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ARTICLE INFO ABSTRACT

Edited by: Dr Yong Liang To explore the effect of florfenicol (FFC) combined with Salvia miltiorrhiza polysaccharide (SMPs) on immune
function of Broilers. One hundred and twenty-one-day-old chicks were chosen and divided into 6 groups. The
group A received standard basal diet only, the group B received a basal diet with FFC (0.15 g/L diet), and the
group C, D, E received a basal diet with FFC (0.15 g/L diet) and SMPs (1.25 g/L, 2.5 g/L, 5 g/L diet) , the group F
received a basal diet with SMPs (5 g/L diet). FFC can significantly inhibit the growth performance of broilers, but
has no significant damage to the immune function of broilers. The combination of FFC and SMPs can improve the
growth performance of broilers, increase the number of leukocyte subtypes in blood (P < 0.05), increase the
number of Newcastle disease (ND) and avian influenza (AI) antibodies in blood, the number of immunoglobulins,
and the content of cytokines (P < 0.05). In addition, it significantly improve the lymphocyte conversion rate of
broiler peripheral blood (P < 0.05). So that, synergistic use of FFC and SMPs can enhance immune responses in
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1. Introduction

With the wide application of antibiotics, people gradually realize
that antibiotics can not only kill pathogens, but also affect the immune
function of the body. So that, understanding the regulation mechanism
of different kinds of antibiotics on the immune function of organism will
be of positive significance in guiding the clinical selection of drugs (Yang
et al., 2017). Florfenicol (FFC) is recognized as one of the most promi-
nent broad-spectrum antibiotics in Livestock and poultry feeding in-
dustry (Zhang et al., 2015). FFC is often used to treat infections caused
by various pathogens, including Escherichia coli, Salmonella typhimurium,
Staphylococcus aureus, Streptococcus, Pasteurella multocida and Myco-
plasma pneumoniae (HO et al., 2000; Shin et al., 2005; Wisselink et al.,
2006). There are some reports about the suppressive effects of FFC on
the humoral immune parameters in mammals (Guan et al., 2011; Lis
et al., 2011; Shuang et al., 2011), birds (Hassanin et al., 2014; Khalifeh
et al., 2009a), and fish (Er and Dik, 2014; Reda et al., 2013), and those
studies pointed out that the cellular immunity could be altered in a
dose-dependent manner following administration of FFC. In addition,

FFC induced hypoplasia and atrophy of the spleen and thymus, induced
cell cycle arrest, as well as splenocyte apoptosis, and decreased the
proliferation and viability of lymphocytes and the humoral and cellular
immunity of the treated mice (Hu et al., 2016). However, the effect of
FFC on the poultry immune function was still controversial. In previous
study, poultry administration for FFC has been reported before to
adversely affect the immune system and B cell maturation (Chrzastek
et al,, 2011; Lis et al., 2019) oral FFC treatment probably through
maintaining intact mucosal surfaces and changing the normal flora
bacterial contents caused an up regulation in the threshold of cell
mediated immunity as interferon response; on the other hand, FFC ex-
erts a down regulation effect on the humoral immune responses (Kha-
lifeh et al., 2009a). In other study, no significantly lower immune
response against NDV vaccine was detected in chicks received FFC at a
dosage of 50 mg/Kg feed (Cao et al., 2004). In conclusion, the effect of
FFC on immune function of broilers is not clear, and further research is
needed.

SMPs has the effect of enhancing immunity (Sun et al., 2011). It has
been proved that SMPs has a significant promoting effect on lymphocyte
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proliferation in mice; it can significantly improve the phagocytosis of
peritoneal macrophages in mice, which shows that SMPs can signifi-
cantly promote the proliferation of lymphocyte in mice, and the pro-
moting effect is in accordance with the concentration, showing a strong
role in immune promotion. In addition, in the absence of macrophages
and B cells, SMPs can promote the proliferation of T cells, suggesting
that this is the direct effect of SMPs, rather than the indirect effect of
cytokines secreted by other cells, suggesting that T cells are also one of
the target cells of SMPs and interact with mitogen Con A. Comparisons
showed that SMPs could promote cellular immune function (Wang et al.,
2014b). Although there are many reports on the immune regulation of
SMPs on mice, there are few reports on its effect on the immune function
of broilers. Therefore, in this experiment, we want to explored whether
SMPs can alleviate the immune deficiency of broilers.

