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ABSTRACT 

We developed a microprocessor-control 1 ed, tandem reverse-phase HPLC method 

for analyz ing both cream and ointment formulat ions.  Analytes included: a 

developmental c o r t i c o s t e r o i d  i n  bo th  cream and ointment formulations; a 

developmental naphthohydroquinone d i e s t e r  i n  the  ointment; and benzyl a lcohol ,  

a cream e x c i p i e n t  ma te r ia l .  Sample preparat ion consis ted simply of d i s s o l v i n g  

cream o r  ointment i n  30:60 tetrahydrofurar1:isopropanol , c e n t r i f u g i n g  t o  

sediment undissolved residue, and d i r e c t l y  i n j e c t i n g  onto t h e  HPLC column. 

With automated swi tch ing valves operat ing i n  a f r o n t - c u t t i n g  mode, analy tes 

p l u s  i n t e r n a l  standard were d i r e c t e d  from the  reverse-phase precolumn t o  a 

30-cm reverse-phase a n a l y t i c a l  column wh i l e  re ta ined  e x c i p i e n t  m a t e r i a l s  were 

backflushed t o  waste. 

cream and ointment formulations by reverse-phase HPLC w i t h  conventional 

l i q u i d - l i q u i d  p a r t i t i o n  sample preparat ion procedures. 

performance was s a t i s f a c t o r y  as evidenced by: 

l i n e a r i t y ,  prec is ion,  s t a b i l i t y  s p e c i f i c i t y ,  peak t a i l i n g  fac to rs ,  peak 

For  comparison, we a l so  analyzed t h e  c o r t i c o s t e r o i d  

I n  a1 1 cases, method 

sample recovery, response 
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K E N L E Y ,  CHAUDHRY, AND VLSOK 1 7 0 2  

assymetries, peak reso lu t i on ,  and t h e o r e t i c a l  p l a t e  counts. 

1 i qu ida ted  e x t r a c t i o n  techniques, t he  repor ted column-switching methods 

reduced requ i red  sample preparat ion t imes by a f a c t o r  o f  n e a r l y  3. 

Compared w i t h  

INTRODUCTION 

Top ica l l y -app l i ed  drugs are f requen t l y  incorporated i n t o  b o t h  hydrophi l  i c  

cream and hydrocarbon-base ointment formulations. '  With respect  t o  

pharmaceutical analys is ,  cream and ointment formulat ions share a common 

d i f f i c u l t y :  bo th  fo rmu la t i on  types represent a complex m a t r i x  from which 

a c t i v e  ma te r ia l  ( s )  must be separated p r i o r  t o  analys is .  

of cream and ointment sample p repara t i on  techniques most ly  r e q u i r e  

1 i q u i d - l i q u i d  p a r t i t i o n i n g  t o  separate a c t i v e  and exc iD ien t  m a t e r i a l s  p r i o r  t o  

chromatographic a n a l y ~ i s . ~ - ~  The disadvantages o f  these conventional sample 

preparat ion methods are r e a d i l y  apparent. The methods a re  awkward, ted ious,  

and time-consuming. 

L i t e r a t u r e  examples 

High-performance 1 i q u i d  chromatography (HPLC) column-switching techniques 

a f f o r d  an obvious a l t e r n a t i v e  t o  l i q u i d - 1  i q u i d  p a r t i t i o n i n g  f o r  pharmaceutical 

sample preparat ion.  I n  general, column-switching HPLC encompasses t h e  use o f  

two columns and appropr ia te v a l v i n g  t o  chromatographical ly: i s o l a t e  ana ly tes  

on a precolumn; d i r e c t  t h e  compounds o f  i n t e r e s t  t o  a second column; and 

d i v e r t  sample m a t r i x  cons t i t uen ts  t o  waste. Many s p e c i f i c  column-switching 

HPLC app l i ca t i ons  are known8-13 and several reviews have appeared. 

