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SUMMARY 

A rapid, sensitive and speciEc high-pressure liquid chromatographic method 
is described for the quantitative analysis of clofibrinic acid in plasma, saliva and urine. 
In contrast to previously reported gas-liquid chromatographic methods, which 
require derivatization of clofibrinic acid before chromatography, the present method 
involves a simple two-step extraction procedure and chromatographic determination 
of the underivatized clofibrinic acid. Concentrations between 1.0 and 25.0 pg per 
sample can be measured with a coefficient of variation from 1 to 6%. 

‘: 

INTRODUCITON 

A number of methods have been reported for the analysis of clofibrinic acid, the 
active metabolite of the hypolipidaemic drug clofibrate, in plasma and urine (Table I). 
The most widely used method has been a spectrophotometric assay1*2 that involves 
solvent extraction of cloEbrinic acid from acidified plasma or urine, and subsequent 
measurement of the ultraviolet absorbance>t 226 nm. Although this method is rapid 
and convenient, it suffers from the lack of specificity inherent in spectrophotometric 
assays. 

Several gas-liquid cbromatographic (GLC) methods have been described for 
the determination of clofibrinic acid. Some of these methods have time-consuming 
preparative steps before GLC, such as column3 or thin-layer chromatography4*5: 
another involves several extraction step@. Such techniques of sample preparation are 
time-consuming and render these methods unsuitable for use with lacge numbers of 
samples. Four additional. GLC methods - ’ lo have a number of common features; 

* To wh&n correspondence should be addressed, 
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TAlkE I 
COMPARISON OF METHODS OF ANALYSIS FOR CLOFIBRINIC ACID IN BIOLOGKCAL 
FLUIDS 

References AnaI_vticaI tnerhod San&e Sensitivity Repro&cibiIity Comnxwts 
(!Wll~~U (coeficient of 

variation) 

197. 

3 

Spectrophotometric 

Column ckuomato- 
gra&y-GLC 

PlaSmZ%, 
urine 
!2tXU~ 

Not given 

Not given 

4 

5 

Thin-layer 
chromatography- 
GLC 
Thin-layer 
chromatography- 
GLC 

Plasma, 
urine, 
bile, faeces 
Plasma 

_. 

0.1 

Not given 

6 GLC Plasma 1 

7 GLCZ Serum Not given 
8 GLC Plasma 0.25 

9 GLC 

IO GLC 

11 GLC 

This paper HPLC 

Plasma, 
urine 
Plasma, 
urine 
Plasma, 
urine 

Plasma, 
urine, 
saliva 

0.5 

Not given 

Not given 

6.4 % (Replicates 
between 53.68 
and 322 pg/ml) 
Not given 
(correlation 
coefficient 0.999 
for calibration 
curve) 
4.8 % (replicates 
at 2.5, 10.1 and 
50.5 yg/ml) 

Nat given 
Not given 
(correlation 
coelikient 0.999 
for calibration 
curve) 
9x** 

10 % (Replicates 
at 1 Fig/ml) 
3.0% 
(Calibration 
curves of lo-200 
flg/rnl from 
plasma and 
urina 
4.9 % 
(Calibration 
curves of 1-25 
/‘g/sample from 
plasma, urine 
and saliva 

Lacks 
specificity 
Few details; 
prior 
chromatography 
Prior thin-layer 
chromatography 

No internal 
standard; 
prior thin-layer 
chromatography 

Multiple 
extractions; 
diazomethane 
used”‘ 
Few details 
Diazomethane 
used”’ 

Time consuming 

Diazomethane 
used”’ 
Two-step 
extraction 

Two-step 
extraction 
without 
derivatization 

-_- 
l AI1 the GLC methods include a derivatization step. 

** Quoted in ref. 11. 
*** See Results and discussion. 

each involves solvent extraction, evaporation and derivatization before GLC_ The 

most recently reported GLC method” appears to be rapid and convenient. 
This paper reports the application of high-pressure liquid chromatography 

(HPLC) to the analysis of clofibrinic acid in plasma, saliva and urine. The method 



HPLC OF CLOFIBRINIC ACID 147 

is rapid, specific, sensitive and accurate, and, in contrast to GLC methods, does not 
involve derivatization. 

EXPERIMENTAL 

Reagents and materials 
Clofibrinic acid [2+-chlorophenoxy)-2-methylpropionic acid] was a gift from 

Ayerst Laboratories (Montreal, Canada) and 2-(4-chloro-3-methylphenoxy)-2-methyl- 
propionic acid, the internal standard, was a gift from Astra Pharmaceuticals 
(SSdertilja, Sweden). The acetonitrile was of “distilled in glass” quality and was 
purchased from Burdick & Jackson Labs. (Muskegon, Mich., U.S.A.); all other 
solvents and reagents were of reagent grade. 

