
normal alkanes from C,12 to C14, pro- 
portionately greater accommodation 
greatly reduces the distribution coeffi- 
cients so; that the hydrocarbon in the 
gas phase cannot be detected by this 
method. 

This proposed reduction in the dis- 
tribution coefficient is supported by data 
derived from measurement of the activi- 
ties of K+ and Na+ in soap solutions (7). 
Constant values of activity coefficients 
for these cations were observed up to 
the critical micelle concentrations; 
above the critical micelle concentra- 
tions, a marked reduction in the activity 
coefficients occurred with constant cat- 
ion concentrations. 

Solubilities of the alkane hydro- 
carbons which are gases at 25?C and 
atmospheric pressure were measured at 
a pressure of 1 atm (2). Multiplication 
of this measured solubility at 1 atm by 
the vapor pressure of the hydrocarbon 
at 25?C gives a calculated solubility 
value for each normally gaseous hydro- 
carbon. The vapor pressures at 25?C 
and calculated solubilities are: C1, 289 
atm, 7060 ppm; C2, 38.5 atm, 2320 
ppm; C3, 9.34 atm, 583 ppm; and C4, 
2.35 atm, 147 ppm. Although the criti- 
cal point for methane is less than 25?C, 
an assumed vapor pressure of 289 atm 
is obtained by extrapolating the plot of 
P? against 1/ T through the critical point 
(8). A curve in which these calculated 
solubilities for the alkanes from C1 to 
C4 and the measured solubilities for the 
alkanes from C5 to C1o (liquid at 25?C) 
are plotted against carbon number 
shows a remarkably constant propor- 
tionate decrease in solubility with in- 
creasing carbon number (Fig. 1). 

Figure 1 also shows values for the 
solubilities of normal alkanes reported 
by other investigators. From C,;2 on, the 
normal alkanes are accommodated in 
water in increasingly higher concentra- 
tions than anticipated from extrapola- 
tion of solubility measurements of al- 
kanes from C1 to C10. It appears that 
a change from a state of true solubility 
to one of accommodation occurs at C11. 
Baker (6) attributes this higher accom- 
modation to intermolecular association, 
which gives rise to clusters or aggregates 
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parable to the micelles formed in dilute 
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tween normal C1o and C,2 alkanes, as 
indicated by measurements of Franks 
(3) and as predicted by extrapolation of 
the data of McAuliffe (2) and Baker 
(6). 

Peake and Hodgson (4, 5) generally 
found a very much higher accommoda- 
tion of normal alkanes from C,12 tol C28 
in water than did other investigators 
(Fig. 1). Filtration of the aqueous al- 
kane solutions greatly reduces the hy- 
drocarbon concentrations. 

Because of its high sensitivity, this 
gas equilibration method is excellent for 
the determination of low concentrations 
in aqueous media of dissolved alkane 
hydrocarbons having between one and 
ten carbon atoms. The technique per- 
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We have described the purification 
and properties of a prostaglandin dehy- 
drogenase [nicotinamide-adenine dinu- 
cleotide (NAD+)-15-hydroxyprostanoate 
oxidoreductase] from swine lung (1). 
This enzyme catalyzes the oxidation of 
the secondary alcohol group at carbon- 
15 to a ketone in all known prosta- 
glandins with exception of those con- 
taining the dienone structure absorbing 
at 278 nm (that is, prostaglandin B com- 
pounds and their 19-hydroxylated ana- 
logs). The specificity appears to be con- 
fined exclusively to the prostaglandins 
since none of a variety of hydroxy com- 
pounds occurring endogenously were 
substrates for the enzyme (1). 

Since the equilibrium favors oxida- 
tion of the prostaglandin, the enzyme ap- 
peared suitable for an enzymatic assay 
based on measurement of the reduced 
pyridine nucleotide. Such a method 
would combine the selectivity of the 
enzyme with the high sensitivity at- 
tainable with fluorometric measurements 
of pyridine nucleotides. We now de- 
scribe the enzymatic fluorometric analy- 
sis of prostaglandins and show that 
amounts as low as 10-12 mole (0.35 ng) 
can be measured. 

Two types of assay were used. In 
the range of 10-10 to 10-8 mole of 
substrate, the native fluorescence of the 
stoichiometrically formed reduced NAD 
(NADH) was measured. The measure- 
ment of prostaglandin E1 (PGE1) with 
the direct method is shown in Fig. 1. 
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For higher sensitivity, the reaction 
catalyzed by prostaglandin dehydro- 
genase (PGDH) was coupled to an 
enzymatic cycling system (Fig. 2). In 
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Fig. 1. Enzymatic analysis of PGE1 by 
the native fluorescence of NADH. The 
PGE1 was incubated at room temperature 
for 30 minutes in 0.05M tris buffer (pH 
9.0), 1 mM Cleland's reagent, 1 mM 
NAD+, and enough enzyme to oxidize 
10-'? mole of PGE, per minute at 25?C 
(0.1 milliunit). Incubation was carried out 
in 100 zA at 25?C. The native fluorescence 
of NADH was read in microcuvettes in 
the Farrand model A2 fluorometer. The 
reagent blank was equivalent to 6 X 10-7M 
NADH. 
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Prostaglandins: Enzymatic Analysis 

