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INTRODUCTION
Exposure of personnel to anticholinesterase nerve agents such as soman produces contraction of bronchial smooth
muscle, thus increasing airway resistance. Increase in airway resistance leads to wheezing and shortness of breath which
in severe cases may be life-threatening (1-5). The contraction of airway smooth muscle by soman and similar agents is
due to the accumulation of acetylcholine released from parasympathetic nerves which supply the main neuronal drive in
human airways. The accumulation of acetylcholine is due to the inhibition by soman of cholinesterases which would
normally inactivate the acetylcholine by hydrolysis.
Because these agents increase the accumulation of acetylcholine at its receptors, the drug of choice in treating nerve
agent poisoning has been the muscarmic antagonist atropine (2). Recently, however, investigators have been studying
other drugs as possible therapeutic agents. One such class of compounds has been the beta-2 adrenergic receptor
agonists typified by isoproternol. These drugs, which have long been used in the treatment of respiratory diseases such
as asthma, have also been shown to functionally antagonize cholinergic responses (6). Animal models have shown that
isoprotemol will reverse the contraction produced by soman in both canine (7) and guinea pig (8) airways. Differences
between the reversal produced by isoproternol are apparent between canine and guinea pig airways. In canine airways,
the isoproternol relaxation was rapidly reversed and the response showed tachyphylaxis in that subsequent addition of
isoproternol produced no relaxation (7). In contrast, the relaxations produced by isoproternol were longer lasting in the
guinea pig and were reproducible upon further application of isoproternol (8). Few studies, however, have examined the
effects of nerve agents in human isolated airvays; thus, it is unknown whether the animal studies represent the human
condition. This study, therefore, examined the ability of soman to contract human isolated bronchi in vitro and the
ability of isoproternol to relax soman-contracted airways.

METHODS

Human bronchus.
Macroscopically normal, human lung tissue was obtained from organ donors. The average age of the organ donors was
38U4 years; three were male and six were female. The cause of death was primarily head trauma from motor vehicle
accidents or gunshot wounds and from cerebrovascular incidents. The organ donor specimens were placed in Viaspan
(Dupont Merck Pharmaceuticals, Wilmington, DE) at 40C and transferred overnight to the laboratory. On arrival at the
laboratory, the specimens were placed in a Krebs' solution gassed with 95% oxygen and 5% carbon dioxide at 40C.
Bronchi (5-10 mm i.d) were trimmed of surrounding parenchyma and blood vessels. The bronchi were cut
longitudinally and prepared as transverse strips 4-5 mm wide. The bronchi were suspended between platinum ring
electrodes in 10 ml organ baths containing Krebs' solution. The tissues were connected to Grass FT03 force transducers
for the measurement of isometric tension which was recorded on a Gould polygraph. The electrodes were connected to a
Grass S44 stimulator whose output was passed through a Medlab Stimu-splitter (Fort Collins, CO) for measurement of
current across the electrodes and for signal amplification. The current applied in these experiments was 200-300 mA.
Preparations were suspended at an initial tension of 2g and washed with fresh buffer every 15 min for a 60 mm
equilibration period.
After the equilibration period, tissues were either left unstimulated or stimulated continuously (0.5 Hz, I ms, 12 V).
Soman (1-2 pM) was then added to the baths. After the soman-induced contraction had reached a plateau, isoproternol
(I pM) was added and the tension was observed until it returned to the pre-isoproternol level or for 120 min. At this
point barium chloride (30 mM) was added to maximally contract the tissues. In some tissues which showed rapid
reversal of the relaxation to isoproternol, the ability of AFDX- 116 to potentiate the duration of the isoproternol-induced
relaxation was studied. In this set of experiments, two control relaxations to isoproternol were obtained; AFDX-116 (1
pM) was then added 5 min before isoproternol. Once the relaxation to isoproternol was completely reversed, 10 PM
AFDX-l 16 was added 5 min before another addition of isoproternol. When tension had returned to baseline, barium
chloride was added to maximally contract the tissues.
Data analysis.
Contractions induced by soman (a) were expressed as a percentage of the maximum contraction produced by barium
chloride (c) (Figure 1). Relaxations by isoprotemol (b) are expressed as a percentage of the contraction by soman (a). A
percentage greater than 100 therefore indicates that the relaxation to isoproternol was greater than the contraction by
soman. The duration of the relaxation by isoproternol is calculated as the 50% recovery time, that is the time taken for
the relaxation by isoproternol to become half of the maximal relaxation.