Spec i f i ca l l y ,  w i t h  respect  t o  analyz ing t o p i c a l  formulat ions,  our  l abo ra to ry  

prev ious ly  described an automated tandem reverse-phase technique f o r  

determining s t e r o i d s  and o the r  drugs i n  vanishing-type creams. 

t h i s  system, the  r e l a t i v e l y  p o l a r  analy tes r a p i d l y  e l u t e d  f rom a 3-cm 

reverse-phase precolumn onto a 30-cm reverse-phase a n a l y t i c a l  column w h i l e  

r e l a t i v e l y  nonpolar exc ip ien ts  were re ta ined  on the  precolumn and subsequently 

backflushed w i t h  s t rong so lvent  t o  waste. The method s a t i s f i e d  t h e  normal 

14-1 8 
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1783 HPLC METHOD: ANALYZING CREAMS AND O I N T M E N T S  

chromatographic performance c r i t e r i a  and a f fo rded  s i g n i f i c a n t  t ime savings 

compared w i t h  conventional e x t r a c t i o n  techniques. 

The demonstrated advantages o f  t h e  repo r ted  column-switching technique 

notwithstanding, we wished t o  determine i n  a p r a c t i c a l  context ,  t he  degree t o  

which we cou ld  extend t h e  method t o  inc lude:  1 )  a d d i t i o n a l  drugs and 

exc ip ien ts  incorporated i n t o  t h e  same vanishing-type cream and 2) drugs 

incorporated i n t o  an ointment formulat ion.  

t he  column-switching HPLC method t o  analyze the  f o l l n w i n p .  178-methyl- 

t h ioca rbony l -9 - f l  uoro-113 -1 7-di hydroxy-1 @-methyl androsta-l,4-diene-3- 

one-1 7-acetate (timobesone acetate) ,  1, a developmental c o r t i c o s t e r o i d ;  benzyl 

alcohol, 2, a cream e x c i p i e n t  ma te r ia l  ; and 2,3-dimethoxy-7-chloro-l,4- 

naphthohydroquinone d iacetate,  3, a developmental a n t i p s o r i a t i c .  

compounds 1 and 2 incorporated i n t o  a cream fo rmu la t i on  s i m i l a r  t o  t h a t  

p rev ious l y  d e ~ c r i b e d ’ ~ ’ * ~  and compounds 1 and 3 incorporated i n t o  a t y p i c a l  

(1 )  hydrocarbon-base ointment. 

cream and ointment formulat ions by conventional l i q u i d - l i q u i d  p a r t i t i o n i n g  

workup fo l l owed  by reverse-phase HPLC. 

technique s a t i s f a c t o r i l y  prov ides r a p i d  ana lys i s  o f  a l l  t h e  above drug 

formulat ions and simultaneously prov ides a measure o f  v e r s a t i l i t y  n o t  found i n  

conventional ana lys i s  techniques. 

Accordingly, we have now app l i ed  

We analyzed 

Fo r  comparison, we a l s o  analyzed 1 i n  t h e  

We f i n d  t h a t  t h e  column-switching HPLC 

EXPERIMENTAL 

Materf a1 s 

Compounds 1 and - 3 were prepared by t h e  Syntex I n s t i t u t e  of, Organic 

Chemistry. 

analys is  and the  usual spectroscopic techniques. Isopropyl  a lcohol ,  I P A  

(Mal l inckrodt ,  Inc.; Par is ,  K Y ) ,  benzyl a lcohol ,  2 ( A l d r i c h  Chemical Co.; 

Milwaukee, W I ) ,  ace t i c  a c i d  and petroleum e the r  (J.  T. Baker Chemical Co.; 

Ph i l 1  ipsburg, NJ) were a n a l y t i c a l  reagent grade. 

and Jackson Laboratories; Muskegon, MI)  and a c e t o n i t r i l e  (Baker) were 

The p u r i t y  and s t r u c t u r e  o f  1 and 3 were ascer ta ined by elemental 

Tetrahydrofuran THF (Burd ick 
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K E N L E Y ,  CHAUDHRY, A N D  VISOR 1 7 0 4  

g l a s s - d i s t i l l e d .  Methyl p-hydroxybenzoic acid ( M P ) ,  f luocinonide ( F L ) ,  and 

ethinyl  e s t r a d i o l  ( E E )  p lus  a l l  cream and ointment exc ip ien t  mater ia l s  were 

U.S.P. grade. 

