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adult animals in which it will be possible to 
study the impact of the “graft versus host” 
reaction in absence of such complicating fac- 
tors as neonatal immunological incompe- 
tence, neonatal failure of gamma globulin 
and protein synthesis. rapid growth and de- 
velopment. shifting blood and tissue volume, 
or of the devastating general effects of irradi- 
ation. Investigations of the effect of this 
“graft versus host” reaction on protein syn- 
thesis, immunological competence of the host. 
and the effect of prior immunological com- 
mitment of administered cells on capacity 
to develop the reaction. may now be effec- 
tively investigated. 

1. Runt disease in adult mice 
of the 2 (C3H) strain made previously tol- 
erant of A tissue by antigenic exposure at  
birth was obtained by injecting these animals 
intravenously with large numbers of immu- 

Summary. 

nological competent spleen cells taken from 
A strain donors. 2. The main pathological 
findings in these animals were: a )  marked 
body weight loss; b) Splenomegally and c) 
Atrophy of lymphoid tissue followed by 
cleat h. 
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Anaerobic Conversion of Acetate to Squalene by Rat Skin.* (26407) 

J. L. GAYLOR (Introduced by C. A. Baumann) 
Department of Biochenzistrv, College of .-lgricult urp, University o j Wisconsin, Madison, 

and Graduate School of Nutritiolz, Cornell University, Zthaca, N .  Y .  

When rodent skin is incubated with labeled 
acetate in vitro, sterol synthesis is substantial 
(1) and much of the label is found in sterols 
other than cholesterol ( 2  ) . The relative acti- 
vities of these sterols cannot however, be 
taken as a measure of precursor-product re- 
lationships since skin is so complex anatomic- 
ally, and rate of penetration of acetate into 
different parts of the skin probably varies. 
Grinding of the skin has thus far yielded in- 
active preparations. Another approach to the 
problem might be possible if an active sterol 
precursor could be established within the tis- 
sue without the sterols themselves becoming 
labeled. The present studies describe condi- 

~~ 

*The initial experiments are recorded in detail in 
a thesis entitled Biosynthesis of Sterols as Altered by 
Carcinogens or Nicotinic Acid, Univ. of Wisconsin, 
1960. Supported in part by grant from Nat. Inst. of 
Health to C. A. Baumann, and by funds available 
through State Univ. of New York. 

tions for accumulation of labeled squalene in 
rat skin. 

Methods. In each experiment, one gram of 
rat skin was cut into pieces of 10 sq mm and 
incubated for 3 hours at 37°C in 6 ml of 
saline-phosphate buffer which contained 2.0 
pc/0.4 pM of acetate- l -P.  The buffer (pH 
7.4) was prepared by mixing equal volumes 
of isotonic saline and 0.1 M s d i u m  phos- 
phate solutions. Potassium chloride and mag- 
nesium sulfate were added to final concentra- 
tions of 0.0125 M and 0.0026 M respectively. 
Nitrogen was bubbled into the solution for 10 
minutes: all incubations were carried out un- 
der nitrogen. At the end of incubation peri- 
od, the pieces of skin were filtered from the 
medium and each gram was saponified for 4 
hours under nitrogen in 10 ml of 50% aque- 
ous ethanol (v/v) which contained 20% of 
KOH (w/v) and 7.5% of pyrogallic acid 
(w/v). The unsapnified fraction was ex- 
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TABLE I..,. Effect of Glucose and Insulin on Incorporation of Acetate into Squalene and Sterols 
by Rat Skin.” 

