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Use of Amine Buffer (THAM) in Treatment of Acute Salicylate 
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2-amino-2-hydroxymethyl-l , 3-propanediol 
or tris (hydrosymethyl) aminomethane 
( T H A N ) ,  an organic buffer of low toxicity, 
has been widely used for correction of meta- 
bolic and respirator>- acidosis ( 1,2,3) . In 
both conditions, a marked diuresis of alkaline 
urine was observed. Since an alkaline urine 
enhances excretion of weak acids (4,5,6,7), i t  
was postulated that THL4;\1 would increase 
renal excretion of salicylic acid following 
salicylate intoxication. A simultaneous cor- 
rection of the metabolic acidosis which ac- 
companies salicylate poisoning was another 
expected result of this therapy. 

Four mongrel dogs kept on a 
regular diet and given free access to water 
before the experiment were anesthetized 
with 30 mg;’kg €3. IVt of sodium pentothal 
injected intravencusly . Indwelling catheters 
were introduced into both femoral veins and 
arteries and urinary bladder. An intravenous 
infusion of isotonic sodium chloride was ad- 
ministered to supply approximately 3% of 
body weight in 30 minutes, and to produce a 
measurable diuresis. Priming doses of inulin 
and para-amino-hippurate were injected in- 
travenously to determine glomerular filtration 
rate and renal plasma flow. These doses 
were followed by a constant intravenous in- 
fusion calculated to replace the excreted 
amounts of these substances. Twenty min- 
utes were allowed to permit an even distribu- 
tion of the infused inulin and PAH. The  
urinary bladder was then emptied by injec- 
tion of air and suprapubic pressure, and urine 
collections were made a t  regular intervals: 
a t  approximately mid-time of urine collec- 
tion, blood was drawn from a femoral vein. 
After one or 2 control periods of 10 minutes, 
a single dose of 100 mg/kg sodium salicylate 
was injected intravenously. Thirty minutes 

i l l c fhods .  
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later 0.3 h4 THAM solution was infused si- 
multaneously with inulin and PAH. Rate of 
THAM administration was 1 ml/kg/min for 
the first 15 minutes and 0.5 ml/kg/min for 
the last 15 minutes. Total dose of THAM 
administered was 500-800 mg/kg. Inulin 
and €’AH infusion were continued for an  ad- 
ditional hour. Urine collections were made 
a t  15, 30, 60 and 90 minutes after start  of 
THARl administration. Blood pressure and 
ECG were monitored at regular intervals. 
Each sample of urine and plasma was ana- 
lyzed for total salicylates, inulin, PAH, so- 
dium, potassium, chloride, pH, C02, pCO2 
and HC03.  pH was measured within 01.005 
unit. The experimental procedure was de- 
signed as described by Kaplan and Del Car- 
men (4). Total salicylates in blood and urine 
were determined by the methods described 
by Brodie, Udenfried and Coburn(8) and by 
Smith, Gleason, Stoll and Ogorzalek( 9) .  De- 
termination of inulin was done by the Re- 
sorcinol method (10) and PAH by the method 
described by Smith e t  aZ.(l l) .  Specimens 
were analyzed for their concentrations of so- 
dium and potassium with the Patwin Flame 
Photometer and for chloride with the Buch- 
ler Cotlove chloridometer( 12). For deter- 
mination of p H  the Astrup ME-1 micro 
equipment with the Sanz electrode was used. 
The microgasometer of Kopp-Natelson was 
employed for determination of plasma COP 
content; HC03- and pC02 were calculated 
from the Henderson-Hasselbalch equation 

Tables I and I1 present results 
of pH, C02 content, salicylate and electro- 
lyte concentration in urine and plasma dur- 
ing the 4 experiments. Fifteen minutes fol- 
lowig onset of THAM infusion, salicylate ex- 
cretion in the urine increased from 723 to 
2838 pg/min a 400% increase, while pH of 
urine rose from 7.14 to  7.59. In contrast, be- 

(13).  
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fore THAM administration, urine salicylate 
excretion increased from 593 to 723 pg/min, 
a 12% increase, while urine pH increased 
from 6.88 to 7.14. There was a 101-fold in- 
creasle in HC03- excretion, while Na+ rose 
from 413 to 477 pEq/min and K+ from 47 
to 131 pEq/min. Chloride excretioln de- 
creased from 1030 to 865 pEq/min. There 
was a marked diuresis with no significant 
changes in inulin or PAH clearance. Seventy- 
five minutes after THAM administration, 
plasma salicylate levels had dropped from 33 
to 17 mg/100 ml. The highest blood pH 
was '7.57, COa rose from 23.6 to 32.5 mM/L, 
HCC13- from 2 2  to 31 mM/L and pC02 frolm 
32.5 to 36.6 mm Hg. Na+, K+ and C1- 
in plasma fell slightly but consistently. 

