (Fig. 21) and parénchyma (Fig. 22). The

i
k=

extent. of contractionftp AA (66 puM) after indomethacin—-pretreatment 1s
A3 , : o "
shown forbﬁgtmal and sensitized trachea (Fig. 23) and for normal -and
sensitized lung parenchyma (Fig. 24). . The trachea (93.3;20.1%
histamine maximum) was more rééponsive to AA than the lung strip
(32.5#5.1% histamine maximum), contracting to a greater extent with
respect to the_maximal contraction obtained with histamine. This con-

centration of AA induces abproximately 80% of the respective maximum

1 . \

18}
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( .
. Ovalbumin

8y

150F

Trocheq

QO -

is0p . Farenchyma

% Maximum Histamine

T:.me (min)

-Responses of sensitized airway tissue to ovalbumin 0.1 pg/ml

(O), 1.0 yg/nl (@), 3.0 pg/ml ([]), and 10 pg/ml ( &).
Responses are expressed as a % of the maximum™ response to
histamine (100 pM) obtained infitially. Results are mean+SEM

" (n=5).



Fig. 20.

- 106

. ]
= Sensitzed Trocheo
- (Ovorbumn 3 g/ mil

% Histamine Maximum

.o

350 5 20 30 .45 60
Time (min)

‘Normot Trochea
A23187 (STuM)

% Histomine Mazimum

« hd ‘l‘ .. L ﬁ.l—
OIS0 B 20 30 a5 60
TMQ(mn) : _

Contractile  response of normal and sensitized trachea to
A23187 and ovalbumin. Control responses (@), indomethacin
(8.5 uM) pretreated tissues (()), indomethacin and arachi-
donic acid (32.8 uM) () and nordihydroguailaretic acid (50
pM) pretreated tissues (A). Values are mean * SEM (n=6 for
each curve). Statistical significance was assessed by
comparison with the  appropriate control and ‘are as

indicated; *p<0.05.
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% Maximum Histamine

50 B 20 30 a5 . 60

N\

SENSITIZED PARENCHYMA + OVALB@MIN

¥

510 5 20 30 a5 60

Time (min) -

Fig. 24. The contractile responses of indomethacin-treated lung

parenchymal strips to AA,  A23187 or- 0A; (a) . normal
parenchyma plus.A23187, (b) sensitized parenchymal plus OA.
Results are the mean+SEM of at least 5 experiments. Symbdls

indicate the following; ( [J ) AA alone; (M) A23]87 or OA -

alone; (A) mepacrine and A23187 or mepacrine and ovalbumin;

"and () mepacrine, AA and A23187 or mepacrine, AA and OA.

*Significantly different (p<0.05) from contractions to

A23187 or OA alone, 1indicating that mepacrine' partly.

inhibits contractions induced by A23187 or OA.

110.
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efﬁecf possible on. trachea or parenchjma. There - was no»statistically
significant difference in thé extent and magﬁitgde of AA-induced
contractions between normal and sensitized tissues (Figs. 23 and 24).

NDCA (100 uM), ; lipoxygenase inhibitor, significantly (p<0.05)
red%ced the magnitude of the contractidn at most time points stﬁdiea

\

(Fig%. 25 and 26). Phénidone (185 uM), gnother lipoxygenase inhibitor,
éghfbited similar effects (2 experiments). A23187-induced cgntractions
(norm;l trachea) énd OA-induced contractions (sénsitized tfachea) were
Significan;iy reduced) (p<0.05) afker mepacrine pretreatment (Fig. 23),
- Addition of exogenous AA to mepacriﬁe-pretreated trachea increased the
magnitude of the ‘contraction to A23187 or OA after (mepacrine-
ﬁ%édfeatmeﬁt>; but not to the-level observed in the absence of mepacrine
(Fig. 23). Mepacrine pretreatment'sigﬁificantly reduced the extent pf
éontractionvof lung -parenchyma to A2318; or OA in the initial period
(0~10 min) after stimﬁlhs addition. Exogenous AA did. not further
increése the mggqitﬁde éf thé éontractions.(Fig. 24, |

NDGA (100 uM) pretreatment of airway tissugs mafkedlf reduced the

extent of contraction to AA‘ and A23187 or AA and OA (normal or

sensitized tissues) (Figs. 25 and 26).

4.2.2 High performance liquid chromatography:

Analysis of the material initially purified with SEP-PAKs by HPLC

» indicated the presence{&f peaks cochromatographing with synthetic LTC,

and LTDy (Fig. 27). The retention times for these substances were 5.27

L

i
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.NORMAL PARENCHYMA - A23187 , M 113

[

¥

¥
&
E L
‘ g 5 10 5 20 30 45 60
\ = o “ |
E SENSITIZED PARENCHYMA + OVALBUMIN
£ g0
O b
= 70
> 60}
507
40
w -
20
10
"=F 5B > % a5 60
Time (min) C

Flig. 26. The <contractile responses of inddmethacin-treated lung
a parenchymal strips to AA, A23187 or O0A: (a) normal
parenchyma plus A23187; (b) sensitized parenchyma plus

OA. Results are mean*SEM. Symbols indicate the following;

(CJ) AA alone (a=6); (M) A23187 or ovalbumin alone (a=5);

(@) nordihydrogualaretic acid. (NDGA) and AA (n=5); and (@)

NDGA and A23187 and AA or OA and AA (0=3). ~ *Significantly

different (p<0.05) from contractions to AA alone and

**s {gnificantly different (p<0.05) from contractions to

A23187 or ovalbumin alone. ' : . ’

,\ 9
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Absorbance

LTC,

D. Sensitized Trachea £.
A .

Figo 27 .

Standords

LFD,
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HPLC CHROMATOGRAMS OF LEUKOTRIENES

%

8. Normal Trocheo C. Normol Parenchyma

TC
oL

L7C
Y 4

LT0,

. Ve
LT0,
W\ .

Normat Pgranchyma

LTC
Ly 4
LTCy

Absorbance ( 280nm)

LTD0,
LJ &_T o, '/ “

Elution time (rhins) ' @r“

Typical HPLC chromatograms obtained: after analysis of

medium - surroundirng airway tissues ‘after appropr{
stimulation. Synthetiec standards LTC, and LTD, are shown
(A); Normal trachea after stimulation with AA in (B); No:
parenchyma after AA stimulation in (C); sensitized traq
after mepacrine treatment and AA stimulation with OA in (
and normal parenchyma afteF A23187 in (E). All absorba‘
were measured at 280 nm. : ‘
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m‘

"and 11.50 min, respectively. The peaks had an ultraviolet absorption

w

spectrum with a maximum at 278-280 nm with typical shoulders (Fig. 28) -
N

cﬁaracteristic of the the conjugated triene//st;ucture of LTs.

:Numerous samples were subjected to vHPLC and the results ‘shown in

] Figs.27 and 28 are repreSentatiVExk

_4.233.§ioassay of 'released LTs:

WIS
¥ 1
e

The crude SEP-PAK extracts of the bath fluid,,and the: chromato—'
graphed s;mples that coincided with either LTanor LTDH in retention
time, exhibited spasmogenic activity on guinea-pig ileum and lung.
parenchymal strips.‘ Both contractile activities were prevented .or
reversed by the LT anwagonist FPL55712 (Fig. 29) )

From~the”HPLC.studies, it,was noted that LTC, was the predominant
‘mediator released'from the airways (LTthLTDn=20:1>ratio)‘using AA;and;
'as thekstimulus; 'This is based»On % composition\of-samples determihed
cby integration of 'the area under the HPLC peaks. We used synthetic
LTC“ as the’ standard for bioassay on longitudinal strips of guinea pig
ileum. Similar amounts of LTs were\feleased‘from.normal and sensitized
tissues under the same conditions\\; ,NbGA“pretreatment‘ completely
:abolished or markedly reduced release\of LT-like activity (Table 15)
Samples obtained from mepacrine-;;eated tissues could not be bioas-
sayed‘because the mepacrinejresidue after initial sample purification

relaxed the ileum. Hence the data were considered unreliable. It can

be seen from Table . 15 that indomethacin—pretreatment reduced the
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Ultraviolet spectra of synthetic
and natural LTC4

A .

Synfhe l_TC4

A

| ,'Nofurdl LTCq4 .

260 280 300
Wavelenght (nm)

s

Fig. 28. Ultraviolet spectra of synthetic and natural LTCQ (released
‘ from trachea) recorded in methanol.
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- Guinea -pig ileum

EPLS57I2 (L7 M)
v Y

250 mg . f\— . ./'\_ _ T

¢

— ., LTC4(30nM) Extrog} from airways
min | stimiliated with AA

Guinea pig L.ung strip -

LTC4 (O1uM) : - S
200mg | T - | | | .
. . e l'
FPL 55712 (87 uM) |
LT, (01,uM) l S
| . ' %
Imin . o |

§ éu'woys LTCq

Fig} 29 % Bioassay of'releésed‘LTCq on guinea-pig ileum (a) and lung

parencﬁ@mal -strips. (b). Synthetic -LTC, . was used as a
standard. - FPL55712 (1.7 u#) was used to reverse contrac-—

" tions on the ileum. A higher concentration of FPL55712 was

: pM)‘and mepyramine (1 M).

necessary to partly verse contractions on the lung strip.
The bioassay was carrfed out in the.presence of atropine (1

.y .
¥



. Fig. 30.

% Histamine Maximum

. ' - 120

"100['.

011 .L 1 ‘.~ 1
0510 20 30 - 45 60

Time (min)

The effects of calcium and TMB-8 on AA-induced contractionsg
of .trachea and pgienchyma. The symbols indicate ‘t%i
following: (@) Ca“t (2.2 mM); (A ) Ca“F-free ((); Ca

(8.8 mM); and. ( A ) CaZt-free plus TMB-8 (100 uM).
*Indicates a significant difference fro® control (p<0.05).
**Indicates a ignificant difference from. contractions
obtained in Ca“t-free KHS (p<0.05). Results are the

means *SEM (n=5).
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The AA-induced contraction of the trachea in the presence ,of KHS
containing ca %+ (8.8 mM) was not significantly different from the.

contraction observed in normal KHS. 'Howeyer, after 30 min in CaZ+-

free KHS, ‘the tracheal response to AA' was significantly' reduced
 (p<0.05) at 3-60 win from control (Fig. 30). However, the response

- was not completely abolished. - The résponse (as % of histamine

maximum) at 20 min in Caz+-free KHS was 48.2:10.0Z whéreas at the same

time time point 1In mnormal KHS . the response was 82.1+9.0%. The

e

_ intracellular calcium antagonist, TM348 (100" uM), completely abolished

the response of trachea to AA in Ca -free KHS.
On the parenchyma AA-induced contractions in Ca2+-free KHS were

not significantly different from contractions in normal KHS. In fact,

. the contractions in Ca2+-free KHS were slightly" enhanced (Fig. 30).

]

In KHS containing calt (8.8 mM) there was a .slight, but not.
significaﬁt reduction ot the resnonse to AA (Fig. 30):v TMB—B reduced
the magnitude of the contraction to AA in Ca2+—free KHS. However

this was not significantly different from contractions in Ca’*-free
KHS until 60 min- following addition of AA. Addition of calcium (2.2

mM) to trachea and parenchyma stimulated with AA in calcium—free KHS.

~in the presénce of TMB-8 ‘did not further increase the response of

these tissues (data not shown).

4.3.2. Effects of nitrendipine'and verapamil:

Ihe contractions of trachea and parenchyma to AA (66 LM) were
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Parenchyma

Calcaum (2.2 mM)

% Histamine Maximum

\

’ /

(!&MS - -
U 1\ ' ) .

