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+ * 
D. C. S e r t l  , R. N. Johnson and B. T. Kho 

Analytical  Research and Development 
Ayerst Laboratories,  Incorporated 

Rouses Point,  New York 12979 U.S.A. 

* 
To whom a l l  correspondence should be Addressed 

'Present Address: Analytical  Research and Development 
Ross Laboratories,  Incorporated 
585 Cleveland Avenue 
Columbus, Ohio 43216 

ABS'IRACT 

A high-performance l i qu id  chromatographic (HPLC) method is 
described for the determination of a n  analog of the hormone LH-RH i n  
lyophilized v i a l s  a t  the low pa r t s -pe r l a i l l i on  leve l .  The peptide 
(Schally aMlOg) is quan t i t a t ive ly  recovered from the g l a s s  l yoph i l i za t ion  
v i a l s  a f t e r  r econs t i t u t ion  with mobile phase. The peptide s o l u t i o n  is 
e lu t ed  on a reversed-phase, C column and monitored with u l t r a v i o l e t  (W) 
de tec t ion  a t  220 rm. 
nunber of syn the t i c  impur i t ies  and decomposition products. 

The chr&tography reso lves  Schally analog from a 

IN'IRODUCTION 

The decapeptide LH-RH (Luteinizing Hormone-Releasing Hormone) 1s an  

important hormone i n  the hunan body. Excreted by the  hypothalamus, LH-RH 

a c t i v a t e s  the  re lease  of p i t u i t a r y  hormones which cont ro l  reproductive 

development. 

co-workers (1,2) i n  1971. 
6 

I ts  s t r u c t u r e  and func t ion  were determined by Schal ly  and 

[D-Trp 1-LH-RH (Figure 1) is a n  a m l o g  of LH-RH where the  6th amino 

ac id  (glycine) is replaced with D-Trptophan. This analog WAS f i r s t  
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DECAPEPTIDE IN A LACTOSE MATRIX 1137 

synthesized by Schally e t  a l .  and has been shown t o  be more potent  and 

longer-acting than LH-RH. This would o f f e r  the  advantages of lower dosage 

s i z e  and frequency. 

Until  recent ly ,  the ana lys i s  of swll polypeptides (up to  20 

m i n o  ac ids )  r e l i e d  on such techniques a s  radioimmunoassay, i on  

exchange and g e l  chromatography and e lec t rophores i s .  The developmnt 

of high performance l i qu id  chromatography (HPLC) has provided a more 

spec i f i c ,  rapid and s e n s i t i v e  technique f o r  ana lys i s .  

Reversed-phase HPLC, i n  p a r t i c u l a r ,  o f f e r s  the advantages of 

being ab le  t o  work a t  low de tec t ion  wavelengths (210-220 m) and 

d i r e c t l y  i n j e c t  aqueous samples (simplifying sample prepara t ion) .  

Many of the  e a r l y  reversed-phase HPLC methods f o r  small polypeptides 

employed the use of so lvent  g rad ien t s  t o  ga in  the  necessary s e l e c t i v i t y  

(3,4,5). Improvements i n  the  colrmns packilrgs over the years have made 
gradien ts  unnecessary. I s o c r a t i c  mobile phases of a c e t o n i t r i l e  or 
methanol and a n  aqueous buf fer  (phosphate or a c e t a t e )  a r e  c-n i n  the  

l i t e r a t u r e  (6,7,8,9,10). 

This paper descr ibes  a n  HPLC method f o r  t he  assay  of Schal ly  analog 

( D-Trp6 -LH-RH) i n  lyophi l i ted  v i a l s  a t  the low parts-per-mill ion l eve l  

(0-50 p g / v i a l ) .  

HATERIALS AND METHODS 

The i s o c r a t i c  l i q u i d  chromatograph cons is ted  of a Model 6000 A 

Solvent Delivery System, a Model 710 A WIS& au to in j ec to r ,  a Model 730 

Data Module (Waters Associates, Milford,  MA) and a Model SP-770 Spectroflow 

Monitor (Schwf fe l  Instrumcnts, Westwood, NJ). 
The column was slurry-packed in-house using ODs Hypersilm’ (Shandon 

Southern, Sewickley, PA) and had the  dimensions 15 an x 4.1 om. 
mobile phase was 30 percent a c e t o n i t r i l e  and 70 percent phosphate bu f fe r  

(0.05M KH2PO4 a t  pH - 6.5). 
y ie lded  base l ine  r e so lu t ion  of the  four impurity peaks i n  the  Schal ly  

analog reference standard (Figure 2).  

