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Regulation of plasma growth hormone (GH), somatostatin
(SS), and insulin-like growth factor-I (IGF- I) is essential
for optimal growth and production. Ghrelin (GHS-R, Kojima
et al.1999), important for growth hormone (GH) release
(Peino et al. 2000), feeding behaviour (Kamegai et al. 2000),
body weight gain (Wren et al. 2000, Toshinai et al. 2006),
gastric functions (Dieguez et al. 2000) and endocrine
regulation (Gil-Campos et al. 2006), is produced by
enteroendocrine cells, A-like cells, oxyntic glands, and in
the intestine, and is secreted into bloodstream (Kojima et
al.1999, Wren et al. 2000, Toshinai et al. 2006). In vivo, i/v
infusion of ghrelin in weaned pigs increased ghrelin, GH,
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insulin, and cortisol concentrations in serum, and decreased
serum IGF-1 (Salfen et al.2004). Okumura et al. (2002)
showed that ghrelin administration did not alter serum IGF-
I. Ghrelin increased somatostatin mRNA levels in
hypothalamus of GH-deficient rats (Seoane et al.2003). These
findings suggested important links between ghrelin and other
growth hormones. Wolff et al. (1990) reported that muscle
cells were able to take up plasmid DNA injected
intramuscularly and expressed the genes. Hence, many
studies were focused on plasmid-mediated gene transfer
thereafter. Plasmid DNA is considered simple to manipulate
(Frederickson et al. 2003). Injection of exogenous GHRH
DNA plasmid in mice and pigs stimulated growth (Draghia-
Akli et al. 1997, 1999). In Taihu piglets, intramuscular
injection of pGHRH gene plasmid stimulated GHRH, GH,
and IGF-I excretion (Zhang et al. 2008). The pCI expression
vector is widely used in plasmid-mediated gene transfer and
is designed to promote constitutive expression of cloned DNA
inserts in mammalian cells. We studied the effects of PCI-
ghrelin-28aa on the performance and circulating levels of
GH, SS, and IGF-I concentrations in weanling piglets.

MATERIALS AND METHODS

Number I Junmu pigs (8), 45-day-old with average initial
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ABSTRACT

The aim of this study was to investigate effects of ghrelin plasmid (PCI-ghrelin-28aa) administration on plasma
growth hormone (GH), insulin-like growth factor-I (IGF- I), and somatostatin (SS) levels, and growth performance in
weaning pigs. Number I Junmu weaning piglets (8), 45-day-old, were randomly placed into 2 groups. Pigs in treatment
groups were injected intra-muscularly with 1.5 mg kg-1 of ghrelin plasmid and in the control group, same dose of
elution buffer. On day 0, 7, 21, 35, 49, and 63, body weight, food intake, and the circulating levels of GH, IGF-I, and SS
were measured. The results showed that ghrelin plasmid significantly increased average daily weight gain (ADG) by
10.45% at 21 to 35 days. There were no significant differences between the treatment and control groups for daily food
intake. Feed gain ratio (F/G) for the ghrelin treatment group was significantly better than control at 21–35d and 0–63d.
Serum GH concentrations were significantly higher than control at 35 and 49 days. IGF-I levels were higher at 7 to 35
days in treated piglets and then decreased to a value which was significantly lower than those of the controls at 63 days.
SS increased by 14% at 35 days and by 50% at 63 days. Results indicated that Ghrelin plasmid increased ADG and F/
G, and regulated the levels of GH, IGF-I, and SS in piglets.
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weight of 16 kg were used in a 63-day study. Pigs were
randomly assigned to 2 treatment groups, with 4 individuals
per group, housed in individual pens. Food and water were
offered ad lib. Corn and soybean meal based diets meet
nutrient recommendation for pig by NRC (1998). A 2-phase
feeding programme, from 45–65 days of age (DE: 13.89 MJ/
kg, CP: 19.73%) and from 66–107 days of age (DE: 13.18
MJ/kg, CP: 16.47%) was adopted.

Ghrelin plasmid: The plasmid containing the ghrelin gene
was constructed by our team (Yang et al.2006). The
recombination plasmid was identified by PCR, digestion with
internal restriction enzymes, and sequencing. After showing
successful expression of the recombinant ghrelin in the cells,
the plasmid DNA construct was transfected into E. coli.

Plasmids were extracted and purified with the endotoxin-
free plasmid mini kit and dissolved in elution buffer to a
final concentration of 1–2 mg ml-1. Plasmid purity and
concentration were confirmed by 1% agarose gel
electrophoresis and UV absorption at 260 and 280 nm. The
percentage of supercoiled DNA and the OD 260/280 ratio of
these preparations were approximately >92–96% and 1.7–
1.9, respectively.

