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ABSTRACT 

Impor tant  in fo rmat ion  f o r  developing an i n t e r n a l  standard f o r  

h i  gh-performance 1 i qui  d chromatography has been presented i n  a tabu- 

l a r  form. I f  a c e t o n i t r i l e  i s  subs t i t u ted  f o r  methanol, the column 

l i v e s  are longer  and c o s t l y  repa i r s  o f  the chromatograph are no t  

needed t h a t  o f ten .  

s u b s t i t u t e d  f o r  2% o f  methanol. 

Approximately 1% o f  a c e t o n i t r i l e  can be 

BACKGROUND 

When developing a new HPLC assay method f o r  a drug, i t  i s  o f t e n  

necessary t o  f i n d  an appropr ia te  i n t e r n a l  standard. The i n t e r n a l  

standard i s  requ i red  f o r  accuracy o f  the  resu l t s .  The authors o f  

t h i s  r e p o r t  have prepared Table 1, which l i s t s  chromatographic 

cond i t ions  o f  var ious compounds, based on t h e i r  experience i n  the  

labora tory .  Th is  t a b l e  has been found t o  be very use fu l  f o r  the 

purpose o f  developing an i n t e r n a l  standard. The t a b l e  l i s t s  the  
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632 DAS GUPTA, PRAMAR, AND PARASRAMPURIA 

TABLE 1 
CHROMATOGRAPHIC CONDITIONS WITH 

AN INCREASING STRENGTH OF THE MOBILE PHASE 

Drug Wavelength Conc. Mobile Phase and the 
( Internal  Standard) (nm) (pg/mll  Column Used 

Metroni dazole 
( Phenyl propanol am1 ne HC1) 

5-F1 ucytosi ne 
(5-Aminouraci 1 1 

Carben ic i l l  i n  

Moxal ac tam 

Tobramycin 

T i  carc i  11 i n  

Hydra1 azi  ne HC1 
(Phenylpropanol amine H C l  1 

Phenyl ephri ne HCl  
(Acetaminophen) 

Cefadroxi l  
(Cef tazidime) 

Pseudoephedrine 
(Sal icy1 amide 

Acetaminophen 
( Sal i cy l  ami  de) 

Cef sul odi n 

Hydrochlorthiazi de 
(Sal i cy l  ami de 1 

Morphine 

254 

300 

230 

254 

230 

245 

2 56 

271 

254 

257 

257 

280 

273 

254 

200 
1400 

100 
12 

600 

80 

100 

600 

30 
1600 

225 
120 

67 
133 

30 
400 

16 
400 

1000 

40 
300 

300 

0.02M potassfurn phosphate, 
pH = 4.2, phenyl column 

0.05M phosphate, pH = 4.5, 
c18 column 

.02M amnonium acetate, phenyl 
column 

.02M amnonium acetate, pH = 
5.8, phenyl column 

.02M amnonium acetate, phenyl 
column 

. O W  amnonium acetate, phenyl 
column 

2% MeOH, .l% HAc, 0.015M phos- 
phate, c18 column 

2% ACN, .02M phosphate, pH = 
5.9-6.1. f.18 column 

2% ACN, 0.01M amnonium ace- 
tate,  c18 column 

4% MeOH, 1% HAc, .02M amnonium 
acetate, pH = 3.8, c18 column 

5.5% MeOH, 1% HAc, .02M amno- 
nium acetate, pH = 3.8, c18 
column 

3.5% MeOH, 1.5% ACN, .02M 
amnonium acetate, pH - 4.1, 
phenyl column 

7% MeOH, .5% HAc, .02M amoni -  
um acetate, c18 column 

7% MeOH, 0.1M phosphate. 
c18 column 
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HIGH-PERFORMANCE L I Q U I D  CHROMATOGRAPHY 633 

TABLE 1 (continued) 

Drug Wavelength Conc. Mobile Phase and the 
( In te rna l  Standard) (nm) (ug/ml) Column Used 

Acyc lov i r  252 
(Sal i c y l  i c  acid) 

