
changes that we have reported previously. Three animals received 
the ethyl ether-soluble fraction (, A 1 ancl although they became ill they 
showed no proliferation of myeloid cells. Five guinea pigs were 
given the petroleum ether-soluble fraction (C) in 3 or 4 doses of 
% cc each (50 to 140 nig per close in olive oil) on successive days 
and the animals were observed until they showed signs of being ill. 
Autopsies were performed 3 to 4 weeks after the first injection and 
proliferation of myeloid cells in the liver, lungs, spleen and adrenals 
was greater in extent than in any of our previous animals. Three 
of these aniinals had white Mood cell counts of 40,000 the day of 
autopsy. The blood smears contained 10 to 20% myelocytes, a few 
myeloblasts and lo\\. percentages o f  Iymphocytes. 

Proliferation of lymphoid cells occurred after the use of each of 
the 3 similar fractions of the extracts obtained from the urine of 
patients with chronic lymphoid leucemia with no apparent variation. 
This method, therefore, does not aid in tracing the active principle of 
this extract. 

For control experiments 36 liters of urine of iiorinal individuals 
were fractionated in the same nianner. The yield of the final petro- 
leum ether-soluble fraction was less than one gram. This material 
produced no specific cellular response. 

A method is presented for partially purifying the active principle 
found in chloroform extracts from the urine of patients with chronic 
myeloid lcuceniia. This method does not apply to similar extracts 
from the urine of patients with chronic lymphoid leucemia. 
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Percutaneous 

BEKNIIAKI) 

Application of Sulfanilamide in Animals and Men. 

ZONDEK, YElLlWzZ h'1. BKOMBERG AND BEN JAMIN 

S 11 A 1'1 RO. 

As has been described,' it is possihlc to obtain a chemotherapeutic 
effect in animals and nien hy the percutaneous application o f  external 
disinfectants. 111 this respect special attention was given to p-chloro- 

1 Zondek? H . ,  in press. 



sylenol aiicl to soiiie of its derivatives. Cq- tlie percutarieous applica- 
tion of p-cliloro-s~,leiiol in the form o f  tinctures or concentrated 
ointments (30% it \-\.as possible to save rats from deadly p~ieu~iio- 
cocci infections. Staphylococci iiioculated in the blood of patients 
treated with p-cliloro->;yleiiol percutaiieously were inhibited in their 
growth. Furthermore, the percutaneous applictaion of p-chloro- 
xylenol brings about a disiiifection of the urinary tract followiiig the 
excretion of tlie drug with the urine. Clinical studies in cases of’ 
urog-enic and general infections have coiifirnied the value o f .  this 
percutaneous clieniotherapy. 

The results obtained with this niethod of treatment have eiicour- 
aged us to study also tlie cutaiieous resorption of sulfaiiilaniide. 
These studies have shown that sulfanilamide also is absorbed by the 
skin and is present in the blood following its cutaneous applicatioti. 

Method. ,Animal experiments were performed in rabbits. Sul- 
fanilamide was given in organic solvents, since the percutaneous 
application of oiiitnieiits yielded less satisfactory results. Our es-  
perieiice with the percutaneous use of estroiie’ has sliowii the advan- 
tages of organic so l~~ents  for cutaneous a1,sorptioii. Sulfanilamide 
was applied to the shaved skin of the back, out of reach of the 
animal’s tongue, to eliniiiiate a possible oral absorptioii. Each aninial 
was then kept in a separate cage. 

The solutioiis of sulfaiiilaniide for percutaiieous use: For experi- 
iiient Xo. 1, with rats, a 2.5% tincture in alcohol was used. Later 
we iound that the percutaiieous absorption of sulfaiiilaniide is aug- 
mented by the addition of glycerine and soap. Hence the solutions 
for esperinieiits Sos. 2 and 3 were prepared as follows : 15 g sulfaiiil- 
amide were dissolved in 75 cc of acetone, 15 cc glycerine, 2.5 cc liquid 
soap and 7.5 cc water. For subcutaneous or intramuscular use we 
used soluseptazine ( 1)lienvl-prol)y 1-amino-1)eiizene-sul f amide-a-y-di- 
sulfonate sodiuni ) . 

