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Abstract

The effect of plasma on degradation of human growth hormone-
releasing hormone (GRH) was examined in vitro and in vivo
using high performance liquid chromatography (HPLC), ra-
dioimmunoassay (RIA), and bioassay. When GRH(1-44)-NH2
was incubated with human plasma, the t1/2 of total GRH im-
munoreactivity was 63 min (RIA). However, HPLC revealed a
more rapid disappearance (t1/2, 17 min) ofGRH(144)-NH2 that
was associated with the appearance of a less hydrophobic but
relatively stable peptide that was fully immunoreactive. Sequence
analysis indicated its structure to be GRH(344)-NH2. Identity
was also confirmed by co-elution of purified and synthetic pep-
tides on HPLC. Biologic activity ofGRH(344)-NH2 was <10-3
that ofGRH(144)-NH2. After intravenous injection ofGRH(1-
44)-NH2 in normal subjects, a plasma immunoreactive peak with
HPLC retention comparable to GRH(344)-NH2 was detected
within 1 min and the tl/2 of GRH(144)-NH2 (HPLC) was 6.8
min. The results provide evidence for GRH inactivation by a
plasma dipeptidylaminopeptidase that could limit its effect on
the pituitary.

Introduction

Growth hormone (GH)l-releasing hormone (GRH) was first
identified and sequenced in tumors from which it was ectopically
secreted (1-3). Two forms ofGRH, GRH( 1-40)-OH and GRH(l-
44)-NH2, that have been identified from both tumors and hy-
pothalamus, are identical in structure (4), exhibit indistinguish-
able biologic activity, and are derived from a single pre-
cursor (5).

We have previously described a sensitive and specific ra-
dioimmunoassay (RIA) for human GRH(1-40)-OH that was
utilized for the determination of metabolic clearance and plasma
disappearance rates (6). The kinetics ofdisappearance ofGRH( 1-

40)-OH after a single intravenous injection, as measured by RIA,
was best explained by a two-pool model with an equilibration
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1. Abbreviations used in this paper: ACN, acetonitrile; CRF, corticotropin-
releasing factor; DAP, dipeptidylaminopeptidase; GH, growth hormone;
GRH, growth hormone-relvasing hormone; HPLC, high performance
liquid chromatography; TFA, trifluoroacetic acid; UV, ultraviolet.

t1/2 of 8 min and an elimination t/2 of 52 min that was inde-
pendent of dose within the 1-10 sg/kg range. Validation of our
measurements in this initial study was based on coelution on
gel filtration ofplasma immunoreactivity and synthetic GRH( 1-
40)-OH. The elimination half-time was similar to that observed
after discontinuation of a constant infusion of GRH(1-40)-OH
and was comparable to results subsequently reported by others
(7). The disappearance rate was also similar to that reported for
ovine corticotropin-releasing factor (CRF) (8), another releasing
hormone of similar size, but was considerably longer than that
of other hypothalamic hormones (9-1 1) and of ACTH (12), a
pituitary hormone of comparable size.

With the subsequent report that human CRF exhibited much
more rapid clearance than that of ovine CRF from plasma (13),
we considered the possibility that our initial results and those
of others could be explained by metabolic conversion ofGRH
within the plasma compartment to another immunQreactive
compound(s) with a metabolic clearance rate slower than that
of GRH. The present studies were therefore designed to more
critically define the molecular form(s) ofGRH in plasma after
its injection and to search for differences in the clearance ofsuch
forms from plasma, if present.

Methods

Clinical studies
Subjects studied. Experiments were performed in eight healthy adult
male subjects whose ages ranged from 22 to 29 yr and who gave informed
written consent. Studies were conducted in the General Clinical Research
Center of the University of Cincinnati Hospital, Cincinnati, OH. All
subjects had fasted for the preceding 8 h. An indwelling butterfly needle
was placed in a vein in each forearm and kept patent with heparinized
saline for injection and blood sampling.

Hormone preparation. All studies were performed with GRH(l -44)-
NH2, provided by Hoffmann-La Roche, Inc., Nutley, NJ.