0510 20 30 45 6 75 % 105 120

N

Time (min) o
Fig. 33. Effects of lanthanum chloride and EDTA on duced con—
tractions of parenchyma. _Ca%t (2.2 mM) was add at 60 min

to the appropriate tissues The symbols cate the
. following: (@) cat* (2.2 wM); (O ) Catt-free |
catr-free” ‘plus lanthanum chloride (1 =); (O) car™f
plus EDTA (300 uM); and (A ) CaZt (2.2 uM) plus’ laqith
chloride (1 mM). *Indicates a significant differ e\f?
contractions obtained in Ca®*-free KHS (p<0.05Y, **ngkchtes
' a significant difference from contractions obtainéd'after
calcdum was added to lanthanum-treated tissues in CaH-free
KHS (p<0.05), and ***indicates a significant difference from
control contractions. The results are the mean+SEM (n=5).
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.

parencﬁ;;a, addition of Ca2+; (2.2 mM) to tissues in caZt-free KHS
» caused ‘a sfatistically significant greater response at early time
poihts afteeraz+ addition t%an that‘observéd.wiqh control tissues
(Fig. 33). Pretféatment of tfachea.énd parenchyma with nitréndiping
(100 uM) 5 min. before Caz+ re-addition significantly athﬁtuatgd the
contractile response to this catfon (Figs. 32 and 33). In these
U%xperimehts only tiééues stimulated with AA in the presence of lantha-
num 'chl‘éride (1 mM) and Ca’t-free KHS were used. Addition of CaZ*
(2.2 mM) to tissues stimulatedlhith AA in normal KHS-caused little or
© mno furthef rgsponee'of these tissueSx'vFurghermore, addition of more

Ca2+ to tissues contracting 1ngCa2+—free'KHS after the initial 2.2 hM

stimulus at 60 min did not cause any further response (data not shown)

) -
)

4.3.4 Concentration-response curves to LTC,:

The concedtrafidn—reSppnse curves ' to LTC, on the grachea "and
parenﬁhyma_ are shown in Fig. 34. Nitrendipine (100 M) did not
significanﬁly affect the response of the trachea to LTCQ when compared
to -control. Similar résults were obtained with the parenchymal spriﬁ.

The responses of the trachea to LTCy, in Ca2+—free KHS and in Ca’t-free

e . .1 LI -1 Al LPAN - v - 2, R Y PO ¥ 1 . * . .
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_ v
tion of LTC, used (0.1 M) had plateaued, resulted in an additional

contraction of both trachea and parenchyma in Ca2+-free KHS to the*
control level. Further paz+ addition did not give further ingreases

in response (data not shown).

4.4 EFFECTS OF LTD, ON LUNG AND CEREBELLAR ADENYLATE CYCLASE ACTIVITY

! The results presented in this section were calculated as

The SEM between duplicate or triplicate determinations did

-

eed 5-10X of the mean value. Hence, in some of the figuf%s the
fs have not been displayed in order to enhance clarity. Most
experiments have been done at least three times utilfzing different

membrane preparatiouns. * ‘

*

4.4.1 Inftial studies:

The conversion of [32P]—ATP intov[szP]—cyclic AMP by guinea-pig

lung adenylate cyclase was linear with time (Fig, 35) and protein

concentration (up to 1 mg/ml) (Fig. 36). Lung enzyme activity was
. increased by GTP, isqproterenol, géd forskolin (fig.§%7). Forskoiin
increased enzyme activity by a far greater degree than either GTP or
.isoproterenol. The effects of éTP were.additi&e to those of forskolin
and 1soprotérenol (Fig. 37).° | “
Figs. 38 and 39 show.the concentration~dependent stimulation of\
lung adenylate cyclase induged by forskolin and isoproterenol. The'

effects of forskolin were Mgz+-dependent (Fig. 38) since at Mg2+ conzr’
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Fig. 36.

% Con\kefsion of ATP—cAMP

130

.0 N b
T i |

o O o O
N o @
T

)O' 02 04 - 06 ‘08 10

protein mqg/ml

Proteiq_linearitgzof adedylate'%%flase‘assays.‘,Thew_ercent
conversion. of [ ““P]-ATP into [°“P]-cyclic AMP at ™0°C is
shown as a function of added lung protein in the assay. The
symbols represent basal activity (@); and forskolin #(1 uM) -
(W) stimulated activity. Values are the means of

duplicates.
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g 200r —
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s 100

‘Basal GTP INA Forsk. Ir.iA Forsk.
o GTP GTP

(100 uM)
- ' v Sy ' & o - S .
Fig. 37. Activation of 1lung adeaylate cyclase at »37°C by GTP,
" isoproterenol (INA), and forskolin (Forsk), alone or in

- combination as shown. Results are mean+SEM of duplicates.
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.

' centrations of 2 oM the -eFEEé:: of forskolin .(exp:essed as a
percentagevof’basal activity) eere 1ess than at Mng'concentrations of .
5.mM. Fig. 39 shows the relatively weak stimulation of the -enzyme
induced by iSOproterenol at 20° C and the dramatii’stimulation induced

‘by forskolin. The ECsq of forskolin in stimulating the lung enzyme
was ‘éppfbximately 10 WM (Figs. 38 and 39). |

The activgtion of lung adenylate cyclase by GTP in the absence

"‘and presence of LTD, (0 1 pM) is shown in Fig. 40. Table 16 shows the
effects of adenosine deaminase (10 U/ml) on the GTP- stimulated enzyme.

* -Adenosine deaminase was included in order to determine whether adeno—

sine was being fotﬁed_endogenoUsly in the assay. vThis is a common

 problem 1in studies of.adenylate cyclase because endogenous adenosine

—_

may mask stimulation or ithibition of the enzyme by other agents.

_Adenosine deaminase will deaminate adenosine to produce inosine which
.is virtuelly iﬁactive at adenosine receptors. As eanvbe seen from
Table 16 inclusion of adenosine deaminase did not;eignﬂficantly alter
the profile of GTP stimulation of the enzyme.

Inclusion of adenosine deaminase in rat cerebellar cyclase asseys
completely changed the prﬁfile ot the effects of GTP (Figs. 41 and
42). 1t can be seen in Figs 41 that the higher the amount of enzyme
(proteihtconeentration)»aeded; the greater was the inhibitory’effect
of GTP at any gifen concentration. However, if adenosine deaminase
(2.5 er 5 U/ml) was also included, the inhibitery effects of‘éTP were

reduced (Fig. 41). Hence it seemed thatfendogenously formed adenosine
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40. Activation of lung adenylate cyclase by GTP in the absence :
(@) and preseance of LTD, (0.1 pM) (O) at 20°C.. The poifats
are means of duplicates. ‘ ' '
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Table 16. Effects of GTP on lung adenylate cyclase in the preagnce

or absence of Adenosine deaminase (10 U/ml).

J

&

/// ' : ' ' ‘ # Adenosine deaminase

! ) : ..Control

(10 U/ml)

Pmoles cyclic AMP/min/mg protein

[ 2
Basal activity v 11.5%1.22 10.441.2
GTP - 0.1 (uM) C T 14.240.6 12,620.1
GTP 1.0 (@) 17.3£0.1 16.741.5.
GTP  10.07{ M) S 211%0.7 17:2140.7
C.onGTP 100.0 (wM) . 20.5%0.4 1 18.5+0.9

'R

a = values are mean+SEM of duplicates.
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- Adenylate Cyclase achvit

_Fig. 41,

(% of basal levels )
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120¢
40 .
oty

" GTP (-log Molar)

\

The effects of a&enosiné deéminase oﬁ the responses of rat
cerebellar adenylate cyclase to GTP. The symbols represent
the following: (), 0.4 mg/ml protein; (@), 0.2 mg/ml

protein; ( » 0.4 nmg/ml protein plus adenosine deaminase
2.5°U/ml; (W), 0.4 mg/ml protein plus adenosine deamindse’

5 U/ml. The experiment was performed at 20°C. Each point
{s the mean of duplicates.” . ‘
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\ 6

4 5 7 8

Eﬁfects of adenbsine" deaminase on the  responses of rat
cerepellar adenylate cyclase to GTP and adenosine (10 uM) .
The clear bars are controls. The hatched bars are in the
preseffice of adeuosine deamimase (5 U/ml)., The numbers
findicate the following: 1: Basal activity; 2: adenosine; 3:

GTP (0.1 pM); 4: GTP (0.l uM) + adenosine; 5: GTP (1 uM); 6:

GTP (10 uM); 7: GTP (10 M) + agdenosine; 8: GTP (100 pM).
The results are mean+SEM of duplicates.
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was 1inhibiting the tgszyme in a. GTP-dependent fashion. This was
confif;ed by the experiment shown in Fig. 42. Exogenously added
adenosine inhibited ‘the enzyme (Bars 6 and 7) in the presence of GTP
and absence of adenosine deaminase.v'ﬂoﬁever, if adenosine ﬁeaminase
(SV U/ml) was pfeéent, the inhibitory, effects of adenosine’ were

abolished ahd the slight stimulatory effects of GTP ,on rat cerébgllar

. L]

adenylate cyclase became apparent (Figs. 41 and 42). Therefore, in-
all further experiments. with cerebellar adenylate cyclase only ‘low
amounts (<0;2 mg/ml) of protein were used. Furthermore, adenosine
deaminase (5 U/ml} was present in the assay mi;ture. It iS\apparenF
that end;genously produced’adénosine would inhibit the enzyme. and maék
.thé effects of other inhibitors.

‘Table 17 shows the basal (unstimulated) adenylate cyclase activi-
ties of.lung and cerebellum. The influence of M32+,.Mn2+,‘temperatute
~and substrate'concgﬁtfation are shownr ‘As shown cerebellar cyclase
specific activit& was about 8 fold higher than for lung cyclase under
similar conditions (Table 17). Furthermore, the specific activity of
both enzymes was stimulated by an,increasé in temperature and.divalent
cation coﬁcentration. Mn2+ was more effective than Mg2+‘in stimula-
t}ng specific cyclase activity. Finally, a reduction "of substrate
conqentration (from 0.1 mM to 0.05 mM) only slightly reduced tﬁe
‘specific activigy of cerebellar cyclase. This was done in order to

_further réduce the formation of endogenous adenosine in cerebellar

cyclase assays.
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] ”' t I
_Table 17. Basal Adenylate cyclase activities -
: (cyclic AMP pmoles/min/mg)
— | T
Tissue Cation Temp ATP Adenylate cyclase’
(mM) (°C) (mM) activity
Guinea pig MgZ+ 2.0 20.0 0.1 14,2411 (16)3
lung Mgt 2.0 37.0 0.1 33.145.6 ( 6)
Mg 5.0 37.0 0.1 64.843.6 (12)
Mn2+ 1.0 20.0 0.1 31.9+1.7 ('5)
Rat cerebellum Mg 2.0 20.0 0.1 107.1+ 7.3 (12)
(+AD 5 U/ml) Mg+ 2.0 20.0 0.054A* 95.6+ 7.9 ( 5)
. 2 o ; , '
Mg . 5.0 20.0 0.05 138.2411.0 ( 5)
Mg 1.0 20.0  0.05a  230.0413.3 ( 3)

' .
4 = mean+SEM (number of preparations).
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4.4.2 Effects of LTDy on lung adenylate cyclase;

A major .problem in these studies. was a difficulty in ebtaining
reproducible gfta. This difficulty %as compounded by the fact that
th'e LTD, effects on the enz yme were Q;aLl. In experiments performed
during this work, LTD, effects varied from 0 to 60 % inhibition with
the latter occurring very rarely. Howevet,rinﬁibttory effects ot
about 10—15 y4 occutted regularly. ﬁepresentative teselts are included
~of all theée'situetions.

