
occurred by mere storage of synthetic 
A9THC, dissolved in cyclohexane, for 
several months in the frozen state. The 
absence of the A8THC band in our 
chromatograms of smoke condensates 
supports the finding of Claussen and 
Korte (10) and of Lerner and Zeffert 
(11) that isomerization of A9THC into 
A8THC occurs only to a very small 
extent under smoking conditions. 

Extracts of thyme, oregano, sage, 
rosemary, clove, caraway seeds, alfalfa, 
tobacco, menthol, green tea, and rhu- 
barb leaves were chromatographed 
because these substances reportedly 
have been used to dilute or substitute 
for marihuana (4). Thyme, clove, 
oregano, and thymol each formed a 
single band which migrated about 20 
mm. These bands did not mask those 
of cannabinoids, alter migration, or 
interfere with identification when mixed 
with the synthetic standards. The other 
extracts in this group did not produce 
detectable bands. 

It is expected that, in addition to its 
value for qualitative work, the tech- 
nique described will be useful for puri- 
fication of components for structural 
analysis by other methods. 
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Little information is available on 
urinary metabolites of ascorbic acid in 
man. Oxalate has been identified (1). 
The only other known excretion prod- 
uct is ascorbate itself. In this report, 
we describe the identification of ascor- 
bate-3-sulfate in urine of human sub- 
jects with scurvy (2). 

Male volunteers fed a diet deficient 
in ascorbic acid were given [1-14C, 
4-3H]ascorbate (2). Urine from these 
subjects was fractionated into a lead 
acetate precipitate at pH 4 and pH 8, 
and a soluble (S) fraction. The pres- 
ence of both 14C and 3H in each frac- 
tion indicated a variety of labeled 
metabolites. The percentage of 14C in 
the S fraction was markedly lower at 
the 9th week for one subject with signs 
of severe scurvy at that time. A quali- 
tative correlation between the degree 
of scurvy and the percentage of 14C in 
the S fraction was observed in all five 
subjects in this study (2). 

The S fractions were examined by 
electrophoresis in a 0.05M ammonium 
acetate buffer (pH 5.8). The major 
component in this fraction proved to 
have an electrophoretic mobility 
slightly less than picrate (Rpicrate-- 
0.78) and a ratio of 14C to 3H the 
same as that of the administered labeled 
ascorbate. These properties show that 
this metabolite was a strong acid in 
which the carbon chain was almost 
certainly intact. Furthermore, the com- 
pound must have had an unusual 
stability since the urine samples, stored 
in frozen acidified solution, were al- 
most 2 years old at the time of analysis. 

Experiments were undertaken to 
show whether the metabolite was 
ascorbate sulfate, such as has been 
described by Mead and Finamore for 
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brine shrimp cysts (3) and synthesized 
by Chu and Slaunwhite (4). Ascorbate- 
3-sulfate was synthesized by a varia- 
tion of their method and purified by 
barium salt precipitation and chroma- 
tography on a diethylaminoethyl 
(DEAE) cellulose-sulfate ion exchange 
column eluted with a linear gradient 
of dilute sulfuric acid. This procedure 
permits separation of the several 
ascorbate monosulfates. The reference 

Table 1. Cochromatography of synthetic and 
urinary ascorbate-3-sulfate. The composition 
of solvent systems was as follows; all n-o- 
portions are by volume. Pabst III: 0.1M 
potassium phosphate buffer (pH 6.8), am- 
monium sulfate, and 1-propanol (10: 6: 2), 
ascending paper; BAW: 1-butanol, acetic acid, 
and water (5:2:3 or 6:4:3), descending 
paper; AFI: 0.04M ammonium formate buf- 
fer (pH 4.3) and 2-propanol (6: 4), ascending 
thin layer chromatography (TLC); EAW: 
ethylacetate, acetic acid, and water (6:3:2 
or 5:2:3), ascending TLC; CMW: chloro- 
form, methanol, and water (65: 25: 4), as- 
cending TLC; ABW: acetonitrile, butyro-i- 
trile, and water (66: 33 : 2), ascending TLC; 
EPW: ethylacetate, pyridine, and water (8: 
2:1), ascending TLC; BB: methylethylke- 
tone, acetic acid, and saturated boric acid 
(9: 1: 1), ascending TLC. 

