
University of Dar es Salaam

Research Repository https://repository.udsm.ac.tz

College of Agricultural Sciences and Fisheries Technology Department of Aquatic Sciences and Fisheries Technology

2018-08-01

Influence of Long-Term Feeding

Antibiotics on the Gut Health of Zebrafish

Li, Zhou

Zebrafish

http://hdl.handle.net/20.500.11810/5221

Downloaded from University of Dar es Salaam Repository



Original Article

Influence of Long-Term Feeding Antibiotics
on the Gut Health of Zebrafish

Li Zhou,1 Samwel Mchele Limbu,1,2 Fang Qiao,1 Zhen-Yu Du,1 and Meiling Zhang1

Abstract

The use of antibiotics for anti-infection and growth promotion has caused the overuse of antibiotics in aqua-
culture. However, the benefit or risk of the long-term use of antibiotics on fish growth or health has not been
fully addressed. In the present study, zebrafish were fed with sulfamethoxazole (SMX) or oxytetracycline
(OTC) at the therapeutic concentrations (100 and 80 mg/kg body weight per day, respectively) for 6 weeks to
mimic the long-term use of antibiotics. The digestive enzyme activities were higher in both antibiotic treat-
ments, and higher oxygen consumption rate was found in OTC treated group. As a result, SMX increased the
weight gain of zebrafish, and OTC treatment did not show significant prompting effect on growth. The mortality
was higher in SMX or OTC treated group on 2nd–4th day after exposure to Aeromonas hydrophila. Lower
alkaline phosphatase (AKP) and acid phosphatase (ACP) activities were found in OTC treated group, while
higher malondialdehyde (MDA) content was found in the intestine of both SMX and OTC treated zebrafish.
Furthermore, feeding OTC decreased the intestinal microbial richness. This study revealed that long-term use of
legal aquaculture concentrations of antibiotics caused systemic adverse effects on fish gut health; stringent
policy for use of antibiotics in fish is urgent.
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Introduction

China is currently the largest aquaculture producer and
exporter, contributing 61.7% of the global aquaculture

production.1 With the rapid development of aquaculture in-
dustry, intensive culture has been more and more popular, but
uneaten feeds and wastes excreted from fish deteriorate water
quality, which cause the prevalence of diseases.2 Increased
fish stocking density, which may cause crowding or hypoxic
stress, and the lack of sanitary barriers between farming sites
increase the potential risk for the spread of infection.2–4

In Chinese cultured aquatic species, more than 200 dis-
eases have been identified with bacterial infections. These
infections are estimated to account for 15%–20% of annual
total production, which implies an economic loss of 5–7
billion Chinese Yuan (about 750–1000 million US dollars).5

How to control bacterial infections is one of the most im-
portant challenges that farmers need to solve. Antibiotics are
natural or synthetic drugs with the capacity to kill or inhibit
the growth of bacteria, and it has been thought that with the
development of intensive culture, feeding antibiotics to fish is
necessary in aquaculture.2,6

Except for anti-infection, some antibiotics are also used as
feed supplements to promote growth of livestock,7 which also
drive the misuse or overuse of antibiotics in aquaculture.8 In
China, antibiotics as growth promoters are widely used in
aquafeeds,9 and oral administration of antibiotics by mixing
the drugs with the fish feeds is the most common application
method.10 Antibiotic treatments in aquaculture cause antibiotic
resistant bacteria or genes and side effects on fish health.11,12

Many studies have detected the concentrations of antibiotic
residues and occurrence of specific antibiotic resistant bacteria
and genes in fish or environments,11,13–15 but the influence of
antibiotics on fish health should also be taken into account.

Intestine is the important organ for preventing the entrance
of pathogens and metabolizing drugs.16,17 Furthermore, in-
testinal microbiota also plays important roles in drug me-
tabolism and immune regulation.18,19 Impaired intestinal
barrier or function and disturbed intestinal microbiota could
increase the disease susceptibility in fish, so gut health has
received more and more attention when we evaluate the
growth condition of fish.20,21

Sulfamethoxazole (SMX) and oxytetracycline (OTC) are
two common antibiotics used in human and veterinary
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medicine22,23 and are the permitted antibiotics to be used in
aquaculture for the treatment of systemic bacterial infections
in many countries.12 In China, the recommended dose is 50–
100 mg SMX kg-1 body weight per day for 5–7 days and 50–
80 mg OTC kg-1 body weight per day for 5–10 days.24 OTC
is a broad-spectrum antibiotic, which enters the bacterial cells
and binds to ribosome to prevent binding of aminoacyl
transfer RNA (tRNA).25 SMX, which is a structural analog of
para-aminobenzoic acid (PABA), interferes with the normal
bacterial synthesis of folic acid.