Protocol. After obtaining a basal sample, subjects were given a rapid
intravenous injection ofGRH(l -44)-NH2, I ,ug/kg. Blood samples were
collected at 1, 3, 5, 10, 15, 30, 60, and 120 min, placed into heparinized
tubes containing aprotinin (Trasylol; Mobay Chemical Corp., FBA

Pharmaceuticals, New York, NY) sufficient to provide a final concen-

tration of 1,000 kallikrein inactivator units/ml blood, chilled, and cen-

trifuged. Plasma samples (2.5-3.5 ml) were immediately acidified with
0.25 ml 1 M TFA/ml plasma and extracted on a Sep-pak C,8 cartridge
(Waters Associates, Millipore Corp., Milford, MA) as previously described
(6, 14).

In vitro incubations ofGRH(J-44) with plasma
Blood was collected from a healthy adult male subject into heparinized
tubes and the plasma separated and stored at -20'C until use. For the
incubation studies, GRH(l-44)-NH2 (lot #13004-111; Hofflmann-La
Roche, Inc.) or GRH(l-40)-OH (lot #229-A; Bachem, Torrance, CA)
was dissolved in 5 mM acetic acid (10 mg/ml) and added to plasma at

a concentration of 100 lAg/ml. A l-ml aliquot ofplasma was immediately
withdrawn, acidified with 0.25 ml 1 M trifluoroacetic acid (TFA), and

extracted on a Sep-Pak C,8 cartridge (time 0). An additional l-ml aliquot
of plasma, to which 10 tld of 5 mM acetic acid had been added, was also
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extracted at this time and served as a blank. The remaining pool of
plasma containing human GRH was incubated at 370C in a shaking
water bath at 60 rpm. At various time periods from 5 to 120 min, 1-ml
samples of plasma were withdrawn, extracted, and lyophilized. Samples
were resuspended in 0.25 ml 0.01 M TFA, an aliquot removed for mea-
surement of total GRH immunoreactivity, and the remainder used for
chromatography.

High performance liquid chromatography
High performance liquid chromatography (HPLC) was performed on
one of two instruments: model 5020; Varian Associates, Palo Alto, CA,
or on a Constametric IIG equipped with a gradient master and Spectro-
monitor III ultraviolet (UV) variable wavelength detector (LDC/Milton
Roy Co., Riviera Beach, FL). The following column, mobile phase, and
detection systems were employed.

System A. The column was Vydac 201 TP, C18 (The Separations
Group, Hesperia, CA), 250 X 4.6 mm (5 MM sorbant); the mobile phase
was (A) 0.01 M TFA in H20, (B) acetonitrile (ACN); the gradient was
30-35% B in 75 min; the flow was 1 ml/min; and detection was
at 210 nM.

System B. The column was Vydac 201 TP; the mobile phase was
(A) 0.01 M TFA in H20, (B) ACN; the gradient was 29% B isocratic for
50 min followed by 29-32% B in 45 min; the flow was I ml/min; and
detection was at 210 nM.

System C. The column was Spherisorb (ODS-1), Cl8 (Alltech, Avon-
dale, PA), 250 X 25 mm (5 MM sorbant); the mobile phase was (A) 0.5%
TFA in H20, (B) 0.025% TFA in ACN; the gradient was 25-50% B in
150 min; the flow was 5 ml/min; and detection was at 280 nM.

System D. The column was Lichrosorb RP-8, C18 (Alltech Assoc.
Inc., Applied Science Labs, Avondale, PA), 250 X 4 mm (5MM sorbant);
the mobile phase was (A) 0.1 M perchloric acid (pH 2.5), (B) ACN; the
gradient was 35-50% B in 20 min; the flow was 1 ml/min; and detection
was at 206 nM.

Amino acid analysis and sequencing
The isolated metabolite was subjected to structure analysis. Amino acid
analysis was performed on an instrument employing postcolumn reaction
with fluorescamine (15). Microsequence analysis was carried out on a
sequencer (model 470A; Applied Biosystems, Inc., Foster City, CA) (16).
PTH-amino acids at each cycle were identified by HPLC (17).

