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  A sensitive  and  specific  double-antibody enzyme  immunoassay {EIA) for a  calcitonin  gene-
re]ated  peptide-like immunoreactive substance  (CGRP-IS) was  developed. In competitive  reac-

tions, the CGRP-antibody was  incubated with  CGRP  standard  (or sample)  and  S-D-ga[uctesidase-
]abe]ed synthetic  human aCGRP  fragment [residue (8-37)](detayed addition). Free and  antibody

-bound enzyme  haptens were  separated  by using  an anti-rabbit  IgG  coated  immunopLate. Activity

ot' the  enzyme  on  the plate was  fluorometrically determined. The  present immunoassay  a]]ows

thc detcction of  2.1 to t9.5 fmollmL  of  CGRP.  Using the proposed  EIA, CGRP-ISs in humun

salivu  and  plasma were  determined,

The levels of C6RP-IS  in human saliva were  about  3.2 fmol/mL, which  were  much  higher than

that in human plasma,

  Ke.y words  calcitonin  gcne-related peptide, enzyme  immunoassay.  calcitonin  gene-related

peptide{8-37)-B-D-galactosidasc, iluoromelric detection, human plasma, human saliva
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                                 Introduction

  Calcitonin gene-related peptide <CGRP) is 37 amino  acids  peptide fonned by modification  of  the

primary RNA  transcript of  the rat calcitonin  gene.'i The transcription product is processed in dis-

tinct mRNAs  encoding  either  calcitonin  or  CGRP,  which  significantly  differ in their  amino  acid  se-

quences, CGRP-]ike  peptides, the distribution of  which  is extended  in thc central  nervous  system

and  peripheral nerves!i.  In rat"  and  man'T'  two  calcitonin  genes have been isolated, and  they  en-

coded  two  different forms of  CGRP,  a  and  BCGRP. Such intraspecies variants  have not  yet been

isolated from porcine, bovine, rabbit  and  chicken  tissues. A  second  gene encoding  a closely  related

peptide, BCGRP only  differing in 3 amino  acids  has been described, and  receptor  for both a  and  P
CGRP  has been isolated from human placenta, The  peptides has been detected immunochemica]ly

in human  thyroid. pituitary and  brain. CGRP-IS  that  has been isolated and  characterized  from hu-

man  medullary  thyroid carcinoma  rissue possesses several  potent biological activities,  including in-

hibitien of  gttstric acid  secretion  and  food intakeM'. The  peptides effect  on  both the endocrine  and

the exocrine  pancreas and  rhe vasodilation,  being the most  powerful vasoactive  substance  described

t k  
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to date,

  An  RIA  of  CGRP  has been developed by several  groupsV'i"i using  
i!GI-human

 CGRP, However, in
terms  of  safety,  sensitivity  and  ease  of  handling, RIA methods  are  still less than  satisfactory.  In this

report,  we  detailed a  sensitive  and  specific  enzyme  imrnunoassay (EIA) for detecting CGRP  using

aCGRP  (8-37)-linked B-D-galactosidase [CGRP(8-37)-B-gal] as  a marker  antigen,  a secondary-

antibody-ceated  immunoplate and  4-methylumbelliferyl B-D-galactopyranoside (MUG) as a fluoro-

genic substrate.

               1 S 10 15 20
Human  CGRP  ( a)  H-Ala-Cys-Asp-Thr-Ala-Thr-Cys-Val-Thr-His-Arg-Leu-Ala-Gly-Leu-Leu-Ser-Arg-Ser-Gly-

                  Ls  s-
HumanCGRP(B)H-Ala-Cys-Asn-Thr-Ala-Thr-Cys-Val-Thr-His-Arg-Leu-Ala-Gly-Leu-Leu-Ser-Arg-Ser-Gly-

                  L-s  s-
RatCGRP(a)  H-Se[-(lys-Asn-Thr-Ala-Thr-Cys-Val-Thr-His-Arg-Leu-Ala-Gly-Leu-Leu-Ser-Arg-Ser-Gly-

                 Ls  s"

              21 25 30  3S 37
             -Gly-Val-Val-Lys-Asn-Asn-Phe-Val-Pro-Thr-Asn-Val-Gly-Ser-Lys-Ala-Phe-NH2

             
-Gly-Met-Val-Lys-Ser-Asn-Phe-Val-Pro-Thr-Asn-Val-Gly-Ser-Lys-Ala-Phe-NH2

             
-Gly-Val-Val-Lys-Asp-Asn-Phe-Val-Pro-Thr-Asn-Val-Gly-Ser-Lys-Ala-Phe-NH7

-

Fig. 1. Structures of  Calcitonin Gene-related Peptides

                            Materials and  Methods

Materials

  Synthetic human  aCGRP  and  its fragment (position 8-37), rat CGRP.  sub  stance  P (SP), luteiniz-

ing hormone  releasing  hormone (LHRH), human  calcitonin  (hCT), gastrin 17 (Gas), cholecystoki-

nin  (CCK), P-endorphin (End) and  somatostatin  (SS) were  purchased from Peptide Institute Inc.