Isoe thar i  ne 
( Metap r o t e  reno l )  

Levodopa 
Dopami ne 
(Carbidopal 

Terbutal i ne  SO 
(Sal i c y l  i c  acid) 

278 

280 

278 

Potassium Guaiacol sul fonate 254 

Benzoic Acid 2 54 

Phenol 254 

Ceftazidime 
(Cephal exin) 

240 

Cefotetan Disodium 262 
(Cephal e x i  n 1 

Codeine PO4 254 
Guai fenesi n 
Pheni ram4 ne Maleate 
Phenyl propanolamine HC1 
Pyri lamine Maleate 

Amp ic i l l i n  Na 

Famoti dine 
(Sulfamerazine) 

Baclofen 
(Sul famerazi ne 

240 

268 

266 

7 
240 

100 
100 

50 
50 
50 

200 
50 

100 

300 

100 

35 
105 

30 
40 

100 
100 

1000 
150 
200 

500 

40 
28 

400 
20 

3% ACN, 0.01M phosphate, c18 
co l  umn 

3.5% ACN, 1% HAc, c18 column 

7% MeOH, 2% HAc, 0.005M hep- 
tanesul fonic acid, c18 
column 

8% MeOH, .02M phosphate, pH = 
3.6, phenyl column 

8.5% MeOH, .005M dibasic 
amnonium phosphate pH = 7.75, 
c18 column 

10% MeOH, .02M phosphate, pH = 
6.2, c18 column 

10% MeOH, .02M anmonium b icar -  
bonate, pH = 7.67, c18 column 

6% ACN, .01M amnonium acetate, 
phenyl column 

6% ACN, 0.01M phosphate, 
c18 column 

13% MeOH, .05M phosphate, 
c18 column 

7% ACN, .01M phosphate, pH = 
4.1, c18 column 

12% MeOH, 2% ACN, .l% HAc, 
.01M phosphate, c18 column 

12% MeOH, 2% ACN, .02M phos- 
phate, c18 Column 

(continued) 
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6 34 DAS GUPTA, PRAMAR, AND PARASRAMPURIA 

TABLE 1 (continued) 

Drug Wavelength Conc. Mobile Phase and the 
( In te rna l  Standard) (nm) ( u g h 1  1 Column Used 

Acetazol ami de 
(Sul famerazine) 

Sul facetami de 
Sul famerazine 
Sul fadiazine 
Sul famethazine 

Vancomyci n 

Cephal ex1 n 
(Cefazol i n )  

Cefotaxime Sodium 

Cefuroxime 
(Cefazol i n )  

Hydrocortisone 

S a l i c y l i c  Acid 
Acetaminophen 
Asp i r in  
Sal icylamide 
Caf f e i  ne 
Codeine PO4 
Phenaceti n 

S a l i c y l i c  Acid 

Cephradine 
(Cefazol i n )  

Cefoxi t i n 

Rani ti dine 
(Caffeine) 

257 32 
32 
32 
32 

282 

260 

2 54 

274 

254 

254 

300 

260 

254 

262 

500 

40 
60 

100 

250 
750 

20 

10 
50 

150 
150 
25 

100 
40 

25 

80 
120 

60 

60 
30 

12% MeOH, 2% ACN, .02M phos- 
phate, c18 column 

16% MeOH, 0.OW phosphate, 
c18 column 

8.5% ACN, .Om phosphate, 

9% ACN. .01M amnonium acetate, 
phenyl column 

18% MeOH, .02M amnonium ace- 
ta te ,  phenyl column 

18.5% MeOH, .02M amnonium ace- 
tate,  pH = 6.7, phenyl column 

20% MeOH, .02M phosphate, 
cyano column 

20% MeOH, .OlM phosphate, 
pH = 2.3, c18 column 

pH = 3.5, phenyl column 

20% MeOH, 0.01M phosphate, 
pH = 2.3, c18 column 

8% MeOH, 6% ACN, .l% HAc, .01M 
amnonium acetate, phenyl 
column 

20% MeOH, .02M amnonium ace- 
tate,  phenyl column 

10% MeOH, 7% ACN, .01M phos- 
phate, pH = 5.8, c18 column 
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HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 635 

