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Abstract This study was conducted to investigate the
effects of active immunization against cholecystokinin 8
(CCKgy) on the content of serum CCK, expression of CCK,
and CCK receptor gene in pigs. The subjects for this
experiment were 15 pigs divided into three groups (5 pigs
per group). The treated groups were immunized with CCKg
conjugated to human serum albumin (HSA). The control
group was immunized with same dosage of HSA. The
average daily gain of pig fed with 250 pg CCK was sig-
nificantly increased (P < 0.05), compared with the control
group (0 pg CCK). The content of CCKg, insulin, and
leptin in serum was significantly (P < 0.05) decreased and
the titer of CCKg antibody was significantly (P < 0.05)
increased in treated groups compared to the control group.
The levels of CCK gene and CCK receptor gene expression
in jejunum, pituitary, and pancreas of the treated groups
were significantly (P < 0.05) lower than that of the control
group. It is concluded that optimal active immunization
against CCKg could increase the content of CCK antibody
and suppress CCK gene and CCK receptor gene expres-
sions and in result improve feed intake and growth
performance of pigs.
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Introduction

Cholecystokinin (CCK), a well-known satiety signal
molecular, is an important brain-gut peptide [1, 2]. CCK is
distributed both throughout the brain [3] and the gastroin-
testinal tract [4]. CCK appears to be involved in the
modulation of pancreatic enzyme release and the inhibition
of feeding and gastric emptying [1, 2, 5].

It is well established that small peptides that conjugate
to high-molecular weight carrier proteins can be rendered
more immunogenic, and that immunogenicity of such
carrier proteins differs between species of animals [6].
A number of molecular forms of CCK have been iden-
tified [7, 8]. CCKg is suggested to be the shortest form
displaying the full biological activity [9]. Active immu-
nization against porcine CCKg was shown to increase
feed intake and growth of pigs [10, 11], which could
be further improved by increasing the immune response
and titer of CCKjg antibody. The antibodies produced
are thought to neutralize endogenous cholecystokinin
[10, 11].

In vivo, CCK release is stimulated by luminal nutrients,
such as fat [12] and protein [13]. In vitro study demon-
strated that the transcription level of CCK gene was
increased by pituitary adenylate cyclase-activating poly-
peptide (PACAP) in STC-1 cells [14], suggesting that
external factors can affect the secretion of CCK and the
expression of CCK gene. CCK is shown to elicit its sati-
ating function by binding to CCK receptor [1, 15].
However, the effects of active immunization against CCKg
on the CCK gene and CCK receptor gene expression
remain largely unknown.

In this study, we investigated the effects of active
immunization against CCKg on the content of serum CCK,
expressions of CCK gene, and CCK receptor gene in pigs.
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Our data showed that CCK-induced suppression of feed
intake was decreased by active immunization against CCK.
This work reveals for the first time the effects of active
immunization against CCKg on feed intake in pigs from
immune and molecular levels.

Materials and methods
Animals and treatment

The experiment was designed as a single factor. Fifteen
Duroc x Danish Landrace x Large White (DLY) cross-
bred pigs with average weight of 27.66 £ 1.71 kg were
randomly divided into three treatments. Pigs in treatment 1,
2, and 3 were immunized with 650 pg HAS + 0 pg CCKs,
650 pug HAS + 250 pg CCKg, and 650 pg HAS + 500 pg
CCKjg, respectively. Each treatment had five replicates with
one pig per replicate. The pigs were fed corn-soybean
meal—extruded soya diet formulated according to NRC
(1998) requirements (Table 1). The test period lasted for
75 days.

Table 1 Composition and nutrient levels of the basal diet (% as fed)

Stage
20-50 kg 50-100 kg
Ingredient (%)
Corn 72.7 79.28
Extruded soya 9 7
Soybean meal 16.1 12
Salt 0.3 0.3
Choline chloride 0.1 0.1
Dicalcium phosphate 0.6 0.54
Limestone 0.63 0.3
L-Lys 0.23 0.15
Vitamin premix® 0.04 0.03
Trace mineral premix” 0.3 0.3
Nutrition level®
ME (Mcal/kg) 3.33 3.27
CP (%) 16.05 14.07
Dig-Lys (%) 0.84 0.66
Ca (%) 0.62 0.49
NP (%) 0.23 0.19

