bstract. The metabolic clearance rate (MCR)
and plasma disappearance rate (t,,;) of human pancreatic
tumor growth hormone releasing factor [hpGRF(1-40)]
was determined in normal adult male subjects by single
injection and constant infusion techniques. Single injec-
tions of 1, 3.3, and 10 ug/kg hpGRF(1-40) were admin-
istered intravenously, plasma immunoreactive (IR) GRF
levels were measured during the subsequent 180 min,
and biexponential curve analysis was performed. Graded,
dose-constant infusions of hpGRF(1-40) at rates of 1,
3.3, 10, and 33 ng/kg per min were administered and the
MCR was calculated from measurement of steady state
plasma IR-GRF levels at each infusion rate. The postin-
fusion disappearance rate was determined by linear
regression analysis of plasma IR-GRF levels during the
120-min period after cessation of the infusion.

The calculated MCR during the single injection study
was 194+17.5 liters/m? per d and was not significantly
different from the calculated value during the constant
infusion study (202+16 liters/m? per d). The disappear-
ance rate during the single injection study was subdivided
into two linear phases: an initial equilibration phase
(7.6+1.2 min) and a subsequent elimination phase
(51.8+5.4 min). The latter was similar to the linear dis-
appearance rate observed (41.3+3.0 min) after cessation
of the constant infusion. The chromatographic and bi-
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ologic characteristics of plasma IR-GRF, 30 min after
injection, were similar to those of synthetic hpGRF(1-
40). The results have been discussed in relation to the
MCR of other hypothalamic hormones and have been
used to extrapolate secretion rates of GRF in patients
with ectopic GRF production.

Introduction

Growth hormone secretion is regulated by both stimulatory and
inhibitory factors of hypothalamic origin. The inhibitory factor
is represented by somatostatin, a tetradecapeptide, which appears
to be similar in all mammalian species from which it has been
isolated to date (1). Growth hormone releasing factor (GRF)'
has recently been isolated and sequenced from ectopic sites of
production in two pancreatic islet tumors (human pancreatic
GRF [hpGRF)) (2-4). In one tumor only a single GRF with a
40-amino acid sequence was isolated (3-5), whereas the other
tumor contained the identical GRF as the major component
along with 44- and 37-amino acid peptides (2). The structure
of human hypothalamic GRF remains to be determined, though
preliminary evidence indicates that it is similar in physico-
chemical and immunologic characteristics to ectopic GRF (6,
7); and two immunologically related peptides which coeluted
with hpGRF(1-40) and hpGRF(1-44) have now been isolated
and show identical tryptic digest patterns and amino acid com-
position (8).

The rapid decrease in serum GH levels after removal of a
GRF-secreting tumor suggests a rapid metabolic clearance of
GREF (9). However, administration of hpGRF(1-40) to normal
human subjects resulted in a rise in serum growth hormone
levels (10) that persisted, after high doses, for up to 3 h, and

1. Abbreviations used in this paper: ACN, acetonitrile; hpGRF, human
pancreatic GRF; IR, immunoreactive; KIU, kallikrein inactivator units;
GREF, growth hormone releasing factor; MCR, metabolic clearance rate.



frequently exhibited a biphasic pattern (11). Since the clearance
of growth hormone from circulation is fairly rapid (12), the
persistence of growth hormone secretion for this prolonged du-
ration indicated a continuous effect of hpGRF(1-40) and implied
a slower metabolic clearance of the peptide than has been re-
ported for other hypophysiotropic hormones such as thyrotropin-
releasing hormone, gonadotropin-releasing hormone, and so-
matostatin (13-15). The present studies were therefore performed
to determine the metabolic clearance rate (MCR) and plasma
disappearance time of hpGRF(1-40) in normal human subjects
with both single-injection and constant-infusion techniques.

