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Introduction

The growth promoting effect of porcine somatotropin
(PST) was known as carly as in 1955'. Since then, many re-
ports have confirmed the early findings and potential benefit
of PST in pig industry””.

With the advent of molecular biological techniques, it has
been now possible to produce a large amount of recombi-
nant PST (rPST) and shown that the effect of rPST is not
qualitatively different from natural PST*®, It is also known
that rPST improves the growth rate and the feed efficiency
of treated pigs and reduces carcass fat™™®, but rPST has little
effect on the processes of pregnancy, paturition and other
reproductive functions'. Although the mechanism of an-
abolic effect of PST is not clearly elucidated, it seems to be
that insulin-like growth factor 1 (IGF-1) is one of closely re-
lated mediators of PST action as in other species™' ",

PST in normal injection formulation should be admi-
nistered at least once a day because of its short biological
half-life"*"*. To overcome such inconvenience, the sustained-
release preparations of PST (PST-SR) were recently in-
troduced’®'’ and it was shown that PST-SR was effective in
promoting the rate and efficiency of lean growth as long as
42 days after single treatment.

In this work, we present the pharmacokinetic profiles and

the residual PST and IGF-1 levels in 6 edible tissues after
single or repeated treatment with a sustained-release for-
mulation of rPST (LB00006), which was recently developed
by LG Chemical Ltd.

Material and Methods

LB00006, a sustained-release formulation of rPST design-
ed to be effective for 1 week, was provided by LG Chem-
ical Ltd (Taejeon, Korea). Each dose of LBOOOG contains
100~125mg of rPST. Clinically heathy gilts and barrows of
crossbreeds originating from Landrace-Yorkshire raised in
Teaching Farm of Yonam College of Animal Husbandry &
Horticulture were used (body weight: 62+4.2kg, mean+
SD). Eight pigs were housed in each hogpen (3 X 5m’) and
allowed to freely access to feeds (Daehan Jedang) and water
under natural day-night shift.

Eighteen pigs, for pharmacokinetic experiments, were ran-
domly assigned to three treatment groups ; SC group treated
subcutaneously with a clinical dose (100~125 mg/head), SC2
group treated subcutaneously with twice of a clinical dose
and IM group treated intramuscularly with a clinical dose.
The clinical dose of rPST was determined based on the op-
timun daily dose (100 pg/kg/day), and the degradation rate
during 7 days of a dosing interval'®. For the evaluation of

residual PST in tissues, 64 pigs were randomly assigned to 4
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groups : control, SC, SC2 and IM. Four pigs in each group
were sacrificed at the day 6, 8, 10, and 14 after the last treat-
ment. PST-SR was implanted into the neck area subcutane-
ously in SC and SC2 groups and intramuscularly (Cleido-
cephalicus muscle) in IM group. The pigs were treated once
a week with 100 mg per head for the initial 3 weeks and
125 mg per head for the later 3 weeks.

Blood samples for pharmacokinetic study were taken at
the times of 48, 24, and 1 hour before, and 0.25, 0.5, 1, 2,
3, 4, 6 and 7 days after administration of PST-SR. For the
evaluation of tissue residues, PST-SR was administered
once a week for 6 weeks. Blood were sampled at 48, 24
and 1 hour before the first administration, on 2, 4 and 7
days after following each administration, and on 2, 4, 6, 8,
10 and 14 days after the final administration.

Blood samples (5 ml) were collected via venifuncture of
the jugular vein into heparinized syringes with 24G needle.
Plasma was separated within 30 minutes by centrifugation
for 10 min at 3,000 rpm. Plasma from each animal was
transferred into two small tubes (1 ml). Animal name and
sampling time were labelled on each tube. Those samples
were stored at -20C until the assay. Tissues (~50 g) of mus-
cle (hind leg), injection site, liver, kidney, small intestine
and fat (abdominal) were also sampled at 6, 8. 10, and 14
days after the final treatment, labelled and stored at -20TC
until the assay.

