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Abstract
Ceftriaxone (CEFT), a widely used broad-spectrum beta -lactam 
cephalosporin antibiotic, is used to treat bovine mastitis, caused by a 
variety of bacteria. If used injudiciously, this antibiotic leaves a residue 
that persists after pasteurization. Antibiotic residue contamination occurs 
when antibiotic residue exceeds its Maximum Residue Limits (MRLs).
This has negative impacts on both public health and the environment. The 
aim of a recent study was to determine the concentration of ceftriaxone 
residue (CEFTR) in raw and pasteurized  mastitis cow milk, and its role 
in developmental toxicity and genotoxicity in the zebra fish model. The 
CEFTR concentrations in raw and pasteurized milk were  several times 
higher than CEFT's MRL. CEFTR showed a decrease in body length 
and yolk sac region of zebra fish larvae 7-amino cephalosporanic acid 
(7-ACA), C3 and C7 are the cephalosporin components produced by the 
degradation of CEFT that may present in CEFTR,  and have an impact on 
the zebra fish embryo in this stage of development. Comet Assay or Single 
Cell Gel Electrophoresis (SCGE)  also exhibited highest percentage of tail 
DNA, and tail moment (DNA migration) that is the ultimate indicator of 
DNA damage by breaking DNA strands and incorporating guanine residue 
into the genome that ultimately damages the DNA. As a result, the CEFTR 
is extremely concerning for public health and the environment. The toxic 
effects of the CEFTR in zebra fish model have not yet been studied. This 
may be the first comprehensive study.

Article Highlights
•  Concentration of ceftriaxone residue (CEFTR) was determined in raw

and pasteurized  mastitis cow milk.
•  Developmental toxicity of CEFTR was evaluated on zebra fish (Danio

rerio) embryos.
•  Percentage of Tail DNA and DNA tail moment were measured as

indicator of DNA damage
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Introduction
Mastitis is a chronic, economically important inflammatory 

disease that affecting the dairy industry around the world. 
Bovine mastitis costs India a significant amount of money 
every year. Mastitis is caused by a variety of bacteria that are 
extremely susceptible to ceftriaxone [1]. Ceftriaxone (CEFT) 
is a broad-spectrum, third-generation cephalosporin antibiotic 
with a beta -lactam structure. Because of its low toxicity, it 
is commonly used in bacterial infections such as meningitis, 
pneumonia, diarrhoea, joint infections, sepsis, and nosocomial 
infections [2]. Antibiotics including cephalosporin have 
Active Pharmaceutical Ingredients (API) that have a harmful 
impact on the environment. It acts as an emerging contaminant 
[3]. Antibiotics are manufactured in approximately 248,000 
tonnes each year and according to the findings, 48 percent of 
them being used to prevent and treat bacterial infections in 
humans and animals, according to the findings. 52 percent are 
used as growth promoter in agriculture allied sector. These 
are therapeutically administered to livestock to treat bacterial 
infections. These are also used as at subtherapeutic doses 
for disease prevention, growth promotion, and mortality 
reduction by lowering immune system function in live stock. 
These strategies help to minimize waste and toxin production 
[5-8]. Various antibiotics have stable structures and have a 
harmful toxic effect and due to which non-biodegradable 
parts of such antibiotics are directly discharged into a variety 
of environmental compartments leading to human health 
hazards. The usage of antibiotics are huge, despite the lack 
of official survey data on the detailed use of various types 
of antibiotics [9]. Excessive use of these antibiotics lead to 
the presence of their residual forms in milk. Antibiotics are 
contained in various organ tissues, secreted through milk, 
foods, and eggs, and are also excreted in feces and urine 
[10]. Among them, the duration and severity of exposure to 
antibiotic like, ceftriaxone have a significant impact on the 
implication of blaCTX-M resistance gene in the gut flora and leads 
to antibiotic resistance, which is the major cause of significant 
health care hazards [11,12]. Cephalosporrin antibiotic 
contamination has a strong negative impact on human health 
and ecosystem due to the presence of toxic substances in the 
waste water. This pollution affects marine ecosystems and 
it also impede ecosystem roles and affect organisms which 
are exposed during their life cycle [13]. Antibiotic residues 
in river water affect water quality and vary seasonally as 
a result of antibiotic runoff. Antibiotics are widely used in 
the treatment of animal diseases and as, growth promoter. 
Since 2006, European Union (EU) legislation has banned 
the use of antibiotics as a growth promoter [14]. Antibiotic 
residues from human and animal sources are discharged into 
many water bodies and posing a health risk to human beings 
[15]. Drug metabolites have carcinogenic and mutagenic 
properties, as well as have a negative impact on the various 
processes of the human body [8]. Antibiotic residues have 