All drugs were obtained from the Signma Chemical Co (St. Louis, MO) and prepared fresh daily.
Soman was obtained from the US Army Chemical Research Development and Engineering Center, Aberdeen Proving
Ground, MD 21010-5425.
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RESULTS
Figure I shows that addition of soman to the tissue chamber produced contracture after a short latency. This is
designated as "a.* Application of I AM isoproterenol produced relaxation of the muscle tension; the magnitude
of the isoproterenol-induced relaxation is designated as "b." The maximum contraction obtained with each
tissue was determined by the addition of barium chloride (30 mM) at the end of the experiment. This is
designated as "c." Contractions produced by barium chloride were always greater than those obtained in the
presence of soman alone. Figure I shows that isoproterenol relaxed the tension below the baseline, i.e., before
addition of soman. In unstimulated human bronchi, soman (1-2AM) produced either no response (n = 3) or a
small contractile response (n=3). In those tissues that contracted, the response to soman application averaged
28+5% of the maximum response produced by barium chloride. The response to barium chloride averaged
1.80+0.4 g in these tissues. In the three preparations that contracted upon exposure to soman, isoproterenol
(1 AM) relaxed the tension below that of the pre-soman tension (Figure 2A). These relaxations were
183+26% of the tension produced by soman. The 50% recovery time for the isoproterenol-induced relaxation
was 77+21 min in these tissues.
In tissues continuously stimulated by EFS (0.5 Hz, I ms, 12 V), 8 out of the 12 preparations showed no
contraction, whereas 4 showed a small contraction that subsided over time. The strength of this contrac:ion at
its peak averaged 6+2% of the maximum response produced by barium chloride. Despite the observa:ion that
the majority of tissues continuously stimulated failed to show a contraction to EFS, they all subsequentiy
contracted in the presence of soman (Figures 2 & 3), and isoproterenol (1 AM) elicited relaxations in al, of
these tissues. However, the duration of the isoproterenol relaxation was quite variable. Three types of
responses to isoproterenol were noted: (1) relaxation with no reversal for 120 min (n=3) (Figure 2B); (2)
relaxation with slow reversal, having a 50% recovery time of 106+12 min (n=6) (Figure 2C); (3) rapid reversal
with 50% recovery time of 14+1 min (n=3) (Figure 3).
In tissues that did not exhibit reversal of relaxation, soman-induced contractures averaged 29±7% of the
response to barium chloride. The response to barium chloride in these tissues was 0.8+0.28 g. Relaxations
produced by isoproterenol averaged 214+38% of the soman contractions. In tissues showing slow reversal of
relaxation, the contracture induced by soman averaged 39+7% of the response to barium chloride. The
response to barium chloride in these tissues was 1.87+0.04 g, and isoproterenol produced relaxations averaging
160+14% of the tension produced by soman. In tissues exhibiting rapid reversal of the isoproterenol-induced
relaxation, the contraction produced by soman averaged 39+5% of the response to barium chloride. The
response to barium chloride in these tissues was 1.83±0.2 g, and isoproterenol produced relaxations averaging
198+7% of the soman-induced contractions.
The effect of AFDX-I 16, a muscarinic M2 receptor subtype antagonist, on the duration of the relaxation
produced by isoproterenol was examined in the group exhibiting rapid reversal of the isoproterenol-induced
relaxation. A initial application of isoproterenol (1 AM) had a 50% recovery time of 14+1
+ain,
and a second
application of isoproterenol (I AM) exhibited a 50% recovery time of 13+1 min . AFDX-1 16 (1 AM) had little
effect on the 50% recovery time for a third application of isoproterenol (1 5+2 min), whereas AFDX-I 16 (10
pM) produced a doubling of the 50% recovery time for a fourth application of isoproterenol (28+2 min)
(Figure 3). In 2 out of the 3 preparations, AFDX-V16 (10 AM) produced a small relaxation (8% of that
produced by isoproterenol), suggesting that at this concentration AFDX-I 16 had an effect on both M3 and M2
muscarinic receptor subtypes.
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DISCUSSION
The results of the present study show that soman is capable of contracting human isolated bronchi. This is in agreement
with animal studies where soman has been shown to contract the isolated airways from several species including canine
