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Abstract
Background: There is an obvious lack of information about the effects of ractopamine, a ß-adrenergic agonist, on 
the growth performance and immune responses of rabbits, particularly in those receiving the viral rabbit hemorrhagic 
disease (RHD) vaccine.
Aim: The current study was undertaken to study the effects of ractopamine on growth performances and immunological 
parameters in rabbits inoculated with the viral RHD vaccine.
Methods: Experimental rabbits were grouped into four groups, the first acted as a control and received distilled water, 
the second received ractopamine, the third received inactivated RHD vaccine, and the fourth received both ractopamine, 
and inactivated RHD vaccine. Then, blood analysis, histopathological, histomorphometric, and immunohistochemistry 
(IHC) examinations were followed.
Results: The obtained results demonstrated that ractopamine induced significant increases in body weight gain, 
neutrophils, monocytes, nitric oxide, lysosome, and improved feed conversion rate. A significant decrease in 
lymphocytes with insignificant decreases in eosinophils, phagocytic % and index, serum total protein, α, β, and γ 
globulin were observed. Vaccinated rabbits only showed a marked rise in WBCs, neutrophils, monocytes, eosinophils, 
basophils, phagocytic index and activity, nitric oxide, lysosome activity, total protein, albumin, γ globulin, and a 
decrease in lymphocytes. Rabbits that received ractopamine and then vaccinated had insignificant increases in body 
weight, weight gain, WBCs, neutrophils, monocyte, eosinophils, basophils, phagocytic activity, and index, globulins 
besides a significant decrease in lymphocytes. Pathologically, rabbits that received ractopamine alone, with a vaccine 
or vaccinated only showed an increase in villus length, villus width, and absorption surface area. IHC of rabbits’ 
liver and kidneys of the control and vaccinated group showed negative expression for caspase-3, but rabbits received 
ractopamine only or rabbits vaccinated and received ractopamine showed diffuse positive moderate expression for 
caspase-3.
Conclusion: Ractopamine induced several adverse effects on the immune responses of the rabbits inoculated with the 
viral HRD vaccine.
Keywords: Rabbits, Ractopamine, Rabbit hemorrhagic virus vaccine, Immunity, Viral diseases. 

Introduction
Animals and birds use their immune systems as one 
of their defense mechanisms to maintain the integrity 
of their bodies (Fabio et al., 2021). The immunity that 
is either naturally occurring or acquired does not have 
antigen specificity or memory, and it only receives 
linear reinforcement. On the other hand, acquired 
immunity is influenced by antigens and has an immune 
memory (Gergely, 2006).
The first case of rabbit hemorrhagic disease (RHD) was 
discovered in China in 1984. Since then, it has been 
discovered in more than 40 countries across Asia, Africa, 

the Americas, and Europe (Mcintosh et al., 2007). It 
affects domestic and wild rabbits older than 2 months 
and is extremely contagious. It is brought on by the 
calicivirus, a nonenveloped tiny round RNA virus with 
just one main capsid protein (Abd El-Moaty et al., 2014).
In both human and veterinary medicine, ractopamine 
is primarily utilized as a mucolytic and bronchodilator 
drug. It belongs to the phenethylamine category of 
ß-adrenergic agonists (Watkins et al., 1990). Beta-
adrenergic agonists are categorized based on the 
binding type of beta-adrenergic receptors. Its exogenous 
component modifies animal metabolism and nutrient 
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distribution in a way that favors muscular position 
(Moody et al., 2000). This drug is gaining popularity 
in the intensive production of pigs, chickens, and cattle 
(Brambilla et al., 2000; Davis and Belk, 2018). Beta-
agonists effectively stimulate cattle growth (Kootstra et 
al., 2005). It is used to enhance physical performance 
(Ronald et al., 2019). According to Mirhendi et al. 
(2014), beta-adrenergic agonists enhance the growth 
performance of chicken. Their physiological effect is 
similar to that of phenethanolamines as upon ligand 
binding to receptors, it causes various physiological 
reactions (Mersmann, 1998). However, there is an 
obvious lack of information about the effects of 
ractopamine on the growth performance and immune 
responses of rabbits, particularly in those receiving the 
viral RHD vaccine. 
In sight of the previous facts, this study was done to study 
the effects of ractopamine on growth performances and 
immune responses in rabbits inoculated with the viral 
inactivated RHD vaccine. 

