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SUMMARY 

Tyrosine derivatives were introduced onto the N-tenninal deprotected 
Pentagastrin to  yield precursors of labelliiig. ' he  t r i t i a ted  derivative 
Boc-3,5-%~-Tyr-Pentagastrin of high specific radioactivity (45 C i / m l )  
was obtained by catalytic dehalogenation of the corresponding di-iodo- 
derivative i n  the presence of tritium gas. Iodination of Boc-Tyr- 
Pentagastrin by NaI and chloramine T led to  the formtion of several 
compounds separated by HPLC. Conditions to  obtain the mno-iodinated 
non-oxidized peptide, the only biologically active derivative, were 
investigated. h a l y t i c a l  chromatographic behaviour as well as biological 
activity of the t r i t i a t ed  and of the various iodinated peptides were 
reported. 
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INTRODUCTION 

The f u l l  range o f  b i o l o g i c a l  a c t i v i t i e s  of g a s t r i n s  i s  conf ined 

t o  the C-terminal t e t r a p e p t i d e  Trp-Met-Asp-Phe-NH2 o r  TG ( 1 1. Hundreds 

of d e r i v a t i v e s  o f  t h i s  pept ide have been synthesized and tes ted  f o r  

t h e i r  b i o l o g i c a l  p r o p e r t i e s  ( 2, 3, 4, 5 ). One o f  t h e  w s t  a c t i v e  syn- 

t h e t i c  d e r i v a t i v e  o f  t he  pept ide has been found t o  be Boc-BAla-TG o r  

Pentagast r in  ( 3 ) which i s  now being c u r r e n t l y  used i n  mlost s tud ies  

instead of t he  o r i g i n a l  heptadecapeptide. Whereas the  Iab le l l  i n g  o f  t h i s  

longer  pept ide has been l a r g e l y  repo r ted  f o r  t he  t r i t i a t e d  ( 6 

p a r t i c u l a r l y  the i od ina ted  forms ( 7, 8, 9 1, t h a t  

sho r te r  pept ide has been much l e s s  i nves t i ga ted .  

and 

o f  t he  C-terminal 

T r i t i a t e d  Pentagast r in  ( o f  around 7 Ci/mmol) has a l ready been 

obtained ( 10 ) by c a t a l y t i c  cleavage,in t h e  presence o f  T r i t i u m  o f  t he  

t h i o e t h e r  group from 2 - (2 -n i t ropheny l th io )  TrpL-Pentagastr in or PG-NPS. 

The discovery o f  Gastrin an tagon is t i c  p r o p e r t i e s  o f  PG-NPS ( 11, 12 ) 

prompted us t o  search f o r  another s i t e  o f  t r i t i a t i o n  which would a l l o w  

t o  ob ta in  a t r i t i a t e d  d e r i v a t i v e  o f  PG-NPS. We first synthesized 

(4-C1-Phe5)-Pentagastrin,but i t s  tr i  t i a t i o n  using normal cond i t i ons  o f  

dehalogenation ( 6 ) was incomplete and l e d  t o  low s p e c i f i c  r a d i o a c t i v i t y .  

By contrast ,  t he  i n t r o d u c t i o n  o f  a d i - i odo - t y rosy l  res idue t o  the  

N-terminal end o f  Pentagast r in  a l lowed the obtent ion,  repo r ted  i n  t h i s  

paper, o f  a h i g h l y  r a d i o a c t i v e  (45  Ci/mmol) t r i t i a t e d  d e r i v a t i v e  : 

Boc- H2-Tyr-PG. This l a b e l l e d  pept ide has t h e  same b i o l o g i c a l  a c t i v i t y  

as Pentagastr in, as expected, s ince the  Tyr  res idue  i s  a t  t h e  same 

p o s i t i o n  as i n  the n a t u r a l  Gas t r i n  sequence. Therefore, t h e  a d d i t i o n  

of a Tyr res idue t o  Pentagast r in  was a l s o  used f o r  i o d i n a t i o n  s ince t h e  

pentapept ide cannot be i od ina ted  d i r e c t l y .  

3 
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Iodination of peptides led to several compounds : mono- o r  di-  

iodinated derivatives, and when methionine is present, as in pentagastrin, 

oxidized products. All these iodinated peptide derivatives might not have 

the same biological activity as the native peptide. 

To identi fy the various products obtained by iodination of 

Boc-Tyr-PG and to check their biological and immunological properties, 

reference peptides were synthesized : Boc-Tyr-PG (or HG), Boc-Tyr (I)-PG, 

Boc-Tyr (12)-ffi and their methionyl sulfoxide derivatives. Biological 

tests showed that the only active iodinated derivative was the non- 

oxidized mono-iodinated peptide Boc-Tyr (I)-PG. 

