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A REVERSE PHASE HPLC ASSAY FOR THE 
DETERMINATION OF CALCIUM PANTOTHENATE 

UTILIZING COLUMN SWITCHING 

Thomas J. Franks, John D. Stodola 
The Upjohn Company 

Product Control 7821-259-2 
Kalamazoo, Michigan 49001 

ABSTRACT 

A reverse phase HPLC assay u t i l i z i n g  column switching has been 
developed and va l i da ted  f o r  t he  determinat ion o f  calc ium 
pantothenate (CP) i n  several m u l t i v i t a m i n  t a b l e t  formulat ions.  
The reverse phase system u t i l i z e s  a DuPont Zorbax C-8 a n a l y t i c a l  
column, an au tomat ica l l y  switched and backflushed Brownlee RP-18 
guard column f o r  the  e l i m i n a t i o n  o f  a h i g h l y  re ta ined exc ip ien t  
peak, 88:12 0.25M phosphate buffer:MeOH mobi le phase, and 214 nm 
detec t ion .  Sample prepara t ion  and t h e  switched c o l  unn 
chromatography cyc le  each requ i re  approximately 15 minutes. A 
spiked recovery study showed l i n e a r i t y  over the  50-150% o f  theory  
concentrat ion range. Average recovery was 99.7%. Assay p rec i s ion  
s tud ies  y ie lded  sample RSD'S ranging from 0.8 t o  2.3%. Results 
obtained by t h i s  method are comparable t o  those obtained by the  
USP method. 

INTRODUCTION 

Calcium pantothenate (CP) i s  t he  calcium s a l t  o f  v i tamin  63. 

It i s  a component o f  a v a r i e t y  o f  m u l t i v i t a m i n  formulat ions.  The 
USP m ic rob io log i ca l  assay f o r  CP (1) requ i res  a lengthy,  labor  

i n tens i ve  sample preparation, a 16 t o  24 hour incubat ion  and t h e  

measurement o f  t u r b i d i t y  o f  samples and standards. The t ime 

consuming nature o f  t he  USP assay provided t h e  i ncen t i ve  t o  
develop an HPLC assay capable o f  g i v ing  equivalent resu l t s .  We 
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824 FRANKS AND STODOLA 

u t i l i z e d  column swi tch ing  t o  minimize chromatography run t ime and 

a blender t o  simp1 i f y  sample preparat ion.  

Technical notes pub1 i shed by Hewlett-Packard (2) and DuPont 

(3 )  had demonstrated t h a t  i t  i s  poss ib le  t o  separate CP from o ther  
v i tamins by HPLC. Q u a n t i t a t i o n  o f  components i n  a t a b l e t  

fo rmula t ion  o f t e n  requ i res  the  masking o r  removal o f  i n t e r f e r i n g  
mater ia ls .  Column swi tch ing  has been u t i l i z e d  t o  remove 
i n t e r f e r i n g  ma te r ia l s  from chromatographic systems by a number of 
researchers (4-9). The development and v a l i d a t i o n  o f  a sens i t i ve ,  
se lec t i ve ,  reproducible colwnn swi tch ing  HPLC assay f o r  CP i n  

Upjohn m u l t i v i t a m i n  t a b l e t s  i s  t h e  sub jec t  of t h i s  report .  

EXPERIMENTAL 

Ins  t rument a t  i on 

The HPLC system included the  fo l l ow ing  components; a Varian 

5060 programmable te rna ry  chromatograph in te r faced  t o  a Varian 
8055 autosampler w i t h  programmable l l O V  AC external  events, a 
Valco AH60 s i x  p o r t  i n j e c t o r ,  a Rheodyne 7000 s i x  p o r t  va lve  w i t h  
a i r  actuator, an A l tex  l l O A  HPLC punp, a l l O V  AC event con t ro l l ed  

Humphrey so leno id  va l ve  and AC o u t l e t  device, an LDC 
Spectromonitor 111 va r iab le  wavelength detector,  and a Sargent- 

Welch UKR s i n g l e  pen recorder. Chromatographic t races  were 
in tegra ted  on an in-house PDP 11/40 based computer system. 