(7), guinea pig (9) and rat (10). The results with unstimulated tissues indicate that the release of acetvlcholine in these
tissues is variable and is in agreement with studies which have shown that atropine has little effect onl intrinsic tone in
human airwavs (11). Soman, however, contracted all the tissues that were continuously stimulated at low frequency (0.5
Hz), even those tissues that showed no contractile response to this stimulation in the absence of soman. It would.
therefore, seem prudent that this procedure be used in subsequent studies in human bronchi where the effect of soman
and similar agents is to be studied.
The beta-2 adrenergic receptor agonist isoproternol was able to relax all the tissues which exhibited contractions by
soman. In each case, the relaxation by isoproternol was greater than the contraction by soman. indicating that
isoproternol was able to functionally antagonize both the cholinergic response due to soman and the noncholinergic
intrinsic tone wvhich is pronounced in human isolated bronchi (11 ). The relaxations produced by isoproternol \\ere on
the whole long-lasting- in 9 out of 12 preparations studied the 50%orecovery time was greater than 60 min. In this
respect, the response to isoproternol in human airways is more like the guinea pig airways which show slow\cr recovery
of the isoproternol relaxant response than do canine airways (7). In 3 out of 12 tissues, the reversal of the isoproternol
response w\as fairly rapid although still slower than that observed in canine airways. In the latter group, the addition of
another dose of isoproternol produced a relaxation similar to the first relaxation. Although these findings are similar to
those observed in the guinea pig, they differ markedly from the results obtained in the canine airway w\here the
subsequent addition of isoproternol had no effect (7). Also in agreement with the study on guinea pig airwxays, the M2
muscarinic receptor antagonist AFDX- 116 prolonged the relaxation elicited by isoproternol.
The reversal of the isoproternol relaxation may be due to a number of factors:
1. Tachvphvlaxis. Beta-2 adrenoceptors have been shown to be desensitized by repeated administration of an agonist.
The continued presence of isoproternol in the bath may therefore produce internalization of receptors or other events
which produce tachyphylaxis. In the present study this is unlikely to be the case, as repeated administration of
isoproternol produced similar results.
2. Breakdown of the isoproternol. Isoproternol can be rapidly reduced, leading to loss of activity. This would not
explain, however, how the duration of the response to isoproternol is enhanced by AFDX- 116.
3. Functional antagonism. Isoproternol produces relaxations of airway smooth muscle by activating adenvlate c\clase
leading to increased cyclic AMP, whereas stimulation of muscarinic receptors produces the opposite effect and \'ill thus
tend to oppose relaxations elicited by isoproternol (12-14). The ability of AFDX- 116 to prolong relaxations to
isoproternol suggests that M2 receptors may be involved in this functional antagonism. Supporting this argument is the
finding of Fernandes et al. (15) which showed that isoproternol-induced relaxations of methacholine-induced tone in
canine trachea were augmented by AFDX- 116.
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CONCLUSIONS
The human isolated bronchus serves as a very useful model system to study the effect of nerve agents such as soman.
Moreover, beta-2 adrenergic agonists may serve as useful adjuncts to conventional atropine therapy in the treatment of
nerve agent poisoning, furthermore, the usefulness of beta-2 agonists may be enhanced by M2 antagonists. Additional
studies should be carried out on human airways to examine firther possibilities for treatment of nerve agent poisoning
These might include evaluation of new longer acting beta-agonists, calcium channel blockers and potassium channel
activators.
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Figure". Diagram of research protocol. Soman was added to either unstimulated or stimulated (0.5 Hz, 1 ins,
12 V continuously) human bronchus. The contraction by soman is designated "a". Once the contraction by
soman has reached a plateau I pM isoproternol was added. The relaxation to isoproternol is designated "b".
At the end of the experiment tissues were maximally contracted to 30 mM barium chloride. This maximum
contraction is designated "c".