Iodination of Boc-Tyr-PG by the chloramine T method, under the 

same conditions as already used for iodination of Gastrin 6-17 ( 7, 8, 9 ) ,  

led to oxidized hexapeptide derivatives. Therefore, various parameters 

for the iodination of Boc-Tyr-PG were investigated, and conditions were 

selected to obtain within one hour, a pure mono-iodinated radio-labelled 

non-oxidized derivative. These conditions might be extended to iodination 

by Chloramine T of other methionyl containing short peptides. 

EXPERIMENTAL 

I - Material 

Pentagastrin Boc-gAla-Trp-Met-Asp-Phe-NH2 was supplied by 

Imperial Chemical Industries (GB) , amino acids and derivatives were from 
Sigma (USA) or Bachem (CH), current chemicals from Fluka (CHI or Sigma, 

solvents from Merck (D) or Prolabo (F), Tritium gas from the Commissariat 

1 'Energie Atomique (CEA, F), NaIz5I from Amersham International Ltd (GB). 

Purity control and reaction progress were checked by analytical 

TLC and HPLC. Silica gel ready coated analytical TLC glass plates 

(Whatman, LK6IlF, 0.25 mm, 20 x 20 cm) were used. Spots were revealed by 



18 M . - H .  Charon et al. 

U.V. examination and by Ehrlich or C12-KI-TMD system's reagent ( 12 1 .  

Radioactivity on thin layer chromatogram was detected by autoradiography 

on Kodirex films or scanning with a LB 2733 scanner (Berthold). 

HPLC system used included Water's M720, M730 and WISP units, 

Pye Unicam LC multi wavelenth detector, and a v-Bondapak C18 or a Whatman 

Partisil 10-ODS 2 analytical column (4 x 300 m). Characteristics of 

elution systems used are listed in Table I. Detection was monitored at 

280 nm. %l radioactivity of the HPLC elution was quantified with a SL 30 

Intertechnique liquid scintillation counter and 1251 radioactivity was 

determined with a Intertechnique CG 4000 counter. 

U.V. and visible absorption spectra were recorded on a Cary 210 

or a Zeiss DMR 10 spectrophotometer.Me1ting points were determined on a 

Mettler FP 5 apparatus connected to a Fp 51 oven. 

TABLE I - Characteristics o f  the znalytical HPLC systems used. Elution rate 
was 1.2 ml/mn except for system n IV (1.5 rnl/mn) 

N" Support Elution solvents 

I Partisil 10.ODS 2 ACN/TEAP 0.1M pH 3.5 (45/55) 

I1 Partisil 10.ODS 2 ACN/TEAP 0.1 M pH 3.5 (40/60) 
I11 Partisil 10.ODS 2 ACN/AcNH4 0.05 M pH 4.75 (35.6/64.4) 

I V  Partisil 1O.ODS 2 ACN/AcNH4 0.05 M pH 4.75 (35.6/64.4) 

V pBondapak C18 ACN/AcNH4 0.05 M pH 4.75 (38/62) 

VI pBondapak C18 ACN/AcNH4 0.05 M pH 4.75 
(gradient in 15 Tnn from (34/66) to (42/58)) 

VII VBondapak C18 ACN/AcNH4 0.05 N pH 4.75 
(gradient in 20 mn from (35/65) to (65/35)) 
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I1 - Bioassays and radioimmunoassays 

Bioassays were performed ( 1 1 )  on male Wistar  r a t s  weighing 

300 - + 25 g which were f a s t e d  f o r  18 h before experiment b u t  were al lowed 

access t o  water. The techn ica l  aspects o f  t he  opera t i on  have been described 

by Ghosh and S c h i l d  ( 14 ) and mod i f i ed  by L a i  ( 15 1. The r a t s  were 

anesthet ized by in t ramuscular  i n j e c t i o n  o f  urethane (1.25 g/kg). 

A polyethy lene ca the te r ,  in t roduced i n t o  the  oesophagus down t o  the  ca r -  

d ia ,  was connected t o  a p e r i s t a l t i c  pump (Desaga) s e t  t o  d e l i v e r  a 

s o l u t i o n  o f  0.9 % NaCl a t  a constant  r a t e  o f  1 ml/mn. The in fused l i q u i d  

was c o l l e c t e d  by another ca the te r  a t  t he  l e v e l  o f  py lorus.  The tempe- 

r a t u r e  o f  t he  r a t s  was maintained a t  34°C. The t e s t  were begun a f t e r  

s t a b i l i s a t i o n  o f  t he  g a s t r i c  i n fus ion ,  u s u a l l y  w i t h i n  60 mn a f t e r  

su rg i ca l  operat ion.  The s tud ied  compound was then administered 

venous i n j e c t i o n  ( v e i n  o f  penis) .  The g a s t r i c  sec re t i on  was c o l l e c t e d  

every 20 mn and the  a c i d i t y  was measured by t i t r a t i n g  the  sample w i t h  

0.01 N NaOH t o  the phenolphta le in  end-point. The i n t e r v a l  between two 

i n j e c t i o n s  was a t  l e a s t  of 90 mn and t h e  secretory  responses were eva- 

l u a t e d  by the  d i f f e r e n c e  between a c i d  output  40 mn a f t e r  i n j e c t i o n  and 

40 mn before i n j e c t i o n .  

by i n t r a -  

R a d i o i m n o a s s a y s  were performed according t o  the  method 

described by R.S. Yalow and S.A. Berson ( 16 1. 