Synthesis ofpeptides
GRH(1-44)-NH2 and related peptides were synthesized by the Merrifield
solid-phase procedure using sequential additions ofthe t-butyloxycarbonyl
(Boc)-protected amino acids to the H-Leu-benzhydrylamine resin (18,
19). After cleavage from the resin with anhydrous liquid hydrogen flu-
oride, the crude peptide was purified by preparative HPLC with system
C. The peptides were shown to be homogeneous by analytical HPLC
with system D. After hydrolysis in 6 N HCl containing 1% thioglycolic
acid, the peptides gave the expected amino acid composition.

RIA for GRH
Plasma extracts and HPLC fractions were assayed for GRH immuno-
reactivity by a double-antibody RIA, as previously described (6, 14). The
50% effective dose for the GRH(1-40)-OH standard was 14 fmol/tube
with intra- and interassay coefficients of variation of 8.9% and 12.0%,
respectively, for these experiments. GRH( 1-44)-NH2 exhibits 60% cross-
reactivity with parallel displacement to the GRH(1-40)-OH reference
standard in this assay system.

Bioassay for GRH
Monolayer cultures ofdispersed pituitary cells from adult male Sprague-
Dawley rats (Harlan Sprague-Dawley, Inc., Indianapolis, IN) were pre-
pared as previously described (14, 20). After a 72-h culture period, the
cells were exposed during a 4-h incubation to synthetic GRH(1-44)-NH2
and/or synthetic GRH(3-44)-NH2 (lot # 1 166-287; Hoffmann-La Roche,
Inc.), or to partially purified GRH(3-44)-NH2 from in vitro plasma in-

cubations. RatGH secreted into the medium was measured by a specific
RIA (21) and the results expressed in terms ofan NIADDK rat GH RP-
1 reference standard. The intraassay coefficient of variation for the rat
GH assay was 3.1%.

Data analyses
Plasma disappearance curves ofhuman GRH were determined by biex-
ponential analysis using the SAAM 27 curve fitting computer program
(6), as adapted to a DEC (Digital Equipment Corp., Maynard, MA)
VAX computer (CONSAM). Results are expressed as mean±SEM and
the significance of differences between group means were determined by
the I test. The relative potency ofthe metabolite in the in vitro bioassay
was determined by covariance analysis.

Results

Incubation ofGRH(1-44)-NH2 with human plasma in vitro
The incubation of 100 ,ug GRH(1-44)-NH2 with human plasma
in vitro initially revealed a disappearance t1/2 of 63 min based
on RIA oftotal GRH immunoreactivity remaining in the plasma
extract (data not shown). However, after HPLC separation of
the extracts using system A, a much more rapid disappearance
of true GRH(l-44)-NH2 was observed, as seen in Fig. 1. The
HPLC absorbance profiles of the plasma extract alone (dotted
line) or in the presence of 100 ,g GRH(l-44)-NH2, but without
incubation (solid line), using HPLC system A are shown in the
upper left panel. The profiles ofplasma incubated with GRH(1-
44)-NH2 for periods ranging from 5 to 120 min are shown se-
quentially from left to right. GRH( 1-44)-NH2 eluted in a position
relatively free ofendogenous plasma peaks (at -25 min) in this
HPLC system and disappeared rapidly from incubated plasma.
The decrease in the concentration ofGRH(1-44)-NH2 displayed
first order kinetics through 60 min when plotted either as the
integrated area under the curve (UV absorbance) or by RIA of
GRH(l-44)-NH2 in individual HPLC fractions, as seen in Fig.
2. The disappearance rate half-time for GRH( 1-44)-NH2 in hu-
man plasma in vitro was 17 min by both absorbance and by
RIA measurement.

Concomitant with the disappearance of GRH(1-44)-NH2
from incubated plasma in vitro was the appearance of a less
hydrophobic, immunoreactive metabolite which coeluted with
an endogenous plasma protein at - 18 min (Fig. 1). The con-
centration of this peptide, quantitated by RIA or by integration
of the area under the curve after subtracting the area of the
endogenous plasma protein, is also shown in Fig. 2. The quantity
of this metabolite exceeded that of human GRH(1-44)-NH2 by
-25 min and remained relatively constant during the remainder
of the incubation period.

