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to the progesterone. Recovery of blastocysts 
from one horn of the uterus during progester- 
one treatment and subsequent implantation 
of the embryos in the other horn induced by 
the progesterone-estrogen indicates that the 
embryos are maintained in the uterus in a 
viable, but resting condition during proges- 
terone treatment. If rats were ovariectomized 
on the 3rd day and untreated for 8 days, nida- 
tion of embryos was not observed when pro- 
gesterone and estrogen was initiated on the 
9th day and given for the next 5 to 1 2  days. 
Rats ovariectomized on the 4th day after 
mating were variable in their response to 4 
mg of progesterone, some exhibited delay 
others implanted a t  the normal time. De- 
layed nidation up to a t  least 3 days was ob- 
tained in hypophysectomized rats when they 

were injected only with 4 mg progesterone 
per day. 
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Effect of Starvation on Sulfide Oxidizing System in Rat Liver." 
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In mammals, hydrogen sulfide is produced 
both by the microorganisms of the intestine 
(1) and by the body tissues from cysteine 
(2). The ability of mammalian tissues to 
oxidize small quantities of sulfide to thiosul- 
fate and sulfate has been repeatedly demon- 
strated (3,4,5) and may under normal physio- 
logical conditions protect the tissue from sul- 
fide poisoning. 

In a recent study designed to elucidate the 
mechanism of this oxidation and the nature 
of the catalytic system involved (6) ,  our re- 
search was initially complicated because of 
the great differences in ability of rat liver ex- 
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tracts from different animals to oxidize sul- 
fide to thiosulfate. These differences were 
not eliminated by rigidly standardizing pre- 
paratory technics, age, sex, the commercial 
source of the rats, and method of sacrificing. 
It was noted, however, that rats sacrificed im- 
mediately after arrival from commercial 
sources (and in transit for some time with 
little food), and those used in experiments im- 
mediately following weekends (during which 
the feed in the rat colony had run low) almost 
always contained livers whose sulfide oxidiz- 
ing capacity was high. Consequently, the ef- 
fect of inanition on sulfide oxidation in rat 
liver was investigated. 

Materials and methods. Young adult male 
rats of the Wistar strain ranging in weight 
from 200 to 250 g were used. They were 
maintained (unless otherwise specified) on 
Purina rat chow. They were sacrificed by 
decapitation, their livers exsanguinated in 
situ and an extract of the livers prepared. 
These procedures are described elsewhere in 
greater detail(6). The extracts were incu- 
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TABLE I. Effect  of Starvat.ioii on Sulfide Oxidizing System in Rat I i v e r  (Summary of 14 
Pair Trials). 

St:irvctl Di ff ereiicc 
S,O, formation (20 to 4% Iir ) Fed ( C O l l  t rol) (S - F‘I 

Specific activity, 2 9 2  .()-I* .09.5 5 .02 .20 & .03 

Total  activity, 1 i3.0 t 1.5 91.2 & I 0  $1.8 _t 11 
,.Jf/nig protc4ii t / n i i t i .  

pu?vl/tot:il protchin t/tnin. 
-. ~ - -. - - - . - ~ 

* 2 st:rlltl. error of 111(’:111. 

t Protcili tlctrriiiiii:itioiis by  inethod of T.owry r . I  r t l . (  1 3 ) .  

bated in phosphate buffer pH 7.3 with sulfide 
substrate in closed vessels. The thiosulfate 
formed was measured iodometrically ( 7 ) and 
enzymatically with rhodanese (8  ) as well as 
identified qualitatively by other chemical 
tests(7). The assay system as well as the 
assay procedure have been described ( 6 ) .  
Cysteine desulfhydrase of the extracts was 
measured by a modification of the methods 
described by Smythe(9) and Almy( 10) as 
follows: 2 nil of the liver estract in phos- 
phate buffer were placed into the main com- 
partment of a 2 armed 1Yarburg vessel: 0.2 
ml of 0.1 11 L-cysteine HCI. 0.1 ml of 0.125 
31. DPN and 0.1 ml of 0.125 11. cL-ketoglu- 
tarate placed in the sidearms. together with 
sufficient Na2C03 to bring the pH of the 
complete mixture to 7.6. The hydrogen sul- 
fide generated upon incubation of the closed 
anaerobic system a t  3 f ‘C .  was absorbed by 
0.2 ml of 31. zinc acetate placed into a re- 
movable centerwell glass insert. After incu- 
bation ( s  to 15; hours). the insert was re- 
moved and the sulfide measured by the me- 
thylene blue method of Fog0 and J’opowsk~- 
(11) .  