The antiserum was obta ined by subcutaneous i n j e c t i o n  t o  New- 

Zealand wh i te  r a b b i t s  o f  ( 2-17 ) human Gas t r i n  coupled t o  bovine serum 

albumin us ing  the  carbodi imide technique. 

Synthet ic  ( 2-17 ) human Gas t r i n  was iod inated,  as t r a c e r ,  

us ing the  Hunter and Greenwood method (17) .  
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The separa t ion  of the bound lZ5I  Gastr in  (8)  from the f r e e  one 

( F )  was achieved by adsorpt ion of F on Amberlite PRP 5851 (Rohm and 

Haas, USA). 

I11  - Svnthesis of orecursors  and s tandard Deotides 

W deprotec ted  Pentagastrin (H-pG) : 

100 mg (0.13 mmole) of Boc-pG (Pentagas t r in)  were dissolved a t  

c1 

0°C i n  20 ml of mixture of t r i f l u o r o a c e t i c  acid/dichlor.omethane/thioglycolic 

acid(49/49/2,  v /v /v) .  The s o l u t i o n  was s t i r r e d  during 1 h r  and then 

concentrated 

was f i l t e r e d  

of DNF. Prec 

c a t i o n  under 

t o  '2 m l .  The N-deprotected, t r i f l u o r o a c e t a t e  s a l t  (TFA, pG) 

washed with e t h y l  ace ta teand  then dissolved again i n  2 ml 

p i t a t i o n  from 1 C O  ml of ethyl auetate  f i l t r a t i o n  and dessi- 

vaccum allowed t o  obta in  pure product. TLC and HPLC checks 

of p u r i t y  a r e  given i n  Tables I 1  and 1x1. The y i e l d  of the reac t ion  was 

95 %. 

Boc-Qr(I)-OPCP and Boc-llj~r1I~~-OPCP : 

1 mmol of t-Butyloxycarbonyl-3 iodo-tyrosine o r  t-Butyloxycarbo- 

nyl-3,5 di-iodo-tyrosine wasdissolved i n  5 m l  of athyn a c e t a t e  and cooled 

t o  0°C before addi t ion  of 1 . 1  mmol of pentachloropheno'l and 1 n o 1  of 

dicyclohexylcarbodiimide. The so lu t ion  was s t i r r e d  during 1 h r  a t  0°C 

and 8 hrs a t  20°C. Then the dicyclohexylurea was removed by f i l t r a t i o n  

and the  solvent by r o t a t o r y  eVa!Joration.The product was d:issolved again i n  

30 ml of e thyl  a c e t a t e ,  t r e a t e d  w i t h  ac t iva ted  charcoal and c r y s t a l l i z e d  

from hexane. The c r y s t a l s  were then f i l t e r e d  and dr ied .  Pur i ty  of the 

pentachlorophenyl esters was cont ro l led  by TLC (Table XI). The measured 

melting points  of these  two compounds were 135.7"C and 166.5"C f o r  the 

mono and di-iodo d e r i v a t i v e s  respec t ive ly .  



Tritium and iodine Labelling of a Gastrin Like Hexapeptide 21 

Hexagastmh (Boc-Tyr-PG or  HG) : 

In a 3 m l  Pierce reac t i -v ia l ,  7.9 w o l  of E t 3 N  and 8.3 w o l  

o f  commercial N-Boc-L-tyrosine-N-hydroxysuccinimide es t e r  (Boc-Tyr-OSu) 

were added t o  a solution of 6.5 Vmoles o f  TFA, PG i n  200 ~1 of dimethyl- 

formamide a t  room temperature and under magnetic s t i r r ing .  The reaction 

was monitored by TLC. After 3 hrs, the reaction was completed and the 

mixture was purified on a 75 x 1.5 cm column of Sephadex LH 20 (25-100 w) 

using dimethylformamide a s  eluant.  The main product was t h e n  purified by 

par t i t ion  chromatography on a 30 x 2 cm column o f  Si l ica  Gel Si  60 (230 Mesh) 

us ing  a mixture of EtOAc/BAW (80/20, v / v )  as eluant.  4.3 mg (4.6 pmoles) 

of pure Hexagastrin (yield : 71.2 %) was obtained and controlled by TLC and 

HPLC (Tables I1 and 111). 