Materials and Methods
Chemicals and vaccine
The analytical standard of ractopamine hydrochloride 
Vetranal™, purity 95.0%, was purchased from Sigma-
Aldrich in St. Louis, MO. A dose of 0.5 ml of the 
inactivated RHD virus vaccine was administered 
subcutaneously to each rabbit after being acquired from 
the Veterinary Serum and Vaccine Research Institute, 
Abbassia, Cairo, Egypt (Mostafa et al., 2009).
Animals and experimental design
For this investigation, 60 male white New Zealand 
rabbits weighing between 2.258 and 2.275 kg and 2 
months old were used. Wire cages with perfect hygiene 
were utilized to house the rabbits. The rabbits were 
provided free access to water and fed on a balanced 
diet devoid of any drugs. The rabbits were acclimated 
for a week before the trial. Four equal groups of rabbits 
were separated (15 rabbits in each). The first group of 
rabbits received 0.2 ml of DW orally as a control. The 
second group of rabbits received ractopamine at 20 mg/
kg dry matter orally for 21 consecutive days. The third 
group of rabbits received an inactivated RHD virus 
vaccine at 0.5 ml/rabbit subcutaneously once at the end 
of the experiment (on the 21st day). The fourth group 
of rabbits received both ractopamine at 20 mg (on the 
21st day) and an inactivated RHD virus vaccine. To 
calculate weight increase and the feed conversion rate 
(FCR), each rabbit was weighed separately at the start 
of the experiment and on the first day after treatment.
Sampling
Five rabbits from each group had blood drawn from 
the ear vein on the first and second post-vaccination 
days, which was centrifuged to provide clear serum 
for lysozyme and nitric oxide estimate (Schltz, 1987; 
Rajaraman et al., 1998; Ramadan and Attia, 2003). 
Three blood samples were taken on the third day 
after vaccination; the first sample was centrifuged to 

estimate lysozyme and nitric oxide, and the second 
sample was collected in a tube containing heparin to 
gauge phagocytic activity and percentage (Wilkinson, 
1977; Lucy and Larry, 1982). For the purpose of 
estimating the total and differential leukocytic count, 
the third sample was taken in a tube containing EDTA 
(Feldman et al., 2000). Blood samples were taken 
on days 7, 14, and 21 following immunization and 
centrifuged to generate clear sera for measurement of 
serum total protein and serum protein fractions using 
cellulose acetate electrophoresis (Henry et al., 1974; 
Doumas et al., 1981).
Histopathological examination
Each group’s collected intestinal samples from the 
first and seventh post-treatment days were processed 
using the paraffin embedding procedure, fixed in 10% 
formalin, and stained with hematoxylin and eosin 
(Survarna et al., 2013).
Histomorphometric
Different small intestine segment parameters were 
carried out using the prior (H&E) staining technique. 
All observations and morphological measurements 
were performed on five villus crypt units that had intact 
lamina propria (Ashraf et al., 2013) using photographs 
taken at various magnifications (OMAX 40X-2000X), 
which were then analyzed using Image J software. 
Villus length (VL), width (VW), and absorptive surface 
area (ASA) were the parameters examined for intestinal 
segments (De Los Santos et al., 2007). 
Immunohistochemistry (IHC)
Additional liver and kidney slices were employed for 
the IHC procedure with ABs designating the target 
parts on positively charged coated slides. Slides 
treated with the anti-SMA antibody (eBioscience, 
Tokyo, Japan). Using caspase-3 antibodies, the 
IHC staining for caspase-3 apoptosis was localized. 
The avidin-biotin-peroxidase technique was used 
to incubate a rabbit monoclonal caspase-3 antibody 
with paraffin sections that were 4 m thick (Krajewska 
et al., 1997). Areas with a higher concentration of 
positive cells (referred to as “hot spots” areas) on 
each slide were chosen for the investigation of protein 
expression associated with apoptosis (caspase 3). 
Protein labeling was not always visible diffusely in the 
samples under study; therefore, this methodology was 
employed. The slides were stained with peroxidase 
stain with a counter-stain of hematoxylin, mounted, 
and examined microscopically to gauge the staining 
intensity. Standard procedures were used for each 
slide at the same time. As external controls, known 
positive and negative examples were used. The brown 
peroxidase stain color was used to determine the 
positive expression for each positive marker. Strong 
(+++), moderate (++), and mild (+) color intensities 
were utilized in a semi-quantitative way.
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Statistical analysis
The automated SPSS program version 16 was used 
to examine the data that were obtained (Tambane and 
Dunlop, 2000).
Ethical approval
The committee for animal welfare and research 
ethics guidelines (Protocol number: ZU-
IACUC/3/F/173/2021) were followed while using any 
experimental rabbits. 