E-t-pPriiiicizttrl. The first series of experinients aimed at evaluating- 
the colicelitratioti of the clrug- in tlie blood of rabbits, thus enabling 
a comparison of the concentrations obtained 11)- other routes of ad- 
ministration. The second series of studies was conducted in men. 
Sul fanilamicle estiiiiations in the 1)lood were carried out according to 
\Verner.2 

( f ) Experiiiients in rabbits : Five rabbits weighing 1500 g- each 
received 0.5 g of sulfanilamide. This was administered iii 3 aninials 
percutmeously , in one orally. and iii oiie su1)cutaneously . For iiiunc- 

~Zondek, R., Larrcct, 1938, 234, 1107. 
3 Werner, &I., Luncef, 1939, 236, 18. 



‘L‘ARLE I.  
Sulfanilamide Blood Concentration in R;ihhits nft,er Percutaneous, Peroral and Subcutaneous 

Administration of 0.5 g of Sulfanilamide. 

R I  R J I  R 111 R IV R V  

sul f a n  ilarri i cl L‘ 
Rewived 0.5 g O..? g 0.5 g 0.5 g 0.5 g 

treatment “8% mg (h mgY0 mg% mg‘% 

sulfa nil H mi d e su If H n i I ;I 111 i d ( b  sulfa ni la m idci sulfa nilamide 
Hr aftcr percutnncously ~ J ~ ~ l ~ ~ l t : ! l l t ’ ~ l ~ l S ~ ~  Iwwutirncously pcr  os subcutaneously 

1/2 1 
1 1 
2 
3 8 
4 8 
5 
7 

24 ti 

2 2 0 
1 1.5 4 24 

2.5 5 
6 5 7 

6 
t i  8 7 6 
i 10 

5 6 

tions we usctl 1.5 suIfanilaiiiidc solutions in acetone with addition 
of glycerine and soap. For t hc oral am1 subcutaneous treatment soh-  
septazine was used. The bloocl conceiitration of sulfanilamide was 
determined at various time inter\-riIs following the commencenient of 
treatment . 

‘The clemoiistration of sulfanilamide in the 
blood of animals treated perc~itaneously proved that the drug pene- 
trates the skin and circulates in the blood. The concentration of 
sulfanilaniide in the blood of animals treated percutaneously (max. 
8 nig %) was fotiiitl to he lower than in those treated subcutaneously 
(niax. 24 nig F,), but equal t o  and possibly higher than in those 
animals treated orally (nias. 7 nix 70 I .  

Percutaneous application o f  sulfanilaniide in nien : The satisfac- 
tory results obtained following the percutaneous application of sul- 
fanilamide in rats and rabbits encouraged us to examine the passage 
of this drug through the human skin. These experiments were car- 
ried out in 13 patients. 1l.e cniployetl 15% and 20% solutions of 
sulfanilamide in acetone with addition of glycerine and soap. The 
sulfanilamide concentration in the blood was examined 24 liours 
after inunction and at various other intervals. 

Results (Table 11). In nien the blood concentration of sulfanila- 
mide following percutaneous application is less durable and inferior to 
that obtained after oral administration of the drug. The blood con- 
centration of sulfanilaniide following a single dose of 2 g given orally 
was less than 1 nig % after % hour, reaching a maximuni of 1.8 
mg % after I hours, dropping to 1 mg % after 12 hours and disap- 
pearing completely 24 hours after administration. The same dose 
percutaneously gave a strlfanilaniide blood concentration of 1.2 
mg ”/. after % hour, 1 nig 7, after 4 hours, not to be found 1.2 hours 

Keszrlts (Table I ). 



TABLE l1. 
Blood Concentration of Sulfanilamide after I'crvutaneous and Yeroral Administration in Men. 

I/r, lir iLfter 2 hr after 4 hr after 12 hr after 24 hr after 
Sulfanilamide Route of t rcatnieii t treatment treat men t treatuieii t treatment 

dose in g administratioil rllg % mg%  rig% rng% mg% 

2 
2 
4 
4 
5 

10 
12 
16 

I)" rc uta lleously 1.2 1.2 
orit1 tracca 1 
per"utaneous1y 1.8 1.4 
oral traces 1.6 
percutaneously 3.0 2.0 

2.7 1.6 
? ?  3.3 2.0 

4.0 2.3 

? ?  

? ?  

