
( 14) W. F. Bousquet, B. D. Rupe. and T. S. Miya. J. Phurniucol. Exp. 

(IS) R. E. Stitzel and R. L. Furner, Biochem. Pharmacol., 16, 1489 

ACKNOWLEDGMENTS 
The authors thank Mr. Kenrick Talbot for preparing the radioactive drug, 

Ms. Constance Farley for technical assistance, and Mr. Edward Barry for 
Ther., 147,376 (1965). 

( 1  967). helpful discussions. 

Nonaqueous Cephalosporin Suspension for Parenteral 
Administration: Cefazolin Sodium 

KENNETH S. E. S U x ,  JOHN F. QUAY, 
KRISTINA M. CAMPANALE, and JOHN F. STUCKY 
Received December 16. 1983. from Li//y Reseurch Lahorarories, Eli Lilly and Company. Indianapolis, I N  46285. 
24. 1984. 

Accepted for publication February 

Abstract 0 The flocculation-deflocculation behavior of cefazolin sodium (I) 
in nonaqueous media and the effect of surfactants as measured by zeta po- 
tential, sedimentation, and porosity were studied. A significant difference in 
zeta potential was observed when the particles were suspended in different 
nonaqueous media. The addition of surfactant produced a deflocculated state. 
The surfactant deflocculated the particles by a process of supersaturation and 
crystallization involving a surfactant-cefazolin complex. The shielding effect 
of the surfactant on the surface of the particles also apparently affected their 
electrophoretic properties. Kinetic studies on the stability of the drug as a 
function of temperature were conducted; it appears that the chemical stability 
in ethyl oleate at room temperature is adequate for a reasonable shelf life. The 
efficiency of absorption of the drug from the ethyl oleate suspension was 
evaluated after intramuscular administration in dogs. The area under the 
plasma concentration uersus time curve and urinary recovery indicated that 
cefazolin was 100% bioavailable from this nonaqueous preparation. 
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Parenteral pharmaceutical suspensions have been used for 
a long time ( 1  -4). In general, this dosage form is comprised 
of a physiologically active agent and a vehicle. The vehicle is 
typically comprised of a suspending liquid, an emulsifying 
agent, a surfactant, density- and viscosity-adjusting substances, 
and preservatives. While water is generally the preferred 
suspending liquid, some physiologically active agents such as 
the cephalosporin antibiotics are not chemically stable in 
water-based parenteral pharmaceutical suspensions. There- 
fore, to achieve a ready-to-use ccphalosporin preparation which 
can be stored at room temperature, it is desirable to develop 
a satisfactory suspension utilizing a nonaqueous liquid as the 
suspending medium. This paper describes the preparation of 
a unique, simple flocculated ready-to-use cefazolin sodium 
suspension which is dispersed in a nonaqueous medium. The 
efficiency of absorption of cefazolin from the nonaqueous 
system administered intramuscularly in dogs is also re- 
ported. 

Table I-Flocculation-Deflocculation Behavior of Cefazolin Sodium in 
Peanut Oil 

Conc. of Sedimentation Numbcr of 

?6 H,/H,%” Redisperse 
Polysorbate 80, Volume. Turns to 

0 
0.17 
0.50 
3.30 

48 
87 
82 
63 

268 
>3500 

03 

m 

In the presence of plysorbate 80. Ultimate settled height (H,) is based on the 
sedimentation height on day 33. 

EXPERIMENTAL SECTION 

The following chemicals were used: sterile micronized cefazolin sodium1 ; 
polysorbate 80. commercial grade2; lecithin); ethyl oleate4; peanut oil5; 
cefazolin sodiumh. For in uiuo studies, sterile micronized cefazolin sodium 
and ethyl oleate were prepared under sterile conditions. The sterile cefazolin 
sodium was aseptically micronized’ and ethyl oleate was sterilized in  a pre- 
heated oven at 155OC for 5 h. For in uifro studies, the materials werc used 
without further sterilization. 

Particle Size Distribution-The determination of particle size distribution 
was conducted by the sedimentation method using a micromerograph8. The 
mean particle size diameter of the micronized material was 7 pm. 

