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[Paper by I. I, Prokhorova, Laboratory of Pharmacology (Head, Prof. I. A. 3to- 
rozhev), All-Union Scientific-Research Institute of Antibioticr, Moscow] 

The aerosol forms of medicines are currently in wide use in medical 
practice [1-3]. Depending on the particular properties of the substance in¬ 
haled, the action of an aerosol nay be predominantly local, resorptive or 
reflexive in character. 

As is well Imam, antibiotics introduced into an organism are not even¬ 
ly distributed among the various tissues and organs. This is due to the pres¬ 
ence of histohematic barriers which do not offer the seme degree of permea¬ 
bility to various different substances. At various stages of the inflamma¬ 
tion process, the permeability of tissues is found to vary, and conditions still 
mo-’e unfavorable to penetration by the antibiotic may arise [4], For that rea¬ 
son, enteral or parenteral administration, in the case of a number of anti¬ 
biotics used in treating respiratory illnesses, does rot always assure reten¬ 
tion of ths antibiotic in sufficient strength at the infection focus, even 
though it produces high blood concentrations. In these instances, the inhala¬ 
tion of the antibiotic offers the best conditions for realizing a therapeutic 
effect, since that effect, in any event, is only possible upon direct contact 
between antibiotic and microbe [11, 12], 

In addition to creating high concentrations of the antibiotic, the in¬ 
halation method also prolongs the retention of the drug in the lungs and bron¬ 
chial secretion. This makes possible the use of smaller dosages, and hence 
also the reduction of the total amount of antibiotic in the blood, so that 
there is less chance of side-reaction. 

Kanarycin aerosol has been in clinical use since 1959. Published data 
confirm its therapeutic effect when administered by the inhalation method for 
treatment of staphylococcic pneumonia in surgical patients [7], congenital cyst¬ 
ic fibrosis of the pancreas, and tuberculosis [9, 10], 

The high stability of kananycin [5# 6], its low degree of absorption 
into the blood from the respiratory organs [10], its ability to accumulate in 
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ths lungs when inhalaled [13]» its action against microorganisms resistant to 
other antibiotics [15]—all these rar'.je kanamycin to a special position among 
remedies employed in aerosol therapy 

I 

The object of the present stiJy was to establish experimentally the 
effectiveness of kanamycin against bronchial and pulmonary infections at var¬ 
ious stages of inflarrmation. i 

Given here are the results :f a study of the relativo merits^of the in¬ 
halation and the subcutaneous netl vis of administering kanamycin in\the treat¬ 
ment of induced pneumonia in albino mice (culture of Klebsiella pneumoniae). 

Materials and Methods ^ 

Albino mice weighing 16-I8 g v/ere infected intranasally, after ether 
anesthesia, with two daily doses of Kl. pneumoniae AM.: 1 lDi00> 30,0CH>- 
^0,000 microbes per 0.02 of bouillon culture, dilution 2*10“3, and 50 IÍ100» 
1,500,000-2,000,000 microbes in the same araouit of culture, dilution 10”'. 

For treatment and prophylaxis the mice received a single dose of kana- 
nycin by aie of two methods (subcutaneous, inhalation). The dose in either case 
v^as 0.4 mg/subject (25 rag/kg, of body weight). 

j 

A similar, untreated control group was infected with the same dosep of 
Kl, pneumoniae. During the three-week course of the experiment, the general 
condition and the death rate and survival rate of the animals were studied. 
The innoculation, in some of the tests, was made with use of samples from the 
blood and organs of mice previously infected and subsequently treated by var¬ 
ious methods. 

