PREVENTION OF ACUTE PULMONARY EDEMA IN IRRADIATED RATS
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Experiments on rats showed that preparations with a marked prophylactic action
against the development of pulmonary edema in unirradiated animals are in some
cases ineffective (or may even aggravate the development of edema) in irradiated
(650 R) rats. Conversely, substances ineffective or detrimental in unirradiated
animals may have a marked prophylactic action in irradiated rats.,
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Irradiation has a marked effect on the development of pulmonary edema [2-4, 9]. A con-
siderable increase in resistance of rats to the factors producing pulmonary edema is ob-
served on the fourth day after x-ray [3, 4] or y-ray irradiation [2] in doses of 650-800 R.
The prevention and treatment of acute pulmonary edema in irradiated animals have not pre-
viously been studied.

Accordingly, various agents used for the prevention and treatment of hemodynamic, neuro-
genic, and toxic forms of pulmonary edema were tested during radiation sickness.

EXPERIMENTAL METHOD

Experiments were carried out on 212 albino rats (males and females). The animals were
irradiated on the RUM~1l apparatus in a dose of 650 R (180 kv, 15 A, 0.5 mm copper filter,
focus—skin distance 40 cm, dose rate 30 R/min). Hemodynamic pulmonary edema was induced by
injecting adrenalin intravenously in a dose of 0.03 mg/100 g. To prevent adrenalin pulmonary
edema, dihydroergotoxin (DHET) [13] was injected intravenously in a dose of 0.2 mg/100 g
over a period of 10 min, and papaverine [l] was injected intraperitoneally in a dose of 5
mg/100 g 20-25 min before the injection of adrenalin. Neurogenic pulmonary edema was pro-
duced by bilateral vagotomy in the neck after tracheotomy. To accelerate and intensify the
pulmonary edema, 5 min after vagotomy the animals were given an intravenous injection of
0.85% NaCl solution in a dose of 2 m1/100 g. To prevent neurogenic pulmonary edema, insulin
[6, 10] was injected intravenously in a dose of 4 units/100 g 60 min before vagotomy after
the animals had starved for 24 h, or a 30% solution of e-aminocaproic acid (e-ACA) [6] was
injected in a dose of 75 ml/100 g 20-25 min before vagotomy. Toxic pulmonary edema was pro-
duced by intravenous infusion of a 14% solution of chloramine B in a dose of 21 mg/100 g.

To prevent chloramine pulmonary edema hydrocortisone [12] was injected intravenously in a
dose of 5 mg/100 g 5 min before, or in two doses, each of 2.5 mg/100 g, 40 min and 20 min
before the injection of chloramine. Hypothermia [5, 7] with or without premedication also
was used. The premedication consisted of diphenhydramine (10 mg/kg), trimeperidine (0.1 mg/
kg), amidopyrine (20 mg/kg), and hexobarbital (50 mg/kg). All these substances were injected
intraperitoneally. The development of pulmonary edema was judged from the duration of
survival of the animals after the edema-inducing procedure, the lung index (LI), and the dry
residue of the lungs (DRL). In addition, in the experiments with chloramine the increase in
weight of the fluid in the lungs (IFL) and the increase in the blood volume in the lungs
(IVL) [11] were determined.
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TABLE 1.

Effect of Intravenous Injection of Insulin (4 units/100 g) and e-ACA

(75 mg/100 g) on Development of Postvagotomy Pulmonary Edema in Irradiated and
Unirradiated Rats

Number of
rats dying,
Num- in%, during
b 3 h after
) eI ivagotomy;
Animals Procedure of rats|lergth of sur- LI DRL IFL IVL
vival, inmin,
in paren-
theses
Control 8 0 6,34+0,30 | 20,97+0,28  0,00+0,06 | 0.004+2.27
Vagotomy 8 100
Unirradiated (20,2-4+4,6) | 15,741,42 | 12,81+0,70 | 6,2141,24 | 3,254-0,55
Insulin + vagotomy 87.5
8 (38,1414,7) |12,342,07 | 16,97+1,60} 3,363-1,50 | 2,63+0,66
£-ACA+ 87,5
vagotomy 8 (56,2+18,9) 112,64-0,86 | 15,354-0,85] 3,4840,68 | 2,78+-0,51
Control 8 0 6,9+0,31 | 20,224-0,27 | 0,3640,10 | 0,234-0,30
Irradiated Vagotomy 8 63,8
(75,2-418,7) |10,8-1,17 | 14,79+0,78 | 4,124+1,17 | 0,41+0,78
63,8
Insulin + vagotomy 8 | (89,8+12,0) | 7,340,57 | 20,7241,04 | 0,254-0,49 | 0,08-40,46
7,5 °
€ -ACA -~ vagotomy 8 |[(25,147,0) }15,7+1,62 | 14,1940,86| 5,36--1,00 | 4,03+0.95