Reagents 

Methanol (Burdick and Jackson), double d i s t i l l e d  water, 

reagent grade NaH2P04 and phosphoric ac id  were used t o  prepare t h e  
mob i le  phase. Reagent grade (99+%) ad ip i c  ac id  (A ld r i ch )  was used 
as the  i n t e r n a l  standard. Tablet  exc ip ien t  ma te r ia l s  were 

obtained in-house from product ion stocks. A representa t ive  t a b l e t  
placebo was prepared by mix ing  appropr ia te  q u a n t i t i e s  o f  
exc ip ien ts .  
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ASSAY FOR CALCIUM PANTOTHENATE 82 5 

Backflush Flow Rate: 0.7 ml/min 

Detect0 r : 214 nm a t  0.05 AUFS 

In te rna l  Standard: 1 g ad ip i c  a c i d / l i t e r  i n  25% MeOH:75% 
I n j e c t i o n  Volume: 10 p1 

water so lu t ion .  Each sample prepara t ion  

requires 250 m l  
Reference Standard 

Solut ion: Accurately weigh approximately 13.2 g USP 
Reference Standard CP and t r a n s f e r  t o  a 50 m l  volumetr ic f lask .  

Dissolve i n  i n te rna l  standard s o l u t i o n  and d i l u t e  t o  volume. 

Valve Switching - Backflush Sequence: 
Time 0:OO Sample in jec ted ,  guard column i n  l i n e  w i t h  

ana ly t i ca l  column, backf lush pump o f f .  
Time 4:OO Guard column switched o f f  l i n e ,  backf lush pump 

turned on. 
Time 16:OO Guard column switched i n  l i n e  w i th  ana ly t i ca l  

column, backf lush pump o f f .  
Time 17:OO Load autosampler f o r  next i n jec t i on .  

Sample Preparat ion 

Accurately measure 250 m l  o f  i n t e r n a l  standard so lu t i on  and 

t r a n s f e r  t o  a Waring blender. Weigh accurately a number o f  
t a b l e t s  equivalent t o  55 t o  80 mg o f  CP and add t o  the  blender. 
Cover the  blender and homogenize a t  low speed f o r  about 5 
minutes. Transfer about 25 m l  o f  the  r e s u l t i n g  s l u r r y  t o  a 

cen t r i f uge  tube and cen t r i f uge  a t  2000 rpn f o r  5 minutes. F i l t e r  

through a 0.45 CJ” membrane f i l t e r .  I n j e c t  t h e  f i l t r a t e .  

HPLC System Survey 

A v a r i e t y  o f  HPLC column/mobile phase combinations were 
examined t o  es tab l i sh  cond i t ions  under which CP was resolved from 
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826 FRANKS AND STODOLA 

\ Backflush 
Pump otl Waste 

b. 

Mobile Phase 
F l m  

Figure 1. Valve conf igura t ions  f o r  column switching system. 
a) 

b) A f t e r  4 minutes CP and t h e  i n t e r n a l  standard have 

The system switches the  

When a sample i s  i n j e c t e d  the  mobi le phase f lows 
through the  guard and a n a l y t i c a l  columns. 

e lu ted  from the  guard column onto the  a n a l y t i c a l  
column wh i l e  the  h i g h l y  re ta ined  exc ip ien t  remains 
w i t h i n  the  guard column. 
guard column o f f  l i n e  and simultaneously ac t i va tes  
a backf lush pump t o  remove the  h igh l y  re ta ined 
exc ip ien t  from t h e  system. 