* * * 

As a result of this research it was established that following intra¬ 
nasal infection of mice with a culture of FriedlHnder's bacillus, the infec¬ 
tion process for seme period of time remvins local and focal in character. 
Thus, six hours following infection with a 50 LDtoO dose, not one of the con¬ 
trol animals showed any trace of the infecting oragnism in its blood. Twenty- 
four hours following infection, only 205? of the control animals did so; while 
UB hours following infection, most (more than 8O5?) had developed bacteremia, 
to v/hich the mass destruction of the control group is attributed* 

It is characteristic that among all the animals which died, in both 
groups, blood samples taken from the heart sufficed to produce a culture of 
the infecting organism. Evidently, death from pneumonia is almost always ac¬ 
companied by bacteremia, as other investigators have also reported [14]« 

No distinct changes either in the behavior or in the general condition 
of the control animals were observed 1 hr and 3 hrs following infection. How¬ 
ever, 6 hours following infection with a 50 ID;oO dose, some indistinct signs 
of illness had appeared: slignt reduction in activity, fur tattered, but no 
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marked dyspnea. Dissection of the mice which perished during this time showed 
no distinct macroseepic changes in the lungs, However, control animals infect¬ 
ed with 50 LD100 when examined 24 hours after infection revealed marked dyspnea 
and a worsened general condition, and upon dissection showed macroscopically 
evident core pneumonia as well. Finally, 48 hours following infection, sur¬ 
viving animals showed sharply deteriorated general condition—torpidity and re¬ 
duced appetite; and total or subtotal pneumonia was found in those which fin¬ 
ally died. Abundant serous-hemorrhagic exhudate vras found on sections cut from 
the lungs, and in some cases this appeared also in the pleural cavity, 

TABLE 1 

RESULTS OF KANAKTCIN TREATMENT OF ALBINO MICE 
INFECTED INTRAMASALLY WITH Kl, Pneumoniae 

(1 and 50 LD10õ5 

Time of ad¬ 
ministration 
of antibiotic 
following in 
feetion (hrs.) 

Method 

Infecting dose 

1 Lp100 50 LD too 

Mortality 
to 9th day 

Survival 
after 3rd 

week 

Mortality 
to 9th day 

Survival 
after 3rd 

week 

1 

3 

6 

24 

Control 

Inhal. 
Subcut, 
Inhal, 
Subcut. 
Inhal, 
Subcut. 
Inhal. 
Subcut. 

0 
65 

5 
76.6 

15 
65 
90 

100 
30 
85 
6.6 

70 
15 
0 

0 
86.7 
6.7 

73.3 
30.6 
83.3 
70.7 
83.3 
99.2 

95 
13.3 
76.7 
20,0 
44*4 
11.1 
24.4 
13.9 
0 

With doses of 1 lü^no» the pathologic process developed in the same se¬ 
quence but somewhat more slowly. 

Results of treatment of pneumonia by inhalation of the aerosol and by 
subcutaneous administration are shown in Table 1 above. The data are based 
on 204 tests, in each of which 10-15 mice were used. It is clear from these 
data that in the case of infection with a ILDjqq dose, a single treatment with 
kanamycin in aerosol form sufficed to preserve//0-100# of the animals from death 
1-24 hours following infection. In parallel tests, a single subcutaneous ad¬ 
ministration preserved th» lives of only 30# of the animals for so brief a per- * 
iod as 1 hour, and rally 10-15w of them beyond that time. 



influí; ln was quite effective against large doses of the 
8fní ^O.Ij?10o)ï here the drug was administered 1-3 hours following 

adm,lni3tration was correspondingly less effective. Treat-”* 
ment by subcutaneous injection in the case of 50 ID,on was very ineffective 
regardiess of the time lapse. It is notpworth that the survival jate for in- 

kana^cin!”6 6 h^her ^ *** ^ranel «ubcutaneous treatment with^ 

TABLE 2 

RESULTS OF KANAMYCIN FriOPHYLACTIC TREAITENT 

OF ALBINO MICE INFECTED INTRANASALLY 

V/ITH A CULTURE OF Kl. pneumoniae 

Time of adminis¬ 

tration of anti¬ 

biotic before in¬ 

fection (hrs.) 