Results
The present investigation declared that rabbits that 
received ractopamine only or in combination with the 
vaccine showed a marked increase in body weight, 
weight gain, and a reduction in the FCR, while rabbits 
with the vaccine alone did not show significant 
alterations in such the tested parameters (Table 1). 
The obtained data in Table 2 revealed that rabbits 
received ractopamine at the recommended dose orally 
for 21 successive days induced an insignificant increase 
in WBCs besides a significant increase in neutrophils, 
monocytes, and basophils associated with a decrease 
in lymphocytes, eosinophils, phagocytic activity, and 
index. 
It was noticed that rabbits that received ractopamine in 
the tested dose displayed a noninsignificant increase in 
nitric oxide and lysosome at the first, second, and third 
days post-treatment (Table 3). 

Ractopamine reduced serum total protein, α, β, γ, and 
total globulin, but increased the albumin all over the 
experimental period in comparison with control rabbits 
(Table 4).
IHC analysis of the rabbit liver and kidney (Figs. 1 and 
2) of the control and vaccinated groups only showed 
a negative expression for caspase-3, while rabbits 
that received ractopamine alone or in a combination 
with the vaccine showed a diffuse positive moderate 
expression for caspase-3 in the same organs, livers, 
and kidneys. Intestinal examination revealed that 
rabbits with ractopamine alone or with the vaccine 
and rabbits that received the vaccine only showed an 
increase in the VL, VW, and absorption surface area 
(Table 5, Figs. 3 and 4). 

Discussion
In the present study, ractopamine caused significant 
enhancement in body weight, body gain, and FCR. 
Such results were agreeable with those reported by 
Mirhendi et al. (2014) who stated that β-adrenergic 
agonists could enhance the weight gain and FCR in 
poultry. Ractopamine is also used to favor the FCR 
in the livestock industry (Hales et al. 2016). Besides, 
Ronald et al. (2019) reported that ractopamine could 
induce a significant rise in weight gain and improve 
FCR. Likely, Abd-elfattah et al. (2019) stated that 
vaccination with the RHD virus vaccine did not 
significantly affect body weight and FCR. Moreover, 

Table 1. The effect of ractopamine on body performance in rabbits vaccinated with RHD virus vaccine (mean ± SE) (n = 5).

Parameter Control Ractopamine Vaccine Racto + vaccine
Initial b.wt (before treatment) 2.270 ± 0.34a 2.275 ± 0.49a 2.264 ± 0.92a 2.258 ± 0.57a

B.wt at first-day post-treatment 3.087 ± 0.6c 3.535 ± 0.78a 3.165 ± 0.56bc 3.249 ± 0.89b

Weight gain (kg) 0.817 ± 0.5c 1.260 ± 0.20a 0.901 ± 0.63bc 0.991 ± 0.51b

FC (g) 2,550 2,550 2,550 2,550
FCR 3.12 ± 0.40a 2.02 ± 0.35c 2.83 ± 0.25ab 2.57 ± 0.21b

Means within the same row with different superscripts indicate significant differences at p < 0.05.

Table 2. The effect of ractopamine on total and differential count, phagocytic%, and phagocytic index in rabbits vaccinated with 
RHD virus vaccine (mean ± SE) (n = 5).