6

29

ISOPROTERNOL (IpM)
15 min

B°CC2

t
SOMAN

(30rmM)

(2pM)

ISOPROTERNOL(IPM)

B.

15
SOMAN
(2jaM)

BoCm2
(30rM)
3M

0.5
CONTINUOUS

C FS
ISOPROTERNOL (I ?M)

30 mani

SSOMAN

(30mM)

(2pM)
0.5 "12
CONTINUOUS

EFS

Figure 2. Representative tracings of responses to soman and subsequent relaxations to isoproternol in human

isolated bronchi. A) Response to soman in an unstunulated tissue and subsequent relaxation to soman. B).
Response to soman in a continuously stimulatcd tissue (0.5 Hz, I ms, 12 V) in which the relaxation to
isoprotermol was maintained for over 120 min. C). Response to soman in a continuously stimulated tissue (0.5
m 12 V) in which the relaxation to isoproternol returned to baseline.
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Figure 3. Representative tracing of contraction by soman in a continuously stimulated (0.5 Hz, I ms, 12 V)
human isolated bronchus in which the relaxation to isoproternol was rapidly reversed. AFDX-116 (10 pM)
caused the relaxation to isoproternol to be doubled in duration compared to the two pre%ious control additions
of isoproternol.

rain

REFERENCES

I1.G.B. Koelle and A. Gilmnan, Anticholinesterase drugs, Phannaol Rev., 1, 166-216 (1949).
2. F.R. Sidell, Clinical Overview of Organophosphorus Intoxication, in "Proceedings of the Symposium on Respiratory
Care of Chemical Caualties." USAMRICD, P-27-84, 1983, pp. 15-36.
3. V.Vojvodic, 'Toxicology of War Gases", I1st ad., Federal Ministry for National Defense and Health Administration,
Military Publishing House. Belgrade, 1981, Pp2 26 - 2 28 .
4. H. Cullwnmbine, Actions at Autonomic Effector Sites, in "Cholinesterases and Anticholinesterases,* Handbuch der
experimentellen phannakologic. (G.Koelle, ed.), Springer-Verlag, Berlin, 1963, p. 510.
5. B. Holmnstead, Pharmacology of organophosphonus cholinesterase inhibitors, Pharnacol. Rev., 11, 567-688 (1959).
6. K.G. Rhoden, L.S. Meldnim and P1J. Barnes, Inhibition of cholinergic neurotransmission in human airways by 0-2
adrenoceptors, J.Appi. Physiol., 67, 16-22 (1988).
7. M.G. Filbert, D.H. Moore and M. Adler, Relaxation of soman-induced contracture of airway smooth muscle in vitr,
Drug Chemical Toxicol., 15, 203-215 (1992).
8. M.G. Filbert and G.K. Adams III, Contribution of muscarimic M2 receptors to airway smooth muscle responses., The
Pharmacologist. 33, 213 (1991).
9. P. Aas, P. Walday, R. Tans4) and F. Fonnum, The effect of acetylcholinesterase inhibition on the tonus of guinea pig
bronchial smooth muscle, Biochem. Pharmacol., 37, 4211-4216 (1988).
10. P. Walday, E. Fyllingen and P. Aas, Effects of calcium antagonists (w-conotoxin, verapamil, gallopamil, diltiazern)
on bronchial smooth muscle contractions induced by soman, Naunyn-Schniiedeberg's Arch. Pharnacol., in press.
11. J.L. Ellis and B.). Undemn, Role of cysteinvl-leukotrienes and histamine in mediating intrinsic tone in human isolated

bronchi. Am. Rev. Respir. Dis., inpress.
12. G.F. Van den Brink-, The model of functional interaction 11. Experimental verification of a new model: the
antagonism of P-adrenoceptor stimulants and other agonists. Eur. J. Phannacol., 22, 279-286 (1973).
13. TI. Torphy, G.A. Rinard, M.G. Rietow and S.E. Mayer, Functional antagonism in canine tracheal smooth muscle:
inhibition by niethacholine of the mechanical and biochemical responses to isoproternol, J.Pharmacol. Exp. Ther., 227,
694-699 (1983).
14. T.J. Torphy, S. Theng, S.M. Peterson, R.R. Fiscus, G.A. Rinard and S.E. Mayer, Inhibitor effect of methacholine on
drug-induced relaxation, cyclic AMP accumulation, and cyclic AMP-dependent protein kinase activation in canine
tracheal smooth muscle,)J Pharmacol. Exp. Ther., 233, 409-417 (1985).
15. L.B. Fernandes, A.D. Fryer and C.A. Hirshman, M2 muscarinic receptors inhibit isoproternol-induced relaxation of
canine airway smooth muscle, J. Pharrnacol. Exp. Ther., 262, 119-126 (1992).