The 

The colmms packed in  our l abora tory  rou t ine ly  

Reagents 

A l l  reagents were of a n a l y t i c a l  grade. Ace ton i t r i l e  (HPLC grade) 

was purchased from Burdick and Jackson Laboratories (Muskegon, MI). 
Potass iun  Dihydrogen Phosphate (KH2P04) and Lactose powder (USP) = r e  
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1138 SERTL, JOHNSON, AND KHO 

R E S P O N S E  

Figure 2 :  HPLC Chromatogram of Schally Analog Reference Standard 

* - Impurity 

Chromatographic Conditions 

Colunn: 

Mobile Phase; 307. a c e t o n i t r i l e  

ODS Hypersilp, 15 cm x 4.1 mn 

707. 0.05tj KHzPOI, (pH = 6 . 5 )  

Detection: Ul t rav io le t  a t  220 nm 

reagent grade (J. T. Baker Chemical Co., Phi l l ipsburg ,  NJ). D i s t i l l e d  

water was used t o  make a11 so lu t ions .  The phosphate buf fer  and the 

a c e t o n i t r i l e  were f i l t e r e d  using membrane f i l t e r s  MF M i l l i p o r P  (0.45 Pm) 
and Fluoropore ( 0 . 5 0 ~ ~ 1 )  respec t ive ly  (Hlll ipore? Corporation, Bedford, MA). 
Mobile phase containing 5% l ac tose  was prepared by f i r s t  d i sso lv ing  the 

lac tose  in the bu f fe r  followed by addi t ion  of the  a c e t o n i t t i l e .  

analog reference standard and lyophilieed v i a l s  were obtained from Ayerst 

Loboratories (Montreal. Canada). 

Schally 
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DECAPEPTIDE IN A LACTOSE MATRIX 1139 

Methods 

A flow r a t e  of 1 ml/minute was used in  e l u t i n g  the peptide.  A l l  

equipment was a t  room temperature. 

were made (depending on the peptide concentration) and the e lua t e  monitored 

with W detec t ion  a t  220 m. The w i n  peptide peak e l u t e s  i n  4-6 minuter. 

In jec t ions  of 10 t o  100 m i c r o l i t e r s  

To minimize adsorp t ive  loss of the Schal ly  analog on the v i a l  sur face ,  

the lyophi l ized  v i a l s  were recons t i tu ted  with 1 m l  of mobile phase. Ten 
v i a l s  per sample were recons t i tu ted  and two 5-v ia l  pools formed. Since each 

lyophi l ized  v i a l  contained 50 atg of lac tose ,  t he  sample so lu t ion8  contained 
50 mg/ml of lactose.  

mobile phase containing 5% lactose.  

Therefore, the standard so lu t ions  were prepared i n  

The colunn was equ i l ib ra t ed  with mobile phase a t  a flow of 1 m l h i n u t e .  

Three mul t i leve l  standards were in j ec t ed  throughout t h e i r  respec t ive  sample 

in jec t ions .  

and the l i n e a r  regress ion  of the standard concentrations and a reas  (11). 
cor rec t ion  of 0.03 m l  is included for the increase i n  volume due t o  the  50 mg 

of lac tose  d isso lv ing  i n  1.0 m l  of mobile phase. 

The sample concentrations were ca lcu la ted  from the  sample a reas  

A 

RESULTS 

The inherent l i n e a r i t y  of the  HPLC response of Schally analog in  

the 5-75 pg/ml range was measured by in j ec t ing  s e r i a l  d i lu t ions  of a 

so lu t ion  of Schally analog in  5% lactose/water.  The HPLC response is 

(Figure 3 )  very l inear .  In an a c t u a l  assay, t h ree ,  separately-weighed 

standards ( a t  80, 100 and 1207. of input claim) a re  used t o  form a 

c a l i b r a t i o n  l i ne .  The co r re l a t ion  coe f f i c i en t  for these lines range 

from .999 ( a t  50 pg/ml) t o  0.995 ( a t  5 p g h l ) .  