Chromatographic System 

The modular HPLC system consis ted o f :  mobile phase pump (Constametric I 1  

model, LDC; Riviera Beach, FL) operated a t  1.5 m L / m i n  (1500 psi) ;  autosampler 

(Wisp 71013, Waters Assoc. , Inc.; Milford, MA); s ix-por t  i n j e c t i o n  valve 

(Model 7010 Valve and 7001 Act ivator ,  Rheodyne; C o t a t i ,  C A I  w i t h  pneumatic 

ac tua tor ;  microprocessor c o n t r o l l e r  (Micromaster WP-6000, Minarik E l e c t r i c  

Co.; Los Angeles, C A ) ;  solenoid and solenoid i n t e r f a c e  (Autochrom, Inc. ;  

Milford, M A ) ;  uv-visible de tec tor  (Model 230, Spectra  Physics; San Jose ,  C A I ;  

e lec t ronic  i n t e g r a t o r  (Model 4050 p r i n t e r / p l o t t e r  with DIM, Spectra  Physics) ; 

and low-pressure p e r i s t a l t i c  pump ( S e r i e s  E ,  Eldex Laborator ies  Inc.; Menlo 

Park, C A I .  The column assembly cons is ted  o f :  a reverse-phase precolumn 

(RP-18 Llchrosorb 10 MPLCtm 3 cm x 4.6m, Brownlee Laborator ies ;  Santa 

Clara, C A ) ,  a guard column (Co:Pell ODs, 7 cm x 2.1 mm, Whatman, Inc. ;  

Cl i f ton ,  NJ) , and e i t h e r  of two reverse-phase ana ly t ica l  columns (UBondapak 

C18, 10 pm, 30 cm x 3.9 mn, Waters ASSOC., Inc. o r  ODs-3 RACII, 10 cm x 

4.6 mm, Whatman, Inc.) 

Methods 

In a l l ,  six methods were developed f o r  analyzing compounds 1, 2, and - 3 i n  

The methods d i f f e r e d  w i t h  respec t  t o  mobile cream and ointment formulations. 

phase composition, in te rna l  s tandard,  and the l i k e .  Table I summarizes 

selected operat ing parameters f o r  t h e  methods. 

were d i r e c t l y  in jec ted  by the autosampler onto the guard column p l u s  

ana ly t ica l  column and the automated col umn-switching assembly plus precol umn 

were not employed. For Methods 3 through 6 the column-switching assembly, 

chromatographic system configurat ion and automatic operat ing sequence were a s  

previously described; 19’20 however, i n  t h e  c u r r e n t  study, 75:25 THF:IPA 

For Methods 1 and 2 ,  samples 
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1786 K E N L E Y ,  C H A U D H R Y ,  AND VISOR 

mixture was subs t i t u ted  as backf lush mobi le  phase, and t imes f o r  sequenced 

events were decreased by a f a c t o r  o f  approximately two t o  account f o r  s h o r t e r  

r e t e n t i o n  t imes o f  t he  analytes. 

Methods 1 and 2. Cream and ointment samples were p a r t i t i o n e d  between 

petroleum e the r  and a 75:25 acetoni t r i1e:water  m ix tu re  con ta in ing  i n t e r n a l  

standard. 

more w i t h  o f  aqueous a c e t o n i t r i l e .  

d i l u t e d  w i t h  an equal volume o f  water, and c e n t r i f u g e d  20 min a t  2000 rpm 

p r i o r  t o  assay. 

The aqueous l a y e r  was removed and t h e  organic l a y e r  ex t rac ted  t w i c e  

The aqueous e x t r a c t s  were combined, 

Methods 3 through 6. Cream and ointment samples were d i sso l ved  wi th  

gent le  warming i n  THF con ta in ing  i n t e r n a l  standard(s1. 

mix ture shaken, and cen t r i f uged  as a precaut ion t o  p r e c i p i t a t e  any undissolved 

residues. 