Sampie preparation 
A schematic representation of the procedure is shown in Fig. 1. Plasma 

(0.1-l .O ml), saliva (1.0 ml) or urine diluted 1 :lOO with distilled water (1.0 ml), is 
placed in a PTFE-lined screw-capped culture tube, and 100 ~1 of internal standard 
solution (containing 6.7 ~g of the internal standard), 0.5 ml of 0.5 N sulphuric acid 
and 5 ml of toluene are added. The samples are extracted by mixing (using a Lab- 
quake@ automatic shaker) for 10 min, followed by centrifugation at 1200 8 for 
10 min to separate the organic and aqueous phases. The lower aqueous phase is 
frozen by immersing the tube in a dry ice-acetone bath, and the organic phase is 
poured into another tube, which has an elongated cone (capacity approx. 50~1) at 
its base. Then 50 ,ul of 0.2 N NaOH are added, and the mixture is extracted on a 
Vortex mixer for 2 min. After brief centrifugation, the aqueous phase is drawn into 
a syringe that already contains 10 ~1 of a solution of 5% glacial acetic acid in water, 
and this mixture is injected into the chromatograph. 

For the analysis of the glucuronide conjugate of clofibrinic acid in urine, 5 ml 

Add: internal standard 
sulfuric acid 
toluene 

Shake. centrifuge. and freeze 

I I 

Add: sodium hydmxide 
Mix and centrifuge 

Sample thmugh toluene 
Neutralize with 

Fig. 1. Flow diagram of sample preparation. 
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of 6 N hydrochloric acid were added to each sample, and the solutions were heated 
at 98” for 30 min before the extraction_ The samples were then cooled and analysed 
as described above, except that the addition of dilute sulfuric acid in the first step 
was omitted. 

ChromatogiQphy 
A Varian (model 8500) high-pressure liquid chromatograph fitted with a 

Varian MicroPak CH-10 reverse-phase column (25 cm x 6.3 mm 0-D. x 2.2 mm 
I.D.) was used for the analysis. The absorbance was measured at 235 nm, with 0.5 
absorbance unit full-scale deffection and a slit width of 2 run, using a Varian Variscan 
Variable-wavelength spectrophotometer. One pump of the dual-pump gradient- 
elution chromatograph contained acetonitrile and the other O.S”A acetic acid in 
distilled water; an isocratic 42% acetonitrile mixture of the two solvents was used. 
With a dual-pump chromatograph, it was convenient to use two pumps operating 
under isocratic conditions. However, an acceptable alternative was to use the desired 
mixture of the two solvents in a single pump. The flow-rate of the solvent mixture 
was 70 ml/h with a column-input pressure of 197 atm (2900 p.s.i.). Chromatograms 
were recorded on a Varian A-25 duaLpen recorder with O-50 and O-200 mV spans. 

Calibrafion and accuracy 

Calibration curves were constructed by adding known amounts of clofibrinic 
acid and internal standard to control plasma, saliva or urine. The peak-height ratio 
of clofibrinic acid to intemaI standard was plotted against the amount of clofibrinic 
acid added. In order to calibrate the method and determine its accuracy for each 
batch of unknown samples, standards of 1, 2, 5, IO, 15, 20 and 25 ,~g of clofibrinic 
acid were added to the control samples, which were assayed concurrentIy with the 
unknown samples. The peak-height ratio of each standard was divided by the amount 
of clofibrinic acid added to give normaIized peak-hei&t ratios- The mean normalized 
peak-height ratio was used to calculate the amount of clofibrinic acid in unknown 
samples, and the standard deviation of the normalized peak-height ratios was used 
to determine the accuracy of the method over the range of clofibrinic acid standards 
employed_ The reproducibility of the method was also studied by submitting replicate 
plasma samples containing 1 , 5, 10 and 20 ,U,O of clofibrinic acid to the entire pro- 
cedure. The effect of sample size on the method was investigated by adding 10 ,ug 
of clofibrinic acid to tubes containing different volumes of plasma (between 0.1 and 
1.0 ml), which were then assayed for clofibrinic acid. The volumes of the intemal- 
standard solution, sulphuric acid and toluene were kept constant. 

To estimate the recovery for the analytical procedure, five control-plasma 
samples with 10 lug of clofibrinic acid added were analysed, and the mean height of 
the clofibrinic acid peaks was compared to the mean height of five peaks obtained by 
Grjecting IO pg of clofibrinic acid directly into the chromatograph. 

Application of the method to measure plasma and sali17a concentrations 
A healthy male volunteer received five doses of I g of clofibrate (2 capsules of 

Atromid-S@, Ayerst) every 12 h for 3 days. Samples of venous blood and saliva were 
collected at 0, 1, 2, 4, 6, 8, 13, 24 and 28 h after administration of the fifth and last 
dose. The blood (5 ml) was collected in- heparinized Venojecto tubes, and, after cen- 
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trifugation, the plasma was transferred to glass containers, which were stored at 
- 15” until analyzed. 