4 Composition (per kilogram of diet): vitamin A, 19,000 IU; vitamin
D3, 3,860 IU; vitamin E, 36.7 IU; vitamin K3, 3.6 mg; vitamin By,
15 mg, vitamin B,, 15 mg; vitamin B, 5 mg; vitamin B,, 0.05 mg;
biotin, 0.1 mg; folic acid, 2.5 mg; niacin, 73.3 mg; calcium panthe-
nate, 25 mg

b Composition (g/kg of diet): Fe, 160; Cu, 10; Zn, 100; Mn, 20; Se,
0.3; 1, 0.15

¢ Nutrition level value was calculated

Preparation of antigen and immunization of pigs

The antigen was prepared according to the method
described by Pekas and Trout [10]. Immunization with
cross-linked polymer of CCKg and HSA was carried out
with an initial injection of 250 pg CCKg (or 500 png CCKg)
(Sigma, C2901) and 650 pg HSA. The immunization
schedule was continued by three multisite intramuscular
injections at days 29, 43, and 59 of the experiment,
respectively. The control group was treated with injection
of same amount of HSA.

Sample collection

Blood samples were collected via the superior vena cava on
days 1, 15, 29, 43, 59, and 73. The blood tubes were
immediately centrifuged at 5000 x g at 4°C for 5 min and
stored at —20°C before analyzing the antibody titers. The
serum from days 1, 43, and 73 were used to determine the
content of CCKg, insulin, and leptin. At the end of the trail,
the pituitary, a 5-8 cm of the proximal jejunum, and seg-
mental pancreas were immediately removed, frozen in
liquid nitrogen, and stored at —70°C for determination of
the mRNA content of CCK gene and CCK receptor gene.

Feed intake and growth rate

Pigs were individually weighed at the end of experiment. Feed
intake was recorded once a week. Average daily gain (ADG,
g/day) and average daily feed intake (ADFI, g/day) for the
whole period were calculated and statistically analyzed.

Antibody titers of CCKg in serum

Serum antibody titer of CCKg was detected by indirect
ELISA. The polystyrene microplate was irradiated by
ultraviolet, activated by glutaraldehyde prior to coating,
and added with 150 pl of CCKg to each well of the
microplates at a concentration of 20 pg/ml in coating
buffer. Then, the plate was sealed with plate sealer and
incubated at 4°C for overnight. After washing three times
with wash buffer, the plate was incubated at 37°C for 2 h
with the diluted serum, negative serum, and positive serum
(1:10). After washing, the plate was incubated at 37°C for
3 h with Staphylococcal protein A (SPA, Institute of Kexin
Biotechnology, Shanghai, China). The reaction was visu-
alized by using O-phenylenediamine (OPD) substrate.
Fifteen minutes later, the substrate reaction was terminated
by adding 37 pl/well of stop solution. Subsequently, the
plate was cooled to room temperature and an enzyme
mark apparatus (Thermo, USA) was used to measure the
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absorbance at 490 nm. Each standard and unknown sample
was measured in triplicate.

The content of hormone in serum

The CCKg concentration in serum was measured using a
CCK Octapeptide (Human) (Non-Sulfated) ELISA immu-
noassay kit (Phoenix, USA). Insulin level was determined
using the DSL-10-1600 ACTIVE™ Insulin ELISA Kit
(Diagnostic Systems Laboratories, Inc., Webster, TX,
USA). Serum leptin level was measured using ACTIVE
Human Leptin ELISA Kit (DSL-10-23100, Diagnostic
Systems Laboratories, Inc., Webster, TX, USA). The
methods and operations were performed according to the
manufacturer’s instructions.

Northern hybridization analysis

Primers for CCK gene and CCK receptor gene were designed
according to the porcine CCK gene (5-GGGGCACAG
GAGG AGGAGGCG-3") (GenBank accession no. K01940)
and human CCK receptor gene (5-GGGCGAGGGGA
GAGGTGGGGG-3') (GenBank accession no. NM000730).
All primers were synthesized by Shanghai Sangon Biotech-
nology Corporation (China). Total RNA from the jejunum,
pituitary, and pancreas were extracted according to the man-
ufacturer’s instructions. RNA samples were separated by
electrophoresis in a 1% agarose gel containing formaldehyde
and then transferred to a Hybond-N* nylon membrane
(Amersham). Hybridization was performed using photobio-
tin-labeled cDNA probe. The optical density of hybrid brand
was detected using a GeneTool image analyzer software. Each
experiment was repeated 4 times.