I P A  was added, t h e  

RESULTS AND DISCUSSION 

Sample PreDaration 

The p rev ious l y  described 19’ 2o column-switching HPLC method operates i n  

We a f r o n t - c u t t i n g  mode t o  i s o l a t e  analy tes from sample m a t r i x  components. 

r a t i o n a l i z e d  t h a t  the same separation l o g i c  would extend t o  t h e  case o f  

r e l a t i v e l y  p o l a r  drugs incorporated i n t o  an e s s e n t i a l l y  nonpolar 

hydrocarbon-base ointment. 

mix ture t h a t  would: 1) r e a d i l y  d i sso l ve  cream and ointment samples and 2 )  n o t  

i n t e r f e r e  w i t h  subsequent reverse-phase chomatographic analys is .  We 

u l t i m a t e l y  se lected a 30:60 THF:IPA m ix tu re  as d i s s o l u t i o n  and i n j e c t i o n  

Solvent f o r  t h e  column-switching chromatographic ana lys i s  (Methods 3 through 

6, Table I ) .  

exc ip ien ts  (and analy tes)  and d isso lved approximately 50% o f  t h e  o in tment  

exc ip ients  (undissolved res idual  e x c i p i e n t s  were convenient ly  removed by 

cen t r i f uga l  sedimentation). As described below, the  THF con ten t  o f  t h e  

It remained, however, t o  f i n d  a s u i t a b l e  so l ven t  

The THF:IPA cosolvent  d i sso l ved  e s s e n t i a l l y  a l l  o f  t h e  cream 
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HPLC METHOD: ANALYZING CREAMS AND OINTMENTS 1 7 8 7  

i n j e c t i o n  sol vent d i d  n o t  compromise chromatographic performance p r o v i d i n g  

t h a t  i n j e c t i o n  volumes d i d  n o t  exceed 10 pL. Sample p repara t i on  by 

d i s s o l u t i o n  i n  THF:IPA was much l e s s  l abo r ious  than p repara t i on  v i a  

conventional l i q u i d - l i q u i d  p a r t i t i o n i n g  (Methods 1 and 2). 

preparat ion t ime ( s i x  samples) averaged th ree  hours f o r  Methods 1 and 2 b u t  

on l y  60 min f o r  Methods 3 though 6. 

To ta l  sample 

The sample preparat ion and ana lys i s  by Method 5 deserves comment. Our 

goal was t o  analyze both compound 1 and compound 2 i n  cream samples. 

- 2 I s  more p o l a r  than 1 we were unable t o  f i n d  a s ing le  mobi le  phase t h a t  would 

separate bo th  compounds from each other, from e x c i p i e n t  m a t e r i a l s  and from t h e  

so lvent  f r o n t .  To circumvent t h e  separat ion problem i n  Method 5, we prepared 

cream samples w i t h  two added i n t e r n a l  standards and reduced t h e  mobi le  phase 

organic content  r e l a t i v e  t o  Method 3. 

standard (EE) e l u t e d  from the  precolumn w h i l e  1 and i t s  i n t e r n a l  standard (FL) 

were re ta ined  with exc ip ien ts  and backflushed t o  waste. To assay f o r  1, we 

r e i n j e c t e d  the  same samples, b u t  changed mobi le  phase t o  Method 1 con ten t  

(h igher  organic  f r a c t i o n ) ,  thereby removing 2 and EE w i t h  t h e  so l ven t  f r o n t  

and simultaneously separat ing 1 and FL from the  so lvent  f r o n t  and from 

exc ip ients .  

Because 

Wi th Method 5, 2 and i t s  i n t e r n a l  

To demonstrate the  u t i l i t y  o f  t he  column-switching HPLC technique we 

compared Methods 1 through 6 w i t h  respect  t o  accuracy, p rec i s ion ,  response 

l i n e a r i t y ,  and s p e c i f i c i t y .  The f o l l o w i n g  sec t i on  summarizes these r e s u l t s .  

Ana ly t i ca l  S t a t i s t i c s  

Fo r  each method we prepared ( i n  dup l i ca te )  spiked placebos corresponding 

t o  70, 80, 90, 100, 110 and 120% o f  t he  sample ana ly te  concentrat ions l i s t e d  

i n  Table I ( i .e. 0.05% w/w f o r  Methods 1 through 4 and 1.0% w/w f o r  Methods 5 

and 6). To demonstrate t h a t  peak broadening i n  sample versus standard 

determinations d i d  n o t  i n f l u e n c e  analy te quan t i t a t i on ,  we quan t i t a ted  t h e  

analytes by bo th  peak h e i g h t  and peak area measurements. Fo r  each sp iked 
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1788 KENLEY, CHAUDHRY, AND VISOR 

placebo we deteniiined the analyte concentration and calculated percentage 

recovery: % recovery = 100. [Analytelobscrved i [Analyteladded. 

