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resistance to penicillin required 48 hours to 
complete the fermentation of lactose, whereas 
the control strain effected the same result in 
24 hours. A similar delay was noticed in the 
fermentation of glucose by the penicillin- 
resistant strains of the gonococcus. 

Far more difficulty was encountered in 
developing penicillin-resistant strains than 
sulfathiazole-fast strains of the gonococcus 
in vitro. These observations suggest that 
penicillin-resistant strains of the gonococcus 
are less likely to become established in the 

population at  large than sulfathiazole-resistant 
strains, although this possibility should be 
given consideration. 

Summary. Five strains of Neisseria gonor- 
rhoeae were made resistant in vitro to concen- 
trations of penicillin 8, 64, 128, 200, and 400 
times greater than the initial concentration 
permitting growth. Morphological changes of 
the gonococcus and a delayed fermentation of 
glucose were observed in the strains during the 
development of resistance to the drug. 
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Action of Cer ta in  Sulfonamides o n  Anaerobic  Activity of Respiratory 
C e n t e r  of Young Animals. 

W. A. SELLE. 
From the Department of Physiology, University of Texas School of Medicine, Galveston, Texas. 

Earlier reports have shown that the an- 
aerobic activity of the respiratory center of 
young animals, as indicated by the gasping 
pattern of the ischemic or completely isolated 
head, is altered by various anesthetic agents 
and tissue poisons' and by the carbohydrate 
stores of the nervous tissue.2s3 Glucose greatly 
prolongs survival and the number of gasps of 
the second series. Insulin and iodoacetic acid 
diminish or completely abolish the second 
series: cyanide diminishes the first! These 
results suggest that the prolonged survival of 
the respiratory center of young animals is due 
to an anaerobic source of energy resulting from 
the breakdown of carbohydrates by enzymes. 

Because the sulfa drugs are known to inter- 
fere with certain enzymatic processes, it was 
thought desirable to study the action of these 
on the gasping pattern and survival of the 
unperfused isolated head of the young animal. 
The respiratory center of such a prepatation, 
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unlike that of the whole animal with circula- 
tion intact, cannot be influenced secondarily 
by changes in other parts of the body. 

Methods. Employing a technic previously 
described,'~~ rats 12-15 days of age and weigh- 
ing 18-26 g were used as test animals. The 
gasping pattern of the isolated head of rats of 
this age consists of 28-35 mandibular move- 
ments lasting approximately 5 minutes and is 
composed of an initial or aerobic series having 
a relatively constant number of gasps, aver- 
aging about 9, and a second or anaerobic 
series having a somewhat variable number 
(19-26) averaging about 23. A pause or 
period of complete inactivity between the end 
of the first series and the beginning of the 
second (the interseries interval) lasts 35 to  50 
seconds. In previous experiments on 65 litters 
comprising 445 animals, the standard deviation 
of the mean number of gasps for untreated 
littermates was found to be slightly less than 
2; the average variation for survival was 
8.4% and that for number of gasps of the 
second series was 6.1%. 

The drugs employed were sulfanilamide and 
the sodium salts of sulfathiazole, sulfadiazine, 
and sulfamerazine. These were injected intra- 
peritoneally in doses of 3,4.5, and 6 mg. Toxic 
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TSBLE I. 
Influenee of Certain Sulfa Drugs on Survival of Isolatcd Rrad of 12-15-day-old Rats. 

Increased respiratory activity bawd on avg control values 
I > 

hfter 1 hr After 2 hrs After 3 hrs 
Y - F  I f  7 

No. Total So. Total No. Total 
Dose, No. anaerobic survivill anaerobic survival anaerobic survival 

Drug mg animals gasps, % % gasps, % % gasps, % % 
. . ~ -- ~ _ _  . -- 

Snlfa ni1:inii dc 3.0 1 0  19 29 48 59 39 41 
4.5 19 31 42 6 1 69 48 62 
6.0 12 39 45 $2 i 8  62 54 

Sodiutn Sulfa thiazole 3.0 12 16 22 42 48 32 43 
4.3 10 26 33 55 49 40 51 
6.0 10 34 38 (j 0 6 6 53 50 

Sodium Sulfadiazine 3.0 8 2 0 3 2 4 0 
4.5 10 2 4 6 3 6 4 
6.0 10 4 8 8 6 4 5 

Sodium Sulfamerazine 3.0 8 0 0 -3 4 0 0 
1 5  10 2 6 4 3 4 8 

7 3 7 6.0 8 4 7 2 
___ - __--_____ _ _ ~  - 

manifestations were not observed with the 
doses employed. Control animals were given 
an amount of vehicle (.9% NaCl) equal to 
that used in the treated animals. Following 
intervals ranging from % to 18 hours, the head 
was quickly isolated and the ensuing gasps 
were mechanically recorded by a technique 
previously described. Deviations from control 
values were expressed in percent. 

Results and Discussion. The results for 
periods 1 to 3 hours after injection (Table I )  
show that a significant increase in the total 
survival time and in the number of gasps of 
the anaerobic series followed the injection 
of sulfanilamide or sodium sulfathiazole. 
Although the total expenditure of energy was 
not accurately determined, it is apparent that 
the overall energy liberation for both of these 
drugs was definitely increased. Neither 
sodium sulfadiazine nor sodium sulfamerazine 
was similarly effective in doses equal to those 
employed for sulfanilamide or sodium sulfa- 
thiazole. While the chief effect of the latter 
drugs was on anaerobic activity, aerobic series 
being entirely unchanged, the interseries inter- 
val was frequently prolonged (average about 
35%).  Periods less than 60 minutes between 
injection and decapitation had little or no 
influence on the gasping pattern; likewise 
periods greater than 1 2  hours were without 

demonst able effects. Accessory gasps, which 
appearec in the middle and last third of the 
anaerobi : series, were partly responsible for 
the marred increase in the total number of 
gasps. Larger doses (8-10 mg) frequently 
increase( I the number of accessory gasps with- 
out incn asing further the duration of survival. 

Althoi lgh rhythmic, the accessory gasps 
were smidler and 4-5 times more frequent than 
the nornial or dominant ones. Occurring be- 
tween tl ie regularly spaced dominant gasps, 
they prlduced a striking staircase pattern, 
which mas of two types. In a majority of 
cases th:y showed a progressive increase in 
amplituc e until a gasp of normal size occurred, 
after wlich this pattern was repeated 3 to 5 
times. Zontrasted to this “step up” type of 
accessor 7 gasping was a less frequently oc- 
curring “step down” t y p e i n  which there 
was a g-adual decrease in amplitude until a 
dominar t spike occurred; as in the other type, 
the patt :rn was repeated several times. The 
accessorr gasps of either type were out of 
phase ~ i t h  or independent of the dominant 
gasps, which usually were more widely spaced 
than no] mal. 

The axessory gasps may be due to multiple 
ectopic iacemakers, or to recirculation of ex- 
citatory waves over one or more pathways by 
a proce:s analogous to that involved in the 
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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. 
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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 