Identification and characterization ofthe GRH metabolite
Amino acid and sequence analysis. The major immunoreactive
metabolite peak from the 30- and 60-min incubations was pooled
and separated from the coeluting contaminant present in plasma
by use of another HPLC system (system B). The amino acid
composition of this material revealed the loss of one tyrosine
and one alanine residue from the expected composition of
GRH(1-44)-NH2. These residues represent positions 1 and 2,
respectively, ofthe native peptide. Sequence analysis ofthe me-
tabolite revealed the NH2-terminal residue to be aspartate, which
is normally present in position 3 (Fig. 3).

Chromatography. Additional evidence of the identity of the
metabolite as GRH(3-44)-NH2 was provided by co-chromatog-
raphy ofthe purified metabolite and synthetic GRH(3-44)-NH2
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Figure 1. Degadation of GRH(l-44)-NH2 by plasma in vitro, as mon-

itored by HPLC. GRH, 100 Mg, was incubated with normal human
plasma for the time periods indicated, extracted, and subjected to

HPLC as described. Shown are the absorbance patterns at 210 nm.

The interrupted line in the upper left panel indicates the absorbance
pattern of plasma in the absence ofGRH. Superimposed as a solid
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Figure 2. Time course of the disappearance of GRH(l-44)-NH2 and
appearance of the metabolite during incubation with normal human
plasma. Data is derived from integration of the peaks in Fig. 1 as de-
termined by UV absorption (closed symbols) and by RIA (open sym-

bols). All values were corrected for recovery. No quantitative differ-
ences were noted between the two measurement parameters.

line is the additional absorbance contributed by GRH. The absor-
bance patterns at 5 through 120 min are shown in the other panels.
The GRH metabolite peak that eluted at 18 min and increased with
time through 30 min coeluted with an endogenous plasma peak, evi-
dent at 0 min in interrupted lines, using chromatographic system A.

using system C. The elution pattern of 1.2 Ag synthetic GRH(3-
44)-NH2 is shown at left in Fig. 4. When equal quantities of

synthetic GRH(3-44)-NH2 and the metabolite were co-chro-

matographed (right), only a single peak was observed, indicating
an identical retention time for the two peptides.

Radioimmunoassay. Synthetic GRH(3-44)-NH2 exhibited

parallel displacement with the GRH(1-40)-OH reference stan-

dard and a cross-reactivity (60%) indistinguishable from that of
GRH( 1-44)-NH2.

Bioassay. A comparison ofthe biologic activity of synthetic
and plasma generated GRH(3-44)-NH2 with that of synthetic
GRH(l -44)-NH2 is shown in Fig. 5. Synthetic GRH(3-44)-NH2
exhibited full agonist activity in the pituitary monolayer culture

system and the slope of its dose-response curve was not signif-
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2 0 15I

Leu-Lys-Arg-Ala-Ser-Leu-Gln-Gly-Leu-Val-Lys
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44 40 35 1

N1H2-Leu-Arg-Ala-Arg-Ala-Gly-Arg-Glu-Gln-Asn-Ser

Figure 3. Amino acid sequence of human GRH( 1-44)-NH2 indicating
the site of enzymatic cleavage resulting in removal of two amino-ter-

minal residues.
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Figure 4. HPLC of 1.2 ,ug of purified GRH(l-44)-NH2 metabolite
alone (left) and in combination with 1.2 fig of synthetic GRH(3-44)-
NH2 (right) using system C.

icantly different from that ofGRH(1-44)-NH2. The 50% effective
dose of GRH(3-44)-NH2 was 170 nM, as compared with 0.027
nM for GRH(1-44)-NH2, indicating a relative bioactivity ofonly
0.0 16%. The slope of the dose-response curve and the potency
of the plasma-generated GRH(3-44)-NH2 preparation was in-
distinguishable from that of the synthetic peptide. In a separate
study, the presence of 1.0 nM synthetic GRH(3-44)-NH2 in
combination with 0.01 to 1.0 nM GRH(l-44)-NH2 did not reveal
any evidence of antagonist activity (data not shown).

