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Final Report cn Contract N00014-86-K-0490

Principal Investigator: James A. Will, D.V.M., Ph.D.
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Contractor: Board of Regents, University of Wisconsin-Madison

Contract Title: Pharmacologic Studies on the /n Vitro Bronchodilatin

Vasoactive Actions of Oligo-PGB
W00 -&6=1C- OFFO

Start Date: 1 August, 1986

Research Objective: To determine if oligo-PGB has effects on the D I | ( :
smooth muscle of airway and vasculature of guinea pigs and humans  ECTE
5..‘;‘) -~ ‘l-. Ll

studied in vitro. :
.- MAR 0 31988 3

We have determined that oligo-prostaglandin B (oligo-PGB) relaxes
airways of guinea pigs when studied in vitrc. In this study we used both
high molecular weight mixture (HMW) and oligo-PGB forms of the
compound. We also investigated whether or not the relaxation is
dependent upon the concentration of oligo-PGB, the contractile substance
used to enhance tone, the integrity of epithelial cells layer and the

release of cyclooxygenase metabolites. We further analysed the effect of
oligo-PGB on "acute” (protocol V) and "chronic™ (protocc! V) preparations
in regard to the immediate hypersensitivity phenomenon. In the chronic
preparation, the tissue was incubated in the presence of oligo-PGB for 18
or 24 hours.

In protocol I, we either tested HMW and oligo-PGB in the absence of a
contractile agent or after exposing the tissue to carbachol (Cch) for 20
minutes. The studies were further differentiated by doing the
experiments either in the presence or absence of indomethacin, a
prostaglandin synthesis inhibitor at 5 times 106 M and the results are
defined in terms of percent of maximum relaxation induced by papaverine
added at 10-3M.

We compared the activity of HMW with that of oligo-PGB. HMW relaxed to
a lesser degree than oligo-PGB at 10°M, but caused slight contractions at
10-°M when no agent was used to precontract the airway (bronchi). This
protocol relies on the inherent tone of the tissues. When airways were
precontracted with carbachol (Cch) at 3X10-8M, the results were similar.

We next attempted to determine the optimal conditions for the relaxation.
From this point we did al! experiments with the trimer, oligo-PGB. When
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University of Wisconsin Medical School ot el

Department of Ancesthesiology
Be 387 Clintcal Science Center
600 Highland Avenue
Madison, Wisconan 83792

{608 263-K100
January 29, 1988

Administrator

Defense Technical Information Center
Cameron Sta*ion

Arlington, VA 22314

Re: Final Report on Contract N00014-86-K-0490 Entitled, "Pharmacologic
Studies on the In Vitro Bronchodilating Vasoactive Actions of 0Oligo-PGB"

Dear Sir:

Please substitute the enclosed report for the draf' that we sent
earlier.

Sincerely,

P . e,

Ricardo Saban, Ph.D.‘

RS/dr
Enclosure




fx T

Y N

) ) AN L AR

B R L I

2 4. L <
LR Tar RV

. PR ]
LAt
o a0

atat

)

s P AEXSS
L, 8
ARl R AN A

,,-*-.
[4
I

- o
»
\(\'\

- ﬁi
".a_' 2

A

tissues were precotracted witn Cch, there appeared to be a trend toward
decreased relaxation with a decrease in extracellular Ca** from 2.5t0 0.5
mM. The level of contraction with Cch was unaltered in a low Ca*+
substrate.

In protocol {l, tissues with the epithelium preserved or removed were
exposed to the contractile agent for 20 minutes either in presence or in
the absence of indomethacin (5X10°%M). oligo-PGB was added at 106
(group A) and 10-°M (group B). When bronchi were precontracted with
substance P (SP), or leukotriene D4 (LTD,) the magnitude of contraction

was similar tu that of Cch. SP-precontracted tissues relaxed more than
LTD4 or Cch (figure 1 and table 1). In SP and LTD4-precontracted tissues

there was a tendency for a dose-dependent relaxation (figure 1 and table
1). There were no differences between the relaxation responses with Cch
precontracted tissues at either 10°3 or 10-6M with the exception of the
group with intact epithelial cells and in the presence of indomethacin
wiiich showed a greater degree of relaxation at 10-5M than at 10-6M of
oligo-PGB. We suggest that the complete dose-response curve to
oligo-PGB will be the best protocol to study this relationship.