(Osaka, Japan), Other synthetic  peptides [secretin (Sec), gastrin releasing  peptide (GRP), vasoactive
intestinal polypeptide (V]P) and  peptide histidine isoleucine (PHI)]were supplied  from Prof. H. Ya-

jima (Kyoto University, Kyoto, Japan). Human  BCGRP, bovine serum  albumin  (BSA), poly-
oxyethylene  sorbitan  monolaurate  (Tween 20),N-(E-maleimidocaproyloxy)succinimide(EMC-

succinimide)  and  4-methylumbelliferyl B-D-galactopyranoside (MUG) were  purchased from Sigma
Chemical Co, (St. Louis, MO,  U.S.A.). B-D-Galactosidase (B-gal from Escherichia celi)  and  goat
anti-rabbit  lgG (0612-O081) were  purchased from Boehringer Mannheim Corp. (Mannheim, Ger-

many)  and  Cappel Laboratories (Malvem, PA, U.S,A.), respectively,

  An  antiserum  against  human orCGRP  (CA 1132) was  purchased from Affiniti Research Products
Ltd, (Nottingham, UK)  and  was  reconstituted  to 150 mL  with  an  assay  buffer (O.05 mol/L  phos-

phate buffer, pH  7.0, containing  O.5 g/dL BSA,  1 mmol/L  MgCl:  and  250 kallikrein iiihibitor units

fmL aprotinin).  All other  chemicals  were  of  analytical  reagent  grades.
beparation of Plasma and  Saliva Ex tracts

  Human  plasma and  saliva  samples  were  obtained  from five healthy male  volunteers,  Blood and

saliva  samples  were  collected  in a chilled  tube  ¢ ontaining  500 kallikrein inhibitor units/mL

aprotinin  and  1.2mg/mL  EDTA.  Afier centrifugation  (I670g, 40C, 20 min),  plasma (1 mL)  and

saliva  (1 mL)  samples  were  diluted fivefold by 4 vol%  acetic  acid  (AcOH), and  loaded on  reyerscd-

A-.
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phase Ci3 cartridges  (Sep-Pak Cis. Millipore Corp,, Milt'ord, MA.  U.S.A.). After washing  with  4 vol

%  AcOH  (10 mL),  the CGRPs  were  eluted  with  70 vol%  acetonitrile  (MeCN) in O.5 vo]%  AcOH,

pH 4.0 (2 mL),  Eluates were  concentrated  by spin-vacuum  evaporation,  lyophi]ized, reconstituted  to

100 
,ftL

 with  the assay  buffer and  subjected  to EIA. The recovery  of  aCGRP  from plasma and  sa-

]iva with  this extracting  proccdure was  91± 2 and  94± 5%  (n=6>,

Prepanation of Encyme-labeled Antigen

  aCGRP  fragment(8-37) was  conjugated  with  P-gul by EMC-succinimide  accordlng  to the meth-

ed  of  Kitagawa et at.ii' CGRP(8-37) (O.40 rng)  dissolved in O.05 mol,/L  phosphate buffer pH 7.0

(O.80 mL)  was  mixed  with  EMC-succinimide (O.20 mg)  in tetrahydrofuran (70,rtL) at 200C tbr 60

min,  The  EMC-CGRP(8-37)  thus obtained  was  purified via  separation  through  a Sephadex  G-25

co]umn  (1.5×50cm)  pre-equilibrated with  O.05 mo]/L  phosphate buffer, pH  7.0, to elute  the col-

umn,  Individual fractions (1.8 mL  each)  that showed  absorbance  at 260 nm  were  collected.  The  pu-

rified EMC-CGRP(8-37)  fractions were  combined  with  B-gal (7.6 mg)  by mixing  them  at 20eC for