The use of mobile phase t o  r econs t i t u t e  t he  v i a l s  provides f o r  

e s s e n t i a l l y  complete recovery of the peptide (see Figure 4 and the 

DISCUSSION sec t ion) .  Instrument s e t t i n g s  used i n  the assay  a l low fo r  

de t ec t ion  of Schally analog down t o  approximately 57. of the expected 

concent ra t ion  range, 

Each assay  r e s u l t  is an  average of the r e s u l t s  from two 5-v ia l  

pools. The assay p rec i s ion  ranges from about 22 for 50 k g l v i a l  t o  52 

fo r  5 pg /v ia l  samples. Since the prec is ion  of r e p l i c a t e  in j ec t ion  a reas  

is 0.5 t o  22 ,  much of the assay imprecision is due t o  v ia l - to -v ia l  non- 

uniformity i n  peptide content.  
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CD-TRP6-LH-RHl in pg/ml 

Figure 3: Linea r i ty  of HPLC Response (W - 220 m) 
Schally Analog i n  57. l ac tose lwater  

Corre la t ion  Coefficient = .9996 

DISCUSSION 

Development of Chromatography 

Three 5-6 pm, reversed-phase packings (Zorbax ODS, Spherisorb ODS 

and Hypersil  ODS) were evaluated as chromatographic supports f o r  Schally 

analog, Hypersil ODS gave the bes t  s e l e c t i v i t y  f o r  the impurity peaks in  

the  Schally raw mater ia l .  

and gave very reproducible chromatograms from column t o  column. 

column was judged s u i t a b l e  f o r  the assay i f  the impurity peak e l u t i n g  j u s t  

before the main peak was resolved t o  a t  l e a s t  one ha l f  of i t s  peak height.  

The e f f e c t  of buf fer  pH on the  chromatography of Schally analog 

The ODs Hypersil  columns were packed in-house 

A p a r t i c u l a r  

(AY-25,650) was inves t iga ted  and the  r e s u l t s  are shown in  Table I. 
Lowering the  buf fer  pH decreases the  r e l a t i v e  r e t en t ion  t i m e  of t he  

main peptide but the reso lu t ion  of the impurity peaks is compromised 

as a r e su l t .  I t  appears t h a t  a pH of 6.5 is bes t ,  a f ford ing  bose l ine  

reso lu t ion  of Schal ly  analog and its four impur i t ies  i n  l e s s  than  10 
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Figure 4: Adsorption of Schally Analog on Clsss  Vials 

Dependence on Reconstitution Solvent 

Schally = 5.4  pglml in 57. Lactose 

Line Symbol Solvent - 
+ Mobile Phase - 

.... + D i s t i l l e d  Water 

- X pH = 2.5 

0 - 
- A pH = 6 .5  

TABLE I 
OPTIMIZATION OF BUFFER pH IN MOBILE PHASE 

- 
Buffer (0.05M KH,PO') pH Retention Time (minute) Resolution o f  Impurities 

2.5 

4.5 

6.5 

6.5 (0.005M Bu4N ) 
+ 

4.0 

4.4 

5 . 1  

2.4 

part ia l  

part ia l  

baseline 

part ia l  
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1142 SERTL, JOHNSON, AND KHO 

minutes. 

g r e a t l y  decreased the r e t en t ion  of the  peptides. This e f f e c t  was 

probably due t o  the  te  trabutylamonium ions blocking hydrophobic binding 

s i t e s  on the  reversed-phase packing. 

Spec i f i c i ty  of Chromatography 

(column and mobile phase) and/or the de t ec t ion  system t o  d i s t ingu i sh  the  

compound of i n t e r e s t  from any impur i t ies ,  exc ip i en t s  or decomposition 

products t ha t  might i n t e r f e r e  with the assay, 

i f  i t  is t o  produce accura te  and prec ise  r e su l t s .  

The presence of tetrabutylamonium ion i n  the mobile phase 

Method s p e c i f i c i t y  dea ls  with Lhe a b i l i t y  of the chromatography 

The method must be s p e c i f i c  

In the case of Schally Analog, the chromatography provides the 

needed spec i f i c i ty .  

f a l l s  i n t o  f ive  ca tegor ies :  

Evidence f o r  the chromatographic s p e c i f i c i t y  

1. Synthetic Impurit ies 

As shown i n  Figure 2 ,  the chromatography separa tes  four 

syn the t i c  impurit ies from the main peptide peak i n  the raw 

mater ia l .  Only the main peptide peak is quan t i t a t ed  i n  

ac tua l  assays ,  however. The base l ine  r e so lu t ion  of the 

impurit ies allows f o r  very accura te  quan t i t a t ion  of the main 

peak. 