Methods

Clinical studies

SUBJECTS STUDIED. Experiments were performed in 18 healthy adult
male subjects whose ages ranged from 22 to 30 yr and who were within
15% of ideal body weight. All subjects gave informed, written consent.
Experiments were conducted under identical protocols in the General
Clinical Research Centers at the University of Cincinnati and University
of Virginia Hospitals to which subjects were admitted the evening before
or the morning of study. The subjects consumed no food for 10 h before
or during the study. Indwelling butterfly needles were placed in forearm
veins and kept patent with heparinized saline for infusion/injection and
blood sampling. Blood pressure and pulse were monitored throughout
the study at frequent intervals. Subjects were studied in random order
in each of the protocols.

HORMONE PREPARATION. All experiments were performed with
hpGRF(1-40), which was synthesized (3, 4) and prepared (10) as pre-
viously described.

PROTOCOLS. Single injection protocol. After obtaining a basal sample,
subjects were given a rapid intravenous injection of hpGRF(1-40) at a
dose of 1, 3.3, or 10 ug/kg. Blood samples were collected at 5, 10, 15,
30, 60, 120, and 180 min, placed into heparinized tubes containing
aprotinin (Trasylol, FBA Pharmaceuticals, New York) sufficient to pro-
vide a final concentration of 1,000 kallikrein inactivator units (KIU)/
ml blood, chilled, centrifuged, and stored at —70°C. Samples were shipped
to Cincinnati on dry ice for subsequent analysis.

Constant infusion protocol. After a 90-min control period, subjects
were infused for four consecutive 90-min periods with hpGRF(1-40)
at rates of 1, 3.3, 10, and 33 ng/kg per min, respectively, in a volume
0f 0.3-0.5 ml/min. hpGRF(1-40) was diluted appropriately with saline
from an initial concentration of 100 ug/ml containing 1% human serum
albumin. Blood samples were collected in heparinized tubes containing
aprotinin, 1,000 KIU/ml blood, every 15 min during the infusion and
at 1, 3, 5, 10, 15, 20, 30, 45, 60, and 90 min after termination of the
infusion, and handled as described above.

Radioimmunoassay of GRF

hpGRF(1-40) was radioiodinated by the chloramine T method (16), in
which 0.2 mCi of Na'?I, | ug peptide, and 10 ug chloramine T were
reacted for 15 s. Sodium metabisulphite, 60 ug, and 0.2% bovine serum
albumin, 0.2%, were then added to terminate the reaction. '*I-hpGRF(1-
40) was purified by high performance liquid chromatography by ap-
plication on a Cg (Waters Associates, Millipore Corp., Milford, MA)
column and elution with a 30-40% acetonitrile (ACN) gradient in 0.01
M trifluoroacetic acid (TFA). Anti-GRF serum was prepared in a rabbit
by immunization with hpGRF(1-20)-human alpha globulin complex

and used at a final dilution of 1:12,500. The antiserum exhibited no
significant cross-reactivity (<5 X 107°) to other hypothalamic, pituitary,
gastrointestinal, or pancreatic hormones. The initial incubation, consisting
of '®I-hpGRF(1-40), anti-GRF serum, and standard or sample was
performed in 0.05 M phospho-saline buffer, pH 6.0, containing 1%
bovine serum albumin and 0.04 M EDTA in a total volume of 250 ul
for 48 h at 4°C, followed by immediate precipitation with sheep anti-
rabbit IgG and polyethylene glycol (PEG 6000). Precipitate radioactivity
was analyzed by a weighted log-logit method on an Apple computer
(Apple Computer, Inc., Cupertino, CA). The intra- and inter-assay coef-
ficients of variation were 6.5 and 7.8%, respectively, at a level of 200
pg/tube. The sensitivity of the assay varied between 10 and 20 pg/tube.

Plasma extraction

1 ml of plasma was applied to a C;3 Sep-pak (Waters Associates), pre-
viously activated by successive applications of 0.01 M TFA, 80% ACN/
TFA, and 0.01 M TFA. The column was then washed with 2 ml TFA
and eluted with 80% ACN/TFA. The eluate was rapidly frozen and
lyophilized. The samples were reconstituted in radioimmunoassay or
bioassay buffer before measurement.