Statistical analysis

Data were analyzed by ANOVA using the General Linear
Model (GLM) procedure of SPSS 10.0 (SPSS Inc., Chicago,
IL), and the LSD was used to put up multiple comparisons.
Results were expressed as mean + SD. The level of statistical
significance was set at P < 0.05.

Results

Effects of active immunization against CCK on growth
performance

The performance of pigs from each treatment is presented
in Fig. 1. There was a significant difference in average
daily gain during the whole period in pigs administrated
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Fig. 1 The effects of active immunization against CCK on the
growth performance of pigs. Results were the mean and standard
deviation. Bar with different letter indicated significant difference
(P < 0.05)

with 250 pg CCK, compared with the pigs with 500 pg
CCK and control group (P < 0.05). There was no statisti-
cally significant difference between pigs with 500 pg CCK
and control group. A similar result was observed in average
daily feed intake during the whole period (Fig. 1).

Effects of active immunization against CCKg
on the titer of CCKg antibody in serum

Indirect ELISA analysis revealed that the titers of CCKg
antibody in serum from pigs administrated with 250 pg
CCK (P < 0.05) and 500 pg CCK (P < 0.05) were larger
than that of the control group (Fig. 2) on day 43. There was
an extreme significant difference between treated groups
and control group on days 59 and 73 (P < 0.01). No sig-
nificant difference was observed in the titer of CCKg
antibody between two treated groups (Fig. 2).

Effects of active immunization against CCKg
on the content of CCKg in serum

On day 43, the contents of serum CCKg in pigs with 250
and 500 pg CCK were decreased by 16.26% (P = 0.07)
and 21.05% (P < 0.05), respectively, compared to the
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Fig. 2 The effects of active immunization against CCKg on the titer
of CCKg antibody in serum. Results were the mean and standard
deviation. Bar with small alphabet indicates significance of difference
under 5% level (P < 0.05). Bar with big alphabet indicates signif-

icance of difference under 1% level (P < 0.01)

control group (Fig. 3). On day 73, the contents of serum
CCKg in treated groups were decreased by 29.0%
(P <0.05) and 37.72% (P < 0.05) compared with the
control group (Fig. 3). There was no significant difference
between treated groups and control group on day 1 (Fig. 3).

Effects of active immunization against CCKg
on hormone in serum

On day 43, the contents of serum insulin in pigs with 250
and 500 pg CCK were decreased by 12.36% and 12.71%,
respectively, compared to the control group (Fig. 4). On
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Fig. 3 The effects of active immunization against CCKg on the content
of CCK in serum. Results were the mean and standard deviation.
Bar with different letter indicated significant difference (P < 0.05)

dl d43 d73

Fig. 4 The effects of active immunization against CCKg on the content
of insulin in serum. Results were the mean and standard deviation.
Bar with different letter indicated significant difference (P < 0.05)

day 73, the contents of serum insulin in treated groups were
decreased by 21.39% (P < 0.05) and 23.57% (P < 0.05)
compared with the control group (Fig. 4). There was no
significant difference between treated groups and control
group on day 1 (Fig. 4). These results suggested that active
immunization against CCKg could decrease the content of
insulin in serum.

On day 43, the contents of serum leptin in pigs with 250
and 500 pg CCK were decreased by 23.59% (P < 0.05)
and 22.26% (P < 0.05), respectively, compared to the
control group (Fig. 5). A similar result was observed on
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Fig. 5 The effects of active immunization against CCKg on the content
of leptin in serum. Results were the mean and standard deviation.
Bar with different letter indicated significant difference (P < 0.05)
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Fig. 6 The effects of active
immunization against CCKg
on the CCK gene expression.
Results were the mean and
standard deviation. Bar with
different letter indicated
significant difference

(P < 0.05)
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day 73 (Fig.5). There was no significant difference
between treated groups and control group on day 1 (Fig. 5).

