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Prostaglandins (PGs) have several physiological actions at trace levels. Mul- 
tiple micro-analysis of PGs is required in clinical and experimental medicine. In order 
to analyse such PGs, high-performance liquid chromatography (HPLC) is a useful 
method. Though there have been many papers’-” on the separation and determi- 
nation of PGs by HPLC, studies in which 6-keto-PGF,., thromboxane B, (TXB,) 
and other PGs are simultaneously determined have been reported only by Turk et 
al.‘, Inayama et aZ.8 and Terragno et aL1’. None of these methods has sufficient 
sensitivity for the quantitative determination of PGs in biological materials. 

For the analysis of PGs at higher sensitivities, we attempted to determine the 
PGs labelled with a fluorescent reagent, 9-anthryldiazomethanel’ (ADAM) (Fig. l), 
which is highly reactive towards carboxyl groups without the need for a catalyst and 
which has been used for the determination of fatty acids at high sensitivity. The 
present paper describes the HPLC separation and quantitative determination of 6- 
keto-PGF,,, PGD,, PGE,, PGE2 and PGF,, esterified with ADAM. Since ADAM 
contains many impurities which interfere with the HPLC determination, the purify- 
cation of PGs esterified with ADAM (PG-ADAMs) was attempted using gel-perme- 
ation chromatography (GPC). 

EXPERIMENTAL 

Materials 
6-Keto-PGF,,, PGD,, PGE,, PGE, and PGF,, were provided by the One 

Pharmaceutical Co. (Osaka, Japan). A 1 -mg sample of each PG was dissolved in 5 ml 
ofethyl acetate and this solution was then further diluted accordingly. Solutions were 
stored in a freezer. 

ADAM was purchased from Funakoshi (Tokyo, Japan). The reagent was dis- 
solved in ethyl acetate and stored in a freezer. Solutions were used within 5 days. 

Acetonitrile for HPLC was purchased from Katayama (Osaka, Japan). Ethyl 
acetate and tetrahydrofuran for HPLC were purchased from Kanto (Tokyo, Japan)+ 

Instruments 

Gd PerfneQtim homatograp/~y. An HLC-803A high-pressure pump ~~~~~ 
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6-keto-PGF,, 

Fig. 1. Esterification of PC with 9-anthryldiazomethane (ADAM) 

Soda) was used to deliver ethyl acetate. Two columns (600 x 7.5 mm I.D.) packed 
with TSK-GEL GIOOOHS using ethyl acetate (Toyo Soda) were used in series. A 
UV-8 Model II spectrophotometer (Toyo Soda) was used to measure the absor- 

bance at 254 nm. Chromatograms were recorded on a Hitachi 056 recorder with a IO- 
mV span set at a chart speed of 5 mm/min. 

High-peFformance liquid chromatography. An HLC-803D high-pressure pump 
(Toyo Soda) was used. A column (250 x 4.6 mm I.D.) was packed with LS 410 ODS 
SIL (5 pm particle size) by the method of Yamauchi and Kumanotani”. The number 
of theoretical plates of the column was 17,900. FS-950 fluoromat (Toyo Soda) was 

used as a detector, the fluorescence being measured at 418 nm with excitation at 365 
nm. The recorder was the same as that used for GPC. The solvent system used for 
elution was acetonitrileewater (5:3). 

Procedure ,fbr sample preparation 
Each of the PG solutions was put into a 2-ml brown test tube. Ethyl acetate 

was removed with a stream of nitrogen. A portion (50 ~1) of 0.1 o/o ADAM solution 
was added to the tube which was then stoppered tightly using silicone rubber. The 
mixture was warmed to 4O”C, kept at this temperature for 30 min, cooled and then 
diluted with 70 ~1 of ethyl acetate. A loo-p1 portion of the resulting mixture was 
applied to the GPC columns. A fraction containing the PG ADA MS was dried under 
nitrogen at 4O“C using a rotary evaporator. The residue was dissolved in 180 ~1 of 
acetonitrile. A portion (50 ,ul) of the solution was analysed by HPLC. 

RESULTS AND DISCUSSION 

Ester$cation with ADA M 

The optimal volume of ADAM solution (150 ~1) with which 6-keto-PGF,, (5.6 
ng), PGD, (I .49 ng), PGE, (2.3 ng), PGE, (1.64 ng) and PGF,, (2.0 ng) were esteri- 
fied was examined. The concentrations of ADAM solution used were 0.025,0.05, 0.1 
and 0.2”, (w/v). With 0.2% ADAM solution, 6-keto-PGF,,, PGE,, PGE, and 

PGF,, were detected at the highest sensitivity. The sensitivity used for PGD, was not 
changed for all concentrations of ADAM solution. However, with a solution greater 
than 0.1 YC, the chromatogram was dirty because the baseline had risen with the 
impurities. We therefore used 50 ~1 of 0. I “/;; ADAM solution. After the reaction. 70 ~1 
of ethyl acetate was added to dilute the ADAvI solution. 