Validation of plasma assay

DEGRADATIVE EFFECTS OF PLASMA ON RADIOLABELED hpGRF-
(1-40). The effects of plasma on the immunoreactivity of '*’I-hpGRF(1-
40) were determined by preincubating plasma in the absence or presence
of aprotinin, 1,000 KIU/ml, with labeled hpGRF(1-40) for varying
times at 4° and 37°C. After this period, anti-GRF serum was added;
and the mixture was incubated and then co-precipitated, as described
above.

SEPHADEX CHROMATOGRAPHY. Nonextracted or Sep-pak ex-
tracted plasma samples were gel filtered on a 1- X 80-cm Sephadex G-
50 (Pharmacia Fine Chemicals, Piscataway, NJ) column, equilibrated,
and eluted with 0.05 M phospho-saline buffer containing 1% bovine
serum albumin and 0.05 M disodium EDTA, pH 6.0, at a flow rate of
0.25 ml/min at 4°C. The column was calibrated with blue dextran (void
volume), hpGRF(1-40), and sodium chloride (elution volume).

Bioassay of GRF

GREF activity of plasma extracts was measured in a dispersed rat pituitary
cell monolayer culture system as previously described (17, 18), which
was modified by using serum-free media supplemented with bovine
insulin, 10 ug/ml, and corticosterone, 10~ M (Sigma Chemical Co.,
St. Louis, MO), during the 4 d before testing. Growth hormone release
was measured during a 4-h incubation period in quadruplicate cultures.
At the end of the incubation, the media was collected and frozen for
subsequent radioimmunoassay of rat growth hormone as previously des-
cribed (19).

Data analyses

SINGLE INJECTION STUDIES. Biexponential analysis of the plasma
disappearance of immunoreactive (IR)-GRF was carried out with the
SAAM 27 curve-fitting computer program (20). The data were fitted to
the biexponential equation C(1) = —4e* + Be ™, where t = time, C(f)
= the plasma concentration of IR-GRF at each time point, and 4 and
a are the parameters for the alpha (distribution) and B and 8 the pa-
rameters for the beta (elimination) phases, respectively. The MCR was
calculated as the dose administered divided by the area under the curve
(AUC), which was calculated as AUC = 4/a + B/B. The volume of
distribution was calculated as the dose administered/(4 + B). The half-
time for each phase was calculated as t,;, = In2/a or /8.
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CONSTANT INFUSION STUDIES. The metabolic clearance rate was
calculated during each of the four infusion periods by the following
formula: MCR (milliliters per minute) = rate of infused hpGRF(1-40)
(nanogram per minute)/plasma IR-GRF (nanogram per milliliter). The
mean of two or three separate plasma IR-GRF determinations, obtained
after equilibrium had been reached, was used to calculate the MCR for
each subject at each time period.

POSTINFUSION DISAPPEARANCE RATE DETERMINATION. Anal-
ysis of the plasma disappearance of IR-GRF after cessation of a constant
infusion was performed with a linear regression program. The data were
fitted to the equation InC(f) = InC(0) — at, where ¢ = time and C(f)
= plasma concentration of IR-hpGRF at each time point. (This equation
is a linear tranformation of a monoexponential disappearance curve.)
The slope of the regression line, «, was used to calculate the disappearance
half-time as t,, = In2/a. The anti-In of the intercept, i.e., C(0), represents
the calculated steady state concentration of plasma IR-GRF before ces-
sation of the infusion.

GROUP COMPARISONS. Results are expressed as mean+SEM. The
t test or an analysis of variance was used to determine the statistical
significance of differences between group means.