Effects of active immunization against CCKg
on the CCK gene and CCK receptor gene expression

Northern hybridization analysis demonstrated that the CCK
mRNA levels in treated groups (P < 0.05) were lower than
that of the control group in pituitary, jejunum, and pancreas.
No significant difference was observed between treated
groups (Fig. 6). A similar result was observed in CCK
receptor gene expression (Fig. 7). These results revealed that
the active immunization against CCKg could affect the
endogenous CCK gene and CCK receptor gene expression.

Discussion

It has been reported that CCK could be able to suppress
feed intake and induce satiety of animals [16-20]. Active

250 pug 500 ug

immunization against CCK was shown to improve feed
intake and growth performance of pigs [10, 11, 21, 22]. In
this study, we showed that pigs immunized with 250 pg of
CCKj indeed increase the feed intake and average daily
gain of pigs. We also provided evidence here that pigs
immunized with CCKg could decrease the content of serum
CCK and increase the content of CCK antibody in serum.
These results suggested that the effect of active immuni-
zation against CCK on the feed intake in pigs may be due
to the increase in the content of CCKg antibody, which
neutralize endogenous CCK of pigs.

However, the feed intake and average daily gain in pigs
fed with 500 pg of CCKg were reduced (P > 0.05) com-
pared with control group in this study. It may be due to the
immunological stress and pathologic changes of pancreas
tissue [23, 24]. Indeed, we observed that active immuni-
zation against 500 pg of CCKg resulted in focal vacuolar
degeneration in porcine pancreas gland cells, the structural
damage of pancreatic acinar cells, and the congestion and
hemorrhage in the necrotic and metamorphic region
(unpublished data). It is well known that CCK plays
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Fig. 7 The effects of active
immunization against CCKg
on the CCK receptor gene
expression. Results were the
mean and standard deviation.
Bar with different letter
indicated significant difference
(P < 0.05)
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important role in pancreas development and functions. The
present study indicated that active immunization against
CCK has two sides of biological effects. One is to weaken
the inhibiting effect of CCK on feed intake; the other is to
have negative impacts on pancreas function. Therefore, the
extent of active immunization is essential for regulating
feed intake without negative effect on other functions of
pancreas. This study showed that immunization with
250 pg of CCKg instead of 500 pg of CCKg is optimal.

The satiation signals from the gut are regulated by
hormones, such as insulin and leptin. Insulin is one of the
factors in regulating animal feed behavior. CCK has been
reported to enhance insulin release [5]. In our study, we
found the content of insulin in serum was significantly
decreased by active immunization against CCKg. Leptin is
suggested to synergistically interact with the CCK to
control satiety in animals [25, 26]. Here we found that
active immunization against CCKg significantly decreased
the content of leptin in serum. These results suggested that
the regulation of feed intake in pigs by active immuniza-
tion against CCKg may be due to the synergistical
interactions of CCK, insulin, and leptin.

CCK functions by binding to CCK receptor [1, 15]. Two
types of CCK receptors (CCK-A and CCK-B) have been
identified. CCK-A is suggested to play a dominant role in
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CCK-mediated suppression of feed intake [27]. Stimulation
of CCK release from peripheral receptor of gastrointestinal
wall after a meal is followed by an increase in CCK-A
receptor at vagal afferent nerve fibers terminals and
enhancement of CCK-induced satiety in the magnocellular
neuroendocrine neurons in paraventricular nucleus of the
hypothalamus (PVN) and suppression of feed intake [28—
30]. Our data revealed that CCK gene and CCK receptor
gene expression of pigs in pituitary, jejunum, and pancreas
was significantly decreased by active immunization against
CCKg. These results suggested that the signal satiety pas-
sway of CCK via sensory fibers of the vagus nerve to the
brain was decreased, which lowers CCK-induced sup-
pression of feed intake, increase the feed intake in pigs, and
improve the growth performance of pigs.

In summary, our findings demonstrated that active
immunization against CCKg could increase the feed intake
from immune and molecular levels. Active immunization
against CCKg was also demonstrated to increase the con-
tent of CCK antibody and suppress CCK gene and CCK
receptor gene expression in proximal jejunum, pituitary,
and pancreas, which results in the decrease of CCKg con-
tent in serum, the attenuation of CCK-induced suppression
of feed intake in pigs, and increment in growth perfor-
mance of pigs.
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