In this experiment, the development of immune organs, the changes
of leukocyte subsets and the content of immunoglobulin were measured.
Through this experiment, we want to reveal whether the therapeutic
dose of FFC (0.15 g/L) can damage the immune function of broilers, and
the effect of SMPs combined with FFC on immune function of broilers.
This will have certain significance for the standard use of FFC and the
development of SMPs as animal immunomodulatory drugs.

2. Materials and methods
2.1. Drugs and reagents

One-day-old SPF chickens (Arbor Acres broilers) were purchased
from Hebei Dawu Agricultural Group Poultry Company Ltd (Baoding,
China). FFC (purity>95%) were purchased from Shenniu Biological
Technical Co. Ltd (Shandong, China). SMPs (purity>95%) were pur-
chased from SHENGYAKAI Biological Technical Co. Ltd (Hunan, China),
which consisted of five different monosaccharides, including mannose,
rhamnose, arabinose, glucose and galactose, in the molar ratio of
2.24:2.35:1.27:0.98:1.11. Commercial kits for detecting chickens IgA,
IgG, IgM, IFN-y, IL-2 and IL-4 obtained from Shanghai Hengyuan
Biotech CO.,Ltd (Shanghai China). Other chemicals used in these ex-
periments of analytical grade were from commercial sources.

2.2. Experimental materials

A total of 240 broilers were randomly divided into six groups, 40
chicks in per group. Group A: chickens began to drink water and feed
normally from 1-day-old; Group B: 0.15 g/L of FFC was added to
drinking water at 1-day-old and fed freely; Group C: chickens were fed
with 0.15 g/L FFC and 1.25 g/L SMPs in drinking water at 1-day-old,
feeds were taken freely. group D: chickens were fed with 0.15 g/L FFC
and 2.5 g/L SMPs in drinking water at 1-day-old, feeds were taken
freely. group E, chickens were fed with 0.15 g/L FFC and 5 g/L SMPs in
drinking water at 1-day-old, feeds were taken freely. Group F: chickens
were fed with 5 g/L SMPs in drinking water at 1-day-old, feeds were
taken freely. After 5 consecutive days, normal drinking water and feed
were given to each group. Blood was collected from subwing veins of
chickens at age of d21 and d42, respectively, and organs of chickens
were executed. All broilers were vaccinated with Newcastle disease and
avian influenza vaccine at 1-day old, 7-day old and 21-day old (Sarfa-
ti-Mizrahi et al., 2010). All the experimental protocols were approved by
the Animal Care and Use Committee of Agricultural University of Hebei
prior to the initiation of the study.

2.3. Weight gain and immune organ index

Each chickens recorded their initial body weight, weighed each
chicken again after feeding to 21-day-old and 42-day-old in each group,
the body weight difference between 21-day-old/42-day-old and 1-day-
old was calculated respectively as the weight gain of each chickens,
and randomly selected 10 broilers in each group to execute, and took
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their spleen, thymus and bursa to weigh and calculate organ index.
organ index = organ weight (mg)/body weight(g).

2.4. Detection of leukocyte subsets in chicken blood

The whole blood of chickens was taken by anticoagulant tube, and
then detected by Hematology analyzer (Mindray Medical International,
Shenzhen, China). The number of white blood cells (WBC), lymphocytes
(Lymph), mononuclear cells (Mon) and neutrophils (Gran) in the blood
of chickens in each group were recorded (Hu et al., 2014).

2.5. Detection of ND and Al antibodies tilters in broiler serum

Before grouping, ten 1-day-old chickens were randomly selected to
detect Newcastle disease (ND) and avian influenza (HON2, AI) maternal
antibodies, and then, At the age of d7, d14, d21, d28, d35 and d42. Ten
chickens were randomly selected from each group. Blood was collected
from each chicken (chickens were eliminated after blood collection) and
serum was separated by centrifugation. The hemagglutination inhibition
(HI) test was carried out with 96-hole V-shaped hemagglutination
platelets. The titer of antibodies was determined by log2.

