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Butler and Marrian ( 1 ) isolated pregnane- 
triol from urine of 2 women with adreno- 
genital syndrome. Bongiovanni (2) showed 
that increase in pregnanetriol was the most 
striking abnormality in urine steroid pattern 
of children with congenital adrenal hyper- 
plasia. The method for determination of 
urinary pregnanetriol as proposed by Bongio- 
vanni ( 3 )  included enzyme hydrolysis, chro- 
matography on alumina, with final determina- 
tion of pregnanetriol as sulfuric chromogen. 
This method has given us rather inconsistent 
results. Recovery experiments with authen- 
tic pregnanetriol showed that the steroid was 
partially and inconsistently destroyed by ad- 
sorption on alumina. Furthermore, when the 
method was applied to urinary extracts, ex- 
traneous material present in the eluate gave 
rise to color in sulfuric acid and interfered 
with quantitative determination of the sul- 
furic acid chromogen. 

In the modification described here, urine 
extract is chromatographed on florisil. The 
eluate containing pregnanetriol is oxidized 
with bismuthate according to the method of 
Norymbersky (43)  and the pregnanetriol 
measured as the corresponding 1 7-ketosteroid. 

Materials. All reagents were analytical 
grade and all solvents redistilled. Beef liver 
beta-glucuronidase was used for hydrolysis. 
The preparation of florisil was slightly modi- 
fied from that of Eik-Nes, Nelson and Sam- 
uels(6), in that florisil was cooled to 120°C 
and kept at this temperature. Methods. Hy-  
drolysis and Extraction. Aliquots of either 
50 or 100 ml were taken from freshly col- 
lected 24-hour urine samples. The pH was 
adjusted to 4.5 (Hydrion test paper) with 
glacial acetic acid: acetate buffer (0.5 ml('5 
ml of urine) and beta-glucuronidase (300 
units/ml) were added and urine incubated 
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a t  37°C for 48 hours. The urine was ex- 
tracted twice with equal volumes of ether and 
then discarded. The combined ether extracts 
were washed with 0.1 normal sodium hydrox- 
ide until pigment free, and with water until 
neutral, and then dried under nitrogen. 
Traces of water were removed with benzene 
and ethanol. Chromutography. A florisil 
column measuring 1 cm diameter and 8 crn 
in height and supported by small plug of 
glass wool, was prepared in benzene. The ex- 
tract was quantitatively transferred to the 
column with benzene. Slight heating was oc- 
casionally required. Elution was carried out 
using 75 ml portions of 1. 2,  and 470 of 
ethanol in benzene. The 17-ketosteroids and 
pregnanediol were eluted in the 27% fraction, 
and the pregnanetriol is contained in the 4% 
fraction, while the more polar steroids remain 
on the florisil column. -4fter chromatogra- 
phy the fraction containing pregnanetriol was 
dried under nitrogen using temperatures 
lower than 60°C. The residue was dissolved 
in 10 ml absolute ethanol from which two 4 
ml aliquots were taken. one to be oxidized 
(A), the other (B) to be dried as unoxidized 
blank for color reaction. Oxidation and color- 
imetry. The method as described by Norym- 
bersky (43)  was used to convert pregnane- 
triol to 17-ketosteroid. Sample A was dried 
and taken up in 8 ml of 50% acetic acid. One 
gram sodium bismuthate was added, followed 
by shaking in the dark for 30 minutes. Ten 
ml of 6% sodium pyrosulfate (Na2S305) 
were added and shaking continued for 15 
minutes to reduce the remaining bismuthate. 
After adding 18 cc of water. the acid solution 
was transferred to a separatory funnel, ex- 
tracted twice with ether. which was washed 
with 5% sodium hydroxide until alkaline, 
and with water until neutral. Ether was 
dried over sodium sulfate then transferred to 
50 cc tapered centrifuge tube and evaporated. 
For color development a Holtorff and Koch 
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TABLE I. Recovery of Pregnanetriol from Flori- 
sil Column. (90 pg pregnanetriol adsorbed 011 col- 

umn.) 

Recovered in 4% 
ethanol/benzene, Recovery, 

Pg % 
79 88 
77 85 
77 85 
78 86 

TABLE 111. Total Recoveries of Pregnanetriol 
( 5  Normal Subjects). 

Endogenous Added Recovery of 
Material, pregnane- pregnane- added preg- 

ml triol triol, pg nanetriol, % 

H,O, 60 90 82 

Iclejn 65 90 70 
83 90 73 
0 90 83 

15 90 83 

Crine, 50 70 90 85 
,, 
11  

>, 

(7) micromethod was used (1% metadini- 
trobenzene, 5 N aqueous KOH). The resi- 
due was taken up in 0.4 ml of metadinitro- 
benzene, 0.2 ml of alkali were added and the 
sample incubated 60 minutes in the dark. 
This procedure was carried out simultane- 
ously on the unoxidized sample (B). The 
amount of 17-ketosteroid obtained from preg- 
nanetriol was calculated by subtracting the 
Zimmermann value of sample B from that 
of sample A, using dehydroisoandrosterone as 
standard, and multiplying by the ratio of 
molecular weights 

(Molecular wt pregnanetriol) 
(Molecular wt etiocholandone) 

Results. Studies were undertaken to de- 
termine possible sources of loss of steroid: 
A. Recovery following chromatography on 
florisil column : Adequate separation of preg- 
nanetriol from steroids of similar polarity 
was determined by absorbing 2 mg each of 
1 lp - hydroxyetiocholanolone, pregnane - 3 ~ ,  
1 7 ~ ,  2 0 ~  triol-1 I, 20-dione (tetrahydro E) 
and 1 mg of pregnanetriol on the florisil col- 
umn and eluting these by the method de- 
scribed. All the Zimmermann material was 
eluted with 2% ethanol-benzene solution. No 
Porter-Silber chromogen was found in the 4% 
fraction but was eluted in 8% ethanol-ben- 
zene. In another experiment pregnanetriol as 

determined by its sulfuric acid chromogen, 
was recovered as indicated in Table I. B. 
Recovery following oxidation procedure: 
Varying amounts of crystalline pregnanetriol 
were converted to etiocholanolone by the oxi- 
dation procedure. The pregnanetriol equiva- 
lent recovered is shown in Table 11. C. To- 
tal recoveries from water and from urine are 
shown in Table 111. A series of urines from 
12 normal females, 4 normal males and one 
patient with adrenogenital syndrome was 
also examined (Table IV) . 

