
Table 11-Potencics Computed by FDA and Lilly Procedures 
from thc Best Straight  Lines 

Five-Point Four-Point 
Line, Line 

True Including Excluding 
Concen- Reference Reference 
tration, Point Point, 

Samule d n l  FDA Li l ly  Iilly 

1 3.00 3.69 3.15 3.02 
2 6.00 7.36 6.27 6.02 
3 4.00 4.99 4.26 4.09 
4 2.75 3.40 2.90 2.79 

lieference. m m  16.79 16.12 16.12 
Mean computational error, t24 t 5  0 

Standard responses were corrected to the observed mean reference 
concentration response (“3.75” pgiml) on all standard plates. Sample 
plate responses were corrected to the theoretical reference response, the 
3.75-pg/mI point on the best straight line through the five standards as 
required by regulations (1 ).These results are given in the “FDA” column 
of Table 11. 

A second set of potencies was obtained from the same data by cor- 
recting sample zones to the observed reference as was done for standards 
and interpolating from the same straight line. These results are given in 
the “Lilly” column of Table 11. A third set of potencies was obtained by 
correcting to the observed reference and by rejecting the obviously er- 
roneous reference response when computing the best straight line. These 
results were taken as the true sample assay. 

The computational error of t2496 in the FDA procedure was caused 
by the computed reference diameter required by the CFR (1). The error 
caused hy including the  erroneous reference point in the calculation of 
the best straight line was about 5%. 

The plates for Sample 4 were incubated a t  a temperature slightly dif- 
ferent from that of the standard plates. Since each response was corrected 

to the reference concentration, this difference in temperature and the 
resultant reduction in zone diameters had no effect on the calculated 
sample potency. 

The correction procedure of Ref. 1 is without error only when the ob- 
served mean reference diameter is identical with that interpolated from 
the best straight line. Since this is an unlikely occurrence, a different 
correction scheme should be used. Correcting both standard and sample 
responses to the response observed for the reference and then calculating 
estimated potencies from the regression equation will avoid the errors 
of the CFR (1). 

Proper plate correction is o f  more than academic interest because 
computational errors as great as 40% have been reported from other 
laboratories’. Such an error was caused by using a reference about 
three-fourths as concentrated as it was thought to be. Large errors seem 
to be rare, but smaller ones are not. In one series of 40 response lines from 
16 laboratories, seven of the reference zones, including the one just 
mentioned, were obviously in error and nine other standard zones had 
errors. Except for the reference, errors were evenly distributed among 
the other four standards. Three calibration lines had two obvious errors 
in them. All of these lines were used in the laboratories reporting the 
work. 
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Abstract 0 A high-pressure liquid chromatographic method was de- 
veloped for the quantitative determination o f  feprazone, a nonsteroidal 
anti-inllammatory agent, in dit’ferent pharmaceutical formulations. The 
results agrce with those obtained with GLC and 17V spectrophotometric 
assays. 

Kcyphrases 0 High-pressure liquid chromatography-analysis, fe- 
prazone in various pharmaceutical formulations 0 Feprazone-analysis, 
high-pressure liquid chromatography, various pharmaceutical formu- 
lations o Analgesics-feprazone, analysis in various pharmaceutical 
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Fe p r a zon e ( 4 - p r e n y 1 - 1,2 - d i p he n y 1 - 3,5 - p y r azol i d i ne - 
dione) is a nonsteroidal analgesic, antipyretic, and anti- 
inflammatory agent with a low ulcerogenic potential. 
Feprazone has been determined in pharmaceutical for- 
mulations and in body fluids by potentiometric titration 
(11, UV spectrophotometry (2),  TLC ( 3 ) ,  GLC (4-6), and 
radioisotopic techniques (7). 

This paper describes the quantitative determination of 
feprazone in capsule, suppository, and cream formulations 
by a simple and rapid high-pressure liquid chromato- 
graphic (HPLC) procedure. 

The proposed HPLC method was compared to GLC ( 5 )  
and UV spectrophotometric (2) assays. 

EXPERIMENTAL’ 

HPLC--Eyuipmc.nt and Operating Conditions-A liquid chroma- 
tograph2, equipped with a UV-visible detector3 and with a septum in- 
jector*, was used. The column4 was 50 cm X 2.2 mm i.d., and the microcel15 
volume was 8 pl. The flow rate was 0.49 ml/min under a constont pressure 

All solvents were HDH AnalaR grade and were used without further purifica- 

Series 4000, Varian Aerograph, Palo Alto, Calif. 
3 Reckman DU. Reckman Instruments, Fullerton. Calif. 