Mono or di-iodo-hexagastrin (HGI or HGI,) : 

75 umol es of Boc-Tyr( I )-OPCP o r  Boc-Tyr( I*) -0PCP and 50 pmol es 

o f  N-methylmorpholine were added t o  a solution of  50 pmoles (35 mg) of 

Nu-deprotected Pentagastrin in 1 ml o f  dimethyl formamide. The solution 

was s t i r r ed  fo r  20 hours a t  20°C. The hexapeptide was precipitated by 

addition of 50 m l  of HC1 0.01 N and 15 ml of diethylether. 

was then f i l t e r ed ,  washed w i t h  ether and dried. The yield of the coupling 

was 60 % for  the mono-iodo-hexagastrin a d  71 % f o r  the di-iodo compound. 

TLC and HPLC showed tha t  the derivatives obtained were pure (Tables I 1  

and 111). 

The precipitate 

Oxfdized p e p t i d e s  : 

To a solution of 10 moles  of each peptide HG,  HGI or HG12 i n  

400 v l  of ace t ic  acid were added 12 Umoles (13.4 v l )  of hydrogen peroxide. 

After 1 h r  of reaction the oxidized peptide was precipitated w i t h  diethyl- 

e ther ,  washed w i t h  hexane and then lyophilized. TLC and HPLC controls 

showed tha t  the reaction was complete. 
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RESULTS AND DISCUSSION 

I - Chromatographic behaviour, and biological  properti-es o f  Hexagastrin 

and i t s  iododerivat ives  

TLC c h a r a c t e r i s t i c  Rf values, i n  f i v e  solvant. mixtures of the 

seven peptides and t h r e e  tyros ine  d e r i v a t i v e s  a r e  reported i n  Table 11. 

HPLC r e t e n t i o n  times, i n  the var ious e l u t i o n  systems already 

described i n  Table I ,  of t h e  s i x  hexapeptides(Hexagastr in, mono- o r  d i -  

iodo-hexagastrin ,and their t h r e e  oxidized (Met su l foxide)  ana1ogues)are 

TABLE I1 - R f  values obtained on S i l i c a  Gel ready coated ana ly t ica l  g lass  
p l a t e s  (Whatrnan LK6 OF, 0.25 mm, 20 x 20 cm) 

BAW / EtOAc Chloroform EtoAc/ 

15/85 30/70 100/0 Acetic Acetic 
/Hexanel Pyr id ine l  

acid a c i d / Wa t e r 
a / i / i  60/20/6/11 - 

HG 0.13 0.65 0.87 0 0.86 

HG I 0.14 0.68 0.88 0 0.90 

HGI, 0.18 0.72 0.91 0 0.93 

HGox 0 0.13 0.77 0 0.41 

HG I ox 0 0.14 0.77 0 0.44 

HGI~ox 0 0.16 0.77 0 0.50 

TFA, H-PG 0 0 0.32 0 0.16 

Boc-Tyr-0% 0.93 0.95 0.97 0.36 0.97 

- 
- 

- 
8oc-Tyr ( I )  -0PCP 0.97 0.98 0.99 0.86 0.98 

Boc-Tyr( 12)-0PcP 0.98 0.99 0.99 0.94 0.98 - 
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TABLE 111 - HPLC re ten t i on . t i r ne  (mn o f  HG and d e r i v a t i v e s  i n  var ious 
e l u t i o n  systems described i n  Table l 

HGox HGIox HG HG I 2ox HGI HG12 system 

I 3.0 3.9 4.5 6.6 6.6 11.6 

I 1  4.2 5.5 6.4 9.7 11.4 22.2 

111 4.4 8.2 8.5 14.8 18.0 34.0 

I V  2.1 3.5 4.0 6.6 8.3 16.7 

V 4.3 6.1 6.7 9.2 10.7 17.7 

V I  3.7 7.9 8.4 12.1 13.8 17.6 

V I I  2.5 6.0 7.0 9.4 10.4 12.9 

c F igu re  1 - HPLC separat ion on a 
a 3 VBondapak C18 column (system V I I )  - of G a s t r i n  l i k e  hexapeptide and i t s  5 i o d i n a t e d  or/and ox id i zed  de r i va -  

t i v e s .  0 
W 
N 

0 
0 

I t 

0 10 20 > 
Time ( mn) 
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l i s t e d  i n  Table 111. It can be no t i ced  t h a t  these pept ides cou ld  he e a s i l y  

separated, p a r t i c u l a r l y  when us ing  e l u t i o n  systems nc' I, 11, V I  o r  V I I .  

As an example e l u t i o n  p r o f i l e  o f  separat ion o f  t h e  s i x  pept ides by the  

HPLC system no V I I  is  repo r ted  on f i g u r e  1. 