1 Method 
Survival 

with 

1 ^100 

Survival 

with 

50«> 
1 Inhalation 

Subcutaneous 
95 
40 

100 

20 

2 Inhalation 

Subcutaneous 
95 

15 
75 
0 

2U Inhalation 

Subcutaneous 
63.3 

15 
7.7 

Control 0 0 

+ . r. , the ani«ala» the highest mortality occurred during 

rï-tnîii1 of.any given te3t* ^ this was true for both dosais 
wití1the third day ior 50 ID and with the 4th4th*day 

5° Mortality during this period was marked by a certain degree of 
mass death among the infected animals resulting from acute bronehJ^i^aL 

S ÄÄL10?; At uttr t¡r'> ££ ano in these cases there was zound a predominance of the «anf-t» . * 

the pulraoiary* asthenia, emaciation, frequent enlargement of the spleen^an^6” 

sometimes abscesses in the tissues of the mediastinum, were also found! These 



conditions were accanpanied by reduction of the pulmonary inflammatory processes, 
and by restoration of breathing. The low effectiveness of inhalation therapy 
when applied during the later stages of the illness is evidently associated with 
the development of sepsis and the inflammatory process in the respiratory organs, 
which would reduce pulmonary ventilation and thereby also reduce the dose of anti¬ 
biotic received by the animals during-inhalation, 

. . ¿reatment of pneumonia by a single subcutaneous administration of kan&ny- 
cm is little effective precisely because of the poor penetration of the antibi¬ 
otic into the lungs [13, 15, 16], It is for this reason that a single dose does 
no^ eliminate the focus of infection in the lungs, but only retards the process 
of sepsis. This fact was confirmed by control cultures of mouse lung tissue 
gram in Petri dishes (the test animals had been treated six hours following in- 
fection with 50 IDjoo)* Before treatment of two groups of 15 each, the blood 
of all the animals was found to be sterile. Forty-eight hours following infec¬ 
tion of a group treated with the inhalation method, only two mico, were able to 
supply 0.01 ml samples which were sufficient to start two colonies of Kl. pneu¬ 
moniae each; by contrast, from the group of mice treated subcutaneously, bacte¬ 
remia had developed in four animals, and from these samples of the same size 
were sufficient to start 7 colonies each. Of the 12 control animals, during 
the same period, the blood had remained sterile in only 2, and that of all the 
others showed a massive development of the microbe. 

Six days following the infection, further cultures were started from 
the blood of survivors. All 11 animals which had been treated with the inhala¬ 
tion method shewed sterile blood. Of the 7 which had received subcutaneous 
treatment with kananycin, three had sterile blood, but in the remaining four 
cases, 0.01 ml of blood sufficed to produce massive growths of Kl. oneumcniae 
fron a start of 77 initial colonies. ... 

The results of prophylactic treatment given at various times previous to 
infection are sham in Table 2 above; these data support the conclusion that 
the use of kanamycin inhalation for prophylaxis is fairly effective 1 and 3 
hours before infection with either dose, and 24 hours before for 1 LDmn 
whereas subcutaneous injection is effective only during the first hour before 
infection. Obviously, the amount of kanamycin within the respiratory organs 
following a single inhalation is insufficient to suppress the growth* of the 
infecting agent; this is the cause of the later effectiveness c* aerosol pro¬ 
phylaxis during this period. 

Conclusions 

1. Inhalation of kanamycin aerosol has an active local effect on the 
infection process associated with induced pneumonia in white mice (infecting 
agent Kl. pneumoniae): it prevents the development of sepsis. The use of this 
aerosol is particularly effective in early treatment, 

2. Use of kanamycin aerosol is less effective in the later stages of 
pneumonia, this being associated with advance of the septic process and with 
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reduction in the inhalation dose, which results in lowered puLnonary ventilation. 

* •% u p^°Phy}a^is wit,h kannmycin aerosol is highly effective when applied 
1-3 hours before infection; less so when applied 2U hours before infection. 

4. A single subcutaneous administration of kananycin (either for treat¬ 
ment or ,or prophylaxis of pneumonia) somewhat retards development of the pro- 
lïrl f ~ S3p31s; ^ shewn by the infected and the control groups, but has little 
? Sfof^nr1)^6 111 W0^dS, 11 does not pídate the pulmonaiy 
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