The lack of effect dof LTD, (b;i"pM) on the forskolin and
1soproterenol-stimulated 1ueg enzyme {is ehown in Fig. 43. As can be
'seen‘LTDQ did not affect theldegree ofvstimulatien by either forskolin
or ilsoproterenol. 1In the presence of GTP (10 uM) and forskolin (10

e
4 "\.,4'

';enzym with a maxiﬁal %&fect

he f&gm thare. ‘ga:%ra

m‘r’*.‘*’

M), (Fig. 44) -LTD, slightly inhibited th

occurring at about 0.1 M.’

As can bé se,n frp

7 é

shown in Fig. 45. As shown, ﬁT}

greater effects in the prese?we% of NaGl. NaCl also reduced enzyme
Q &‘J :

activity on 1ts own. This “e fegt of LTDQ shown in Fig.f 45 ~was
R |

‘difficult to reproduce in th' ‘ame preparation or 1n other prepara-

tions. Similatly the expey shown in Fig. A6*was difficult to
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Fig. 43. Llack of effeéct of LTD, (0.1 M) on forskolin (panel A) or

isoproterenol stimulated lung adenylate cyclase (panel B) at
20°C. Forskolin stimulation was measured at Mg2+ (2 mM)

(@) or Mg2+ (35 mM) (). Isoproterenol stimulation was
measured at Mg2+ (2 mM). The -shaded symbols were the

~controls and the open symbols were in the presence of LTD,
(0.1 pM). Each pofnt is the mean of duplicates.



Fig. 44.

f : R
. 60
‘;g;é’.40-.
0 g . ©
* o ’ N
N R
$f
o8 |
. 82 % :
24
Q.
.. aff o
‘OrvaﬂV I L L .n {
' IO 9 ‘8 7.6
LTD4 ( qu Molor)
. -

"
Py

Effect of LiD, on forskolimstimulated lung |
'cyclase.GTP (10 uM).was ‘also present. The. three different-

g symbols represent “three’ different preparations.,

. ist the mean of duplicates.
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Effect, of GTP on LTDq—'induce‘d 1nhi‘l‘;ition of lung”adenylate
cyclase. . Forskolin (1 uM) was present 1in each tube. The

symbols indicate control (@ ) and LTDy (0.1 uM) (O). The

points are meaniSEM ' of duplicates.  The assay was, at 20°C

in the presence of Mg
Is indicated by.the bar.

(2 mM). The enzyme's\basa’l activity
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'reproduce. lhis experiment was doneito demqnstrate the GTP dependence
of LTDu (0.1 pu) inhibition of lung adenylate cyclase. -

The effects of.LTDq on’the'forskolinv(lo WM)-stinulated enzyme in
the presence of GTP 0.1, 1.0 and 10 (uM) are'shovn in Fig. 47. This
.experiment was performed at 37°C in the presence of Mgz+ (5 mM) As
shown,  LTDy inhibited the enzyme with no apparent concen&tation
dependeneyab However, the magnitude of inhibition was greate: at the
higher GTP eoncentrations/(l and 10 PM)f ' Yet.again, these results
were difficult ‘to reproduce. | ':u‘ k |

| The effect of LTD“von1the lunf enzyme ﬁt 20°C in the presence of
, Mn2+ (1 mM) and GTP (0. 1 M and 10 pM) are shown in Fig. 48.. Also
- shown {is the effect of-LTDq on the basal activity in the presence of
Mé2+ fZ mM) . Small inhibitory and stimulatory effects of LTDr could
. fbe;demonstrated. Mn2+ 1 mM) increased the basal activity of the
enzyme to '3 fold the level observed with Mg2+ (Fig 43). J In the'_f
' presence of GTP (10 pM), LTD“ (10 nM) slightly inhibited the enzyme.
It is noteworthy -that = the same 'conCEntration of LTDu slightly

E)

stimulated the enzyme in the absence or presence of low concentrations

‘

. of GTP (O 1 uM) or inhibited the enzyme slightly in the presence of

'Mgz+ (Fig..48)‘r

-,‘0

,Infggummary, LTDu-inguced inhibition of lung adenylate cyclase

g

i

was,smiil and difficult tofreproduce.- however,~an effect occurred in-
most of the. qxperiments performed evenw though this' effect was

| sometimes smal} @g? This 1is illustrated in Fig 49 which should be

wi
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Fig.
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‘Forskolin (10 uM) was present in'?'éachz

“and (10 M) ([J).
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ZOO( | 37°¢C

8

) L d ~J

7 79 8 1 & s

\.

LTD, (-log Molar).-

Ef fect of . LTDy on lung adeﬁyk&'ﬁ'e,' cyclase activity.

J'tube. The symbols
indicate the presenmce of GTP (0.1 M) (@), (1.0 w) (O),
The assay was conducted at.37°C in the

presence of Mg (5 mM). Each point {s the n¥an of

dgpltcates.
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Fig. 48. Effect of LTDy on lung adenylate cyclase activity in the
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and Mo™ and GTP (10 M) (@). The assay was at 20°C. Each
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comparednuithjthe‘experiment in ?ig. 45.‘ Both experiments wete done
under identical*conditions:as indicated in the figure legends. .

In order to determine the ' causes of‘pvariation and lack of

;‘_igeproducibility of the data presented aboye, a variety of experimental

approaches to, membrane preparation were undertaken. These included

P .

very gentle homogenization kprocedures " which utilized  hand
v © A

'homogenization of the , tissue or homogenization at low motor speeds.

,uFurthermore, the pH of the homogenization medium was varied frdm pH

3.‘5,5 to pH 8.5. None of these approaches,yielded greater inhibition by
LTDy- |

Another approach taken was to test the hypothesis that the LTD,,

- may not be binding to its receptors in the membranes used for assay of

adenylate cyclase activity. 'Hence, this wouldv lead to little .

inhibitory effects on enzyme activity. Therefore, 'the vspecific

,binding of [ H]"LTCu to guinea-pig lung membranes was studied. The

e

method involved inCubation of [ H]~LTC“ with lung membranes under
conditions exactly similar to adenylate cyclase assay conditions.'
[3H]-LTCH bound specifically and with high affinity to- lung membranes
(Fig. 50). ‘The‘ Bpax and kD 'value demonstrated for the binding
interaction are similar to published values:(Pong & DeHaven, 1984)f‘.
" Finally, —sincevbdivalent cations (mM concentrations) have been
. ghown . to stimulate bindiné of‘st to their receptors, the effects of‘

. ca? ‘\on adenylate cyclase activity of guinea-pig lung (Fig. 51) and

rat cerebellum (Fig. 52) were investigated.; The effects of Ca2+ on
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Fig. 51.

Adénylo!e Cyclase activity
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Inhibition lung adenylate cyélase activity by ca®t. The
symbols represent . basal activity (A );_ forskolin and GTP
(10 M) (@), and forskolin and GTP (10 UM each) with LTD,

(0.1 yM) (O). The points are the means of duplicates. The
‘assay was. carried out at 37°C. :
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Fig. 52. -Lngibition of cérebéllar basal adénylate cyclase dctivity by

- Ca“t.  The points are mean+SEM of duplicates. The assay was
carried out at 20°C 1in the presence of Mg “t (2 mM).
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LTD, action on 1lung cyclase was also studied (Fié. 51)}' Ca2+
p ,
inhibited Basal and forskolin&gtimulated activity of lung adenylate
S = o
cyclase and basal activity of cerebellar adenylate cyclase with an

ICgqg of about 100 QM (Figs. 51 and 52). Hence Ca?* {ons could not be

used to stimulate the binding of LTD, to its receptors in order to

fécilitate the effect on adenylate cyclase.

4.4.3 Effec;-of'GTPvS on guinea-plg lung and rat cerebellar adenylate

cyclasé: | |

As mentioned iﬂ section 1.2.3.1.1, GTPyS—induced inhibition of
adenylate cyclase agtivity is an 1ndex'of the preSenée and function of
Ni (Seamon §& Daly, 1982§_Jakgbs at al..1984). Thié effect of GTPyé
was‘utilized in' these studies to demonstrate Ni functions in~b6tﬁ
cyclase systems studied. ‘Furtﬁermqre; this effect Qas used to
demonst;a;e optimal conditions for inhibitonjquoth énz&mésf '

2

) vThe effecté of GTPYS were de;erﬁined against the basal and

fpfskolin'stimulated aétivity of lung and cerebellar Eyélases at 20°C
and 37°C. As shown in Fig. 5;, GTPyS slightly iﬁhiéitedqfopskolin
stimulated but not'bas;1 adenylabe‘cyclase activit} of lung-.at 20°C.

The magnitude of adenylate cyclase inhibition was 16.3t3.4%> (n=3)

(Table 18). This maximal inhibitory effect of GTPyS occurred at 1

£ .

presence of LTDy (0.1 pM) did not modify GTPyS effects (Fig. 53).

oM. Higher cbncentrations stimulated enzfme activity (Fig. 53). The

'

GTPYS imhibition of forskblin—stimulated‘lung aﬁénylate éyclase'
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Inhibition and étimulation of riun adenylate

activity by-GTPyS at 20°C. The Mgt concentration was
2 mM. * The squares represent basal unstimulated - activity.

. The circles represent stimulation with forksolin (10 pM).
Open symbols represent activity determined in the presence

of LTDy, (0.1 pM) and. the shaded gymbols, coqtrol4activity.

~ Each point {s the mean of duplicates.

eyclase’



&
9l

- a

b

oy

d;? Measured in the presence of forskolin (1

A+

€. = AD = adenosine deaminase.

