
DISCUSSION 
The method presented above offers many advantages over the existing 

method for measuring alkylating activity. This fluorescence method is a t  least 
50 times as sensitive as the nitrobenzylpyridine colorimetric procedure pro- 
posed by Balazs et a / .  (5). The interassay relative standard deviations given 
may represent the variations in the intensity of the UV lamp and the daily 
variations in the fluorometer light source; these deviations are  much lower 
when a standard curve is used for each assay. This assay may be performed 
in protein-containing solutions, in contrast to the other assays available which 
require incubation at  85'C and c a u e  protein precipitation. 

Since alkylating activity is measured in this assay, it is essential that the 
assay is performed with an active alkylating agent; therefore, chlorambucil 
must be kept in a desiccator to prchnt hydrolysis and formation of the hemi- 
mustard. The method proposed above measures the alkylating activity of 
chlorambucil; it should be useful for studying the metabolism of this compound 
i n  biological fluids. 
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Table I-Intra- and Interassay Relative Standard Deviations for Two 
Concentrations of Chlornmbucil and Isocyanate of Cblorambucil 

Mean of NSD, % 
Assay Conc., pg/mL Fluorescence Intra-assay Interassay 

Chlorambucil 
1 2 1 I .9 & 0.854 7 .17  
2 2 i 1 . 6 I  i.25 i0.i 9.25 
3 2 11.5 f 1.08 9.39 
4 2 9.63 f 0.479 4.97 
1 5 48.2 f 1.41 2.92 
2 
3 
4 

5 52.1 f 1.93 3.70 8.79 
5 58.0 f 1.73 2.98 
5 57.8 f 2.66 4.60 

Isocyanate of Chlorambucil 

1 5 51.1 f 1.65 3.23 
2 5 50.0 f 1.73 3.46 
3 5 48.9 f 1.03 2.1 1 5.25 
4 5 45.2 f 1.16 2.57 

limit of sensitivity of 0.1 pg/mL found with this method was 50-fold lower 
than the one obtained with the nitrobenzylpyridine method (5). 

Reproducibility of the Assay-We found intra-assay RSD of 8.1 and 3.6%. 
respectively, a t  2 and 5 pg/mL. The interassay SD was determined on four 
fluorescence measurements at 2 and 5 pg/mL and we found SD of 9.3 and 
8.896, respectively. The intra- and interassay relative standard deviations were 
also obtained with the isocyanate derivative of chlorambucil a t  the same 
concentrations (Table I). 

Fluorophoce Stability-Contrary to the nitrobenzylpyridine assay, the 
fluorescence could be read several hours after the photoactivation of the 
samples by UV. When the fluorophore produced was kept in thedark, it was 
stable for a t  least 24 h. We found a variation of only 5% in the fluorescence 
during the 24-h period at room temperature. This is an advantage over the 
nitrobenzylpyridine method, which yields a highly unstable chromophore. 
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Abstract 0 A reverse-phase high-performancc liquid chromatographic method 
for the quantitation of phenobarbital and phenobarbital sodium in pharma- 
ceutical dosage forms (elixir, injection. and tablets) was developed. The 
method is precise and accurate with percent relative standard deviations of 
0.9 (without an internal standard) and 0.7 (with an internal standard) based 
on six injections. The method is stability indicating and is more sensitive than 
the revised USP-NF method. The products of decomposition showed two new 
peaks in the chromatogram. 

Keypbrases 0 Phenobarbital-quantitation with phenobarbital sodium in 
pharmaceutical dosage forms 0 Phenobarbital sodium-quantitation with 
phenobarbital in  pharmaceutical dosage forms 

Phenobarbital ( I )  and phenobarbital sodium ( I I ) ,  exten- 
sively used as sedatives, are available in a variety of dosage 
forms, including capsules, elixir, injectable, tablets, etc. The 
literature for the quantitation of phenobarbital has been sur- 
veyed by Schmidt and Pennington (1). According to this re- 
port, investigations in which reverse-phase HPLC have been 
used without the addition of a counterion have not been suc- 

cessful. A reverse-phase HPLC assay procedure for pheno- 
barbital with 0.01 M tetramethylammonium chloride as the 
counterion has been reported (1); however, the use of coun- 
terions usually shortens column life (2). 