Although these two antibiotics are thought to have mini-
mal side effects, they still impaired the antioxidative system
or suppressed the immune system in liver, heart, kidney, or
spleen of rainbow trout or carp.12,26,27 However, the influence
of the long-term use of these two antibiotics at the therapeutic
level on the gut health of fish remains unclear.

Zebrafish was selected as a model species and orally
treated with SMX and OTC at the therapeutic level for 6
weeks to mimic the overuse of antibiotics in this study.
Weight gain of fish was measured during the experiment and
at the end of the experiment and then fish were challenged
with pathogenic bacteria, Aeromonas hydrophila, to evaluate
the anti-infection ability of zebrafish. Considering the im-
portant role of intestine and microbiota in fish health, the
digestive enzymes, immunology-related enzymes, inflam-
matory factors, and intestinal bacterial composition were
evaluated to show the risk and benefit of the long-term use of
antibiotics on fish growth and health.

Materials and Methods

All experiments were conducted under the Guidance of the
Care and Use of Laboratory Animals in China. This research
was approved by the Committee on the Ethics of Animal
Experiments of East China Normal University.

Experimental animals and antibiotic exposure

Seven hundred adult zebrafish (0.1 g each) were purchased
from Yuyi tropical fish farm (Shanghai, China). Fish were
acclimatized for 2 weeks in 100 · 45 · 45 cm tanks with
aerated dechlorinated tap water and a natural photoperiod of
14 h light and 10 h dark before the experiment. During the
acclimatization, fish were fed with a commercial diet
(Shengsuo Co., Shandong, China) twice per day. The water
temperature and pH were kept at 26�C – 2�C and pH 6.8–7.5,
respectively.

SMX (CAS: 723-46-6) and OTC (CAS: 615 3-64-6) were
purchased from Yuanmu Biotechnology Co., Ltd. (Shanghai,
China). According to Chinese guidelines for the use of fishery
drugs NY 5071-2002,24 the concentrations of SMX and OTC
used in the present study were at 100 and 80 mg/kg weight per
day, respectively. SMX and OTC were weighted and mixed
with the feed components at a concentration of 5 g/kg diet and
4 g/kg diet, respectively.

After 2 weeks of acclimatization, 600 zebrafish were ran-
domly divided into three groups as follows: control, SMX
diet, and OTC diet, and each group has triplicate tanks. The
tank size is 60 · 45 · 45 cm. During the experiment, fish were
fed with a basic diet without antibiotics at a ratio of 2% of
body weight, twice per day (Supplementary Table S1; Sup-
plementary Data are available online at www.liebertpub.
com/zeb). The weight of the fish in each tank was recorded

every 2 weeks during the experiment, and the quantity of feed
was adjusted correspondingly. All treatments were per-
formed in sterile tanks, and half of the water from each tank
was replaced every 2 days. The duration of the experiment
lasted for 6 weeks. At the end of the experiment, fish were
captured and their final weight was determined.

Determination of oxygen consumption rate

The metabolic rate was evaluated by examining the oxy-
gen consumption rate (OCR) as previously described.28

Bacterial challenge

At the end of the experiment, A. hydrophila was used to
challenge the zebrafish. The bacterial challenge was con-
ducted in three treatments (control, SMX diet, and OTC diet),
and each treatment had 25 fish in three replicates. A single
colony of A. hydrophila was grown in Luria-Bertani (LB)
liquid medium at 37�C with shaking at 200 rpm for 14 h. The
overnight culture was then inoculated into 100 mL of fresh
LB medium (1:100). The cultured bacterial cells were
centrifuged and resuspended in phosphate buffered saline
(pH 7.4). Zebrafish were immersed in water containing
bacteria with a final concentration of 5 · 108 colony forming
unit/mL for 6 days. The water and bacteria were changed
every 2 days, and mortality was recorded every day.