2. Pur i ty  of the Main Chromatographic Peak: Spec t ra l  Discrimination 

A new technique ca l l ed  Spec t ra l  Discrimination was r ecen t ly  

introduced ( 1 2 )  t o  a i d  the chromatographer in cha rac t e r i z ing  

species e l u t i n g  from the column. I n  t h i s  technique de tec tor  

absorbance values a t  nine d i f f e r e n t  wavelengths a r e  measured 

on a stopped-flow por t ion  of the column e lua te .  

values a r e  corrected a t  each wavelength f o r  absorbance due t o  

the chromatographic so lven t  i t s e l f .  We thus have a cor rec ted  

s e r i e s  of absorbance values c h a r a c t e r i s t i c  of the so lu t e  in  

tha t  pa r t i cu la r  stopped-flow por t ion  of the chromatogram. I f  

a s imi l a r  s e r i e s  of absorbance measurements is co l l ec t ed  f o r  a 

d i f f e r e n t  por t ion  of the same or o the r  chromatographic peak, 

we can compare the two por t ions  spec t r a l ly .  

of absorbance values ( a t  each wavelength) between two por t ions  

is r e l a t i v e l y  constant (D = approximately 1 . 5 ) ,  we 

have s t rong  evidence t h a t  the two por t ions  conta in  the same 

molecular species.  

The absorbance 

I f  the ratio (Q) 
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DECAPEPTIDE IN A LACTOSE MATRIX 1143 

I f  d i f f e r e n t  (beginning, middle, end) por t ions  of a chromato- 

graphic peak a r e  thus ind ica ted  t o  conta in  the same molecular 

spec ies ,  we have s t rong  evidence t h a t  the  chromatographic peak 

is homogeneous and conta ins  a s ing le  molecular species.  

I f  peaks i n  d i f f e ren t  (e.g. sample, s tandard)  chromatograms a r e  

compared and shown t o  conta in  the same sample molecular spec ie s ,  

we have added evidence (along with r e t e n t i o n  time) for the  

iden t i ty  of the sample peak. 

The Spec t ra l  Discrimination technique was used t o  t e s t  the  

pu r i ty  and homogeneity of the main peaks i n  the chromatograms 

of the reference standard (Figure 2) and a decomposed sample 

(Figure 5 ) .  The data and r e s u l t s  are shown i n  Tables I1 and 

111. 

a s ing le  molecular sample type. 

Both peaks were evidenced t o  be homogeneous and conta in  

R E S P O N S E  

I I I I I I I I I I 

I 1 2 3 b 5 6 7 B 

M I N U T E S  

Figure 5 :  Decomposition of SchaLly Analog i n  Water (1 mg/ml) 

(17 months a t  room temperature, dark) 

Peaks d l - 9  a r e  aqueous decomposition products 
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1148 SERTL, JOHNSON, AND M O  

This technique was a l s o  used t o  iden t i fy  the main peaks in  the  

chromatograms of a dosage form and the  decomposed Schal ly  

so lu t ion .  As shown i n  Table 1 and 11, comparison with the  main 
peak of t he  reference standard chromatogram indica tes  t h a t  the  

main peaks in both sample chrocnatograms conta in  the same single, 

sample molecular spec ies  found in the reference standard peak. 

3. Pur i ty  of the Main Chromatographic Peak; Increased Column Length 

As an add i t iona l  t e s t  of the chromatographic s e l e c t i v i t y ,  the  

sample in Figure 2 is e lu t ed  on two colwnns in series ( i n  e f f e c t ,  

doubling the column length).  The goal  is t o  see i f  any hidden, 

co-eluting peaks can be "pulled out" of the  main peak. 