To exclude the possiblity that the oligo-PGB relaxation could be due to a
release of an inhibitory prostaglandin, we blocked production of
prostaglandins by pretreating the tissues with indomethacin.

Pretreatment did not affect the amount of tone induced by the different
contractile agonists nor the magnitude of relaxation induced by oligo-PGB.

We also considered the possibility that bronchial epithelial cells could
interact with the activity of oligo-FGB. We lested tnis hypothesis by
mechanically removing the epithelial cells of the bronchi. This procedure

did not alter the activity of oligo-PGB, wtih the exception of the tissues -
precontracted with Cch in the presence of indomethacin where oligo-PGB [

at 10°8M elicited twice as much relaxation in tissues with the epithelial R
cells removed than with the matched control (Figure 1 and table 1). We \“i" >

are unable to explain these differences. It appears that an
epithelium-derived factor does not participate in the relaxation induced
by oligo-PGB. session For
iS5 SRART
In protocol lll, dose response curves to SP and LTD, were obtained in the * ™**
presence or absence of oligo-PGB added 20 minutes before the compound .. .- v
in study. oligo-PGB at 1072 failed to exhibit any antagonism of SP (figure et
2) or LTD, (figure 3) contractile responses. m

4iler 7t T asg
Protocs!s IV and V, were designed to determine if oligo-PGB plays a role AL s %
in the immediate hypersensitivity response. Animals were actively Spaecill
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'5‘.' sensitized to ovalbumin (OVA) 3 weeks prior to testing. In "acute”
experiments (protocol IV), airways were exposed to OVA in vitro with or
without the presence of oligo-PGB at 10-5M, followed by a maximal
contraction to BaCl, (3X1 0-2M). No difference was found (figure 4).

"Chronic" experiments (Protocol V) with sensitized animals were carried
out in airway segments incubated for: 18 (overnight) or 24 hours in RPMI

- 1640 media (Sigma Chemical, Co.) with or without oligo-PGB and then
-3 dose response curves to OVA were run in the presence or absence of
O oligo-PGB and compared to the maximal contraction by BaCl,. The

contractile responses to OVA were identical after 18 hours of incubation
- with or without oligo-PGB (figure 5). In contrast, we found that in
La bronchi incubated for 24 hours with oligo-PGB, the contractions to OVA
e increased (figure 6). While 18 hours had no effect, and the fact that 24

- hours showed a significant increase in contraction would imply that there
is a critical time of exposure to oligo-PGB in order to cause these
. differences. This does not appear to be reasonable and we need to
v increase the number of experiments with 18 hours of incubation. In our
g previous progress report, only the 18 hours incubation information was
) included. Indomethacin (5X10-M) added to the bath of tissues incubated
for 24 hours enhanced the responses of control but failed to further
- increase the responses of O-PGB-treated tissues

(figure 7).

:352;7 We also examined the dose response curve to OVA in the presence of

11:2;: pyrilamine (histamine H,-receptor antagonist) alone or in combination
. with indomethacin. Pyrilamine reduced the response of tissues incubated
;,.) for 24 hours to OVA, regardless of the presence or absence of oligo-PGB in
~‘ the incubation medium (figure 8). The combination of indomethacin and
o pyrilamine abolished the differences between control and O-PGB-treated
I tissues (figure 9).

[ )

n
"

- LI T S T T T T %
A R o T



o)1
PP

| M
FARAP IR

P

..‘
‘,
L]

P

2

ooy
b &

I
]

>
»

NN

£ 4
4
z

1/
,'(.L’

[ M
J 3
Y S

-M. PO &5
PR

S 2

V] A TS

[

Ny )
s ‘s ‘-“'O
B

e
0’
;-.‘ r.. l"

‘..A
EE O
oo -\; _x)*-) a e

| 2
AL

TNe

AR}
A

-
PR
2

v
Ey

R YRR

I

1.{.‘

A R

en AR LSRG GO

“~
) n,
]

N ~
A L,

These experiments seem to show that oligo-PGB has two distinct effects:

1) Acutely it relaxes precontracted airways in an agonist-dependent
manner.