The biological ac t i v i t y  of the  s i x  pept ides i n v e s t i g a t e d  was 

measured by sec re to ry  responses of g a s t r i c  HC1 i n  ra t s . .  F i r s t  o f  a l l ,  the 

r e s u l t s  repo r ted  i n  Table I V  showed t h a t  Boc-Tyr-pG presents  s i m i l a r  

potency as PG toward a c i d  s t i m u l a t i o n ,  as expected, s ince a Tyr  res idue 

i s  a t  t h i s  same p o s i t i o n  i n  the n a t i v e  G a s t r i n  6-17. F igu re  2 showed t h a t  

t he  d i - i o d i n a t e d  d e r i v a t i v e  was much l e s s  a c t i v e  than the  mono-iodo 

compound which e x h i b i t e d  a c t i v i t y  s i m i l a r  t o  HG. Ox ida t i on  o f  t h e  methionyl 

res idue decreased more d r a s t i c a l l y  b i o l o g i c a l  a c t i v i t y  o f  a l l  t h e  th ree  

peptides HG, HGI and HG12 as shown i n  f i g u r e  3.  The observed decrease o f  

b i o l o g i c a l  a c t i v i t y  a f t e r  d i - i o d i n a t i o n  o r  o x i d a t i o n  o f  HG might  

exp la in  the  reduc t i on  of a c t i v i t y  of g a s t r i n  6-17 a f t e r  such modif ica- 

t i o n s  ( 6 ,  18 ) .  Thus mono-iodinated non-oxidized hexagastr in  (HGI) was 

the on ly  d e r i v a t i v e  r e t a i n i n g  f u l l  b i o l o g i c a l  a c t i v i t y .  

I 1  - Production o f  t r i t i a t e d  hexagastr in  

Tri t iat ion 

T r i t i a t e d  hexagastr in  was produced by c a t a l y t i c  s u b s t i t u t i o n  

i n  d i - iodo-hexagastr in ,  o f  the two i o d i n e  atoms on t y r o s y l  res idue by two 

t r i t i u m  atoms. 

TABLE I V  - Secretory responses ( i n  umol o f  HC1/40 mn, co r rec ted  from basal )  
t o  i n j e c t e d  doses o f  1.3 nmol/kg and 5.2 nmol/kg o f  PG and HG (values 
averaged on 8 r a t s )  . 

-- 
1.3 nmol/kg 5.2 nmol/kg 

-- 
PG 5.8 - + 1.0 9.0 - + 1.!j 

HG 5.6 - + 1.6 8.9 - + 0.8 

-- 

-- 
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5.2 10.6 

Agontst (nmol/kg) 

> 
1.3 

1 
i I 

1 

f 
HG HG I H G I 2  
H G o x  HGIox HG120x  

F i  ure 3 - Secretory responses 
o ta ine  
HGI2 (c lear  symbols) and the i r  

(dark symbols). 

$--a -+-- o Hexagastrin (HG), mono-iodinated 
Fi ure 2 Dose response curves 

(HGI) and di-iodinated (HG12) deri-  
vatives. methionyl sulfoxide derivatives 

by infusion of HG, HGI, 

Di-iodo-hexagastrin ( 2  mg, 1.7 pmol) was p u t  into a 2.5 ml round 

bottom f lask  ( t r i t i a t i o n  reactor) w i t h  a magnetic s t i r r e r  and dissolved 

i n  100 p1 of ammonia 0.1 M and 300 ~1 of ethanol. The solution was frozen 

and 20 rng of PdO were added. The flask was then fixed on a t r i t i a t i o n  

l i ne  ( 19 kept frozen ardthe whole c i r cu i t  was placed linder vacuum. 

Tritium was then introduced to  obtain a pressure of 0.95 bar .  The sample 

was then thawed slowly and s t i r r ed  for 1.5 hours. The reaction was 

stopped by freezing and excess tritium was removed under vacuum. After 

a second thawing the ca ta lys t  was f i l t e r e d  on Millipore LS f i l t e r .  The 

solution was concentrated by rotatory evaporation, then redissolved into 
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I 
I 

I 
I 
I 
I 
I 
1 

before purification 

A 

U I  

10 
I 

!!!k 

Time(mn) 
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Fi  ure 4 - HPLC p u r i f i c a t i o n  o f  t r i t i a t e d  Hexagastr in on a a n a l y t i c a l  4-- co umn of P a r t i s i l  10.ODS 2 us ing the  e l u a n t  m ix tu re  Acetonitr i le/TEAP 
0.1 M, pH 3.5 (45/55) a t  an e l u t i o n  r a t e  o f  1 . 2  ni l /mn.  
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100 m l  o f  a c e t i c  a c i d  1 % i n  water and f l a s h  evaporated t o  remove l a b i l e  

t r i t i u m .  TLC c o n t r o l  showed t h a t  one main spot was observed, as detected 

by r a d i o a c t i v i t y  scanning and autoradiography, a t  t he  same p o s i t i o n  as 

reference Hexagas tr i n . 