60 min,  The B-gal conjugate  was  then applied  to a Sephacryl S-300 coiumn  (1.5×52 cm)  and  eluted

with  O,05 M  phosphate but:fer pH7.0.  containing  1 mmol/L  MgC],,. Individual fractions (1.8 mL

each)  that showed  absorbance  at 260 nm  were  col]ected.  The  fractions containing  P-gal activity

were  collected  and  stored  at 4℃  after  addition  of  O.2 g/dL  BSA  and  e.1 g/dL NaN  ,/ ,

Assay Procedure for CGRP
  The assay  buffer mentioned  above  was  used  for plasma and  saliva  samples  assay. Secondary-

antibody-coated  immunoplates were  prepared as previously reported  using  Microwell MaxiSorp  Fg

plates (Nunc. Roskilde. Denmark)  and  anti-rabbit  lgGL". A  test tube  containing  100 
,fiL

 of  CGRP-

untiserum.  CAl  132 and  100 yL  of  sample  (er standard)  were  mixed  and  incubated at 4℃ for 24 h.

And  then. di]uted enzyme-labelcd  antigen  [CGRP(8-37)-B-gall(50 /iL) was  added,  and  the test tube

was  incubated at 4CC for additiona]  24 h. One hundred microliters of  the antigen-antibody  solution

I'er euch  sample  was  added  to the secondary  antibody-coated  immunoplate. The  plate was  incubated

at 4"C for overnight,  washed  4 times  with  a buffer (O.Ol mol/L  phosphate buffer, pH  7.0, contain-

ing O.15 inol,iL  NaC] and  0,05 vol%  Tween 20), and  then 200 
,uL

 of  O.1 mmol/L  MUG  in a sub-

strate  buffer (O,C)5 mol/L  phosphate buffer, pH  7.0, containing  1 mmol/L  MgCtt) was  udded  to

each  well.  The  plate was  again  incubated at 37CC for3 h. The fluorescence intensity (A.T,,360 nm,  A.i,,

450 nm)  of  each  well  was  measured  with  an  MTP-100F  microplttte  reader  (Corona Electric,

Ibaraki. Jupan).

HPLC  oj'Plasma and  Sativa Extracts

  HPLC  was  performed using  a reversed-phase  C18  column  (Cosmosil5C18. Nacalai Tesque.

Kyoto, Japan). The  HPLC  consisted  of  a mode]  610 dual pump  system  (Millipore Cerp., Milford,

MA,  U.S,A.). The plasma and  sa]iva  samples  (1 mL),  purified by the Sep-Pak Cis cartridge  de-

scribcd  above,  were  reconstituted  to 100 
,aL

 with  O,1 vol%  trifluoroacetic acid  (TFA) and  passed
through  the column,  CGRP-ISs were  eluted  with  a  linear gradient of  MeCN  (from S vol%  to 50

vo]%  over  45 min)  in O,1 vol%  TFA.  The flow rate  was  1 mL//min  and  the fraction size  was  l

mL.  Eluted fractions were  then  conccntrated  by spin-vacuum  eyaporation,  lyophi]ized, and  reconsti-

tuted to 1OO 
,ttL

 with  an  assay  buffer prier to undergoing  EIA.
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Results

Standard Curve

 Typical calibration  curves  for the CGRP-EIA  are shown  (Fig. 2), When  plotted as a semiloga-

rithmic  function, a  linear displacement of  enzyme-linked  aCGRP(8-37)  by synthetic  ctCGRP  was

noted,  between 2,1 and  176 finol/mL. The minimum  amount  of  aCGRP  detectable by this EIA
system  was  2,1 fmol/mL (O.084 finol/well), approximately  the same  sensitivity as obtained  using

the RIA  methods.  The affinity  of  human BCGRP about  CA  1132 was  higher than  that of  human  a

CGRP  between 20 and  105 fmo]/mL.  But more  than 105 imolfmL, the affinity  of  human  aCGRP

was  much  higher than  that of  human BCGRP. The  affinity  of  CA  1132 to rat CGRP  was  as well  as

that of  human  aCGRP  from 2,1 finol/mL to 20 finol/mL. More than 20 frnel/mL, the affinity  of

the antiserum  to rat CGRP  was  lower than  that of  human  aCGRP,

Specijicity of the Antiserum, C4  l132

  Immunospecificity of  the antiserum  (CA 1132) was  examined  by EIA using CGRP-B-gal, The
displacement curves  of  CGRP  and  other  endogenous  peptides are shown  (Fig.2). hCT,  SP, SS,
hGRP,  Sec, PHI, LHRH,  End, Gas, VIP  and  CCK  minimally  inhibited the binding of  CGRP(8-37)-