Biochemical assays

The whole guts of three fish were pooled together,
weighed, and homogenized with 9 volumes (v/w) of 0.8%
physiological saline. Then, the homogenate was centrifuged
at 2500 g at 4�C for 10 min, and the supernatant was collected
for biochemical assays according to the manufacturer’s in-
structions. Amylase (AMS), lipase (LPS), and malondialdehyde
(MDA) were measured using an Enzyme-linked Immuno-
sorbent Assay Kit (Hengyuan, Shanghai, China). Superoxide
dismutase (SOD), peroxidase (POD), reduced glutathione
(GSH), acid phosphatase (ACP), and alkaline phosphatase
(AKP) were measured using related commercial assay kits
(Nanjing Jiancheng Institute). Results were recorded on a
microplate reader (Epoch; BioTek).

Quantitative real-time polymerase chain reaction

Total RNA was extracted from zebrafish gut using TRI-
pure Reagent (Aidlab). RNA having an A260/A280 absor-
bance ratio of 1.8–2.0 and an A260/A230 ratio >2.0 were
used for subsequent analysis. Electrophoresis was also used
to assess the RNA quality by visualizing the 28S/18S ribo-
somal RNA (rRNA) ratio on a 1% agarose gel. RNA quantity
was measured using NanoDrop 2000 Spectrophotometer
(Thermo Scientific). The complementary DNA (cDNA) was
synthesized using 1 lg total RNA as the template by a Pri-
meScript� RT Reagent Kit (Takara, Dalian, China) accord-
ing to the manufacturer’s instructions.

Real-time polymerase chain reaction (PCR) was conducted
in the CFX Connect Real-Time System (Bio-Rad). Expression
level of genes related to nutrient transportation, including Na+/
K+-ATPase (sodium–potassium adenosine triphosphatase),
Glut2 (glucose transporter 2), SGLT1 (sodium–glucose co-
transporter 1), and y+LAT1 (light chain-y+L amino acid
transporter-1), was detected by real-time PCR. Genes related
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to pro-inflammatory cytokines such as tumor necrosis factor
alpha (TNF-a), interleukin-1 (IL-1), and anti-inflammatory
cytokines, including transforming growth factor-beta (TGF-b),
were also detected in this study. Elongation factor-1a (EF-1a)
was used as the internal control to normalize the data. The
primers for EF-1a and target genes for quantitative PCR (qPCR)
are listed in Supplementary Table S2.

The mixture for qPCR contained 10 lL of 2 · SYBR qPCR
Mixture (Aidlab), 100 ng cDNA, 300 nM of qPCR primers,
and 6.4 lL nuclease-free water. The program for the qPCR
was 94�C for 3 min and 40 cycles at 94�C for 6 s and 60�C for
30 s. The melting curves for the amplified products were
generated to ensure the specificity of assays at the end of each
PCR. Gene expression quantification was calculated using
the comparative DDCT method, and the gene expression le-
vel in the control group was used as the comparator. All
assays were performed in triplicate.

Bacterial genomic DNA extraction

Considering the limited amount of intestinal content and
interindividual variation of intestinal microbiota, the intestinal
contents of three fish from each tank were mixed as one
sample. The intestinal contents were collected in sterile tube
and immediately stored in liquid nitrogen, then transferred to
fridges and kept frozen at -80�C until DNA extraction. Mi-
crobial DNA was extracted according to the protocol described
by the E.Z.N.A Soil DNA Kit (Omega Bio-Tek, Norcross,
GA). DNA quality was assessed by gel electrophoresis and
spectrophotometry (optical density 260/280). DNA yield was
measured with NanoDrop 2000 Spectrophotometer (Thermo
Scientific). Extracted DNA was stored at -20�C.

Illumina high-throughput sequencing
of barcoded 16S rRNA genes

The V3–V4 region of the bacteria 16S rRNA gene was
amplified by PCR using primers 338F: 5¢-ACTCCTACGGG
AGGCAGCA-3¢ and 806R: 5¢-GGACTACHVGGGTWT
CTAAT-3¢. Unique eight-base barcodes were added to each
primer to distinguish the different PCR products. PCRs were
performed in a 20 lL mixture containing 4 lL of 5 · Fast Pfu
Buffer, 250 nM dNTPs, 200 nM of each primer, 1 U of Fast Pfu
Polymerase (TransGen), and 10 ng of template DNA. The PCR
conditions were as follows: 95�C for 3 min to allow DNA
denaturation, with the amplification lasting 23 cycles (95�C for
30 s, 55�C for 30 s, and 72�C for 45 s), and the final extension
period lasted for 10 min at 72�C. Purified PCR products were
subjected to Illumina MiSeq PE300 platform, generating
paired-end reads (Majorbio Bio-Pharm Technology, Co., Ltd.,
Shanghai, China). The sequences obtained has been submitted
to GenBank with the accession number SRP111618.