2.6. Measurement of lymphocyte transformation rate in peripheral blood

At the age of 42 days, MTT (sigma, St. Louis, MO, USA) was used to
detect the dynamic changes of T lymphocyte transformation rate in
peripheral blood. Three milliliter blood of each chicken was collected
from the wing vein, and added EDTA was used for anticoagulation. Take
1 mL of blood containing anticoagulant, and slowly add it to the tube
containing lymphocyte separation solution (the ratio of blood and sep-
aration solution is 1:1), centrifuge for 20 min at 3000 rpm/min, absorb
the middle cloudy white blood cell layer, wash it three times with
D'hanks solution (Gibco, Los Angeles, CA, USA) and centrifuge for 10
min at 2000 rpm /min. Then 1 mL erythrocyte lysate was added to tubes
and centrifuged for 5 min at 2000 rpm/min after reaction 2 min.
Remove the supernatant after centrifugation. Then adding RPMI1640
culture medium (Gibco, Los Angeles, CA, USA) to suspend cells, the cell
survival rate was more than 95% by trypan blue staining.

RPMI 1640 medium was used to adjust the number of cells to 2 x
10%/mL. PHA (sigma, St. Louis, MO, USA) (final concentration of 10 ug/
mL) and cell suspension were added to 96-well cell culture plate, 100 pL
/hole, and ten replicates were set in each group. After slight shaking, the
cells were cultured at 37 °C for 72 h in 5% CO, incubator (Thermo,
Waltham, MA,USA). Ten milliliter MTT was added to each hole and
reaction for 4 h, 100 pL. DMSO was added to each hole. After shaking and
mixing for 30 min, the cells were decomposed for 12 h and the absor-
bance at 590 nm was measured by Automatic enzyme-linked immuno-
sorbent assay systems (BioTek Instruments, Inc., USA).

2.7. Detection of immunoglobulin and cytokines in serum

Serum was separated by venous blood collection at 21 and 42 days
old. The contents of IgG, IgM, IgA, IL-2, IL-4 and IFN-y in chicken serum
were determined by ELISA kit (Henyuan Biotechnology Co., Ltd.,
Shanghai, China ) .

2.8. Statistical analysis

Using SPSS21.0 software (IBM Corporation, Armonk, NY) to test the
normality and homogeneity of variance of the counting data. Then the
mean differences among groups were compared by one-way ANOVA. If
the variance is homogeneous, LSD test is used; if the variance is not
homogeneous, Dunnett-13 test is used. The data in this experiment were
mean + standard deviation (SD) and significant differences among
groups were set at a value of P < 0.05, P < 0.01.
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Fig. 2. Spleen index(A), thymus index(B) and bursa of Fabricius index(C) in each group. ** compared with control group, P < 0.01, * compared with control group,
P < 0.05; # compared with FFC group, P < 0.01, ## compared with FFC group.

3. Results at d21 and d42, while 1.25 g/L, 2.5 g/L and 5 g/L of SMPs significantly
reduced the weight gain of broilers caused by FFC (P < 0.05).

3.1. Growth performance

As shown in Fig. 1, compared with the control group, 0.15 g/L of 3.2. Immune organ index

florfenicol significantly decreased the weight gain of Broilers (P < 0.01)
In our study we found that there was no significant difference in
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Fig. 3. Amounts of WBC(A), Lymph(B), Mon(C) and Gran(D) in the blood of broilers. ** compared with control group, P < 0.01, * compared with control group,

P < 0.05; # Compared with FFC group, P < 0.01, ## compared with FFC group.

spleen index and thymus index between per group chinks at d21 and d42
(P > 0.05, Fig. 2A and Fig. 2B). As for bursa of Fabricius index, the bursa
index of florfenicol group was significantly lower than that of other
groups at d21(P < 0.05, Fig. 2C), and there was no significant difference
between groups at d42 (P > 0.05, Fig. 2C).