2) oligo-PGB increases the hypersensitivity responses of bronchi
isolated
from sensitized animals, when incubated for 24 hours.

The conclusions of these experiments are:
1) oligo-PGB relaxes airways.

2) Relaxation by oligo-PGB is dependent upon the contractile agonist;
suggesting that the mechanism is specific.

3) Relaxation by oligo-PGB occurs independently of cyclooxygenase- or
epithelium-derived substances.

4) Treatment with oligo-PGB may alter the immediate hypersensitivity
phenomenon after 24 hours implying that the alteration requires
time to occur. Although the mechanism by which oligo-PGB increases
the responses to OVA is not known, the experiments with
indomethacin indicate that oligo-PGB might have some effect on
arachidonic acid metabolism.
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Legend Figure 1.

Relaxation induced by oligo-PGB in guinea pig isolated bronchi expressed
as percent of the maximum induced by papaverine (1X10-3M). Tissues
were contracted with substance P (3X10-8M), LTD, (1 X10-9M) or carbachol

(1X10-8M). The bronchi had the epithelium preserved or mechanically
removed. Indomethacin (5X10°M) was presented for 2 hours, where

indicated. Letters of each column corresponded to "t" tesi of table 1. N=38
for all groups, except for: group K (N=9), S (N=6), U (N=6) and Z (N=10).
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AN ANALYSIS  [oligo-PGB]  TREATMENT COLUMN FIG.1 DF. t VALUE
N SP X LTD4 5 E+ / INDO AL 14 3.19°
l , SP X LTD4 5 E+ B/J 14 2.50°
o SP X LTD4 5 E- / INDO C/K 14 1.01
N SPXLTD4 5 E- D/L 14 0.87
g SPX CCH 5 E+ / INDO A/Q 14 4.10°
\ SPX CCH 5 E+ B/R 14 4.13°
xS SPX CCH 5 E- / INDO c/S 15 2.83"
N SPXCCH 5 E- D/T 14 4.11°
e SP X LTD4 6 E+ / INDO E/M 14 0.72
= SPXLTD4 6 E+ F/N 14 0.05
- SPX LTD4 6 E- G/O 12 1.53
4 SP X LTD4 6 E- / INDO H/P 14 2.17
SPX CCH 6 E+ / INDO E/U 14 3.40"
SPX CCH 6 E+ A 14 2.83"
SPXCCH 6 E-/ INDO G/X 14 2.30°
SPXCCH 6 E- H/Z 16 1.84
LTD4 X CCH 5 E+ / INDO 1/ Q 14 3.39"
LTD4 X CCH 5 E+ J/R 14 1.3
LTD4 X CCH 5 E- / INDO K/S 15 1.09
i LTD4 X CCH 5 E- L/ T 14 3.79°
S LTD4 X CCH 6 E+ / INDO M/ U 14 2.96°
o LTD4 X CCH 6 E+ N/V 14 2.25°*
- LTD4 X CCH 6 E- / INDO O/X 12 0.59
D) LTD4 X CCH 6 E- P/Z 16 0.11
Lo
L sP
e +INDO / -INDO 5 E+ A/B 14 0.15
28 +INDO / -INDO 5 E- C/D 14 0.74
e +INDO / -INDO 6 E+ E/F 14 1.41
9 +INDO / -INDO 6 E- D/H 14 0.56
N SP
o E+ /E- 5 INDO A/C 14 0.01
b E+ / E- 5 B/D 14 0.72
Y E+ /E- 6 INDO E/G 14 0.12
o E+ / E- 6 F/H 14 1.25
oy
]
g sP
oy 10-5 / 10-6 E+ / INDO AlE 14 1.38
a0 10-5 / 10-6 E+ B/F 14 3.58°
) 10-5 / 10-6 E- / INDO C/G 14 1.56
e 10-5 / 10-6 E- D/H 14 1.48
:.«':
v
P
< TABLE 1. STATISTICAL ANALYSIS OF THE DATA FROM FIGURE 1. " indicates p<0.05
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LTD4
+INDO /-INDO
+INDO /-INDO
+INDO /-INDO
+INDO /-INDO

