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HPLC OF LEUPROLIDE ACETATE IN 
INJECTABLE SOLUTIONS 

J.  W. Sutherland* and G. N. Menon 
Pharmaceutical Products Division 

Abbot t  Laboratories 
North Chicago, Illinois 60064 

ABSTRACT 

A s t a b i l i t y  i n d i c a t i n g ,  HPLC method i s  descr ibed f o r  t h e  
de te rm ina t ion  o f  l e u p r o l i d e  ace ta te  i n  an i n j e c t a b l e  fo rmula t ion .  
The assay i s  shown t o  be prec ise ,  accura te  and s e n s i t i v e  t o  
p o t e n t i a l  racemiza t ion  and o the r  degradat ion  t h a t  cou ld  occur i n  
aqueous so lu t i ons .  

INTRODUCTION 

Leupro l i de  ace ta te  i s  a s y n t h e t i c  analog o f  l e u t i n i z i n g  
hormone-releasing hormone (LH-RH, D-Leu 6 L-ProNHCH2CH3 9 des-Glu 

NH2lo). 

a lcoho l  and sodium c h l o r i d e  has been approved by Food and Drug 

A d m i n i s t r a t i o n  f o r  t h e  t rea tment  o f  p r o s t a t i c  cancer. 

several  LH-RH analogs are being s tud ied  f o r  t h e i r  p o t e n t i a l  

t h e r a p e u t i c  e f f e c t s ,  methodologies t o  assay these pept ides  i n  

An i n j e c t a b l e  dosage form o f  t h e  drug c o n t a i n i n g  benzyl 

Al though 
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2282 SUTHERLAND AND MENON 

dosage forms have appeared sparse ly  i n  t h e  l i t e r a t u r e .  

e t  a1 . have descr ibed a h igh  performance l i q u i d  chromatography 

(HPLC) system used t o  study t h e  racemiza t ion  o f  var ious  LH-RH 

analogs i n  a l k a l i n e  s o l u t i o n .  A s i m i l a r  HPLC system was used by 
Hatanaka’, e t  a l .  t o  determine manufacatur ing  i m p u r i t i e s  i n  bu l k  

l e u p r o l i d e .  

l i t e r a t u r e  f o r  t h e  assay o f  l e u p r o l i d e  and gonadotropin i n  sera by 

Yamazaki3, e t  a l .  

( K P )  HPLC system f o r  t h e  ana lys i s  o f  t h e  decapeptide analog o f  LH- 

RH (Scha l l y  analog),  which was shown t o  be capable o f  r e s o l v i n g  

t h e  pep t ide  f rom a number o f  s y n t h e t i c  i m p u r i t i e s  and decomposi- 

t i o n  products.  We descr ibe  here a RP-HPLC procedure f o r  t h e  assay 

of l e u p r o l i d e  i n  a m u l t i p l e  dose i n j e c t a b l e  fo rmu la t i on  c o n t a i n i n g  

benzyl a l coho l  as a b a c t e r i o s t a t i c  agent. The HPLC system has 
been ex tens i  v e l y  cha rac te r i zed  w i t h  respec t  t o  i t s  abi  1 i t y  t o  

separate manufac tur ing  i m p u r i t i e s ,  p o t e n t i a l  degradat ion  produc ts  

o c c u r r i n g  i n  aqueous media and severa l  o f  t h e  diastereomers. 

N i s h i  l ,  

A radioimmunoassay has been descr ibed i n  t h e  

Sert14, e t  a l .  have descr ibed a reversed phase 

EXPERIMENTAL 

Equipment 

A h igh  performance l i q u i d  chromatograph equipped w i t h  a Waters 

6000A pump, WISP i n j e c t o r ,  a m u l t i  -wavelength de tec to r  (Waters 

Associ a tes  , M i  1 f o r d  , MA) and an e l e c t  r o n i  c i n t e g r a t o r / r e c o r d e r  

(SP-4100, Spectra-Physi cs) was used. An oc tadecy l s i  1 ane column 

( 5 ~  ), 150 mm, 4-4.6 mn i .d.) was used f o r  t h e  separa t i on  (IBM, 

Bio-Rad o r  Nucl eos i  1 ). 

Mater i  a1 s 

A l l  reagents and chemicals were ACS q u a l i t y  o r  HPLC grade and 

were used w i t h o u t  p u r i f i c a t i o n .  Water was t r i p l e  d i s t i l l e d .  A 
comple te ly  cha rac te r i zed  l o t  o f  l e u p r o l i d e  ace ta te  was used as a 
re fe rence  standard (Abbott  Labora tor ies ,  North Chicago, IL ) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



LEUPROLIDE ACETATE IN INJECTABLE SOLUTIONS 2283 

Mobi le  Phase 

The mob i le  phase conta ined 77% by volume o f  aqueous monobasic 

ammonium phosphate s o l u t i o n  (0.087 - M, pH 6.5, ad jus ted  w i t h  

ammonium hyd rox ide )  and 23% by volume a c e t o n i t r i l e .  The mob i le  

phase was sa tu ra ted  w i t h  s i l i c a  by s l u r r y i n g  ove rn igh t  ( A l l t e c h  

Adsorbosi 1 ) , f i  1 t e r e d  through 0.4 micrometer p o r o s i t y  membrane and 

deaerated u s i n g  a magnetic s t i r r e r  and house vacuum f o r  2-5 

minutes. 

