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necessary for this response. I t  is concluded 
that maximum LNPSH depletion during cold 
and restraint can be effected through stimu- 
lation of the sympathetic nervous system 
although other mechanisms are operative in 
intact animals. 
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Evidence for Omitting the Petroleum Ether Extraction in Plasma 
Corticosterone Determination." (31722) 

RENB RICHARD (Introduced by C. H. Sawyer) 
Department of Anatomy,  University of California, Los Angeles 

The original method for spectrophotofluori- 
metric determination of serum corticoids ( 1) 
and its modification(2) suggest that the 
sample be extracted with either pertoleum 
ether or isooctane. This step removes neutral 
lipids( 3 )  which would interfere with the 
analysis of the corticoids. However, the 
studies of Callard et aZ(4) indicate that 20 a- 
hydroxy-pregn-4-en-3-one (hereafter called 
20 a-hydroxyprogesterone) may be the main 
interfering fluorogen in determination of 
plasma corticosteroid levels. This compound 
has absorption and fluorescent spectra which 
are similar to corticosterone (4) .  Twenty a- 
hydroxyprogesterone has been found in the 
plasma and ovary of pregnant female rats(5) 
and in the venous effluent of the ovary in 
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normal female rats(6).  About half of this 
compound is removed from plasma by an ex- 
traction with petroleum ether (B.P. 40-60") 
(4) - 

If only the ovary produces 20 a-hydroxy- 
progesterone and if i t  is the main source of 
error in the fluorimetric method for corticoid 
determination, then the extraction with 
petroleum ether may be unnecessary for the 
analysis of samples from male and ovariec- 
tomized female rats. The following experi- 
ments were designed to test this hypothesis. 

Methods and materials. Fifsty-nine Sprague- 
Dawley rats were sacrificed by guillotine or 
under ether. The blood was collected in hep- 
arinized containers and centrifuged at 1000 
X g. The plasma was removed and frozen. 

Of these 59 rats, 9 were males, intact or 
hypophysectomized. Nineteen were females 
which had been ovariectomized 2 weeks prior 
to use. Thirty-one animals were intact fe- 
males which were maintained in a light-regu- 
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TARLX T. Effect of Petroleum Etlicr (PE) Extraction(s) on Fluorescent Levels at 535 nip in Plasma 
Samples. 

Type of preparation rats extraction extraction valuelt rats extractions value$ 
No. of No PE 1 PE P No.of 2 P E  P 

Female rats 
Proestrus 8 48.6 (21.5-73.0) 40.6 (19.5-72.0) <.0l  6 46.6 (21.8-74.8) >. lo  
Est,rus 10  38.2 ( 8.9-63.7) 38.0 ( 7.4-56.5) <.05 8 27.7 ( 8.0-45.6) >. lo  
Diestrus 13 30.8 ( 3.9-61.1) 31.1 ( 4.1-42.6) <.0l 10  25.7 ( 3.6-42.1) x . 0 2  
Ovsriectomized 19 7.1 ( 3.6-93.3) 7.4 ( 2.5-93.5) >.05 

Male ra,ts 
Intact  and hypo- 9 27.5 ( 3.5-46.2) 26.7 ( 4.7-46.1) > . lo  

physectomized 
~ ~~ ~~~ ~ -~ 

* Fluorescent levels in fig 70 plasma. Median and range given. 
t P value between samples receiving 1 and samples receiving no PE extraction. 
$ P value between samples receiving 1 and samples receiving 2 PE extractions. 

lated, temperature-controlled rooim for at  least 
4 weeks. Vagintal smears were obtained oln 
this last group 2 hours before they were 
sacrificed. The smears were stained with 1% 
thioniri and classified as proestrus, estrus, or 
diestrus by microcopic observation. 

Plasma corticosterone levels were deter- 
mined by the method of Silber et aZ(l), as 
modified by Gillemin et aZ(2) in an Amincol- 
Bowman Spectrophotofluorometer at an acti- 
vating wavelength of 475 q p  and a fluores- 
cing wavelength of 535 mp. Duplicate one- 
half ml portions of each sample were treated 
identically, except that one aliquolt from each 
animal received no petroleum ether (B .P. 
68-80'') extraction. In addition, a third ali- 
quot of plasma from each intact female rat 
was extracted twice with petroleum ether. 
Thus, each animal served as its own control. 
The resulting data were analyzed by the Wil- 
coxon matched-pairs signed-ranks method ( 7, 

Results. Table I presents a comparisoa of 
fluorescent levels at 535 mp in plasma sam- 
ples. All samples from intact female rats were 
divided into 3 aliquots. One aliquot re- 
ceived no extraction with petroleum ether ; 
the secoad, one extraction; and the third re- 
ceived 2 extractions with petroleum ether. 
The samples are grouped according to the 
stage of the estrolus cycle exhibited by the rat 
on the day of sacrifice. Statistical evaluation 
was carried out a) between samples receiv- 
ing no extraction with petroleum ether and 
one extraction and b) between samples re- 
ceiving one and two extractions. Significant 
decreases in fluorescence were found between 

8) 9 

aliquots receiving one extraction with petro- 
leum ether, when compared to portio'ns re- 
ceiving no extraction, when the blood was 
obtained from rats in proestrus (P<O.Ol), 
estrus (P<O.o15), or diestrus (P<0.01). 
When a second extraction was applied to' a 
portion of the plasma, fluorescent levels were 
further decreased in samples from rats in 
diestrus (P=0.02). This additional step 
failed to produce a significant change in 
samples from animals in proestrus or estrus 
(P>O.l in both groups). 

