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to be inhibited by AOAA in vitro(13-16) and 
in certain cases it appeared that the inhibition 
was mediated through the aldehydic form of 
vit. BG(  15,17) findings which are in good 
agreement with our original postulation that 
AOAA toxicity was related to its chemical in- 
teraction with pyridoxal. Our present studies 
indicate also that in the case of AOAA-in- 
duced vit. BG deficiency, all 3 urinary me- 
tabolites studied may serve as valid indices 
for a vit. B6 deficiency. 

Summary. Chronic administration of 
aminooxyacetic acid (AOAA) to rats after 
a tryptophan load resulted in an increase in 
xacthurenic acid and oxalic acid excretion and 
a decrease in pyridoxic acid excretion, thus 
suggesting a vitamin Bc; deficiency. Sub- 
convulsive doses of the drug resulted in a 
partial depletion of liver, but not brain, pyri- 
doxal phosphate and pyridoxamine phosphate. 
Thus, it  would appear that increased xan- 
thurenic acid excretion of ter a tryptophan 
load is a valid index for measuring a vitamin 
B6 deficiency induced by chronic administra- 
tion of aminooxyacetic acid. 

The authors gratefully acknowledge the assistance 
of Miss Melva Clark and Mr. Ronald Southward 
in preparation of this manuscript. 
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Progesterone Biosynthesis in Perfused Corpora Lutes.* (31483) 
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Studies on metabolism of the ovary in- 
dicated that it would be useful to have an in 
vitro system which resembled the in vivo 
corpus luteum with regard to retained anato- 
mical structure, blood supply and com- 
partmentalization. The in vitm system was 
accomplished by isolating the luteal phase 
ovary and perfusing it through the ovarian 

*Supported by NIH Grant HD-01088-02 and by 
Oklahomia Agr. Exp. Sta. Proj. 1081. 

artery with a blood substitute( 1). The blood 
substitute was used to reduce or remove the 
organ from luteotropins and other substances 
present in the blood which regulate ovarian 
metabolism. Organs perfused in this manner 
were found to utilize oxygen for several hours 
and incorporate acetate- 1-C14 into ether solu- 
ble material ( 1 ) . This report offers evidence 
that the labeled acetate in the perfusate was 
also incorporated into progesterone. 
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MatcriaZs and methods.  Progesterone and 
other steroids were purchased from Sigma 
Chemical Co., St. Louis, No.  Progesterone-7 
u-H:{ ( 1,300 mcimmole) was obtained from 
h'uclear-Chicago Corp., Des Plaines, Ill. The 
tritium labeled progesterone was stored as 
supplied in methanol solution a t  -20". 
Decomposition of the tritium labeled com- 
pound on storage under these conditions 
does not exceed 5 %  per annum. Sodium 
acetate- 1 -C14 (41.3 mc/mmole) was purchased 
from New England Nuclear Corp., Boston, 
Mass. Silica Gel G-HR/UV (Machery, Nagel 
& Co.) was purchased from Brinkman Instru- 
ments, Inc. Perfusion pressure and oxy- 
hemoglobin concentrations were monitored 
by means of a Bourdon type pressure trans- 
ducer and physiograph M K  I11 flow-through 
oximeter sold by E and &I Instruments Co. of 
Houston, Texas. 

Gas chromatography was dune with a 
Barber-Coleman model Selecta-5000 instru- 
ment equipped with a model A-SO42 argon 
ionization detector. Solid support (Gas 
chrom Q )  and the silicone gum stationary 
phases ( D C  QF-1, GE XE-60 and GE SE-30) 
were purchased from Applied Science Labo- 
ratories, College Station, Pa. Chromatogra- 
phic technique using the solid support coated 
with 1c/c SE-30, 1% XE-60, or 370 QF-1 was 
similar to procedures previousIy reported ( 5, 

Liquid scintillation spectrometry was ac- 
complished with a Packard Tricarb model 
3 14-B (Packard Instruments, La Grange, 
Ill.).  Carbon-14 activity was separated from 
tritium activity by counting a t  two high 
voltage settings. Carbon-14 was counted a t  
high voltage 900 and discriminator setting 
200-1000 resulting in a counting efficiency of 
0.48 for carbon-14 and 0.0013 for tritium. 
Tritium was counted at a high voltage setting 
of 1120 and discriminator settings of 100- 
200 resulting in a counting efficiency of 0.14 
for tritium and 0.05 for carbon-14. Samples 
containing both tritium and carbon-14 re- 
quired no correction for determination of 
carbon-14 activity. Determination of tritium 
activity in samples containing both carbon- 14 
and tritium required an initial determination 
of carbon-14 activity and a correction for 

677). 