Chromatography Cond i t ions  

The f l o w  r a t e  was 2.0 mL/minute, t h e  absorbance range was 0.1- 

0.2 AUFS a t  220 nm and t h e  i n j e c t i o n  volume was 20 m i c r o l i t e r s .  

A l l  analyses were done a t  ambient temperature. 

I n t e r n a l  Standard S o l u t i o n  

A s o l u t i o n  con ta in ing  approx imate ly  2 mg/mL o f  e t h y l  p-  

hydroxybenzoate was prepared by d i  sso l  v i  ng and d i  1 u t i  ng 

approx imate ly  200 mg t o  100 mL w i t h  methanol. 

Standard and Sample Prepara t ions  

Working standard and sample s o l u t i o n s  were prepared by 

d i l u t i n g  t o g e t h e r  standard and i n t e r n a l  standard s o l u t i o n s  t o  g i v e  

l e u p r o l i d e  ace ta te  and i n t e r n a l  s tandard  f i n a l  concent ra t ions  o f  

0.1 mg/mL and 0.15 mg/rnL, r e s p e c t i v e l y ,  i n  0.9% w/v aqueous sodium 

c h l o r i d e .  

System S u i t a b i l i t y  

P r i o r  t o  each ana lys is ,  t h e  a b i l i t y  o f  t h e  HPLC system t o  

separate t h e  degradat ion  products was ascer ta ined as fo l l ows .  The 

work ing  standard s o l u t i o n  ( 5  mL) was mixed w i t h  50 m i c r o l i t e r s  o f  

1 - N sodium hydrox ide  and s t ressed f o r  30-40 minutes a t  100OC. The 
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2284 SUTHERLANDANDMENON 

s t ressed  s o l u t i o n  was n e u t r a l i z e d  w i th  1 fi phosphor ic a c i d  and 

examined by HPLC. 

produced two major t rans fo rma t ion  produc ts  o f  t h e  drug, D-Ser4 

analog which e l u t e d  p r i o r  t o ,  and D-His2 analog f o l l o w i n g  

l e u p r o l i d e  (F igu re  1). The r e s o l u t i o n  between t h e  D-Ser4 and 

l e u p r o l i d e  was main ta ined a t  1.2 o r  g r e a t e r  f o r  c o n s i s t e n t  

performance of t h e  HPLC system. 

A1 k a l i n e  h y d r o l y s i s  under these c o n d i t i o n s  

Assay Procedure 

The work ing  s tandard  and sample p repara t i ons  were i n j e c t e d  i n  

d u p l i c a t e  i n t o  t h e  chromatograph. The peak area r a t i o  o f  

l e u p r o l i d e  ace ta te  t o  i n t e r n a l  s tandard  was used t o  c a l c u l a t e  t h e  

concent r a t  i on o f  t h e  sampl es. 

RESULTS AND D I S C U S S I O N  

The method was developed t o  de termine t h e  s h e l f - l i f e  o f  t h e  

fo rmula ted  produc t  and study t h e  k i n e t i c s  o f  degradat ion  a t  

va r ious  temperatures and pH values. A p r e l i m i n a r y  study o f  t h e  

s t a b i l i t y  o f  t h e  drug  i n  t h e  f o r m u l a t i o n  showed t h a t  t h e  p roduc t  

was more s t a b l e  a t  pH 3.3 compared t o  pH 10.3 when heated a t  100°C 

f o r  16 hours. The recovery o f  t h e  drug  was almost q u a n t i t a t i v e  

under a c i d  s t r e s s  whereas t h e  a l k a l i n e  s t r e s s  showed a potency 

loss o f  70 percent .  The a l k a l i n e  s t r e s s  a l s o  induced racemiza t i on  

o f  t h e  drug t o  y i e l d  a t  l e a s t  two major components, D-Ser4 and D- 
H i s 2  l e u p r o l i d e  as p r e v i o u s l y  repo r ted  by N i s h i  , e t  a1 . It was 

t h e r e f o r e  decided t o  use t h e  a l k a l i  s t ressed  sample as a marker 

f o r  t h e  s p e c i f i c i t y  o f  t h e  system be fo re  any a n a l y s i s  was c a r r i e d  

out.  These isomers were de tec tab le  i n  aged t e s t  fo rmula t ions  when 

t h e  pH o f  t h e  fo rmu la t i on  was 2 7 .  G l u l - l e u p r o l i d e  was t h e  major  

degradat ion  produc t  when t h e  drug was t r e a t e d  w i t h  0.1 1 HC1 a t  

40°C f o r  48 hours. The op t ima l  separa t i on  o f  these analogs f rom 

l e u p r o l i d e  was ob ta ined  i n  t h e  mob i le  phase pH-range o f  6.5-7.5 

and w i t h  5 mic ron  packings from IBM, Bio-Rad o r  Nuc leos i l .  
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1 

Peak Identification 
1. p-Hydroxybenzic Acid 
2. Internal Standard 
3. D-Ser4 Analog 
4. Leuprolide 
5. D-His* Analog 

2 

3 

4 

1 I I I I 1 
0 5 10 15 20 25 

Time (min.) 