Although esterification was accelerated at higher temperatures, a little ethyl 
acetate evaporated from the reaction mixture at 50°C. The volume therefore became 
inaccurate, and the interfering peaks arising from ADAM became large. Con- 
sequently, PCs were esterified at 40°C for 30 min with 50 ~1 of 0.1 “/0 ADAM solution. 
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Fig. 2. HPLC chromatogram of an ADAM solution. The arrows (1) indicate the retention times of the PG- 
ADAMS. Sample size, 5 pl. Solvent system, acetonitrile-tetrahydrofuran-water (9:2: 11). Flow-rate, 1.0 

ml/min. 

Purtjkation qf PC-ADAMS from the reaction mixture by GPC und determination of 
PGs by HPLC 

To examine the separation of five PG--ADAMS a large quantity of PG (ea. 1 
pg) was individually esterified with a small amount of ADAM, and each reaction 
mixture was applied directly to the LS 410 ODS column. In this case, the interfering 
peaks which arose from ADAM were not so large, because of the use of the relatively 
minor amount of ADAM, and each PG-ADAM was well separated by HPLC. Thus, 
five PG- 4DA MS were separated from each other using acetonitrile-tetrahydrofuran 
water (9:2:11) as eluent. 

One tenth of the amount of ADAM which was described in “Procedure for 
sample preparation” was applied to the column under the same conditions, and the 
chromatogram which was obtained is shown in Fig. 2. If a practical-sized volume of 
ADAM was applied, the peaks of all the PG-ADAMS except PGE, overlapped those 

0-i Zb 30 40 50 60 70 80 
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Fig. 3. GPC chromatograrns of ADAM solution and the mixture of PG and ADAM solution. a (---) = 

100 ~1 of 0.025 O0 ADAM solution; b (- -) = 2.16 pg PGF,, esterified with 0.025 ‘+b ADAM. Sample 
size, SO ~1. Solvent, ethyl acetate. Flow-rate, I .O mlimin. 
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Fig. 4. Separation of P&ADAMS with an LS 410 ODS column. 6-keto-PGF,, (18 ng), PGF,, (8.5 up). 

PGE, (8 ng), PGD, (6 ng) and PGE, (8.5 ng) were esterified with 0.1 ‘/, ADAM. Solvent system, ac- 
etonitrile-water (5:3). Flow-rate, 1.0 mlimin. 

of ADAM. Therefore it was necessary to purify the PG-ADAM reaction mixture. 
The GPC chromatogram of the reaction mixture of ADAM and esterified 

PGF,, is shown in Fig. 3. All PG-ADAMS were eluted together at 30 min by GPC. 
Thus, the impurities were removed by purifying the reaction mixture using GPC. The 
peak of the PG-ADAMS could not be detected with less than 70 ng of PGs. In such a 
case, CU. 100 ng of PG was esterified and applied prior to GPC to ensure sufficient 
time to fractionate. Five PG-ADAMS, purified as mentioned above, were separated 
cleanly by HPLC during 40 min using acetonitrile-water (5:3), as eluent (Fig. 4). 

For calibration, five PGs (65-280 ng) were worked up as described above and 
the solution which was obtained was diluted accordingly. The correlation of the PG- 
ADAM peak height with the amount of PG was examined. The calibration graphs 
were straight lines passing through the origin. Quantities greater than 90 pg (injected) 
of &keto-PGF,,, 120 pg of PGE, and 30 pg of PGD,, PGE, and PGF,, were 

6-keto-PGF,, 
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Fig. 5. Calibration graphs of PG-ADAM peak height W. amount of PG. Amounts of PC applied to the LS 
410 ODS column are shown in parentheses. 
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detected and determined by the present method. Terragno et a1.l’ analysed 30 ng of 
PG utilizing a UV detector at 192.5 nm while Turk et ~1.~ analysed 20 ng of PG 
labelled with 4-bromomethyl-7-methoxycoumarin. Thus our determination method 
is advantageous for biological materials which contain small amounts of PGs. 

In addition, as an approach to actual biological materials, we examined the 
relationship of the peak height to the amount of each PG when small amounts of PGs 
(1-28 ng) were esterified. The results are shown in Fig. 5. For the cases of 6-keto- 
PGF,, (5.6-19.6 ng). PGD, (1.49-5.96 ng) and PGE, (1.64-6.5 ng), a linear relation- 
ship was observed between the peak height and the amount of PG. For PGF,, (2.16 
7.56 ng) and PGE, (2.3-8.05 ng), the relationship of the peak height to the amount 
was almost linear, the plot being gently curved. Reproducibility was observed for all 
five PGs, the standard deviation of three runs being + 1.98 mm (+0.(X-&6.2 mm). 
When6-keto-PGF,,(28ng),PGD,(9ng),PGE1 (I1 ng),PGE,(lOng)andPGF,,(lO 
ng) were esterified, the peak heights of these compounds increased suddenly. It seems 
that the efficiency of esterification increases with increasing the amount of PG. 
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