Results

GRF immunoreactivity in normal plasma. Measurement of IR-
GREF levels in unextracted plasma resulted in levels of 2.1+0.09
ng/ml (mean+=SEM) in 27 normal subjects. However, endog-
enous IR-GRF was eluted from Sephadex G-50 in the void
volume and thus did not coincide with the elution position of
synthetic hpGRF(1-40) when the latter was applied either in
buffer or together with plasma. Addition of synthetic hpGRF(1-
40) to plasma in the range of 0.1-10 ng/ml resulted in virtually
complete recovery.

When plasma from normal subjects was applied to a Sep-
pak, endogenous IR-GRF was not retained. Immunoassay of
the lyophilized and reconstituted 80% ACN/TFA effluent re-
sulted in undetectable levels (<124 pg/ml) in nine subjects.
Addition of synthetic hpGRF(1-40) (5 ng/ml) to plasma im-
mediately before its application to Sep-pak columns resulted in
an 80.1+2.2% recovery (n = 38). There was no significant dif-
ference in recovery when Sep-paks were used in a recycled man-
ner for up to 11 applications.

These findings were interpreted to indicate that endogenous
GRF immunoreactivity in unextracted plasma was attributable
to a yet undefined material(s) distinct from GRF. Consequently,
all subsequent measurements of IR-GRF levels were performed
on extracted plasma. Values were not corrected for recovery.

The addition of aprotinin to plasma prevented the degra-
dation (<5%) of '>I-hpGRF(1-40) for at least 48 h at 4°C and
2 h at 37°C. In the absence of aprotinin, significant (>10%)
degradation was noted after 6 and 1 h, respectively.

Single injection studies. Plasma IR-GRF levels were un-
detectable in all of the subjects before GRF injection. Levels
of IR-GREF at each of the time periods are shown in Fig. 1. The
combined disappearance curve is shown in Fig. 2, where the
data has been transformed as a function of the injected dose.
The disappearance of IR-GRF from plasma could be fitted to
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Figure 1. Plasma IR-GRF levels at various times after the injection
of 1, 3.3, or 10 ug/kg hpGRF(1-40). Shown are the mean+SE.

a biexponential curve and displayed paralleled behavior over
the range of doses administered. The relevant parameters ob-
tained from the analysis of the curves are shown in Table I.
The disappearance half-times from the alpha (distribution) and
beta (elimination) phases were 7.6+1.2 and 51.8+5.4 min, re-
spectively. The MCR was 194+17.5 liters/m” per d and the
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Figure 2. Composite plasma IR-GRF levels after the injection of
hpGRF(1-40). Shown are the mean=*SE of the results, which have
been corrected with respect to the quantity of hpGRF(1-40) injected.



Table I. MCR of hpGRF(1-40) after Single Injection

Subject Weight Surface area GRF dose Disappearance (t,2) MCR Volume of distribution

kg m? ug/kg min min liters/m*/d liters
a B

1 75.9 2.0 1 40 35.3 197 5.0
2 80.0 2.0 1 6.7 439 261 12.0
3 46.6 1.4 1 7.6 29.2 367 8.6
3 46.6 1.4 33 8.1 45.6 172 59
4 98.2 2.1 33 33 85.0 157 33
6 89.0 2.0 33 2.8 61.3 113 1.6
8 73.5 1.9 33 4.6 374 199 6.7
10 84.0 2.8 33 2.2 35.0 174 6.4
1 759 2.0 10 17.9 98.0 168 9.9
5 82.7 2.2 10 10.3 43.0 153 8.2
6 89.0 2.0 10 8.1 60.3 152 79
7 85.0 2.0 10 14.5 59.7 200 10.2
9 89.9 2.1 10 5.5 325 265 8.8
10 84.0 2.8 10 11.4 59.7 138 9.6
Mean 78.6 2.05 7.6 51.8 194 6.6
SEM 4.0 0.11 1.2 5.4 17.5 0.8

calculated initial volume of distribution was 6.6+0.8 liters. There
was no significant difference between the MCR, or the t,,,8
between the doses studied, which suggested nonsaturation of
the elimination mechanism.