’ /-----------Additions-, (-Activities -7 

Glucose, M u/flask M Atmosphere cpm/g skin cpm/g skin 
Insulin, Ferricyanide, Squalene, Sterols, t 

1 .  
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

- 
- 

.005 

.017 

.05 

.17 

.05 

.05 I 

.05 

.05 

.05 

.025 

- 

- 
- 
- 
- 
-t 

- 
1 .o 
1.0 
2.0 

1 .o 

.25 

- 
- 

301 
186 
443 
618 
768 
622 
188 
803 
858 
862 

1090 
1620 
492 

973 
3 - 
- 
21 - 
- 
- 
12 

32 
31 ’ 

1370 

- 

* Each flask contained 1 g of skin, 6 ml of saline-phosphate buffer, 2 ~ 4 0 . 4  PM of acetate-1- 
C1’ at pH 7.4. All incubations were for 3 hr at 37°C. Each value represents the avg of at least 
8 samples from 3 separate incubations. 

t Precipitated as the digitonides. 

tracted into pentane which was washed, dried 
and Concentrated under nitrogen. The frac- 
tion containing squalene was obtained by 
chromatography on aluminum oxide(3). Pu- 
rification of the labeled sterols and assays of 
sterol and. radioactivity have been described 
(4) * 

The squalene content of the first chroma- 
tographic fraction was estimated as follows: 
samples from whole skin (7750 cpm) or from 
“dermis” (3350 cpm)t were diluted to 50 mg 
with unlabeled squalene and reacted with dry 
HCI. The hexahydrochlorides of squalene 
were recrystallized from a mixture of abso- 
lute methanol and chloroform until the moth- 
er liquor and precipitate reached the same 
constant specific activity calculated as squa- 
lene. The specific activity of 4 samples of 
squalene from whole skin ranged from 117 to 
135 cpm/mg and that from the “dermis” was 
between 57.3 and 62.8 cpm/mg. At least 

75.5 to 87.2% ( ) of the 

activity isolated in the first chromatographic 
fraction of whole skin extract was squalene; 
85.5 to 93.7% of the activity isolated in the 
first fraction of “dermis” was squalene. No 

Sp. Act. final x 100 

Sp. Act. initial 

t The epidermal mucosa (0.3 to 0.5 mm) was re- 
moved by a single horizontal section made prior to 
incubation. The dermis in this case contained essen- 
tially all of. the sebaceous glands ( $ 6 ) .  I ,  

change in activity was observed when the 
crude fractions were reacted with thiourea. 

ExpTinaentaZ. m7hen rat skin was incu- 
bated with labeled acetate under nitrogen, 
the incorporation of label into the unsaponi- 
fied fraction (sterol and squalene) was only 
14% of that observed under aerobic condi- 
tions. Sterol synthesis virtually ceased under 
anaerobic conditions, and instead, labeled 
squalene accumulated (lines 1 and 2, Table 
I). This is in harmony with the finding that 
liver homogenates require oxygen for conver- 
sion of squalene to lanosterol(7). When glu- 
cose was added to the medium at concentra- 
tions of 0.005 to 0.17 M, a marked increase 
in squalene synthesis took place (Table 1, 
lines 3 to 6 ) .  Lower concentrations failed to 
affect squalene synthesis. Boiled liver filtrate 
(equivalent to 0.5 g liver/flask) , glucose-6- 
phaphate (0.005 M), succinate ( 10-433) ,a- 
ketoglutarate (1WM) or ATP, DPN or 
TPN (1 mg each/flask) produced little or no 
stimulation. 

Insulin (U-40, E. R. Squibb 81 Sons) en- 
hanced the uptake of acetate into squalene in 
presence of glucose (lines 7 to 10, Table I). 
Amounts less than 0.25 unitsJflask were less 
active and 1 to 2 units/flask produced con- 
sistentIy higher results. In the presence of 
both ferricyanide and glucose, the effect of 
added insulin was even greater (lines 11 and 
12, Table I). Upon addition of insulin, ac- 
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FIG. 1 .  Effect of iiictliglclie hlue :111d ferricyiiitlv 
on anaerobic iiicorporation of acetate into syii:ileiicb. 
Each flask contnincd t i  1111 of buffer, glucose (0.fG 
nr), 2 units of insulin, 2 pc/O.4 p u  of acetate-1-C” 
and 1 g of skin and was adjusted to pH 7.1 aftvr 
addition of the clwtron acceptor. Although tlici.cb 
was no qu:intit:itirc i1rterniin:itioli of cstent of (1.1 t b  

reduction, :ill of tlic ~~iethglc~ic  blnv was i n  tlicb 
leuco forin wlicn eoiiccntr;ttioii was less tlian IO-%r. 
Xethplene blue was added as its chloride; ferric?- 
anide as K,Fe(CN),. Additions of yotassiuni ioir 
(KCl) in absence of ferricyanicle produccd 1 1 0  

change. 

tivity in the sterol fraction was increased by 
only 28 cpm/g skin. 