As shown i n  Figure 6 ,  no add i t iona l  peaks or  shoulders from the 

main peak a r e  seen using the two columns. Given t h a t  the de t ec t ion  

R F S P O N S E  

B 2 1 6 8 18 12 I4 

M I N U T E S  

Figure 6: Chromatographic Spec i f ic i ty :  Increased Column Length 
Schally Analog Reference Standard e lu ted  on two columns 

connected in  s e r i e s  

* - Impurity 
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DECAPEPTIDE I N  A LACTOSE MATRIX 1149 

is w a t  220 mu (qui te  non-selective),  t h i s  is add i t iona l  evidence 

of the s p e c i f i c i t y  of the chromatography. 

4. Decomposition Products 

Schally Analog (200 pglml i n  57. l ac tose /water )  in s o l u t i o n  

was decomposed under various conditions and e lu t ed  using the 

chromatography described in the assay  methods. The i n t e n t  

was t o  see if the decomposition products were resolved from 

the main Schally peak. The r e s u l t s  a r e  shown i n  Table I V  

and Figures 5, 7-11. 

The chromatogram of a s t a b i l i t y  sample of a 50 j ig/vial  

lyophi l i red  v i a l  is s h a m  i n  Figure 12. The r e so lu t ion  of 
a decomposition product from the main Schally peak ind ica tes  

t ha t  the methods a r e  s t ab i l i t y - ind ica t ing .  

Also, a so lu t ion  of Schally Analog i n  water and 1 mg/ml  was 

s tored  1 7  months a t  room temperature in  the dark. The chromato- 

gram of the r e su l t i ng  so lu t ion  (Figure 5 )  shows nine decom- 

pos i t ion  products resolved from the main peak. In Table I11 
we see  the  Spec t ra l  Discrimination data supports the p u r i t y  of 

the main peak. 

TABLE I V  

DECOWOSITION OF SCHALLY ANALOC SOLUTION 

(SCHALLY ANALOG AT 200 bglml I N  57. LACTOSE/WATW~ 

SOLUTION STORAGE 
CONDITION ( 7  DAYS1 

4'c (Control)  

Light Cabinet* 

62'C 

pH = 2* 

pn - 12* 

7. SCHALLY REMAINING # RESOLVED, DECOWOSITION 
(VS. INPUT) PRODUCTS 

962 0 

a 4% 2 

an 0 

9 37. 1 

101. 7 

CHRCHATOCRAM 
(FIGURE X )  

7 

a 

9 

10 

11 

*Room Temperature 
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R L S P O N S E  

SERTL, JOHNSON, AND KHO 

I I I I I I I 1 I I 

n I 2 3 1 5 6 1 8 

W l N U l f S  

Figure 7s Solu t ion  S t a b i l i t y :  7 Days a t  4*C 

Schally Analog - 200 pg/ml i n  57. l a c t o s e h a t e r ,  dark 

* - Impurity in Raw Material 

5 .  Similar Decapeptide 

LH-RH is a decapeptide which is iden t i ca l  t o  Schally Analog 

except f o r  one amino ac id  ( the  6th amino ac id  tryptophan in 

Schally Analog is replaced with g lyc ine) .  

Figure 13, LH-RH is  well  resolved from Schally Analog using 

the chromatography of the assay methods. O'Hare and Nice (13) 

have suggested t h a t  the main mechanism governing the reversed- 

phase chromatography of polypeptides is hydrophobic in t e rac t ion  

However, as seen i n  
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DECAPEPTIDE IN A LACTOSE MATRIX 1151 

R E S P O N S E  

I I I I I I I , I I I , I , ]  
1 2 3 4 5 6 7 8 

M I N U I E S  

Figure 8: S o l u t i o n  S t a b i l i t y :  7 Days in Light  Cabinet 

S c h a l l y  Analog - 200 l g / m l  in 57. l a c t o s e / w a t e r ,  

room temperature  

* - Impuri ty  in Raw Mater ia l  

+ - S o l u t i o n  Decomposition Product 

with the s t a t i o n a r y  phase. The observed e l u t i o n  o r d e r  of LH-RH 

and S c h a l l y  Analog suppor ts  t h i s  proposa l  s i n c e  t h e  S c h a l l y  Analog, 

conta in ing  a much more hydrophobic amino a c i d  in the  6 t h  p o s i t i o n ,  

e l u t e s  much l a t e r  than does t h e  LH-RH. 