Constant infusion studies. Plasma IR-GRF levels during the
constant infusion of hpGRF(1-40) at rates of 1, 3.3, 10, and
33 ng/kg per min are shown in Fig. 3. Plasma IR-GRF levels
appeared to stabilize ~60 min after the start of each infusion
and the MCR was calculated from plasma values measured after
this time. Table II contains the MCR calculations in these sub-
jects. There was no significant difference between the MCR at
the different infusion rates. The overall mean MCR was 202+16
liters/m? per d.

Plasma IR-GREF levels were measured in eight subjects after
discontinuation of the 33 ng/kg per min infusion. The plasma
levels could be fit to a single exponential curve during the 90-
min postinfusion period and the results are shown in Fig. 4.
Analysis of the plasma disappearance curves yielded a half-time
of 41.3+3.0 min when analyzed as individual curves (Table III)
and 47.7 min when analyzed as a composite curve. The cal-
culated concentration before the cessation of infusion was
8.43+1.15 ng/ml, a value similar to that observed experimentally
(8.51+1.92 ng/ml).

Gel filtration of plasma afier hpGRF(1-40) injection. The
Sephadex G-50 elution pattern of plasma obtained 30 min after
the injection of hpGRF(1-40), 10 ug/kg, is shown in Fig. 5. All
of the GRF immunoreactivity eluted in a single peak with a
dissociation constant (K;) of 0.48 which coincided with the
elution position of hpGRF(1-40) standard.

Bioassay/radioimmunoassay comparison. Plasma samples
from three subjects, obtained 30 min after the injection of
hpGRF(1-40), 3.3 ug/kg, were Sep-pak-extracted and bioassayed
for growth hormone-releasing activity. Basal plasma samples
that were similarly processed did not exhibit any growth hor-
mone-releasing activity and did not alter the slope of the elevation
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Figure 3. Plasma IR-GRF levels during a stepwise infusion of
hpGRF(1-40) over a 6-h period. Shown are the mean+SE of results
in four subjects. L.D.V., least detectable value in radioimmunoassay.
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Table II. MCR of hpGRF(1-40) during Constant Infusion

Subject Weight Surface area GRF dose Plasma IR-GRF MCR
kg m? ng/kg/min ng/ml mifkg/min liters/m*/d
11 83.6 2.1 1 0.26 3.85 221
33 1.20 2.75 158
10 4.35 2.30 132
33 6.15 5.37 308
Mean+SEM 3.57+.68 205+39
12 71.4 1.87 1 0.43 2.33 128
33 0.86 3.86 212
10 2.20 4.55 250
33 4.99 6.61 363
Mean+SEM 4.34+.89 238149
13 834 1.97 1 0.38 2.66 162
33 1.04 3.18 194
10 343 2.92 178
33 13.45 245 149
Mean+SEM 2.80+.16 171+10
14 78.0 1.91 1 0.33 3.08 181
33 1.0t 3.27 192
10 3.00 3.33 196
33 9.12 3.62 213
Mean+SEM 3.32+.11 1967
Overall mean+SEM at mean level at equilibrium 3.38+.34 202+16

of the dose response curve of hpGRF(1-40). Bioassay of the
30-min postinjection plasma revealed bioactive GRF levels of
20.3, 11.1, and 6.5 ng/ml, which compared with corresponding
IR-GRF levels of 14.1, 7.1, and 4.8 ng/ml.

