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JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 3(9), 1353-1365 (1980) 

THE USE 3F PERFLUORINATED CARBOXYLIC ACIDS IN 
THE REVERSED-PHASE HPLC OF PEPTIOES 

H. P. J. Bennett, C. A. Browne and S .  Solomon 
Endocrine Laboratory, Royal Victoria Hospital 
and Departments of Biochemistry and Medicine, 
McGill University, Montreal, Quebec, Canada 

ABSTRACT 

The relative effectiveness of trifluoroacetic acid (TFA), penta- 
fluoropropanoic acid (PFPA) , heptafluorobutyric acid (HFBA) and undeca- 
fluorocaproic acid (UFCA) as hydrophobic counter-ions in the reversed- 
phase high performance liquid chromatography (RP-HPLC) of peptides was 
assessed. Four solvent systems were compared each containing 0.01M of a 
perfluorocarboxylic acid throughout. Twelve standard peptides and 
proteins were loaded onto the RP-HPLC column Mhich das eluted with a 
linear grddient of 23-58.4% aqueous acetonitrile ovey '39 minutes. The 
retention tines of the peptide standards were different in each solvent 
system. In progressing from TFA to PFPA, HFBA and UFCA all the peptides 
showed greater retention times. However, the effect was most marked with 
peptides having the greatest number of basic groups. By exploiting this 
behaviour a different type o f  chromatography can be introduced into the 
2P-HPLC purification of peptides. For instance, column fractions ob- 
tained from the use of the TFA solvent system can be re-chromatographed 
in a solvent system containing HFBA. It is possible by this procedure to 
purify naturally occurring peptides on the basis of their overall posi- 
tive charges. At 0.0114 each acid solution is sufficiently U.V. trdns- 
parent to permit monitoring of column effluents at 210 nm. TFA, PFPA, 
HFBA and UFCA solvent systems are also completely volatile and this 
property facilitates the bioassay, radioimmunoassay and amino acid analy- 
sis of colunn fractions. 

INTRODUCTION 

The potential o f  reversed-phase high performance 1 iquid chromato- 

grirphy (2P-HPLC) (1) in t h e  purification of naturally occurring peptides 

has been demonstrated by several investigators (2,3,4). RP-HPLC has also 

proved extremely useful in the final purification of synthetic peptides 

( 5 ) .  In most cases the use o f  RP-HPLC is confined to final purification 
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1354 BENNETT, B R O W ,  AND SOLOMON 

following more conventional gel-filtration and ion-exchange chromato- 

graphy. Work i n  this laboratory has demonstrated that the resolving 

power of reversed-phase 1 iquid chromatography is sufficiently high that 

this technique alone can be used to isolate pure peptides f r om pituitary 

tissue ( 6 , 7 ) .  Peptides are adsorbed from tissue homogenates onto octa- 

decylsilyl-sil ica (00s-silica) (8,9) and extracts are subsequently sub- 

jected to gradient elution RP-HPLC. In general pure peptides may be 

obtained following a further isocratic elution step. In these studies 

trifluoroacetic acid (TFA) was used as a hydrophobic acidic counter-ion 

in the HPLC solvent system. Since only one type of chromatography was 

used in these peptide isolations, one cannot be completely certain about 

the purity obtained. The purpose of this paper is to compare the the 

properties of the perfluorinated carboxyl ic acids, trifluoroacetic acid, 

pentafluoropropenoic acid (PFPA), heptafluorobutyric acid ( H F B A )  and 

undecafl uorocaproic acid (UFCA) as counter-ions. The effects of these 

different acids on the retention times of various peptide standards and 

proteins is illustratsd. Their 9otential as a tool in the preparation o f  

synthetic and naturally occurring peptides with a high degree of purity 

will be discussed 

MATERIALS AND METHODS 

Tri f 1 uoroacet ic acid (TFA 1 aboratory reagent grade) was obtai ned 

from BDH Chemicals Ltd., Montreal, Canada. Pentafluoropropanoic acid 

(purum grade) and heptafluorobutyric acid (purissimum grade) were p u r -  

chased from Tridom Chemical Inc., Hauppauge, N . Y . ,  U.S.A. Undecafluoro- 

caproic acid (experimental .grade) was kindly donated by 3M Co., St. Paul, 

Mn, U.S.A. Acetonitrile (HPLC grade) was purchased from Fisher Scien- 

tific Co., Montreal, Canada. 
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PERFLUORINATED CARBOXYLIC ACIDS 1355 