Preparation of Suspension-For in uitro studies, suspensions were prepared 
using an electric mixer9 to disperse 12.5 g of micronized cefazolin sodium in 
50 mL of peanut oil in the presence of various amounts of polysorbate 80 [i .e. .  
0.0.17.0.50, and 3.3% (w/v), respectively]. Suspensions containing lecithin 
in ethyl oleate were preparcd in the same manner. However, the concentration 
of lecithin added was 0,0.2,0.4,0.6.0.8, and 1.0% (w/v). For in uiuo studies, 
the suspension was aseptically prepared by dispersing I g-equivalent activity 
of sterile micronized cefazolin sodium in 3.0 mL of sterile ethyl oleate with 
an electric mixer. The suspension was then passed through a I50-1nesh sterile 
stainless steel screen and mixed until uniform. For in uiuo control studies. 
aqueous solutions of cefazolin sodium were prepared for intravenous and in- 
tramuscular administration by dissolving the sodium salth in  isotonic saline 
to a final concentration of 100 mg/mL as cefazolin. 

Sedimentorion Volume-The sedimentation volumes were recorded in 
terms of the ultimate settled height, H,, to the original height, H, as described 
in the literature (5.6): 

Sedimentation Volume = H,/H, (Eq. 1 )  
Redispersibilify-The number of revolutions necessary to restore the 

suspension to homogeneity was recorded by means of a multi-purpose rotatorfo 
with the modification described by Matthews and Rhodes (7). 

Turbidity-The turbidity of the supernatant of thesuspensions was mea- 
sured by an analytical nephelometer” after cefazolin sodium suspensions had 
been kept at 25OC for I month. The procedure was carried out as described 
by the manufacturer (8). 

Crysral Growrh-Crystal size changes with time were microscopically 
examined. Cefazolin sodium (I )  in the dry state was compared with I in a 
suspension at initial time, and in a suspension stored for 3 months at  25OC. 

Viscosiry-The viscosities of ethyl oleate and peanut oil were measured 
with a viscomcterf2. 

Porosity-The porosity of a sedimentation bcd was determined by the 
method of Kaneniwa and Takamura (9). 

I Lilly Research Laboratories. Indianapolis. Ind. 
Tween 8 0  ICI America Inc., Wilmington. Del. 
American Lecithin Company. Atlanta, Ga. ‘ Pfaltz and Bauer. Inc., Stamford. Conn. 
Sessions Oil Mills, Interprise. h la .  
KEFZOL; Eli Lilly and Company, Indianapolis. Ind. ’ Sturtvant Mill; Sturtvant Mill Company, Boston. Mass. 
Sharplcs, Pennwalt Corp.. Warminster. Pa. 
Lightnin’ Mixing Equipment Co.. Inc., Rochester. N.Y. 

lo Scientific Industries, Inc.. Bohemia. N.Y. 
‘ I  Hach Chemical Company, Ames. Iowa. 
l 2  Brookfield Enginccring Laboratories. Inc.. Stoughton. Mass. 

1602 I Journal of Pharmaceutical Sciences 
Vol. 73, No. 11, November 1984 

0022-35491 841 1100-1602$01.00/0 
@ 1984. American Pharmaceutical Association 



Electrophoretic Mobility-Electrophoretic mobility was measured with 
a zeta meter” equipped with a highvoltage power booster’3. The measurement 
procedure is described in the literature (10). Zeta potential (ZP) was calcu- 
lated from the Helmholtz-Smoluchowski equation: 

41 Z P = - E M  D 
where, a t  a fixed temperature, 1 is the viscosity of the suspensing medium in  
equilibrium, D is the dielectric constant of the suspending mcdium, EM is the 
electrophoretic mobility in cm/s per electrostatic volts (esu)/cm, and ZP is 
the zeta potential of the suspended particle in esu. Since the ZP is always < I  
(practical) volt, it is more conveniently expressed in millivolts. Equation 2 then 
becomes: 

Z P  = I I3,0Oo2 EM (Eq. 3) D 
where Z P  is in the unit of millivolts (mV) and EM is expressed in pm/s per 
V/cm. The dielectric constants of ethyl oleate and peanut oil have been de- 
scribed ( I  I ) .  

Kinetic Study on Stability of Cefazolin Sodium Suspension-Stability 
studies were conducted at 57OC. 6OOC. 8OoC, and 9OoC as a function of time. 
Samples were assayed microbiologically according to CFRs436.105 (i.e., 

Zeta-Meter Inc.. New York. N.Y. 

Figure 1 --Microscopic examination of ax- 
glomeration and crystal growth of cefazolin 
sodium suspension in the presence of 0% (A), 
0.17% (B), 0.5% (C). and 3.3% (D) plysorbate 
80. 