Me?Suredﬁin‘che presence. of Mgz+ (2 mM).
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Medn+SEM (number of preparations).
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Table 18. GTPYS inhibition(8) of adenylate cyclase activity.
o [ ool
. v -
Tissue Temp “ATP % inohibition of
(°c) ~ (mM) adenylate cyclase’
5 ' activity
;‘I‘ e
Rat cerebellum 20.0 0.1 60.2+3.6 (6)P
N + .
- GTPyS (0.1 uM) 20.0 0.1 + AD® 5 U/ml 62.6+4.4 (4)
20.0 0.05 + AD 5.U/ml 61.3+1.8 (4)
Guinea pig lung 20.0 0.1 ¢ 16.0t3.@j(3)d
GTPYS Ql nM) :97’ 0.1 3.9#1.3 (2)¢



(t} L Y - '. v s ° i ’ v . + »
: '\"’;"'v ’. ) a ’ : .‘ . '. o o . -. 1 ’ : ‘, ' R - n [ o d 157 ‘ ‘

facéivuy at 37° c was very small 3 9+1 3z (n-2) (Table 18 Fig. 54)

~

“ Concentrations pver 1 nM stimulated the enz“yn;: and LTDk (0 1 p.M) did
ot modify this effect (Fig.‘ 54)n |
Ezig 55 /.shows “the effectsg of G'I'PyS | on lung and cevrebefla‘r‘.
‘adenylate 'c'y‘c_l'a;é“ a’cti\cities .a,a:' 3_7«°c. As shown c'rpys inhibited "and
| “stimulated enzyme activity in a’ concentration dependent fashion. ;’I..‘oww
T coneﬁntrations ’.‘,( nM) inhibited cerebella»r' _adenylate cyclase
B stimulated with forskolin (100 |.M) to about SOZ of the control level._

. ¢

_“_.'rhe maximal irrhibition of cerebe{lar adeny‘late cyclase in the absence "y o

’.of fofrskolin stimulation was less (Fig.. 55) and occurred at a lower

e

QcOncentration (10 pM) of GTPyS. ‘ EGTPyS stimulated adenylate cyclase—‘——v‘

"”Iactivity of cerebellar membranes at higher concentrations (Fig. 55)
oW

v The time course of GTPyS inhibition of basal cerebellar adenylate

'cyclase activity at 20 C in the presence of low Mgz'*' (2 mM) concentra—-

A e Ie

tions is shown in Fig 56. The inhibition p‘roﬂceeded after an initial

, flag phase of S minutes. 'l‘hg magnitude of ‘inhibition at t:he maximally :

&

4 "‘;‘effective concentration (0 1 p.M) was=62 6+4 42 (n=4) (Table 17)

-
v 'I‘he gmall inhibitory}effect Of G‘I'PyS on lung adenyiate cyclase.
NRag e a

relative to cetebellar: ade ylate cyclase (Table 18) implies that Ni

-

'bfunction or- congentrations are relatively smaller in 1ung than in

, cgrebellar membranes.,‘.b‘]:t was important to‘_ determine whether this " B

,'G
situation was intrinsic to lung membranes

nd is ‘not- ‘an srtifact of
' . .
lung membrane preparation. Ni effects are }reduced by proteases

(Jakobs et al. 1984) and homogenization of lung and ot*her tissues may ‘

-
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Ef fect .of GTPyS.'Zongl'ung and cere_bellarj‘ajdeny‘lat:‘e cyclase
activities at 37°C.  The Mgzﬂ"': cong¢ent¥ation was 2 mM. ..The

‘'symbols represent lung adenylate c¢yflase stimulated w'it:h.

forskolin ( @ ) cerébellar adenylate 'cyclase at  basal

activity (A); and cerebellar adenylate cyclase stimulated
with forskolin (100 uM) (). The control adenylate cyclase

. activities were 218.5+3.0, 147.0#10.1, and 964.5424.1 pmoles

cyclic AMP/min/ug, respectively. Each point ‘{s the mean of

.fduplicat:es. : . S o
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release proteases that viilnaffect Ni function. Therefore, to show -
that such a. sit&\tion vas mnot occurring' in these expetiments, the

.. Sppernatant from a lung homogenate was taken and incubated/with half a

¥

rat cerebellum. The tissue was homogenized ‘in this medium and
; membranes prepared as described in the Methods. The other half of the
} _cerebellum-was reated exactly 'the same way with buffer that had not -

"~ been exposed to lung tissue. Subseqﬁentl&, both gpmbrane preparations

"~y

were assayed for GTPyS induced inhibition of adenylate cyclase :

H

: activity at 20 c. GTPyS inhibited basal adenylate cyclase actf%ities .

fiof both preparations with exactly: sidgag; percentageéinhibition at all

.8

it
concentratiops &Rig. 57) The basal activities for both ‘preparations
were also zary sfhilar (Fiaﬂ 57) IO : o ._;‘ SRR
Hence using this bio\\sgy appﬂlhch it i§ 1ike1y ﬁhag ﬁﬁe small”j
Ni-mediated inhibition of lun§ adenylate cyclase is an intrinsic

quality of the membranés and 1s not due: to artefacts@hrising from lung

‘o

£

on buffer did not increase the magnitude of GTPyS inhibition of

A
\

lung adenylate cyclase activity (Fig;.58)'. HoweVer, basal activitiesi

°, g

and forskolin stimulated activities were. sliﬁhtly increased ‘after.

homogenization in the presence of«prbtease inhibitd&s (Fig. 58)

Therefore, from the above experiments it seems 1ikely that the'

w

‘. . K o

' small degtee of LTD“-induced inhibition of lung adenylate Eyclase may

°
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- represent control adenylate cyclase Mity.. The open.
'synibo*s represent adenylate cyclase acttviny of cerebelium'

o treated with supérnatant obtained from a lung homogenate

4% (see .text for details). = The basal ac ivities were 81.2#4.7
. and 82.3+1.9 pmoles cyclic AMP/min/mg> respectivley. Each
point is the mean of duplicates.
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be related to .the ;*“kibd":‘functionaf statu‘s of Ni (as deterﬁined with -

GTPYS) in lung membranes. -

Further “experiments to determine .the effects of a . hormonal
)A s
‘are pronounced see Table 18) were undertaken.: This served as a
positive control against which the effects of LTDH on . the lung couid

be f compared. Vo TheT’

1.2.1. A'7) F%rth%fmoré, allrﬂubéequent gxperiments weré’dgnenat 20 ém&

L

, @%bibitor of - cerebellar adenylate cyclase (a gystem where Ni functions

-

ﬂormone v chosen ~was GABA (see : section 3

?4and 50 pM ATP substrqte concentration unless stated otherwise, the_

;@prmgr becalrse GTPYsyinhibition was greater~at lower temperature, and

the latter'nto. reduce the production of 'adeno;ine in cerebellar

_adenylatelcyclase asgays.

| | g

4.4.4 Effects, of GABA and LTD, ~on cerebellar adenylate cyclase
' ' ’ ’ ) .

N - .

L activigz -

% Ty - e
As shown in Fig. 59 G Ys-induced &mhibition of cerebellar

y . A I3

adenylate cyclase activity was not further affected by inclusion WOof

{ L

GABA (10 uM) or LTD, (10 nM) in the assay. Hence in this system GTPyS '

cannot substitute for ~GTP 1in mediating hormonally-induced inhibition;

T

of the/enzYme._ The crucial role of GTP in mediation of the inhibitory»

 ®

a

anig. 60 GABA and-LTDn did not affect cerebellar adenylate.cydlase

't’l.

'GABA (10 pM) ‘and LTDH (10 . nM) inhibited enzyme activity. Maximal

Y4

. _effects of hormones (Rodbell 1980) is shown in Fig. 60 As shown in'

'activity in- the absence of - GTP. 'ﬁowever in the presence of GTP, both -

Lot
e b ol
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GABA-1nduced inhibitionvof enzyme activity was about 40%.

Inhibit‘ion of adenylate cyclase activity accurred maximally at a

GTP goncentration of '10 uM (Fig. 60). Lower or higher concentrations
of GTP tended to reduce the veffects of GABA in‘this and other experi- -
ments. LTD, (10 nM) also inhibited the enz‘yme.. However, this effect
occurred maximaliy at concentra.tions of GTP ’of ’about 1 M. Further-
@more’,.-the ‘magnitude of inhibition of LTD, was small ({.e. less than
20% inhibition of enzyme activity) and as in the lung, problems were

encount:ered with reproducibility of the data between preparations.

.'I'he complete co 'n-res\ponse relationship of GABA 1in

inhibition of cera{:ellar
. s -
GTP (10 uM) is shown in Fig. 61. The maximal effect of GABA (-352

ate cyclase at 20°C,, in the presence of
Q‘

v

e, = irge g gy ) \\ 3/
i : ¢ ) .

i’nhibition) ‘occurred at 10 pM. o T

In order to demonstrate that the inhibition of ade‘&ylate cyclase '
activity induced by GABA (10 uM) and GTPyS (OQI uM) was occurring
under optimal conditions of temperature and divalent cation concen-

L

“trations, t-he experiments shown in Fig. 62 a‘nd Table 19 were per-

\%\\\ formed. . Maximal tabibition of the enzyme by GABA and crpys occurred
Table 19 st the

‘at 20°C and 4 low concentration of Mg2+ (Fig.
t

percentage inhibition of the enzyme by GABA (in the presence of ‘GTP
(10 uM)" and G’i‘PYs at different ¢pncentrations of Mgz*’ and Mn & 1n the .
assay. Ag'ain, maximal\inhibition of enz yme activity by GABA (36. 3+3 6
n=3) and by GTPyS (57 13 0Z n=4) occurred at a concentration of 2 mM

M_gz"' Hilgher concentrations of Mgz” and . Mn2+ reduced 'G_TPyS-induced
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Table 19. X Inhibition of rat cerebellar cyclase basal activity 1n
the presence of Mg2+ and Mn$+ , @ .
Cation | © GPTyS : GABA + &TP
(mM) , . | = (0.1 M) . (100 wM). 410 uM)
Mg+ 0.5 55.5410.4%8 L 21.3%0.0%
. . ‘ ] |
2-0 . 57.1t3.01 e - 36-3ﬂ.6z )
5.0 62.1¢1.2% @ 17.420.1%
10.0 - . 42100977 ¥ Co15.520.3%7
1] "" . N "
‘eMn?* | 569102 L 10v2£0.4%
10 S 3749z Not done
— ‘ ) 3

2 = meani+SEM (nd>2).
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inh‘ibition\ (Table‘,11\9). T

THerefore,* the effects of LTDQ on cerebellar adenylate cyclase

v
activity were investigated at” 20°C and Mg2+ (2 mM) in the rest of

these experidents. ° ' ' . .
’ o - - |
%,\w_‘ e :

B LTDqﬂ(lO nﬂ) inhibited enzyme activity in the presence oflGTP

AL

. (Fig; 63).\ Under the same conditions LTCH (10 M) only slightly

. was observed in other experiments (see TFig. 605. 'Furthermoregtthis

USE ——

- high GTP concentration tended to enhance the sliéht stimnlato§§ effect

inhibited enzyme activity whereas GABA*(lO M) ‘inhibited the enzyme.

&

In this experiment LTD,, inhibited the enzyme to a greater degree than‘

"

inhibition occurred at a high concentration.of GTP (30 uM). A highen_‘

1

inhibition and reduced GAﬁKFmediated inhibition.

As shown :in Fig. 64 LTD, inhibited enzyme agtivity in "the
pfesenee of GlP4 (lQ' pﬁ} ‘and slightly stimulated 'ectivity bin the
oresence of GTP (100 u.M). The concentrations of LTD, causinéimaiimal‘
inhibition also caused maximal(étimulhtion (Fig. 64).

~In summary, LTD, slightly reduced or slightly increased adenylate

‘cyclase activitY‘depending on the GTP concentration in'the°a$Say. 'A,\

"

observed in some experiments. It should be mentioned that in some

experiments LTDQ failed to affect enzyme activity (in the presence of'

~GTP) however GABA-induced inhibition was also relatively low 1in \these

experiments.

!

The lack of reproducibility'of LTD, effects -in the luné and‘in.

,coneentration“AaﬂeimeuilOQ—weM)w~§empletely+~abolished~; {%f—{nd;eedfw~*“~%~
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Points are the means of duplicates. '
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cerebellar adenylate cyclase systems was a major problem in these
studies. As mentioned earlie'r, some approaches were undertaken 1in
order to resolve these difficulties. Howevet, the wvariability

persisted and at the end of this work thHese factors remain unresolved.

o
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5. Discussion

\

. 5.1 Effects of bronchoconstrictors and bronchodilators on normal "and

sensitized airway tissues:
‘ - o . A
bhallenge of sensitized airway tissues with specific antigen (0A)

leads” to a prolonged bronchocorstriction in vitro (Schultz—-Dale

response). The mediators released in this reaction include hista-

mine, LTCy, and LTDy (Fleiscﬁ‘@t al. 1982; Section 5.2 of this thesis).
. ‘ | y '
The sensitivity to antigen of sensitized tissufs did not result

. bronchoconstrictor agonists used in

this study.' Our results indicated that in ‘the absence of inhibitors

.of AA métabolism there were no appreciable differences between normal ~

and - sensitized airwa?é in reéctivity and sensitivity’ to
bronchoconstrictors iﬁcluding KCIL, histamine, carbachol, LTCQ;.LTDM,
.U-44069,_and A23187. Fu}thérmore, bfoncho&ii@tdr hypeoactivity did noﬁ
exist in sensitized d;lféay fissues since iSOproterehol, "PGE,,
forskéiin, and AVIP exhibited. simiiér potency and efficacy onr both

normal and sensitized alrway tissues. Hence in this guinea-pig model

of asthma, mere vimmunological sensitization to 0A does not induce

s
o U

bronchoconstrictor hyperreactivity and bronchodil%@or hypoactivity
“when these effects are determined in vitro.