TABLE 1 (continued) 

Drug Wave1 ength Conc. Mobile Phase and the 
( In te rna l  Standard) (nm) ( W m l )  Column Used 

Furosemi de 254 

Cocaine HC1 275 
(Ethyl  p-ami nobenzoa t e )  

Chloroquine PO4 
(Dobutamine HC1) 

257 

Phenylephrine HC1 254 
Phenyl propanol ami ne HC1 
Brompheni ranine Maleate 
(Sodium Benzoate) 

Cef azol i n  254 

Cep ha1 o t h i  n 254 

Cefoxi t i n 
(Cefazol i n )  

262 

Haloperi do1 254 
(Medroxyproges terone) 

Di sul f i ram 
(Hydrocortisone 1 

254 

Progesterone 254 
Medroxyprogesterone Acetate 
(Hydrocortisone) 

Triamcinolone Acetoni de 254 
(Hydrocort i  sore) 

Phenobarbital 
( M e r l o c i l l i n )  

Cefoperazone 
(Oxaci 11 i n )  

230 

240 

P i p e r a c i l l i n  Sodium 2 30 

40 

200 
5 

50 
400 

50 
50 
40 
50 

60 

50 

50 
30 

40 
40 

100 
40 

40 
40 
20 

80 
32 

150 
600 

12 
24 

100 

25% MeOH, .01M dibasic amno- 
nium phosphate, c18 Column 

25% MeOH, .OH amnonium ace- 
tate, pH = 7, cyano column 

26% MeOH, .02M phosphate, 
pH = 4.3, phenyl column 

13% ACN, 1.8% HAc, .005M 
1-heptanesulfonic ac id  sodium 
sa l t ,  pH = 2.6, cyano column 

30% MeOH, .01M amnonium 
acetate, phenyl column 

30% MeOH, .01M amnonium 
acetate, phenyl column 

15% ACN, .02M phosphate, pH = 
4.0, c18 column 

30% MeOH, .02M phosphate, 
cyano column 

30% MeOH, .OlM phosphate, 
cyano column 

30% MeOH, .02M phosphate, 
cyano column 

32% ACN, .02M phosphate, pH = 
4.2, c18 column 

35% MeOH, .02M amnonium 
acetate, phenyl column 

18% ACN, .01M atnnonium 
acetate, phenyl column 

38% MeOH, .02M amnonium 
acetate, phenyl column 

(continued) 
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636 DAS GUPTA , PRAMAR, AND PARASRAMPURIA 

TABLE 1 (continued] 

Drug Wavelength Conc. Mobile Phase and the 
( In te rna l  Standard) (nm) ( W m l )  Column Used 

P e n i c l l l i n  G Potassium 

Cefamandol e 

Ciprof loxacin HC1 
(Cephal o t h i  n 1 
Nor f l  oxaci n 
(Cephalothin) 

Dobutami ne HC1 
(Methapyrilene HC1) 

Hydroxyprogesterone Caproate 
( 17-Hydroxyproges terone) 

Spi ronol actone 

Ant i  py r i  ne 
(Benzocai ne) 

Chl orpheni rami ne Maleate 
(Phenyltoloxamine C i t r a t e )  

Mez loc i l l i n  Sodium 

Propranolol HC1 
(Verapami 1 HC1) 

Chlorpropamide 
(To1 butami de) 

Ethacrynic Acid 

G1 i p i t i d e  
(Hydrocortisone) 

