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Summary

The pharmacokinetic parameters of MHGH y,x , such as the mean values of ¢, ,, (9.30, 16.8, 22.2 vs 25.8 min), MRT (11.6, 21.7,
26.7 vs 37.9 min) and V,, (166, 218, 342 vs 556 m! kg™ !) tended to increase with increasing doses after i.v. administration of the
hormone (0.2, 0.5, 2.0 and 5.0 U kg~ 1) to rabbits. However, the mean values of CL, CL§g and CL g were dose-independent over
the dose ranges studied, indicating that the dose-dependent pharmacokinetic parameters of MHGH ,,, such as ¢, ,2o MRT and V¢
may not be due to the saturable metabolism of the hormone. The extent of bioavailability after s.c. administration of MHGH ,,¢
(0.5 U kg™ 1) to rabbits appeared to be complete when compared with the AUC values between i.v. and s.c. administration at the
same dose. MHGH ,,x was highly concentrated in the kidney and liver (7 /P ratio greater than unity), whereas lower levels were
observed in the other tissues or organs studied at 2 h after s.c. administration of the hormone (0.5 U kg~ !) to rabbits.

Human growth hormone (HGH) consists of
several molecular forms; heterogeneity of HGH
has been demonstrated in pituitary extracts, pitu-
itary culture media and plasma (Baumann and
Abramson (1983) and references therein). The
HGH forms that can be identified in pituitary
extracts include the following: as the main com-
ponent, the 22 kDa single-chain form (HGH-B); a
20 kDa single-chain form which lacks amino acid
residues 32-46; three proteolytically cleaved,
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two-chain forms (HGH-C, -D and -E); the N%
acetylated form; deaminated forms; slowly mi-
grating forms; and oligomers of HGH (Baumann
and Abramson (1983) and references therein).
The principal form of HGH is a single-chain,
191-amino-acid protein; it lacks covalently bound
carbohydrates, contains two intrachain disulfide
bonds, and has an unblocked amino-terminus
(Kuret and Murad, 1991). This form of HGH is
produced biosynthetically by recombinant DNA
technology and is marked as synthetic HGH
(somatropin). The identical protein but contain-
ing an additional amino-terminal methionine
residue is marketed as synthetic methionyl-HGH
(somatrem; Kuret and Murad, 1991). Lucky Ltd
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(Seoul, Korea) have recently manufactured 22
kDa, demethionylated monomeric HGH having
191 amino acids (MHGH ,,x) by recombinant
DNA technology.

Total body clearances of dimeric HGH (both
20 and 22 kDa forms) were significantly lower
than those of the corresponding monomers, and
both dimers were also degraded at slower rates
than the respective monomers (Baumann et al.,
1986). It has also been reported (Hendricks et al.,
1985) that the larger the HGH component, the
longer it takes to be cleared from the plasma.
Although the structures and physiological actions
of GH have been widely investigated (Fryklund et
al., 1986), a thorough examination of the pharma-
cokinetics of HGH, especially at large dose inter-
vals after i.v. administration, remains to be per-
formed (Salmon et al., 1962; Laron et al., 1965;
Frohman and Bernardis, 1970; Owens et al., 1973;
Wallace and Stacy, 1975; Baumann and Abram-
son, 1983; Baumann et al., 1985, 1986; Hendriks
et al., 1985).

The purpose of the present communication is
to report the pharmacokinetics of MHGH 5, af-
ter iv. administration of the hormone (0.2, 0.5,
2.0 and 5.0 U kg™ !) to rabbits. The plasma level-
time profiles and tissue distribution after s.c. ad-
ministration of the hormone (0.5 U kg™!) to
rabbits are also reported.

47 healthy male New Zealand White rabbits
(1.6-2.2 kg) were anesthetized with 30-50 mg of
i.v. ketamine (kindly supplied by the Yuhan Re-
search Center, Kunpo, Korea) via an ear vein.
The left jugular vein (iv. injection only) and
carotid artery were catheterized with silastic tub-
ing (Dow Corning Inc., Midland, MI). The ani-
mals were allowed to recover from anesthetiza-
tion for 4-5 h before the study and fasted during
the experiment.