Many of t h e  pept ides used as chromatographic standards were generous 

g i f t s :  Or .  W. R l t t e l ,  Ciba-Geigy Ltd., Basel. Swi tzer land prov ided t h e  

s y n t h e t i c  CX-MSH and C-41795-Ba (1-18 ACTH analogue), Synacthen. human 

ACTH and human c a l c i t o n i n ,  s y n t h e t i c  Met- and Leu-enkephalin and somato- 

s t a t i n  were from O r .  R. Degenghi, Ayerst  Laborator ies,  Montreal, Canada, 

Dr .  E. L. Grinnan, E l i  L i l l y  Co., I n d i a n a p o l i s  Ind., U.S.A. prov ided t h e  

na tu ra l  bovine i n s u l i n ,  s y n t h e t i c  human p -endorphin was f rom Dr.  N. L i n g  

and Dr. R. Gu i l l em in  o f  t h e  Salk I n s t i t u t e ,  La J o l l a ,  Ca., U.S.A.; Syn- 

t h e t i c  LH-RH was purchased f rom Bachem F ine  Chemicals, Marina Del Rey, 

Ca.. U.S.A. 

A Waters HPLC system was used which consis ted o f  two 6000A pumps, a 

660 so l  vent programer,  U6K i n j e c t o r  and a C18pBondapak reversed-phase 

column (Waters S c i e n t i f i c  Ltd., Mississauga, Canada). Column e luates 

were con t inous ly  monitored f o r  absorbance a t  210 nm us ing an LC75 f l ow-  

through cont  i nous wave1 ength spectrophotometer from Perk i  n-Elmer Ltd. , 

f lont rea l ,  Canada. 

HPLC grade water was prepared as descr ibed p rev ious l y  ( 7 ) :  glass 

d i s t i l l e d  deionized water was passed s lowly  under g r a v i t y  over a small 

bed o f  ODs-s i l ica ( t h e  contents o f  a C18 Sep-Pak (Waters Associates) 

packed wi th in a glass syr inge)  and s to red  i n  g lass a t  4' u n t i l  used. 

P r i o r  t o  t h e  preparat ion o f  HPLC solvents ,  water was f i l t e r e d  us ing  a 

M i l l i p o r e  a l l - g l a s s  f i l t e r  apparatus and 0.5 Pm Fluoropore F i l t e r s  

( M i l l i p o r e  Corporation, Bedford, Ma, U.S.A.). These T e f l o n  f i l t e r s  

f u n c t i o n  e f f i c i e n t l y  prov ided t h a t  they are wetted w i t h  a c e t o n i t r i l e  

before use. Stock s o l u t i o n  (0.1M) o f  TFA, PFPA, HFBA and UFCA were 

prepared us ing  f i l t e r e d  water and each was passed through a Sep-Pak car-  

t r i dge .  Immediately before so lvent  preparat ion water was degassed f o r  20 

minutes and a c e t o n i t r i l e  f o r  1 t o  2 minutes. The 0.1M stock a c i d  solu- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1356 . BENNETT, BROWNE, AND SOLOMON 

t ions were diluted such that HPLC solvents consisted of 0.01M aqueous 

acid (solvent A )  and 0.01H aqueous acid in 80% aqueous ace ton i t r i l e  

(solvent 8 ) .  Linear gradients of increasing ace toni t r i le  were formed 

from mixtures of solvents A and B controlled by the solvent programer. 

A standard mixture of peptides and proteins was prepared in O.01M 

TFA.  For each chromatographic run  50 ~1 containing 5 )1g o f  each peptide 

and protein was injected onto the column via the  U6K injector.  This was 

followed by 50 1 1  of 0.01M TFA t o  ensure tha t  the standards were not 

trapped within the in jec tor  system. The HPLC column was eluted i n  each 

case with a l inear gradient of 20 t o  58.4% ace ton i t r i l e  containing e i the r  

0.01M TFA,  PFPA. HFBA o r  UFCA over 90 minutes a t  a flow ra te  of 1.5 m l  

per minute. The column was eluted a t  room temperature (21 ’C) .  Indiv- 

idual peaks were identified by injecting each peptide and protein alone 

and observing the retention time. 