exc ip ien t  ma te r ia l s  (Table 1). An i n t e r n a l  standard was chosen 
from a group o f  po la r  organic molecules which were so lub le  i n  t h e  
mobi le phase. The s p e c i f i c i t y  o f  t he  system was checked by 
examining chromatograms o f  placebo preparat ions.  The r e t e n t i o n  

behavior o f  CP, ad ip i c  ac id  and exc ip ien ts  was examined on the  
Brownlee guard column t o  e s t a b l i s h  the  co r rec t  t im ing  f o r  va lve  

p o s i t i o n  se lec t i on  and con t ro l  o f  the  backf lush pump, 

HPLC Assay Va l i da t i on  

Va l i da t i on  experiments included a spiked placebo 
recovery/ l  i near i  t y  study spanning approximately 50% t o  150% o f  
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ASSAY FOR CALCIUM PANTOTHENATE 827 

Table 1 

HPLC Systems Inves t iga ted  

Column 

DuPont Zorbax NH2 

DuPont Zorbax CN 

DuPont Zorbax TMS 

DuPont Zorbax C-8 

DuPont Zorbax ODS 

Waters pBondapak 
C- 18 

Regis Workhorse 
ODS 

tab1 e t  potency. 

Mobile Phase Comments 

pH 3.8 0.005M 
KH2P04:ACN (20:80) ac id  and thiamine; 

Resolves CP, ascorbi c 

problems w i t h  
ruggedness 

CP poor ly  re ta ined 

mobi le phase 

pH 3.8 0.005M 
KH2P04:ACN (20:80) even w i t h  weak 

pH 3.5 0.25M CP unresolved 
NaH2P04:MeOH (95:5) 

pH 3.5 0.25M Resolves CP 
NaH2P04:MeOH (88: 12) 

pH 3.5 0.25M Resolves CP 
NaH2P04:MeOH (88:12) 

pH 3.5 0.25M Resolves CP 
NaH2P04 : MeOH (88: 12) 

pH 3.5 0.25M Resolves CP 
NaH2P04:MeOH (88:12) 

The f i n a l  concentrat ions i n  t h e  sample 
preparat ion i n  t h i s  study were 0.12 t o  0.46 mg CP/ml .  M u l t i p l e  

assays o f  a v a r i e t y  o f  l o t s  o f  f i v e  products were performed over 
two days t o  examine prec is ion .  Results obtained by t h e  HPLC assay 

were compared t o  those obtained by t h e  USP assay (1).  

Recommended HPLC Condit ions 

Ana ly t i ca l  Column: DuPont Zorbax C-8 25.0 cm x 4.6 mm i.d. 

Mobile Phase/Backflush: 1000 m l  0.25M phosphate b u f f e r  (pH 3.5) 

mixed w i t h  135 m l  methanol. F i l t e r  and 

degas before using. 

Brownlee MPLC 3 cm c a r t r i d g e  column 

packed w i t h  RP-18 Spheri-5. 

Guard Column: 

See F igure  1 
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828 FRANKS AND STODOLA 

f o r  mounting con f igu ra t i on  on t h e  

Rheodyne 7000 va lve  

Ana ly t i ca l  Flow Rate: 1.5 ml/min 

RESULTS AND DISCUSSION 

HPLC System Survey 

Resul ts o f  t he  survey o f  HPLC column/mobile phase 

combinations are  summarized i n  Table 1. Chromatography on t h e  

Zorbax-NH2 column was s u f f i c i e n t  t o  reso lve  CP and ascorbic acid, 
bu t  t he  r e t e n t i o n  and reso lu t i on  o f  these compounds decreased 
d r a s t i c a l l y  over a per iod  o f  6-8 hours. Flushing o f  t h i s  column 

w i t h  0.1 M (NH4) H2P04 on ly  temporar i l y  returned r e s o l u t i o n  and 
re ten t ion .  The Zorbax-CN and Zorbax-TMS columns d i d  not 
adequately r e t a i n  o r  reso lve  CP from exc ip ien ts  under t h e  
cond i t ions  studied. 