Discussion

Several methods are available for the measurement of metabolic
clearance and disappearance rates of peptide hormones normally
present in plasma. They differ most notably in the choice of
single injection vs. constant infusion protocols, the use of natural/
synthetic vs. isotopically labeled peptide, and the technique used
to detect the exogenously administered hormone. The constant
infusion protocol (21, 22) and the single injection technique
(23, 24) provide generally similar estimates of the MCR and
can be used to confirm the results with each other, as was done
in the present study. The choice of labeled vs. nonlabeled hor-
mone is more complicated since each introduce a certain prob-
lem. Radiolabeled hormones, in order to possess sufficient spe-
cific activity, are prepared with '>°I or '*'I, which not only exposes
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the experimental subject to ionizing radiation but results in a
chemically modified hormone, possibly with altered bioactivity,
which may be eliminated from circulation by routes dissimilar
to that of the natural compound. Furthermore, techniques to
measure the radioactive hormone in plasma after administration
must demonstrate that the measured radioactivity is still in the
same chemical form as originally prepared. Differences in the
plasma disappearance rate of '**I-labeled insulin and nonlabeled
insulin have been demonstrated (25) and relate to this problem.
The use of nonlabeled hormones, in contrast, requires a validated .
method to assay the hormone in plasma and a means of dis-
tinguishing endogenous from exogenous hormone.

In preliminary experiments we demonstrated that unex-
tracted plasma contains material(s) that displaced '>*I-hpGRF(1-
40) from antibody, resulting in apparent plasma IR-GRF levels
of ~2 ng/ml. Evidence that this plasma immunoreactivity was
not hpGRF(1-40) was provided by its void volume elution on
Sephadex G-50 and its lack of retention on the Sep-pak. Reverse-
phase cartridges have previously been used successfully by us
and others for extraction of small peptides from tissue (26) and
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Figure 4. Plasma IR-GREF levels after discontinuation of the constant
infusion of hpGRF(1-40) as shown in Fig. 3. Shown are the
mean=SE of results in eight subjects.

plasma (27). Normal plasma, after elution from the cartridge,
contained no detectable IR-GRF and therefore no problem was
encountered in distinguishing endogenous from exogenous GRF.
The use of radioimmunoassay as a technique for measuring the
infused or injected hpGRF(1-40) was required because of the
low levels present. Consequently, there was the possibility that
metabolic degradation of injected hpGRF(1-40) would lead to
the formation of immunoreactive fragments that differed from
hpGRF(1-40) in size or biologic activity. This was assessed by
Sephadex gel filtration and by bioassay of postinjection samples.
Under the conditions tested, no evidence was found for the
presence of GRF fragments with altered size or reduced bioac-
tivity.

Table III. Plasma Disappearance Rate of hpGRF(1-40) after
Cessation of Constant Infusion

Subject Disappearance time (t,/;)
min

11 51.9

12 50.5

13 41.0

14 41.2

15 347

16 25.8

17 45.5

18 40.1
Mean+SEM 41.3+£3.0

The disappearance time was determined by linear regression analysis
of In (plasma IR-GRF) vs. time. t,;,, = 0.693/(— slope). A constant
infusion of hpGRF(1-40), 33 ng/kg/min for 90 min, was used to
provide a steady state condition.

BLUE DEXTRAN  hpGRFj_40 NaCl
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Figure 5. Sephadex G-50 (0.05 M PO,-saline buffer, pH, 6.0) elution
pattern of plasma IR-GRF obtained 30 min after injection of
hpGRF(1-40), 10 ug/kg. Plasma (1 ml) was Sep-pak-extracted and
gel filtered as described in Methods. Void volume (V,) and elution
volume (V,) were determined using blue dextran and NaCl, respec-
tively. The position of hpGRF(1-40) standard was determined on a
separate gel filtration. L.D.V., least detectable value in radioimmu-
noassay.

The MCR of hpGRF(1-40), as determined by the constant
infusion and single injection techniques, varied by <5% and
were statistically indistinguishable from one another. The met-
abolic clearance was independent of dose in each of the studies,
indicating that mechanisms for removal of GRF from plasma
had not reached saturation.

The disappearance curves after the single injection of
hpGRF(1-40) differed from those after discontinuation of the
constant infusion with the former exhibiting a biexponential
curve and the latter a monoexponential curve. This can readily
be explained by the fact that the biexponential curve represents
the composite of an equilibration phase (a-phase), representing
the filling of the extra vascular compartment, and an elimination
phase (B8-phase), representing the irreversible removal of IR-
GREF from plasma. The monoexponential curve observed after
termination of the constant infusion indicates the presence of
a predominant B-phase, since the extravascular compartment
was filled and equilibrated during the period of constant infusion.
The similarity of the half-times calculated from the two tech-
niques strongly supports this interpretation.