P u r i f i c a t i o n  o f  the t r i t i a t e d  Hexagastr in was performed 

by HPLC, us ing system no I (Tables I and 111) which g ives a good separa- 

t i o n  o f  the poss ib le  r e a c t i o n  products. Both o p t i c a l  dens i t y  a t  280 nm 

(Waters U.V. Model 450 v a r i a b l e  wavelength de tec to r )  and 

( Ber tho ld HPLC r a d i o a c t i v i t y  moni tor  LB 503) were recorded du r ing  the 

e l u t i o n .  The r e a c t i o n  was complete as seen i n  f i g u r e  4 s ince n e i t h e r  d i - i o d o  

hexagastr in  nor  mono-iodohexagastrin was observed. The main peak was 

c o l l e c t e d  and an a l i q u o t  was r e i n j e c t e d  on the  column t o  v e r i f y  t he  

p u r i t y  o f  the l a b e l l e d  compound thus obtained. 

3 H r a d i o a c t i v i t y  

Measurement o f  absorpt ion a t  280 nm and r a d i o a c t i v i t y  a f t e r  

t r i t i a t i o n  and p u r i f i c a t i o n ,  l e d  

45.5 Ci/mmol. 

This r e s u l t  represents 

obtained so f a r  by t r i t i u m  l a b e l  

t o  a 72 % y i e l d  and a s p e c i f i c  a c t i v i t y  

t he  h ighes t  s p e c i f i c  r a d i o a c t i v i t y  

i n g  o f  Pentagast r in  analogues. 

B i o l o g i c a l  a c t i v i t y  o f  the t r i t i a t e d  Hexagastr in was c o n t r o l l e d  

i n  r a t s  by i . v .  i n j e c t i o n s  o f  d i f f e r e n t  doses o f  t h i s  compound. The dose- 

response curve i s  represented on f i g u r e  5, where responses o f  Pentagast r in  

and Hexagastr in are a l so  g iven f o r  comoarison. 

Radioimmunoassay r e s u l t s ,  repo r ted  i n  f i g u r e  6 showed t h a t  bo th  

HG and t r i t i a t e d  HG behave s i m i l a r l y ,  against  Gas t r i n  ant ibodies.  

I11 - Iz5I l a b e l l i n g  o f  Hexagastr in  

I n  a p r e l i m i n a r y  study, i o d i n a t i o n  o f  Boc-Tyr-PG by var ious 

methods us ing IC1 ( 20 1, Iodogen ( 21 o r  NaI-chloramine T ( 17 ) 

according t o  the quoted condi t ions,  l e d  i n  every case t o  Oxidat ion 

o f  the methionyl res idue o f  the peptide. 
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1.3 5.2 20.8 * 
Agonist  (nmol/kg) 

Figure 5 - Dose-response curve 
o f  trltliited Hexagastrin (+) , 
secretory responses of PG (0) 
and HG ( x )  a t  the doses of 
5 . 2  nmc1,lKg were also 
reported. 

w - x  HG 
L ~ - - A  'H-HG I 

I 1 

10' 10' 
10 loz a n l i g e n  (fmol/lube) 

- Figure 6 - Radio-inununoassay o f  tr i t iated  Hexagast,rin ( A - - - A )  and standard 
H W X )  or PG ( 0  - 0 ) .  
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Select ing t h e  chloramine T method we c a r r i e d  out  a s e r i e s  of 

experiments t o  produce non oxidized mono- 1251 hexagastr in .  

1271 A f i r s t  study was performed with non rad ioac t ive  iodide,  > 

using various r a t i o s  of Hexagastrin, sodiuin iod ide ,  and chloramine T ,  a t  

a f a i r l y  high concentrat ion of pept ide (40 nmoles, 5.10-4 M / L )  i n  order  

t o  be ab le  t o  d e t e c t  by opt ica l  absorpt ion the  d i f f e r e n t  compounds 

obtained a f t e r  reac t ion .  

For each assay the  protocol was : 

t o  40 nmoles of Hexagastrin (PM = 931) dissolved i n  40 vl dimethyl- 

formamide-water (50-50), var ious so lu t ions  of NaI and chloramine T 

i n  phosphate buffer  0 .5  M pH 7.6 were added. 

the f i n a l  volume was adjusted t o  80 p l -wi th  the  same phosphate buf fer .  

a f t e r  magnetic s t i r r i n g  f o r  1 mn, 467 nmol sodium metabisu l f i te  was 

added t o  s top  the reac t ion .  

