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Concentration of Streptomycin in Brain and Other Tissues of Cats 
After Acute and Chronic Intoxication." (18334) 

JOSEPH E. HAWKINS, Jr., GEORGE E. BOXER, AND VIOLA C. JELINEK. 

From the Merck Znstitute for Therapeutic Research and the Research Laboratories of 
Merck and Co., Raleway, iV. J .  

The disturbance of equilibrium which can 
be produced in the cat by the parenteral ad- 
ministration of suitably large doses of strep- 
tomycin develops only after several days of 
treatment(1). The time of onset of the char- 
acteristic ataxia, accompanied by loss of 
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*Presented a t  the meeting of the Federation of 
-4merican Societies for Experimental Biology, De - 
troit, April 1949. 
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nystagmus in response to rotation, varies in- 
versely with the size of the dose employed 
(Fig. 1 ) .  The manner in which this cumula- 
tive toxic effect is produced is still unknown. 
The experiments to be described were made 
to test one possible explanation, namely that 
chronic streptomycin intoxication is associated 
with an accumulation of the drug in the cere- 
brospinal fluid and in the central nervous sys- 
tem. The negative results, demonstrating that 
such an accumulation does not occur, are in 
accord with histological ( 2 , 3 )  and electro- 
physiological (43) studies which have been 
published since this work was done, indicating 
that the primary site of the toxic action of 
streptomycin is not in the brain stem but 
rather in the vestibular and cochlear end- 
organs. On ,the other hand the present ex- 
periments are of interest because they show 
that, unlike the brain, other organs such as 
the lungs and liver contain significant con- 
centrations of the drug even 72 hours after a 
single dose. 

Method. The fluorometric method for the 
determination of streptomycin in body 
fluids (6)  and in tissues ( 7)  was employed. 
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SM. conc. in lml,~- fluids, pg per ml ;  in tissues, 
pg per ml (wet xt). 

The lower limit of sensitivity of the method 
for body fluids is 1 p g  of streptomycin in 1 
ml of fluid, and for tissues 2 ,pg per g of tissue. 

.Icute Intoxication. In  order to determine 
whether streptomycin remains in the brain 
after a single large dose, the drug in the form 
of the calcium chloride complex was given 
to 3 cats by subcutaneous injection of a dose 
equivalent to 400 mg streptomycin base per 
kg of body weight (corresponding to 24 g for 
a 60 kg man). Typical signs of acute intoxi- 
cation appeared: vomiting, hyperpnea, pros- 
tration and finally stupor lasting for several 
hours. Two hours after the injection the 
concentration of the drug in the serum ranged 
from 500 to 900 p g  per ml. XO tissues were 
taken for analysis a t  this time, however, since 
the actual concentration in the tissues cannot 
be determined in the presence of high levels 
in the blood. Instead the method chosen was 
to measure the concentration remaining in the 
tissues a t  a time when it was expected that 
removal of the drug from the blood by renal 
escretion would be almost complete. The 3 
animals were sacrificed and tissues were taken 
for analysis only after 24, 48 and 7 2  hours 
respectively. Data from this experiment are 
presented in Table I .  I t  was concluded that 
streptomycin does enter the brain after a very 

7. Jelinek, I-. C., and  Boxer, G. E., J .  B i d .  Chein , 
1948, v17.5, 367. 

large dose and can persist there for as long as 
3 davs. The amount in the brain: however. is 
small as compared with that in other tissues. 

Chroizic Intoxication. For repeated sub- 
cutaneous administration a dose of 100 rng 
streptomycin base per kg per day was chosen. 
Four cats were so treated for 7 ,  14. 2 1  and 28 
days respectively. The serum concentrations 
of streptomycin obtained after the first dose. 
which was given intramuscularly, are shown 
in Fig. 2. One representative case is illus- 
trated, since the curves for the 4 cats are prac- 
tically superimposable. Blood samples taken 
on various days during the experiment, in each 
case 24 hours after the previous injection, 
showed plasma concentrations of 1 to 4 p g  
per ml. There was no evidence of accumula- 
tion of streptomycin in the blood or CSF with 
continued treatment, a finding which is in 
agreement with the experiments on the effect 
of multiple doses on blood concentrations re- 
ported by Boxer et d. (8) .  Data obtained a t  
the time of sacrifice of these four animals are 
presented in Table 11. 
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Streptomyciiz coizcentrxtions in  the serum of cat 
(i af te r  a single intramuscular inj. of 100 mg 
hasc/kg. 
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T*\BLE 11. i'lironic Intoxication. Streptomycin 
poncentra tioiis in hod? fluids aiid tissues of cats 

af tCr  daily ciloses of 100 iiig per kg SC. 