Bioinformatics analysis

The raw pair-end readings were subjected to a quality-
control procedure using QIIME (version 1.17). The qualified
reads were clustered to generate operational taxonomic units
(OTUs) at the 97% similarity level using UPARSE (version
7.1). Chimeric sequences were identified and removed using
UCHIME (version 4.1). The phylogenetic affiliation of each
16S rRNA gene sequence was analyzed using RDP Classifier
against the SILVA 16S rRNA database using a confidence

threshold of 70%. Taxonomic richness and diversity esti-
mators were determined in Mothur.

ACE and Chao were used to reflect community richness, and
diversity was assessed using Shannon and Simpson indices. All
these indices were estimated based on OTUs abundance
matrices. Principal component analysis (PCA) and heat-map
analysis were performed under a MATLAB R2016a envi-
ronment. Twenty-six OTUs were selected for heatmap anal-
ysis according to: (1) the abundances of these OTUs were
significantly different between the control and antibiotic
treated group based on Student’s t-test and (2) the abundances
of these OTUs were higher than 0.1% at least in one treatment.

Statistical analyses

All results are presented as mean – standard error. To de-
tect the influence of antibiotics on fish health, Student’s t-test
was used to independently compare antibiotic treated group
with the control group. All statistical analyses were con-
ducted using SPSS software (version 18.0, Chicago, IL). A
value of p < 0.05 was regarded as statistical significance.

Results

Effects of antibiotic treatment on weight gain
and mortality rate after bacterial challenge of zebrafish

During the experiment, the body weight of three groups
was detected, and the results showed that antibiotic treated
groups had higher weight gain than the control group, but no
significant difference has been detected on 14th and 28th day.
At the end of the experiment, SMX-diet group showed sig-
nificantly higher final body weight than the control group
( p < 0.05). OTC-diet group also had relatively higher final
body weight than the control group, but no significant dif-
ference has been detected ( p > 0.05, Fig. 1A). The whole fish
OCR was detected in all three treatments, and the results
showed that OCR significantly increased in the OTC treated
group ( p < 0.05, Fig. 1B).

At the end of the experiment, zebrafish were challenged
with A. hydrophila, and the mortality rate was monitored for
another 6 days. The mortality rate began to show significant
difference between the control and OTC treated group from
the 2nd to 3rd day after the infection (Fig. 1C, p < 0.05), while
SMX-diet group showed significantly higher mortality than
the control group on the 4th day after the infection ( p < 0.05).
Four days later, no significant difference of mortality has
been found between the control and antibiotic treatment.
These results indicated that the killing rate of A. hydrophila
increased in antibiotic treated groups.

Influence of antibiotic treatments on the activities
of intestinal digestive enzymes and the expression
of nutrient transporter genes

Considering the higher body weight in SMX group, we ex-
amined the digestive enzymes and nutrient transporter tran-
script levels in the intestine. The results indicated that activities
of AMS and LPS in SMX or OTC treated group were signifi-
cantly higher than those in control group ( p < 0.05, Fig. 2A, B).
The expression level of transporter genes for sodium and po-
tassium was higher in OTC treated group ( p < 0.05, Fig. 2C).
The expression levels of Glut2 and SGLT1, which are reason-
able for glucose movement across cell membrane, were also
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examined in control and antibiotic treated groups. The results
indicated that the expression level of Glut2 significantly in-
creased in antibiotic treated groups ( p < 0.05, Fig. 2D), but the
expression level of SGLT1 did not show significant difference
between the control and antibiotic treatment (Fig. 2E). The
expression level of cationic amino acid transporter, y+LAT1,
was higher in antibiotic treated groups, but no significant dif-
ference has been detected ( p > 0.05, Fig. 2F).