ResuZts. Effect of stat’vatioiz. The effect 
of starvation on sulfide oxidizing ability of rat 
liver extracts is summarized in Table I. A 
total of 14 pairs of rats were matched with 
respect to age, weight, and rate of gain. One 
rat of each pair was fed while the other was 
starved for from 24 to 48 hours before sacri- 
ficing. At the time of autopsy every fed rat 
had food both in its stomach and gut. In 
every pair of rats the liver estract of the 
starved animal oxidized sulfide to thiosulfate 
2 to 9 times more rapidly than the fed con- 
trol. The average specific activity (per mg 
protein) of sulfide oxidation in the livers of 
starved rats was 3 times greater than in the 

fed controls. Starvation also doubled aver- 
age total activity in the rat livers despite con- 
siderably lower liver weights for this group. 
The increased activity represented primarily, 
but not exclusively, the heat labile sulfide osi- 
dase system (6).  Statistical analysis ( 1 2 ) both 
on the basis of pair trials and group trials 
confirmed that the above differences in sulfide 
oxidizing ability of rat liver extracts from 
starved and fed animals was highly signifi- 
cant. 

These differences became enhanced by in- 
cubating the extracts for longer periods of 
time. Fig. 1 shows that while the starved rat 
liver extract oxidized sulfide to thiosulfate at 
a linear rate for a considerable period of time, 
the fed rat liver extract. after some slight ini- 
tial activity became incapable of osidizing 
sulfide to thiosulfate a t  an appreciable rate. 

, I lcchani~m of activation. The mechanism 

TIME (MNIJTEc’ 

FT(;. 1. Chaiigcs in activity with iii~iihatioii time : 
A coinparkon. Activities plotted represent, total 
wt iv i ty  including both hea t  labile atid heilt sta7blC 

coinponeiits of system ((i ). 
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by which starvation activates this system is 
as yet unknown. Excepting those cases in 
which food intake became affected, the feed- 
ing of synthetic diets high in cysteine, methio- 
nine, sulfur or sulfate did not enhance the ca- 
pacity of rat liver to oxidize sulfide to thio- 
sulfate. Intraperitoneal injection of sodium 
sulfide (up to lethal doses) and of cortisone 
(up to 7.5 mg/rat/36 hrs) did not elevate 
the sulfide oxidizing capacity of rat liver. 

The feeding of diets high in sulfur-contain- 
ing proteins (lactalbumin) gave equivocal re- 
sults depending apparently upon the com- 
mercial source of the protein. The results 
suggested that rate and capacity for oxidizing 
sulfide to thiosulfate was not affected by the 
actual protein level of the diet but by some 
contaminating nutritional factor. 

No systematic correlation could be demon- 
strated between increased rate of sulfide oxi- 
dation and cysteine desulfhydrase activity. 
However, addition of a-ketoglutarate and to a 
lesser extent DPN(2) to the reaction mixture, 
enhanced cysteine desulfhydrase activity so 
that this system under suitable pH conditions 
would not constitute the rate limiting step in 
oxidation of the sulfur of cysteine via sulfide 
to thiosulfate. 

The possibility that activation of the sulfide 
oxidizing system could proceed through re- 
moval of an inhibitor was tested. When ex- 
tracts of rat livers from starved rats whose 
sulfide oxidase specific activity was elevated 
Sfold, were mixed with rat liver extracts 
from fed control animals, no inhibitory in- 
fluence of the extract of the fed controls upon 
the activity of the active starved preparation 
could be demonstrated. 

Discussion. The presence of catabolic sys- 
tems in mammalian tissue, whose activity is 
elevated during periods of starvation, has 
been reported( 14) and in the case of arginase 
this phenomenon could not be simulated by 
high substrate levels ( 1 5 ) .  The properties of 
the sulfide oxidizing system appear to be simi- 
lar to the latter. The elevation of exogenous 
substrate either directly by injecting sulfide 
solutions or indirectly through inclusion of 
high levels of a-amino acids (in free form or 
in the protein of the diet) was ineffective in 

raising sulfide oxidase levels in the rat liver. 
Similarly, the elevation of endogenous sub- 
strate by accelerating gluconeogenesis through 
cortisone injections, was found to be inef- 
f ective. 

