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ABSTRACT
This study analysed the effect of novel oral and plasmid-injected KISS1 DNA vaccines on
immunocastration and in inhibiting mutton odour of male goats. In this study, 20 male goats aged eight
weeks were randomly divided into the oral and plasmid-injected KISS1. DNA vaccine groups (groups T1
and T2) and the empty vector groups (groups C1 and C2) for immunisation. Blood samples were collected
at 0, 3, 6, 10 and 14 weeks after primary immunisation for the detection of kisspeptin antibodies and
testosterone by indirect enzyme-linked immunosorbent assay. Scrotal circumference was detected from
week 0 to week 14 after primary immunisation, and the testes were weighed at week 14 after primary
immunisation after slaughter. The concentrations of 4-methyloctanoic acid and 4-methylnonanoic acid
in waist subcutaneous adipose tissue were detected using gas chromatography. Immunisation of oral
and plasmid-injected KISS1 DNA vaccines induced strong antibody response, significantly suppressed
testosterone secretion and reduced scrotal circumference and testis weight. It also significantly reduced
the concentrations of 4-methyloctanoic acid and 4-methylnonanoic acid in adipose tissue. These findings
indicated that immunisation of oral and plasmid-injected KISS1 DNA vaccines can effectively suppress
testosterone secretion, testis growth and mutton odour, and the novel oral KISS1 DNA vaccine is more
promising in the large-scale preparation of immunocastration vaccines because of simple operations and
low cost.

I

mmunisation against KISS1 DNA vaccines can effectively
suppress animal gonad growth and fertility. Kisspeptins,
encoded by the KISS1 gene, and their receptor GPR54
play a crucial role on puberty onset and adult fertility by
controlling the release of hypothalamic gonadotropinreleasing hormone (GnRH) (Cao et al., 2019; Wassie et
al., 2019). KISS1 is a novel target for developing a DNA
immunocastration vaccine. Our previous studies showed
that immunisation against the plasmid recombinant KISS1
DNA vaccine (pVAX-HBsAg-S-KISS1-54-asd) can inhibit
testosterone secretion, testis growth and sexual behaviour
in ram lambs (Han et al., 2015, 2018a). To further improve
the immunogenicity of the KISS1 DNA vaccine and reduce
costs, we developed a novel oral KISS1 DNA vaccine
containing tissue plasminogen activator (tPA) signal
peptide and two copies of KISS1-54, which is presented
by the attenuated Salmonella choleraesuis (C500) (Han et
al., 2018b, 2019a, b; Dong et al., 2018). Immunisation of
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the novel oral KISS1 DNA vaccine can effectively suppress
steroid hormone secretion, gonad growth and fertility in
mice (Han et al., 2018b). However, the immunocastration
effect of the novel oral KISS1 DNA vaccine in large
animals remains unclear.
Immunocastration can reduce male animal-associated
odours, especially in pigs, goats and sheep. Boar taint is
mainly caused by androstenone in the testes and skatole
and indole in adipose tissue (Heyrman et al., 2019).
Mutton odour in goats or sheep is mainly caused by
4-methyloctanoic acid and 4-methylnonanoic acid in
adipose tissue and androstenone in testes (Chen et al.,
2012; Gravador et al., 2019). GnRH is a commonly
used target for developing immunocastration vaccines.
Immunisation against GnRH can effectively reduce boar
taint and mutton odour (Heyrman et al., 2019). However,
the immunisation effect against the KISS1 DNA vaccine in
inhibiting male animal-associated odours remains unclear.
To the best of our knowledge, the novel oral KISS1
DNA vaccine has not been applied to the immunocastration
of large animals, and limited information is available
regarding the effect of the KISS1 DNA vaccine in
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inhibiting male animal-associated odours. Therefore,
this study detected the effect of novel oral and plasmidinjected KISS1 DNA vaccines on immunocastration and in
inhibiting mutton odour of male goats.
Materials and methods
Twenty healthy male Dazu black goats (Ruifeng
Modern Agriculture Development Co., Ltd., Chongqing,
China) aged eight weeks were used in the study. All
animal experiments were approved by the Science and
Technology Ethics Committee of Southwest University,
China. These ram lambs were randomly divided into four
groups, vaccine groups T1 and T2 and control groups C1
and C2 (five lambs each group), on the basis of comparable
body weight and scrotal circumference.
Novel oral and plasmid injection types of KISS1
DNA vaccines, C500 (pVAX-tPA-HBsAg-S-2KISS154-asd) and pVAX-tPA-HBsAg-S-2KISS1-54-asd, were
successfully developed by our laboratory (Han et al.
2018b). Ram lambs in groups T1 and C1 were orally given
C500 (pVAX-tPA-HBsAg-S-2KISS1-54-asd) and C500
(pVAX-asd) empty vector bacteria at a dose of 5 × 1011
CFU, respectively. Ram lambs in groups T2 and C2 were
intramuscularly injected with 1 mg of pVAX-tPA-HBsAgS-2KISS1-54-asd and 1 mg of pVAX-asd empty plasmid,
respectively. The procedures for oral and plasmid injection
types of the KISS1 DNA vaccine were referred to previous
studies (Wassie et al., 2019). These ram lambs were
boosted twice at an interval of three weeks. Blood samples
were collected at weeks 0 (before primary immunisation),
3, 6, 10 and 14 after immunisation by centrifugation at
1157 × g for 10 min.
The titres of specific anti-kisspeptin IgG antibodies
were detected by indirect enzyme-linked immunosorbent
assay (ELISA) (Han et al., 2015, 2018b). Horseradish
peroxidase-labelled rabbit anti-goat IgG secondary
antibody (Abbkine, Inc., Redlands, CA, USA) was used
in this study. Serum testosterone concentrations were
measured by ELISA using commercial kits (Cusabio
Biotech, Wuhan, China). The intra- and inter-assay
coefficients of variation were less than or equal to 15%,
respectively. Scrotal circumference was measured at weeks
0, 3, 6, 10 and 14 after primary immunisation by using a
flexible plastic tape in accordance with previous studies
(Han et al., 2015). The ram lambs were slaughtered at 14
weeks after the primary immunisation, and their bilateral
testes were then weighed.
After slaughter, the ram lambs’ waist subcutaneous
adipose tissues were collected and stored at −18 °C until
use. To evaluate the mutton odour, the concentrations
of 4-methyloctanoic acid and 4-methylnonanoic acid
in the subcutaneous adipose tissue were detected by gas
chromatography in accordance with a previous study
(Chen et al., 2012).