Effects of antibiotic exposure on nonspecific immune
response in the gut

The faster killing rate by A. hydrophila may be related to
impaired immune function and unbalanced inflammation re-
sponse, so we detected several immune and inflammatory
response parameters.28 The results indicated that in the intes-
tine, ACP and AKP activities decreased in OTC-diet group

( p < 0.05, Fig. 3A, B). The messenger RNA (mRNA) expres-
sion of immune-related pro-inflammatory cytokines (TNF-a,
IL-1) and the anti-inflammatory cytokine (TGF-b) in the gut
was also detected, and the results showed that the expression
level of TNF-a increased significantly in OTC-diet group
( p < 0.05, Fig. 3C). The relative expression of IL-1 was also
higher in OTC-diet group, but no significant difference was
detected ( p > 0.05, Fig. 3D). There was no significant differ-
ence in the expression level of TGF-b between the control and
antibiotic treated groups ( p > 0.05, Fig. 3E).

Oxidative stress response to antibiotic exposure
in the gut

Oxidative stress is often observed in fish suffering from
environmental stress. In view of the fact that long-term anti-
biotic treatment may be one kind of stress, antioxidant response

FIG. 1. Influence of feeding SMX
and OTC on the body weight and
mortality of zebrafish. (A) Growth
curve of zebrafish during the 6-week
period. (B) Oxygen consumption rate of
fish. (C) The mortality of zebrafish
challenged with Aeromonas hydro-
phila. Student’s t-test was used to detect
the significant differences between the
control and antibiotic exposed groups,
*p < 0.05. OTC, oxytetracycline; SMX,
sulfamethoxazole.

FIG. 2. Influence of feeding
antibiotics on the activities of
intestinal digestive enzymes
and nutrient transporter genes.
(A) Amylase activity, (B) li-
pase activity, (C) Na+/K+-
ATPase, (D) Glut2, (E)
SGLT1, (F) y+LAT1. Student’s
t-test was used to detect
the significant difference be-
tween the control and antibi-
otic exposed groups, *p < 0.05,
**p < 0.01. Glut2, glucose
transporter 2; Na+/K+-ATPase,
sodium–potassium adenosine
triphosphatase; SGLT1, sodi-
um–glucose cotransporter 1;
y+LAT1, light chain-y+L amino
acid transporter-1.
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was detected in the intestine. Compared to the control group,
MDA content increased significantly ( p < 0.05) in both SMX-
diet and OTC-diet groups (Fig. 4A), while POD activity de-
creased in these two groups ( p < 0.05, Fig. 4C). Zebrafish in
antibiotic treated groups showed lower activities of SOD and
GSH compared to the control group, but no significant differ-
ences were detected (Fig. 4B, D).

We also detected the activities of MDA, SOD, and POD
in liver and muscle, but there were no significant differ-
ences between the control and antibiotic treated groups; only
b-oxidation capacity decreased significantly in liver (Sup-
plementary Fig. S1).

Gut microbial communities in zebrafish

A total of 328,123 high-quality reads were collected by
Illumina high-throughput sequencing of barcoded bacterial

16S rRNA genes. The coverage for each sample reached
99%, suggesting good sampling depth. The number of OTUs,
the estimators of community richness (ACE and Chao), and
diversity (Shannon and Simpson) are shown in Table 1.
Results indicated that ACE and Chao indices decreased in
OTC-diet group compared to the control group ( p < 0.05),
suggesting that OTC-diet groups had lower bacterial richness
compared with the control group. No significant difference
has been found in Shannon and Simpson between the control
and antibiotic treatment.

The relative abundance (%) of gut microbiota in each
sample at the phylum level is shown in Figure 5A. The
dominant phyla in the three groups were Proteobacteria,
Firmicutes, Bacteroidetes, Fusobacteria, Planctomycetes,
and CKC4. In the control group, the relative abundances of
these six phyla were 51.3%, 25.7%, 10.9%, 6.7%, 1.4%, and
2.8%, respectively. In the SMX-diet group, the relative

FIG. 3. Influence of feeding an-
tibiotics on the immune-related
enzymes and inflammatory factors.
(A) AKP activity, (B) ACP activ-
ity, (C) TNF-a, (D) IL-1, and (E)
TGF-b in zebrafish intestines. Stu-
dent’s t-test was used to detect for a
significant difference between the
control and antibiotic exposed
groups, *p < 0.05. ACP, acid phos-
phatase; AKP, alkaline phospha-
tase; IL-1, interleukin-1; TGF-b,
transforming growth factor-beta;
TNF-a, tumor necrosis factor alpha.