PST and IGF-1 levels were determined by the ra-
dioimmunoassay of Choi et al®, The slope factor that in-
dicates the sensitivity of procedures was 1.1671+0.268 ng/
ml (n=12) for PST and 0.930+0.141 ng/ml (n=15) for IGF-
1 determined by the "four parameter logistic equation” of
De Lean et al ™. To evaluate the detection limit of method,
the tissue samples containing known amount of PST or IGF-
1 were serially diluted by 7, 14, 28, 56, 224, 448, 896, 1792
and 3584 times and PST or IGF-1 levels in diluted samples
were assayed. Then, we took the lowest levels that keep the
correlation (or linearity) between the measured and the ex-
pected concentrations. The detection limit for PST was in
the range of 0.17~0.25 ng/gm (average, 0.204+0.028) and
that for IGF-1 was in the range of 0.23~0.51 ng/gm in dif-
ferent tissues (average, 0.295+0.096 ng/gm). The coef-

ficient of variance that reflects reproducibility of the assay
was 5.8012.54% (n=20) for PST and 7.1+2.85% (n=21)
for IGF-1. The recovery rate of PST or IGF-1 from tissues
ranged 71~79%.

To analyze plasma-concentration time profile, we used
the following equation considering absorption and el-

imination processes,

y = [ (€-P) s(eret) 4y, -emrermmemees (1)

Where 'a' is a constant representing F*Dose/Vd, and F,
Dose and Vd are bioavailability, amount of drug ad-
ministered and volume of distribution of the drug, respec-
tively®'. Parameter ‘o' is an initial absorption rate constant
and 'f, elimination rate constant. Parameters 'y and y,' are
measured and background plasma levels of PST or IGF-1,
respectively. Decay half life was obtained from the relation
ty» = 0.693/8. Clearance and volume of distribution were not
attempted to obtain because of the nature of slow-release for-
mulation. Area under the curve (AUC) was obtained by
linear trapezoidal extrapolation method of Rowland and Toz-
er”’. The normal levels of PST and IGF-1 were not included
in this calculation. Area under the first moment of the con-
centration-time curve (AUMC) was obtained by integrating
the curve obtained by multiplying concentration-time data
and time. Mean residence time (MRT) was obtained by di-
viding AUMC with AUC. Actual non-linear curve fitting
and integrations were done by using a graphic software, Ori-
gin (Ver 4.1, Microcal Software, Inc. Northampton, MA
01060 USA). Statistical significance was determined by ¢ -
test at p values less than 0.05.

Results

Pharmmacokinetic properties of PST-SR . Normal plasma
levels of PST and IGF-1 in pigs (60 kg BW) were 2.41+1.50
ng/ml (mean+SD, n=29) and 95.21+4.1 ng/ml (n=36).
Subcutaneous implantation of PST-SR increased plasma
PST and IGF-1 levels above their control levels (Fig 1). Fig
1A illustrates that plasma PST levels rapidly increased and
reached to the peak at 8 hour (30 ng/ml) after the treatment

and then slowly decreased afterwards. Decay half-lives ob-
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Fig 1. Plasma concentration-time profile of PST (A) and IGF-
1(B). Sustained-release preparation of PST (LB00006) was
injected subcutaneously at two doses, 100 (SC) and 200mg/
pig (SC2). Lines are drawn by the best-fit parameters of e-
quation (1) described in Materials and Methods for SC (solid
line) and SC2 (dotted line). Symbols and bars are averages of
4-6 measurement and standard error of mean, respectively.

tained by nonlinear regression as described in Materials and
Methods were 91 and 182 hours for the groups of SC and
SC2, respec-tively (Table 1). In one week after the treat-
ment, the plasma PST levels in SC group retummed to the
baseline level, while those in SC group remained higher
than the normal level. The solid and dotted lines drawn by
the equation (1) with the best-fit parameters obtained by a
curve fitting routine were reasonably well simulating the
measured data points except the peak values. We also tried
to fit the data shown in Fig 1A and 1B with an equation
containing two exponentials, but the results were not better
than the model described in the equation (1). Plasma con-
centration-time profiles of IGF-1 shown in Fig 1B was sim-
ilar to those of PST. However, the time to peak (165 ng/ml)
of plasma IGF-1 occurred at 12 hours after the treatment
which was slower than PST by 4 hours. Decay half-life of
plasma IGF-1 was 75 and 90 hours in SC and SC2 groups,
respectively (Table 1).

Fig 2 shows the plasma concentration-time profiles of
PST and IGF-1 of IM group. The overall trend was similar
to those of group SC and SC2 although the average decay
half-life of PST in IM group appeared larger than those of
other two groups.

