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Surface-active substances of the lung, often called surfactants, play an important role
in external respiration. They participate in this process mainly by reducing surface ten-—
sion at the gas—liquid phase boundary in the lung [13]. Many pathological processes reduce
the gsynthesis and secretion of surfactants in the lungs. If surfactant synthesis is deficient
or surfactants are inactivated, certain pathological processes may develop in the Jlung: atelee-—
tasis, effusion of fluid into the lumen of the alveoli, obstruction of the blood flow through
the alveolar capillaries [6], and disturbance of gas diffusion through the air-blood barrier
[2]. Disturbance of surface activity on the phase boundary in the lungs develops because the
work of the surfactant system of the lung (SSL) is thrown out of balance. By SSL is meant
certain cellular structure and the extracellular lining complex {9]. The principal cells are
type LT alveolocytes (AIT), responsible for surfactant synthesis, and alveolar macrophages, which
participate in the removal of surfactants from the alveolar surface. The lining complex includes
the hypophase and the surfactant monolayer |14]. An increase or decrease in the supply or utilization

of surfactants may lead to disturbance of the surface actvity of the liming complex. That is
evidently why the SSL is highly sensitive to many factors of endogenous and exogenous nature.
The endogenous factors include disturbance of the hemodynamics, ventilation, innervation, and
metabolism in the lungs and chronic inflammatory processes and states copnected with surgical
operations on the thoracic and abdominal organs. Exogenous factors include changes in the
partial pressure of oxygen in the inspired air, chemical and dust poilutants of the inspired
air, and certain drugs. Inhalation of various drugs and, in particular, aerosols of strepto-
mycin and isoniazid for the treatment of turbuculosis [3, 7, 8], are widely used in medical
practice and may have an influence on the SSL.

The aim of this investigation was to study the effect of long-term inhalation of strepto-
mycin and isoniazid on the state of the SSL.

EXPERIMENTAL METHOD

Sexually mature male albino rats weighing 150-200 g were used as experimental animals.
Solutions of the drugs were dispersed by means of a TUR USI-50 ultrasonic inhaler. An aero—
sol of streptomycin and isoniazid was injected into a special chamber made of transparent plas—
tic, divided into 12 compartments (20 x 10 x 15 cm), in which the animals were placed. The
daily dose of streptomycin was 20 mg/kg and of isoniazid 15 mg/kg. For aerosol dosimetry
under experimental conditions, data on the respiratory minute volume (RMV) of the animal [12]
were used and the volume of air inhaled by the animals per minute during the inhalation was
calculated by the formula V = 0.5 X W, where 0.5 is a constant and W the animal's body weight
(in kg). Knowing the animals weight it was possible to calculate EMV, and if the concentra-
tion of the drug was known, the quantity of it inhaled by the animal during-the inhalation
could be determined. Using Heubner's formula [12], RMV for rats (average weight 150 g) was
75 cm®. An example of a calculation may be given. Under assigned conditions of inhalation
(streptomycin concentration 25 mg/ml of inhaled solution), 1 ml of solution was converted in-
to an aerosol in the course of 1 min. During this time 12 liters of air passed through the
spray, and consequently each liter of air contained 25:12 = 2.08 mg, and 1 ecm” contained
0.00208 mg streptomycin. During the inhalations, it must be assumed that absorption of the
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TABLE 1. Effect of Ultrasonic Inhalations of Streptomycin and Isoniazid on Surface Ten-
sion of Lung Extracts

Streptomycin f Isoniazid
Number of ; surface tension, mN/m
inhalations . ]
static [ maximal | minimal| IS . |static  |maximal | minimal IS a

Control 35,9--2,4 | 49,714 |18,621,0 | 0,99:-0,04] 10 — — — - —
1 143,2--0,77} 50,08==1,10| 22,84-0,4 | 0,732-0,02[ 10 | 36,0+0,91| 49,2::1,3 | 19,7+0,9 | 0,85+0,08 | 10
15 37,04-0,73| 50,9+1,10] 20,140,72 0,87+0,02] 10 | 37,3%1,00|49,6-=1,1 | 19,9:20,9 | 0,84+-0,02 | 10
30 40,74-0,80 51,2+1,07 | 21,62-0,79 0,79-:0,04| 10 | 34,4+-2,24| 48,7+2,86 18,64-1,08 0,87::0,09 | 10
60 40,6+0,79| 49,3+0,9 |22,87-1,00{ 0,73£0,09] 10 |40,0+-3,43| 52,3+3,20] 20,0+1,30| 0,89:0,07 | 10
90 41,9%1,60 46,040,95 | 25,6-20,39] 0,57=0,01] 10 |49,3+-3,15 57,8+1,47| 26,41,70} 0,76+-0,04 | 10
90--'intewal -of |

7 days 45,9+1,12| 53,84-0,60 | 26,041,70| 0,72+-0,07| 10 | 39,04=1,00| 53,6+1,10( 21,32-0,70 0,87-£0,06 | 10
90--ifiterval of v

14 days 41,94-2,01] 48,4--2,73 | 17,24-2,41} 0,952-0,06| 10 | 36,32-0,80( 49,44-0,70{ 19,33-1,00| 0,9940,05 | 10

Fig. 1. Large AIT with few OLB: immature (OLB{qp) and mature (OLB_).