Racto+ vaccineVaccineRactopamineControlGroups
11.48 ± 0.71b13.69 ± 0.89a11.39 ± 0.12b11.19 ± 0.50bWBCs (103/mm3)
5.07 ± 0.24b6.04 ± 0.31a5.69 ± 0.18b4.29 ± 0.16cNeutrophils

Differential
3.63 ± 0.26b3.55 ± 0.82b3.15 ± 0.21b4.31 ± 0.19aLymphocytes
0.89 ± 0.23b1.57 ± 0.26a1.01 ± 0.18a0.80 ± 0.12bMonocyte
1.01 ± 0.18b1.32 ± 0.27a0.79 ± 0.19b0.84 ± 0.16bEosinophils
0.88 ± 0.19b1.21 ± 0.21a0.78 ± 0.17b0.76 ± 0.14bBasophils
57.29 ± 0.71b64.55 ± 0.92a50.82 ± 0.88b55.48 ± 0.88bPhagocytic %

2.79±0.41b4.78 ± 0.22a1.56 ± 0.12b2.05 ± 0.23bPhagocytic index

Means within the same row with different superscripts indicate significant differences at p < 0.05.
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Table 5. The effect of ractopamine on intestinal characters in rabbits vaccinated with RHD virus vaccine (mean ± SE) (n = 5).

Seventh day post-treatmentFirst day post treatmentParameters 
group

ASA(µm2)VW(µm)VL(µm)ASA(µm2)VW(µm)VL(µm)
70,132.8 ± 9.78c212.3 ± 6.20c458.04 ± 7.50c71,910.06 ± 9.70ab98.79 ± 4.56c447.43 ± 5.35cControl

124,635.28 ± 8.78a322.2 ± 8.79a1,399.5 ± 9.70a185,037.44 ± 8.90a160.73 ± 3.60a740.45 ± 5.81aRactopamine
64,958.83 ± 9.94ab299.46 ± 6.93ab520.2 ± 8.20ab64,929.27 ± 8.30c103.9 ± 7.30ab490.90 ± 7.90abVaccine

83,464.25 ± 8.74b307.9 ± 8.60ab897.5 ± 9.56ab79,463.91 ± 5.60b124.8 ± 4.20b603.82 ± 5.21bRacto + 
vaccine

Means within the same row with different superscripts indicate significant differences at p < 0.05. (VL): villus length; (VW): 
villus width; (ASA): absorption Surface Area.

Table 3. The effect of ractopamine on nitric oxide and lysosome activity in rabbits vaccinated with RHD virus vaccine (mean ± 
SE) (n = 5).

Nitric oxide (μmol/l)Lysosome activity (μg/ml)
Groups

Third daySecond dayFirst dayThird daySecond dayFirst day
122.53 ± 0.79c122.89 ± 0.93c122.45 ± 0.87c39.39 ± 0.49c39.42 ± 0.57c37.20 ± 0.98cControl
126.16 ± 0.78c123.67 ± 0.92c123.34 ± 0.89c42.21 ± 0.46c40.02 ± 0.53c39.02 ± 0.53cRactopamine
132.56 ± 0.34a131.78 ± 0.87a130.33 ± 0.45a51.11 ± 0.86a50.32 ± 0.58a48.07 ± 0.86aVaccine
129.07 ± 0.85b126.12 ± 0.68b126.41 ± 0.94b44.88 ± 0.79b45.66 ± 0.38b44.18 ± 0.71bRacto+ vaccine

Means within the same row with different superscripts indicate significant differences at p < 0.05.

Table 4. The effect of ractopamine on protein picture in rabbits vaccinated with RHD virus vaccine (mean ± SE) (n = 5).

G/A 
Ratio

Globulin (gm/dl)Albumin 
(gm/dl)

T protein 
(gm/dl)Group

Totalγβα
1.04 ± 0.24a

1.12 ± 0.19a

2.71 ± 0.32b1.01 ± 0.18a0.84 ± 0.13a0.86 ± 0.13a3.03 ± 0.54b5.74 ± 0.32bControl

7th day
2.22 ± 0.19b0.80 ± 0.18b0.72 ± 0.13a0.70 ± 0.17a3.05 ± 0.22b5.27 ± 0.59bRactopamine

1.22 ± 0.31a3. 54 ± 0.27a1.35 ± 0.23a0.98 ± 0.11a0.97 ± 0.12a3.95 ± 0.50a7.50 ± 0.24aVaccine

1.20 ± 0.34a2.94 ± 0.51b1.02 ± 0.19a0.95 ± 0.15a0.97 ± 0.22a3.68 ± 0.55b6.75 ± 0.52bRacto + 
vaccine