A common feature of Figures 1A and 2A was a biphasic
decay pattern of plasma PST levels showing initial large in-

crease and later small increase. Fig 3 illustrates three typical

Plasma IGF-1

Plasma PST

sC ose M sC sC2 Y
a () ' 0.13 022  0l6 060 056 098
toee () 8 8 8 12 12 12
g Y 0.076 0.0038 0.0026 0.0093 0.0077 0.0070
t (h) 91 182 227 75 90 99
Yo (ng/ml) -0.69 2.39 0.89 103 107 98
X 31 49 194 61 63 52
AUC (ng/ml/h) 3,084 3,093 2437 5,041 4725 2437
AUMC (ng/ml/h?%) 231,445 250,624 206,311 308,863 307,307 206,311
MRT (h) 75.0 81.0 84.7 613 65.0 84.7

o, initial absorption rat; CONSHANt; ty,y tO pﬂcélixﬂpil:a’s;a”;lr\&r;mdmr; Yos bac?g;ﬁﬁ;{k;croif PST (porciné so;a;;oy;n;;r 7I(?FVX (mﬁ;éom

factor 1); P, elimination rate constant; AUC, area under the concentration-time curve; AUMC, area under the first moment of the concentration-time

curve; MRT, mean residence time; 2, parameter for evaluation of goodness of the fit.
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Fig 2. Plasma concentration-time profiles of PST(A) and IGF-
1(B). LB00006 was injected intramuscularly at t=0. The
dotted lines in A and B were drawn by the best fit parameters
to equation (1). Other conditions are similar to those in Fig 1.
Note that PST levels is temporarily lower during 24~48 hours
after the administration.

data sets showing such a trend, a rapid initial increase and
decrease during the initial 24~48 hours and a slight increase
and sustaining at a steady level during 48~144 hours after
the treatment. This pattern of plasma concentration-time pro-
files of PST indicate that there are two phases in the release
of PST from the formulation, initial rapid and later slow
phases.

Table 1 is a summary of various pharmacokinetic paramet-
ers. The decay half-lives of PST (91~227 hours) after the
implantation of PST-SR are much larger than those of daily
injection formulation which is less than 1 hour'", in-
dicating the sustained nature of the preparation used in our
study.

PST and IGF-1 concentrations during repeated ad-

ministration : Fig 4 illustrates the plasma levels of PST and
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Fig 3. Typical plasma concentration-time profiles of PST show-
ing two phases of increase in plasma PST. PST (100 mg/pig)
was administered subcutaneously at time zero.
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Fig 4. Plasma concentration-time profiles of PST(A) and IGF-
1(B) after repeated administration of PST. PST was ad-
ministered once a week on day 0, 7, 14, 21, 28, and 35 for 6
weeks (marked by arrows). SC: the group treated sub-
cutancously (100 mg/head), SC2: the group treated sub-
cutaneously with (200 mg/head), IM: the group treated in-
tramusculary (100 mg/head).

IGF-1 in response to consecutive administrations of PST-SR

at 1 week intervals. PST levels increased after each ad-
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ministration and decreased with time, showing a cyclic fluc-
tuation of increase and decrease. After the last admini-
stration, plasma PST levels were slightly higher than those
after the first administration, although the differences were
not statistically significant. During the 6 week treatment
period, peak plasma PST levels were in the range of 20~40
ng/ml which was 10~20 times higher than the control level.
However, PST levels were gradually decreased after the last
treatment and returned to the control level in 8 days. In con-
trast, plasma IGF-1 levels did not fluctuate much and gra-
dually increased with repeated administration in all treat-
ment groups (Fig 4B). After the final administration, the
IGF-1 level reached the peak which was about two and half
times of the control and remained at significantly higher lev-
els up to 14 days after the last dose.

In this work, we also compared two routes of admini-stra-
tion for PST-SR, subcutaneous and intramuscular routes. As
shown in Fig 4, the overall plasma concentration-time pro-
files of PST and IGF-1 are not different between the two
routes.

Tissue residue levels of PST and IGF-1 after the last
treatment : Figures 5 and 6 show the concentration of PST
and IGF-1 in muscle, liver, kidney, fat, small intestine and
injection site at days of 6, 8, 10 and 14 after the last ad-
ministration. At day 6 after the last administration, tissue
PST concentrations were already near the control levels.
The residual PST levels were highest in the liver (8.5~11 ng/
g), then followed by the kidney (7.4~10.7 ng/g), small in-
testine and muscle (3.1~4.8 ng/g) and fat (2.8~3.2 ng/g). In
addition, the PST levels in injection sites were not sig-
nificantly different from that of the similar sites in untreated
pigs. The tissue levels of IGF-1 also tend to decrease with
time as shown in Fig 6, but the IGF-1 levels in the liver,
kidney, fat and intestine were significantly higher than those
of respective controls at day 6 after the last administration
(p<0.01). However, on day 14 after the last administration,
none of these tissues showed the higher PST concentrations
than the control. The tissue IGF-1 levels were highest in the
liver and the kidney (7.4~15ng/g), then followed by small
intestine and fat (6.2~9.6 ng/g) and muscle (2.6~4.1 ng/g).

