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circus movements of the heart. Such changes 
in impulse formation or conduction probably 
represent an imbalance between the various 
substrates and enzymes implicated in the 
release of energy through glycolysis, which is 
known to proceed over an intricate chemical 
pathway involving numerous stages. High 
concentrations of the effective sulfa drug may 
alter impulse initiation or propagation within 
the reticular gray matter of the medulla by 
disturbing the enzyme-substrate relationship 
in one or more stages, and in this way modify 
the development of the unstable chemical- 
nervous state necessary for “toppling.”” 

I t  is not clear why the drugs increase the 
anaerobic survival. I t  is possible that depres- 
sion of certain enzymes diminishes the rate 
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of release of anaerobic energy and thus permits 
continued utilization of a limited amount of 
available fuel. However, the apparent increase 
i n  overall energy liberation would seem to 
speak for an enhancing action of certain en- 
zyme systems and an increase in utilizable 
fuel. 

Nor is it clear why sulfanilamide and sodium 
sulfathiazole were effective in producing the 
results described while equivalent amounts of 
sodium sulfadiazine and sodium sulfamerazine 
were not. 

Summary. Sulfanilamide and sodium sulfa- 
thiazole in non-toxic doses prolonged the sur- 
vival of the anaerobic activity of the respira- 
tory center of young rats and increased the 
overall energy release. Neither sodium sulfa- 
diazine nor sodium sulfamerazine acted simi- 
larly. 
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Recovery of Creatinine After Ingestion and After Intravenous Injection 
in Man. 

RAFAEL DOMINGUEZ AND ELIZABETH POMERENE. 
From the Departmeitt of Patliology, At. hike’s  Hospital, Cleveland, Ohio. 

I t  is a known fact that not all the creatinine 
administered by mouth is excreted in the 
urine.‘ The amount so excreted is a t  most 
SOY, of the quantity ingested and is usually 
less. Although no satisfactory explanation 
has been offered for this incomplete recovery, 
creatinine is regarded by many as a waste 
product of metabolism.l?* The possibility that 
a small amount of creatinine may be destroyed 
by intestinal bacteria has been mentioned by 
some investigators? From the fact that cre- 
atinine is not stored in the tissues, these same 
investigators conclude that such creatinine as 
is not excreted undergoes some transformation 
in the body? This conclusion, however, is not 
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valid unless it is proved that creatinine is com- 
pletely absorbed by the intestine. The possi- 
bility that part of the ingested creatinine may 
not be absorbed has received practically no 
consideration. 

We have studied the recovery of adminis- 
tered creatinine in several human subjects. 
One of these subjects (G.N.B.), as treatment 
for a chronic ulcerative colitis complicated by 
hemorrhages, had a permanent ileostomy near 
the cecum. This operation severed the con- 
tinuity of the intestine. At the time of the 
experiments, the fistula was working well, 
hemorrhages had ceased and the man was in 
apparent health. Another subject (W.K.) was 
studied on 3 occasions. At the time of the 
first 2 experiments he was in good ,health, but 
at  the time of the last experiment he was 
greatly emaciated because of a carcinoma of 
the esophagus. The other subjects were either 
volunteers in perfect health or ambulatory 
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TABLE I. 
Brwvc~i~y of C’rc8:itiiiine Aduiiiiistcrcd to Normal Subje t s  and to One with an 1lc:ll Fistula. 

Suhjeet 

3f.R 
S.P.B. 
A.1’. 
R G .  
W.K. 

V.R. 