E f f e c t  of Lactose on the  HPLC Response (W a t  220 rm) of S c h a l l y  Analog 

Since t h e  r e c o n s t i t u t e d  dosage form conta ins  57. l a c t o s e  b y  weight ,  

the  q u e s t i o n  was r a i s e d  a s  t o  whether t h e  s t a n d a r d  s o l u t i o n s  should 
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r 

SERTL, JOHNSON, AND KHO 

Schally AMLog 

R E S P O N S E  

0 I 2 3 a 5 6 7 E 

Y l h l i . ! S  

Figure 9: Solu t ion  S t a b i l i t y :  7 Days a t  62'C 

Schally Analog - 200 pg/ml i n  57. l ac tose /water ,  dark 

* - Impurity i n  Raw Material  

contain 57. l ac tose  a s  w e l l .  So, the e f f e c t  of 57. l ac tose  on the HPLC 
response (area/concentration) of Schally Analog was inves t iga ted .  When 

dissolved in  water,  i t  was found tha t  the presence of 57. l ac tose  caused 

up t o  an 87. increase i n  the response. In  mobile phase, the presence of 
57. lactose increases the response of Schally Analog by only 1-27.. Thus, 

in the ac tua l  assay ,  the standard so lu t ions  a r e  made 57. in l ac tose  t o  

avoid any b ias  in the r e su l t s .  
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R E S P O N S E  

Schally -1% 

+ *  - 

1 1 1 I I 1 1 1 1 I 

E I 2 3 1 5 6 1 8 

H I N U T E S  

Figure 10: Solution S tab i l i t y :  7 Days a t  pH = 2 

Schally Analog - 200 pg/ml i n  57. lactose/water 

- dark, room temperature 

* - Impurity in  Raw Material  

+ - Solution Decomposition Product 

Adsorption of Schal ly  Analog on Glass 

When d i s t i l l e d  water was used t o  r econs t i t u t e  the  lyophi l ized  v i a l s ,  

assays of those v i a l s  in the 5-25 pcg/vial range gave low r e s u l t s  based on 

claimed input. An apparent loss of 10-207. was seen. 

An experiment was performed t o  see  i f  there  was adsorp t ive  loss of 

Schally Analog on g la s s  surfaces.  A t  a peptide concentration of 5.4 pg/ml 
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R E S P O N S E  

0 1 2 3 I 5 6 1 8 

W I N U T E S  

Figure 11: Solution S tab i l i t y :  7 Days a t  pH - 12 
Schally Analog - 200 pg/ml i n  57. lactose/water 

- room temperature, dark 

Peaks 111-7 a r e  Solu t ion  Decomposition Products 

and a lac tose  content of 5 X ,  por t ions  of Schally Analog so lu t ions  with 

various solvents were contacted consecutively with a number of c lean ,  dry 
lyophi l iza t ion  v ia l s .  Each so lu t ion  was sampled for assay  before contact 

with the  v i a l s  and a f t e r  5 and 10 contac ts  with v i a l s .  The r e s u l t s  are  
depicted i n  Figure 4. 
gives more adsorptive loss than O.05M phosphate bu f fe r ;  2 )  adsorp t ive  loss 
decreases a s  the pH of the buf fer  becomes more a c i d i c  and 3) use of mobile 

phase as the so lvent  v i r t u a l l y  e l imina tes  adsorp t ive  loss of Schal ly  Analog. 
As a r e s u l t ,  the assay  method uses mobile phase a s  the r econs t i t u t ion  

so lvent  fo r  the lyophilized v i a l s  t o  minimize adsorp t ive  loss of the peptide.  

Three observations can be made: 1) pure water 
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RESPONSE 

*-+ 

Sch.11y h l q  

+ 

I I , l , I , I I I , I , I ,  
1 1 3 4 5 6 7 8 

M I N U l C S  

Figure 12: Lyophilized Vial S t a b i l i t y  Sample 

Schally Analog - 50 pg/vial 
Lactose - 50 %/via l  + - Lyophilited Decomposition Product 

* - Impurity i n  Raw Wteri.1 

R E S P O N S E  

[D-Trp6]-LH-Ul elutes her. 

B 

I I I I , I I 1 I ! I I I 
E 1 2 3 I 5 6 1 8 

Y I N U T E S  
6 

Figure 13: Column Speci f ic i ty:  LH-RH W, [D-Trp 1-LH-RH 
Chranatogram of  LH-RH using the chromatography 

for Schally Analog (Figure 1) 
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