Micropak SI 10, Varian Aerograph. Palo Alto, Calif. 
Circus. Milan, Italy. 
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Table I-Comparison of HPLC, GLC, and  UV Methods for 
Feprazone Determination in Capsule Formulations a 

Table 11-Comparison of HPLC, GLC, and UV Methods for 
Feprazone Determination in Suppository Formulations a 

Samole HPLC GLC uv S a m d e  HPLC GLC uv 
1 201.4 
2 203.7 
3 198.3 
4 201.1 
5 198.5 
6 196.7 
7 200.1 
8 198.5 

Average 199.8 
SD 2.2 

203.6 
199.7 
201.2 
203.8 
201.4 
198.3 
204.2 
201.5 
201.7 

2.1 

203.5 
201.5 
197.7 
204.6 
198.0 
200.3 
201.4 
199.1 
200.8 

2.5 

1 
2 
3 
4 
5 
6 
7 
8 

Average 
SD 

302.1 
296.8 
296.4 
301.5 
300.5 
301.2 
296.9 
296.2 
298.9 

2.6 

302.8 
296.1 
297.2 
302.3 
298.3 
301.4 
296.2 
297.6 
299.0 

2.8 

301.7 
298.0 
298.1 
304.3 
295.6 
301.8 
298.7 
299.5 
298.1 

2.8 

0 All results are reported as milligrams per capsule based on a pool of five cap- 
sules. 

of lo00 psi (70.3 kg/cm2). Detection was by UV absorbance a t  265 nm. 
The optimum wavelength was determined from the UV spectrum of 

feprazone obtained by a stop-flow technique (8). The flow waa interrupted 
hy means of a two-stem valvefi placed between the constant pressure 
pump and the septum injector when an absorbance, previously deter- 
mined by comparison with the solvent absorbance (and, therefore, be- 
longing to the substance under examination), was detected. The complete 
sample spectrum was then recorded in the 320-220-nm range. 

Reagents-As a reference standard, pure feprazone7 was used. Pro- 
methazine chlorhydrate" was the internal standard. The mobile phase 
was methanol-32% ammonia (150:2 v/v). 

Standard Solutions-Standard feprazone solutions were prepared 
by dissolving accurately weighed aliquots of the pure substance in the 
mobile phase to produce final concentrations of 0.1-3.2 mg/ml. All 
standard solutions contained 2.5 mg of promethazine/rnl. 

Capsules-Pools of five capsules7 were crushed in a porcelain mortar 
to a fine powder. Then aliquots of 25 mg of powder plus 50 mg of the in- 
ternal standard were dissolved in 25 ml of chloroform. After filtration, 
the solution was evaporated a t  40" and the residue was dissolved in 25 
ml of mobile phase. 

Suppositories-An aliquot of a suppository7 mixture, one-third of the 
weight of a suppository, and 200 mg of the internal standard were dis- 
solved in 50 ml of carbon disulfide. After filtration and evaporation, the 
residue was dissolved in the mobile phase. 

Cream-Cream (0.50 g )  and 50 mg of the internal standard were dis- 

Figure I-Typical liquid 
chromatogram of feprazone 
(/eft)  and internal stan- 
dard (r ight)  from cap- 

4 
0 2 4 

MINUTES 

6 Whitey Co. .  Oakland, Calif. 
De Angeli Instltute. Milan, Italy. 
Farmitalia Pharmaceuticals. Milan. Italy 

~ ~~- ~- ~ 

All results are reported as milligrams per suppository based on a pool of five 
suppositories. 

Table 111-Comparison of HPLC, GLC, and UV Methods for 
Feprazone Determination in Cream Formulations 

Sample HPLC GLC uv 
1 4.92 5.01 5.00 
2 5.00 5.02 4.90 
3 4.94 5.02 4.92 
4 5.10 4.83 .i.O3 
5 4.82 4.82 4.82 
6 5.10 4.92 5.1 1 
7 5.00 4.81 4.86 
8 4.87 4.98 5.00 

Average 4.97 4.93 4.96 
SD 0.10 0.09 0.10 

All results are reported as milligrams percent based on a pool of five cream 
samples. 

solved in a water bath in 25 ml of ethanol. Then 1 ml of this solution was 
filtered, evaporated, and redissolved in 1 ml of mobile phase. 

CLC-A gas chromatographg, fitted with a dual-flame ionization de- 
tector and coiled glass columns9 (1500 X 40 mm) packed with 2.58 SE-30 
on 100-120-mesh Gas Chrom QY, was used. All working conditions were 
as descrihed previously (5). 