FVhen the buffer contained both glucose 
and insulin, addition of 10 “11 methylene 
blue produced a 2.5-fold increase in the ac- 
tivity of squalene (Fig. 1 ) .  However: with 
greater concentrations of methylene blue, the 
activity dropped off rapidly. Additions of 
ferricyanide to the same medium only dou- 
bled the incorporation over a rather wide 
range of concentrations. 

In some experiments, after 3 hours of in- 
cubation under nitrogen. the pieces of skin 
were filtered from the anaerobic medium. 
washed with saline and resuspended in 
freshly-oxygenated, saline-phosphate buffer 
containing 2 7  mg of glucose and 4pM of un- 
labeled sodium acetate in each flask. The skin 
was then incubated for 5 ,  12, 60 and 90 min- 
uates under oxygen. The squalene labeled in 
situ disappeared rapidly and activity accu- 
mulated in the sterol fraction (Table 11). 
After 90 minutes of aerobic incubation 88% 
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of the activity which was lost from the squal- 
ene fraction was recovered in the sterol frac- 
tion. As much activity was converted from 
squalene to sterol in 90 min as previously ob- 
served for 3 hour experiments with labeled 
acetate (lines 1 and 13, Table I; Table 11). 
In subsequent experiments, significant 
amounts of labeled sterols were found after 2 
minutes of aerobic incubation. Although the 
activity incorporated into the squalene frac- 
tion under nitrogen was greater when methy- 
lene blue was the electron acceptor, only a 
few counts were transferred to the sterols 
during aerobic incubation. 

Coitclusions. Others have observed the 
stimulation produced by glucose( 8)  , insulin 
( 9 )  and electron acceptors(6,lO) on lipo- 
genesis in various tissues under oxygen. The 
present data show that a combination of 
these materials enhanced the anaerobic con- 
version of acetate to squalene in pieces of 
rat skin. The amount of activity incorporat- 
ed ( 1620 cpm/g skin) was sufficient to serve 
as labeled squalene for subsequent conver- 
sions of squalene into sterol precursors or the 
sterols themselves. 

In contrast to human skin, rat skin con- 
tains relatively little squalene ( 1 1 ), and most 
of the activity incorporated into the un- 
saponified fraction of rat skin under oxygen 
is associated with the sterols rather than with 
syualene. Aerobic incubation of human skin 
with acetate, on the other hand, yields sub- 
stantial amounts of labeled squalene( 5:12). 
I’resutnably, the yield of labeled squalene by 
human skin could be increased by an anaero- 
bic incubation in fortified buffers like those 
used in the present study. 

TARTAE JT. Coiiversioii of Squaleiie to Sterols ?IJ 

Activiticw 

Rat Skin. 

1,twgtll 01. 
j );I t j 0 1 1 ,  S ( I I I~I  I ( ~ I I ( .  Stt’rols 8(1llalt~lit! 

n i in .  qm/g skia-, 
._ 

a 0 1730 43 
5 1380 22 1 350 

12 f i 7 i  390 l.O5(I 
60 474 853 1260 
90 403 1160 1330 

. -  

‘rlic skill was Ijrwiously incubated for 3 hr under 
ititrogen. During the aerobic part, each flask con- 
titined 27 nig glucose and 4 pxi unlabeled acetate. 
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Summnry. 1. Rat skin incubated anaero- 
bically accumulated labeled squalene from 
acetate and only negligible amounts of la- 
heled sterols. Jncorporation of acetate into 
squalene was enhanced tiiarkedly by the 
presence of glucose in the medium. 2. ln -  
sulin, ferricyanide and methylene blue en- 
hanced squalene synthesis in vitro in pres- 
ence of glucose. Increasing amounts of in- 
sulin or ferricyanide produced regular in- 
creases in squalene synthesis until a plateau 
was reached; methylene blue on the other 
hand showed a sharp maximum at 10-"M, 
with a decline at  higher concentrations. 3. 
Skin containing labeled squalene accumulat- 
ed labeled sterol on subsequent incubation 
under oxygen. 