The revised USP-NF method for the quantitation of phe- 
nobarbital appeared in USP Supplement 3 (3) ,  and use of a 
mobile phase of pH 4.5 is recommended. 

The purpose of this investigation was to develop a stabil- 
ity-indicating assay method for the quantitation of pheno- 
barbital and phenobarbital sodium in pharmaceutical dosage 
forms at neutral or weakly basic pH without the addition of 
a counterion to the mobile phase. 

EXPERIMENTAL SECTION 
Chemicals and Reagents-All chemicals and reagents were USP, NF. or 

ACS quality and used without further purification. The USPquality powders 
of phenobarbital' and phenobarbital sodium' were used as received. 

' American Chemical and Drug Co., Los Angela, Calif 
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Table I-Assny Results of Dosage F o r m  

W 
(I) z 
0 

Percent of Label Claim Found 
Type of Dosage Form Active Ingredient 230 nma 245 nmb 

A 0 
C 

9 4 2 

- - . - . ... . 
Elixir 

Lot I 
Lot 2 
Lot 3 

Injection 
Lot 1 
Lot 2 
Lot 3 
Lot 4 

Tablcts 
1-01 I 
Lot 2 
Lot 3 
Lot 4 
1-01 5 

Lot 6 

Mixture 
I 

2 

3 

I 
2 

Dccomposcd sample 

I ( 4  mg/mL) 

I ( 4  mg/mL) 
1(4  mg/mI.) 

I 1  (65 mg/mL) 
I I  ( I  30 mg/mL) 
I I  (65 mg/mL) 
11 ( 1  30 mg/mL) 

1 ( 1 5  mg) 
1 (30 mg) 
I(60 me) 
I (100 mg) 
I ( I  6.2 mg) 
With 10.8 mg of 

belladonna extract 
per tablet 

I (30 mg) 
Recovery Data of Synthetic Mixtures 

I (60 mg/200 mg of 

I I  (80 mg/300 mg of 

I (4 mg/mL)d 

-4 min boiling 
-30 min boiling 

lactose) 

lactose) 

99.0 
99.8 
99.2 

100.8 
99.4 

100.0 
101.2 

98.8 
100.2 
100.0 
99.2 

100.1 

98.8 

99.8 

100.0 

100.9 

78.2% 
15.4% 

99.0 
100.2 
99.3 

100.8 
99.6 

100.1 
101.0 

98.9 
99.9 

100.4 
99.2 

100.5 

99. I 

- c  

- c  

- c  

C 

- c  

- 

With internal standard. Without internal standard. Not determined at  this wavelength. I n  aqueous solulion containing 15% ethanol ( v / v )  and 45% glycerol (v!v) 

Apparatus -The chromatograph* was quipped with a multiple-wavelength 
dctector'. a recorder4. and a digital integrator5. A semipolar column6 (30 cm 
X 4 m m  i.d.) wah used. Thc mobile phasc contained 35% (v/v) of methanol 
in 0.02 M aqucous ammonium acetatc. The flow rate was 2.0 mL/min. and 
thc temperaturc was ambient. The sensitivity was set at either 0.2 (245 nm) 
or 0.1 (230 nm). and the chart spccd was 30.5 cm/h. 

Preparation of Stock and Standard Solutions-The stock solutions of 
phenobarbital (2.0 mg/mL in methanol), phenobarbital sodium (2.0 mg/mL 
in water) and the internal standard. mezlocillin sodium' (10.0 mg/mL in  
water) werc prepared fresh daily. Thc standard solutions were prepared by 
diluting the appropriate quantities of stock solutions with watcr. methanol, 
or a mixture of both. as nccded. All standard solutions of phenobarbital sodium 
were dilutcd with water. The standard solution of phcnobarbital for assays 
at 230 nm contained 10% methanol (final conccntration. v/v) in water, and 
purc methanol was used for diluting all solutions for assays at  245 nm. No 
intcrnal standard was used for assays at 245 nm due to vcry poor absorbance 
at this wavelengrh. For assays at  230 nm, thc concentration of the internal 
standard was 600.0 pg/mI.. 

Preparation of Assay Solutions- -For assay at 230 nm, an appropriate 
quantity (3 .75  ml.) of phenobsrbital elixir USP (4.0 mg/mL) was mixed with 
10 ml. of methanol and 6.0 mL of stock solution of the internal standard and 
brought to volumc with water (100 mL). For assay at 245 nm, 6.25 mL of elixir 
was dilutcd to 25.0 m L  wi th  rncthanol. 