1.08 ± 0.21a2.89 ± 0.51b1.02 ± 0.16a0.92 ± 0.11a0.95 ± 0.10a3.12 ± 0.23b5.89 ± 0.43bControl

14th day
1.11 ± 0.17a2.53 ± 0.22b0.92 ± 0.15b0.80 ± 0.15a0.81 ± 0.12a3.13 ± 0.18b5.83 ± 0.41bRactopamine
1.16 ± 0.19a3.03 ± 0.32a1.12 ± 0.20a0.95 ± 0.10a0.96 ± 0.14a3.70 ± 0.41a6.90 ± 0.54aVaccine

1.14 ± 0.21a2.95 ± 0.51b0.97 ± 0.11b0.85 ± 0.12a0.86 ± 0.24a3.37 ± 0.28b6.32 ± 0.55aRacto + 
vaccine

1.05 ± 0.19a2.92 ± 0.22b1.02 ± 0.18a0.93 ± 0.11a0.97 ± 0.12a3.06 ± 0.38b5.97 ± 0.42bControl

21st day
1.08 ± 0.19a2.58 ± 0.31b0.95 ± 0.19a0.81 ± 0.18a0.82 ± 0.11a3.07 ± 0.21b5.75 ± 0.59bRactopamine
1.20 ± 0.16a3.04 ± 0.37a1.09 ± 0.37a0.99 ± 0.16a0.96 ± 0.15a3.60 ± 0.36a6.69 ± 0.44aVaccine

1.14 ± 0.31a2.88 ± 0.43b0.99 ± 0.16a0.95 ± 0.14a0.94 ± 0.17a3.29 ± 0.19b6.32 ± 0.32aRacto + 
vaccine

Means within the same row with different superscripts indicate significant differences at p < 0.05.

Boimpoundi and Hao (2021) stated that ractopamine 
improved body weight gain coupled with a decrease 
in FCR.
Ractopamine administration caused a clear alteration 
in the blood picture of the examined rabbits. This 

result agreed with Spencer and Oliver (1996) who 
reported that administration of clenbuterol, another 
ß-adrenergic agonist, to rats did not alter WBCs 
besides insignificant neutrophilia and monocytosis 
associated with a decrease in lymphocytes and 
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eosinophils (Ken et al., 2007). The same observation 
was reported previously by Ken et al. (2013) who 
mentioned clenbuterol caused a clear reduction in 
phagocytic activity and index.
The rabbits vaccinated with the RHD vaccine only 
or received ractopamine in the tested dose and then 
vaccinated with the vaccine resulted in a marked 
rise in WBCs, neutrophils, monocytes, eosinophils, 
basophils, phagocytic activity, and phagocytic index 
beside a significant decrease in lymphocytes. Likely, 
Chenggang et al. (2001) stated that the RHD virus 
vaccine induced an increase in WBCs, neutrophils, 
monocytes, eosinophils, basophils, phagocytic activity, 
and index due to improving the immunological status 
post vaccination by stimulation of the lymphoid 
tissue T-cell system, increasing the production 
of lymphocyte active substances and increasing 
phagocytosis of macrophage. Likely, Abd El Lateef 

(2006) demonstrated that the RHD virus vaccine 
increased the phagocytic activity and phagocytic 
index, besides improving the total and differential 
leukocytic count. Furthermore, Abd El-Wahab (2015) 
recorded that the RHD virus vaccine stimulates the 
phagocytic activity and index, WBCs, neutrophils, 
monocytes, eosinophils, and basophils. Similarly, Said 
et al. (2019) demonstrated that vaccinated rabbits had 
a significant rise in the leukocytic count, neutrophils, 
monocytes, eosinophils, basophils, phagocytic percent, 
and phagocytic index. 
Ractopamine caused marked changes in nitric oxide 
and lysosome. Such changes corresponded well with 
Yates et al. (1997) who mentioned that short- and long-
acting inhaled beta2-agonists induced insignificant 
increases in serum nitric oxide and lysosome. Masao et 
al. (1999) reported that celiprolol and nebivolol, other 
beta-agonists caused a dose-dependent insignificant 
increase in nitric oxide and lysosome release. 
Besides, Liu et al. (2012) found that rats that received 
another beta-agonist named isoproterenol showed 
an insignificant increase in serum nitric oxide and 
lysosome. Niaolin et al. (2012) found that bopindolol, 

Fig. 2. Photomicrograph of peroxidase stained rabbit A) liver 
and B) kidney of group 3 showing negative expression for 
caspase-3 (scale bar = 100 µm), C) liver of group 4 showing 
diffuse positive moderate expression for caspase-3, and 
D) kidney of group 4 showing focal interstitial moderate 
expression for caspase-3 (scale bar = 100 µm).