LTD4
E+ / E-
E+ / E-
E+ / E-
E+ / E-

LTD4
10-5 / 10-6
10-5 / 10-6
10-5 / 10-6
10-5 / 10-6

aCH
+INDO / -INDO
+INDO / -INDQO
+INDO / -INDO
+INDO / -INDO

CCH
E+ / E-
E+ / E-
E+ / E-
E+ / E-

10-6
10-6
10-6
10-6

— TN

TABLE 1.
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E+
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DO,

INDO

INDO

Do 00

E+ / INDO
E+

E- / INDO
E-

STATISTICAL ANALYSIS OF THE DATA FROM FIGURE 1.

e TR e W, =,

17 Jd
K/L
M/N
Oo/P

ZZ e —
~— e~ T
vOrX

I/ M
J/N
K/0O
L/P

Q/R
S/T
us/v
X/Z

Q/S
R/T
u/X
V/Z

Q/u
R/V
S/X
T/2

14
14
14
12

14
14
12
14

14
14
12
14

14
15
14
16

15
14
14
16

14
14
15
16

1.03
1.2

0.37

1.43

1.03

0.35

1.03
3.11°

1.73
0.67
417"
0.59

1.43
0.67
0.73
0.57

* indicates p<0.05

=" -".'- "\")\.}\ \‘('\ \ \}yg‘\. \
Ll .

n
)
LA

~r
2 3 2l

WA




‘g d-061j0 40 8oU8SQAE U! JO (8=N)
aouasaid ul 4 eouelsgns 0} sAIND asuodsal 8sog ¢ Ol

W [d @oueisqns] 60)
V- G- 9- l- 8- 6 - Ol-

' s 0
- 02
2
F W
<M
0
N
- Ob =
o
x.
3
[ c
3
god-06io -e-
|oNU0D - !
L 08
IR AN . AR R R R T G A Wi
. P-l.-. uJ\.nd. I\ -n\..- — . u.p-....n¢--\-.-»\..<k ~. . ~-.-. r....-.-v- -tu”.- vf, . .fv-.-. -- J.-,a f-\ 2 . \.v- -vv-. v --tl

@ s vy



. - ,ﬁr.v.w.r_v‘_'rv_v—_-_v—v_‘lr—_v'_-vv:-.-_v,,v‘v(v\“v—, A e A

R

-
[ S ]

2 -
:r.'\
H
W, i =
‘, ) - v—
a o I~ Ii
. | — - Z
» O E 1 S
2 3 Q
o O Q
i ®
[72]
o ¢ &
Q
| 2
| E han
[ o
< <
Q Qm
- =
i HO
= a
o 28
o 2 v .2
\ e o
3
(SIS
m —
b <
2 g i}
a8 <
; @
= @ o
) - QT
= ! 2T
O O
I ™
- 2
w
-
'.. f r T T T T T - -
o o o o o o '
N o © < N

L

wnwixeW ¢loeq %

e

e

ax

t B 8 L',l

X ¥

‘v e S BFa
.("7'.- e N LN A NP .1;__

=¥
AT )

LATe ' S R A e N R




i

W 'sdno.b yioq ul 9=N "81048Q SANUIW OZ pPeppe

3 sem (N ¢-01) 89d-0010 "W o-01XS utoeyIdWOpU! 4O

". 80uasald ey ut ‘sbid esuinb paziiIsuss woiy pale|os!

