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Since the sequencing and synthesis of the 
hypothalamic decapeptide gonadotropin re- 
leasing hormone, GnRH (1, 2), a number of 
laboratories have developed radioimmunoas- 
says (RIA'S) said to be both sensitive and 
specific for GnRH (3-8). This decapeptide 
was immunogenic when injected into animals 
in unconjugated form, but the antibodies ob- 
tained were of low titer and sensitivity (4). 
Conjugation to a larger protein has been 
widely used to produce high affinity antibod- 
ies in high titer to peptides with molecular 
weight less than 4000 (10). Since GnRH has 
neither a free carboxy or amino terminus it 
has been coupled to larger proteins by use of 
a bifunctional reagent, bis-diazotized benzi- 
dine (3) as was first done for thyrotropin 
releasing hormone (1 1). The use of a bifunc- 
tional reagent may result in peptide dimeri- 
zation. To avoid this Koch et al. (7) developed 
a two-step conjugation in which p-diazonium 
phenylacetic acid was attached to GnRH and 
the resulting diazo derivative coupled to car- 
rier protein using carbodiimide. Both meth- 
ods yield antisera recognizing both the car- 
boxy and amino termini of GnRH, although 
the N-terminal specificity is somewhat less 
for the latter antiserum. Twenty percent 
cross-reaction with des-[pGlu']-GnRH is ob- 
served with this antiserum compared to 3.8% 
for that obtained using bis-diazotized benzi- 
dine (3). 

In an attempt to obtain an antiserum re- 
cognizing both the C- and N-termini of 
GnRH which might recognize GnRH differ- 
ently than the available antisera, we investi- 
gated methods of conjugating at the number 
6 glycine position. The biologically superac- 
tive synthetic analog D-[Lys"]-GnRH pro- 
vided an €-amino group three carbons re- 
moved from the GnRH peptide chain (see 
Fig. 1). This analog is also resistant to enzy- 
matic degradation which occurs at the num- 
ber six to seven position (12). Moreover, con- 

jugation to a larger protein without peptide 
dimerization is theoretically possible for this 
synthetic analog. A GnRH RIA was devel- 
oped and characterized using D-[ Lys']-GnRH 
both to simplify production of high affinity 
antisera to GnRH in a single step reaction 
and in hopes of producing an antibody more 
specific for native GnRH. 

Materials and methods. Conjugation. D- 
[Lys'l-GnRH (Bachem, Inc., Torrance) was 
conjugated to thyroglobulin using carbodi- 
imide as previously described by Skowsky et 
al. (10) using a peptide: thyroglobulin: car- 
bodiimide molar ratio of 118: 1:200. The re- 
action was carried out for 24 hr at room 
temperature. The conjugate was then di- 
alyzed against 12 liters of distilled water for 
24 hr at 4". When '"1-GnRH prepared as 
described below was used to quantitate per- 
cent incorporation by determining the per- 
cent cpm remaining with the conjugate after 
dialysis, 20% incorporation was noted. One 
hundred micrograms of D-[L~s']-G~RH con- 
jugated to thyroglobulin and emulsified in 
one ml of complete Freund's adjuvant was 
injected into two 1.8 kg female New Zealand 
White rabbits (Hilltop Laboratories). A mul- 
tiple site subcutaneous injection technique 
was used. 

Iodination. Synthetic GnRH (Bachem, 
Inc.) or D-[ Lys6]-GnRH was monoiodinated 
by the augmented lactoperoxidase technique 
as previously described ( 13). Monoiodinated 
peptide was then separated from uniodinated 
peptide by cation exchange chromatography 
using CM-Sephadex C-25 (Pharmacia Inc., 
NJ). ( 16) l2'1-GnRH prepared identically also 
eluted as a single peak on QAE-Sephadex 
(Pharmacia Inc.) at pH 9.2 (17). Biologically 
active monoiodinated peptide with a specific 
activity of 1390 pCi per pg (16) was obtained 
and stored in elution buffer (0.15 M Ammo- 
nium Acetate pH 4.5) at 4". 

RIA Protocol. Disposable glass test tubes 
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FIG. I .  (A)  Primary structure of D-[L~s"]-G~RH showing point of conjugation of thyroglobulin. (B)  Time course 
in weeks of obtaining antisera in animal No. 1 (0) and animal No. 2 (0). Final antibody titers binding 20% of added 
counts are plotted. 

(12 by 75 mm) without pretreatment were 
used. The assay mixture consisted of 600 pl 
assay buffer (0.05 M Phosphate Buffered Sa- 
line containin 1% (v/v) normal rabbit se- 
rum), 100 pl "I-GnRH (4000 cpm) in assay 
buffer, 100 pl of GnRH standard or sample, 
100 pl 0.1 M EDTA pH 7.4 and 100 pl 
antibody at various dilutions in assay buffer. 
The mixture was incubated at 4" for 48 hr. 
Fifty microliter sheep antirabbit antiserum 
(R. Henninger, Provo, Utah) was added. Fol- 
lowing further incubation at 4" for 24 hr, 
bound and free hormone were separated by 
centrifugation for 30 min at 2500 rpm in a 
Beckman RC-3 centrifuge. 