The reac t ion  mixture was then analyzed d i r e c t l y  on HPLC (system 

VI).  The percentage of each d e r i v a t i v e  was determined by comparison of 

in tegra ted  a reas  of corresponding absorpt ion peaks a t  280 nm ( a l l  of 

these  d e r i v a t i v e s  have a same molar ex t inc t ion  c o e f f i c i e n t  a t  280 nm) .  

The r e s u l t s  obtained with four  d i f f e r e n t  f ixed  r a t i o s  NaI/HG 

(0.25 ; 0.5 ; 1 ; 2) and increasing amount of chloramine T a r e  reported 

on f i g u r e  7. 

Among a l l  these cases ,  the b e s t  y i e l d s  of HGI  were obtained 

with the  molar r a t i o s  HG-NaI-Chl T = 1-1-1 (36  % HGI) and 1-2-1 (39.5 % 

HGI). 

To reduce the quant i ty  o f  oxidized and/or di- iodinated analogues 

i n  these condi t ions we have s tudied t h e  pro tec t ion  of Hexagastrin aga ins t  

oxidation and di-iodination by the  addi t ion  of  dimethylsulfoxide (DMSO), 
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F i g u r e  7 - Format ion  o f  d e r i v a t i v e s  f r o m  t!G as a f u n c t i o n  o f  Ch lo ra -  
mine T. Sodium i o d i d e  was k e p t  c o n s t a n t  w i t h  Nal/HG = 0.25, 0.50, 
1,0, 2.0. 

which has been r e p o r t e d  ( 18 ) t o  be o x i d i z e d  by ch lo ramine  T c o m p e t i t i v e l y  

w i t h  t h e  me th ion ine  res idue ,  and can t h u s  reduce o x i d a t i o n  o f  t h e  l a t t s r .  

The i n f l u e n c e  o f  OMSO as a scavenger 

i n  t h e  case of  t h e  mo la r  r a t i o s  HG-NaI-Chl T = 1-2-1 (A; and 1-1-1 (B )  

where b e s t  y i e l d s  o f  HGI were o b t a i n e d  and t h e  r a t i o s  1-,2-2 (C) and 1-1-2 

i s  shown i n  f i g u r e  8 
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(D) where we expected a decrease o f  d i - i o d i n a t e d  compounds ox id i zed  or not ,  

i n  favour o f  t he  format ion o f  H G I .  

The r e s u l t s  obta ined showed t h a t  i n  each case the a d d i t i o n  

o f  DMSO l e d  t o  a decrease o f  t he  ox id i zed  compounds. I n  cases A and B 

a s i g n i f i c a n t  decrease o f  the d i - i o d i n a t e d  pep t ide  \*la:; observed. 

Thus i n  the  opt imal  molar r a t i o  ( HG-NaI-,Chl T = 1-2-1)  ( A )  

a d d i t i o n  o f  DMSO (DMSO/HG = 3500 t o  7000) a l lows the product ion o f  mono-iodo- 

hexagastr in, w i t h  a y i e l d  o f  about 50 %, w i thou t  detec:table ox id i zed  o r  

d i - i o d i n a t e d  d e r i v a t i v e .  Besides H G I ,  o n l y  non reacted n a t i v e  Hexagastr in 

was present i n  the r e a c t i o n  m ix tu re  and could be e a s i l y  removed by HPLC. 

Another scavenger, f ree methionine, was a l s o  t r i e d .  F igu re  9 shows t h a t  

small q u a n t i t i e s  o f  methionine cou ld  he lp  t o  avoid ox’ idation reac t i ons ,  

b u t  l a r g e r  q u a n t i t i e s  ( r a t i o  Met/peptide > 1 )  prevented i o d i n a t i o n .  

100 - 

50 - 

7\ 
M e t / H G  

Figure 9 - In f l uence  o f  L-methionine added as a 
scavenger (HG-NaI-ChlT : 1-2-1, HI; = 40 nmol, 
f i n a l  volume 80 u l ) .  
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When handling radioactive iodide, i t s  absolute amount i s  necessa- 

r i l y  much lower than above. The reduction i n  concentration o f  the reagents 

prevented iodination. To overcome the dilution problem, the concentration of 

Chloramine T was increased. Table V shows two noteworthy resu l t s  : 

1) Extrapolation of macroscale iodination conditions ( w i t h  iodine 127) 

t o  microscale ( w i t h  iodine 125)  prevented iodination. 2 )  To overcome 

t h i s  dilution and the e f f ec t  of DMSO, the concentration of Chloramine T 

had t o  be increased to  around tenfold the NaI concentration ; higher concen- 

t ra t ion  of Chl T oxidized HGI. 