Certified Federation Registration) with Bacillus subtilis ATCC 6633 sub- 
stituted as the assay organism. The kinetic treatment of the data has been 
previously described ( I  2. 13). 

In  Vivo Bioaveilability Evaluation-Female mongrel dogs (wei!ght 13-20 
kg) were fasted overnight with access to water. On the day of the experiment. 
they were transferred to stocks in which they could stand or sit comfortably 
for the duration of the test. A retention catheterI4 was inserted into the urinary 
bladder of each dog for collection of all urine produced during the test pe- 
riod. 

Cefazolin sodium ( I )  was administered as  a single 15-mg/kg bolus dose 
oia acephalic vein (intravenous) or the biceps femoris muscle (intramuscular). 
At specified time intervals, samples of urine were collected, chilled in an ice 
bath, and then frozen until analyzed. At the same time, a blood sample was 
withdrawn from one cephalic vein into a heparinired evacuated tubclS. After 
centrifugation, a plasma sample was removed, chilled, frozen, and analyzed 
in the following manner. On the day of the assay, the plasma and urine samples 
were thawed. Crine samples were diluted, as  required, in isotonic 0.1 M 
phosphate buffer (pH 6.0). The antibacterial activity of the diluted samples 
was assayed in a disk plate agar diffusion test with B. subtilis against standard 
solutions of ccfazolin in  the same buffer. Plasma samples were diluted with 
dog serum and assayed in the same way against standard solutions of cefazolin 
in dog serum. 

French No. 14: Foley. 
15 Vacutainer; Becton. Dickinson and Co. 
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Table 11-Chemical Stability of Cefazolin Sodium Suspended in Ethyl 
Oleate 

Experimental Predicted 
Age and Storage Valueo, Value, 

Lot No. Condition 9o of Initial %of Initial 

P35294 3 months, 25OC 103.8 99.6 
‘343061 1 month, 25OC 98.9 99.9 
‘343060 I month, 37OC 101.5 99.3 
(343046 1.5 months, 4OoC 104. I 97.1 
G43034 2 weeks, 60°C 90.4 90.8 

a Mean of three determinations. 

RESULTS AND DISCUSSION 

During the entire study, cefazolin sodium particles werc well suspended 
in ethyl oleate; a good flocculatcd system resulted. In contrast, caking was 
observed in the peanut oil suspensions. A significant differcnce in zeta potential 
was observed between cefasolin sodium particles suspended in peanut oil and 
ethyl oleate (i.e., -2.57 mV f 0.09 mV oersus -27.1 mV f 1.03 mV, re- 
spectively). These results are consistent with reported data that the ability 
to be suspended is correlated with the zeta potential (7. 14). 

Effect of a wetting agent on the physical stability of a nonaqueous sus- 
pension was evaluated. Surfactants are widely used in pharmaceutical for- 
mulations as wetting agents. In the cefazolin sodium suspension in peanut oil, 
the addition of various amounts of polysorbate 80 produced a deflocculated 
state. This change was indicated by the difficulty of redispersibility. evidenced 
by the number of revolutions of the rcdispcrsing apparatus required to return 
the system to a homogcnous state (Table I). There was an increase in sedi- 
mentation volume by adding 0.1 7% of polysorbate 80. However, an increase 
in concentration of polysorbatc 80 above this conccntraiion produced a re- 
duction in sedimentation volume. I n  general. in an aqueous suspension system, 
a progressive rise in sedimentation volume is accompanied by an increase in 
the ease of redispersibility ( I  5). In  contrast to the conventional aqueous system, 
no correlation between the redispersibility of the sedimentation bed and the 
sedimentation volume was found in this nonaqueous system. Considering the 
interaction of polysorbate 80 with cefazolin sodium, it is possible that cefazolin 
sodium particles werc deflocculated by a process of supersaturating and 
crystallizing effects produced by the solubilization of the polysorbate 80- 
cefazolin sodium complex. As shown in  Fig. I, microscopic examination in- 
dicated that extensive agglomeration and crystal growth did indeed occur. 