Saliva samples were obtained by having the subject chew on a small PTFE 
disc; all the saliva produced during approx. 4 min just before blood sampling was 
collected in a glass vial. The saliva samples were immediately frozen and stored at 
-15’ until analyzed_ 

RESULTS AND DISCUSSION 

In order to be sufficiently volatile for GLC determination, clofibrinic acid 
must be derivatized, usually by methyl esterification of the carboxyl group. Methods 
of derivatization in which hydrochloric acid-methanol4 or boron trifluoride-methanol’ 
is used are time consuming, and other methods involve use of toxic and unstable 
reagents such as ethereal solutions of diazomethane 6*8*10_ The use of HPLC allows 
the determination of underivatized clofibrinic acid, thus shortening the sample 
preparation and avoiding use of toxic reagents. 

The use of a reverse-phase column permits direct injection of an aqueous 
solution of the sample on to the column. Because of this, a simple procedure for 
sample preparation can be used (Fi g. l), which selectively extracts and concentrates 
acidic compounds_ Such a technique is both more rapid and more selective than are 
those involving evaporation of solvent_ The efficiency of this method of extraction is 
also high, as shown by the observation that 82 % f 8 % (SD.) of the clofibrinic acid 
added to plasma was actually injected into the chromatograph (see Experimental). 

In order to achieve efficient separation of compounds with ionizable functions 
on reverse-phase columns, either the ionization must be suppressed, or a large 
counter-ion must be added and the compounds of interest chromatographed as 
ion-pairs”. For carboxylic acids such as clofibrinic acid, it is convenient to suppress 
ionization by adding acetic acid to the solvent. Acetic acid has appreciable ultraviolet 
absorbance, and therefore it would be desirable to keep its concentration low in 
order to reduce background absorbance and thus achieve a high signal-to-noise ratio. 
However, the need for rapid neutralization of the aqueous sodium hydroxide solution 
that is injected on to the column with each sample requires the use of an adequate 
amount of acetic acid. Failure to neutralize the sodium hydroxide gives rise to peak 
tailing and double peaks and results in deterioration of the column. For these reasons, 
the sodium hydroxide solution containing the sample is neutralized before injection 
on to the column, by drawing the sample into a syringe that contains 10 ~1 of aqueous 
5% acetic acid. 

Although clofibrinic acid has an absorption peak at 226 nm1s2, the absorbance 
is measured at 235 nm in this method. This is because of the high background ab- 
sorbance encountered at lower wavelengths, primarily a function of the acetic acid 
concentration. Since it is necessary to suppress the ionization of the clofibrinic acid 
with an acetic acid concentration in the eluting solvent mixture of about O-3%, this 
wavelength was chosen as a compromise between sensitivity and the need to reduce 
the background absorbance. At 235 nm, good reproducibility is still a’ttainahle with 
1 pg of clofibrinic acid, and concentrations as low as 0.5 pg/ml can be measured. 

None of the plasma, saliva or urine control samples showed peaks interfering 
with the peaks of clofibrinic acid or the internal standard (Fig. 2a); a typical chro- 
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Fig. 2. Chromatograms of (a) control plasma and (b) plasma containing 5.0,xg of clofibrinic acid and 
the internal standard. The marks on the chromatograms correspond to the retention times of clofibrinic 

. acid (2.10 min) and the internal standard (3.15 min). In order to improve visual clarity, only one 
tracing of the dual pen recorder is shown. 

matogram for a plasma sample is shown in Fig. 2b. With the chromatographic con- 
ditions previously described, the retention times for clofibrinic acid and the internal 

standard are 2.10 and 3.15 min, respectively, allowing a sample injection to be made 
approximately every 5 min. 

Estimates of accuracy for the method are shown in Table II. The average 
normalized peak-height ratio obtained from calibration curves from plasma, saliva 

TABLE II 

ESTIMATES OF ACCURACY FOR THE METHOD 

Biological Juid Concentration, 
pgjsanrple 

Number of Mean Coeficieot 
samples normalized of variatiun, 

peak-heighr % 
ratio 

Calibration curve data 
Plasma 
Plasma 
Saliva 
Urine (untreated) 
Urine (acid hydrolysis) 

I-25 
1-25 
l-2.5 
1-25 
l-25 

Reproducibility at a given conceotration 
Plasma 1 
PIaSnXl 5 
PlaSmEi 10 
Plasma 20 