3 Iyou0Iq }8) Ul UILNG[BAO 0} 8AIND 8Su0dsel 8s0g v 9|4
g

jw/Bw [uiunqgjeao] 6oy

0 G- v - 9- 3-

L A 1 A j A 1 i O

[ojuo) - 0¢C
g9d-0610 -e-

N c1oed %

wnuwixe

............. _;. L PRTEPL SRRy ..,M. o __. SR PLIPIY RIS . A,....‘,....f.w-..‘FJ. LA ...u....-.-l.)..f. W
T .............,.. A S B ) .....-.nr..f...-»..-l_.&..._k.ﬁ i..\,\\



:

9

:

. 'sdnosb yioq ut p=N (W ¢.0+) g9d-0bio

3 INGYUM IO Ylim Bipaw Ov9L INGY Ul sinoy g1 Jo}

4 pajeqnoul pue s6id eauinb paziisuas wolj pale|osi

ﬂh 1ydu01q J8| Ul UIWNG[eAD O} 8AIND Bsuodses 8s0g S 9|
3

jw/Bw [ujwngjeao] 6oj|

AR
N 2 R A

oY

09

08

00t

L Tk Wil SN
e e
. -

0 - ¢- €- V- G- 9- L-
” e 1 i 1 i 1 Y 1 i 1 A 1 2
g9d-0610 -e-

jojuo) - .
- B
g pu
3 i
-
2 -
b

] ~. .. 4 (S A Uy 'y * K v " (A Tttt ro ’ . T PR T e .

\ .-.... 3 . -\.- J... , \nn ‘.\wua. .\.n ‘ ¢\n~ v I \ns_.-..vi.. ..”.\.-\.“ et ’ P LA .,. e .--.M g v ... .~ ..-. ¥ ..»... ........-.. O . e 4 ....-.-»..-.ﬂ-

W 2ioed %

wnuwixe

a

atets T O L C
-._.Q'qhu h-.#-\unﬂ.

R
\J

RS TS
o
-"\ .’w'

'

.
-

»

PN A AN

-“\J‘\I

e e T
»

>
;}J‘

’-"‘-
PNy

]
"

A,
I

A



- L
-

"’

L4

'sdnoib yloq ui 8=N (W ¢-0t)

89d-061j0 Inoyum 10 yim eipaw 09} IINdYH Ul sinoy

p2 10} payeqnoul pue sbid esuinb peziyisues wouy
Pale|os! 1you0Iq Y| Ul UIINGeAo 0} esuodses esoq 99|

P Sy
o
' . 3 (] L]

L A o
RN,

‘-\"!\-

08,9

jw/Bw [uywngieao] Boj
- Z- €- p- G- 9- L- 8-
i

L e S | A 1 " I i A 1 i [ A o

TNy

"

SR NI,

Y

W 9-01X9'€ =0503 [04u0D

-f
5
R -
'S
L 8

¥ T
gl

¢ 'f'
v

al

- 09

gy
200

»

wnuwixey ¢ioed %

S0'0>d,
- 08

'_M -f" .
N, 8

g9d-0610 -e- .
L K
jojuoc)y @ I 0
>
» . lﬁn
£ » - e
~ 001 b
A
4
2
=
L
Xy
"
'
...-
..~ " h.- L --I.v ..- .~. --. ' .-. .-q -.x P ..- . e, u.-....-- Tl g ‘.,‘..-_ -.. 7 LR \. [P e ....\-1.~.s f\ » .." -.,. ‘. " s .-; - q.-~ <.. .-. .c- . .--. -
._..I-. .‘. «.. J. 0 ot ....-... o ,.n. ...I.. ... <\ -. -n. y ] -_ . f—..ﬂ ! , _...4.. «\- Al H,. -..-..H-.. -._-J-.J. D -q- 1.4-..-. M.. ... - -J . DA ‘.. ., ..u-.- N . 1-. ... s -.-f.v .
. Kag & - e AL A ! L =4 1 e - i, i




]1 v
3 ‘sdno.b
yloq ul =N "OHQ 9y} 810j0q SINOY g Pappe sem /
W g-01XS uioeyswopyl (W ¢.01) 89d-061j0 Inoyum
10 yym BIPaW 0¥9| IINY Ul inoy v 10} pajegnoul

)