It was important to perform the above studies because human

bronchial asthma exhibits important characteristics that. may differ

from animal models of this disease. - The results obtained in the

guinea pig suggest that mere immunblogical sensitization per se does
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not lead to hyperreactivity .and/or hypoactivity and' that other factors
inherent in human asthma may be deemed to be causatively important
Differeqces between human asthma and animal models include the

lelOwidg: (1) In human allergic astﬁma,IgE mediates the immediate

fFuvma 1T\ hurmAasanaa F O S S s e o
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hyperreactivity to methacholine and hypoactivity to 1isoproterenol are
K4

IgE producers (Rinard et al 1979; Antonissen et al. 1980). .In guinea
pigs sensitized th OA in.the presence of Freunds complete adjuvant

hyperreactivity to histamine, S5HT, bradykinin, acetylcholine and-PGan
can be demonstrated (Morcillo et al. 1984). Based on the stnd&es of

- ‘»'~:.Mu~»f; ]
\ | s o
Andersson (1980),- it is possible that IgE may Sy

producing airway hyperreactivity in this guinea-pig nodel. ‘Eﬁidence
that IgE~ and IgG—mediated responses are different was obtained by
Regal (1984).V'This author shosed that LTs dre important mediators 9f 
IgG- vnut not IgE-mediated gninea—pig tracheal contraction. This
_ onservation counled with those oﬁ'AnderssQn (1980) and Andersson.and
Bepgstrand (1981)nwho‘showed that antifssthmatickégents differentié&iy
affect 'antigen—induced bronchoconstriction- in guinea pigs with- high
fcirculating levels of IgE or IgG; éeem to indicate that “these
homocytotropfc antibodies may affect airway smooth muscle functicn and
cheracteristics diffetentially( y

From our tesults it seems likelf‘that animal -models of asthma
prodycing IgG instead of IgE do not exhibit hypetreactivity. This
.conciusion is also‘suppofted by the findings of Brink et al. (1981)
who showed that OA sensitized guineaj?ig airway tissues do not exhibit
hyperreactivity to histamine in vitro.

As.mentioned earlier.in this discnssion, most animal studies of

asthmatic hyperreactivity are conducted on isolated tissues. This

removes various influences which may be importsnt in the pathogenesis
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of airway hyperreactivity. Airway hyperreactivity may arise as a
‘ »

%

consequence of an enhanced vagal reflex which maybe due to increased

sensitivity of irritant receptors +in the airways (Leff, 1982;" Garland,

1984). This influence 1is not present 1f studies are conducted in

vitro as are other modulatory influencesﬂ:j;rating in vivo. Hence

their roles cannot be assessed in;vit;o order to determine their
importance in the pathogenesis of airway hyperreactivity. It is
interesting to note that Iwayama e£ al. (1982) showed airway hyper-
reactivity to histamine and airway hypoacti;ity to isoproterenol in OA

sensitized‘éuinea pigs (sensitized in a protocol similar to that used

in this thesis) in an in vivo study. Furthermore, Brink et al. (1981)

showed an increased sensitivity to histamine 1in guinea pigs after:

indomethacin pre-treatment. " This 1increased sensiti#ity was only
observed in sensitized animals studied in vivo.
The study by Barnes et al. (1980) demonstrated that in the OA-

sensitized and challenged guinea pig there was a decreased f-receptor

density and an 1increased a-receptor density. This animal model

exhibited symptoms of asthma and has demonstrable airway ﬁipef—
reactivity to bronchoconstrictors and hypoactivity to isoproterenol.
In this model, the animals had undergqne the stress of bronchocon-
striction induced by aqtigen-induced release of mediators in vivo.
This may be eXpecged to lead to desensitization of relaxant receptors
and/or down regulation (Lefkowitz et al. 1983). Furthermore, modula-

tory influences in vivo may be 6perational and with prolonged exposure
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to broﬁchoconstri;tors may adapt at lower efficlency of effect.
Finally, LTs released in vivo may sensitize alrway smooth muscle to
the effeccé of ot%er bronchoéonstrictors (section 1.?.3).' Tberefore,
hyéérreactivity may, ;rise as. a consequence of the stresses of the -
disease ftself (Meurs et al. £§82). Sééondly, a major criticism. of
the hypoactive bronchodilator theory of asthma 1is that hypoaé‘ivity
arises as a consequence of long term treatment with bronchodilators
such as B-adrenoceptor ssimulants (Connolly & Qréenacre,_1976). OQur
results therefore tend. to sﬁpport the above criticisms, since the
model we used in this work was immunologically sens%&izéd but
unchallenged. This woulg result in a model th%t AOes not exhibit the
above characteristics and hénce would not:exhibit'hyperreactivity or
hypoactivity of the airwayé. In other models of asthma, such as

. ‘ o
naturally allergi¢ canine g@odels used by Rinard et al. (1976),
hypoactivity. té isopro’gvenol does exist. However, therel.may be
genetic differences inl£he canine specles which might accdunt for the
observed hypoactivity to B-adrenoceptor agonists.

The reduction of tracheal tone by indomethacin (a cyclooxygenase
inhibitor), observed 1in this study, supports and extends other
publishea data (Orehgk et al. 1975; Brink et al. 1981). We ‘have alSo
shown that tone can be reduced by a lip;xygenase inhibitor 1in
sensitized and normal tissues. Previous studies have suggested a role
for cyclooxygenase products in the maintenance of tracheal tone and in

modulation of active contraction of this'tissue (Orehek et al. 1975).



181

These authors proposed that tracﬁeal resting tension is maintained by
“an {ntrinsic production ‘of contractile PGs, chiefly PGFa and PGE,.
‘Coqtraction ‘of trachea with histamine of other bronchoconstrictors
leads to a pfoduction of relaxant PGE; which modulates the extent of
the contraction. Hence, inhibition of éyclooxygenase would lead to a
reducgion of tone and to removal of the negative {nfluence of the

relaxant PGE,, thus enhancing contraction. Based on the evidence
presently obtained iﬁ this study, with histaminé, carbachol, and the .
leukotrienes (Figs. 6 & 7), this scheme was upheld. The fact that
NDGA, a lipoxygeﬁase inhibitor; had effects ,to' those exerted by
similar indomethacin, is difficult to explain, even though NDGA
decreased tone to a lesser extent than indomethacin. It is possible
that NDGA ét. the concentration useéd exerted some cyélqoxygenase
inhibiting activity. The‘reduction of responses to low concentrat};ns
of histamine, carbachol, and leukotrienes, and the enhancement of thel
effects of higher concentrations after treatment of trachea with the
inhibitors were similar in both normal ana sensitized tisspwes. This

implies similar mgtabolic pathway for AA in both normal and sensitized
tissues. This is in contrast to the effects of high concentrations of

tﬁe-endoperoxide analog (U-44069) after treatment of theltissues with
indomethacin (Fig. 8).. In this case an enhancement was only observed
on normal trachea. U-44069 1s a stable analog of the Short—lived

prostaglandin endoperoxides that are intermediates in the synthesis of

PGs from AA via the cyclooxygenase enzyme. U-44069 has been reported

1
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to be platelet aggregatory in man (Menzel et al. 1976), is a broncho-
.constrlctof in dogs (Wasserman, 1976), and contrac;g rabbit qor;a
(Loutzenhiser & Van Breeman, 198L). Its actions resemble TxA,, a
known mediator in human anaphylactic reactions. The lack of enhance-
ment of the effect of U-44069 on sensitized trachea after pretreatment
with indomethacin wés an unqxpec;ed findinﬁ, since from the‘?vidence
with other bronchoconstrictors we would have expected an enhancement
as well. However, -U-44069 1is not a typical agonist. The C-R curves
generated on the trachea were not the normal éigmoid shape, but were
biphasic, hence implying an effect at more than ‘one receptor. In
addition, low concentrations of ®his agent exe;ted similar éffects in
the presence and absence of »indomethaéid on normal trachea.  The
effects of low concentrations were not abolisﬁed or reduced, unliké
other agonists. Thus U—44069nmay ‘be acting differently on trachea.
This agent may be activating a "different” cyclooxygenase o; utilizing
a "different” pool of AA when compared with the other bronchocon-
strictors. - This "different” enzyme and (or) :pool may have‘ been
affected by sensitization, and hence no énhqncemént was observed on
sensitized trachea. Support for this hfpothesis comes from the work
of Sun et al. (1977) who suggested different cyclooxygenases in normal
and sensitized tissues. Furthermore, it is known that normal trachea

is capable of synthesizing sigificantly greater amounts of prostanoids

than,sensicized trachea (Burka et al. 1981). Clinically, a diversion

PR [ PR S [ Aavrdwad +An linnvvoenaea derivad
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\ *
mediators has been sugéested (Yen and Morris, 1981). Thus, our
results, to a certain extent, support the pattern of alterations in
the activity of AA-metabolizing enzymes as a resu}t of sensitization.
In this work the importance of?studying large and small airways
becoﬁes‘apparent. Lung parencgymal strips are representative of the
small airways although vascular components are ;lso present (Clayton
et al. 1981). However, parenchymal strips as a whole behave more
similarly to airway than to vascuiar smooth muscle (Songsiridej et
al. 1982). The differential effects of histamine and carbachol on the
trachea ‘and lung parenchyma (Fig. 5) agree with the findinés of Drazen
& Schneider (1978). These investigators found that carbachol induced
a greater .response on the trachea than did histamine at equimolar
dosesi whereas the reverse was true for parenchyma. Further emphasis
on differences between large and small airways 1s demonstrated by th:
lack of effect of indomethacin, phenidone, and NDGA on the tone of
parenchymal strips and the lack of effect of these inhibitors on the
Icontractile responses of the parenchyma to histamine, carba;hol, and
U-44069 (Fig. 9, Table 9). Although Brink et al. (198l1) demonstrated
an inhibifion of histamine-induced respohses on the parenchyma after
treatment with indomethacin; we also demonstrated a reduction of the
coglractile ac;ivity of LTD, on normal and sensitized parenchyma
following treatment with indomethacin, phenidone, and NDGA. This

result is in agreement with the work of Piper and Samhoun (1981) who

demonstrated a reduction in the contractile activity of LTC, and LTD,
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I

on parenchymal following inhibition of the cyclooxygenase enzyme.
Indomethacin vand phenidone would . inhibit the synthesis of TxA,, a

‘mediator released from lung tissue following stimulation with

leukotrienes and no§sible other agoniets. Hence our results support

]

the concept thet leukotrienes exert’ an indirect effect on therlung
cparenchyma"which is mediated by-TxAz. ’Although senSitized lung has.
been reported to produce more cyclooxygenase products than normal lung
(Mathe et al. 1977) we did not obserVe any differenes 1n the effects

uof cyclooxygenase and/or lipoxygenase blockade ‘on the contractile

% -

‘activity of LTID, on normal and sensitized lung’ parenchyma.