We averaged the recovery d a t a  fo r  each method t o  obtain mean recoveries 

and the standard deviation ( S D )  about each mean. Table 11 l i s t s  the mean 

recovery values. 

recovery means (paired t t e s t ,  a=0.05/2) and peak height versus area 

variances ( F  t e s t ,  a=0.@5/2) t o  identify potential l imitations i n  the 

quantitation methods. Table I 1  shows t h a t  height versus area means and 

variances differed significantly fo r  some, b u t  not a l l  methods. 

recovery means were acceptably close t o  100%. 

We s t a t i s t i c a l l y  compared peak height versus peak area 

In a l l  cases,  

Table I1 a l so  provides precision data fo r  Methods 1 through 4. Here, f o r  

each method, we assayed twelve d i f fe ren t  samples made t o  approximately 100% of  

the l i s t ed  (Table I )  analyte concentration and calculated mean recovery (2SD) 
values. 

and variances. 

different for  Methods 1 and  2 b u t  n o t  f o r  Methods 3 and 4. For Methods 1 

t h r o u g h  3, there were no s t a t i s t i c a l l y  significant differences among the 

recovery variances, and a l l  four methods gave re la t ive  standard deviations 

<1.5%. 

Again we s t a t i s t i c a l l y  compared peak height versus peak area means 

The precision data showed recovery means t o  be s t a t i s t i c a l l y  

To demonstrated method response 1 inearity,  we used the spiked placebo 

recovery data ( a t  70 t o  120% of tested analyte concentration, see above) a n d  

1 east-squares 1 inear regression analysis according t o  the following 

expression: [Analytelobserved = Intercept + Slope. [Analyteladded. 

All six methods were highly l inear  a s  evidenced by: slope and intercept 

values equaling, respectively, unity and zero ( a t  the 95% confidence l e v e l ) ;  

correlation coefficients greater than 0.9996; and  standard e r rors  o f  

regression l e s s  t h a n  3.2. 
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HPLC METHOD: ANALYZING CREAMS AND OINTMENTS 1 7 5 9  

Table 11. Percentage Recovery and Prec i s ion  S t a t i s t i c s  f o r  

Cream and Ointment Analyses 

Recovery Mean Recovery Prec is ion,  
% t SD % t sn 

Methoda Peak Heigf i t  Peak Area Peak Height- Peak Area 

1 98.9 - t O,4Oc 98.3 - t 3.6' 10lb - t 0.45 102b - t 0.76 

2 99.7 - t 1.1' 102 - t 2.7' 99.8b - t 0.75 98.6b - t 0.82 

3 97.8b - t 0.85 99.7b - t 0.99 103 2 1.2 103 2 0.94 

4 99.6 - t 0.97 99.9 - t 0.84 99.3 T0.45' 99.9 2 1 . 4 '  

5 10 lb  t 0.98 100 - t 1.2 d d b 
- 

6 99.8 - t 0.92' 100 - t 0.46' d d 

aSee Table I f o r  method desc r ip t i on  
bPeak he igh t  versus peak area means s t a t i s t i c a l l y  d i f f e r e n t  (5- test ,  

CPeak he igh t  versus peak area variances s t a t i s t i c a l l y  d i f f e r e n t  (F- test ,  

dNot determined. 

a = 0.05/2). 

a = 0.05/2). 

wp/7701 e 

I n  summary, a l l  s i x  methods met t h e  normal s t a t i s t i c a l  a c c e p t a b i l i t y  

c r i t e r i a  f o r  l i n e a r i t y ,  accuracy, and prec is ion.  An a d d i t i o n a l  c r i t e r i o n  ( i n  

cases where the  methods w i l l  apply t o  drug product s t a b i l i t y  mon i to r i ng )  i s  

method s p e c i f i c i t y .  The paragraph below discusses t h i s  aspect of method 

acceptabfl  i ty .  