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

A charac te r i s t ic  of peptides i s  t h a t  they have hydrophobic (e.g. 

Trp. Phe, Tyr)  as well as hydrophilic (e.g. Asp,  Glu, Arg, Lys) amino 

acids. However, with few exceptions they are generally considered to  be 

highly polar molecules, and are extremely water soluble .  This property 

would suggest t h a t  they are poor candidates f o r  e f f ic ien t  R P - H P L C .  T h i s  

is in contrast t o  steroids for which successful RP-HPLC systems have been 

established using simple aqueous solvent mixtures for  column elution. A 

solvent system such as aqueous methanol or  ace toni t r i le  gives r i s e  t o  

very poor chromatography of peptides. Reversed-phase col umns are C O W  

posed of uniform s i l i c a  par t ic les  t o  which a hydrophobic surface (e.g. 
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PEXFLUORINATED CARBOXYLIC ACIDS 1357 

C18) has been cova len t l y  l i n k e d  v i a  t h e  s i l a n o l  groups i n  a process 

s i m i l a r  t o  t h e  s i l  i c o n i z a t i o n  o f  glassware (10). Despi te  secondary 

d e r i v i t i z a t i o n  o r  "end-capping'' procedures used by manufacturers t o  

ensure maximal coverage, s u f f i c i e n t  s i l a n o l  groups remain t o  prov ide a 

sur face t o  which peptides may adsorb. I n  a h i g h l y  p o l a r  s t a t e  peptides 

i n t e r a c t  i n e f f i c i e n t l y  w i t h  the  reversed-phase column support and adsorb 

s t rong ly  t o  f r e e  s i l a n o l  groups. This  r e s u l t s  i n  very l ong  r e t e n t i o n  

t imes and broad peaks ( 5 ) .  This s i t u a t i o n  can be l a r g e l y  r e c t i f i e d  by 

adding an i o n i c  component, f requen t l y  a s t rong  acid, t o  t h e  so lvent  

system. They have the dual f u n c t i o n  o f  " sa l t i ng -ou t "  t he  s i l a n o l  groups 

and, by lower ing the  pH, tend t o  protonate aspar ta te  and glutamate 

residues. The p o l a r i t y  o f  peptides a t  low pH i s  the re fo re  markedly 

reduced and because t h e i r  adsorpt ion t o  bare s i l i c a  is i n h i b i t e d  they 

ves 

the  

umn 

e f f i c i e n c y  f o r  peptides i n  terms o f  t h e o r e t i c a l  p la tes  i s  very low coin- 

pared w i t h  small non-polar molecules. I t i s  the novel s e l e c t i v i t y  which 

makes t h i s  Chromatographic method so usefu l .  A s t rong ly  bas ic  i o n i c  

m o d i f i e r  would produce i n t e r e s t i n g  chromatographic r e s u l t s  b u t  i s  not 

b l e  because a l k a l i n e  so lu t i ons  tend t o  d i sso l ve  s i l i c a  and dest roy 

columns. 

The concept o f  " i on -pa i r i ng "  i n  RP-HPLC i s  very useful in both 

developing and cnderstandi ng the mechanism o f  a c t i o n  of 531 vent systems 

modi f ied w i t h  acids and s a l t s  (11). Many pept ide RP-HPLC solvent  

systems have a pH o f  t h ree  o r  below. Under these cond i t i ons  not  only do 

aspar tate and glutamate residues i n  peptides tend t o  be protonated but  

i n t e r a c t  more  e f f i c i e n t l y  w i t h  the reversed-phase support. This 4 

r i s e  t o  acceptable chromatography w i t h  unique s e l e c t i v e l y  based on 

r e l a t i v e  hydrophobic character  o f  peptides. It i s  noteworthy t h a t  t o  

f e a s  

HPLC 
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1358 BENNETT, B R O W ,  AND SOLOMON 

a lso  l ys ine ,  a r g i n i n e  and h i s t i d i n e  residues are f u l l y  charged. I t has 

been suggested t h a t  anions associate o r  “ ion-pai r ’ ’  w i t h  these basic amino 

acids. The r e s u l t i n g  e f f e c t s  on chromatographic behaviour are dependent 

on the  nature o f  t he  anion. Numerous i o n i c  so lvent  m o d i f i e r s  have been 