Adenylate cyclase is intimately lihked with a variety of hormone
'receptors and is one of the links between receptor occupancy‘and the
biological ‘effect- (Lefkowitz & Michel 1983) It can thuslbe_used as
a direct *index of bronchodilator receptor aéti#ation.“' In our

:experiments¥isoproterenol PGEz, VIP and forskolin caused significant
“stimulation of this lén’;yme. Again ' normal and . sensitized  lungs
responded similarly to these-relaxants. Hence we can-assnme ‘that the

“receptor linkage with the eniyme,‘ and the -enzyme itself; are not

affgcted by immunological’sensitization.
_Although forskolin caused slightly less relaxation of the airways
/ : . : - O - . N
‘,than iSOProterenol the diterpene caused significantly greater

L
> 9

stimulation of pulmonary adenylate cyclase than did iSOproterenol

N

.Although it has not been conclusively proven, it is widely accepted
f

thdt  certain types of smooth muscle relaxation are mediated by
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increased intracellular levels of cyclic AMP (Scheid et al., 1979).
Since forskolin stimulates sthe synthesis of cyclic AMP to a much
greater extent than isoproterenol, we would have expected forskolin to
cause significantly greater relaxation of the airways than we
demonstrated in this vork. A'bossible explanationAof'this'apparent

discrepancy is that in the membrane preparation we used the forskolin

’ receptor, possible the catalytic unit of adenylate cyclase (Schmidt et

al., 1984), is much more stable and retains its homogeneity even after
‘the‘somewhat disruptive procedures needed to' prepare membranes from
the lung. It' is known that hormofie réceptors are extremely labile and

_it istentirelykpossible that dudfng membrane . preparation part of the

receptor pool for a_given relaxant would be.inactivated. Forskolin is //
: /

v R - , ‘ 4
also not selective in terms of stimulation of adenylate cyclase. In

S a
our preparations forskolin would stimulate all cyclase units in)éll

cells, whereas 1soproterenol - would only stimulate P-adrenoceptor
: » : /%

linked cyclases. Furthermore, it is .pdSSiblE- that airway/ smooth

. /
muscle relaxation may not be directly related to cyclic AM? accumu-

/ o . ./

lation which follows activation of the adenylate cyclase. . Drugs I'ike

nitroglycerine and sodium nitroprusside can relax vascular smooth

muscle (Kukovetz et al., 1979) and concomitantly increase levels of
cyclic guanosine monophosphate (cyclic GMP)'(Kukoverta et al., 1979;

. Lewicki leti%al., 1982). Hence there are other ~candidates besides

S

cyclic AMP? that mediate‘smooth muscle rélaxation.

Similar dissociation between airway smooth muscle relaxation and

/ -
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cyclic AMP accumulation has* beenvobserved:by Tipton -et al. (1981).
These authors used isoproterenol to- induce a subsensitivity of ‘guinea-
pig airway smooth muscle relaxation. However, durihg the same time

' period, cyclic AMP accumulation was normal. Hence our results support
a discordance between alrway smooth muscle relaxation. and éyclic AMP

levels.

. DR AT

" Another point worth considering is that the lung 1is a Ver&ﬂhéter—
ogeneous tissye made up of structural, secretqny,'and’congrgétiie,ggll

i

types. Hence forskolin may activate the adenylate cyélééquﬂfﬁ0n4

smooth muscle cell types, whereas isoprotérenol,»y1P¢§f ?C;§ may.bef,"

ST

more seleétive.
) Indbmethacin, a cyclobx?genasé inhifi£or, did:nogiéfféégygrAQﬁéé;
relaiation induced by isoproterenol, VIP, PGE, or qugggiiﬁﬁbét.did”
regucéf;he magﬁitude of lﬁné parenchymal relaxations to’i;oprotérenol,
PGEQ andfforskalin. The data for VIP‘ﬁere too variabie to obtain
statistical significance. The reduction of bronthodilatq:-indlcgd
‘relaxations of ;he lung strip’ by indomethacin is hard to ;xplaiﬁ put
aifferent hypothesgs may be'advancéd. Indomethacin, by;inhiﬁiting thé
cycloqugenase enzyme in the ‘lung, would cause a divefsioﬁ of endoge—
nous AA metabo}ism to the lipoxygenase pathway (Piper et al.;'1979;
»sthion 5.2), résulting in enhanced synthesis of potentjbronchocbn%
. strictor LTs which would cause the lung strip to be more‘resistant to
:a £elaxant influence. Indoﬁeﬁhacin might aiso exert a pﬁysicoqhemical

v

acpion which may affect receptor activation. Since the ECSO of each’
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bronchodiiator- in relaxing the 1lung strip did not change after
1ndomethaéin—pret;eatmen;, it wag assumed that drug ‘bihding t; the
reéeptér woulq not have beén.affected. ‘Indomethacin has been shown by
ofhef workers to éompletely supéréss PGE p-induced bronchodilation in
human spbjects'(Waltéqf etual. 1982). Furthermore, }ndomethacinvhhs~
been shown to iqhibit the‘relaxant effects of PGs (Yamaguchi et al.

1976; Burka & Paterson, 1980). \

Many érugs‘including prostacyclin (MacDermot & Barnes, 1980) and
VIP (Rdbberecht et éi. 1981) have\béen shown to activate adenylate
cyclase in lung tissue. We have extended these findings qo‘include
forSkoiin. Tﬁis égént apparently binds to:specific sites located én

adenyiate cyciasefitself {Schmidt et al. 1984). We used it as an
: : N
agent'which might . reveal differencgé‘in'adenylate cyciasé of lung
from normal and sensitizedz animals. Howgver, forskolin—induceg
activation of the lung adénylate cyclase was similar in normal and
sensitized animals. Hencé, we assumed that the adenylate cyclase
systems 6f normal and sensitized 1ungs were identicgl. Furthermore,
indomethacin—pretrgatment_did not significantly affect activation pf
cyclase induced by forskolin, isoproterenol, PGE; or VIP, in normal d;
sensitized lungs. |
'Finally, Burka (1983a,b) has shown that isoproterenol, forskolin
a;d\\PGEz,’ in" order of potency, can inhibit tracheal _contractions

induced by OA. Higher céncentraﬁions,of these agents were needed to

inhibit A23187-induced contractions to a similar degree as 0OA-induced
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‘contractions. ; Furthermérg, low \conceﬁtrations of these agents
eﬁhanced tracheal contraction induced by A23187 in sensitized trachea
but not on narmal trachea where»only inhibition was observed. These
égents’activate adenylaté cyclase and cyclic AMP acéumulation which
méy lead to inhibition of wmediator release (Lichtenstein et al.,
1979). AThe-differeqtial effects of»theée bronchodilators on normal
and sensit%zed trqéﬁea suggests an élteraﬁion of cyclic AMP turnover
as a consequence of sensitization; |

In summary, the OA sensitized guinea-pig model of asthma does ﬁpt

exhibit easily discernible differences in airway rééctivity to

bronchoconstrictors . or to bronchodilators-.when studied in Wwitro.

5.2 AA metabolfsm in guinea-pig airways.” Role of calcium:

~ o

In these studies we investigated the nature of the mediatofs‘ 

released during stimulation with A23187, OAT and AA.' We alsb{
investigated the effect of Ca?* on AAfi&dqfed contraction of the
éirways. This process depends on initial syptﬁhsis df LTs from AA via
the lipoxygenase 4pathway and subéequent *!%ntraction of the ;issue

induced by synthesized LTs. Both.synthesis of.LTs and contraction of

the airways are cat debendent processes. Our aim was to see which of

¢

these two processes was more dependent on ca’t.

Stimulation of AA metabolism by antigen (0A) and A23187, and”
addition of exogenous AA° to indomethacin-pretreated airway tissues,

resulted in a prolonged contraction. The contractions were reduced by

-

B}
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NDGA, a lipoxygénase enzyme 1inhibitor. Furthermore, mepécrine, .a
phospholipase A, inhibitor, .did not reduce exogenoué AA-induced
contractions af the airéays but , reduced coptractions induced by OA and
A23187. Finally, analysis of phé bath fluid by HPLC after stimulation
with OA, A23187, or AA, demonstrated the presence of LTCQ and LTD,. "
Tbe identity Lf‘ these .sub;tances was further subscanti#ted by the

biological activity they exhibited on the guinea-pig ileum and lung

strip and by UV spectra comparisons with authentic LTC, and LTD,.

Quantitative bioassay of the amounts of like = activity

\

(confirmed by radioimmunoassay by Burka, 1985) was con cted on the
guinea-pig ileum. The results with indomethacin are int résting..Wé
expected that inhibiting the cyclooxygenase pathway would enhance
release since thisAhés been observed earlier in other LT genergting

system (Piper et al. 1979). On the basis of the contractile response

of the trachea to OA and A23187 this would seem' to have occurred,
!

ince we had enhancement of the contraction after indomethacin‘

retreatment. However, the actual amounts released, as determined by

ioassay ¢0uid not possibly explain the enhancementlof contraction as
being due to increased release of the mediator. The observed
enh;ncement of contractions may.be due to the reﬁoval of the negative
influence of relaxant PGE; which is «continuously synthesized by the
trachea (Orehek et al. 1975; Burka et al. 1981). PGE, exerts a

modulatory influence on cdntnactile stiduli acting' on the tracheaA

(Orehek: et al. 1975). . Indomethacin would reduce the synthesis of this

3
AN



190

mediator and hence larger contractions for the same or lesser amounts
of LTC, (or other stimuli) might ensure (section 5.1). Inhiﬁition of
SRS-A reieasébby‘indomephaciq has also been observed in rat peritoneal
cells ‘(Burka' & Flower, 1978; Bach et al. 1977) but may reflect
inhibition of calcium flux by indomethacin (Bﬁrka &vFlower, 1974).
The possibility that 1indomethacin freatmenﬁ of the trachea m?y be -
stimulating the synthesis of»anéther contractilg mediator, which we
have not yeg identified, must not be discouhted. AA did not further

'] ks

affect contractions or release beyond that obtained in the presence of

indomethacin alone. This may reflect possible saturation of the

system at its norﬁai state (i.e.’ in the absence of AA). Hence further
sﬁbstrate additions would achieve no furthe;' effect. It is .also
conceivable that exogenous AA is not available to the lipo;ygenase
enzymes duringv antigen— ahd iOnoghore—inducéd' release. This

possibility 1s unlikely since AAvinduées contraction of the trachea in

‘the presence of a cyclooxygenase inhibitor and the contractions are

* abolished by lipoxygenase inhibitors.