An emulsifying agent is commonly included in the formulation of parenteral 
preparations. Because the agent lowers interfacial tension, the drainage 
property of a parenteral suspension from the vial can be remarkably improved. 
In this study, lecithin was chosen as an emulsifying agent and the effect of 
lecithin on the stability of cefazolin sodium dispersed in ethyl oleate was 
evaluated. Unlikc the peanut oil system. cefazolin sodium in the ethyl oleate 
suspension in the presence of lecithin produced a deflocculated state accom- 
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Figure 2-Influence of Iecirhin concenrrarions on zeta potenrial and redis- 
persibiliry of cefuzolin sodium suspensions in ethyl oleate. 
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Figure 3-Influence of lecithin concentrations on sedimentation volume of 
cefarolin sodium suspensions in ethyl oleote and on porosity of i ts sedi- 
mentation bed. 

panied by a decrease in sedimentation volume. The zeta potential of cefazolin 
sodium decreased with the addition of lecithin and remained essentially 
constant throughout the concentration range studied (Fig. 2). Furthermore, 
the effect of increasing lecithin concentration on the zeta potential of cefazolin 
sodium was paralleled by the effect of lecithin concentration on redispersibility. 
The data on the porosity of the sedimentation bed correlated well with the data 
on the sedimentation volume ratio. As shown in  Fig. 3, the porosity of the 
sedimentation bed decreased with the addition of lecithin and the suspension 
resulted in a deflocculated state which correlates to ability to be sus- 
pended. 

I t  is also of interest to compare the appearance of the supernatants of the 
suspensions relative to their physical stability. As shown in Fig. 4, the turbidity 
was minimum at 0 and 1 .O% of lecithin in the formulation. No correlation was 
found between the degree of turbidity in the supernatant and the degree of 
flocculation. These data suggest that the cefazolin sodium particles might be. 
initially well dispersed due to an electrical repulsive force between particles. 
In the presence of lecithin, however, the contribution of electrical repulsive 
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Figure 4-Influence of lecithin concentrotions on turbidities of cefozolin 
sodium suspensions in ethyl oleate. 
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Table Ill-Comparison of the Performance of Aaueous and Nonaaumus Formulations of Cefazolin in Female Mongrel Does 

Cefazolin Sodium 
Formulation 

Time of Peak 
Mean Plasma 

Concentration, min 

Peak Mean 
Plasma Concentration. 

a / m L  

Urinary 
Recovery, AUCb, 
% of Dosc pg-min/mL 

Solution 
Intravenous 
Intramuscular 

Intramuscular 
Suspension in Ethyl Oleate 

1 .o 
40 

40 

134 f 15 
32.4 f 2.4 

28.1 f 4.0 

89.1 f 2.4 
79.8 f 2.4 

94.1 f 8.0 

4609 f 363 
4319 f 341 

4512 f 256 

Cumulative (24-h) recovery of antibacterial activity in urine. Area under the plasma concentration ucrsus time curvc. 

1 3  5 7 9 11 1 3 1 5  
SIZE OF PARTICLES. pm 

Figure 5- Particle size frequency distribution curve of cefazolin sodium 
suspenrion in ethyl oleate. Key: (m) cefazolin sodium in dry state; (*) cefazolin 
sodium suspension at initial time; (A) cefazolin sodium suspension aged 3 
months 0 1  25°C. 

force was diminished by a shielding effect on the surface of cefazolin particles 
as reflected in their electrophoretic properties. 

Figure 5 shows the results of the evaluation of crystal growth. Measurement 
of changing particle size distribution as a function of time under three different 
storage conditions showed no significant crystal growth. 

The potency of cefazolin sodium in ethyl olcatc was studied at  high tem- 
peratures. An Arrhenius plot (with 95% confidence limits) of degradation 
constants of cefazolin sodium suspension as a function of temperature is shown 

-8 4 
2.0 2 8  3.0 3.2 3.4 3.6 

TEMPERATURE, rwr 
Figure 6-Arrhenius plot with 95% Confidence limits of degradation constants 
of cefazolin sodium suspension in ethyl oleate: y = - 5 . 9 1 6 ~  t 15.556; r = 
0.998. 

80 i 

I I I ' f l d  
0 80 120 180 240 300 380 420 480 1440 

MINUTES 

Figure 'I-Mean recooery of antibacterial actioity in the urine of female 
mongrel dogs ajier administration of I5 mglkg of cefazolin. Key: ( W )  aqueous 
solution administered intravenously; ( A )  aqueous solution administered 
intramuscularly; (@) ethyl oleate suspension administered intramuscu- 
larly. 

in Fig. 6 01 = -5.916~ + 15.556, r = 0.998). By extrapolation from the 
Arrhenius plot, it appears that the chemical stability of cefazolin sodium in 
ethyl oleate would be adequate for satisfactory shelf life at room temperature. 
As shown in  Table 11, the experimental values are well correlated with the 
predicted values. 