The results obtained on samples from either 
ovariectornized females or intact and hypo- 
physectomized males contrast to those pre- 
sented for intact females. A single extraction 
failed to lower fluorescent levels in plasma 
samples from these two groups (P>0.05 and 
P> 01.10, respectively). 

Discussion. Statistically significant de- 
creases in fluorescent levels a t  535 my were 
obtained when plasma samples from intact 
female rats were extracted once with petro- 
leum ether, as compared to when this step 
was omitted. This result occurred in samples 
obtained frolm female rats in all stages of 
the estrolus cycle. In coatrast, fluorescent 
values failed to change significantly when 
plasma from male or ovariectomized female 
rats received this extraction. Holwever, 5 
samples in the latter group showed decreases 
of about 5 pug% plasma 4oIr more after the 
extractioln. No such variation appears in the 
plasma values for male rats. The maximum 
change in fluorescent levels for the pairs in 
this series is about 2 pg%. I t  is likely that 
this difference could be accounted for by the 
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variability in the procedure. Alterations of 
5 pg$ represent a difference of approximately 
5 units in the fluorescent reading. This change 
probably represents a real difference in the 
samples. Thus, in some cases fluorescent levels 
in plasma samples from ovariectomized fe- 
males show an apparently real decline after 
extraction with petroleum ether. Unless the 
half -life of 2 0-hydroxyproges terone, the com- 
pound postulated to alter fluorescent levels in 
this asFay, is about 2 weeks, this result ob- 
tained in a few ovariectomized females is 
probably not accounted for by ovarian 
secretion. 

Callard et aZ(4) have reported that one ex- 
traction with petroleum ether (B.P. 40-60") 
removes 56.8% of the interfering fluorogen 
but leaves 93.8% of the corticosterone. The 
data in Table I suggest that a second extrac- 
tion with petroleum ether fails to alter fluo- 
rescent levels. Thus, a second extraction with 
petroleum ether did not produce significant 
changes in fluorescent levels in samples from 
rats in proestrus or estrus (P>O.l). Although 
this additional step produced a statistically 
significant change in samples from rats in 
diestrus (P=0.02), the actual change does 
not exceed 2.5 pg% in any pair. This small 
difference lies within the variability of the 
fluorimetric method. Perhaps the fraction 
with the higher boiling point (used in the 
present study) removes more of the 2Oa- 
hydroxyprogesterone than the fraction with 
the lower boiling point. This may explain the 
failure of a second extraction with petroleurn 
ether to produce an additional decline in 
levels, compared to the reduction obtained 
with one extraction (Table I). 

It is interesting that the extraction with 
petroleum ether is effective in altering fluo- 
rescent levels in plasma samples from female 
rats at  all stages of the estrous cycle. Eto 
et al(  6)  have reported that 20a-hydroxypro- 
gesterone is present in blood from the ovarian 
vein during all stages of the estrous cycle. 
Apparently, sufficient quantities are present 
at all times in the plasma obtained from in- 
tact female rats to interfere with the deter- 

mination of corticosterone levels. 
Summary. Fluorescent levels a t  535 p 

were measured in samples obtained from in- 
tact females, intact or hypophysectomized 
males, and ovariectomized females. Each sam- 
ple was divided so that one part received no 
extraction with petroleum ether and the other 
portions received at  least one extraction. The 
addition of this step failed to alter signifi- 
cantly the fluorescent levels in samples from 
male rats or ovariectomized females. In  the 
latter group, occasional pairs of samples 
showed differences of at least 5 pg% plasma. 
In  contrast, fluorescent values declined fol- 
lowing a single extraction with petroleum 
ether in samples obtained from intact females 
a t  all stages of the estrous cycle. A second 
extraction produced only small changes 
(<2.5 pg% plasma). 

These data support the hypothesis that the 
main interfering fluorogen in the fluorimetric 
determination of plasma levels of corticoste- 
rone is secreted by the ovary. A likely can- 
didate is 20a-hydroxypregn-4-en-3-one. The 
extraction of the plasma with petroleum ether 
may be safely omitted in samples obtained 
from male rats. This reduces the time reb 
quired to determine corticosterone levels. 

The author is grateful to Drs. M. A. Slusher and 
G. Newton for helpful suggestions during this study. 

1. Silber, R. H., Busch, R. D., Oslapas, R., Clin. 
Chem., 1958, v4, 278. 

2. Guillemin, R., Clayton, G. W., Lipscomb, 
H.  S., Smi'th, J. D., J. Lab. Clin. Med., 1959, v53, 
830. 

3.  Givner, M. L., Rochefort, J. G., Steroids, 1965, 
v6, 4. 

4. Callard, G.  V., Callard, I. P., Leathern, J. H., 
Proc. SOC. Exp. Biol. and Med., 1965, v118, 745. 

5. Wiest, W. G., Endlocrinology, 1959, v65, 825. 
6. Eto, T., Masuda, H., Suzuki, Y., Hosi, T., Jap. 

J. Animal Reprod., 1962, v8, 34. 
7.  Siegel, S., Nonparametric Statistics for the 

Behavioral Sciences, McGraw-Hill Book Co., New 
York, 1956, p75. 

8. Docurnenta Geigy Scientific Tables, K. Diem, 
Ed., Geigy Pharmaceuticals, Ardsley, N. Y., 1962, 
p191. 

Received September 21, 1966. P.S.E.B.M., 1967, v124. 