Discussion

In this work we determined the pharmacokinetic pro-
perties and residue levels of PST and IGF-1 after single or
repeated treatment of a sustained-release formulation of PST
(PST-SR) developed by LG Chemical Ltd. The results in-
dicate that PST-SR used in this work is effective for at least
1 week while the residual levels of PST and IGF-1 in edible
tissues returned to the resting levels within 2 weeks after the
6 consecutive treatments at 1 week intervals.

The elimination half-life of plasma growth hormone in
porcine was reported as 7~12 min®, 14~21 min'* and 40
min", Therefore, PST of daily injection formulation must
be administered at least once a day and such a frequent ad-
ministration is not desirable because of the cost and stress
to the pigs. Our results demonstrate that the sustained-
release formulation used in the present work can the decay
half life of PST from less than 1 hour to 91~227 hours. Pre-
viously Klindt et a/'® and Buonomo et al'® also reported
on sustained-release implants for porcine somatotropin.
Their implants were designed to steadily release at a rate of
2 mg PST/day/implant and the peak plasma PST was about
35 and 60 ng/ml at the release rates of 2 and 4 mg per day,
respectively. The terminal half-life of PST was approxi-
mately 16 days judged from the Fig 1 of Klindt et al ™,
while that of PST-SR used in this work(3.8~9.5 days) was
shorter by 0.6~4 times than that of Klindt ef a! *°, indicating
a slower or little release of PST from the present pre-
paration at later period of a dosing interval. It may be dif-
ficult to obtain the correct time-to-peak value from the
works of Klindt ef al '’ and Buonomo et al ' because their
PST levels already reached the peak at their first meas-
urement at day 7 after the treatment. This value of time-to-
peak is much larger than that in the present formulation (8
hours, Table 1). Nevertheless, the peak values of two PST-
SR preparations were comparable and in the range 30~60
ng/ml. In another report of the same group'’, daily injection
of rPST in sodium bicarbonate induced a rapid increase of
IGF-1 within two days and remained at a steady level
around 300 ng/ml during the treatment. Therefore, these
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comparisons suggest that the release rate during the initial
phase (Fig 3) from the PST-SR used in this study should be
much faster than the those (4 mg/day/implant) from the for-
mulation of Klindt et al *° and Buonomo et al *®. In contrast,
the release rate from LB0O006 at later periods for example
at 24~72 hours after the treatment should be much less than
the release rate of 2 mg/day/implant from the formulations
used by Klindt et al'® and Buonomo et al'. Such diff-
erence between two formulations was not unexpected be-
cause the PST formulation used by Buonomo et a/'® and
Klindt et al *° released PST at a steady rate, but the PST-SR
formulation used in this work released PST in a time de-
pendent manner ; a rapid release during first 24 hours and
following slow release during next 5 days.

Termination half-life of IGF-1 after single treatment of
PST was shorter than that of PST (Figures 1 and 2), but
plasma IGF-1 levels showed a gradual accumulation during
the repeated treatment (Fig 4). Such accumulation was not
evident in plasma PST levels. However, this apparently con-
tradictory observations may not be surprising if one realizes
the fact that the formation of IGF-1 in response to PST oc-
curred more slowly than the effects of plasma PST levels
and the synthetic reaction of IGF-1, once triggered by PST,
lasts longer than the effect of PST. This possibility was also
supported by the results that the time to peak of plasma IGF-
1 was slower by several hours than that of PST (Fig 1 of
this work) and that IGF-1 levels remained elevated after
plasma PST levels returned to its normal level'® (Fig 4 of
this work). So, the sustained-release formulation of PST
seems to maintain plasma IGF-1 concentration at sig-
nificantly higher levels over 7 days after single or 6 con-
secutive treatments, respectively. The residue levels in six
different edible tissues were returned to the control levels at
14 days after the 6 consecutive treatments. Taken together,
our results indicate that LBO00O6 could be an effective as
well as safe dosage form of PST for the repeated treatment
at 1 week intervals in swine industry.
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