The oc ty l  and octadecyl mod i f ied  s i l i c a  columns surveyed were 

a l l  capable o f  reso lv ing  CP from exc ip ien ts  under the  cond i t ions  

studied. The Zorbax-C8 column provided s l i g h t l y  b e t t e r  reso lu t i on  
o f  CP from niacinamide and t h e  a d i p i c  a c i d  i n t e r n a l  standard and 

i s  t he re fo re  the  column o f  choice. Tables 2-4 summarize the 
re ten t i on  and reso lu t i on  o f  niacinamide, CP and ad ip i c  ac id  on t h e  

reversed phase columns as MeOH concentrat ion, b u f f e r  concentrat ion 
and pH o f  t h e  mobi le phase were varied. The r e t e n t i o n  o f  CP and 

ad ip i c  ac id  increased w i t h  decreasing WOH, decreasing pH and 
increas ing  b u f f e r  concentrat ion.  The r e t e n t i o n  o f  niacinamide 

increased w i t h  decreasing MeOH, inc reas ing  pH and increas ing  
bu f fe r  concentrat ion.  This data suggests some l i m i t i n g  mobi le 

phase condi t ions.  Our des i re  t o  keep the  chromatography run t ime 
t o  about 17  minutes sets the  lower l i m i t  on MeOH concent ra t ion  t o  

about 10% on Zorbax-C8, 12% on Zorbax-ODS and 8% on Waters C-18 
pBondapak co lmns.  Mobile phase pH must be maintained a t  pH 3.5 

o r  l ess  t o  ob ta in  yood reso lu t i on  of CP and niacinamide w i t h i n  16 

minutes. Adjustment of t he  bu f fe r  concentrat ion has r e l a t i v e l y  

l i t t l e  e f f e c t  on the  chromatography between 0.05 and 0.4M. A 
representa t ive  sample chromatogram i s  shown i n  Figure 2. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ASSAY FOR CALCIUM PANTOTHENATE 8 29 

Table 2 

The E f fec t  o f  Percent Methanol on Retention and Resolut ion 

% 
MeOH - 
DuPont Zorbax CR 25 cm 

14 4.7 6.1 9.5 1.8 4.9 
12 5.9 9.3 14 .O 4 .o 5.9 
10 6.6 11.8 17.2 5.5 5.7 
8 7.7 15.9 22.1 7.8 5 .o 
6 9.3 21.7 28.5 9.5 4.4 

DuPont Zorbax ODS 25 cm 

15 4.2 6.1 9.5 3.4 4.7 
13 4.5 7.3 11.3 5.1 6.7 
12 5.9 11.4 16.6 5 .O 6.1 
11 6.1 13.0 18.8 6.9 5.8 
10 6.8 14.6 20.6 6.5 5.2 
9 7.5 16.7 23 .O 6.8 5 .o 
7 8.7 22.6 29.6 9 .o 4.1 

Waters uBondapak C-18 30 cm 

14 5.7 7.4 10.5 2.3 4.8 
12 5.9 8.4 11.7 3.6 5.1 
10 6.6 9.8 13.7 4.6 5.6 
8 7.1 11.7 16.2 6.6 5.6 
6 7.9 14.4 19.3 6.5 4.7 

where: trn i s  the  re ten t i on  t ime o f  niacinarnide 

trcp i s  t h e  re ten t i on  t ime o f  calcium pantothenate 

t rad  i s  t h e  re ten t i on  t ime o f  ad ip i c  ac id  

R1 i s  t he  reso lu t i on  between niacinamide and CP 
ca l  cu l  ated by: 

R i s  t he  reso lu t i on  between CP and ad ip i c  ac id  
c i l  cu l  ated by: 

(trad-trn) 

'ad ' 'cp 
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FRANKS AND STODOLA 

Table 3 

The E f fec t  o f  pH on Retention and Resolut ion 

DuPont Zorbax CQ 25 cm 

4.3 9.2 9.2 11.5 0 
4.1 8.2 9.6 13.1 1.6 5.4 
3.8 7.4 10.8 15.0 3.6 4.9 
3.5 6.4 11.5 16.5 5.1 4.8 
3.4 5.6 11.6 17 .O 6.3 5.4 
3.1 4.9 11.6 17.1 7.9 5.5 
3 .O 4.5 11.8 17.6 7.3 5.8 