However, Kuehl et al. (1984) have reviewed evidence that in some
systems, addition of exogenous AA would only result in LT synthesis if

a stimulus such as A23187 is also present. In the above systems it is

conceivable that exogenous AA may displace endogenous bound AA and

thus be available for lipoxygenation.
AA is metabolised by lung tissue into contractile cyclooxygénase

producté (Hamberg & Samuelsson, 1976’. Guinea-pig trachea has been

’
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A
shown to release PGs and TxA, after challenge with OA, A23187 and AA
(Burka et al. 1981). AA can also be metabolized to 1lipoxygenase

i

prodﬁcts by ;guinea—pig airways (Pipe#‘ et \ﬁl. 1979; Mitchell &
Denborough, 1980; Yen, 1981). In this work we have demonstrated that
AA 1s metabolized By iddomethacin—treatedvéuinea—pig éirway tissues to
LTC, and LTD,. This establishes the inherent capacity of the airways
bto produce these potent bronchocoqstrictors. It 1s not essential for
a stimulus such as A23187 or OA to be present for AA‘to be metabolized
to the above producﬁs.
| The magnitude‘of AA—indutéd contraction ﬁas greater on trachea
" than on lung parenchyma. This is significant especially because the
small airwayé are particularly sensitive to leukotrienes (Drazen et
al; 1980)." Lung parenchym?lustrips_ih'the absence of indomethacin
.contracted to a level equivalent to that observed on the trachea.
Subsequent addition -of - indomethacin partially ** inhibited the
contraction to AA (results not shown). Furthermore, the LTs exért
both direct and indireét contractile effects on the lung strip, the
latter action being mediated by TXA, (Piper & Samhoun, 1981). 1In our
éXpe;iments this latter compbnent was abolished by indomgthacih. Our
resultSAane in agreement with those of Mitchell and Denborough (1980)
and Yen (1981). |
The effects of mepacrine supporﬁ the evidence that exogenous AA
is metabolized to LT, sinéé'the magnitude of OA- énd A23187-induced

contractions was reduced whereas exogenous AA was unaffected. In the
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experiments conducted on mepAcrine—treated tissues, AA probably had an
additive effect with antigen or® ionophore on the trachea. An additive
effect of exogenous AA o; the lung strip was not observed even though
mepacrine appeared‘to inhibit phospholipase A5, based on the criteria
that the_magnitude of an;igen- and ionophore-induced contractions was
significantly reduced.

Thé .two 1ighibitors of 1lipoxygenase, NDGA and phenidoney both
m;rkedly reduced the effects and 1inhibited release by all three
sti;uli-we\used.~ This supported the observations that contractions
induced by AA, OA and A23187 are partlyv a result of leukotriene

3

synthesis.

v

¥ v" b
o

Sy The presence of the lipoxygenase enzyme in lung tissue has been
confirmed for both guinea-pig lung (Hamberg & Samuelsson, 1974) and
human foetal lung (Saeed & Mitchell, 1982). It has also been observed
thaﬁ the baéal levels of gluthaﬁhiope—s-transferase, the ehzyme that
converts LTAu'to LTC,, are higher in normal lung than in sensitized
lung (Morris et al. 1982). However, no significant difference in
leukotriene production between normal ahd sensitized tissues, when
activated with AA, was observed - in the present experiments. This is
in confrast to the results of Piper and Seale (1979) who observed a
greater productiop of SRS-A from sensitized lung than from normél
lung. The use of fragments stimulated with A23187 by these authors
may account for the difference from our results ‘hs;gg'~parenchyﬁal

: _ i~
strips stimulated with AA while wunder tension in organ baths.
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4
. ]I‘ .
Furthermore, our methods of purification of the released mé%iators

differed.

Finally, we have shown that addition of substrate
to indomethacin—treatéd guinea-plg airways kinduced synt

similar lipoxygenase metabolites to those produced upon ac

with ionophore or antigen. In some cells

the stimulﬁs. ‘AA stimulation leads to .very little lipoxygenése

product formation, whereas combination of AA with A23187 leads to the

produc;ion of significant amounts of S-hydroeiéosatetraenoic acid and

LTB, (Borgeat & Samuelsson, 1979). This does not appear to be the

situation in the indomethacin—treated airways. Mere addition of
5 » .

. substrateMiS‘an adequate stimulus for activation..

With regards the nature of'Ca2+ influence on AA:;nAuced contrac—
tions of alrway tissues, the present experiments demonstrated that
AA-induced contractions of guinea-pig airways are calcium~dependent.
AA-£nduced contractions of trachea were reduced afger, 30 min
incubation 1in Ca2+—free KHS. Similarly, LTC,-induced contractiqns
were reduced under the same conditions. Since ;e have earlier shown
that AA 1is metaboliied by guinea-pig trachéé to LTC, and LTD“,'the
above results were expected. .The 30 min incubation in zero-calcium
medium 1is sgfficient to remove all free extracellular calcium 1ions

from the trachea (Creese & Denborough, 198l). 1In our experiments we

observed that lung parenchyma was more resistant to extracellular
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calcium removal since the contractions to AA were unchanged in
Ca’t-free KHS from those of control. This calcium fesistance of lung
parenchyma has also been observed by other authors (Burka, 1984a;
Weichman et al. 1983; Hedman and Andersson, 1982): The heterogeneity
of lung parenchyma, relativé to the trache;, probably contributes to
this calcium resistance. N

~Although calcium is importént fot AA-induced contraétions of
airways, .addition of excess  levels of this i{ion does not further
increase the response since we failed to see 1increased responses in
KHS containing four-fold highe{ levels of calcium.

Addition of lanthanum Or;EDTA completely abolished contractions
to AA and LTC, in Ca2+-free KHS. This occurred on both trAEheé and
parenchyma. Lanthanum Aispiaces calcium from superficially bound
sites on cgll membranes (Pearce & White, 1981; ‘Fréeman' & Daniel,
1983). This element had no effect in normal KHS whiéh agrees‘with
earlier resuits where lanthanum had no effect on ~antigen— , or

A23187-induced contractions of airways in normal KHS (Burka, 1983 &).

Lanthanum eliminated the residuai contraction of trachea to AA and
LTC,, and of parenchymal contraction to AA and LTC, that was observed
in Ca’t-free KHS. This is evidence for loosely—~bound membrane pools
of calgium that can pargticipate in airway contraction to AA and LTC,.
.Lanthantm displaces these pools and thus renders them unavailable for
contraction; The‘resglts with EDTA also support this concept. EDTA

chelates extracellular calcium and can thus completely deprive airway



K‘tissugs of all extracellular calcium.

TMB-S,‘ the intracellular calcium antagonist, which acts by
stabilization of —calcium ions to intracellular binding sites
(Malagodi& Chiou, 1974) was very effective in completely inhibiting
AA-induced contractions of the airways. This action of TMB-8 occurred
bofh in the presence and absence of extracellular calcium. Weichman
et al. (1983) have shown that Tﬁ%-S completely abolishesNLTD“-induced
contractions of guinea-pig trachea and parenchyma and Burka (1983c)
showed that TMB-8 inhibits OA and A23187-induced éontractions of

—guinea—pig airways. Furthermore,.we have shown that’trifluoperazine;
an intracellular calmodulin antagonist, and EGTA, a calcium chelator,
were very effective in inhibitiﬁé antigen—- , and ;23187—1nduced
contraction of trachea and parench§ma (Burké, 1984) a,

The above results indicate that calcium plays a vi;al intra-
cellular rqle in AA-induced contractions. Furthermore, calcium from a
lanthanum-sensitive extracellular compartment probably contributes to
the overall p;ocess~of AA-induced contractioq.

What 1is thé main role of calcium in AA-induced contraction of the
airways? To shed light on this question we used two calcium entry
blockers, verapamil and nitrendipine. These Arugs_inhibit the influx
of calcium 1ions through voltage-dependent channels (Triggle,'1983).
In our experiments verapamil and nitrendipine inhibited AA—-induced
contractions of the airways but did not affect LT-induced contractions

(Figs 31 & 34; Burka, 1983c; Weichman et al. 1983). Thus, verapamil

-
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and nitrendiplne appear to exert their inhibitory effects by
preventing the synthesis of LTs from AA and not b} affectkgg smooth
muscle contraction induced by LTs. This‘concept agrees with the work
of Patel (1981 a, b) who demoﬁstrated that niﬁediéine and verapamil
lnhibifed exercise—induced asthma by inhibiti;g‘ mediator release,
since ;hey did not have any effect on bronchoconstriction induced by
histamine or methacholine. The 5-lipoxygenase enzyme responsible for
the oxidation of AA to 5-HPETE, the precufsor for LT synthesis, ig
calcium-dependent (Jakschik & Lee, 1980; Furukawa et al. 1984) and it
is therefore highly probable that this is where calcium is acting iﬁ
this study. * ’

Nitrendipine was effective in inhibiting the tracheal and
pa?enchymal contractions obtained upon re-addition of calcium to
tissues in Ca’t-free KHS plus lanthanum. This effeqt of nifrehdipine
further demonstrates the 1importance of calcium in AA-induced
contractions of the ailrways “and provides e&idence that ‘caléium is
required to cross the cell membrane to an intracellular site of
action.

The effects of calcium enﬁry blockers on airway smooth muscle
generally occur at much high concentrations than needed for vascular
smooth mpscle (Triggle, 1983; Lefer et al. 1984). " This tissue

selectiviéy is still poorly underétood and distracts from the concept

that calcium entry blockers may be useful therapeutic agents in asthma

since they may significantly affect cardiovascular function at doses
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that inhibit asthmatic bronchoconstriction. H

5.3 Effects of LTD, on lung and cerebellar adenylate cyclase:

As mentioned in the Results, the effects of LTD, on adenylate
cyclase activity, were complicated by a lack of reproducibility
apparently beyond experimental control. Smooth muscle cyclases are
notoriously: difficult to study because of th%’ variability of
measurable hormone-induced effeéts (Muller, 1985). Hormone-receptor
liﬁkage to intracellular effectors, such as adenylate cyclase, {is
easily perturbed by slight ghanges in homogenization conditions
(Rinard & Jensen, L981; Muller, 1985).

In this dissertation, we used guinea-pig lung memBranes to study
the effects of LTD, on adenylatekcyclase. The enzyme was studied
under various conditions. These ipcluded low temperature (20°C) and
high temperature (37°C), the use of forskoiin and isoproterenol to
stimulate the énzyme to a higher activity, the use of GTP and GTPyS,
the use of various concentrations of divalent cations (Mg2+, Mn2* and
Ca2+), and the use of Nat to optimize inhibition. The rationale for
the above approaches is‘deséribed as appropriate in the Results and
here in the Discussion. *

Guinea—-pig lung is’a tissue that contains a significant propor-
tion of airway smooth muscle cells (termz:al bronchioles) and, to a

“lesser deéreé, vascular smooth muscle cells (MacDermot & Barnes, 1980;
Songsiridej et al. 1982). In addition, there are other non-contractile

cellular elements in the lung. There 1is no doubt that LTD, contracts
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Tf an effect ultimately'exertédﬂon smooth muscle cells.

This contractile action can‘be characterized as a whole in terms'of ‘

binding of *LTD, to speciflc receptors in the lung (Pong & ‘DeHaven,
1983) ‘and 1in terms of calcium-dependence of the contractile effect
(see section 5 2). k';

The link b tween binding of LTDQ to 1its receptors and calcium

mobilization in e vicinity of contractile.proteins is unknown. The

' hyﬁotheeis followed in this dissertation was that LTD“nreceptors are °

.‘1:‘)

. S . . : : e
negatively linked to adenylate cyclase and- occupation- of the LID,

-receptor ultimately leads to reduced cyclic AMP synthesis with
consequent effects on calcium mobilization, leading to contraction.

The above scheme of events is supported. by studies of various

%

facets of this system.. These include: (L Studies of LTD; binding to
receptors and - regulation of such binding by  guanine nucleotides,

divalent and monovalent catlons (see section l.2.1.4.6).- This implies

a negative influence on’ adenylate cyclase activity (Rodbell, l98@®‘

Jakohs et al. 1984); (2) studies of calcium—dependency .of smooth

muscle contraction induced by constrictors including LTD, (Stull and_

jSanford 1981 Middleton, 1984 ‘'Rasmussen & Barret, 1984); (3) studles
of the link between levels of cyclic AMP and levels of calcimn in the
intracellular compartment. This is discussed below.'