FIGURE 1. Chromatogram o f  a system suitability preparation. 
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TABLE 1 

R e l a t i v e  Reten t ion  Times f o r  Various 
D i  astereomers o f  Leuprol  i de 

Isomer* R e l a t i v e  Reten t ion  Time 

CL-Leu6] Leupro l i de  

[L-Leu6, D-Leu7] Leupro l ide  

[D-Pro9] Leuprol  i de 

[D-Tyr5] Leuprol i de 
CD-Hi s 2 1  Leuprol  i de 

[D-Leu7] Leuprol i d e  
[D-Trp3, L-Leu6] Leupro l i de  

Leuprol  i de 
[D-Der6, L-Leu6] Leuprol  i d e  

1.42 
1.20 

1.16 
1.15 
1.12 
1.11 

1.10 
1.00 

0.88 

*The isomers were synthesized d u r i n g  the  Analog Research 
Program a t  Abbott Labora tor ies .  

We examined several  o the r  isomers o f  l e u p r o l i d e  t o  assess t h e  

s p e c i f i c i t y  o f  t h e  proposed HPLC system. A l l  o f  t h e  isomers 

examined, shown i n  Table 1, were found t o  be adequately reso lved 

under these cond i t i ons .  Several o f  t h e  manufac tur ing  i m p u r i t i e s  

were a l s o  separated from t h e  drug under t h e  same cond i t i ons .  

r e l a t i v e  r e t e n t i o n  t imes o f  these i m p u r i t i e s  w i t h  respect t o  

l e u p r o l i d e  are  shown i n  Table 2. 

The response o f  t h e  UV d e t e c t o r  t o  va ry ing  amounts o f  

l e u p r o l i d e  were found t o  be l i n e a r  f rom 0.1 t o  0.8 )g i n j e c t e d  on 

t o  t h e  column ( y - i n t e r c e p t  = 0, c o r r e l a t i o n  c o e f f i c i e n t  = 0.9999). 

Recoveries o f  va ry ing  amounts o f  t h e  drug added t o  a placebo 

f o r m u l a t i o n  are  shown i n  Table 3. A t y p i c a l  chromatogram o f  a 

f o r m u l a t i o n  i s  shown i n  F igu re  2. 

The 
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TABLE 2 

R e l a t i v e  Re ten t ion  Times f o r  
Manufac tur ing  I m p u r i t i e s  i n  Leupro l i de  

Compound R e l a t i v e  Re ten t ion  Time 

pGlu-Hi s-Trp 0.06 
[des-Leu71 Leupro l i de  0.24 
G1 u -Leup r o l  i de 0.45 
[des -ProNHEt '1 Leuprol  i de 0.74 

Leupro l  i de 1.00 

TABLE 3 

Recovery o f  Leupro l  i de from 
A d d i t i o n  t o  Fo rmu la t i on  Placebo 

Percent 
Fo rmu la t i on  Level o f  

Level A d d i t i o n  % Recovery 

10 mg/mL 

1 mg/rnL 

80 102.2 
101.2 

100 101.2 
100.6 

120 102.2 
99.7 

67 102.4 
100 100.3 
133 100.2 

Mean 101.1% 

Re1 a t  i ve Standard Devi a t  i on * l .O% 

Placebo: Benzyl a l coho l  10 mg/mL, sodium c h l o r i d e  9 mg/mL, 
pH 4.4. 
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1 

Peak Identification 
1. Benzyl Alcohol 
2. Internal Standard 
3. Leuprolide Acetate 

2 

0 5 10 15 20 

Time (min.) 

FIGURE 2. Chromatogram o f  a sample p repara t i on  o f  t h e  fo rmula t ion .  

The r e l a t i v e  standard d e v i a t i o n  o f  t h e  method determined by 

d i f f e r e n t  ana lys ts  on 1-10 mg/mL f o r m u l a t i o n  was found t o  be 
i1.8%, n = 12. 

With app rop r ia te  m o d i f i c a t i o n s  i n  t h e  sample prepara t ion ,  t h i s  

methodology has a l so  been s u c c e s s f u l l y  used f o r  t h e  de te rm ina t ion  

o f  i m p u r i t i e s l p r e c u r s o r s  occu r r i ng  d u r i n g  t h e  manufacture of t h e  

bu lk  drug. 
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