UV Spectrophotometry-A UV-visible spectrophotometer' was 
used, and the absorbance of feprazone was determined a t  263 nm in 0.1 
N NaOH. All working conditions were as described previously (2). 

RESULTS AND DISCUSSION 

Standard Curve-Linearity was shown by injecting into the column 
various amounts of feprazone over the concentration range 0.1-3.2 mg/ml 
with a constant amount of the internal standard (2.5 mg/ml). The mobile 
phase was methanol-32% ammonia (150:' v/v). The standard curve was 
calculated by regression analysis as y = 0.02 + 0 . 4 3 ~  ( r  = I.()), where y 
is the ratio of the feprazone peak area to the internal standard peak area, 
calculated a t  a sensitivity of  0.5 aufs deflection, and x is milligrams of 
feprazone per milliliter. To estimate the peak area standard deviations, 
five determinations were carried out for each concentration. Standard 
deviations were 3.1%. 

HPLC-Eight samples of ea'ch pharmaceutical formulation were in- 
jected into the column using the stop-flow technique. Figure 1 shows a 
typical chromatogram of feprazone and the internal standard obtained 
from the capsule extraction. The retention times were 1.52 niin for re- 
prazone and 3.46 min for the internal standard. All measurements were 
carried out a t  room temperature (25"). 

Recovery-Feprazone recovery from the pharmaceutical formulations 
was estimated. Formulations to which known feprazone amounts were 
added prior to extraction had an average percent recovery ol'99.9,99.9, 
and 99.8 with 95% confidence .limits of 99.5-100.3. 99.4-100.4, and 
99.2-100.4. respectively, for capsules, suppositories, and cream. 

Peak Identification-Feprazone identification was accomplished 
by comparison with the pure standard retention times. 

Suitable quantities of the liquid chromatograph cell effluent were 
collected corresponding to the drug chromatographic peak and were 
tested for homogeneity by qualitative monodimensional TI,C using silica 
gel precoated glass plates (20 X 20 cm, 0.25 mm thick). Three solvents 

Carlo Erha, Milan, Italy 
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were used: ( a )  chloroform-acetone-ethanol (70:30:3 v/v); ( b )  cyclohex- 
ane-ethyl acetate-methanol-water (100:100:60:8 v/v); and (c) ben- 
zene-acetic acid (955 vh) .  After each development, the plates were dried 
at  1 10' and spots were visualized in iodine vapors. The chromatograms 
corresponded perfectly in color (brown) and R/ values to those obtained 
with the reference compounds. 

Comparison of HPLC, GLC, and UV Methods-The proposed 
HPI,C method was compared to GLC (5) and UV spectrophotometric 
(2) assays. The results (Tables 1-111) show that the proposed method is 
in good agreement with the GLC and UV assays. 

The HPLC procedure described here provides a rapid, sensitive (the 
lower sensitivity limit is about 10 ng on the column), and precise assay 
o f  feprazone in pharmaceutical formulations. 

REFERENCES 
(1) R. Perego, A. Gallazzi, P. C. Vanoni. and I. Lucarella, Arzneirn.- 

(2) G. Coppi, G. Bonardi, and R. Perego, ibid., 22,234 (1972). 
(3 )  C. Schutz and H. Schutz, ibid., 23,428 (1973). 
(4) G. Coppi, A. Vidi, A. Gallazzi. and R. Perego, ibid., 24. 801 

(5) A. Gallazzi and P. C. Vanoni, I /  Farmaco, Ed. Pratica, 30, 147 

(6) D. J. Berry, J .  Chromatogr , 144,159 (1975). 
(7) H. G. Dean, B. Donovan, and P. Rylett, Arzneirn.-Forsch , 26,1574 

(8) A. Bonora and P. A. Borea, Experientia, 34, 1486 (1978). 

Forsch., 22,177 (1972). 

(1974). 

(1975). 

(1976). 

GLC-Mass Spectrometry of Teucrium polium Oil 

M. M. A. HASSANX, F. J. MUHTADI, and A. A. AL-BADR 
Received June 6. 1978, from the Faculty of Pharmacy, Unioersity of Riyad, Riyad, Saudi Arabia. 
1978. 