Substantial evidence eiists“‘tor suggest that cyclic‘ AMP and
calcium ‘may 'function as intermediates -inn pha;macofmechanical~.and‘
+ stimilus—secretion coupling in various celle.‘ ‘Qith‘regarde to the

S

. : . . 198
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) 1y Bl
LTs, it is likely that the contractilé#@ffect of LTs on the alrways is

"mainly due to release of intracellular Caz+ (Weichman &‘Tucker, 1984;
Raeburn & Rodger, 1984). Furthermore,;gaz+greée%se by subcellular
fractions of smooth muscle is increased in parallel with 'a reduction

. . (,\‘ .
of’cyclicAAMP levels (Hedman & Andersson, 1982). Hence this would

A
1

q‘;

lead tb a contractile effect .(Scheid et al. 1979). furthermore,
cyeligbnuclebtidesiregulate Caz; sensitivity of secretory processes.
An increase in cycliC'AMP.inhibits sect tion, primarily by reducing
intracellular Ca’t concentrations (Knight & Scrutton, 1984). »More
direct evidence of‘ the involvement of Ns and Ni in regulation of
intracellular Ca2+ levels was obtained by Molski et al. (1984) These
authors showed that inhibition of Ni functlons with pertussis toxin
leads to a reduction of the LIBy-induced . increase in memhranef
permeability to ca’t. Finally, cytoplasmic Ca2+ levels invplatelets
is inereased after stimulation with thrombin '(Zauoico &\ Feinstein,
1984). Thrombin iphibits platelet adenylate cyclase (K. Jakob%,
perSonal,communication), ‘Hence- cyclic AMP serves as an 1inhibitory
second messenger that antagonizes the mobilization of Ca?t i Reduction
of cyclic AMP levels by inhibitors of adenylate cyclase would lead to
Ca’t release from intracellular stores and/or Ca2+ uptake and
consequent contractile and secretory eyents?

Hence, in this work, the aim was to demonstrate or enclude an

effect of LTD, on adenylate cyclase. Taking the previously mentioned

factors into account, it was necessary to demonstrate thag LTs can
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bind to lung membranes used for cyclase assay§. This was démonstrapéd
in all experiments performed;witﬁ this aim in mind. Thus we werg

assured that the lack of positive results in a particular experiment

' was no?kdue to the fact that LTD, was not binding to its receptors in

v
.

the membrane preparation. Other explanations must be sought and

amongst these would be a nohfunctional linkage of the receptor with

one or more of the components of adenylate cyclase. Furthermore, it

, 3 <

was lmportant to demonstrate that the various components of adenylate
o

cyclase are functional. Our preparations responded to various

hormones, guanine nucleotides, diyalenfrcatioﬁs and forskolin. This
implied that ’the hormone receptoré, guaniﬁé“ nucleotide binding
proteins (Né ;nd Ni) ;nd the‘catalytic unit of the enzyme were intact
and functional. ’To.; certain degree it also implied that,thesé units
could intéract with each other in the membrane prepared from whole
@issue. However, it did not imﬁly that such an interaction was
»éxactly as found in the intact tissue in vivo. |
~Adenylate cyclase activity of lﬁng membranes had an 8-fold lower
specific activity than cerebellar membranes. -Thié may be ;efle?tion
of the relative hpmogeneity of ‘cell types 1in the cerebellum when‘
compa;ed to the ”lhné.‘ Furthermore, a gofe‘ important differénce
between these;twg tiséués waéithe fact that GTPysxinhibited cerebéllar
fcyclése aétivity‘to a ﬁuch greater degree than l&ﬁg cyclase activity.
The process of inhi£ition'9f cyélésélactf&ity was pfobably mediated by

&

Ni. 1In this study various charactéristics (Jakobs et al. 1984) of Ni
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mediated inhibition were tested and in all cases the system ;esponded-
typically. Hence the inhibitory effect was greater at a low tempera-
ture (26°C) zfed to 37°C. Furthermore, inhibition was reduced by
high Mg2+ and Mn?*t concentrations. Since GTPYS inhibits adenylate
cyclase via Ni, it was logicai to conclude that Ni existed_‘in a
q;igfitatively and/or qualitatively greater degreé in the cerebellum
than in the lung.  This 1is reflected by the fact that LTD,-induced
inhibition was much greater in the cerebellum than in the lung.
Furthermore, adenosine and GABA inhibié@d cereﬁellar adenylate cyclase
activity markedly. GAEA did not affect lung cyclase activity to any
significant degree (data not showm). Unfortunately, there is no known
horm;ne that will inhibit lung adePylate cyélase activity in a GTP-~-
depgndent fashion. Hence, the effects of LTD, on lung cyclase could
" not “be démpared to another hormoné .in this ;issue. As mentioned
earlier, the lack of consistent data distracts from the significancg .
of tbese- findihgs. >LTDQ inhibited 1lung cyélase activity with the
following characteriétics: (1) The inhibition by LTD; was small and
between. 10-15% of Ithe contrél level.  However, on some occasions
relatively greater‘ effects {about 60-86§§_inhibiﬁion of - enzyme
activity) were obtained. The fact that these-greater e;fects occurred
-reproducibly, though, as a whole, rarely, is significant. Obviously,
an unknown factor is résponsi?le and sometimes this factor was

permissive for the greatef effect to occur. (2) The inhibitiqn by

LTD, did not exhibit a classical concentration-response relationship.
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This observation 1is true for both 1lung and cerebellar cyclase
systems. Hdwever, it. was noted that the wmaximum effect of LTD,

occurred at low concentrations about 10-100 nM in the lung and at

ldid not inhibit the enzyﬁe to the saﬁe degree. .Furthérmore, in some
experigents (Fig.45), high concentrations of Na' optimized the
inhibitory response’ to, LTD, in the lung. Na¥t reduceé bind;dg of LTID,
to 1ts receptor (see’section 1.2.1.4.6) and has been shown to optimize
hormone~induced inhibition {n some “systems. The fact that this’
occurred }n the lung adds further support to the ;rgument that LTD,
inhibits lﬁng . adenylate cyclase.. Nat- did not affect cerébellar
cyclase inhibition by LTD,, GABA, or GTPyS (data not shown). (3) LTD,
or EABA did not affect cerebellar hdenylate cyclase activity in tﬁe
.absence of GTP or in the. presencé of GTPyS. Effects were only
measured in the presence of GIP, thehﬁaximum effect occurrihg at GTP
(10 M); (4) An important observation.was the-fact:that LTCH did noﬁ
inhibit cerebellar adenylate cyclase under conditidns where LTDQ and
GABA inhibited the enzymé in the éresence of‘GTPL_Seéondly, in the
presence of high concentrations of GTP (>50 EM), LTDQ tended to
slightly(étimulate cerebellar enzyme'activity.: ﬁnder this condition,
the concentracionslof LfDq that caused the most stimulation wére ghé
same that.cauged the naximum 1nh£bition‘(about lO_nﬁ).

In the lung, LTDy (10 nM) slightly stimulated enzyme activity in

the presence of Mn 2+, However, in the preééngé of GTP (10 M), LTDQ
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(10 nM) slightly inhibited.the enzyme. The above evidence further
indicated that LTD, effects cannot be nonspecific. The effects
élthough small, occurred consistently  ,at a Ngiven concentration.
Similar observaéions have been made regarding the‘inhibitory effects
of other ﬁormones on other systems. Abramoyitz & Campbell (1983)
showed that. [D-Ala’, Met®] enkaphalin amide (Da-ENK) {nhibited rabbit
luteal adenylate cyclase activ;ty in aHGTP dependent fashion. Da-ENK
did not inhibit the enzyme in tge presence of Gpp(NH)p, a nonhydro-
lysable analog of GTP. The extent of inhibition by Da-ENK was about
16=24%, which 1is small, relative to éther studies. Our results with
LTDy in the lung are ;omparable with regards to the above feature§. |

Webster & Olsson (1981) demonstrated 'that adenosine inhibited
: caﬁinevcardiac adeﬁylate cyclase activity in the presence of'GTP. In
‘the presence of Mg2+, stimulatory effects were measured. However;
addition of Mn2+ (0.5 mM) allowed adenosine tg 1inhibit the enzyme.
Again, qqalitatively similar effects were qeasured in this work Qéing
LTDu‘and lung adenylate cyclase.

As mentioned earlier, LID, effects were small. The »various
approaches tried in this work, to maximize the inhibitory effect were
futile. The work witb GTPYS demonstrates that Ni 1is not strongly
functional in. the 1lung prep;ratiod. It is conceivable that the
heiéﬁogeneity of lung cells cont:ibufé té'the low Ni-mediated effectsw

Ni, 1if present in physiolOgically effective concentrations in a given

cell type, would be diluted by other. cell typeé'not containing Ni.
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Hence small effects would result. This hypothesis might pe proven 1if

lung cell ere dispersed and eaéh cell type studied individually.

Hence one of the majdrhponclusions of this-work is that LTD, effeqté

in the lung should be investigated on hogbéenous cellular preparations
e . . ‘

of iung géZ§ge. Furghérmqre, the bkphééic éffects'sf LTD, on khe

cyclase systems studied seem to imply that LTD, may bimodally regulate

adenylate cyclase activity probably via!fécéptor subtypes. The lack

of specific agonists for LT receptors @akes it difficult to test such
a hypdthesié. It is. well kﬁown in pharmacology that rgceptor subtypes
are é fact for va;ious hormone :ciasseé. Receptors;fthat ‘ﬁiqual%y
regulate adenylate cytlaée activity include iadengsihe Ra and - Ri
receptors; a- and B-adrenoceﬁfbrs and GABA, and. GABAp reéeptorsu
It 1s.conceivable that such receptors exist for LTs and their‘clarifi-

cation awéits the development of specific agonists and antagonists\

i

Recent work from other laboratories lends support to the obsgrvations

made'in Fhis w%rk: Nicosia e; al. (unpublished observationsj‘élso
found tﬂat LTDy, reproducibly'inhibits lung adenylate';yclase activity
5y vaéout 'lOZ.‘ éurﬁhermore, Mong and his' coworkers (unpuﬁlished
observationé) gave also observed similar effects. These workers also
showéd thaé LTD, stimulates adenylate cyclase activity in Qholeviung
fragments in the presence of iow'concentrgtiqns of férskolin.

| In summary, LTDq.bimodally regﬁlated adenylate cyclase acti?ity
‘in lung and cerebellum,,in a GTP dependent fashion. The preliminar&

evidence presented here supports the above. conclusion.  However, a

’
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different approach is needed to substantiate the above claim. Such an

e

approéch must utilize homogenous cellular preparat/oqs of lung/tissue.’
With regards to alrway smooth muscle cells, fherg are a varie;y of as
'yet ‘undefined technological difficulties 1in obtaining hormone-
responsive adenylate cyclase.

| The bhysioiogical éignificance of the above findings are as’yet
unknown. However, it is‘ conceivable that lowering of cyclic AMP
levels in smooth muscle cells may lead to a reciprocal effect ’on
calcium levels. Furthermore, the above hypothesis should not distract
from a hewernviewpoint that calcium mobilizing receptors have been
shown to exert effects on yet another intracellular-me;senger, namely,
phosphatidylinositol and its "hormone-receptor interacﬁion" stimulated

hydrolysis (Salmon & Honeyman, 1980; Berridge, 1981, 1984; Baron et

al. 1984).
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