3.3. Leukocyte subtypes in blood of broilers

The main function of leukocytes is to phagocytize bacteria and pre-
vent diseases, the change of leukocyte subsets reflects the disease
resistance of broiler. As shown in Fig. 3, we detected WBC, Lymph, Mon
and Gran in the blood of broilers. It was found that there was no sig-
nificant difference in WBC, Lymph and Mon contents among the groups
at age of 21 days (P > 0.05), but at age of 42 days, WBC, Lymph and
Moon contents in blood, only 5 mg/L SMPs and FFC combined group
had significantly higher than other groups (P < 0.05). For the content of
Gran, there was no significant difference between the groups at age of
d21 and d42(P > 0.05).

3.4. ND and AI antibodies tilter in serum of broilers

We detected the antibody to Newcastle disease. The results showed
as shown in Fig. 4A, for d7-d42, compared with the control group, FFC
combined with three doses of SMPs (5g /L, 2.5 g/L and 1.25 g/L)
significantly increased the titer of ND antibody (P < 0.05). while at d14,
d28 and d35, FFC significantly increased the titer of antibody to New-
castle disease in broilers (P < 0.05). In the same time, Compared with
FFC group, 5 g/L SMPs combined with FFC could significantly increase
the antibody titer of Newcastle disease in Broilers (P < 0.05). In the
same time, we detected the titers of antibodies against avian influenza
HON2 in broilers. We found that compared with control group, 5 g/L
SMPs combined with FFC could significantly increase the Al antibody
titer in d14, d28, d35 and d42 (Fig. 4B).

3.5. Contents of IgA, IgG and IgM in serum of broilers

As shown in the Fig. 5A, the content of IgA in the FFC-2.5 g/L SMPs
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Fig. 4. Antibody titer of ND(A) and Al (B) in
each group. Group A: chickens began to drink
water and feed normally from 1-day-old; Group
B: 0.15 g/L of FFC was added to drinking water
at 1-day-old. Group C: chickens were fed with
0.15 g/L FFC and 1.25 g/L SMPs in drinking
water at 1-day-old. group D: chickens were fed
with 0.15 g/L FFC and 2.5 g/L SMPs in drinking
water at 1-day-old. group E, chickens were fed
with 0.15 g/L FFC and 5 g/L SMPs in drinking
water. group F, chickens were fed 5 g/L SMPs in
drinking water. ** compared with control
group, P < 0.01, * compared with control

Antibody titer (Log2)

group, P < 0.05; # compared with FFC group,
P < 0.01, ## compared with FFC group.

1da 7a 1aa 21a 28d

group and the FFC-5 g/L SMPs combination group significantly higher
than the control group and FFC group at the d21(P < 0.05). However, at
day42, only 5 g/L SMPs-FFC combination group was significantly higher
than the control group and FFC group(P < 0.05), while there was no
significant difference between other groups(P < 0.05). Compared with
the control group, the contents of IgG in the SMPs-FFC combination
group increased significantly at day21 and day42(P < 0.05), contents of
IgG in the FFC group was no significant difference at d21 and d42
(P > 0.05); Compared with the FFC group, the contents of IgG in the
SMPs-FFC combintion group increased significantly at d2land d42
(P < 0.05), contents of IgG in the FFC-5 g/L combintion group increased
significantly at day42(P < 0.05) (Fig. 5B). However, the expression of
IgM in each group were no significant difference at d21(P > 0.05).
Compared with the control group, both the FFC group and the FFC-5 g/L
SMPs combination group could significantly increase the IgM content at
d42(P < 0.05) (Fig. 5C).