carbon-14 contributions to the total activity. 
Freshly collected lu teal-phase swine ovaries 

were flushed at 12" with a sodium citrate, 
citric acid, sodium chloride and dextrose solu- 
tion adjusted to pH 7.4 ( 2 ) .  The ovaries were 
held at 12" until placed in the perfusion 
chamber a t  37' and perfused through the 
ovarian artery. The 300 ml of perfusate 
used to perfuse each ovary was cell culture 
medium( 3 )  containing washed erythrocytes 
from castrated male swine (hematocrit 40%), 
200 IU human chorionic gonadotropin, ace- 
tate-l-cl-' (3.7 X 10-4M, 0.17 pc/pmole), 
1.5 X los units penicillin, 180 mg strepto- 
mycin, 3 g egg albumin, 6 g dextran and 300 
mg pilocarpine hydrochloride. Perfusions 
were carried out in a perfusion apparatus des- 
cribed by Vandemark and Ewing(4) modified 
to permit oxygenation of larger volumes of 
perfusates, monitoring of perfusion pressure 
and monitoring of arterial-venous oxyhemo- 
glo bin concentrations. 

The ovaries were perfused from one to 
three hours and the corpora lutea removed, 
weighed and homogenized in 0.9% NaCl to a 
final volume of 30 ml. Red blood cells were 
removed from the perfusate by centrifugation 
and both the perfusate and homogenate of 
the corpora lutea were stored a t  -20" until 
the progesterone was isolated by a modifi- 
cation of published procedures( 8,9). 

The perfusate and homogenate of corpora 
lutea were extracted either with diethyl ether 
or hot acetone after 13.2 X pc of 
7 u - H3-progesterone was added to estimate 
recoveries. Ether extraction of progesterone 
was more cumbersome, but it allowed an im- 
mediate removal of estrogens from the lipid 
material. The removal of estrogens was a 
desirable feature for other experiments. For 
the isolation of progesterone in these experi- 
ments, hot acetone extraction was simpler and 
the preferred procedure, but both extraction 
procedures were satisfactory and gave com- 
parable results. 

For ether extraction 100 ml of the perfusate 
or 2 7  ml of the luteal tissue homogenate was 
diluted to 250 ml with 0.9% NaCl. The pH 
was adjusted to 10 with N NaOH and the 
material extracted 4 times using 300 ml of 
ether for each extraction. The combined 
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TARLE T. Pi.ogestcwnie Qnantitics i n  Pcrfnsatc  and (?oq)or;I Liitca f 1'0111 Perfusetl Ovaries. 

Total  pro- i 11 Yp Progestcroiie % of pro- 70 
Progesterone Net  synthesis 

EXp gcsterorie t corpora 1iitc:i * Total in perfus:tte* Total  ges t e L' o ne $ Tot a 1 

107 
(i (i 

103 
97 
37 
2 6 
50 

225 
4 (i 
7 0 
82 
94 
49 
18 
i 0  

112 
7 8  

101 
58 
97 
85 
3 T 
26 
41 

198 
42 
67 
82 
81  
43 
12 
65 

112  
7 2  

94 
8 (i 
94 
88 

1 0 0 
100 

82 
8 5 
91 
96 

100 
89 
88 

93 
100 

92 

- m  
I 1  

6 
9 
6 

12 
<I 
< I  

9 
33 
4 
3 

<1 
10 
(i 
6 
5 

<1 
G 

K 
14 
6 

12 
3 
3 

18 
15 
9 
4 

<1 
11 
12 
33 

7 
<1 

8 

41  
40 
28 
23 

0 
0 
0 

174 
0 

60 
36 
28 
43 

5 
19 
18 
43 $ 

* Progesterone quailtities in the perfusate and corpor;~ lutca are es1)ressetl as progesterone 

t Total  progesteroiie = perfusate  progesterone and  corl'ora lutcn progesterone. 
per g luteal tissue. 

Net  synthesis o f  progesterone I= total  progesterone iitiiius progesteroiie coiiteiit of the 11011- 
perfused ovary, taken from the donor anim:il. Progesterone coiiceiitratioii in  both ovaries taken 
from the same animal have been found  to  be the saiiie before perfiisioii(l3). 

$ Value for  corpora lutea showing a net synthesis of progesterone. 
11 The perfusate  contained 110 huniaii eliorionic gonadotropin. 

ether extract was washed twice with 30 ml 
water and evaporated to dryness under re- 
duced pressure. An alternative procedure was 
to add 15 volumes of acetone a t  50' to the 
perfusate or luteal tissue homogenate and 
filter. Acetone was removed from the filtrate 
by evaporation under reduced pressure and 
the aqueous residue was extracted 3 times 
with 10 ml ether. The ether extract was 
taken to dryness under reduced pressure. 