On the first day, pigs were injected with a high osmotic
pressure sucrose solution (0.2 ml kg-1 BW) as an
immunologic adjuvant; 20 min later, the treatment group was
treated with recombinant plasmid PCI-Ghrelin-28aa (1.5 mg
kg-1 in 16 ml, dissolved in elution buffer) by intramuscular
injection into the semitendinosus muscle at a depth of 1 cm,
whereas, the control group received a similar volume of
elution buffer.

Test index and method: Pigs were weighed before
injection, and at 7, 21, 35, 49, and 63 days thereafter. Blood
samples were collected through the precaval vein on the day
of injection, as well as 7, 21, 35, 49, and 63 days after
injection. Blood samples were divided into 2 portions. One
portion was prepared for serum by inversion and incubation
at 37°C for 30–60 min, followed by incubation at 4°C
overnight to allow the clot to contract. The serum was
decanted away from the clot into a new centrifuge tube and
spun at 1300×g for 15 min to remove other materials. The
other portion was used for separation of plasma where
collected blood samples containing EDTA-aprotinin (12.5
µl ml-1 of blood) were centrifuged at 1300×g for 10 min at

4°C. Separated plasma and serum were stored at –70°C until
analysis.

Food intake was recorded daily. Average daily gain (ADG)
and food gain ratio F/G were calculated for the periods of 0
to 7, 7 to 21, 21 to 35, 35 to 49, and 49 to 63 days. GH and
IGF-I concentrations were measured by antibody
radioimmunoassay (RIA) after extraction of serum (GH and
IGF-I radioimmunoassay kit). The SS concentration was
measured by RIA after extraction of plasma (SS
radioimmunoassay kit).

Statistical analysis: Collected data were analyzed using
SPSS 13.0 software and were presented as mean±SE. The
significance test was analyzed by the independent-samples
T-test. Differences were considered highly significant at
P<0.01 and significant at P<0.05.

RESULTS AND DISCUSSION

Growth performance: All of the pigs were healthy and
grew well throughout the experiment. The effects of ghrelin
plasmid on growth performance of pigs are given in Table 1.

The results indicated that the ghrelin gene plasmid
increased ADG of pigs in injected group on days 7 to 21, 21
to 35 and 0 to 63, and was 10.45% higher on days 21 to 35 in
treated group than the control (P<0.05). After day 35, ADG
of treatment group was lower than the control, but there were
no significant differences. Likewise, there were no significant
differences between the treatment and control groups for daily
feed intake (P>0.05). During the experiment period, there
were no significant differences between the treatment and
control groups (P>0.05) for feed gain ratio, except for days
21 to 35 and 0 to 63, which were significantly lower than
control (P<0.05).

Blood concentrations of GH, IGF-I, SS: The results
showed that the serum GH concentrations in subjects
receiving ghrelin treatment tended to increase from the first
postoperative day and were significantly higher (P<0.01) than
those in the control groups at 35 and 49 days (Fig. 1).
Similarly, SS levels (Fig. 2) were significantly higher than
in the control group at 35 and 63 days (by 14%, P<0.05 and
50%, P<0.01, respectively). Before 35 days, IGF-I levels
(Fig. 3) showed the same rising trend, with no notable
differences; then began to fall, and were significantly lower
(P<0.05) than those of the controls at 63 days.

Table 1. Growth performance of weaning pigs after the infusion of ghrelin gene plasmid or elution buffer

Growth stage(d) Groups 0–7 7–21 21–35 35–49 49–63 0–63

Daily feed intake (kg d-1) Ghrelin 0.71±0.01 0.98±0.01 1.17±0.01 1.49±0.03 1.54±0.06 1.316±0.03
Control 0.72±0.02 1.01±0.03 1.07±0.03 1.42±0.03 1.61±0.02 1.321±0.02

Daily gain (g d-1) Ghrelin 0.37±0.01 0.60±0.03 0.74±0.03b 0.73±0.02 0.87±0.04 0.667±0.03
Control 0.38±0.03 0.54±0.05 0.67±0.02a 0.74±0.04 0.92±0.01 0.639±0.04

Feed gain ratio (F/G) Ghrelin 1.90±0.10 1.69±0.24 1.49±0.11a 1.75±0.03 1.68±0.04 2.023±0.10a

Control 1.95±0.20 1.82±0.13 1.63±0.06b 1.73±0.07 1.71±0.04 2.117±0.08b

Different superscripts in the same line of the same stage indicate significant differences (P<0.05).
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Plasmid DNA is considered safe, economical, and simple
to manipulate (Frederickson et al. 2003), obviating the
necessity to construct viral vectors. Further, the transfer
procedure may be repeated easily because naked plasmid
DNA has little antigenicity to the host body (Gonin and
Gaillard 2004). Skeletal muscle fibers consist of long,
multinucleated cells, have a slow turnover rate, and the nuclei
of mature muscle cells do not undergo division; therefore,
gene expression is stable in muscle cells (Hagstrom et
al.1996), leading to the assumption that ghrelin plasmid may
be a suitable approach for this tissue.