Statistically significant differences (P< 0.05) between
groups in terms of anti-kisspeptin antibody, serum
testosterone concentrations, scrotal circumference, testis
weight and concentrations of 4-methyloctanoic acid and
4-methylnonanoic acid in subcutaneous adipose tissue
were analysed with one-way ANOVA using SAS 8.1.
The mean values between groups were compared using
Duncan’s multiple range test. Data were presented as mean
± standard deviation (SD).
Results
Kisspeptin antibody response was found in vaccine
groups (groups T1 and T2) at weeks 3, 6, 10 and 14 after
primary immunisation. The anti-kisspeptin antibody titres
in groups T1 and T2 were significantly higher than those
in groups C1 and C2 at weeks 6, 10 and 14 after primary
immunisation, respectively (Fig. 1, P < 0.05); however, no
significant difference was observed between groups T1
and T2 (Fig. 1, P > 0.05).

Fig. 1. Anti-kisspeptin antibody titre in male goats. Antikisspeptin IgG antibody levels in the oral and plasmidinjected KISS1 DNA vaccine groups (groups T1 and T2)
and empty vector groups (groups C1 and C2) were detected
at weeks 3, 6, 10 and 14 after primary immunisation. Data
are presented as mean ± SD; *P < 0.05.

The ram lambs in groups T1 and T2 showed
significantly lower serum testosterone concentrations than
those in groups C1 and C2 at weeks 6, 10 and 14 after
primary immunisation, respectively (Fig. 2, P < 0.05);
however, no significant difference was observed between
groups T1 and T2 (Fig. 2, P > 0.05).
Scrotal circumference in groups T1 and T2 was
significantly lower than that in groups C1 and C2 at weeks
3, 6, 10 and 14 after primary immunisation, respectively
(Fig. 3, P < 0.05); however, no significant difference was
observed between groups T1 and T2 (Fig. 3, P > 0.05).
The ram lambs in groups T1 and T2 presented
significantly lower testis weight than those in groups
C1 and C2, respectively (Fig. 4, P < 0.05); however, no
significant difference was observed between groups T1
and T2 (Fig. 4, P > 0.05).
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Fig. 2. Serum testosterone concentrations (ng/ml) in male
goats. Serum testosterone concentrations in oral and
plasmid-injected KISS1 DNA vaccine groups (groups T1
and T2) and empty vector groups (groups C1 and C2)
were detected at weeks 0, 3, 6, 10 and 14 after primary
immunisation. Data are presented as mean ± SD; *P < 0.05.

Fig. 3. Scrotal circumference (cm) in male goats. Scrotal
circumference in oral and plasmid-injected KISS1 DNA
vaccine groups (groups T1 and T2) and empty vector groups
(groups C1 and C2) were detected at weeks 0, 3, 6, 10 and
14 after primary immunisation. Data are presented as mean
± SD; *P < 0.05.