Representative Chromatograms 

For  Methods 1 through 6, placebo chromatograms showed no in te r fe rences  

For  t h i s  w i t h  analyte, i n t e r n a l  standard o r  ana ly te  degradation products. 

reason we do n o t  present placebo chromatograms. F igures 1 through 3 show 

representat ive chromatograms f o r  Methods 3, 5 and 6, respec t i ve l y .  

f i gu re ,  t h e  chromatogram corresponds t o  ana lys i s  o f  placebo spiked w i t h  

analy te p l u s  i n t e r n a l  standard p l u s  known o r  a n t i c i p a t e d  degradation 

I n  each 
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1790 K E N L E Y ,  CHAUDHRY,  AND VLSOR 

( a  

550 

k 
1100 - 

Time - Seconds 

F igure  1. Represen ta t ive  chromatogram of Method 3 showing: deg rada t ion  
p roduc t s ,  ( a )  through ( c ) ;  FL i n t e r n a l  s t anda rd  ( d ) ;  and compound 1 
( e ) .  Re ten t ion  t imes i n  seconds. 

- 

products. Chromatograms for  Methods 1 ,  2 ,  and  4 were indistinguishable from 

chromatograms fo r  Method 3. 

All six methods achieved base1 ine resolution between analytc, internal 

standard, and  degradation products, thereby demonstrating method s t a b i l i t y  

spec i f i c  i ty . 
As a final probe of the analytical methods we determined the influence o f  

the precolumn and of injected THF volume on chromatographlc performance 

characteristfcs.  These studies a re  described below. 
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HPLC METHOD: ANALYZING CREAMS AND OINTMENTS 1 7 9 1  

0 1100 - 
Time - Seconds 

F igu re  2 .  Representat ive chromatogram o f  Nethod 5 showing: 
benzoic a c i d  degradat ion product, (b ) ;  MP i n t e r n a l  standard-(c); 
and benzaldehyde degradat ion product  ( d ) .  Re ten t i on  t imes i n  
seconds. 

compound 2 ,  (a ) ;  

Chromatographic Performance C h a r a c t e r i s t i c s  

To demonstrate t h a t  t h e  precolumn d i d  n o t  d e t e r i o r a t e  ana ly te  

chromatography, we determined chromatographic perfonnance parameters f o r  

compound 1 and FL i n t e r n a l  standard us ing Methods 1 and 2 (w i thou t  precolumns) 

and Method 3 { w i t h  precolumn). The se lected performance parameters (peak 

t a i l i n g  fac to r ,  peak assymetry, r e s o l u t i o n  and t h e o r e t i c a l  p l a t e  count)  were 

ca l cu la ted  according t o  t h e  usual equations.16 Fo r  each performance 

parameter, t he  values obtained w i t h  Method 3 were e s s e n t i a l l y  i d e n t i c a l  t o  

values obta ined w i t h  Methods 1 and 2 (and f o r  t h i s  reason t h e  data are n o t  

shown). 

t h e  MPLCTM precolumn, f o r  a l l  p r a c t i c a l  purposes, has no negat ive i n f l u e n c e  

on column-switching chromatography. 

Thus, i n  accordance w i t h  e a r l i e r  o b s e r ~ a t i o n s ’ ~ ’ ~ ~  we conclude t h a t  
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0 I 550 1100 

Time - Seconds 

F i g u r e  3. Represen ta t i ve  chromatogram of Method 6 showing: EE i n t e r n a l  
standard, ( a ) ;  degradat ion products ,  ( b )  and ( c ) ;  and compound 3, 
( d ) .  Re ten t i on  t imes i n  seconds. 

We inves t i ga ted  t h e  i n f l uence  o f  t h e  THF:IPA d i s s o l u t i o n  and i n j e c t i o n  

solvent on chromatographic performance two ways. 

standard so lut ions,  as we l l  as cream and ointment samples i n  d i s s o l u t i o n  

solvent con ta in ing  20 t o  40 percent  THF and analyzed t h e  samples by Methods 3 

and 4 mainta in ing a constant  10-L i n j e c t i o n  volume. 

the resu l t s .  Secondly, we prepared standard s o l u t i o n s  and samples i n  30:60 

THF:IPA d i s s o l u t i o n  so lvent  and assayed by Methods 3 and 4 w i t h  10 - to  40-pL 

i n j e c t i o n  volumes. Table I V  d e t a i l s  these data. 