FIG. 4. Effect of feeding antibiotics on oxi-
dative stress in zebrafish intestine. (A) MDA
content, (B) total SOD activity, (C) POD ac-
tivity, and (D) GSH content. Student’s t-test
was used to detect for significant differences
between the control and antibiotic exposed
groups, *p < 0.05. GSH, reduced glutathione;
MDA, malondialdehyde; POD, peroxidase;
SOD, superoxide dismutase.
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Table 1. Richness and Diversity of Intestinal Microbiota in Zebrafish (Danio rerio)

Reads OTUs ACE Chao1 Shannon Simpson Coverage (%)

Control 38358 – 1959 346 – 23 364 – 24 371 – 25 3.35 – 0.17 0.09 – 0.02 99.90 – 0.02
SMX diet 36822 – 938 273 – 40 301 – 52 300 – 51 3.16 – 0.07 0.10 – 0.01 99.91 – 0.03
OTC diet 34248 – 3623 218 – 19a 238 – 23a 242 – 21a 3.11 – 0.13 0.09 – 0.01 99.91 – 0.04

aRepresent that compared with control, significant difference ( p < 0.05).
OTC, oxytetracycline; OTUs, operational taxonomic units; SMX, sulfamethoxazole.

FIG. 5. Effect of feeding antibiotics on the intestinal microbial composition. (A) Gut microbiota composition at the
phylum level. Three samples were involved in each group. (B) Principal component analysis of intestinal bacteria in the
three groups. (C) Heatmap analysis of selected 26 OTUs. The color bar on the left represents the proportion of each OTU in
each sample. The color bar in the middle indicated the comparison of OTU abundance between the antibiotic treated groups
and control group. Dark gray indicated that OTU abundance was higher, while black indicated that abundance was lower in
antibiotic treated groups than the control ones. *Represents a significant difference compared with the control group based
on Student’s t-test. The affiliation of each OTU was showed on the right panel. C, Control group; OD, OTC diet group; SD,
SMX diet group. OTUs, operational taxonomic units.
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abundances of the six phyla were 53.4%, 33.4%, 9.2%, 1.5%,
1.2%, and 0.2%, respectively. In the OTC-diet group, the
relative abundances of those six phyla were 45.1%, 26.4%,
6.7%, 4.4%, 1.1%, and 13.9%, respectively (Table 2). The
abundance of CKC4 was significantly influenced by antibi-
otic treatment.

PCA was used to identify the gut microbial composition in
three groups based on the proportion of OTUs, with most of the
variations explained by the first two coordinates 54.7% and
21.8%, respectively (Fig. 5B). SMX-diet group was separated
distinctly from the OTC-diet group, but because one sample in
control group differed from the other two samples in PC2, no
difference was detected between the control and antibiotic
treated groups based on the OTU proportion.

Twenty-six OTUs were selected for heatmap analysis ac-
cording to the standards stated in the methods part (Fig. 5C).
Seven OTUs decreased in both antibiotic exposed groups.
Furthermore, these OTUs were classified as Proteobacteria,
Bacteroidetes, and Planctomycetes. Ten OTUs increased in
the antibiotic exposed groups, and nine of them were from
Firmicutes.

Discussion and Conclusion

In aquaculture industry, the effects of dietary antibiotics on
weight gain of fish remain inconsistent. For example, sul-
fonamides were fed to brook trout (Salvelinus fontinalis),
brown trout (Salmo trutta), and rainbow trout (Salmo gaird-
neri), and the results indicated that antibiotics did not show
any growth-promoting influence on rainbow trout, while sul-
famerazine retarded growth of brook trout.29 Channel catfish
(Ictalurus punctatus) fed on feeds supplemented with OTC
increased the weight gain compared to those in the control.30

Increased body weight was also found in Oreochromis nilo-
ticus treated with OTC and florfenicol (FLO).31 In the present
study, SMX treated group showed higher body weight than
control group during the experiment, while OTC treatment
did not. Due to these inconsistent results, how in-feed anti-
biotics promote animals’ growth is an interesting question.