EXPERIMENTAL RESULTS AND DISCUSSION

After injection of adrenalin all the unirradiated animals died within 5-6 min with evi-
dence of severe pulmonary edema (LI = 19.7 + 0.37, DRL = 15.91 + 0.96). 1In the intact rats
LI was 5.6 £ 0.33 and DRL 20.87 + 0.18. 1If DHET was given, all the animals survived after
injection of adrenalin. The pulmonary edema in these animals was less severe (LI = 10.37 +
1.27, P < 0.001; DRL = 18.92 + 0.84; P < 0.05). Papaverine not only had no prophylactic
action on the unirradiated animals, but actually aggravated edema development. These animals
died 2-3 min after the administration of adrenalin, with a high value of LI (21.7 % 1.4,

P < 0.02) and a low value of DRL (13.95 * 0.52, P < 0,02), In the irradiated animals hemo-
dynamic pulmonary edema developed less intensively, as shown by the lower value of LI (11.97 +
1.49, P < 0.001) and the higher value of DRL (16.03 % 1.58, P < 0,05). Under these circum-
stances 87.5% of the rats survived. Papaverine had a marked prophylactic actiom on the ir-
radiated animals (LI = 8.5 + 0.9, P < 0.05; DRL = 18.98 + 0.23, P < 0.05), whereas DHET com-
pletely prevented the development of pulmonary edema (LI = 6.2 + 0,5, DRL = 20.25 % 0.42).

Injection of insulin and e-ACA into unirradiated rats increased their survival period
after vagotomy and reduced the water content in the lungs (Table 1). 1Injection of insulin
into the irradiated animals also prolonged their survival after vagotomy and completely pre-
vented the development of pulmonary edema. However, injection of ¢~ACA into the irradiated
rats reduced their survival period after vagotomy; under these circumstances LI increased as
a result of a sharp increase in the pulmonary blood volume.

All the unirradiated animals receiving chloramine died within 14.2 + 1.3 min after its
injection, with signs of very acute pulmonary edema (LI = 22.3 + 2,23, DRL = 13.29 + 0.59,
IFL = 8.4 + 1,28, IVL = 8.46 * 0.87). Injection of hydrocortisone 5 min before the injec-
tion of chloramine did not affect the survival period of these rats or the degree of edema.
Giving hydrocortisone in two separate doses shortemed the survival period of the unirradiated
animals to 9.1 * 1.2 min (P < 0.02). Under these circumstances their DRL was lower than that
of the animals receiving chloramine alone (11.67 + 1,02, P < 0,05). The irradiated animals
lived longer (20.2 * 2.3 min, P < 0.05) than the unirradiated after injection of chloramine.
All the indices of edema development were much lower in these animals (LI = 15.4 + 2.3, P <
0.05; DRL = 16.8 * 1.2, P < 0.05; IFL = 3.84 * 1,83, P < 0.05; IVL = 5,47 + 1.51, P < 0.05).
Injection of hydrocortisone into the irradiated rats 5 min before injection of chloramine
prolonged their survival a little (24.3 + 1.66 min, P < 0.05) but caused virtually no change
in the severity of their pulmonary edema. Administration of hydrocortisone in twe doses like~
wise did not affect the development of chloramine edema in the irradiated albino rats, al-
though it shortened their survival (14.6 * 1.17 min, P < 0.05).
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Hypothermia in the unirradiated rats (without premedication) increased their survival
after injection of chloramine (from 12,3 * 0.94 to 40.0 + 2,56 min; P < 0.001) and reduced
the severity of the pulmonary edema (LI = 9.7 + 0.73, P < 0.001; DRL = 16.98 + 0.78, P <
0.01; IFL = 2.09 % 0.43, P < 0.0l; IVL = 1.48 + 0.34, P < 0.001). 1In the irradiated rats,
hypothermia without premedication also prolonged the survival of the rats after injection of
chloramine (34.2 * 7.28 min, P < 0,001) but it had no effect on the severity of the chlor-
amine pulmonary edema.

Aftet premedication and hypothermia, the irradiated and unirradiated animals died with-
in 1-2 min after chloramine poisoning. Premeédication which, combined with hypothermia, is
an effective preventive measure against adrenalin pulmonary edema [8], thus had an unfavor-
able action in the same combination on animals receiving chloramine.

The results of these investigations show that substances with a marked prophylactic
action against the development of pulmonary edema in unirradiated animals, in some cases had
no significant effect on the formation of pulmonary edema (or may even aggravate its de-
velopment) in irradiated animals., Conversely, substances ineffective or actually harmful
when given to unirradiated animals have a marked prophylactic action on irradiated animals.
In many cases, different preventive measures should be taken against the development of
pulmonary edema in irradiated and unirradiated animals,
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