-- 

DuPont Zorbax ODS 25 cm 

4.2 10.8 7.9 

4 .O 9.9 8.5 

3.8 9.2 9.5 
3.5 7.9 10.5 
3.4 7 .O 10.8 
3.2 6.5 11.1 
3 .O 5.6 11.2 

10.8 CP e lu ted  before 

11.7 CP e lu ted  before 

13.5 0 
15.0 2.6 5 .O 
15.7 3.4 4.9 
16.1 4.1 5 .O 
16.2 5.9 5.3 

n i  ac i  nami de 

n i  ac i  nami de -- 

Waters crBondapak C-18 30 cm 

3.5 6.8 10.5 14.9 3.7 4 .O 
3.4 6.3 10.6 15.2 4.3 3.8 
3.2 6.1 10.8 15.6 4.3 3.7 
3.1 5.6 10.8 15.6 4.8 3.7 
3 .O 5 .O 10.8 15.8 5 .O 3.7 

aSee Table 2 f o r  d e f i n i t i o n s  

Placebo chromatograms exh ib i ted  no i n t e r f e r i n g  peaks near the  

CP o r  ad ip ic  acid peaks (Figure 3). A h igh ly  re ta ined exc ip ien t  

peak was observed t o  e l u t e  approximately 2 hours a f t e r  the  

i n j e c t i o n  o f  t he  excipients,  however, and t h i s  peak i n t e r f e r e d  

w i th  subsequent chromatograms as shown i n  Figure 4. Attempts t o  

remove t h i s  i n t e r f e r i n g  exc ip ien t  by modify ing the  ex t rac t i on  

cond i t ions  o f  t h e  sample preparat ion were not successful. 
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Table 4 

The E f fec t  o f  Buf fe r  Concentration on Retention and Resolut ion 

Conc . 

DuPont Zorbax C-8 25 cm 

0.05 6.7 10.1 15.8 3.2 6.3 
0.10 7 .o 10.5 15.9 3.9 6.4 
0.20 6.3 10.4 15.6 4.3 5.8 
0.25 6.5 11.3 16.8 4.6 6.1 
0.30 6.3 11.2 16.2 5.8 5.9 
0.40 6.8 11.1 15.9 6.2 5 .o 
DuPont Zorbax ODs 25 cm 

0.15 7 .o 8.7 13.1 1.8 4.9 
0.20 6.8 8.7 13 .O 2.1 5.7 
0.25 6.5 8.8 13.1 2.3 4.8 
0.30 7.8 12.9 17.9 4.6 4.2 
0.40 7.9 13.6 18.8 5.2 4.3 

Waters ,.,Bondapak C-18 30 cm 

0.15 5.1 9 .o 13.2 4.9 4.2 
0.20 4.9 9 .o 13.3 6 .O 4.3 
0.25 4.9 9.2 13.3 5 .O 4.1 
0.30 4.8 10.7 15.4 6.2 3.8 
0.35 5.5 10.1 14.5 4.2 3.5 

aSee Table 2 f o r  d e f i n i t i o n s .  

The use o f  a guard column, switching valve, and backf lush 

conf igura t ion  t o  t r a p  h igh l y  re ta ined exc ip ien ts  has been reported 
prev ious ly  (9). We decided t o  use a c m e r c i a l l y  ava i l ab le  guard 
column t o  remove the  need t o  pack our own. See Figure 1 and the  
Experimental sec t ion  f o r  t h e  conf igura t ion  and condi t ions.  CP, 

niacinamide and ad ip i c  ac id  e lu ted  w i t h i n  4 minutes from the  
Brownlee guard column and t h e  h i g h l y  re ta ined exc ip ien t  e lu ted  i n  

about 25 minutes. Switching the  guard column o f f  l i n e  a t  4 
minutes trapped t h e  exc ip ien t  peak about one-sixth o f  t h e  way i n t o  

t h e  guard column. Backflushing the  guard column f o r  12 minutes a t  
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Figure  2. Typical  chromatogram o f  a mu l t i v i t am in  t a b l e t  
formulat ion.  Eluted w i t h  phosphate bu f fe rme thano l  
(88:12) a t  1.5 ml/min, de tec t i on  a t  214 nm. 