1. Srere, P. A., Chaikoff, I. L., Treitman, S. S., 
Burstein, I,. S., J .  Biol. Chem., 1950, v182, 629. 

2 .  Brooks, S. C., Baumann, C. A., ibid., 1957, v229, 

3 .  Schneider, P. B., Clayton, R. B., Bloch, K., 

4. Finlayson, J .  S., Gaylor, J .  L., Baumann, C. A., 

5 .  Patterson, J .  F., Griesemer, R. D., J .  Invest. 

6. Freinkel, R. K., ibid., 1960, v34, 37. 
7 .  'I'chen, T. T., Bloch, K., J .  Riol. Chew., 1957, 

8 .  Abraham, S., Chaikoff, I. L., ibid., 1959, v234, 

9. Williams, W. R., Hill, R., Chaikoff, I. L., J .  

10. Wright, L. D., Loeb, M., PROC. SOC. EXP. BIOL. 

11. Wheatley, V. R., Biochem. J., 1957, v65, 36. 
12. Nicolaides, N., Rothman, S., J .  Invest. Der- 

.< 2 0. 

ibid., 1957, v224, 175 .  

PROC. Suc. EXP. BIOL. AND MED., 1957, v95, 742. 

Dermat., 1959, v33, 281. 

v226, 921. 

2246. 

Lipid Research, 1960, v l ,  236. 

AND MED., 1960, v103, 183. 

mat., 1955, v24, 125. 
~ 

Received January 4, 1961. P.S.E.B.M., 1961, v106. 

Activity of Pituitary-Adrenal Cortex Axis During Acute and Chronic 
Reserpine Treatment." (26408) 

N. KHAZAN, F. G. SULMAN AND H. 2. M'INNIK 
Dcpt. of .4pplied Pharmacology and Talbieh Psychiatric Hospital, Hebrew Univtrsity-Hadassah 

Medical School arad School o j Pharmacy; Jerusalem, Israel 

I t  has been demonstrated that reserpine 
treatment affects endocrine systems( 172,3). 
I t  was reported that reserpine interferes with 
the estrous cycle in mice and rats( 1 >4) ,  ovu- 
lation and menstruation in monkeys ( 5)  pro- 
lactin production and secretion in rats, rab- 
bits and women( 6,7,8), and normal function 
of the pituitary-gonadal axis (9) .  Reserpine 
was found also to effect recession of exoph- 
thalmus( lo), thyroid inhibition( 11 ) , and to 
have antithyroid activity( 12). 

I t  has been suggested that adrenal hyper- 
trophy and ACTH hypersecretion occur dur- 
ing reserpine administration( 1,13,14,15?16). 
On the other hand, inhibition of pituitary 
ACTH release after administration of reser- 
pine ( 1 7,18), and suppression of adrenal hy- 
pertrophy in male mice(l9) have been re- 
ported. 

*This paper has been aided by a generous grant 
from Keren Nechuth, administered by Dr. S. Kott. 

- 

In view of these conflicting reports we 
have studied the mode of action of reserpine 
treatment on the pituitary-adrenal cortex 
axis. 

Materials and Methods. Reserpine stock 
solution was prepared according to the meth- 
od described in Martindale's Extrapharmaco- 
poea( 1959), and diluted to the required con- 
centration. Studies were carried out on adult 
male guinea pigs, adult male rats, and on hu- 
man patients. 

Exp. 1. Five adult guinea pigs (600-t- 30 
g) were injected subcutaneously with 0.2 
mg/kg reserpine daily for 7 days. The ani- 
mals were then sacrificed, the adrenals 
weighed and histological sections prepared 
a.nd studied. 

Exp. 2. Ten adult male rats ( 2 0 0  _t 20 g) 
were injected subcutaneously with 0.01 mgJ 
kg reserpine daily for 10 and 40 days respec- 
tively while 5 animals served as controls. 