Incubation ofGRH(3-44)-NH2 and GRH(1-40)-OH
with human plasma in vitro
When synthetic GRH(3-44)-NH2 was incubated with human
plasma under the identical conditions as described for GRH(1-

44)NH2, a decrease in the GRH(3-44)NH2 UV absorption peak
on HPLC occurred with time, though at a considerably slower

rate than observed with GRH(l-44)-NH2 (Fig. 6). The decrease
in GRH(3-44)-NH2 concentration, as determined by UV ab-
sorption, exhibited first order kinetics through 120 min with a

tI/2 of 55 min. The disappearance of human GRH(l-40)-OH
after incubation with plasma also exhibited an exponential dis-
appearance with a t/2 of 24 min. The half-time of GRH(1-44)-
NH2 in this experiment was 15 min.

Characterization ofplasma GRH immunoreactivity by
HPLC after injection ofGRH(1-44)-NH2

The levels of plasma GRH in individual HPLC fractions after

the intravenous injection of 1 pg/kg GRH(l-44)-NH2 were well
beneath the concentrations required for UV detection and were

measured by RIA. Chromatography data was available at all
time periods (1 through 30 min) for six ofthe eight studies. Fig.
7 illustrates the pattern of GRH immunoreactivity in a single
subject and is representative of the results observed in each of
the others. At the earliest time period examined (1 min) nearly
half of the total immunoreactive GRH (43±7%) was detected
in a peak with a retention time indistinguishable from that of
synthetic GRH(3-44)-NH2, with most of the remaining im-
munoreactivity appearing as GRH(l-44)-NH2. While both peaks
decreased with time, that ofGRH( 1-44)-NH2 disappeared much
more rapidly and was barely detectable by 30 min. A small
amount of immunoreactive GRH was also present at and just
beyond the column void volume.

Plasma disappearance rates ofGRH immunoreactivity
and GRH(J-44)-NH2
A comparison of the plasma disappearance curves of GRH(l-
44)-NH2 and of total immunoreactive GRH after intravenous
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Figure 5. GH-releasing effects of GRH(I-44)-NH2, HPLC-purified
GRH metabolite, and synthetic GRH(3-44)-NH2 in rat pituitary cell
cultures. Shown are the mean±SEM of four replicate incubations. The

purified metabolite was added in concentrations based on RIA.
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Figure 6. Comparison of the disappearance of 100 fg each ofGRH(I-
44)-NH2, GRH(l-40)-OH, and GRH(3-44)-NH2 during incubation
with plasma in vitro. The values for each peptide were determined by
integration of the HPLC-purified UV absorption peak. Chromatogra-
phy conditions were as in system A.
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Figure 7. HPLC profiles of plasma GRH immunoreactivity at various
time periods after the intravenous injection ofGRH(I-44)-NH2, 1 ,Ug/
kg. Blood samples were centrifuged and plasma extracted immediately
after withdrawal. The conditions of chromatography were as in system

A except that another Vydac column was used. Shown are the results

injection ofGRH( -44)-NH2 is shown in Fig. 8. The true GRH(l-
44)-NH2 concentration was determined by integration of the
GRH(l-44)-NH2 peak (as determined by RIA) on the HPLC
analysis of plasma from each subject at each time point. The
distribution (t112 a) and elimination (t1/2 Al) phase half-times for
total GRH immunoreactivity were 2.7±0.6 and 16.0±1.2 min,
and for GRH(l-44)-NH2 were 1.0±0.2 and 6.8±1.2 min.
(P < 0.05 and P < 0.001), respectively. Shown for comparison
in the interrupted line is the disappearance curve for the com-
bined series of injections of GRH(1-40)-OH, as previously re-

ported (6).

Discussion

The results of the present studies clearly indicate that exposure

ofGRH(l-44)-NH2 to plasma results in rapid degradation to a

peptide that is modified at the NH2 terminus and exhibits con-

siderable differences in biologic and pharmacokinetic properties.
These studies were prompted by the apparent inconsistency of
our previous metabolic clearance results with the findings re-

ported for other hypothalamic hormones. Although we raised
the possibility ofin vivoGRH metabolism during our continuous
infusion studies (6), the constant infusion of fresh GRH(1-40)-

40

30 MINUTES

30
MINUTES

of a single subject. Similar results were observed in five other subjects.
In most subjects, no detectable immunoreactive peak at the elution
position ofGRH(1-44)NH2 was seen beyond 15 min. The earlier
eluting peak of immunoreactivity coincided with that of synthetic
GRH(3-44)-NH2.