B-gal with  the CGRP-antibody. Thus, the CGRP-antiserum, CA  1132, recognizes  CGRP  and  can

distinguish CGRP  from  other  endegenous  peptides,
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Fig.2.Competitive  Inhibition uf  CGRP  and  Various Peptides in
the EIAEach

 vertical  bar represents  the standaTd  deviation (n =6).

e  : human  a  CGRP,  A  : human i'? CGRP,  [] : rat CGRP,
0:hCTInhibition

 pattems ef  SP, SS, hGRP,  Sec, PHI, LHRH,
End, Gas, VIP, hCT  and  CCK  are essentially  the same  as

that of  hCT,



Japanese Society of Pharmaceutical Health Care and Sciences

NII-Electronic Library Service

JapaneseSociety  ofPharmaceuticalHealthCare  and  Sciences

vtt 1"xi' ft'. Sll vol.24, No.4  (1998) 3ES7

Measurements of CGRP-Immuoreactive Subslances (CGRP-ISs) in Human  Plasma  and  Saliva

by EL4

 The proposed EIA  was  applied  to the determination of  CGRP-ISs  in human plasma and  saliva

samp]es  from five male  volunteers.  Concentrations of  CGRP-ISs  in human  plasma and  saliva  were

O.9±O,7 fmol/mL and  3.2± 1.9 finol/mL, respective]y  (Table 1) .

HPLC  of "uman  Plasma and  Satipa Ertracts

 Human  plasma und  saliva  extracts  were  subjected  to reversed  phase HPLC  in order  to study  the

Table1. The  Levels of  CGRP-ISs in Human  PIasma and  Saliva

Subject Sex Age Plasma (fmol!mL)Saliya (fmol!mL)
    1

   2

    3

   4

   5Mean

±S.D.

MMMMM 264829co35   1.2

  O.3

  O.4
  1,9

  O,6O.9

±O.7

  1,2

  4,2

  12

  4,2

  5.432

± 1.9

M  ; Mate

-

3

=E.I2ty

±

81.:;t
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           ra ±CGRP
sv

se.6s

     o
      O 10  20 SO 40 SO 60

                   Tirne(rnin)

Fig.3. Elution Profiles of  Plasma  and  Saliva Extracts by HPLC  on

    a C  18 Column

    CGRP-ISs extructed  from plasma (l mL)  and  saliva  <1 mL)

    samples  by Sep-Pak Cds were  dissolyed in 10vol%  MeCN

    in O.lvoL% TFA  and  injected onto  HPLC.  The MeCN  gru-

    dient is indicated by the dotted line. Fractions were  lyophil-

    ized and  their content  of  CGRP-IS  was  measured.  Synthetic

    humanaCGRP,  CGRPC8-37). humani?CGRP  and  rat

    CGRP  were  run  in a  separare  chromatography  under  the

    same  condition  and  the fractions containing  this compound

    is indicated by the arrow.  Column,  Cosmosi]  S C 18 AR  (4,6

    × 150 mm)  ; tlow rate,  t mL!min  ; fractiQn volume,  1 mL.

    e  : SaLiva, 0  : Plasma
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molecular  variants  of  CGRP-ISs present in human  plasma and
and  saliva  by a Sep-Pak Cis cartridge  were  applied  to reversed

thc elution  profiles revealed  the presence of  two'  
'

the position corresponding  to that of  standard  synthetic

smon  corresponding  to that of  standard  aCGRP  (8-37), The
CGRP  <35 min>  and  rat ctCGRP  (,45 min)  were  not  detected in

                                    Discussion

  Using B-gal-lubeled a-CGRP(8-37)  as  a  marker  antigen,  an

as a bound/free (B/F) separator  and  MUG  as a fluorogenic
tive and  specific  EIA  for the quantitation of  CGRP.  Since 1985
have been used  widely,  howeyer  these methods  have several

isotopes, The  EIA  detailed in this report  retains  the

mizing  the disadvantages, This EIA  is highly scnsitive
calibration  curve  was  linear in the range  of  2,l to 

'

was  found to have some  crossreactivity  to human  BCGRP, but
plasma and  saliva  confirmed  by HPLC  methods.  Thus  it 

'

plasmu and  saliva.