9

Distribution List
Addresses

Copies

Addresses

Copies

DEFENSE TECHNICAL INFORMATION
CENTER
ATTN DTIC DDAC
CAMERON STATION BUILDING 5
ALEXANDRIA VA 22304-6145

2

COMMANDER
US ARMY MEDICAL RESEARCH AND
DEVELOPMENT COMMAND
FORT DETRICK MD 21702-5012

2

COMMANDER
US ARMY INSTITUTE OF DENTAL RESEARCH
BUILDING 40
WASHINGTON DC 20307-5300

I

COMMANDER
US ARMY INSTITUTE OF SURGICAL
RESEARCH
BUILDING 2653
FORT SAM HOUSTON TX 78234-6200

HQDA
DASG HCD
WASHINGTON DC 20310
DIRECTOR
WALTER REED ARMY INSTITUTE OF
RESEARCH
BUILDING 40
WASHINGTON DC 20307-5100

DIRECTOR
ARMED FORCES MEDICAL
INTELLIGENCE CENTER
FORT DETRICK MD 21702-5004

I
COMMANDANT
ACADEMY OF HEALTH SCIENCES
US ARMY
ATTN HSHA CDC
FORT SAM HOUSTON TX 78234-6100

COMMANDER
I
US ARMY AEROMEDICAL RESEARCH
LABORATORY
ATTN SCIENTIFIC INFORMATION CENTER
PO BOX 577
FORT RUCKER AL 36362-5000

COMMANDANT
ACADEMY OF HEALTH SCIENCES
US ARMY
ATTN HSHA CDM
FORT SAM HOUSTON TX 78234-6100

COMMANDER
1
US ARMY MEDICAL RESEARCH INSTITUTE
OF INFECTIOUS DISEASES
BUILDING 1425
FORT DETRICK MD 21702-5011
COMMANDER
US ARMY RESEARCH INSTITUTE
OF ENVIRONMENTAL MEDICINE
BUILDING 42
NATICK MA 01760-5007

I

Dr. JOSEPH OSTERMAN
DIRECTOR
ENVIRONMENTAL AND LIFE SCIENCES
OFFICE OF THE DEPUTY DIRECTOR FOR
RESEARCH AND ENGINEERING
ROOM 3D129
WASHINGTON DC 20301-2300

COMMANDANT
US ARMY CHEMICAL SCHOOL
ATTN ATZN CM C
FORT MCCLELLAN AL 36205

I

COMMANDER
US ARMY TRAINING AND DOCTRINE
COMMAND
ATTN ATMD
FORT MONROE VA 23651

II

COMMANDER
US ARMY NUCLEAR AND CHEMICAL
AGENCY
7500 BACKLICK ROAD
BUILDING 2073
SPRINGFIELD VA 22150-3198

I

BIOLOGICAL SCIENCE DIVISION
OFFICE OF NAVAL RESEARCH
ARLINGTON VA 22217

1

EXECUTIVE OFFICER
NAVAL MEDICAL RESEARCH INSTITUTE
NAVAL MEDICINE COMMAND
NATIONAL CAPITAL REGION
BETHESDA MD 20814

I

USAF ARMSTRONG LABORATORY/CFTO
SUSTAINED OPERATIONS BRANCH
BROOKS AFB TX 78235-5000

I

DEPARTMENT OF HEALTH AND HUMAN
SERVICES
NATIONAL INSTITUTES OF HEALTH
THE NATIONAL LIBRARY OF MEDICINE
SERIAL RECORDS SECTION
8600 ROCKVILLE PIKE
BETHESDA MD 20894
STEMSON LIBRARY
ACADEMY OF HEALTH SCIENCES
BUILDING 2840 RM 106
FORT SAM HOUSTON TX 78234-6100

AFOSR/NL
BUILDING RM A217
BOLLING AFB DC 20332
COMMANDER
US ARMY CHEMICAL BIOLOGICAL
DEFENSE AGENCY
ATTN AMSCB CI
ABERDEEN PROVING GROUND MD
21010-5423
LTC DON W KORTE JR
BATTELLE MEMORIAL INSTITUTE JM 3
505 KING AVENUE
COLUMBUS OH 43201-2695
COMMANDER
US ARMY MEDICAL RESEARCH
INSTITUTE OF CHEMICAL DEFENSE
ATIN SGRD UV ZA
SGRD UV ZB
SGRD UV ZS
SGRD UV RC (5 copies)
SGRD UV R ( I copies)
SGRD UV Al W
SGRD UV D
SGRD UV P
SGRD UV V
SGRD UV Y
ABERDEEN PROVING GROUND MD
21010-5425

I

I

US ARMY RESEARCH OFFICE
1
ATTN CHEMICAL AND BIOLOGICAL
SCIENCES DIVISION
PO BOX 12211
RESEARCH TRIANGLE PARK NC 27709-2211

12

24