0.7 ml/min f lushed t h i s  exc ip ien t  peak ou t  w i t h  2.4 m l  more mobi le 

phase than was pumped forward i n  the  load ing  phase, i.e. 6 m l  

pumped forward and 8.4 in1 backflushed. The excess f l u s h  was used 

t o  assure the  guard column was thoroughly cleaned. The use o f  t he  
programmable event con t ro l s  on the  Varian 5000 pump t o  t u r n  t h e  

backf lush pump on and o f f  reduced mobi le phase consumption. 
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1 I 1 1 
0 5 10 15 
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Figure 3. P1 acebo chromatogram. 
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0 :[ 0 
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L 

kJ 
I 1 I # 
0 5 10 15 

Time (minutes) 

Figure 4. Chromatogram showing the highly retained excipient 
e lut ing 2 hours a f t e r  in ject ion and inter fer ing with a 
l a t e r  sample. 
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Figure  5. Universal placebo spiked recovery resu l t s ,  
concentrat ion found vs. concent ra t ion  added using peak 
heights. 

HPLC Assay Val i d a t i  on 

The p l o t  o f  t he  data from the  spiked placebo recovery study 

i s  shown i n  Figure 5. Peak he igh t  ca l cu la t i ons  were gsed t o  

ob ta in  the  amount recovered because peak he igh t  r e s u l t s  wete more 
prec ise  than peak area resu l t s .  No s i g n i f i c a n t  b ias  o r  dev ia t i on  

from l i n e a r i t y  was observed over the  range o f  concentrat ions 
studied. Average recovery was 99.7%. 

The r e s u l t s  o f  t he  p rec i s ion  study are summarized i n  Table 
5 .  Pooled RSD's f o r  two runs o f  t r i p l i c a t e  assays o f  two l o t s  
each o f  f i v e  products ranged from 0.83% t o  2.32%. The RSD f o r  s i x  
i n j e c t i o n s  o f  a s i n g l e  sample prepara t ion  was 1.58%. The RSD o f  
t h e  standard fac to rs  f o r  6 t o  8 i n j e c t i o n s  o f  dup l i ca te  reference 

standard preparat ions ranged from 0.52% t o  0.93%. This data 

i nd i ca tes  t h a t  t he  method i s  precise. 
The CP potencies obtained by t h e  USP method (1) and t h e  HPLC 

method were i n  good agreement. It must be noted t h a t  the  HPLC 
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Table 5 

Prec is ion  Study Results 

Product 

A 
6 
C 
D 
E 

Pooled RSD 

1.68% 
1.42% 
0.83% 
2.32% 
1.35% 

assay i s  no t  s p e c i f i c  f o r  t h e  b i o l o g i c a l l y  a c t i v e  d-isomer o f  CP, 

bu t  ra ther  measures t o t a l  CP content o f  t he  tab le ts .  A method 

s p e c i f i c  f o r  the  d-isomer o f  CP, such as the  microbio og i ca l  
assay, i s  performed on bulk drug CP before product ion o f  t he  

t a b l e t s  t o  insure  t h e  a c t i v e  form i s  present. 

SUMMARY 

The HPLC assay described provides a rapid, accurate, precise 
method f o r  t he  determinat ion o f  CP i n  mu l t i v i t am in  t a b l e t  

formulations. This HPLC assay gives r e s u l t s  which are comparable 
t o  those generated by t h e  USP mic rob io log ica l  procedure i n  a 

subs tan t i a l l y  shor te r  per iod  o f  time. The use o f  a column 
switching arrangement shortens chromatography run t ime and t h e  use 

o f  a blender s i m p l i f i e s  sample preparation. 
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