3.6. Contents of IFN-y, IL-2 and IL-4 in serum of broilers

As shown in the Fig. 6A, the content of IFN-y in the FFC group and the
FFC-SMPs combination group significantly higher than the control
group on the d21(P < 0.05). However, at d42, the content of IFN-y in
only 5 g/L SMPs-FFC combination group was significantly higher than
the control group(P < 0.05), while there was no significant difference
between other groups(P > 0.05). The results of IL-2 contents showed
that compared with the control group, the IL-2 contents in SMPs-FFC
combination group and the FFC group increased significantly at d21
and d42 (P < 0.05); Compared with the FFC group, the contents of IL-2
in the 2.5g /L SMPs-FFC combination group and 5 g/L SMPs-FFC
combination group increased significantly at d42 (P < 0.05) (Fig. 6B).
However, the expression of IL-4 in 5 g/L SMPs-FFC combination was
significantly higher than the control group at d21, in the same time, the
expression of IL-4 in 5 g/L SMPs-FFC combination was significantly
higher than the FFC group at d21(P < 0.05); but at d42, there was no
significant difference in the expression of IL-4 between each group
(P > 0.05) (Fig. 6C).

35a aza

3.7. Lymphocyte transformation rate in peripheral blood

Lymphocyte transformation rate is an important indicator of cellular
immunity. We detected the lymphocyte transformation rate in the blood
of broilers in each group. We found that there was no significant dif-
ference in the lymphocyte transformation rate among each group at the
age of d21(P > 0.05) (Fig. 7A), but at the age of d 42, compared with the
control group, both the FFC group and the SMPs-FFC combination group
could significantly improve the lymphocyte transformation in the blood
(P < 0.05) (Fig. 7B). Compared with the FFC group, 5 g/L SMPs-FFC
combination group can significantly improve the blood lymphocyte
conversion rate(P > 0.05) (Fig. 7B).

4. Discussion

Florfenicol has been widely used in the treatment of bacterial dis-
eases, but its function of immune regulation is still uncertain. In fact, the
reported dose of florfenicol, which can cause animal immunosuppres-
sion, is far greater than its recommended therapeutic dose (Hu et al.,
2016). While the immunotoxicity of the recommended therapeutic doses
(0.15 g/L, drinking water) or lower doses of florfenicol was rarely re-
ported. In this experiment, broilers were added the recommended
therapeutic doses of florfenicol in drink water to explore the effect of
florfenicol on the immune function of broilers. SMPs has the function of
immune regulation, and can improve the immunity of immunocom-
promised animals (Liu et al., 2013; Wang et al., 2014a; Zhang et al.,
2012b). We observed the effect of FFC combined with SMPs on immune
function of broilers. The results showed that low dose of FFC had no
significant damage to immune organ index, antibody titer and immu-
noglobulin content of broilers, besides significantly inhibiting weight
gain. We also can see the weight gain is decreased in the groups of
FFC+SMPs treatment, FFC combined with SMPs (5 g/L) also signifi-
cantly increase blood antibody titer and immunoglobulin content in
broilers, but the immune organ index was almost no difference. The
results showed that the combination of FFC and SMPs (5 g/L) could
improve the immunity of broilers.

The immune system is diverse and can respond accurately to
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different types of infectious organisms (Mckee et al., 2010). Cellular
immunity is very important in the immune system. T lymphocyte plays
an important role in preventing intracellular biological infection. In
addition, in T lymphocytes, Th cells can induce antibody-producing
lymphocytes and Tc cells to help phagocytes phagocytize microorgan-
isms. Anti-biochemical oxygen demand (BOD) produced by B lympho-
cyte mediated fluid immunity by [ES (Marciani et al., 2000). The spleen
is an important lymphatic organ that links innate and adaptive immu-
nity (Ciavarra et al., 2005). Splenic lymphocytes, including T cells and B
cells, play an important role in the body’s immune response. Splenic
lymphocyte proliferation is the most direct indicator of the body’s im-
munity. Producing effective T and B lymphocyte immunity depends on
lymphocyte stimulating cell proliferation. As we all know, PHA stimu-
lates T cells, while LPS stimulates B cell proliferation (Su et al., 2014).
Our results showed that 5g/L SMPs-FFC combination group can
significantly improve the blood lymphocyte conversion rate, which may
contribution to improve the immunity of broilers.