RF 
Absorbent Solvent Syn- Uri 

thetic nary 

Whatman 
No. 1 paper Pabst III 0.89 0.90 

Whatman 
No. 1 paper BAW .52 .54 

Bakerflex 
cellulose AFI .65 .64 

Bakerflex 
cellulose EAW .39 .39 

Sili-a gel H ABW .0 .0 
Sili-a gel H EPW .0 .0 
Sili-a gel H BB .0 .0 
Silica gel H BAW .25 .28 
Sili a gel H CMW .0 .0 
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Ascorbate Sulfate: A Urinary Metabolite 
of Ascorbic Acid in Man 

Abstract. Ascorbate-3-sulfate is a significant metabolite of ascorbic acid ex- 
creted in human urine. The characteristics of this compound were determined 
in experiments in which labeling with carbon-14 and tritium was used coupled 
with cochromatography with synthetic ascorbate-3-sulfate (both labeled and not 
labeled with sulfur-35) in a variety of solvent and absorbent systems. 

Ascorbate Sulfate: A Urinary Metabolite 
of Ascorbic Acid in Man 

Abstract. Ascorbate-3-sulfate is a significant metabolite of ascorbic acid ex- 
creted in human urine. The characteristics of this compound were determined 
in experiments in which labeling with carbon-14 and tritium was used coupled 
with cochromatography with synthetic ascorbate-3-sulfate (both labeled and not 
labeled with sulfur-35) in a variety of solvent and absorbent systems. 



material used in this study corresponded 
to the major monosulfate product of 
synthesis blocked at positions 5 and 6; 
on the basis of chemical tests this 
product should have a sulfate at posi- 
tion 3. Reactivity of this compound to 
agents that oxidize ascorbate and to 
the ferric chloride test indicated a 
blocked position 3 on the ascorbate 
sulfate. Preliminary 13C nuclear mag- 
netic resonance showed the product 
was not substituted on positions 5 or 
6 and indicated probable substitution 
at position 3. Because structural study 
is not complete, unambiguous assign- 
ment of structure is not possible. On 
the basis of the experimental evidence 
given above, the compound is pre- 
sumed to be ascorbate-3-sulfate. 

After addition of synthetic carrier 
ascorbate-3-sulfate, radioactive material 
in the S fraction was fractionated by 
chromatography on a Dowex-1 formate 
column eluted with a linear gradient 
system of formate and formic acid as 
described by Mead and Finamore (3). 
The major radioactive component was 
doubly labeled with the same ratio of 
14C to 3H as the ingested ascorbate. 
This fraction had a maximum absorb- 
ancy at 254 nm in alkaline or neutral 
solution corresponding to the values 
given by Mead and Finamore for 
ascorbate sulfate in brine shrimp cysts. 
The materials in this formate fraction 
and the original S fraction were then 
cochromatographed against chemically 
synthesized ascorbate-3-sulfate in the 
systems listed in Table 1. In all cases, 
correspondence of a positive iodine 
vapor reaction was observed for this 
metabolite of ascorbic acid and the 
synthetic ascorbate-3-sulfate. 

Direct column chromatography on 
DEAE cellulose of both freshly voided 
urine and the S fraction of urine from 
normal adult males showed a substance 
that absorbs ultraviolet light and that 
is eluted by the sulfuric acid linear 
gradient at the position corresponding 
to synthetic ascorbate-3-sulfate. When 
the S fraction from normal male urine 
was cochromatographed on DEAE 
cellulose with ascorbate-3-[35S]sulfate, 
there was exact coincidence at the 
position of the ascorbate-3-sulfate be- 
tween the 35S radioactivity and the 
urinary material that absorbs ultra- 
violet light. 

Under conditions of high intake of 
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Under conditions of high intake of 
ascorbate in man (100 or more milli- 
grams per day) much ingested ascor- 
bate is excreted unchanged (2). The 
rapid decomposition of free ascorbic 
acid in urine makes especially difficult 
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the isolation and identification of true 
urinary metabolites. Only on a highly 
restricted intake of ascorbate can the 
essential metabolites of ascorbate be 
easily observed. Recent experiments 
with human volunteers indicate that 
this metabolism of ascorbate is about 
3 percent of the body pool per day (2). 
Fractionation of these essential metab- 
olites in human urine by means of 
the lead acetate precipitation method 
of carbohydrate chemistry shows that 
there are a variety of products some- 
what comparable to those we have re- 
cently observed in ascorbate metabolites 
excreted by the guinea pig. It seems 
likely that the metabolites precipitated 
by lead acetate at pH 4 and at pH 8 
are in part glucuronide derivatives and 
carboxylic acids formed by oxidative 
processes. The S fraction corresponds 
to about 25 percent of the total me- 
tabolites, and in it the major radio- 
active component is ascorbate-3-sul- 
fate. 