suggested i n c l u d i n g  t r i f l u o r o a c e t i c  a c i d  (6,7,8,12), phosphoric a c i d  (51, 

p e r c h l o r i c  ac id  (3), sodium dihydrogen phosphate a c i d i f i e d  w i t h  phospho- 

r i c  a c i d  (41, py r id in ium acetate o r  formate (3), tr iethylamnonium phos- 

phate o r  formate (2,15),  t a r t r a t e  b u f f e r  con ta in ing  sodium sulphate and 

sodium butanesulphonate (16) .  sodium c h l o r i d e  a c i d i f i e d  with hyd roch lo r i c  

ac id  (14) and sodium pe rch lo ra te  w i t h  phosphate b u f f e r  o r  phosphoric a c i d  

(17). The pH o f  an aqueous so l ven t  m ix tu re  i s  on ly  an apparent value 

since organic so lvents  tend t o  suppress i o n i z a t i o n .  The apparent pH o f  

t h e  buf fered RP-HPLC solvent  systems may not  be a very c r i t i c a l  parameter 

provided t h a t  it i s  we l l  below the  pK o f  t he  pept ide carboxyl groups 

(3.0-4.7 f o r  Asp, approx. 4.4 f o r  Glu and 3.0-3.2 f o r  t h e  C- terminal  

carboxyl group) (18). Indeed simple unbuf fered so lu t i ons  of t r i f l u o r o -  

a c e t i c  (a), phosphoric (5) p e r c h l o r i c  (13) and hyd roch lo r i c  (14) ac ids 

g ive r i s e  t o  rep roduc ib le  RP-HPLC o f  peptides. For  maximum i n h i b i c i o n  gf 

adsorpt ion t o  under i va t i zed  s i l a n o l  groups, a m o l a r i t y  o f  a t  l e a s t  0.lM 

i s  des t rab le  (8,14) bu t  t h i s  may no t  be f e a s i b l e  i n  some instances 

(6,7)* 

The hydrophobic i o n - p a i r i n g  reagents t r i f l u o r o a c e t a t e ,  acetate,  

formate and a lky lsu lphonates tend t o  increase the  a f f i n i t y  of  peptides 

f o r  t he  reversed-phase support and increase r e t e n t i o n  times and r e s o l u -  

t ion.  The h y d r o p h i l i c  ions phosphate and c h l o r i d e  probably have l i t t l e  

e f f e c t  on r e t e n t i o n  times other  than i n h i b i t i n g  adsorpt ion t o  under i va t -  

i z e d  s i l i c a .  While t h e  hyd roch lo r i c  acid/sodium c h l o r i d e  system is 
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PERnUORINATED CARBOXYLIC ACIDS 1359 

simple and e f f i c i e n t  i t  should never be used w i t h  HPLC pumps w i t h  v i t a l  

s t a i n l e s s  s tee l  components (i.e. check va lve seats)  s ince ac id  ha l i des  

corrode even i n a c t i v a t e d  s t a i n l e s s  s tee l .  The RP-HPLC solvent  system 

used r o u t i n e l y  i n  t h i s  l abo ra to ry  consis ts  o f  aqueous a c e t o n i t r i l e  con- 

t a i n i n g  0.1% TFA. This  has t h e  advantage of be ing non-corrosive, s u f f i -  

c i e n t l y  U.V. t ransparent  t o  permi t  mon i to r i ng  o f  column e luates a t  210 

nm, and completely v o l a t i l e .  The p roper t y  o f  v o l a t i l i t y  i s  p a r t i c u l a r l y  

use fu l  i n  the  preparat ion of na tu ra l  peptides s ince column f r a c t i o n s  may 

simply b e  d r i e d  i n  vacuo p r i o r  t o  radioimnunoassay, bioassay or amino 

ac id  analysis. However, t h i s  system i s  a compromise s ince some column 

e f f i c i e n c y  i s  l o s t  due t o  t h e  r e l a t i v e l y  weak i o n i c  s t rength of 0.1% TFA 

solut ions.  Solvent systems w i t h  h igher  i o n i c  s t reng th  (e.9. 1% TFA ( 8 )  , 

0.1i.I sodium dihydrogen phosphate (14). 0.1M sodium c h l o r i d e  (14), or  0.1l 

sodium pe rch lo ra te  ( 1 7 ) )  i n h i b i t  pept ide adsorpt ion t o  s i l i c a  inore e f f i -  

c i e n t l y .  The i o n i c  s t reng th  o f  0.1% TFA so lu t i ons  cannot be a l t e r e d  

wi thout  a f f e c t i n g  a c i d i t y ,  v o l a t i l i t y  o r  t he  capaci ty  f o r  U.V. m o n i t o r i i g  

a t  210 nm. 