Fig. 3. Photomicrograph of intestine portions of different 
groups at first scarification showing mucosal demonstration 
for VL; VW and Goblet cells (GCC) for groups a–d 
consequently (H&E X bar = 100 μm).

Fig. 4. Photomicrograph of intestine portions of different 
groups at second scarification showing mucosal demonstration 
for VL; VW and GCC for groups A–D consequently (H&E 
X bar =100 μm).

Fig. 1. Photomicrograph of peroxidase-stained rabbit A) 
control liver, B) control kidney group showing negative 
expression for caspase-3 (scale bar = 100 µm), C) livers 
of the ractopamine-treated group, and D) kidneys of the 
ractopamine-treated group showing focal positive moderate 
expression for caspase-3 (scale bar = 100 µm).
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another beta-agonist could increase nitric oxide and 
lysosome production. Vaccinated rabbits in the present 
study either alone or in combination with ractopamine 
had a significant elevation in serum nitric oxide and 
lysosome. The same phenomenon was recorded in 
several reports before (Abd El-Wahab, 2015; Halaby, 
2015; Ghandour, 2017; Said et al., 2019). 
Ractopamine caused clear changes in the protein 
picture of the tested rabbits throughout the experimental 
period in comparison with control rabbits. Likely, 
ractopamine decreased protein synthesis (Liu et al., 
1994; Mersmann, 1998; Vandenberg and Moccia, 
1998). Similarly, Spencer and Oliver (1996) found that 
clenbuterol suppressed the humoral immunological 
function. The observed higher serum albumin levels 
agreed with that recorded in the supplemented diet 
containing beta-adrenergic agonists (terbutaline and 
metaproterenol), and this might be due to the enhanced 
protein synthesis (Abadi et al., 2010). Likely, Kheiri 
et al. (2011) showed that broilers that received 
ractopamine had a marked rise in serum albumin. While 
total protein and globulin decreased in male Japanese 
quails that received 7.5 ppm ractopamine (Sayed et al., 
2014). Vaccinated rabbits showed an elevation in total 
protein, albumin, and globulins. On similar grounds, 
Zheng et al. (1990) stated that γ globulin was increased 
in rabbits vaccinated against rabbits’ hemorrhagic 
disease virus. The same results were recorded before as 
α, β, and γ globulins were increased in the vaccinated 
rabbits, such increases were due to the increase in 
antibody-producing cells in the lymphoid organs 
(Villares, 1991; Perrin, 1996; Boga et al., 1997; Elkady 
et al., 2016; Said et al., 2019). 
IHC examination of the internal organs of the rabbits 
(liver and kidney) showed a negative expression 
for caspase-3 in the control and vaccinated groups 
only. Rabbits that received ractopamine alone or 
in combination with the vaccine showed a positive 
expression for caspase-3 in the same organs. Intestinal 
examination revealed an increase in the VL, VW, and 
absorption surface area in rabbits that were treated with 
ractopamine alone or with the vaccine. Likely, similar 
IHC observation was reported before as exposure to 
natural or chemical compounds (drug) induced liver 
injury and positive expression for caspase-3 (Fisher et 
al., 2015). The same change in caspase-3 was observed 
by Eid et al. (2015) in albino rats vaccinated with the 
swine flu (H1N1) vaccine. Moreover, Li et al. (2020) 
stated that the Newcastle disease vaccine caused a 
negative expression for caspase 3.

Conclusion
In conclusion, administration of ractopamine could 
lead to several adverse effects on the immune responses 
in rabbits. Interestingly, using the hemorrhagic disease 
virus vaccine either alone or with the ractopamine 
could improve the immune responses in rabbits.
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