In Table 111, the performance of one intravenous and two different intra- 
muscular formulations of cefazolin sodium in female mongrel dogs are com- 
pared. Based on the results of an analysis of variance, there are no statistically 
significant differences between the mean values for the area under the plasma 
concentration uersus time curves for any of the three treatments (p > 0.1 ). 
By the same criterion. there are also no differences between the amounts of 
antibacterial activity recovered in  urine by 24 h for the three treatments. The 
time course of the appearance of antibacterial activity in urine (Fig. 7) suggests 
that, as expected, cefazolin is more rapidly excreted in the urine following 
intravenous administration than following intramuscular administration. 

The mean peak plasma concentration obtained following intravenous ad- 
ministration of cefazolin was significantly highcr than that obtained with the 
intramuscular preparations, but the mean peak plasma concentrations ob- 
tained with the two intramuscular preparations were not different (p > 0.1). 
From these comparisons, it is concluded that in dogs administered 15 mg/kg 
intramuscularly, the total availability of cefa~olin sodium suspended in ethyl 
oleate is not significantly different from that in aqueous solution. Furthermore, 
judged by the area under the plasma conccntration oersus time curve and the 
urinary recovery of antibacterial activity, the bioavailability of ccfazolin so- 
dium from this nonaqueous preparation approaches 100%. 

In summary, it is known that physical stability is one of the most challenging 
problems when developing an acceptable suspension. This study demonstrates 
that by application of fundamental physical parameters, including sedimen- 
tation height, sedimentation rate, porosity of sedimentation bed, redispersi- 
bility, zeta potential. and turbidity, a good understanding of the physical 
stability of a nonaqueous cephalosporin suspcnsion can be reached and po- 
tential problems relating to physical stability can bc identified i n  the early 
stages of product development. 

REFERENCES 

( I )  J .  M. Robinson, J. Mich. State Med. Soc.. 48,337 (1949). 
(2) T. Savolainnen and V Tommila, Ann. Med. Exp. Bid.  Fenn., 33.345 

(3) W .  M. Ixkash and P. R. Frank. Am. J. Med Sci.. 246, 429 
(1955). 

(1963). 

Journal of Pharmaceutical Sciences I 1605 
Vol. 73, No. 1 7 ,  November 1984 



(4) J. P. Remington. “Remington’s Pharmaceutical Sciences” 14th ed., 

( 5 )  C.S. Robinson, Ind. Eng. Chem., 18,869 (1926). 
(6) H.  T. Ward and K. Kammermeyer. Ind. Eng. Chem., 32, 622 

(7) B. A. Mat thew and C. T. Rhodes, J .  Pharni. Sci., 57,569 (1968). 
(8) “The Manual of tlach ha ly t ica l  Nephelomcter Mdcl2424”.  Hach 

(9) N. Kaneniwa and K.  Takamura. Yakugaku Zasshi, 94, 280 

(10) “ZLta-Meter Manual”. Zeta-Meter Inc., New York, N.Y., 1968. pp. 

( I  I )  N.  A. Lange. ”Lange’s Handbook of Chemistry”, I Ith ed., 

( I  2) J. T. Carstensen. K. S. E. Su, P. Maddrcll, J .  H. Johnson, and t l ,  N .  

Mack, Easton, Pa.. 1970, p. 1723. 

(1940). 

Chemical Company, Ames, Iowa, 1974. pp. 5 -1  1. 

( 1974). 

I08 - 125. 

McCraw-Hill, New York, K.Y.  1973. pp. 10-149. 

Newmark, Bull. Parenrcr. Drug Arsoc., 25, I93 ( I97 I ). 

( I  3) J. T. Carstensen and K. S. E. Su, Bull. Parenfer. Drug Assoc., 25, 

(14) B. A. Ilaincs, Jr. and A. N. Martin. J. Pharm. Sci., 50. 228 

(15) R. D. C. Jones, B. A. Matthews. and C. T. Rhodes. J .  Pharm. Sci., 

287 (1971). 

(1961). 

59,518 (1970). 

ACKNOWLEDGMENTS 

This paper was presented in part to the Basic Pharmaceutics Section, 
Academy of Pharmaceutical Sciences, 33rd National Meeting, San Diego, 
Calif., Novembcr 1982. The authors thank Drs. R. F. Bergstrom and C. W. 
McKeehan, and Mcssrs. R .  1.. Robison. W.  K. Agan, W. R. Brown, and M. 
0. Clarkson for their technical assistance and helpful discussions, and Mrs. 
C. Lammers for her assistance in  preparing the manuscript. 