.
~

- =
el

®

A

-
v

pue sbid eauinb paziisuas Woij Paje|os! 1youoiq B
U8 Ul uiwng|eAo o} (HH(Q) 8AINd asuodsal 8soq /DI xa
' Y
. g
7
x h.o
ez
jw/6w [ujwnqgieao] Boj &
b - ¢- €- V- G- 9- L- 8- >
L ' 1 A [] A 1 A 1 A 1 i 1 A o [ u‘t..
P,
ﬁ _«
. - 0¢ pCr.
89d-0010 -e- o A
[ONIUOD - 3 Mu 0.m
4 [+V] ¢ 3
-0y O I
N A
ad w ¥ nv\
5 w
- 09 3 f..
c .
. i 3 Vv
L] .I‘ .
53
F - 08 N
b
.
- .Fh-‘l'.
e
S
- 001} A
&
a3
N
vy
v
fwﬁ
wad
v
; el SR AT - .A- N -, ,... .-. .-. .-. .q. ..-u - -Jna..uhunn e 3 \-. ' ...- 3 o )u.:n p -\... v v .-..--‘\--. o+ .- "y .-. -v. f. -. \ e <...-‘. .n..Th . --fl. » I. 2011. = .
.v\J. ...\.\\...x.. L .‘\..*.,‘. < ‘-.y..w.. o \..-.ﬂ- i .x.«..\.&.n..,.;.,. X Jx_r\...f . e fa.n..\.\... 4 J. Nt ....A... U 0,., AL




'sdnosb yloq ut y=N "OHA

810J8Q S8}NUIW (g Yieq anssi} ayl 0} Pappe 81om

W -0} sulweluAd (W g.01) 8Dd-0610 Inoyim

J0 yim eipaw 091 IINdY U! sinoy ¢ 40} psjeqnoul

pue sbid eauin pazijisuas wou paje|os! 1youo.q
ya| Ul uiwngeao o} (DY) eand esuodses 8soq 8'HI4

jw/Bw [uiwungjeao] 6oy
0 ¢- V- 9- 8-

L 1 1

.~
)

L " 4
\N-f'

W 2idoed %
LR ~.“"~.

wnuwixe

- g9d-06yj0 -e-
[ojuo) @ -

oy N W -y - LA
Sy

n‘f't‘i

oLy

............ . : RN RN RN L AR AR I T

-




g 'sdnosb yioq ur g=N "uyieq
anssi) 8y} 0} PaPPe a1om g .0k sulwejuAd pue
W o-0LXS uidEeylawopu| (W m-o: g94d-061j0 Inoyum
10 yim eipaw 0191 INdY Ul sinoy ¢ 104 pajeqnoul
pue sbid eauinb pazijisusas wolj paje|ost 1youo.q

U8 Ul uiwNgeAo o} (5YQ) eAINd esuodsel 8soq 6 9t

jw/6w [uiwngeao] 6oj
Ll- 2e- € ¥- §-  9-  [- 8-

[ I | A I A i A 1 i 1 A 1 ' o

PRV

1
o
-
AN

e
e

p

<

- 0¢

Ly
4

7
I~
~

L
0) ()

"

&

wnwixey ¢ioeg %
4

SN

Rt

o

Sy

1

g9d-0bij0 -e-
jonquo)y -w- i

.

k- . PP U RPN P P R e L ¥ BaWaltie 351 PR Rt ] PR A I & b *Ifff ..u \\

1 ..\\: \-\\.<~\ el ' PR AR AR -y-\\ ........ A R \n-- v -...u \‘-r

OOk ‘ AR e R ,.r.u........:........_ . RNk N .......:.....p..: A \.L.J 5 % &
-y S T e—— - e 2o Mo W NS v




DNSREINS AN . R S R G g e AP
2 T 1fa 0l n 0l a) 4 ..-J.nnw\n.\.--afxﬂinl -u..u-. I.N-n.h--w.u:(“, -.--\..fvn.ul . g N\ \\V\b& Ly B Pd \Jv Lo . tiv-“nl

) A--..-‘J-_J.n.( id -l yMy. .