F i r s t ,  we prepared reference 

Table I 1 1  summarizes 

Table I 1 1  shows t h a t  f o r  a 10-pL i n j e c t i o n  volume, d i s s o l u t i o n  so l ven t  

THF content  had no s i g n i f i c a n t  in f luence on chromatographic performance w i t h i n  

the 20 t o  40% THF range invest igated.  However, Table I V  revea ls  t h a t  w i t h  30% 

THF content  i n  t h e  d i s s o l u t i o n  solvent, i nc reas ing  t h e  i n j e c t i o n  volume beyond 

10 pL se r ious l y  degraded chromatographic performance. 

greater  than 10  pL, peak f r o n t i n g  occured (as evidenced by decreasing peak 

t a i l i n g  f a c t o r  and assymetry parameters) w i t h  concomitant reduc t i on  i n  peak 

reso lu t fon  and t h e o r e t i c a l  p l a t e  count. 

A t  i n j e c t i o n  volumes 
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1 7 9 4  K E N L E Y ,  CHAUDHRY, AND V l S O R  

Table I V .  I n f l uence  o f  Method 3 and 4 I n j e c t i o n  Volume 
on Chromatographic Performance Parametersa 

T a i l i n g  Factor  Peak Assymetry Reso lu t i on  Fac to r  Theore t i ca l  P la tes  
- 

I n j  ec ti on 
Volume Standard Standard Standard Standard 

Method Analy te UL So lu t fon  Sample So lu t i on  Sample So lu t i on  Sample S o l u t i o n  Sample 

3 FL 10 1.40 1.48 1.32 1.80 5.15 4.99 2840 2640 
15 1.20 1.35 1.31 1.65 5.04 5.05 2700 7770 
25 1.21 1.13 1.27 1.22 4.57 4.23 2040 1820 
30 1.07 0.99 1.17 0.90 4.43 3.83 1880 1340 
40 0.94 0.94 0.81 0.73 3.35 2.98 960 842 

4 

1 10 1.31 1.31 1.51 1.53 b b 7940 2880 
15 1.31 1.25 1.43 1.45 b b 2910 2860 
75 1.18 1.15 1.43 1.31 b b 751 0 7110 
30 1.06 1.00 1.11 1.07 b b 2240 1810 
40 0.93 0.A7 0.85 0.76 b b 1490 1060 

FL 10 C 1.40 c 1.65 5.15 5.02 c 7860 
15 C 1.33 c 1.50 5.04 5.00 c 2480 
25 C 1.18 c 1.29 4.57 4.65 c 21 70 
30 C 0.98 c 0.75 4.43 3.10 c 1160 
40 C 0.83 c 0.58 3.35 2.60 c 766 

40 C 0.93 c 0.60 b;c b C 758 

&See Table I f o r  method d e s c r i p t i o n  
bResolut ion between FL and 1 shown i n  row for FL. 
CStandard s o l u t i o n  data i d e n t i c a l  f o r  Methods 3 and 4. 

wpl7701e 

Thus some l a t i t u d e  e x i s t s  i n  choosing THF con ten t  o f  d i s s o l u t i o n  so l ven t  

and i n j e c t i o n  volume. When t h e  t o t a l  volume o f  i n j e c t e d  THF exceeds 3 pL, 

however, chromatography performance w i l l  no t i ceab ly  de te r io ra te .  

CONCLUSIONS 

The t ime-saving b e n e f i t  o f  column-switching chromatography i s  reconf i rmed 

here. 

methods, t h e  column-switching technique reduces sample workup t ime by a f a c t o r  

o f  nea r l y  3. 

Compared w i t h  convent ional  1 i qu id -1  i q u i d  p a r t i  t i o n  sample p repara t i on  

Another obvious advantage o f  t he  column-switching approach, i s  i t s  

v e r s a t i l i t y .  We can now assay both cream and ointment formulat ions by t h e  

column-switching technique, and t h e  methods extend t o  ana ly tes  o f  w ide l y  
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HPLC METHOD: ANALYZING CREAMS AND OINTMENTS 1795 

dispara te  s t r u c t u r e s  and re ten t ion  propert ies .  The c a s e  of r e l a t i v e l y  polar  

drugs incorporated i n t o  formulations containing mostly nonpolar exc ip ien ts  i s  

a common one i n  pharmaceutical science. 

employed should have general appl icat ion.  

Thus  the separat ion t h a t  we have 
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