Conclusion. A method for determination 
of pregnenetriol is presented. The method 
seems ta be reproducible with adequate re- 
coveries and specificity. Recoveries average 
78.5%. Specificity is assured by chromato- 
graphic purification, oxidation, and deter- 
mination of pregnanetriol as ketogenic ster- 
oid. The spectrum of material from the flori- 
sil column in sulfuric acid was authentic with 
the one obtained from pure pregnanetriol 
(Fig. 1) , In the oxidized sample the Zim- 
mermanm color obtained was purple with 
distinct peak at  520 mp (Fig. 2 ) .  The un- 

TABLE IV. Excretion of Pregnanetriol from Nor- 
mal Patients 2 1  to 31 Years Old. 

Pregnanetriol Pregnanetriol 
per 24 hr, mg per 24 hr, mg 

TABLE 11. Recovery of Pregnanetriol following 
Oxidation. 

Pregnanetriol 
calculated 

from recovered 
Pregnane- etiocholano- 
triol, pg lone, pg Recovery, % 

48 44 92 
96 91 95 
28 28 100 
80 64 80 

~ ~~~ 

Kormal 9 1.5 .54 
1.3 .39 
1.3 .80 

.o 1.67 
1.1 1.01 
1.36 1.6 

Normal 8 2.4 
1.3 
1.4 
2.3 

Adreno enital 16. 
syndrfme ( 9 ) 

--- 



328 BLOOD SEROTONIN AFTER RESERPINE AND 

SULFURIC ACID SPECTRA 
440 

I 

/ \\ \ 
I \. 

I I \ 

A 
ot I I I 

350 400 450 500 
WVE LENGTH 

- 4% FRACTlON OF NORMAL MALE URINE 
--- PREGNANETRIOL STANDARD 

FT(+. I .  

osidized satnple showed brown color with the 
Zimmermann reagent and pave a linear ab- 
sorption curve. 

~ ~~ 

1. Butler, G. C., and Marrian. G. F., J .  Biol. 

2.  Bongiovanni, A. M.. Eberlein. by. R., and Cara, 

3. Bongiovanni, A. M., and Clayton, C. IV., Jr. .  

Chem., 1947, ~ 1 1 9 ,  565. 

J.. J .  Clin. Endocrinol. f7 Jfv tnb . ,  1954, 1-14, 409. 

.7 

.€ 

>. 

UJ z 
W 0 

t .! 

.4 a 
0 

Fi 

.2 

ELECTRO-SHOCK 

- AFTER OXlaATlON --- BEFORE OXlDATlffl 

520 
I 

GOOD PURPLE COLOR 

/ \  

:.%-.- BROWN COLOR - -.. 
.*. . ‘. 

60 500 550 
WAVE LENGTH 

l.’Iti. 2 .  Spectruiii of oxidized and uiiosi~lized 4% 
f ract ion following Ziiiiinernianii reartioil (normal  

iiiale urine). 

H i i l l .  Johns Hopkins Hosp., 1954, v94, 180. 

and Stubbs, R. D., Biochem. J . ,  1955, v60, 453. 

19.i.7, v60, 460. 

J .  Clin. Endocrinol. G Metab., 1953, v13. 1280. 

1040, ~ 1 3 5 ,  377. 

4. .\ppleby, J., Gibson, G., Norymberski, J. K., 

5 .  -Appleby, I., and Norymberski, J. K., ibid., 

6. Eik-Ses, K., Xelson, D. H., and Samuels, L. T., 

7 .  Holtorff, A. F., and Koch, F. C., J .  Biol. Chem., 

Received October 19, 1956. P.S.E.B.M.. 1957, v94. 

Blood 5-Hydroxytryptainine (Serotonin) Levels after Reserpine and 
Electroshock Therapy.* (22966) 

JACK I’ETEK GREEN, 3I.ATTI K.  l’AASOP\’EN, NICHOLAS J. GIARMAN 
( Lntroduced by I>. I). Bonnycastle) 

Departnzent o f  Pkariiincology, Yale Ciziwrsity School of Medicine, New Haven, Conn. 

Recent evidence appears to lend credence 
to the postulate of Gaddum( 1 )  and Woolley 
and Shaw ( 2 )  that 5-hydrosytpptsmine ( 5 -  
HT, serotonin) is involved in the function of 
the nervous system. Shore. silvt:r. and Bro- 
die have shown that animals t!-eated with the 
tranquilizing drug. reserpine. exrete large 

* Aided by grant from Nat. Institutes of Health. 
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quantities of 5-HT metabolite, S-hydroxyin- 
doleacetic acid ( 3 ) ,  and that brain and other 
body stores of such animals become depleted 
of their 5-HT(4,5). They have demon- 
strated further that this 5-HT-releasing ac- 
tivity is limited only to those Rauwolfia alk- 
aloids with tranquilizing action (6)  . 

It seemed of interest to determine blood 
levels of 5-HT in human subjects after treat- 
ment with reserpine; a t  the same time we 


