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Absorption and Excretion of Streptomycin Para-aminosalicylate.* (17465) 
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(Introduced by C .  C. Sturgis) 
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Stmptomycin has 'became firmly established 
as a valualble agent in the treatment of selected 
cases 'of human! tublerculosis. Parla-aninma- 
licylic acid (hereafter designated PAS) is ef- 
fiective in the treatment of experimental tu- 
berculosis in animals1 and' appears to enh'a 1 1 nce 
the effectiveness of streptomycin when it  is 
used in combined therapy in experimental 
infections? Recent evidence from clinical 
trials3p4 suggests that a combination of paren- 
teral streptomycin and oral PAS acts to delay 
the accumulation of strains of tubercle bacilli 
resistant to either drug. 

Basic streptiomycin can be combined with 3 
molecules olf PAS to form streptomycin para- 
aminosalicylatef (herafter designated strep- 
tomycin PA4S) ; one gram of strepltlomycin C Q ~ -  

bining with 0.8 g of PAS. The resulting 
chemical is very slighitly, if a t  all, more irri- 
tating when injected intramuscularly than is 
an equivalent amount of streptomycin. It has 
been Found to ible xiperilor to streptomycin in 
experimental tublerculosis in 'the mouse; a 
daily dose of streptomycin PAS, equivalent 
to 0.4 mg orf Streptomycin affording the same 
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dlegree of protection as that produced by 2 to 
3 mg of streptomycin sulphatle. The present 
report concefrns the results of investigation 
inbo the fate of streptomycin PAS in human 
subjects. 

Materids and methods. The subjects were 
young patients with minimal or moderately 
advanced pulmonary tublerculosis as thie only 
significant deviation from normlality. Strepto- 
mycin PAS was injectlecl intramuscularly in 
quantitiles equivalent to 1 .O g of streptomycin 
(0.8 g of PAS) in 4 subjects, anld 0.5 g of 
streptomycin (01.4 g of PAS) in 4 other sub- 
jects. Plasma spelcimens (heparinized) were 
obtained for colnltrol purposes, and at 15 
minutes, 30 minutes, and 1, 2, 4, 8 and 1 2  
hours following injection of the material. 
Urine was collected in 3 pooled specimens 
each covering a 4 hour period. For purposes 
of cornprison 2 of the above subjects w r e  
given an amount of PAS (0.8 g> orally 
#equivalent to that cmtained in the strepto- 
mycin PAS which they had received by intra- 
muscular injection' in previous experiment. 
Two subjects were given streptomycin PAS 
orally and in this case plasma specimiens were 
collected only at 30, 60 and 120 rninu'tes. 
Concentrations olf PAS in plasma were de- 
termined 'by the method described by Mar- 
.shall6 using sodium para-amirmsalicylate as 
standlairdl material for calibration of the Eve- 
lyn colorimeter. Streptomycin concentrations 
were measured by the cup-plate method of 
bioiassay in use in this laborlatory. According 
to custom, concentrations of PAS are ex- 
pressled as mg per 1 0  ml while concentrations 
of streptomycin are expressed as y per ml. The 
mntrol plasma in most individiuals contains 
interfering substances which give readings for 
PAS estimated as near, (but slightly less than 
0.05 mg per 100 ml. This figure has, there- 
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fore, been accepted as a baseline. The addi- 
tion of streptomycin Pals to water or serum 
gives recoveries, by the above methods, very 
near the expected values for both Y-4S and 
streptomycin. This would1 appear to indicate 
that the chemical union does not interfere 
with the biologic activity of streptomycin nor 
with the chemical determination of P.G. 

Results and discussion. The plasma strep- 
tomycin concentrations, measured in the sub- 
jects who received streptomycin PAS intra- 
muscularly, varied but were within the range 
expected ,for an equivalent amount of str-epto- 
mycin. Tbe values obtained (for plasma PAS 
likewise varied considerably, particularly in 
the early minutes of absorption. Peak values 
developed between 15 and 30 minutes after 
intramuscular injection and averaged 1.35 mg 
per 100 ml ir, the subjects receiving an amount 
of streptomycin PA\S equivalent to 1.0 g of 
streptomycin. In those subjects receiving a 
dose one-half this size the peak plasma con- 
centrations averaged 0.6 mg per 100 ml. Con- 
centrations fell rapidly and were at the base 
line after 4 hours in the group receiving the 
smaller dose and only very slightly above the 
base line in those who receivedl the larger 
amount. This data is illustrated in Fig. 1. In 
Fig. 2 ,  the curve of plasma PAS following in- 
gestion of 0.8 g of PAS is compared with that 
obtained, in the same individual, following 
intramuscular administration of an equiva- 
lent amount of PAS as streptomycin PA4S. 
The curves are very similar save that the 
peak concentration appeared later when the 
material was taken orally. Virtually the same 
relationships were observed in a second indi- 
vidual. 