Abstract. By means of a specific nicotinamide-adenine dinucleotide-dependent 
prostaglandin dehydrogenase from swine lung, an enzymatic method has been 
developed for the assay of prostaglandins. The method permits analysis with a 
lower limit of 10-12 mole of prostaglandin. 
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Fig. 2. Principles for the enzymatic assay 
pyridine nucleotides. 

cycling systems, pyridine nucleotides are 
used as cofactors to a pair of dehydro- 
genases, so that the pyridine nucleotides 
are oxidized by one enzyme and reduced 
by the other in a cyclic process (Fig. 2). 
If suitable experimental conditions are 
chosen, the cycling factor can be varied 
from a few hundred to about 10,000 
in 1 hour. We have modified the origi- 
nal method (2) so that glyceraldehyde- 
3-phosphate dehydrogenase (GAPDH) 
instead of lactate dehydrogenase (LDH) 

+ NADH + NH4 

I1 
Fluorometry 

of prostaglandins by enzymatic cycling of 

is used in the cycling system with 
NADH. The enzyme GAPDH has 
more favorable kinetic properties than 
LDH, and cycling is therefore linear 
over a wider concentration range of 
pyridine nucleotides. With a cycling fac- 
tor of 1000, every molecule of NADH 
added from the first reaction generates 
1000 molecules each of 3-phospho-glyc- 
erate and glutamate. In the last step (in- 
dicator reaction), the amount of gluta- 
mate is measured by the addition of 

""" / Fig. 3. Measurement of PGE1 by prosta- 
glandin dehydrogenase and enzymatic cy- 
cling of pyridine nucleotides. The PGE1 
or NADH was incubated in 6 1d of 0.1M 
tris buffer (pH 8.0) containing 0.03 per- 
cent bovine serum albumin, 2 mM mercap- 

5 MADH / toethanol, 0.2 mM NAD+, and 0.05 milli- 
)! / / unit of PGDH (step 1, Fig. 2). After 40 

minutes at 37?C, 1 1l of IN NaOH was 
100 added, and the tubes were heated at 60?C 

E f / for 20 minutes. A portion (4.9 ul) from 
o / / each tube was added to 50 ul of the cy- 
? / /- cling reagent (step 2, Fig. 2), which was 
1 / X -.^PGE1 composed of 0.1 mM sodium arsenate, 5 

mM glyceraldehyde-3-phosphate, 5 mM 
/ / -ketoglutarate, 0.3 mM adenosine diphos- 
phate (ADP), 10 mM ethylenediaminetetra- 
acetate, 5 mM mercaptoethanol, 0.02 per- 
cent bovine serum albumin, 5 mM am- 

o 20 330 monium acetate, 50 ug/ml of glutamate 
dehydrogenase (GDH), and NADI-free 

Amounts of NADH or PGE, added (x102 mole) glyceraldehyde-phosphate dehydrogenase 
(GAPDH) from yeast (Boehringer, Ingelheim, Germany). After cycling for 60 minutes 
at 37?C, the reaction was stopped by addition of 5 ,d of 5N HC1 (3) and by boiling 
for 2 minutes. Then 1 ml of glutamate assay reaction mixture was added (step 3, 
Fig. 2). The composition of this was 0.2M hydrazine buffer (pH 9.0), 1 mM NAD+, 
3.5 mM ADP, and 30 ,tg of GDH per milliliter. After 1 hour at room temperature 
,he fluorescence was read. The overall blank was equivalent to 0.6 X 10-1 mole of 
NADH. The cycling factor was 1.100. 
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NAD+ and glutamic dehydrogenase 
(GDH). The NADH fluorescence is 
measured after the reaction has gone to 
completion. The results of an experiment 
where PGE1 in amounts of 1.3 X 10-12 
to 2.7 X 10-11 mole/liter was mea- 
sured is shown in Fig. 3. All samples, 
as well as controls containing NADH 
but not prostaglandin, were carried 
through the procedure in duplicate. 
There was a linear relation between 
the fluorescence and the amount of 
added NADH or PGE1. The recovery 
of PGE1, as compared to standardized 
NADH recovery, was usually about 80 
percent. This indicates that the prosta- 
glandin is not completely oxidized. 

Experimentally, prostaglandins are 
released into the blood or perfusion 
medium either spontaneously or in re- 
sponse to drugs or nerve stimulation (4). 
The concentrations of prostaglandin in 
these fluids and in tissues are likely to 
be in the range of 10-10 to 10-8 mole/ 
liter. Moreover, they are present togeth- 
er with large amounts of other biologi- 
cally active substances. A prerequisite 
for a method for the analysis of prosta- 
glandins in physiological amounts is 
therefore high specificity and sensitivity. 
The use of the enzymatic method for 
the assay of prostaglandins, coupled with 
a suitable chromatographic procedure to 
separate individual prostaglandins, makes 
it possible for positive identification as 
well as quantitative measurement in the 
nanogram range to be made in the 
same analysis. 
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