Liquid Chromatographic Assay for Diflorasone 
Diacetate in Cream and Ointment Formulations 

M. C. SHAW and A. J. VANDERWIELEN” 
Received October 3, 1983. from Producr C‘onrrol I. ‘/‘he Upjohn Company, Kalamazoo, MI 49001. Accepted for publication February 29, 1984. 

Abstract 0 A high-performance liquid chromatographic assay for quantitating 
dinorasone diacetate ( I )  in cream and ointment formulations and in bulk form 
is described. lsoflupredone acetate ( 1 1 )  was used as the internal standard and 
a 3-pm silica gel column with a mobile phase comprised of water-saturated 
butyl chloride-water-saturated methylene chloride-tctrahydrofuran- acetic 
acid (350:125:10:15) led to an efficient separation. The method gave accurate 
results for four formulations, two creams and two ointments, as well as the 
bulk drug. The assay has an RSD or-I 3% for the cream formulations. I .3% 
for the ointment formulations, and 1.0% for the bulk drug. The method is 
specific for 1 and capable of resolving structurally related compounds. 

Keyphrases 0 Diflorasonc diacctate - HP1.C. cream. ointment, bulk drug 
0 HPLC-diflorasone diacetate, cream, ointment, bulk drug 

Diflorasone diacetatc ( I )  in topical formulations is indicated 
for the relief of inflammatory manifestations of acute and 
chronic corticosteroid-responsive dermatoses ( I ) .  It is available 
as a 0.05% cream- or ointment-based topically applied prod- 
uct l .  The high-pcrformance liquid chromatographic (HPLC) 
analysis of similar topical anti-inflammatory steroids has ap- 
peared (2).  This report describes a ncw normal-phase HPLC 
assay that is specific for diflorasone diacetate in two cream and 
two ointment formulations. The assay is also capable of sep- 
arating several structurally related compounds: the 9, l I -  
cpoxide ( I  I I ) ,  6P-fluoro analoguc ( IV) ,  6-defluoro analogue 
(V) ,  the 17-OH,21-OAc analogue (VI ) ,  and thc 17- 
OAc,21-OH analogue (VII )  of I .  

EXPERIMENTAL SECTION 

Materials-Diflorasonc diacetate2 ( I ) ,  isoflupredone acetate* ( I I ) ,  and the 
related compounds I l l -V1I2  (3-7) were obtained in  pure form and dissolved 
in water-saturated chloroform for chromatography and spectroscopy. Solvents 
and reagents were commercial analytical grade. Placebo materials were ob- 
tained in-house*. 

Chromatographic Conditions-A modular liquid chromatograph including 

I Floronc Cream, Florone Ointmenl. The Upjohn Company. Kalamazoo. Mlch 
*The tipjohn Company 

C H Z - O - R 2  
I 

i 
I R = C H 3 ,  R,=Ac, Rz=Ac, X=a-F 

I1 R=H.  R l = H .  Rz=Ac. X=H 

I V  R=CH3. Rl-Ac, Rz=Ac .  X=p-F 

V R = C H 3 ,  Rl=Ac. Rz=Ac, X=H 

VI  R = C H 3 ,  R 1 = H ,  R2=Ac, X=a-F 

VII R = C H 3 ,  Rl=Ac, RZ=H.  X=a-F 

0 
II 

C H 2 - O - C - C H 3  
I 

F 

Ill 

pump3, fixed-loop injector4, fixed-wavelength detectorS (254 nm), and a 
minicomputer6 were used. Commercial 3-pm7 silica gel columns (I0 cm X 
4.6 mm i.d.) were used at  ambient temperature. The mobile phase, deaerated 
under vacuum sonication prior to use, consisted of water-saturated butyl 

Model 1 IOA; Altex Scientific Inc.. Berkeley, Calif. 
Model AH60 equipped wi th  a 10-pL fixed volume loop: Valeo Instruments Co.. 

M d e l  1203; LDC Corp., Riviera Beach. Fla. 
PDP 11-40; Digital Equipment Corp.. Marlborough. Mass. 

Houston. Tex. 

’ Part #0258- 1500: Perkin-Elmer Corp.. Norwalk. Conn. 
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