H.G. 
J.J. 
G.N.R.5 

Creatinirie given 
by mouth (N) or 

Agc by rein (1‘) 
scs ?” g _ _ ~  - 
F 23 6.0 hE 
%I 35 8.0 31 
1’ “7 8.0 11 
BI 31 10.0 M 
>I 35 12.0 M 

50 15.0 M 

20.i V 
23.3 1- 

M ’ 56 12.6 V 
LI 53 16.2 1- 
xr 24 4.0 N 

8.0 hf 

Cieatininr excwted in  stated tinit. 
I------ 7 

From urine 
T 

From fistula Total Endogenous“ Exogcnous 
g recovcred 

~ ._ ... - g g 6 
~ 

5. I (23.1 hr)  1.2 3.8 63 
6.. (2.5.“ ”) 1.9 4.8 60 
6.1. (23.6 ”) 1.7 4.9 61 
9.1 (24.4 ”) 1.9 i . 3  73 
8. (24.5 ”) 1.0t 7.1 59 
9.” (24.5 ”) 1.7 7.5 50 
6.1 (25.6 ”) 1.7 4.5 94 

11.’ (2 i .9  ”) 1.i 10.0 103 

22.7 (27.7 ”) 1.7 21.0 90 
13.1 (27.i ”) 1.6 11.8 94 
l i . )  (24.1 ”) 1.6 15.4 95 

1.0 ( 6.4 Iir) 2.1 ( 6.4 ”) .38 2.0 94: 

22.)  (26.4 ’ I )  1.6 20.4 98 

1.9 (10.0 ”) 8.1 (24.0 ”) 1.4 6.6 106 
~- -_ - ~ ~ -. __ 

* The rates of the endogcmons rrcatinine output of tlirse mbjccts, in the same order of the table, are: 
50, 74, 73, 78, 68, 61, 59, 66 and 80 nig/hr. Tlie mcan of t iew rates is 65.4 and the standard error of 
the mcan is 2.94. Three times this atandard error represent: 13.4% of the mean. Wc have verificd that 
n variation of this niagnitudc in the outputs of endogenous creatininr in these experiments changes by 
3.8 the aver:ige % rrcovcred aftrr  ingestion and by 2.2 tlic average ’% rrcovered after intravcnous injec- 
tion. 

t At tlie timr of this rrperiment on W.K. the excretion < f endogenous creatinine had fallen t o  43 mg 
prr Iir. This subject was tlicn suffcring from a carcinoma o * tlie csophagus and rvxi considerably cma- 
ciated. 

t We do not have a 24-lir collection in this experiment b ~ a i i s e  the subjert failed to follow instruc- 
tions. An estimate of the amount of erogenous creatinine r :corrrrd in 24 hr can be obtained as follows. 
The amount rrcorcred in about 6 lir (from 6.0 to 6.3 hr) ii the other ingestion erperimonts was, in  the 
order of the table, 2.9, 3.9, 3.3, 5.3, 4.9, and 5.5 g and in t h ’  second experimcnt on G.N.B., 4.3 g. The 
ratio of each of these figures to the corresponding exogenoi s amount excreted in about 24 hr (column 
headed “Exogenous”) is, in the snmc order, .763, .812, .6i. , .726, ,690, .733, and .652. The mean of 
these ratios is 0.781. Applying this mean to the data of tl e first rxperiment on G.N.B., we get for the 
amount recovcred in 24 hr, 2.0/.721 = 2.77 g. This amou i t  added to the amount from the fistula gives 
3.77 g, or 94% of the quantity ingested. This is the % sh iwn in the table. 

$ Tlirse expcrimcnts could not br repeated because this snbJrct developed a fxtal subacute bacterial 
endocnrditis. 

patients with minor ailments. None had any in a iootnote of Table I. For the estimation 
evidence of renal disease. of tht 8 endogenous amounts excreted during the 

The endogenous excretion of creatinine was expel iments these rates were treated as con- 
examined at irregular intervals of time on 
different days and in different parts of the day 
and night, and the average hourly rate com- 
puted. The creatinine concentration in the 
urine was determined by the method of Folin.’ 
During the control periods and during the 
experiments, the subjects were up and about 
in the laboratory and followed their cus- 
tomary diets. 