MHGH ,, (16 U per vial, kindly supplied by
the Lucky Ltd; 394 ug of the hormone is equiva-
lent to 1.0 U) was freshly reconstituted with dis-
tilled water before use. The hormone, 0.2, 0.5, 2.0
and 5.0 U kg~! was injected (injection volume,
approx. 2 ml) in 10 s through the cannula placed
in the jugular vein into rabbits, 1-8, 9-16, 17-24
and 25-32, respectively. The midpoint of the
injection was taken as time zero. Blood samples

(0.5-2.5 ml, depending on blood sampling sched-
ules and doses) were collected from the carotid
artery and were centrifuged immediately to mini-
mize the potential ‘blood storage effect’ (Lee et
al., 1984; Shin et al.,, 1992) in the plasma concen-
trations of MHGH ,,,. Urine samples were also
collected for up to 24 h after the dose via a
pediatric Foley catheter (Sewoon Medical Co.,
Seoul, Korea) which was introduced into the uri-
nary bladder. MHGH ,, (0.5 U kg~') was in-
jected (injection volume, approx. 2 ml) subcuta-
neously into the dorsal side of the neck of rabbits
33-42, and blood and urine samples were simi-
larly collected. The hormone (0.5 U kg™!) was
similarly injected subcutaneously into rabbits 43—
47. 2 h after the injection, as much blood as
possible was collected through the carotid artery,
and the kidney, liver, stomach, heart, lung, spleen,
large intestine, muscle and brain were excised.
The liver was perfused with cold normal saline
solution which was also used for washing the
other organs or tissues to eliminate blood remain-
ing in each organ or tissue. After blotting dry
with paper tissue, exactly 1 g of each organ or
tissue was measured. Each organ or tissue was
minced into small pieces with scissors and then
homogenized in 3 volumes of phosphate buffer of
pH 74 in a tissuemizer (Ultra-Turrax T25,
Janke & Kunkel, IKA-Labortechnit, Germany).
Plasma was also mixed with 3 volumes of the
buffer. Blood and urine collection methods were
similar to those reported previously (Yoon et al,,
1991).

The concentrations or amounts of MHGH 5,1
in the above biological samples were determined
by radioimmunoassay according to the double
antibody method (Wroblewski et al., 1991). Radi-
olabelled hormone (**1-MHGH ,,;) as a tracer
for MHGH ,, was synthesized following a previ-
ously reported method (Salacinski et al., 1981).

The pharmacokinetic parameters, such as the
area under the plasma concentration-time curve
from time zero to time infinity (AUC), area un-
der the first moment of the plasma concentra-
tion-time curve (AUMC), mean residence time
(MRT), time-averaged total body (CL), renal
(CL ) and nonrenal {CL gy ) clearances, and ap-
parent volume of distribution at steady state (V,,),



were estimated based on standard methods
(Gibaldi and Perrier, 1982; Yoon et al., 1991).
The harmonic mean was employed for calculation
of the mean values of the half-life, each clearance
and V; (Chiou, 1979). The data were analyzed for
statistical significance ( p < 0.05) using analysis of
variance.

After iv. bolus administration of MHGH ,,,
the plasma concentrations declined polyexponen-
tially in all the rabbits studied, the concentrations
also declining slowly with increasing doses (Fig.
1). It is of interest to note that some of the
pharmacokinetic parameters of MHGH ,, were
dose-dependent within the dose ranges studied.
For example, the mean values of ¢, ,, (9.30, 16.8,
22.2 vs 25.8 min), MRT (11.6, 21.7, 26.7 vs 37.9
min) and ¥ (166, 218, 342 and 556 ml kg™!)
tended to increase with increasing doses, and at
the doses of 0.5, 2.0 and 5.0 U kg~! the mean
values increased significantly compared with those
at the dose of 0.2 U kg~ ' (Table 1), Mean termi-
nal half-lives of 21.5 min (Hendricks et al., 1985)
and 19.0 min (Owens et al., 1973) have been
reported previously when unradiolabelled HGH
(9-14 1U) was administered intravenously in 2-4
min to six hypopituitary patients, and unradiola-
belled HGH was infused to 11 normal subjects,
reaching mean steady-state plasma concentra-
tions of the hormone ranging from 5 to 50 ng
ml™!, respectively, as determined via RIA analy-
sis. However, significantly increased values of
t; 2, namely, 165 min (Salmon et al., 1962) and
120-130 min (Laron et al., 1965), were reported
when radiolabelled (**'1) HGH was injected in-
travenously into rabbits. The above might be due
to the fact that the estimated total radioactivity
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Fig. 1. Mean arterial plasma concentration-time profiles of
MHGH ,,¢ after intravenous bolus administration of the hor-
mone: 0.2 U kg™ ' (m), 0.5 Ukg~ ' (0),20 U kg™ ! (0) and
5.0 U kg™! (®) to rabbits 1-8, 9-16, 17-24 and 25-32,
respectively. Bars represent standard deviation,
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(Salmon et al.,, 1962; Laron et al., 1965) does not
represent only *'I-HGH, but rather, it corre-
sponds to the sum of the radioactivities of *'I-
HGH, its metabolites and degraded 'I. The
plasma concentrations of total radioactivity were
reported to be significantly higher and the plasma
levels declined slower than those of immunopre-
cipitable radioactivity when rat *'I-GH was in-
fused into the rats (Frohman and Bernardis,