I n  previous repo r t s  from t h i s  laboratory ,  it was demonstrated t h a t  

bovine ACTH and r a t  o( -MSH can be ex t rac ted  from p i t u i t a r y  t i s s u e  and 

p u r i f i e d  t o  apparent homogeneity by reversed-phase 1 i q u i d  chromatography 

(6,7). Peptides were adsorbed onto 0 0 s - s i l i c a  from t i s s u e  hoinogenates. 

ihese p re l im ina ry  ex t rac ts  were then loaded onto a RD-HPLC COluiiln and  

subjected t o  gradient  e l u t i o n  us ing  the  0.1% TFA aqueous a c e t o n i t r i l e  

so lvent  system. Peaks o f  immunoreactive hormone were f i n a l l y  p u r i f i e d  by 

rechromatographing under i s o c r a t i c  condi t ions.  A c r i t i c i s m  o f  t h i s  

approach i s  t h a t  only one type of chromatography i s  used i n  t h i s  i s o l a -  

t i o n  procedure. Also because t h e  f i n a l  step i s  an i s o c r a t i c  e l u t i o n  
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procedure, t he  compound o f  i n t e r e s t  i s  contained i n  a r e l a t i v e l y  l a r g e  

volume o f  solvent. This i s  a d i s t i n c t  disadvantage when i s o l a t i n g  pep- 

t i d e s  i n  microgram quan t i t i es .  The p roper t i es  o f  o ther  p e r f l u o r i n a t e d  

ca rboxy l i c  acids have been evaluated i n  order t o  i n v e s t i g a t e  the  pos- 

s i b i l  i t y  t h a t  they might in t roduce a d i f f e r e n t  chromatographic p r i n c i p l e  

i n t o  t h e  pept ide hormone i s o l a t i o n  procedure. 

Pe r f l uo r ina ted  carboxyl i c  ac ids  are powerful p a r t i t i o n i n g  reagents 

and have h igh surface a c t i v e  p roper t i es  (19). The three, f o u r  and s i x  

carbon acids, l i k e  TFA, are a l l  l i q u i d s  a t  room temperature, are s t rong  

acids and v o l a t i l e .  These p roper t i es  make them s u i t a b l e  as RP-HPLC 

counter- ions. I n  order t o  compare t h e  acids d i r e c t l y  t h e  RP-HPLC column, 

the a c e t o n i t r i l e  gradient, the a c i d  concentrat ion and the  and f low r a t e  

were kept  constant. Thus changes i n  e l u t i o n  t ime  fo r  each o f  the t e s t  

peptides could be a t t r i b u t e d  s o l e l y  t o  e f f i c a c y  o f  TFA, PFPA, IiFB4 ana 

UFCA as hydrophobic counter- ions. The r e l a t i v e  e l u t i o n  p o s i t i o n s  o f  t he  

twelve t e s t  peptides and p ro te ins  i n  the fou r  systems i s  shown i n  Fig.1. 

As one grogresses up the ca rboxy l i c  a c i d  se r ies  profound d i f f e rences  i n  

r e t e n t  i 0 1  

most bas 

FIGilRE 1 

times are observed. These changes are most apparerit wizh the 

c peptides ( a t  pH 2 ) .  The e f f e c t  can best be appreciated by 

A comparison of the e f f i cacy  of TFA, PFPA. HFBA and UFCA as hydro- 
phobic counter- ions. (See Methods sec t i on  f o r  chromatographic condi- 
t i ons . )  The peptides and prote ins tes ted  were as fo l l ows  ( t h e  number o f  
basic amino ac id  residues at  pH 2 f o r  each pept ide i s  given i n  brackets - 
see discussion: 1. C-41795-Ba. 1-18 ACTH analogue ( a ) ,  2. Met-enkeph- 
a l i n  (11, 3. LH-RH (11, 4. Leu-enkephalin (l), 5. Synacthen, 1-24 ACTH 
(9), 6. A - M S H  (31, 7. Huma ACTH 1-39 (9 ) .  8. Somatostat in (3), 9. 
Bovine i n s u l i n  (6), 10. Human ) -endorphin (7), 11. Human c a l c i t o n i n  (3), 
12. Bovine cytochrome C (24). 