1 
1.8 
1.2 
3.2 
1.2 
1.2 
2.0 
2.0 

0 
1 
1 
2 

traces 
1 
1.1 
1 

0 
0 
0 
1.2 
0 
0 
0 
0 

after adniiiiistration. On administration of 4 g sulfanilaniide per OS, 
the concentration of less than 1 nig % after t/z hour rises to 3.2 nig % 
after 4 hours : the sulfanilaniide is still to be detected'after 24 hours 
(1.2 nig %). The same dose percutaneously gives a niaxinial con- 
centration o f  1.8 nig % after 5 hour, 1 nig % after 12 hours, and 
is not to be detected after 24 hours. Notwithstanding the high single 
doses employed in the percutaneous application. as high as 16 g, we 
never encountered a concentration of over 4 nig "/.. Here? the blood 
concentration of the drug was highest during the first hour after 
administration. dropping rapidly during the following 4 hours. No 
sulfanilamide was found in the blood 24 hours after administration. 

DisczissioJi. The penetration of sulfanilamide through the human 
skiti is less perfect than through the rabbit's skiti. Thus, the per- 
cutaneous route cannot be advised as a general niethod of adniinistra- 
tion. This method, however. may frequently render appreciable 
help as an auxiliary method of treatment in those cases where high 
doses caritiot he adniiriistered orally. Patients are frequently unable 
to keep the sulfanilamide given orally, sitice it provokes vomiting by 
local irritation of the stomach or by reaction of the iiervous centers. 
In the former case the subcutaneous or intramuscular route of appli- 
cation is useful, but the low solubility of sulfanilamide does not allow 
its parenteral administration in high doses. In these cases the percu- 
taneous route provides a way out of the dilemma. For similar reasons, 
the percutaneous adniinistration of sulf aiiilaniide may be a valuable 
aid in pediatrics where the injection and irigestioii of this drug often 
meet with clifficulties. 

In the 13 cases of percutaneous treatment studied, the by-effects 
encountered were: cyanosis in 4 cases and nausea in only one case. 
The solvents used (acetone, glycerine, soap) never caused any CU- 

taneous reaction. 
Sulfanilamide if applied percutan- 

eously is resorbed by the skin of rahbits and men. ( a )  The coticen- 
Sunznanry mtd Coizclusioizs. 



tratioii of sulfanilaniide in the hloocl of rabbits following its per- 
cutaneous administration is as high as that obtained after its oral ad- 
ministration, but inferior to the concentration following subcu- 
taneous or intraniuscular injections. (b)  The blood concentration 
of sulfaiiilaniide in men following its percutaneous administration is 
lower tliaii that after oral adniiiiistratioii, but voniiting is niucli more 
rare and less severe. 

The percutaneous use o f  siil fmiilaniide may serve as an auxiliary 
method of chcmotlierapeutic treatinent in certain cases. 
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Skeletal -4bnornialities of Short Spined Turkeys. 

In the co~irsc' o f  exaliiiniiig turkey embryos that failed t o  hatch, 
mutants with typically shortened necks and bodies (Fig. 1 I were 
found. These enil,i-!-os varied in  that some had an apparently normal 
head u-liile others had a retliicctl slmll, eyes. and upper beak. Sone  of 
the affected embryos hatched. 

The mutation was found in a close1~- inhrecl strain o f  tlie Bourbon 
Red variety o f  turkeys. Three segregating families gave a ratio 
of 59 nornial to 14 abnormal. which is reasonably close to the num- 
bers expected (54.75 : 18.2.5) on the basis of a ratio of 3 normal to  
1 abiiornial. Thirteen short spined and 98 normal emhryos were 
obtained fi-oiii an utitrapiiestetl 1)en of related birds. Of the 27 short 
spined embryos the sex was 01)servecl for 22, o f  which 12 were males 
and 10 were females. 'The mutation is, therefore, a siniple auto- 
sonial recessive. 

Fully (leveloped en i lqos  were selected 
for further study from eggs of similar size. The bones were freed 
from tissue, measured, extracted, dried, and ashed." 

The leg and wing holies o f  the short-spined enibryos are normal 
in length and thickness (Talde I, Fig.2). The head is likewise 
normal, whereas tlie neck atid hody are niuch reclucecl in length. 

SkeZetnZ -4 hiiori~rci1itic.s. 

* I am indebted to Mr. T). Cr. Stoutamyer and Mr. David Wittenberg, Jr., for 
preparing thc lnoncs and to Ilr.  El. Gow and the Division of Animal Husbandry for 
the extractions of the bones. 