TABLE 1
Mean pharmacokinetic parameters of MHGH 5,5 after intravenous administration of the hormone (0.2, 0.5, 1.0 and 5.0 U kg ") to
rabbits
0.2Ukg™? 05Ukg™! 20Ukg™! 50Ukg™}
t, /> (min) 9.30 + 2.06 168+475° 222+674° 258+ 6.78 °
MRT (min) 116 + 174 21.7+292° 26.7+732° 3794744 °
V,, (mlkg™1) 166 + 31.8 218 +274 7 342+ 7300 556 + 46.0 ®
CL (ml min~! kg~ 1) 14.2 + 5.61 10.2 +0.79 143 4 0.788 14.7 +3.13
CLy (mlmin~' kg™ ) 0.0419 + 0.0386 0.00929 + 0.0483 0.00714 + 0.143 0.0162 + 0.0455
CLyg (mimin~ kg™ 1) 139+ 6.62 10.1 £0.710 14.2 4+ 0.781 14.2 +2.10

2 p < 0.01, ® p <0.001 when compared to the value of 0.2 U kg~ 1. Values are expressed as means + S.D.
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1970), and '®I- or *'I-HGH was administered
into the rats (Baumann et al., 1985). On the other
hand, a very short terminal half-life (4-5 min)
was reported for the case where unlabelled and
151-HGH o were injected into mice, and could
be due to short (for up to 8 min) blood sampling
schedules (Sigel et al., 1982).

The mean values of CL (14.2, 10.2, 14.3 vs 14.7
ml min~! kg™1), CL (0.0419, 0.00929, 0.00714 vs
0.0162 ml min " kg™') and CL \ (13.9, 10.1, 14.2
vs 142 ml min~! kg~') were not significantly
different between the dose ranges studied (Table
1). A similar result was also reported that the CL
of HGH was constant at serum concentrations of
HGH ranging from 5 to 50 ng ml~! when unla-
belled HGH was infused to normal subjects and
patients with liver disease, renal disease, thyroid
disease and diabetes mellitus (Owens et al., 1973).
The above data indicated that some of the dose-
dependent pharmacokinetic parameters of
MHGH ,, such as ¢, ,,, MRT, and V; might not
be due to the saturable metabolism of the hor-
mone. The increased value of V,, with increasing
doses might be due to decreased plasma protein
binding of the hormone with increasing doses.
The possibility of a capacity-limited catabolic pro-
cess of unlabelled HGH in rats was suggested
(Baumann et al., 1985). It was reported (Frohman
and Bernardis, 1970; Owens et al., 1973; Bau-
mann et al., 1985, 1986) that the mean values of
CL were variable depending upon the sources of
HGH (radiolabelled or unlabelled), the specificity
of HGH (monomer, dimer, 20 or 22 kDa) and the
species (human or rats).

The amounts of unchanged MHGH ,,; ex-
creted in 24 h urine were negligible; the mean
percentages of the i.v. dose excreted in 24 h urine
were 0.58, 0.43, 0.44 and 0.24% for doses of 0.2,
0.5, 2.0 and 5.0 U kg~!, respectively. Similar
results have also been reported elsewhere; small
amounts of HGH are excreted in humans (Lowry
et al., 1971); only a minute fraction (0.01%) of the
HGH secreted reaches the final urine (Baumann
and Abramson, 1983); the percentage of adminis-
tered radioactivity excreted in 2 h urine is 2.4%
when bovine '*I-GH is administered to rats (Re-
tegui-Sardou et al., 1977); and the ratio of CLy
to GFR is less than 1% in rats (Johnson and