The age, sex, quantity of creatinine given, 
mode of administration and amount excreted 
in the urine are shown in Table I. The rates 
of endogenous creatinine excretion are given 
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stants. 
Cc rroborating previous workers, we found 

that :he amount of creatinine recovered in the 
urint within 24 hours after ingestion varies 
betw :en 50 and 73% of the quantity ingested 
(TalIle I). In our other experiments in which 
the collection of urine was not carried out for 
24 hours, the amount recovered in 24 hours 
was calculated by fitting exponentials to the 
latte- part of .the data and integrating. In  13 
of tlie latter experiments in 10 subjects, the 
amoint actually recovered in 6.5 hours was 
44% and the average 24-hour total calculated 
by iiitegration was almost 60% of the quantity 
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ingested. I n  6 other experiments in one sub- 
ject,;’ the average amount actually recovered 
in 8.1 hours was 60% and the average 24-hour 
total calculated, 70% of the quantity ingested. 

When creatinine was injected intravenously 
the results were entirely different. On an 
average, 96% of the quantity injected was 
recovered in about 24 hours (Table I). Inci- 
dentally, this percentage in human experiments 
is about equal to the percentage obtained aiter 
intravenous injection in the dog.G In intra- 
venous experiments, therefore, there is no evi- 
dence of creatinine transformation. 

In order to ascertain whether the smaller 
percentage of the creatinine excreted in oral 
experiments was the result of incomplete ab- 
sorption, we gave creatinine to the subject with 
the fistula (G.N.B.) and determined both the 
amount of creatinine collected from the fistula 
and the amount excreted in the urine. The 
experiments were carried out after we had 
convinced ourselves that creatinine added to 
the material from the fistula could be recov- 
ered quantitatively by the method of Folin.4 
Blank analysis of this material gave a color 
development equivalent to a creatinine concen- 
tration of 2 to 7 mg per 100 cc. Expressed in 
terms of creatinine, the rate at  which these 
chromogenic substances were collected from 
the fistula was, on an average, 5 mg per hour. 
This small amount was subtracted from the 
total amount collected in actual experiment. 

The results of 2 experiments after ingestion 
of 4 and 8 g, respectively, are given in Table I 
(subject G.N.B.).  Creatinine began to appear 

_ _ _ _  
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6 Dorninguez, R., Goldblatt, H., and Pomcreiir, 
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in the fluid from the fistula during the second 
hour after ingestion and continued to appear 
from the second to the fifth hour, with a peak 
during the third hour. The total amount of 
creatinine collected from the fistula represents 
24 to 2 5 %  of the quantity ingested (Table I). 

In oral experiments, therefore, creatinine is 
not completely absorbed by the small intes- 
tine. That it is probably not absorbed by 
the colon follows from the fact that, although 
in subject G.N.B. the ingested creatinine could 
not reach the colon, this subject excreted in 
the urine 81% of the quantity ingested, an 
amount of creatinine which is as large as the 
largest to be expected in normal subjects. 

Within the limits of experimental error, the 
amount of creatinine excreted in the urine was 
equal to the difference between the quantity 
ingested and the amount collected from the 
fistula. Hence, the amount excreted in the 
urine represents the amount actually absorbed. 
There is no need for assuming a transformation 
of creatinine to account for the whole quantity 
ingested. 

The recovery of creatinine after adminis- 
tration by routes other than oral and intra- 
venous deserves re-investigation. 

Summary and Conclusions. In  a patient 
with an ileal fistula it was shown that about 
257;  of ingested creatinine was expelled un- 
absorbed from the fistula. The amount of 
creatinine excreted in the urine was equal to 
the amount absorbed. The evidence suggests 
that, in oral experiments, no creatinine is ab- 
sorbed by the large intestine. When injected 
intravenously, creatinine is virtually all ex- 
creted in the urine. These results are at 
variance with the hypothesis of creatinine 
transformation in the human body. 