Residues obtained from either extraction 
procedure were then dissolved in 2 ml of a 
solution of methanol-water ( 7 : 3 ) and the 
mixture was extracted several times with 2 
ml portions of ligroin. Methanol was removed 
by evaporation under reduced pressure and 
the volume of the aqueous residue adjusted to 
0.5 ml with water. The aqueous residue was 
extracted 3 times with 1.5 ml diethyl ether. 
Progesterone was isolated from the ether ex- 
tract by thin layer chromatography using 
chloroform-methanol (99 : 1 ) as the solvent. 
Some samples required a second purification 
by thin layer chromatography using the same 
solvent or chloroform-methanol (95 : 5 ) .  For 
48 samples progesterone recoveries were 3 5 9, 
+- 22" i l  using this procedure. 

Results and Discussion. Progesterone ob- 
tained in this manner chromatographed as a 
single spot in the thin layer systems. The 2,4- 
dinitrophenylhydrazones of the progesterone 
were prepared and identified by thin layer 
chromatography( 10, l l ) .  An ultraviolet ab- 
sorption spectrum of the isolated progesterone 
showed the characteristic absorption maxima 
a t  240 mp and the spectrum was identical to 
the spectrum of a progesterone standard. 
Gas-liquid chromatography with 170 SE-30, 
1% XE-60 or 3% QF-1 was carried out on 
the isolated progesterone. The stationary 
phases chosen show quite different retention 
effects for steroids (6 ) .  For example, choles- 
terol follows progesterone in its appearance 
from the column when SE-30 is used as the 
stationary phase but the reverse situation is 
found when QF-1 is used. Chromatography 
of the isolated progesterone using the sta- 
tionary phases produced only a single major 
peak having the same retention time of a 
standard progesterone sample. 

As may be seen in Table I, progesterone was 
present both in the perfusate and corpora 
lutea. Since all progesterone values are ex- 
pressed as quantities per gram of luteal tissue, 
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it may be seen that some ovaries were as much 
as 12 times more active than others in pro- 
duction of progesterone per gram of luteal 
tissue. Of the total progesterone 88FI t_ 12cj/rl 
was found in the corpora lutea with the re- 
mainder in the perfusate. Corpora lutea, 
showing a net synthesis of progesterone, syn- 
thesized 43 p g  of progesterone per gram of 
luteal tissue during the perfusion period. The 
newly synthesized progesterone represented 
4570 of total progesterone. A net synthesis 
of progesterone was found in the 4 ovaries 
which were perfused with medium containing 
no human chorionic gonadotropin indicating 
that gonadotropin as used in these experi- 
ments was not required for progesterone syn- 
thesis. 

Studies on the radioactivity of the isolated 
progesterone in one of the experiments showed 
that the purified progesterone was radioactive 
as were the 2,4 dinitrophenylhydrazone deriv- 
atives. The incorporation of carbon-14 from 
l-C1"acetate into the carbon skeleton of 
progesterone in all of the experiments was less 
than 0.5% of the amount theoretically pos- 
sible. This calculation is based on the prem- 
ise that each molecule of progesterone would 
contain 10 carbon atoms derived from 
carbon- 1 of acetate ( 12). If the CI4-labeled 
progesterone examined had been synthesized 
entirely from a ~ e t a t e - 1 - C ~ ~  present in the per- 
fusate the specific activity of the synthe- 
sized progesterone would be 10 times that of 
the acetate on a molar basis. Low levels of 
radioactivity present in the isolated proges- 
terone indicate that plasma acetate is not a 
major immediate precursor for the biosyn- 
thesis of progesterone of the corpus luteum in 
this system. 

Our results show that an isolated luteal- 
phase ovary perfused with a blood substitute 
can synthesize progesterone and release it into 
the perfusate. The system can be used to 
study regulation of progesterone production 
and release into the blood. I t  may also have 
application in studies on the effects of drugs 
or toxic agents on progesterone production 
and release. 

Summary. Corpora lutea of isolated luteal- 
phase swine ovaries perfused with a blood 

substitute synthesize progesterone without 
being stimulated by HCG. Synthesized pro- 
gesterone was isolated by solvent extraction 
and thin layer chromatography. The isolated 
progesterone was identified by thin layer 
chromatography, gas chromatography, ultra- 
violet absorption spectra, and 2,  4 dinitro- 
phenylhydrazone derivatives. Small but de- 
tectable amounts (less than 0.5% of the 
amount theoretically possible) of acetate-l- 
C14 were incorporated into the synthesized 
progesterone. Most of the progesterone (88% 
t 127%) was found in the corpora lutea with 
the remainder in the perfusate. An average 
value of 43 pg of progesterone per gram 
of luteal tissue was synthesized during the 
perfusion period. Newly synthesized pro- 
gesterone represented an average value of 
4570 of the total progesterone isolated from 
corpora lutea and perfusate. 
-~ ~ ~ 
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