The clearance of hpGRF(1-40) from human plasma is con-
siderably slower than that of several other hypothalamic hor-
mones (thyrotropin-releasing hormone, gonadotropin-releasing
hormone, somatostatin) whose t,,, ranges from 1 to 10 min
(13-15) but is similar to that of corticotropin-releasing factor
(28). This is in part related to the size of hpGRF(1-40) which
is similar to the 41-amino acid corticotropin-releasing factor
but much larger than the other peptides which range from 3-
to 14-amino acids. However, factors other than size are also
important since the plasma disappearance rate of ACTH, a 39-
amino acid peptide, is considerably faster. In contrast to
hpGRF(1-40), ACTH is extremely susceptible to plasma deg-
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radation, which also contributes to its relatively shorter half-
life (29).

Knowledge of the MCR of a hormone is important in de-
termining its production rate which, with respect to peptide
hormones, represents its secretion rate. This has its greatest
significance when the hormone is transported from the site of
its secretion to its site(s) of action through the same circulation
as is used to study its metabolic clearance. For GRF and the
other hypothalamic hormones, however, these criteria are not
fulfilled since their physiologic circulation is restricted to the
hypothalamic-pituitary portal system, only a few millimeters in
length. This distance is sufficiently small and the time required
to reach the target cells in the pituitary is correspondingly short,
so considerations of metabolic clearance are of little biologic
importance.

In contrast, these considerations do not apply when ectopic
GREF production (30) is considered. Here, the MCR becomes

of great importance since GRF must travel through the peripheral
circulation to reach the pituitary. The stability of hpGRF(1-

40) in plasma and its relatively slow MCR result in higher
plasma levels and greater biologic effects at the same secretion
rate than would otherwise occur.

If plasma hormone levels are measureable, knowledge of
the MCR can provide an indication of the secretion rate (se-
cretion rate = MCR X plasma level) of the peptide by the tumor.
In one patient with ectopic GRF production (9) we have de-
termined the plasma IR-GREF level to be 3.8 ng/ml (Frohman,
L. A.,J. L. Thominet, and M. O. Thorner, manuscript in prep-
aration), which results in a calculated secretion rate of 21 ug/
d. The total tumor GRF content based on its weight and IR-
GREF concentration (7) was 880 ug, indicating a turnover rate
of 2.4%. The absence of information concerning the turnover
rate of GRF in the human hypothalamus precludes a reliable
estimate of hypothalamic GRF secretion. However, the marked
difference in GRF content between the tumor and the human
hypothalamus, where preliminary results indicate levels to be
in the submicrogram range (7), implies a considerably lower
hypothalamic secretion rate.

Finally, the information provided by the disappearance rate
study may provide a partial explanation for the more prolonged
GH responses, particularly at 2 and 3 h noted after injection
of high doses (1-10 ug/kg) of GRF (11). Whereas the minimal
hpGRF(1-40) concentration in peripheral plasma required for
stimulating GH release is unknown, we have recently reported
that a constant infusion of 1 ng/kg per min is sufficient to elicit
the plasma GH response in normal subjects (31). In the present
study, this dose resulted in a plasma IR-GRF level of 0.35 ng/
ml. Examination of the GRF disappearance curves (Fig. 1) in-
dicates that plasma IR-GREF levels after injection of 3.3 or 10
ug/kg doses remained above this level for at least 3 h, and after
the 1 ug/kg dose, for 2 h, thereby providing a continuous stimulus
for GH release.

In conclusion, we have described methodology for measuring
plasma IR-GREF levels after exogenous administration and have
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determined the MCR and plasma disappearance rate of
hpGRF(1-40) after both single injection and constant infusion.
The results have been extrapolated to provide estimates of GRF
secretion rates in patients with ectopic GRF production.
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