Maack, 1977). Baumann and Abramson (1983)
obtained no evidence for HGH forms other than
monomers in urine, and Hanssen (1972) also
found no detectable large HGH in urine as as-
sessed by gel chromatography. Since the amounts
of unchanged MHGH ,, excreted in urine are
negligible, almost all of the intravenously admin-
istered MHGH ,,¢ could be metabolized. It has
been reported that rat '*I-GH is extensively fil-
tered via the glomerulus (glomerular sieving coef-
ficient, approx. 0.6), and subsequently almost
completely absorbed by the proximal tubular ep-
ithelium (Rabkin et al., 1973; Johnson and Maack,
1977). The absorbed rat '®I-GH is catabolized
within renal cells (intracellularly) and a de-
tectable product of catabolism is returned to its
circulation (Johnson and Maack, 1977). Blood
plasma does not degrade the injected hormone,
but the kidney, liver and muscle rapidly produce
radioactive fragments soluble in 10% trichloro-
acetic acid (Retegui-Sardou, 1977). Kidney (Wal-
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Fig. 2. Individual and mean (solid line) arterial plasma con-

centration-time profiles of MHGH p,i after subcutaneous ad-

ministration of the hormone (0.5 U kg™') to rabbits 33 (O),

34(m),35(®), 36 (x),37(+),38(0),39(@),40(a), 41 (0)
and 42 (e).



85

TABLE 2
Amount (ng per g tissue) of MHGH,, . remaining in each tissue at 2 h after s.c. administration of the hormone (0.5 U kg ~ ') to rabbits
43-47
Rabbit Kidney Liver Stomach Heart Lung Spleen LL Muscle Brain Plasma
43 48.8 15.0 5.0 29 1.8 2.8 4.5 25 4.0 15.4
Gan® (0.974) (0.325) (0.188) (0.117) (0.182) (0.292) (0.162) (0.260) (1.00)
44 11.6 16.9 6.3 1.9 33 2.8 35 23 3.0 6.48
1.79) (2.61) (0.972) (0.293) (0.509) (0.432) (0.540) (0.355) (0.463) (1.00)
45 18.1 15.4 1.2 33 4.7 1.8 29 3.0 29 21.5
(0.842) (0.716) (0.195) (0.116) (0.219) (0.0837) (0.135) (0.140) (0.135) (1.00)
46 5.8 18.3 4.2 2.5 5.5 2.0 3.1 25 3.1 9.45
0.614) (1.94) - (0.444) (0.265) (0.582) (0.212) (0.328) (0.265) (0.328) (1.00)
47 41.6 174 - 55 43 4.8 32 45 1.8 2.1 31.8
1.31) 0547 (0.173) (0.135)  (0.151)  (0.101) (0.142)  (0.0566)  (0.0660)  (1.00)
Mean 25.2 16.6 5.04 2.82 4.02 2.52 3.7 242 3.02 16.9
(1.54) (1.36) (0.422) 02000  (0.316)  (0.202) 0287)  (0.200) (0.250) (1.00)
S.D. 19.0 1.38 0.896 0.901 1.48 0.593 0.761 0.432 0.676 10.1
(1.01) (0.882) (0.326) (0.0788)  (0.215) (0.139) (0.166) (0.116) 0.157) (0.00)

2 Tissue to plasma ratio

lace and Stacy, 1975) and liver (Owens et al.,
1973) were also reported to be major sites of
degradation of HGH.

Individual and mean arterial plasma concen-
tration-time curves of MHGH ,, after s.c. ad-
ministration of the hormone (0.5 U kg™ !) to
rabbits 33—-42 are shown in Fig. 2. The extent of
bioavailability of MHGH ,,¢ after s.c. administra-
tion appeared to be complete when compared
with the values of AUC; the mean value of AUC
from time 0 to 480 min after s.c. administration of
the hormone (0.5 U kg™ !) was 14400 ng min
ml~! (the AUC from time 0 to infinity could be
larger than 14400 ng min ml™}, and that from
time 480 min to infinity could not be estimated
because the terminal phase in the plasma concen-
tration-time profile could not be obtained after
s.c. administration) and the AUC value from time
0 to infinity after i.v. administration of the hor-
mone (0.5 U kg~ 1) was 18400 ng min ml~!. The
percentages of the dose excreted in 24 h urine as
unchanged MHGH ,,, after s.c. administration of
the hormone (0.5 U kg™ !) were also negligible,
the mean value being 0.55%.

The amounts (ng per g organ or tissue) of
MHGH ,,, remaining in each organ or tissue at 2
h after s.c. administration of the hormone (0.5 U

kg~!) to rabbits 43-47 are listed in Table 2.
MHGH ,,« was highly concentrated in the kid-
ney, liver and plasma, however, lower levels were
found in the other organs or tissues studied; the
mean values of the tissue (or organ) to plasma
ratio (T/P) were 1.54, 1.36, 0.422, 0.200, 0.316,
0.202, 0.287, 0.200 and 0.250 for the kidney, liver,
stomach, heart, lung, spleen, large intestine, mus-
cle and brain, respectively. A T/P ratio greater
than unity in the kidney and liver was also re-
ported (Salmon et al., 1962) for the case of *!1-
HGH being administered intravenously to rab-
bits.
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