7 
3 
5 
5 

0.19935 2.9 
0.19102 5.0 
0.21027 6.3 
0.20114 4.8 
0.18763 5.4 

Average : 0.19788 4.9 

0.21764 5.5 
0.20048 1.9 

0.19532 LA 
0.21475 0.7 

Average: 0.20705 2.4 
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and urine had a mean coefficient of Variation of 4.9 o/0 for 5 such calibration curves.‘ 
This estimate of accuracy covers the entire range of the assay procedure, from 1 to 
25 pg of clofibrinic acid per sample. Reproducibility studies on replicates containing 
1, 5, 10 or 20 pg of clofibrinic acid per sample had a mean coefficient of variation of 
2.4% (Table II)_ As it may be necessary to use variable volumes of plasma for 
clofibrinic acid measurements, the effect of plasma volume on the peak-height ratio 
of clofibrinic acid to internal standard was examined; the peak-height ratios were 
independent of the volume of plasma used between 0.1 and 1 .O ml. 

Clofibrinic acid is excreted in the urine, some’?O-95 % of the dose being excreted as 
a glucuronide, and the rest as unconjugated acid 8s9,13. On a typical dose regimen of 
2 g per day, and assuming a daily urine output of 1-2 1. the total concentration in the 
urine is of the order of l-2 mglml. By using 1 ml of 1: 100 dilution of urine, the con- 
centrations of both the unconjugated (untreated sample) and the conjugated clo- 
fibrinic acid (acid hydrolysed) in the urine fall within the concentration range of the 
analysis. 

Application of thk method to determination of clofibrinic acid in plasma and 
saliva from a healthy male volunteer is demonstrated in Fig. 3. Although the con- 
centrations in saliva are only about I oA of those in plasma, the method is able to 
measure clofibrinic acid in both body fluids in a subject receiving a commonly 
employed dosing regimen. These results suggest the potential usefulness ‘@f saliva 
analysis for monitoring clofibrinic acid concentrations in patients. 

+ 

The method described here for the quantitative determination of clofibrinic 
acid in plasma, saliva and urine by HPLC has the advantage over most other pub- 
lished methods of being simple and rapid (TabIe I). By using the techniques described, 
40-50 samples can easily be assayed in a day. The sample preparation is a simple 

TIME AFTER LAST DOSE !h) 

Fig. 3. Semi-logarithmic plot of plasma (@) and saliva (3) concentrations of clofibrinic acid in a 
heaithy voiunteer after the last dose of a multiple-closing regimen of 2 g of clofibrate per day. 
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two-stage procedure (Fig. l), which does not require the prior chromatographic 
preparation3-s or multiple extractions6 described in published GLC methods (Table I). 
The use of a reverse-phase HPLC system permits the determination of underivatized 
clofibrinic acid and the internal standard and allows a simple method of sample 
preparation. Of the previously published methods, only the GLC analysis described 
by Gugler and Jensen” offers simiIar advantages of convenience (Table I)_ However, 
the present HPLC method offers a simpler approach to the analysis of clofibrinic 
acid than GLC methods by eliminating the need to form volatiIe derivatives before 
chromatographic separation. 

ACKNOWLEDGEMENT 

This study was supported in part by grants NIH-NIGMS GM-22209 and NIH 
PPG No. l-POl-HL-15833. 

REFERENCES 

1 J. M. Thorp (Imperial Chemical Industries, Pharmaceuticals Div., Macclestiefd), personal com- 
munication, 1963. 

2 A. M. Barrett and J. M. Thor-p, Br. J. Pharrnacoi. Cheruother., 32 (1968) 381. 
? 

3 M. G. Homing, R. M. Herbert, R_ J. Roth, D. L. Davis, E. C. Homing, E_ P_ Fischer and G. L. 
Jordan, Lipids, 7 (1972) 114. 

4 A. Sedaghat, H. Nakamura and E. H. Ahrens, J. Lipid Res., 15 (1974) 352, _-_ 
5 W. G. Crouthamel and R. J. Cenedella, Pharmacology, 13 (1975) 465. 
6 A. Berlin, J. Pharnz. Pharmacoi., 27 (1975) 54. 
7 E. M. Faed and E. G. McQueen, Phartnaco[ogy, 12 (1974) 144. 
8 G. Houin, J. J. Thebault, P. d’Athis, J.-P. Tillement and J.-L. Beaumont, Em-_ J. Cfin. Pharmaco~., 

8 (1975) 433. 
9 R. Gugler, D. W. Shoeman, D. H. Huffman, J. B. Cohlmia and D. L. Azamoff, J. Clin. Invest., 

55 (1975) 1182. 
10 T. C. Cuong and A. Tuong, J. Chronrarogr., 106 (1975) 97. 
11 R. Gugler and C. Jensen, J. Chromatogr., 117 (1976) 175. 
12 P. J. Meffin, S. R. Harapat and D. C. Harrison, J. Chromarogr., 132 (1977) 503. 
13 J. M. Thor-p, Lancez, i (1963) 1313. 