Weaning transition is a critical period in the life cycle of
a pig. In previous research, weaned pigs were intravenously
infused with human ghrelin (3 times daily for 5 days), which
induced positive weight gain and increased feeding duration
compared to saline-infused controls (Salfen et al. 2004).
Exogenous ghrelin infused via the marginal ear vein @ 1 g
d-1 per pig could cause a variety of behavioral effects, but no
significant influence was found on average ADG and average
daily feed intake (ADFI) in weanling piglets (P>0.05) (Wu
et al. 2008). In this study, after weaning pigs were fed for
14-day as adjustment period to reduce the effects of stress
on weight and hormone secretions. The average weight gain

of experimental piglets was significantly higher (P<0.05) on
postoperative days 21–35, then showing lower gain than the
control. Feed gain ratio (F/G) for the ghrelin treatment group
was significantly better (P<0.05) than control at 21–35d and
0–63d. These results showed that plasmid PCI-ghrelin-28aa
has a similar function to ghrelin; however, ghrelin plasmid
cannot keep expressing steadily for a longer period of time.
When ghrelin plasmid was degraded, or exogenous ghrelin
was decreased, other hormones maintained the performance
of piglets.

GH is the principal hormone involved in somatic growth
and body composition. Ghrelin, an endogenous ligand for
growth hormone secretagogue receptor (GHS-Rs), acted
together with SS and IGF-I to regulate the secretion of GH.
Ghrelin displayed strong GH-releasing activity. In the present
experiment, ghrelin enhanced serum GH level, peaked at 35
days after injection, and continued at higher level until 49
days, then slowly decreased to the same level of the control
group until 63 days.

The elevation in GH levels was not unexpected, especially
in consideration that ghrelin is a potent stimulator of GH
release in rats, and on a pharmacological level, may be even
more efficacious than GHRH (Kojima et al. 1999). Ghrelin
stimulated GH release both in vitro and in vivo in a dose-
dependent manner (Peino et al. 2000). The higher level of
GH was only maintained for 15 days and might be correlated
to the increase of SS and IGF-I levels, which play a role of
negative feedback regulation. This would offset the promoting
effect of the expression of ghrelin plasmid in muscle.

SS significantly increased by 14 and 50% at 35 and 63
days, respectively. The SS level increased at 35 days and
could have inhibited the secretion of GH, possibly explaining
the reason of no difference in pig performance between the
treatment and control groups after 35 days, as well as the
reason for decreased GH level after 49 days.

IGF-I levels were higher at 7 to 35 days in treated piglets,
and then decreased compared to the control, with significant
differences (P<0.05) at 63 days. Previous observations
showed that when weaned pigs were initially infused with

Fig. 1. Blood concentrations of GH after the infusion of ghrelin
gene plasmid or elution buffer.

Fig. 2. Blood concentrations of SS after the infusion of ghrelin
gene plasmid or elution buffer.

Fig. 3. Blood concentrations of IGF-I after the infusion of ghrelin
gene plasmid or elution buffer.
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human ghrelin (2 µg kg-1 BW) 3 times daily for 5 days, serum
IGF-I levels initially declined in both treatment groups from
days 1 to 2 (P < 0.05), but then increased (P< 0.05) from
days 5 to 8 (Salfen et al. 2004). Another study indicated that
serum IGF-I levels were not altered by ghrelin administration.
GH and SS levels rose significantly from 35 days, showing
that ghrelin plasmid was effective. While SS levels showed
significant changes until 63 days, we speculated that either
(i) the effect of ghrelin on IGF-I secretion begun at 63 days,
or (ii) that ghrelin might have little effect on serum IGF-I
levels, because the IGF-I level significantly decreased at 63
days (P<0.05), perhaps due to feedback regulation of GH.

 All of our results showed that function of plasmid PCI-
ghrelin-28aa is similar to ghrelin. Further study is essential
to determine the optimal dosage of ghrelin plasmid for
injection and timing of injection, to improve techniques such
as hydrodynamic methods and electroporation to improve
muscle transfection.

In conclusion, ghrelin plasmid injection @ 1.5 mg kg-1

can stimulate GH release and increase body weight gain and
circulating SS levels, along with decreasing IGF-I levels.
GH and IGF-I levels were increased, with the high GH levels
promoting SS levels, and high SS level also suppressing GH
and IGF-I.
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