TABLE V - Iodination of Hexagastrin by Chloramine T ( f ina l  volume = 40 p l )  

REAGENTS 
nmol es 

(molar r a t io  t o  H G )  

PRODUCTS 
nmol es 

HG DMSO N a I  C h l T  HG HGox HGI HGIox HG12 HG120x 

40 280.000 80  40 18.8 1.2 19.8 0.2 0 0 1271 
( 1 )  (7000) ( 2 )  ( 1 )  

2 14.000 4 2 2 0 0  0 0 

( 1 )  (7000)  ( 2 )  ( 1 )  

1251 40 280.000 1 40 39.3 0.1 0.7 0 0 
( 1 )  ( 7 0 0 0 )  (0 .025)  ( 1 )  

40 280.000 1 10 39.2 0 .5  0 .3  0 0 
( 1 )  (7000) (0.025) (0 .25 )  

A typical iodination was carried out with 1 .8  nmol of Na'251 

( 3  m C i ) ,  71 nmol o f  Boc-Tyr-PG dissolved i n  30 ul DMF and 60 ~1 phosphate 



34 M.  -H. Charon er al. 

b u f f e r  0.2 M, pH 7.4, 3.6 ~1 DMSO and 17.8 nmol Chloramine T, t h e  l a t t e r  

added under s t i r r i n g  du r ino  1 minute. The r e a c t i o n  was then stopped by 

a d d i t i o n  o f  835 nmol sodium m e t a b i s u l f i t e .  The whole m i x t u r e  was passed 

through a Sep-Pak C-18 c a r t r i d g e  and e l u t e d  w i t h  water (3 x 0.5 m l )  t o  

remove mineral cons t i t uen ts ,  p a r t i c u l a r l y  unreacted lZ5I, and so lven ts  

DMF and DMSO. A l l  the pept ides were recovered by methanol e l u t i o n  

(3  x 0.5 m l ) .  The pept ide s o l u t i o n  was concentrated t o  c.a. 0.3 m l  under 

a n i t r o g e n  stream and chromatographed on HPLC (system 111). 0.83 nmoles 

o f  pure mno-iodo-non ox id i zed  lZ5I Hexagastr ine was rec:overed and con- 

t r o l l e d  t o  be f u l l y  b i o l o g i c a l l y  a c t i v e .  

CONCLUSION 

The r a d i o a c t i v e  l abe l1  i n g  o f  Pentagast r in  , ,I b i o l o g i c a l l y  

a c t i v e  analogue o f  t h e  C-terminal p a r t  o f  G a s t r i n  has v e t  w i t h  d i f f i -  

c u l t i e s  i n  the  past  s ince the  molecule does n o t  con ta in  a s u i t a b l e  

reac t i ngs ide  chain l i k e  t y r o s i n e  o r  h i s t i d i n e .  Furthermore, t he  presence 

o f  a methionine residue, p l a y i n g  an impor tant  r o l e  i n  t h e  b i o l o g i c a l  a c t i -  

v i t y  o f  the peptide, renders the  l a t t e r  q u i t e  suscep t ib le  t o  ox ida t i on .  

These remarks and the  need f o r  l a b e l l e d  P,entagastr in prompted the  

preparat ion o f  a d e r i v a t i v e ,  Boc-Tyr-Pentagastrin, t h a t  we c a l l e d  

Hexagastr in and which has t h e  same b i o l o g i c a l  a c t i v i t y  as Pentagastr in. 

The presence o f  a t y r o s i n e  r i n g  d i d  n o t  so lve a l l  t h e  d i f f i c u l t i e s  s ince 

the  preparation,by d i r e c t  i o d i n a t i o n  o f  Hexagastr in,of a d i - i o d o d e r i v a t i v e  

as a precursor  f o r  t r i t i a t i o n  l e d  t o  extens ive o x i d a t i o n  o f  t he  methio- 

n ine  residue. Th is  s ide  r e a c t i o n  was avoided by synthes is  o f  t he  iodo- 

hexapeptide us ing  a s u i t a b l y  p ro tec ted  and a c t i v a t e d  d i - i o d o - t y r o s i n e .  

The c a t a l y t i c  s u b s t i t u t i o n  o f  t he  i o d i n e  atoms by t r i t i u m  was then 
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3 carried out, and a 45 Ci/mmol ( HI-Hkxagastrin obtained, presenting 

full biological activity. For 1251-labell ing this chemical synthesis is 

less appropriate, especially when small amounts are required. Direct 

iodination with Na1251 and Chloramine T could be obtained with incorporation 

of about half the Iz5I input into the peptide to yield a non-oxidized 

mono-iodinated derivative, provided strict experimental conditions were 

selected. The present work emphasized the need for an adaptation to 

individual cases of efficient general labelling principles, Comparison 

o f  the behaviour o f  the heptadecapeptide Gastrin and o f  its C-terminal 

analogue Hexagastrin towards iodination, provides a good example o f  

this point. 
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