One fairly consistent feature of tlhese ex- 
periments was the disassociation between the 
curves for PAS and for s,treptomycin concen- 
trations in plasma. Peak levels for PAS ap- 
peared betmen 1 5  and 30 minutes while those 
for streptomycin occurred from 1 to 2 hours 
after injlection (Fig. 3). Presumably this is 
due to rapid conjugation of the PAS radical7 
although it  may !be due, at  least in part, to 
7 Way, E. L., Smith, P. K., Hoivie, D. L., TVeiss: 

R., and Swanson, R., J. Pliarni. w i d   EX^. Tlterap., 
1948. 93. 369. 
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FIG. 1. 

P1:ismn concentrations of  PA8 following intra- 
iiiuscular administration of streptomycin PAS in 
amounts equivalent to 1 g of streptomycin (0.8 g 
PAS) and 0.5 g streptomycin (0.4 g PAS). The 
lines indicate average values for each dosage level. 
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FIG. 2. 

Comparison of plasma concentrations of P A S  
f olloming equivalent amounts of : (1) Streptomy- 
cin PAS intramuscularly. (2) Streptomycin P A S  
orally. (3) PAS orally. 

breakdown of the compound followed by in- 
dependent behavior of streptomycin a d  PAS 
or its derivatives. Calculations of the ex- 
pected levels of PAS, based on the concentra- 
tions of streptomycin in the plasma, were 
often Ifiairly close to the observed levels of 
PAS for speci.mens taken 15 minutes after 
injection of the material. Later specimens 
usually exhibited PAS levels far below the 
calculated valbues, which might be expected if 
the PAS were unhrnoing: raoid ooniugation. 
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F I G *  3. 
Plasma values for PAS and for streptomycin following intra.- 

muscular administration of an  amount of streptomycin PAS 
equivalent to 1 g of streptomycin. 

Streptomycin could not be detected in the 
plasma following oral administration of strep- 
tomycin PAS. The concentrations of PAS 
which developed were considera;bly lower than 
those expected from an. equivalent amounlt 
of PAS, taken by mouth, or injected intra- 
muscularly as streptomycin PAS, indicating 
that the material is certainly broken down to 
its components in the gastro-intestinal tract, 
though possibly not ClUMnpletely. 

Urinary recovery of PAS following intra- 
muscular adlministration of streptomycin PAS 
rang& lfrom 9 to 24% (average 14%) with 
virtually the entire amount appearing within 
4 hours of administration. Recovery of 
streptomycin averaged the expected 60%. 

Thle concentrations of FAS in plasma follow- 
ing intramuscular administration of strepto- 
mycin PAS are not particuliarly impressive 
when1 oompiared with those following large 
amounts of PAS given orally (peak concentra- 
tions of 4 to 8 mg per 100 rml following 
doses of 3 g) . They assume somewhat greater 

significance, however, when considered in re- 
lation to the sensitivity of newly isolated 
strains of tubercle bacilli which are reprted4 
to 6e  sensitive to PAS in concentrations in 
the neighborhood of 01.0112 mg per 100 ml of 
medium. These results, coupled with the ef- 
ktiveness orf the material in experimental 
tuberculosis5 and the simplicity of admink- 
tration, would seem to indicate thtat strepto- 
mycin PAS is worthy of clinical trial in hu'man 
tuberculosis on a n  experimen8tal basis. 

Summary. Streptomycin PAS may be given 
intramuscularly witlhlout unidue irritation. 
Chemical assay of PAS, and bioassay of strep- 
tomycin, each give virtually quanltitative re- 
covery of streptoimycin PAS ilz vitro. Follow- 
ing intramuscular administration of strepto- 
mycin PAS in human subjects, streptomycin 
was diemonstrated in the plasma and urine 
within the expected rznge. FAS a h  appeared 
in significant concenkrations, but th(e quanti- 
tative relation to streptomycin was altered. 
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