OH into plasma, together with the limited resolving capability
ofgel filtration chromatography, resulted in our inability to dis-
tinguish between the native hormone and the metabolite de-
graded at the NH2 terminus. The improved resolution ofHPLC
clearly indicated, however, that GRH was being rapidly metab-
olized both in vivo and in vitro.

We initially performed in vitro studies because the concen-

trations of GRH that could be used were readily detectable by
UV absorption, thereby precluding the need for either radioio-
dinated hormone, which might exhibit different degradation
characteristics, as has been shown for insulin (22), or reliance
on RIA for quantification, since immunoreactivity ofthe possible
metabolites could vary considerably. The results demonstrated
that the disappearance ofGRH(l-44)-NH2 in vitro was consid-

erably more rapid than that ofeitherGRH( 1-40)-OH (6) or total

GRH(1-44)-NH2 immunoreactivity in vivo. Based on the struc-

ture of GRH, we initially suspected that the cleavage would

occur at positions 11-12 or 20-21, the sites of dibasic residues

susceptible to the action of trypsin-like enzymes. The retention

of full immunoreactivity by the metabolite (on the basis ofUV

absorption) suggested that there was relatively limited size change
in the number of residues and, therefore, that the site of deg-
radation was near the NH2 terminus, since the antibody rec-
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Figure 8. Disappearance curves (mean±SEM) of HPLC-purified
GRH(1-44)-NH2 (n = 6) and of total GRH immunoreactivity in ex-
tracted plasma (n = 8) after the intravenous injection of GRH(1-44)-
NH2, 1 ;tg/kg. Shown for comparison in the interruptedline is the dis-
appearance of total GRH immunoreactivity after intravenous injec-
tion of GRH(1-40)-OH, as previously reported (6).

ognition sites were on the COOH-terminal portion of the mol-
ecule (14).

Amino acid composition and sequence analysis of the me-
tabolite revealed that, indeed, the molecule was reduced in size

by removal of only two residues at the amino terminus. Se-

quencing was repeated on several different purified preparations
and gave identical results. Confirmation of the sequence was
demonstrated by coelution of synthetic and enzymatically con-
verted GRH(3-44)-NH2 on HPLC and by indistinguishable

bioactivity and immunoreactivity.
The bioactivity of GRH(3-44)-NH2 in a cultured pituitary

cell system was reduced by a factor of >5,000, as would have
been expected on the basis of previous studies that demonstrated
the critical importance of the NH2 terminal region of the mol-
ecule (23-25). Our results revealed that GRH(3-44)-NH2 is a
full agonist and does not inhibit the GH-releasing effects of

GRH(1-44)-NH2. Thus, the initial biodegradation of GRH re-
sults in virtually complete inactivation of the hormone, though
without generation of antagonist properties.

The results of the plasma incubation studies raised the pos-

sibility of an in vitro artifact that might not be present in vivo.
This explanation was excluded by our in vivo results. Since the

quantity of GRH that could be injected into humans resulted
in plasma GRH levels considerably beneath those required for
UV detection, it was necessary to use RIA for monitoring the
GRH profile on HPLC. However, the demonstration that

GRH(3-44)-NH2 exhibited full cross-reactivity with GRH(I-44)-
NH2 in our RIA provided the necessary validation for the quan-
titative use of this technique. Although the levels of GRH im-
munoreactivity in plasma at various times after injection ofGRH
were insufficient for additional characterization, the retention
times observed are completely consistent with an extremely rapid
conversion (evident within 1 min) of GRH(1-44)-NH2 to
GRH(3-44)-NH2.