The 4-methyloctanoic acid and 4-methylnonanoic
acid in the subcutaneous adipose tissue were detected
to evaluate the effect of KISS1 gene immunisation on
mutton odour. The concentrations of 4-methyloctanoic
acid and 4-methylnonanoic acid in groups T1 and T2
were significantly lower than those in groups C1 and C2,
respectively (Fig. 5, P < 0.05); however, no significant
difference was observed between groups T1 and T2 (Fig.
5, P > 0.05).
Discussion
Immunocastration is an effective measure in
suppressing animal reproduction, aggressive behaviour
and male-associated odours. Immunisation of the novel
oral KISS1 DNA vaccine fused with tPA signal peptide and
two copies of KISS1-54 can effectively suppress steroid
hormone secretion, gonad growth and fertility in mice (Han
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et al., 2018b). However, the immunocastration effect of the
novel oral KISS1 DNA vaccine in large animals remains
unclear. Male animal-associated odours in adipose tissue
significantly affect the consumer’s acceptance of the meat
(Gravador et al., 2019). Immunocastration against GnRH
vaccine can reduce boar taint and mutton odour (Heyrman
et al., 2019; Han et al., 2019c). However, the immunisation
effect of the KISS1 DNA vaccine in suppressing male
animal-associated odours remains unclear. Hence, this
study evaluated the effects of the novel oral KISS1 DNA
vaccine on immunocastration and in inhibiting mutton
odour of male goats.

Fig. 4. Testis weight (g) in male goats. The testis weights
in oral and plasmid-injected KISS1 DNA vaccine groups
(groups T1 and T2) and the empty vector groups (groups
C1 and C2) were detected at week 14 after primary
immunisation after slaughter. Data are presented as mean
± SD; *P < 0.05.

Fig. 5. 4-methyloctanoic acid and 4-methylnonanoic acid
concentrations (μg/g) in waist subcutaneous adipose tissue
of male goats. The concentrations of 4-methyloctanoic acid
and 4-methylnonanoic acid in oral and plasmid-injected
KISS1 DNA vaccine groups (groups T1 and T2) and empty
vector groups (groups C1 and C2) were detected at week
14 after primary immunisation after slaughter. Data are
presented as mean ± SD.

In this study, immunisation of the novel oral and
plasmid-injected KISS1 DNA vaccines effectively
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suppressed testosterone secretion and testis growth of
male goats by inducing the anti-KISS1 antibody. The
specific KISS1 antibody response in the oral and plasmidinjected vaccinated groups was found from week 3 to week
14 after primary immunisation and reached a peak from
week 6 to week 10. Immunisation of oral and plasmidinjected KISS1 DNA vaccines suppressed testosterone
secretion in male goats, which could inhibit testis growth,
spermatogenesis and sexual behaviour (Xu et al., 2018).
Scrotal circumferences in oral and plasmid-injected
vaccinated male goats were lower compared with those of
the control groups from week 3 to week 14 after primary
immunisation, and testes weight in oral and plasmidinjected vaccinated male goats was also lower compared
with control groups, which indicated that immunisation of
oral and plasmid-injected KISS1 DNA vaccines suppressed
the testis growth of male goats. These results were similar
with the immunisation effect of other KISS1 DNA vaccines
in suppressing testis growth (Han et al., 2015, 2018a). Our
results showed that the novel oral KISS1 DNA vaccine
could achieve the same immunocastration effect as the
plasmid-injected KISS1 DNA vaccine. The novel oral
KISS1 DNA vaccine does not require plasmid extraction
and purification, which is easy to operate and saves cost
(Han et al., 2019b). Hence, the novel oral KISS1 DNA
vaccine is more promising for the large-scale preparation
of immunocastration vaccines.
To the best of our knowledge, this study is the first
to analyse the immunisation effect of the KISS1 DNA
vaccine in suppressing mutton odour. Our results revealed
that the immunisation of oral and plasmid-injected KISS1
DNA vaccines effectively reduced the concentrations of
4-methyloctanoic acid and 4-methylnonanoic acid, which
are the main compounds responsible for mutton odour in
the adipose tissue of male goats (Gravador et al., 2019).
Moreover, mutton odour in goats can also be caused by
androstenone in the testes (Xu et al., 2018; Heyrman
et al., 2019). Our results showed that the testosterone
concentrations in oral and plasmid-injected vaccinated
male goats were lower compared with those in control
groups. These results indicated that immunisation against
oral and plasmid-injected KISS1 DNA vaccine could
effectively suppress mutton odour of male goats.
Conclusion
Immunisation against oral and plasmid-injected
KISS1 DNA vaccine can effectively suppress testosterone
secretion, testis growth and mutton odour, and the novel
oral KISS1 DNA vaccine is more promising in the largescale preparation of immunocastration vaccines because of
simple operations and low cost. Further studies will focus
on the mechanism of the novel oral KISS1 DNA vaccine in
immunocastration and suppressing mutton odour.
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