The UFCA chromatogram shows the  l i n e a r  aqueous a c e t o n i t r i l e  gradient  
employed and a bar i n d i c a t i n g  0.1 absorbance u n i t s  a t  210 nn. Both these 
parameters are the  same i n  t h e  TFA, PFPA and HFBA chromatograms. 
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study ing the  behaviour o f  t h e  1-18 ACTH analogue (C-41795-Ba) which has 8 

p o s i t i v e  charges. From having t h e  sho r tes t  r e t e n t i o n  t i m e  w i t h  TFA, 

(C-41795-Ba) e lu tes  p rog ress i ve l y  l a t e r  w i t h  PFPA ( f o u r t h )  and HFBA 

( f i f t h )  u n t i l  w i t h  UFCA it e lu tes  as seventh i n  the  series. More impor- 

t a n t l y  t he  absolute e l u t i o n  p o s i t i o n  o f  a l l  t he  peptides i s  changed. The 

degree o f  change i s  r e l a t e d  t o  t h e  number o f  p o s i t i v e  charges a v a i l a b l e  

f o r  i on -pa i r i ng  ( t h e  number o f  bas i c  amino ac ids a t  pH 2 ( i n c l u d i n g  

h i s t i d i n e  residues) o f  each pept ide and p r o t e i n  i s  given i n  the  legend t o  

Fig. 1). 

These r e s u l t s  show t h a t  PFPA, HFBA and UFCA are h i g h l y  e f f e c t i v e  

hydrophobic " ion-pai r ing ' '  reagents and can be used t o  t u r n  a RP-HPLC 

column i n t o  what has been termed a "dynamic ion-exchanger" (11). I t  was 

i m e d i a t e l y  apparent t h a t  these systems could be app l i ed  t o  the pept ide 

p u r i f i c a t i o n  procedure out1 ined e a r l i e r .  UFCA i s ,  un fo r tuna te l y ,  not of 

h igh enough p u r i t y  f o r  t h i s  purpose. The i n i t i a l  r i s e  and subsequent 

gradual f a l l  i n  t he  base l i ne  observed i n  Fig. 1 i s  a r e f l e c t i o n  o f  h ign 

U.Y. absorbing UFCA contaminants e l u t i n g  f r o m  the column. The sane 

e f f e c t  i s  t r u e  o f  HFBA bu t  t o  a much lesse r  extent. The f i n a l  j u r i f i c a -  

t i o n  o f  pept ide hormones i n  t h i s  l abo ra to ry  now includes a reversed-phase 

chromatographic step us ing  HFBA as counter-ion. Thus by running a t i s s u e  

e x t r a c t  f i r s t  i n  the  TFA so lvent  system described e a r l i e r  and then re -  

running appropr ia te f rac t i ons  on the  same reversed-phase column us ing  

HFBA, peptides can be obtained i n  a concentrated and h i g h l y  pure form. 

I t  i s  now poss ib le  t o  i s o l a t e  and p u r i f y  peptides w i t h  the  minimun of 

manipulat ion us ing only  reversed-phase l i q u i d  chromatography. This tech- 

nique has been used i n  our l abo ra to ry  t o  i s o l a t e  a - M S H  ?I, O-diacety l -  

Se r l  &-MSH ( 2 0 ) ,  c o r t i c o t r o p i n - l i k e  in termediary  lobe pept ide (21) and 

ACTH from r a t  p i t u i t a r i e s  (22) and human pa ra thy ro id  hormone from para- 
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PERFLUORINATED CARBOXYLIC ACIDS 1363 

t h y r o i d  gland adenomas (23). The technique i s  so successful f o r  ACTH 

t h a t  an a n a l y t i c a l  RP-HPLC column has been used t o  i s o l a t e  6 mg o f  t h i s  

hormone from an ODs-s i l ica e x t r a c t  o f  32 grams o f  bovine a n t e r i o r  p i t u -  

i t a r i e s  (24). 
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