4 7 4 8 -  1 <1 
.? 14 24 1-4- '7 1 1  1 1 -  

1 6 21 24 4f 3 2 ' 7 2  
7 " 8  24 4t 2.3 3 1 1 1 1 

(';it Lung Liver SiilePii Parotid Kidney TTrjiie 
- 

4 7 16.5 1 2  I 119 2 1  
.5 1 t i  2 3 24 22 234 - 
t i  32 41 2 1  18 176 360 
7 " 0  1 0  22 12.5 148 90 

SM cone. in body fluids, p,g per nil; in  tissues, 
p g  pcr 1111 (r\-et I T ?  ). 

Discussion. The present experiments 
show that although a small quantity of strep- 
tomycin can be !detected in brain tissue after 
a single large subcutaneous dose, there is no 
accumulation of the drug in the brain as a 
whole or in the brain stem during the devel- 
opment of a severe chronic intoxication. If 
there had been a striking accumulation in 
particular medullary nuclei, this should have 
been reflected in the concentration measured 
in the brain stem. On the contrary, there 
was no difference between ithe concentration 
in the stem and that in other portions of the 
brain. This finding is in agreement with the 
results of the investigations already cited ( 2 -  
j), which demonstrate that the labyrinthine 
and cochlear end-organs are the primary site 
of the neurotoxic action. Unfortunately no 
data on streptomycin concentrations in the 
endolymph and perilymph have been obtained 
because of obvious technical difficulties. 
Xevertheless it is reasonable to assume that 
the concentration in the perilymph corre- 
sponds to that in the CSF, and that the drug 
reaches the end-organs by this route. The 
same considerations presumably apply in the 
case of the less neurotoxic dihydrostrepto- 

mycin (9,s) .  
Concentrations determined in the lungs, 

liver and other organs must represent strep- 
tomycin actually contained in the cells of 
these tissues and not merely in the extracel- 
lular fluid, where the concentration should 
correspond approximately to that in the 
serum. S o  conclusion can be drawn con- 
cerning possible binding to the tissue proteins, 
since (the deproteinization technique employed 
in the analytical procedure liberates any pro- 
tein-bound streptomycin. 

The data in Table I indicate that strep- 
tomycin once present in the tissues is removed 
only slowly. When the values a t  24, 48 and 
72  hours after injection are compared, it is 
apparent that the fraction of the drug present 
in the blood and extracellular fluid is removed 
rather rapidly by excretion through the kid- 
ney, while the tissue concentration is decreas- 
ing at  a much slower rate. A strikingly high 
tissue concentration was found in the kidney 
itself (Table I T ) .  This observation is in 
accord with that of Adcock and Hettig(l0).  
who reported streptomycin in the kidneys of 
2 patients who had died during treatment for 
tuberculous meningitis. 

Summary. Streptomycin was found in the 
brain: lungs and liver of cats for as long as 
3 days after a single injection of 400 mg per 
kg. &4t this time the drug had virtually dis- 
appeared from the blood and CSF. The con- 
centration in the brain was small compared 
with that in the other organs. In  cats show- 
ing typical chronic intoxication during treat- 
ment with streptomycin in daily doses of 100 
mg per kg, no accumulation of the drug was 
found in the serum, CSF or brain 24 hours 
after last dose. Significant concentrations of 
the drug were present in other tissues, especial- 
ly in 'the kidney. I t  is concluded that the 
chronic neurotoxic action of streptomycin 
cannot be attributed to accumulation of the 
drug in the brain as a whole or in the brain 
stem. 
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