The titer of antibody in chickens reflects the strength of humoral
immunity. Humoral immunity is an important specific immune response
mediated by B cells (Khalifeh et al., 2009a), which is one of the main
factors for the body to resist infectious diseases. Chicken B cells develop
and mature in bursa of Fabricius medulla. Mature B cells are stationary,
secrete antibodies and exert humoral immune effects (Peng et al., 2009).
The higher the antibody level, the stronger the resistance of chickens to
infectious diseases, and the less the chance of infectious diseases in
chickens (Gheorghiu et al., 1985). Therefore, the combination of

florfenicol and Salvia miltiorrhiza polysaccharide in each dosage group
could increase the antibody level of Newcastle disease and avian influ-
enza in peripheral blood of chickens, which indicated that florfenicol
and Salvia miltiorrhiza polysaccharide could increase the antibody level
of Newcastle disease in chickens and enhance the humoral immunity.
IgG, IgM and IgA are the main immunoglobulins produced by acti-
vated B lymphocytes, reflecting the humoral immune status (Leb-
acqverheyden et al., 1974). Among them, IgG is the main component of
antibodies in serum and body fluids. It mainly participates in the body’s
re-humoral immune response. It has the functions of regulating phago-
cytosis, agglutination and precipitation of antigens, neutralizing path-
ogens and toxins, and activating complement transduction pathways
(Venkatesh Prasanna et al., 2009). IgM is the earliest immunoglobulin
produced by activated B cells stimulated by antigen (Dekruyff et al.,
1985). IgM has a strong antigen binding ability and plays an important
role in the early humoral immune defense (Gonzalez-Suarez et al.,
2009). IgA is also an important immunoglobulin involved in humoral
immunity. Their content can reflect the level of humoral immunity in
chickens. Experiments have shown that Chinese herbal medicine can
improve the immune organ index of chickens, and can improve the level
of chicken immunoglobulin, which can improve the immune ability of
chickens. Our results showed that the combination of florfenicol and
Salvia miltiorrhiza polysaccharide could significantly increase the levels
of IgG, IgM and IgA in serum of chickens. The results showed that the
combination of florfenicol and Salvia miltiorrhiza polysaccharide had
better effect, promoted the production of immunoglobulin and
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Fig. 6. Contents of IFN-y (A), IL-2 (B) and IL-4 (C) in Chicken Serum at d21 and d42. ** compared with control group, P < 0.01, * compared with control group,

P < 0.05; # compared with FFC group, P < 0.01, ## compared with FFC group.
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Fig. 7. Peripheral blood lymphocyte transformation rate of broilers in each group at d21 and d42. ** compared with control group, P < 0.01, * compared with
control group, P < 0.05; # compared with FFC group, P < 0.01, ## compared with FFC group.

enhanced the immunity of broilers.

The cytokines secreted by helper T cells can be divided into Thl-
related cytokines (IFN-y and IL-2) and Th2-related cytokines (IL-4 and
IL-6) (Pinto et al., 2006). IFN-y mediates cellular immunity by pro-
moting T cell proliferation and differentiation to activate phagocytosis
and kill intracellular pathogens. IL-2 is the activation and differentiation
of T lymphocytes. In addition, it can promote the secretion of immu-
noglobulin to induce B cell differentiation and proliferation of killer cells
(Feria-Romero et al., 2011). IL-4 plays an important role in the differ-
entiation of Th2 and strongly induces the secretion of IL-5, IL-9 and
IL-10 (Yee et al., 2013). Our results showed that the combination of
florfenicol and Salvia miltiorrhiza polysaccharides could significantly

increase the contents of IFN-yand IL-2, but had no significant effect on
the contents of IL-4.

5. Conclusion

FFC can significantly inhibit the growth performance of broilers, but
has no significant damage to the immune function of broilers. The
combination of florfenicol and SMPs can improve the growth perfor-
mance of broilers, increase the number of leukocyte subtypes in blood,
increase the antibodies tilters of Newcastle disease and avian influenza,
the number of immunoglobulins, and the content of cytokines in serum
of broilers. In addition, it can improve the lymphocyte conversion rate of
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broiler peripheral blood. So that, synergistic use of FFC and SMPs can
enhance immune responses in Broilers.
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