The demonstration of ascorbate-3- 
sulfate in human urine and in brine 
shrimp cysts, as well as our studies 
which show its existence in guinea pig, 
rat, and trout urine, suggests that this 
compound is a fairly ubiquitous 
metabolite of ascorbate in higher 
animal systems. The biological role of 
ascorbate sulfate is of some interest. It 
could act as a sulfate donor, as has been 
suggested by Chu and Slaunwhite (4) 
and Mumma (5). It could have a func- 
tion in transport across cellular mem- 
branes in as much as ascorbate-3-sulfate 
is a di-negative ion at physiological pH's 
and appears to interact strongly with 
metal ions. It could also be part of 
the ascorbate pool in man and animals. 
The ascorbate sulfate could also play 
a part in the transport of ascorbate 
across the blood-brain barrier and 
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Extracts of human uterine tissue in- 
activate the neurohypophyseal hormone 
oxytocin (1, 2). To clarify the underly- 
ing enzymic reactions, we have identified 
products of oxytocin digestion. We 
adapted a fractionation procedure, used 
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in the concentration of ascorbate in 
brain tissue. Hammarstrim and others 
have demonstrated that free ascorbate 
does not rapidly cross this barrier 
(6). 

This ascorbate sulfate derivative 
adds one more substance to the grow- 
ing list of compounds that suggests a 
greater biochemical role for ascorbate 
than that of a simple antioxidant. 
Blaschke and Hertting (7) have re- 
cently demonstrated 2-methylascorbate 
in the rat. Earlier, Kiss and Neukom 
(8) have suggested that 2-methylindol 
ascorbate was the ascorbigen of cab- 
bage. In addition, a variety of 2- and 
3-ascorbate derivatives have been pre- 
pared by chemical means. The pres- 
ences of a number of yet unidentified 
six-carbon metabolites in human and 
guinea pig urine indicate the complex- 
ity of essential ascorbate metabolism. 

E. M. BAKER, III 
D. C. HAMMER, S. C. MARCH 

B. M. TOLBERT, J. E. CANHAM 
U.S. Army Medical 
Research and Nutrition Laboratory, 
Fitzsimons General Hospital, 
Denver, Colorado 80240 
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in the concentration of ascorbate in 
brain tissue. Hammarstrim and others 
have demonstrated that free ascorbate 
does not rapidly cross this barrier 
(6). 

This ascorbate sulfate derivative 
adds one more substance to the grow- 
ing list of compounds that suggests a 
greater biochemical role for ascorbate 
than that of a simple antioxidant. 
Blaschke and Hertting (7) have re- 
cently demonstrated 2-methylascorbate 
in the rat. Earlier, Kiss and Neukom 
(8) have suggested that 2-methylindol 
ascorbate was the ascorbigen of cab- 
bage. In addition, a variety of 2- and 
3-ascorbate derivatives have been pre- 
pared by chemical means. The pres- 
ences of a number of yet unidentified 
six-carbon metabolites in human and 
guinea pig urine indicate the complex- 
ity of essential ascorbate metabolism. 
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tract from rats, for the partial purifica- 
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and nonpregnant women; the former at 
a time of elective caesarean section. 
We used strips of the uterine wall of 

827 

previously in studies (3) of uterine ex- 
tract from rats, for the partial purifica- 
tion of uterine extracts from pregnant 
and nonpregnant women; the former at 
a time of elective caesarean section. 
We used strips of the uterine wall of 

827 

Leucylglycinamide Released from Oxytocin by 
Human Uterine Enzyme 

Abstract. Uteri of pregnant and nonpregnant women contain enzymic activities 
which inactivate oxytocin. A potent enzyme, which has been partially purified 
from uterine homogenates, cleaves the prolyl-leucyl peptide bond of oxytocin. 
This finding associates for the first time the release of the dipeptide leucylglycina- 
mide with the degradation of neurohypophyseal hormones. 
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