Nafci 11 i n  

Dexamethasone 

240 

2 54 

276 

278 

254 

254 

254 

262 

230 

270 

232 

254 

232 

280 

254 

400 

800 

12 
225 

8 
180 

100 
400 

60 
20 

50 

100 
50 

60 
120 

35 

100 
300 

50 
100 

50 

25 
26 

80 

35 

20% ACN, .01M phosphate, pH = 
4.2, c18 CO1UlWl 

40% MeOH, .02M amnonium 
acetate, phenyl column 

15% ACN, 12% MeOH, 0.3% HAc, 
0.01M phosphate, c18 column 

20% ACN, .02M phosphate, .3% 
HAc, pH = 3.6, phenyl column 

40% MeOH, .Om phosphate, 
cyano column 

40% EtOH, .OM phosphate, 
cyano column 

40% MeOH, .02M phosphate, 
c18 column 

42% MeOH, 1% HAc, 1% amnonium 
formate, pH = 4.3, c18 column 

42% MeOH, .Om amnonium 
acetate, phenyl column 

43% MeOH, .5% HAc, .02M ammo- 
nium formate, c18 column 

45% MeOH, .02M amnonium ace- 
tate, .5% HAc, phenyl column 

45% MeOH, .OlM amnonium ahos- 
phate, c18 column 

24% ACN, .OM amnonium 
acetate, phenyl column 

50% MeOH, .01M amnonium 
acetate, phenyl column 

50% MeOH, .OlM phosphate, 
C18 column 
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HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 637 

TABLE 1 (continued) 

Drug Wavelength Conc. Mobile Phase and the  
( I n te rna l  Standard) (nm) (!-I g h l )  Column Used 

Predni sol  one 

Primaquine PO4 
(Dextromethorphan) 

61 y bu r i de 
( Hy droc o r t i s one 

Spi ronol  actone 
(Methyl Testosterone) 

Spi ronolactone 
(Methyl Testosterone 1 

Hydrocortisone 

Fluoxymesterone 
(Hydrocortisone) 

Verapami 1 HCl  
(Dextromethorphan HBr 1 

Procai nami de HC1 
(Methapyri lene) 

Th i opental 

Lignocaine 
(Verapamil) 

Meperidine HC1 
(Hydroxyprogesterone Caproate) 

Benzoyl Peroxide 
(Hydroxyprogesterone Caproate) 

254 

278 

232 

254 

254 

254 

2 54 

2 78 

280 

2 96 

261 

232 

254 

50 

100 
360 

50 
26 

50 
60 

80 
24 

40 

80 
40 

250 
200 

15 
200 

5 

800 
256 

20 
30 

40 
80 

50% MeOH, .01M phosphate, 
c18 column 

phate, phenyl column 

30% ACN, .02M ammonium ace- 
tate, phenyl column 

63% MeOH, 0.01M phosphate, 
c18 column 

39% ACN, 0.01M phosphate, 
phenyt cot umn 

32% ACN, .02M phosphate, 
c18 column 

32% ACN, .01M phosphate, 
c18 column 

38% ACN, .02M phosphate, 
phenyl column 

40% ACN, .02M amnonium ace- 
ta te ,  pH = 7, cyano column 

54% ACN, .01M amnonium ace- 
ta te ,  c18 column 

54% ACN, .01M phosphate, pH = 
7.5, c18 column 

60% ACN, .02M amnonium ace- 
ta te ,  c18 folumn 

60% ACN, .8% HAc, C18 
column 

29% ACN, .5% HAc, 0.01M phos- 
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638 DAS GUPTA, PRAMAR, AND PARASRAMPURIA 

drugs based on the mobile phase required (w i th  an increasing 

strength). 

not  absorb l i g h t  a t  higher wavelengths (esp. above 300 nm). 

other information i n  Table 1 has been presented t o  make an i n t e l l i -  

gent decision f o r  the select ion o f  a compound which w i l l  most l i k e l y  

work as an i n te rna l  standard. 

The wavelengths have been presented since the drug may 

The 

Another useful h in t ,  f o r  every 2% methanol, ~ 1 %  o f  a c e t o n i t r i l e  

i s  usual ly a good subst i tu te  f o r  s im i l a r  resul ts .  With a c e t o n i t r i l e ,  

the column l i v e s  are longer than with methanol since pressure i s  much 

lower. Furthermore, the chromatograph w i l l  not  need repai rs  as o f ten  

as w i th  methanol. 
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