Accepted for publication December 14, 

Abstract 0 The essential oil of Teucrium poliurn, growing in Saudi 
Arabia, was thoroughly investigated for its constituents by CLC-mass 
spectrometry, TLC, and spectrophotometric methods. This investigation 
revealed the presence of 10 terpenoidal compounds including the hy- 
drocarbons [j-pinene, limonene. tu-phellandrene, and y- and 6-cadinenes 
and the alcohols linalool. terpine-4-01, cedrol, cedrenol, and guaiol. The 
oil was rich in alcohols and devoid of esters. Preliminary pharmacological 
screening showed that the oil possesses powerful antispasmodic ac- 
tivity. 

Keyphrases 0 G1,C-mass spectrometry-analysis, Teucriurn polium 
oil. antispasmodics. folk medicine 0 Teucrium polium-oil, GLC-mass 
spectrometry o Antispasmodics--analysis, 'I'eucriurn poliurn oil, 
GLCmass spectrometry, folk medicine o Folk medicine-antispas- 
modics, Twcriurn poliurn oil, GLC-mass spectrometry 

Teucriicni polium (Family Labiatae) is one of the most 
fragrant plants in Saudi Arabia and is fairly distributed 
throughout the country (I) .  In folk medicine, i t  is used as 
an antispasmodic, antirheumatic, carminative, and fla- 
voring agent. In an admixture with other powdered herbs, 
i t  is claimed to be therapeutic for peptic ulcer. 

The  aroma of this plant is due to its essential oil content 
(2). A literature review revealed that the oil constituents 
had not been investigated thoroughly (4). T h e  present 
work was carried out to investigate the composition of this 
potentially therapeutic plant oil. 

EXPERIMENTAL 

Material-The plant was collected in the spring at the flowering stage 
I'rc~m Sudair (Central Zone), 180 km from Riyad. Its identity a$ 7'. polium 
was confirmed'. I t  was dried and powdered. 

Successive quantities (1 kg each) were subjected to steam distillation, 
which produced a volatile oil (average yield, 1.55 g). 

The physical properties of the oil are presented in Table I. 
TLC-TI,C was done on precoated silica gel thin-layer plates2 devel- 

oped in chloroform-benzene (1:I) and chloroform-benzene (4:l) solvent 

I The plant material was idcntit'ird as Teucriurn pdiurn l inneus (Labiatae) b 
I h .  A. M. Migahid. Department of Rotany, Fartilty of Science, University of Riya l  
fiiyad. Saudi Arabia. A voucher specimen is available in the herharium of Hiyad 
1 Iniversity 

G F  plants, Anarhem. 

Table  I-Comparative Physicochemical Data  

Isolated Sardinian 
Property Oil Oil 

Color Light yellow, Blue 
darkens upon 
standing 

Odor Fragrant, Agreeable, pungent 
characteristic 

Refractive indexo nf4 1.4850 n20 1.475 and 1.488 
Optical rotationb I C Y ] ~  f4.7' (10% in +12.75' 

ethanol) 
Acetyl valueC 117 47.45-47.59 
IRd 1633, 1655, 1700, - 

2900, and 3400 

NMR' 
cm-I 

332, 306, '280, and 
268 Hz; broad 
singlet a t  217 Hz; 
singlet a t  98 Hz; 
doublet a t  7 3  Hz; 
two overlapping 
douhlets centered 
at  58 Hz 

Broad singlets a t  - 

Zeiss Abbe refracwmeter. * Rellingham and Stanley polarirneter. According 
to the HP methtd (5). As film on I'erkin-I.:lmer ,567 grating IH spectr(iphotometer. 
@ I n  deuterochloroforrn on Varion T 60A with tetramethylsilane as the internal 
standard. 

systems (3). After development, the spots were visualized by spraying 
with anisaldehyde reagent ( 3 ) .  

GLC-Mass Spectrometry-Mass spectra of the volatile oil constit- 
uents were obtained using a gas chromatograph-mass spectrometer<. The 
chromatographic column (1.8 m long) was packed with 3% OV-17. The 
column was conditioned isothermally a t  100' for 10 min, and then the 
temperature was programmed a t  5 min until 260'. The injection port 
temperature was I%', the separation temperature was 252". and the ion 
source temperature was 290'. Mass spectra were obtained by operating 
a t  60 MHz and with an ionization energy of 70 ev. 

RESULTS AND DISCUSSION 

The isolated oil was compared with Saridinian T. polium oil (4) (Table 
I). The IR and NMR data revealed free alcohols (3400 cm-'; broad singlet 
a t  217 Hz, disappeared on deuteration), alkene and highly conjugated 

Model 9OOO. LKB-Produkter. Brommo. Sweden. 
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