Results. As shown in Fig. 1B antiserum of 
high titer was obtained in both rabbits by 6 

weeks after the initial immunization. The titer 
increased to 12 weeks at which time 20% of 
added '""I-GnRH was bound at a final dilu- 
tion of 1:100,000 in animal no. 1 and 
1:1,000,000 in animal No. 2. Nonspecific 
binding averaged 3% of the added counts. 
GnRH and D-[L~s ' ] -G~RH reacted equally 
with the antibodies generated. Unrelated pep- 
tides (TRH, arginine vasopressin, LH, FSH, 
ACTH, prolactin, somatostatin) did not cross 
react significantly (less than 0.1%). GnRH- 
COOH (free acid form) did not cross react 
significantly (0.6%). Des-[pGlu']-GnRH 
(Beckman, Inc.) cross-reacted 20%. The sen- 
sitivity of the assay was between 1 and 3 pg 
per tube, averaging 1.8 pg in eight assays. 
The intraassay coefficient of variation was 
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7%, while interassay variation was approxi- 
mately 10%. These coefficients were calcu- 
lated in standard fashion from data obtained 
on six different assays of five human plasma 
samples containing varying amounts of 
added synthetic GnRH. 

Following the addition of synthetic GnRH 
to 100 pl of plasma from normal individuals 
and serial dilution with plasma from the same 
individuals, parallel dilution curves were ob- 
tained for GnRH diluted in assay buffer 
alone or in 100 pl plasma in this 1 ml system. 
In addition, at all dilutions there was com- 
plete recovery of added GnRH. GnRH was 
not detectable in peripheral plasma samples 
(100 pl) obtained from normal adult male 
and female rats, rabbits or humans. 

When 100 pg synthetic GnRH (Abbott 
Laboratories) was administered to two nor- 
mal adult females and three normal males as 
an intravenous bolus and plasma samples 
obtained for RIA at - 15, 0, 0.5, 1, 1.5, 2, 2.5, 
5, 10, 15, 20 and 25 min were assayed, a 
multiexponential clearance curve with an in- 
itial t l I 2  of 2.5 min was obtained. In addition, 
after storage at -20" and reassay, samples 
taken at all these time points diluted in par- 
allel with synthetic GnRH over the range of 
assay detectability, indicating that cross-re- 
acting but immunochemically different 
GnRH metabolites did not appear in plasma 
at measurable concentrations at any time. In 
addition, 800 p g  synthetic GnRH and 1251- 
GnRH were injected as an intravenous bolus 
into four mongrel dogs anesthetized with so- 
dium pentobarbital. Plasma samples were ob- 
tained at 1, 3, 5, 7, 10, 15, 20, 25, 30, 45, 60, 
90, 120, and 150 min. Blood volume was 
replaced with normal saline. Clearance 
curves similar to those obtained in the human 
were observed. Data on one dog receiving 
both '"I-GnRH and GnRH are shown in 
Fig. 2. Similar results were obtained on all 
four animals studied. Plasma samples diluted 
parallel to synthetic GnRH in the RIA as 
shown in Fig. 2A. Moreover, the clearance of 
immunoprecipitable I2"I-GnRH was identical 
to the clearance of immunoassayable GnRH 
and resolved into the three components 
shown in Fig. 2B. The initial t l / z  of this 
multiexponential clearance curve was 2.5 min 
as observed in humans. When half times were 
calculated from data of separate experiments, 
the clearance of 1251-GnRH was the same 
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FIG. 2. (A)  GnRH RIA standard curve plotted on 
log-logit coordinates ( I )  synthetic GnRH; (2) 12 min 
time point of GnRH metabolism study; (3) 35 min time 
point of same study. ( B )  Metabolic clearance of GnRH 
plotted on log-linear scale. Three components with f l I z  

of 2.5 min (A), 7 min (B), and 20 min (C) are shown. 

whether administered alone or together with 
800 p g  synthetic GnRH. 

Discussion. The use of a biologically super- 
active synthetic analog of GnRH represents 
a novel approach to the problem of GnRH 
RIA development. The plasma GnRH RIA 
obtained did not significantly improve upon 
available assays obtained via two-step con- 
jugation or using bifunctional reagents as was 
originally hoped. However, the simplicity and 
reliability of the carbodiimide reaction as well 
as the general availability of D-[L~s']-G~RH 
should encourage the development of this 
RIA in centers less experienced in peptide 
RIA design, Significant cross-reaction with 
des-pG1u'-GnRH in common with other 
GnRH RIA'S does not in our view diminish 
the utility of this RIA for studies of GnRH 
physiology. The best widely used RIA in this 
regard (Niswender R42), shows 3.8% cross- 
reaction with des-pG1u'-GnRH, which is still 
significant ( 3 ) .  The RIA for D-[L~s']-G~RH 
does not detect endogenous GnRH in 100 pl 
peripheral plasma, indicating that GnRH cir- 
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culates at a concentration of les than 10-30 
pg/ml. No RIA studies have to date convinc- 
ingly demonstrated the physiological impor- 
tance of peripheral plasma GnRH measure- 
ments. The data on clearance of GnRH con- 
firm previous work (1 8-20) by several labo- 
ratories, indicating multiexponential clear- 
ance with an initial t 1 / 2  of 2.5 min in man and 
experimental animals. Our observation of 
identical metabolic clearances of '"1-GnRH 
and GnRH is consistent with uptake by a 
system not saturated at a peripheral GnRH 
concentration of 300,000 pg/ml. These data 
are consistent with our recent observation 
that membrane preparations from a number 
of peripheral tissues bind GnRH with an 
equilibrium association constant of 1 O5 1/ 
mole (14, 15). 

Summary. Specific, high titer anti-GnRH 
antisera were obtained following immuniza- 
tion of rabbits with a conjugate of thyroglob- 
ulin and D-[ Lys"]-GnRH. D-[ Lys'l-GnRH 
was chosen to take advantage of an €-amino 
group in the center of the peptide chain and 
three carbons away from the chain as a 
unique point of conjugation. The RIA devel- 
oped with this antisera was validated for the 
measurement of GnRH in plasma and hy- 
pothalamic supernatants. Studies of GnRH 
metabolic clearance indicated that multicom- 
partmental clearance by different organs was 
a probable explanation for the rapid disap- 
pearance of GnRH from the peripheral cir- 
culation. 
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