The half-time of total GRH immunoreactivity in vivo in the

present study (in which GRH(l-44)-NH2 was injected) was con-

siderably shorter than that after injection ofGRH(1-40)-OH (6).
Although this may, in part, be attributed to use of a different
GRH antibody in the present study, the in vitro experiments
also indicated that GRH(1-40)-OH is more resistant to degra-
dation by plasma peptidases than is GRH(l-44)-NH2. Since the

primary cleavage of GRH(l-40)-OH is to GRH(3-40)-OH (data
not shown), a question must be raised as to why a four-amino
acid difference at the carboxyl terminus of the hormone should
affect an enzymatic reaction occurring at the amino terminus.
Additional studies of the conformational structures of the two
GRH forms may be required to provide an answer. The signif-
icance of this finding in relation to the relative biologic activity
of the two hormonal forms after in vivo injection will also require
further study, though a comparison of the GH-releasing activity
of intravenously injected GRH(l-44)-NH2 and GRH(l-40)-OH
in normal human subjects revealed virtually identical po-
tency (26).

The enzyme(s) responsible for this initial step ofGRH deg-
radation remains to be identified, as does its source. However,

preliminary data (not shown) suggests that GRH is cleaved by
removal of a dipeptide rather than by two sequential removals
of a single amino acid. The nature of the dipeptidylaminopep-
tidase (DAP) and its relation to other characterized enzymes of
this type (27) remain to be determined. However, on the basis
of the known properties of the individual enzymes comprising
this subgroup of exopeptide hydrolases, we find that the enzy-
matic activity is most consistent with that of DAP-IV. In pre-

liminary experiments we have found similar GRH(1-44)-NH2
degrading activity in rat plasma, though full characterization of
the metabolite has not been performed. Inspection of data con-
tained in a recent report describing the incubation of'251-GRH(1-
40)-OH with rat plasma also reveals a degenerative pattern on

gel filtration that is consistent with the generation of an NH2-
terminal dipeptide (28).

The present results, at first inspection, appear inconsistent
with the characterization ofendogenous GRH in normal subjects

(29) and in patients with GRH-secreting tumors (14,26) in which
the predominant form of GRH has been reported to be un-
modified GRH(l-44)-NH2 or GRH(l-40)-OH. The antibody
used to characterize GRH in normal subjects was specific for
the COOH-terminal region of GRH and should have been ca-

pable of detecting GRH(3-44)-NH2. However, it is unclear from
the data presented whether the conditions used for HPLC would
have separated GRH(3-44)-NH2 from GRH(l-44)-NH2. Our

reports of endogenous tumor-derived GRH in plasma are more
difficult to reconcile since the same separation conditions were
used as in the present study. Among the possible explanations
are: (a) reduced or absent DAP activity in plasma of patients
with GRH-secreting tumors, (b) presence of other peptidases
that metabolize GRH(3-44)-NH2 more rapidly than in normal

subjects, and (c) a difference in the molecular conformation of

chemically synthesized GRH(1-44)-NH2 that renders it more

susceptible to DAP cleavage than is the native hormone. Serum
DAP-IV levels have been reported to be decreased in serum of

patients with gastrointestinal and pancreatic tumors (30).
There are several physiological and clinical implications of

the present results. In a previous report (31) large doses of

GRH(-40)-OH, administered as a single intravenous injection,
were associated with a secondary increase in plasma GH levels
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at 2-3 h. This was attributed to the persistence of a maximally
stimulating concentration ofGRH in circulation for the entire
time period. This conclusion is no longer tenable, given the rapid
half-time ofGRH. Although a parallel in vivo study ofGRH(1-

40)-OH has not been performed, extrapolation of the in vitro
data results in an estimated elimination tl/2 of 10 min. Thus,
alternative explanations, relating to changes in the intracellular
response to GRH or to changes in somatostatin secretion, appear
more plausible. Other published data relating to plasma GRH

levels after injection of exogenous GRH (32-34) are also likely
to be incorrect, since the contribution of GRH metabolites to

total measured GRH immunoreactivity is unknown. Finally,
our results should be helpful in designing modifications of the
GRH sequence that are resistant to enzymatic degradation in
order to develop superactive analogs. Since enhanced growth in
human GH deficiency can be achieved in some patients with
continuous as well as intermittent GRH administration (35),
the availability of more potent analogs will be of considerable
clinical importance.
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