Mitochondria (M) have a translucent matrix and a few cristae. N)mCell
nucleus. Three months of USI with streptomycin. 13,700x.

drug in the lungs amounts to 30-40% of the inhaled dose [10]. Allowing for the inhalation
time, it is possible to calculate the total inhaled dose. The inhalations were given daily
and each one lasted 30 min. After an assigned course of inhalations, the animals were decapi-
tated next day. . To study the physicochemical properties of the lung surfactants an extract
was made from 100 mg of lung tissue and its surface activity was measured by the method de-
scribed previously [2, &4, 5]. The static surface tension and the maximal and minimal surface
tensions during contraction and stretching of the monolayer were recorded. On the basis of the
results an index of stability (IS) — an integral value serving as measure of surface activity
of the surfactants — could be calculated. IS was calculated as described previously [11].

EXPERIMENTAL RESULTS

The minimal surface tension of lung extracts from the control rats was 18.6 * 1.0 mN/m,
and the maximal 48.7 + 1.4 mN/m. IS was 0.99 + 0.04, evidence of the normal physiological
state of the SSL. Investigation of the effect of streptomycin aerosols showed that the sur-
face activity of the surfactants began to decrease immediately after the first session of
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Fig. 2. "Dark" AIT with well developed ultrastructure, almost complete-

ly filled with OLBy and OLBip. AL) Alveolar lumen., Three months of USI
with isoniazid. 13,680%x%.
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Fig. 3., AIl with well developed ultrastructure. containing a consider-
able number of OLByp and OLBim, Fourteen days after the end of USI
with the chemical preparations, B, 600x,

aerosol therapy (primary reduction). Toward the 15th day some recovery of surface activity
took place (Table 1). Starting with the 16th inhalation there was a gradual decline of sur-
face activity, which continued for 3 months of inhalations. By the 90th day the index of ac-
tivity had fallen to 0.57 * 0.01, Seven days after the end of the inhaldtions an increase in
surface activity of the lung surfactants was observed. The index of activity reached a value
of 0.72-0.07, whereas 14 days after the end of the inhalations the sutrface "activity of the
surfactants was almost completely restored and IS reached the value of 0.35 = 0.06.
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In the group of animals that inhaled isoniazid, a lowering of the surface activity of
the surfactant happened directly after the first inhalation. IS decreased to 0.85+ 0.08.
The decrease in the surface activity of the surfactant in this case is less than during
application of streptomycin, except that during inhalation by animals of isoniazid the surface
activity of the surfactant remained constant for two months inhalation, and only after the
60th inhalation was further decrease in surface activity observed. On the 90th day of in-
halation the surface activity decreased and IS reached the value 0.76+ 0.04, After cessation
of inhalation a stop in surface activity of the surfactant was noted. After 7 days IS rose
to 0.87+0.06, after 14 days it rose to 0.99+£ 0.05. The above data were obtained by intra-
venous introduction of isoniazid into dogs infected with tuberculosis [1]. In the earlier
period under the influence of medication, surface activity of the lung surfactant stopped,
and after four to six weeks its depression was observed at the center of the injury as well
as in the parts of the lung far from the center.

An electron-microscopic study of the -lungs of these same rats, having been treated with
ultrasonic inhalations (USI) of streptomycin or isoniazid, showed that most AII were cells
with moderate or poor development of the cytoplasmic reticulum of the lamellar complex, and
with a small number of osmiophilic lamellar bodies (OLB). The mitochondria have a translu-
cent matrix (Fig. 1). This is-evidence of depression of intracellular surfactant synthesis
in the animals. Disintegrating type AII cells were found more frequently in the experimental
rats of this group than in the control. Usually these were large alveolocytes with enlarged
mitochondria, deprived of eristae, with a well-marked endoplasmic reticulum, with a nucleus
deprived of chromatin, and with a double set of intracellular structures and secretory gran-— -
ules.

Meanwhile, in some cases we observed AII cells almost completely packed with mature and
young OLB. These cells have a well developed ultrastructure, a dark cytoplasmic matrix (Fig.
2). and they resembled "dark"™ AII with increased functional potential. Their appearance was
evidently connected with compensatory secretion of surfactant in regions where AIT activity
was reduced because of microcirculatory disturbances in the alveolar walls.

Appreciable changes were observed in the ultrastructure of AIT 7-14 days after the end

of inhalations in animals receiving the tuberculostatics for a long time. Considerable ac-
cumulations of mitochondria with well-developed cristae appeared in the cell cytoplasm (Fig.
3). Tubules of cisterns (C) were in close contact with them. The number of cisterns and of
osmiophilic bodies was appreciably increased. Besldes mature OLB, these cells contained num-
-erous young secretory granules. Activation of synthetic and secretory processes was evident-
ly observed in AII in the animals of this group, possibly due to cessation of the toxic action
of the chemotherapeutic agents.

During long—term aerosol therapy with antituberculosis drugs, it is thus necessary to
monitor the state of the SSL: If surface activity of the surfactants falls by more than 30~
40%, administration of the chemotherapeutic agents by USI must be interrupted or special mea-
sures used to correct the lung surfactants.
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