Based on poultries or pig studies, there are several possible
mechanisms underlying this phenomenon.32 First, feeding
antibiotics inhibit the normal intestinal microbiota, leading to
increased nutrient utilization and a reduction in the mainte-
nance costs of the intestinal system.32 Second, antibiotics
have a nonantibiotic anti-inflammatory effect, which may in
turn reduce wasted energy and spare it for production.33

Third, antibiotic treatment may permit growth by preventing

immunologic stress and associated metabolic changes34;
and also, growth promotion has been linked to altered con-
dition of the intestinal wall and villus lamina propria, which
causes enhanced nutrient digestibility.33,35

In the present study, increased digestive enzyme activities
have been found in both antibiotic treatments, but no sig-
nificant difference in immune related enzymes or OCR has
been found in SMX group compared with the control
group. For OTC treatment, OCR, which is a parameter to
examine energy utilization and stress in aquatic animals,36

increased. All these results suggested that fish in OTC-treated
group need to expand more energy to resistant stress caused
by antibiotics instead of growth.

Intestinal immune barrier is an important part of the in-
testinal health. It has been found that intestinal immune
barrier was disturbed by the intestinal inflammatory disor-
ders, such as the upregulation of pro-inflammatory cytokines,
decreased anti-inflammatory cytokines in fish,37 and im-
paired immune function.38 In our study, we found that long-
term dietary OTC treatment upregulated the expression of
TNF-a, suggesting that long-term OTC treatment triggered
the intestinal inflammation. The activity of ACP and AKP,
which are important components of the nonspecific immune
system, decreased in OTC group.

Numerous studies have showed that antibiotic treatments
cause oxidative stress, which also related to the impairment
of normal immune functions.12,38,39 In the present study,
decreased POD and increased MDA content were observed in
the gut of zebrafish treated with antibiotics, indicating that
long-term antibiotic treatments impair the antioxidative
system of zebrafish. All these results were consistent with the
fact that killing rate was slightly faster in antibiotic treatment
compared with the control group.

Intestinal microbiota plays important roles in protecting
the host from pathogen infection. Antibiotic treatment dis-
turbed the intestinal microbiota composition. Although we
did not find significant difference between the control and
antibiotic treated groups based on PCA, we found that the
abundance of some bacteria changed during the antibiotic
treatment. It is not surprising that bacteria with endospores
were increased in antibiotic treated groups, for example,
OTU899, OTU968, and OTU1015 all belong to Bacillaceae,
while OTU392 and OTU850 belong to Penibacillaceae, and
OTU59 is affiliated to Clostridiaceae.

Furthermore, some bacteria increased in antibiotic treated
group. For example, OTU1165 was increased significantly in
OTC-diet group and it belongs to Enterococcus, which is one
of the important fish pathogens causing severe disease out-
breaks in aquaculture facilities.40,41 OTU977 was also in-
creased in OTC-diet group and it belongs to Aeromonas,
which is the major genera of fish pathogens.42 OTU1166 is
affiliated to Cronobacter, which is a genus within the family
Enterobacteriaceae. Because we got the bacterial composi-
tion information based on sequencing, the exact phylogenetic
or pathogenic information of these OTUs still need further
investigation, but the alteration of the intestinal microbiota
may account for the faster killing rate in antibiotic treatment.

In summary, this work evaluated the risk and benefit of
long-term dietary antibiotic treatment on zebrafish growth
and health. Although oral antibiotics promoted the weight
gain of zebrafish to some extent, this benefit was at the ex-
pense of lowered immune function and increased killing rate

Table 2. The percentages of Major Phyla

of Gut Microbiota in Three Groups

Control (%) SMX diet (%) OTC diet (%)

Proteobacteria 51.3 – 8.0 53.4 – 17.3 45.1 – 6.8
Firmicutes 25.7 – 16.0 33.4 – 23.0 26.4 – 5.0
Bacteroidetes 10.9 – 2.7 9.2 – 3.2 6.7 – 2.5
Fusobacteria 6.7 – 4.9 1.5 – 2.4 4.4 – 3.6
Planctomycetes 1.4 – 0.2 1.2 – 0.7 1.1 – 0.4
CKC4 2.8 – 1.2 0.2 – 0.2a 13.9 – 3.7b

aRepresents significant difference ( p < 0.05) compared with Control
group.

bRepresents significant difference ( p < 0.01) compared with Control
group.
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when fish were exposed to bacteria challenge. Different an-
tibiotics and concentrations might be the reasons for varia-
tions in their effects on fish gut health, but our results
suggested that antibiotics with the therapeutic concentration
used as growth promoters in fish industry have high risks.
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