Injecrions---An appropriate quantity of the injcction of phenobarbital so- 
dium was diluted with water to contain either 0.1 5 or l .O mg/mL of the drug 
for assays at 230 and 245 nm, rcspcctively. The solution for assa) at 230 nm 
also contained 0.6 mg/mL of mczlocillin sodium (internal standard). 

Tablets-An appropriatequantity of the fine powder representing 200.0 
mg of the phenobarbital powder was thoroughly mixed with 80 mL of meth- 
anol and shaken for 5 min. The mixture was brought to volume (I00 mL) with 
methanol and filtcred8. The first I 5  mL of the filtrate was rejected and then 
collectcd for assay. For assaysat 230 nm. 7.5 mL of thcclear filtrate was mixed 
with 2.5 mL of methanol and 6.0 mL of the internal standard stock solution 
and brought to volume (100 mL) with water. For assays at 245 nm, a 12.5-mL 
quantity of the clear filtrate was dilutcd to 25 m L  with methanol. 

Model ALC 202 equipped with a U6K universal injector; Waters Associates. Milford. 
Mass. ' Spcctroflow monitor SF770; Schwffel Insmment Corp. Ramsey. N.J. ' Omniscribe 5 2  13-1 2: Houston Instruments. Austin. Tex. 

Autolab minigrator; Spectra-Physics, Santa  Clara, Calif. 
)I-Bondapak phenyl (catalog no. 27198); Waters Associates. Milford, Mass. 

Whatman no. I filter paper. 
' Wiles Pharmaceutical. West Haven. Conn. 

A s a y  SolutionS of Decomposed Phenobarbital Sodium-A 30.0-mg sample 
of phenobarbital sodium powder was mixed with -2 mL of -I M NaOH 
solution in a 150-mL beaker. The mixture was boiled on a hot plate for ( a )  
-4 min and ( 6 )  -30 min; additional water was added as needed. and the 
mixture was cooled lo room temperaturc and neutralized (pH -6-8) with -4 
mL of - 0 . 5  M HCI. A 12.0-mL quantity of the stock solution of the internal 
standard was added, and the mixture was brought to volume (200 mL) with 
water. These solutions were assayed only at 230 nm. 

Chromatographic Procedure-A 20-pL aliquot of the assay solution was 
injected into the chromatograph at  the conditions dcscribed (solutions with 
internal standard, 230 nm; others, 245 nm). For comparison, an identical 
volume of the standard solution containing an identical concentration of the 
drug was injected after the assay solution was eluted. 

Calculations-Since the peak heights (ratio of the peak heights when in- 
ternal standard was added) were directly related to concentrations, thc results 
were calculatcd by the equation: 

100 X Rpha = percent of the label claim 
Rphr 

where R p h l  is the peak height (ratio of the pcak height of drug to internal 
standard for assays at 230 nm) of the assay solution and Rph is the p a k  height 
of the standard solution. 

I ,  

I 
I I I 1 1 

0 4  6 4 a o 4  $ 12 $ 
MINUTES 

Figure I-Typical chromarograms at 230 nm. Peaks I and 2 are from phe- 
nobarbital sodium (11) and mezlocillin sodium (internal standard), respec- 
tively. Key: (A/ srandard solution; (BJ injection containing 130 mg/tnL of I I ;  
(C) decomposed solution (-30 min boiling, see text). 
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Figure 2-Typical chromatograms at 245 nm. Peak I isfrom phenobarbital 
sodium (11). Key: (A) standard soluiion; ( B )  injeciion containing 130 mgfmL 
of 11. 