Discussion. When THAM is used in treat- 
ment of experimentally produced acute sali- 
cylate intoxication, a significant increase in 
salicyluria is observed. Alkalinisation of the 
urine which results from this therapy may be 
the cause of this increase in salicylate excre- 
tion (4,5,6,7). Kaplan et  al. (4) suggested 
that it might have been caused by HC03- 
and salicylate ions competing folr absorption 
by the renal tubules. After finding that urine 
virtually free from HC03- had a higher level 
of salicylate when its pH was more alkaline, 
Kaplan also suggested that urinary pH a t  
least partly determines rate of excretion of 
salicylate. Gutman et al. (5) and Schachter 
et  aZ.(6) found that in man salicylate can be 
filtered at  the glomerulus and reabsorbed and 
secreted by the renal tubules. Probenecid, 
which inhibits tubular activity, reduced the 
clearance of salicylate independently of urine 
pH, probably by inhibition of active tubular 
transport. When urine pH was below 6.0, 
there were indications of glomerular filtration 
and tubular reabsorption of salicylates. When 
urine pH was greater than 7.4 ratio of the 
clearance of salicylate to glomerular filtra- 
tion rate (CFrS/CF) was greater than 1.0. 
When urine pH was kept above 7.50 by ad- 
mini,stering NaHC03 and probenecid simul- 
taneously, a decrease in clearance of sali- 
cylate was found, supporting the belief that 
sakylate is actively secreted by the tubules. 
Weirier, Washington and Mudge( 7)  assessing 
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TABLE 11. Salicylate, Electrolyte Cone., ?€I, pCOl :wtl C’O, Content of Plasma in 4 Dogs after Salicyl- 
ate Admin. (100 mg/kg) and Treatment with T1IJ1A1 ; Rloocl Samples Were Taken in Middle of Each 
Period. First  figure in each column is avg of all rnc ,  isurernents. Figures in parentheses indicate rangp. 

Time, Salicyl, Na+ K+ Cl- H(’O,-, Content CO,, pCO,, 
Period min. mg/100 ml f- rneq/l-- -7 mM/1 PH mM/l mm Hg 

1. Control 

2. Snlicyl+ 0 

I .  15 
inj. 

‘7 

6. 90 

7 .  120 

0 

30 
(25-3;) 

33 

29 
(19-47j 

22 

19 
( I  6-24) 

1 7  
( 10-23 ) 

(22-54) 

(16-28) 

153 3.2 ’11-1 
(148-155) (2.4-3.8) 

151 3.3  -- 

19.9 7.34 
(19.1-21) (7.28-7.37) 

22. I 7.37 

:(I.!) 7.42 
(1 8.1 -2i.2 i (7.37-’7.57) 

2 i . i i  7.52 
(24,:3-:34) (i.50-7.54) 

31.4 1.51 
(2’7.8-3.7.7 ) (T.31-7.67) 

28.0 7.51 
(23.:3-30.S) (7.41-7.64) 

3ii.o 7.30 
(21.4-28.9) (i.4.5-7.53’) 

rr -- 

21 .o 37.8 
(20.1-22.1) (37-42.6) 

23.6 49.7 

21.9 32.6 
(19.0-28.1) (30.6-34.9) 

28.9 34.8 
(”5.2-35.3) (31.1-41.1) 

32.5 35.3 
(28.9-36.9) (26.8-40.2) 

29.1 36.7 

27.4 35.0 
(24.4-31.9) (28.9-43.2) 

(22.3-30.1) (31.3-39.8) 

the relative roles of urinary pH and urine 
volume, found that a CFrS CF ratio signifi- 
cantly greater than 1.0 with a urine pH niore 
acid than that of blood could be produced 
when the ratio of volume of urine to glomeru- 

v 
lar filtration rate ( ____ GFR ) was .09. These 

authors concluded that salicylate was se- 
creted by the tubule after observing that 
salicylate elimination in the urine was de- 
pressed by other substances like PAH and 
acetazolamide, which are also secreted by the 
tubules, and by compounds like probenecitl 
that inhibit other tubular transport mechan- 
isms. I t  was postulated that a passive ion 
trapping mechanism would cause reabsor1)- 
tion of salicylic acid. 