  The  levels of  aCGRP-IS  in plasma from five healthy
levels of  orCGRP-IS  in saliva  was  3,2± 1,9 fmol/mL, which
those  in plasmtt. The  CGRP-neuron  is present in sialaden.ii"

diluted by saliva  and  the ]evel of  orCGRP-IS  in saliva  was

  The  molecular  heterogeneity in human plasma and  saliva

main  aCGRP-IS  in plasma and  saliva  were  eluted at the

CGRP  with  a  minQr  peak at the  same  elution  volumes  of

plasma and  sa]iva  were  detected in HPLC  elution  fractions by

  This simple  and  sensitive  EIA will be useful  for
fluids and  tissues,

                                   References

  b S. G. Amara, V. jonas, M. G, Rosenfeld, E, S.Ong, R. M,

  2) M.  G  Rosenfeld. J-J. Mermod,  S, G. Amara,  L  W. Swanson.

     and  R. M. Evans, Miture, 304, 129 '135 {1983),

  3) S.G. Amara,  J. L. Arriza, S.E. Leff, L.W. Swanson, R. M.
     1097 <198S),

  4) H, R. Morris, M.  Panico, T. Etienne, J. Tippins, S. I. Girgis, I.

  5) P. H. Strcenbergh, J. W.  M. Hb'ppener, J, Zandberg, C. J. M,
     407  (l985).

  6) P. H, Streenbergh, J. W.  M.  H'o'ppener, J. Zandbcrg. A, Visser,
     209, 97-1 03  (19g5),

  7) J. B. Petermann, W,  Born, J.-Y. Chang, J, A, Fischer, J Biol.

  g) J. E. Mor]ey, S. A. Farr and  J. F, Flood, Peptides, 17,

  9) S.Schifier, Peptides, 12, 36S-369 (199I).

 10) S, Kim, S.Morimoto. K. Fuklio, T. Hironaka. E. Koh, T.

           saliva.  Extracts from human plasma

           phase HPLC  en  a Cl8  column,  and

immunoreactLve  peaks (Fig. 3). One was  eluted  at

     aCGRP  and  the ether  eluted  earlier  at a  po-

           immunoreactive  peaks of  human  B
           plusma and  saliva,

          anti-rabbit  IgG coated  immunoplate

       substrate, we  developed a  highly sensi-

          , RIA  methods  developed for CGRP

        disadvantages due to the use  of  radio-

  advantages  of  the RIA  systems  while  mini-

   (20 fmol!mL) and  specific  for aCGRP.  The
176 fmolfmL,  The  antibody  of  CGRP,  CA  1I32

          BCGRP was  not  detected in human

    is possible for detecting ctCGRP  in human

      volunteers  was  O.9± O,7 finol,/mL. The

        was  more  than threetimes higher than

         Thus topically released  aCGRP  was

      higher than  that in plasma,

         was  also  examined  by HPLC.  The

        same  elution  volumes  of  synthetic  cr

       orCGRP(8-37).  No  other  ttCGRP-IS  in

         present EIA,

 measurement  of  human aCGRP  in biological

   Evans, Ntttttre, 298. 240-244  c1982),

      P, E. Sawchenko. J. River, W. W. Vale

   Evans. M.  G. Rosenfeld, Science, 229, I094

      Maclntyre, 7VtMire, 308, 746-748 (1984>.

      Lips. H. S, Jansz, FEBS  Lett., 183, 403-

       C. J. M.  Lips, H. S. J"nsz. FEBS  Lett.,

     Chem., 262, 542m545  (l9S7).
511-516  (1996).

  Shiraishi, T. Onishi. Y. Kumahara.  Y. Kawai,

-

.

NII-ElectronicMbraryService



Japanese Society of Pharmaceutical Health Care and Sciences

NII-Electronic Library Service

JapaneseSociety  ofPharmaceutical  Health  Care  and  Sciences

1os lr;i i:'- vet24,  No.,1 (1998) 369

  Y. Shiotani, M. Tohyama. A. Miyauchi. Folia endocrinoL,  63, 884-S93 U9S7),

1b  K. Kitagawa, T. Shimozono. T, Aikawa.  T. Yoshida and  H. Nakamura, Chem  Pharrn. BuiL. 2g, 1130

  113S (198 b.
]2} M. Takeyama. K. Kondo.  Y, Hayashi and  H. Yajima. Int. J. Pept. Prot, Res,, 34,70 74 ac)g9):M.

  Takeyama, N. Yanaga, K. Yarimizu. J. Ono, R, Takaki, N. Fujii and  H. Yajima, Chem  Phat'nz BulL,

  38, 4S6--459  (1990),
                 e

13) J. Ekstr6m. R. Ekman,  R. Hakanson. S, Sj6gren und  F, Sundler.IVeuro,yc'ienc'e, 26, 933-949(19SS).

n

NII-Electronic  