The elevated rate of thiosulfate formation 
in liver extracts of starved rats does, however, 
correspond to Fromageot’s and Royer’s ob- 
servation ( 16) that in intact rats starvation in- 
creased urinary excretion of thiosulfate. The 
feeding experiments suggest the possibility 
that elevation of some limiting closely bound 
cofactor for the system is responsible for the 
increased sulfide oxidation in starved animals. 

Szcmmary. A system in rat liver which oxi- 
dizes sulfide to thiosulfate is significantly ele- 
vated upon starvation, both in total activity 
and specific activity. This increase could not 
be induced in vivo by elevated substrate lev- 
els, and was not due to the loss of an inhibi- 
tor. Cysteine desulfhydrase levels in rat 
liver were not materially changed by starva- 
tion. These results have been discussed in 
the light of other findings. 
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Recent clinical reports (Steinberg( 1 :2 )  
l lullens(3)) indicate that the human wart 
papilloma and certain types of helomata may 
be dramatically resolved by injection of vit. 
A palmitate directly into the lesion. These 
findings are unespected since attempts to 
treat these lesions with vit. A by systemic ad- 
ministration have given equivocal results ( 4 ) .  
The experiments described below were there- 
fore undertaken to study the effect of vit. A 
on normal epidermis when administered by 
the intracu taneous route. 

A commercial vit. A palmitate 
solution (Keramin Injection) especially for- 
mulated for injection of skin lesions was used 
throughout. This solution has an activity of 
50,000 U.S.P. units per cc in a vehicle consist- 
ing in 11% polysorbate 80. r.S.P., 0.25% 
citrate-phosphate buffer, pH 7, with 0.5% 
chlorobutanol, 0.4 a/o dl-alpha tocopherol and 
0.03 % butylated hydroxyanisole as preserva- 
tives and antioxidants. A sterile solution con- 
taining all ingredients except vit. A was used 
for control injections. 

New Zealand white male rabbits weighing 
2-4 kg were used in all experiments. The dor- 
sal thoracic and abdominal area of each rab- 
bit was clipped closely, care being taken to 
avoid cutting the skin, and the entire surface 
was washed with 70% ethanol. A volume of 
0.03 cc of the solution to be tested was in- 
jected intracutaneously by means of a 0.25 cc 
tuberculin syringe and a sharp, 2 7  gauge, % 
inch, regular point hypodermic needle. Injec- 
tions were made only after the bevel of the 
needle was seen to be just below the surface. 
The  needle was left in the skin for about % 

Methods. 

minute after injection to minimize leakage 
from the point of puncture. Pairs of injec- 
tions were made on either side of the mid- 
dorsal line but never over a bony prominence. 
\\.’hen vit. -4 was injected on the left side, ve- 
hicle was injected on the right side at the 
same level and vice versa. Sites of injection 
were marked with indelible pencil. The ani- 
mals were sacrificed always in the late after- 
noon by concussion 1, 2,  4, 7, 14, 21 and 28 
days after injection. In all cases, a strip of 
skin at the site of injection approximately 40 
s 4 mm was excised for histology so as to con- 
tain a central injected region and uninjected 
skin on either side. These latter areas served 
as additional controls. Tissues were fixed in 
Bouin’s fluid, sectioned through the long axis 
a t  8 p and stained with &layer’s acid alum 
hematoxylin and eosin. The thickness of the 
epithelial layer with the corneum excluded 
was estimated with an  ocular micrometer at 
450 X magnification. Measurements were 
made in the center of each section as well as 
a t  points approximately one-tenth of the 
length in from either edge (uninjected con- 
trols). Only areas between the hair follicles 
were used for evaluation. Mitotic figure 
counts were made in the regions where epi- 
thelial thickness was measured. Two hun- 
dred and fifty consecutive nuclei in the basal 
and spinous* layers were counted for the 
areas corresponding to vit. A injection, vehicle 
injection and normal uninjected controls. 

* T h e  term spinous layer used in this paper refers 
to the cells in We germinative layer other than the 
basal layer even though no “prickle cells” as such can 
b. found in the skin. 