Regardless of the final proof of the mech- 
anism by which salicylate is reabsorbed or 
secreted, the present experiments indicate 
that both an alkaline urine and an increase 
in urine formation enhance elimination of 
salicylate by the kidney. For instance, in 
Exp. 4 the highest salicylate winary excre- 
tion (4824 pg/min) was accompanied by the 
largest diuresis (10.2 nil min) .  The marlml 
salicylate output was attained although uri- 
nary pH (7.67) was not as high as the pH 
reported by others (4,7). I:urthermore, pro- 
tein binding of salicylate may be pH depen- 
dent: the lower the pH, the greater the bind- 

inR. I t  is therefore important to have an al- 
lialinization of body fluids so that this bind- 
ing be minimal (personal communication). 
THMI,  by producing an  alkalosis of intra- 
as well as extra-cellular fluid, will therefore 
limit protein binding of salicylate and favor 
its renal excretion. For the same reason, 
acetazolamide, which produces a metabolic 
acidosis, may not be the best agent to com- 
bat salicylate intoxication, although aceta- 
zolamide induces excretion of an  alkaline 
urine and has been advocated for treatment 
of salicylate poisoning( 14 , lS) .  IVhen THAM 
\.\as first employed in treatment of experi- 
inentall!. ~)roduced metabolic and respiratory 
acidosis and in man, its possible usefulness 
in  acute salicylate poisoning was apparent. 
’The results of these experiments confirm this 
hypothesis. Since THAM has been found 
to be safe in humans(3,16,17) in doses simi- 
lar to those used in the present experiments, 
i t  should be beneficial in treatment of infants 
2nd children suffering from salicylate poison- 
ing. THAN1 has already been used in one 
such instance( 18) .  

The effectiveness of tris (hy- 
rlrosyniethyl) aminomethane (THAM) in in- 
creasing salicyluria after intravenous injec- 
tion of sodium salicylate was tested in ex- 
periments on  4 dogs. A marked drop of 
salicylate in plasma and increase in its excre- 
tion in urine was demonstrated. These ex- 

SurnniarJl. 
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periments also indicate that maximum excre- 
tion of salicylate by the kidney will occur 
when an elevation of body fluid pH and urine 
pH are accompanied by a marked diuresis. 
THAM, which promotes these changes, may 
be useful in treatment of salicylate poisoning 
in man. 
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Recent reviews by investigators dealing 
with internally deposited radioisotopes in 
bone state there is no evidence that injury to 
the bone was secondary to injury to small 
blood vessels directly supplying the bone ( 1, 
2 ) .  They conclude that injury to the vari- 
ous cellular constituents of the bone appears 
to be a direct effect of the radiation upon 
thern. This conclusion is based on the study 
of bones from radium patients in which ac- 
tivity is found throughout bone, and the 
alpha particles appear to be killing osteocytes 
directly. 

In  the present study we rleinonst rate that 
much c,f the damage in cortical hone is clue 
to  vascular occlusion. These studies have 

utilized dogs containing radium, plutoiiiu~n 
or radiothorium in which a new technic of 
vascular injection of India ink-gelatin has 
been used to demonstrate the disturbance in 
blood supply. Unlike radium, which is dis- 
tributed throughout bone, plutonium and ra- 
diothorium are localized on bone surfaces 
and the short range of the alpha particles lo- 
cated about haversian canals allows the ma- 
jor portion of the haversian systems and all 
the interstitial lamellae to1 be free of activity. 
Thus, if massive devitalization of bone is ob- 
servedl, i t  cannot be related to direct killing 
by alpha rays. 

were the mid-dial)hyses of tibiae from 4 nor- 
mal and 23 beagles that died or were sacri- 
ficed from 1 to 1724 days following adminis- 
tration of radium-22 6, plutonium-239 and 

nht&Zls UM! IIt tvhds.  ' r l ~  niaterials t i  