RESULTS AND DISCUSSION 

The assay results indicate (Table I )  that the proposed HPLC method can 
be adopted for the quantitation of phenobarbital and phenobarbital sodium 
in pharmaceutical dosage forms. The method is accurate and precise. The 
percent relative standard deviations based on six injections were 0.9 and 0.7 
at  245 and 230 nm (with internal standard), respectively. The internal stan- 

dard was not used for assays at 245 nm due to poor absorption of mezlocillin 
a t  this wavelength. However, the results by both assay methods were similar 
(Table I). The concentrations uersus peak heights were directly related in the 
7- to 21-pg range at 245 nm. The ratio of peak heights (drug to internal 
standard) were directly related to drug concentrations at the 1.5- to 4.5-jtg 
range at 230 nm. The method is -I .7 times more sensitive at 230 than a t  245 
nm, as determined by using a standard solution (300 pg/mL in water) and 
a sensitivity of 0. I .  Moreover, the method is a t  least two times more sensitive 
than the USP-NF method (3). as determined by UV spectrometry with the 
two mobile phases. The elixirs and injections can be simply diluted and assayed 
for phenobarbital and phenobarbital sodium. A simple preliminary extraction 
procedure is required to assay phenobarbital in tablets. There was no inter- 
ference from excipients present in the tablets and the red colorant of the elixir 
(Table I). 

The decomposed samples of phenobarbital sodium showed a new peak (peak 
1. Fig. 1C) in the chromatogram, and the potency of the drug remaining intact 
was only 15.4% after -30 min of boiling (see above). After -4 min of boiling, 
there were two small peaks (side by side) in the chromatogram a t  about the 
same location as  peak I ,  Fig. IC. The scheme of decomposition has been re- 
ported previously in the literature (4). It is interesting to point out that there 
were two additional pcaks when the same lot of phenobarbital was assayed 
at  245 nm versus only one peak when assayed at  230 nm. It is perhaps due to 
the facts that ( a )  thc concentration of excipients was 3.33 times higher (also 
considering AUFS of 0.2 at 245 nm and 0. I a t  230 nm) at  245 L’ersus 230 nm 
and (b) there was poor or no absorption from one of the excipients a t  230 nm. 
Furthermore. the same lot of phenobarbital sodium injection showed a small 
additional peak (Fig. 28)  when assayed at  245 nmversus almost none (Fig. 
1 B) when assayed at 230 nm. 
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Mesophase Formation During Cholesterol Gallstone 
Dissolution in Human Bile: Effect of Bile Acid 
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C. C. SU *, W. I. HIGUCHI *x, 1. T. GILMORE 6, 
R. G. DANZINGERI, and A. F. HOFMANNs 
Received February 14, 1983, from the *College of Pharmacy, University of Utah, Salt Lake Ciiy, UT84112, k’ollege offharmacy, University of 
Michigan, Ann Arbor, M I  48/05. OUniversity of California at San Diego. San Diego, CA 92/03, and 1st. Boniface General Hospital, Winnipeg, 
Manitoba, Canada. Accepted for publication July 8, 1983. 

Abstract 0 Duodenal bile obtained from patients with gallstones who were 
acutely infused with chenodeoxycholic acid, ursodeoxycholic acid, or cholic 
acid were examined for the propensity toward the formation of a liquid crys- 
talline mesomorphic phase when cholesterol gallstones were incubated in these 
bile acids. Bile taken from patients infused with ursodeoxycholic acid was 
found to be enriched in  ursodeoxycholic acid; mesophase formation was de- 
tected in  these samples but not in  bile from patients infused with chenodeox- 
ycholic acid or cholic acid. 

Keyphrases 0 Cholesterol -gallstone dissolution in human bile, effect of bile 
acid composition 0 Gallstone dissolution-human bile, effect of bile acid 
composition 0 Bile acids-mesophase formation during cholesterol gallstone 
dissolution 

Clinical investigations have shown that ursodeoxycholic acid 
is as effective or more effective than chenodeoxycholic acid 
in gallstone dissolution. From the physicochemicdl standpoint, 

these results are interesting, because ursodeoxycholic acid (1) 
and its conjugates are generally not as effective as cheno- 
deoxycholic acid and its conjugates in solubilizing cholesterol 
in  the bile acid or the bile acid-lecithin solution (2). We have 
recently suggested (2, 3)  that during in uitro dissolution of 
cholesterol monohydrate in the form of powder, compressed 
disks, single crystals, or in gallstones, a transition from the 
micellar phase to the liquid crystalline phase occurs when the 
dissolution media contain lecithin and predominantly urso- 
deoxycholic acid conjugates, but not chenodeoxycholic acid 
or cholic acid conjugates. 

I t  was shown that mesophase formation and subsequent 
dispersion may contribute to the total dissolution/disinte- 
gration of cholesterol in the solid phase. To determine whether 
mesophase formation would occur during the in uitro disso- 
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