now become a global problem [16]. Antibiotics have slowed 
the growth of starter cultures used to make fermented milk 
products [17]. Humans are the final consumers of antibiotic 
residue-containing products [8]. The pasteurization process 
removes the bacterial load from milk, but is unable to reduce 
drug residues [18]. As a result, maintaining the quality of 
milk necessitates the monitoring of antibiotic residue levels 
in milk. In this regard, regulatory agencies have set the higher 
limit known as the Maximum Residue Limits (MRLs) for a 
variety of anti-infective agents [19]. The main component 
of Cephalosporin containing wastewater is intermediate 
residues, which produce the fewest non-recycled materials, 
most of which are heterocyclic macromolecular compounds. 
Water which contains a variety of toxic organic compounds 
can pose a threat to organisms living in the environment [3]. 
It is estimated that 50% of all antimicrobials exist worldwide 
are for veterinary use. Bacteria that inevitably develop 
antibiotic resistance in animals comprise of food-borne 
pathogens, opportunistic pathogens and commensal bacteria. 
The same antibiotic resistance genes and gene transfer 
mechanisms can be found in the microflora of animals and 
humans. Direct contact, with such resistant bacteria, which 
reside in food and water contaminates animal and human 
habitats. It is reported that, resistant bacteria are accumulated 
by the use of antibiotics in agriculture and veterinary practices 
which spread via agriculture or veterinary tools and by direct 
contamination. The zebrafish embryo is a common model for 
mechanism-based research [20]. Antibiotics affect a variety of 
biomarkers in zebra fish [21]. Tetracycline causes oxidative 
stress in zebrafish embryos, which slows development [22]. 
Some pesticides are genotoxic, and also affect fishes [23]. 
The objectives of this study are (i) to quantify the CEFTR in 
raw and pasteurized milk from mastitis suffered cow, (ii) to 
investigate developmental toxicity of CEFTR in zebra fish, 
and (iii) to study its role in DNA damage.  

Materials and Methods
Chemicals and reagents

SRL laboratories provided the analytical grade solvents 
used in the HPLC (India). Milli Q Elix (USA) filtered water 
was used. The analytical grade Ceftriaxone (CEFT) was also 
purchased from Sigma Aldrich (USA).

Collection of milk samples
40 milk samples (100ml / sample) were collected from 

cows from about 10 herds in the dairy farming villages 
around Kalyani, Nadia, West Bengal, India, after assessing 
the udder health of cows with a history of clinical and 
subclinical mastitis (i.e. 20 from clinical mastitis case and 
20 from subclinical mastitis case). The mastitis milk samples 
were validated by the California Mastitis Test (CMT) and the 
White Side Test (WST)  [24]. The herds were labeled on the 
day of the first screening, and 30 days later, anamnesis of 
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the treatment regime was obtained from the owners of those 
identified herds, and samples were collected and stored in 
sterile containers at 4° C for future use. This research did 
not include any animal testing.As a result, in this study no 
animals were killed or anaesthetized.

Ceftriaxone residue (CEFTR) screening and 
quantification in milk samples 

To detect CEFTR in raw milk samples, all samples were 
run through a High Performance Liquid Chromatography 
(HPLC) device (Schimadzu Lc-20 AT system attached to 
Thermo ODS Hypersil C18 column (250 mm,4.6 mm-ID; 5 
µm particle size, USA) according to the standard protocol [25].  
For the study of CEFT residues in milk samples, the simple 
and responsive HPLC method was optimized and validated 
[26]. Pasteurization was carried out on all of them. For the 
residue, pasteurized milk samples were also subjected to 
HPLC following the same process. The light at a wavelength 
of 254 nm was detected using a UV Vis SPD 20 detector. 
The mobile phase in this method consisted of acetonitrile 
and milipore purified water after filtration and sonication. 
The result derived from this experiment by comparing the 
curves obtained from experiments to the normal curve to 
examine the results. HPLC was used to separate drug residue 
from 20 µl  of processed milk samples abiding a standard 
protocol by utilizing “LC Real Time Analysis” software. The 
CEFTR quantification  was done by comparing the peak area 
of the sample with that of  the standard  CEFT having the 
corresponding chromatogram [27]. 

Outcome of CEFTR on Zebrafish (Danio rerio)
Maximum Residual Limit (MRL) determination of 
samples for the in vivo study

To standardize the process, drug residue aliquots were 
obtained in acetonitrile, and the multiples of the Maximum 
Residual Limit (MRL) in each sample were determined. 
Observed multiples of MRL of Ceftriaxone Residue in 1 ml 
sample container, which is calculated in this manner, i.e., 
141 X MRL in 1 ml i.e., 1000 µl. So, 141 X MRL=1000 µl 
i.e., 1XMRL= 7 µl (approx.) of Ceftriaxone residue. So, 7 µl
contain 0.1ppm (As, MRL of CEFT is 0.1ppm). Therefore,
we inoculate the drug residue fraction collected from HPLC
in 1 ml of E3 medium containing 10 nos. of just hatched 24hpf
zebra fish larvae at 25 well plate to check their livability under
1xMRL inoculums for 24 h in case of  ceftriaxone Residue
(CEFTR). We did same for acetonitrile also as drug residue
dissolved in the acetonitrile. In this study, we got tolerance
to acetonitrile upto 20 µl. Livability of Ceftriaxone Residue
treated just hatched zebrafish larvae was checked under 1X
MRL to 3 X MRL,  i.e., the amount of that subjected drug
residue is 7 µl to 21 µl. It was observed that from point of
3X MRL of the drug residue maximum larvae was died.
So, tolerance observed for Ceftriaxone residue is upto

2 x MRL, that means 14 µl. Therefore, just hatched and 
survived zebra fish larvae in 1ml E3 medium was charged 
with 14 µl of aliquot which contains Ceftriaxone residue i.e 
0.2 ppm of concentration. Concentration of same pure drug 
was also charged in E3 medium containing the same quantity 
of zebra fish larva and 20 µl of acetonitrile was also charged in 
E3 medium containing the same quantity of larvae. Untreated 
larvae at E3 medium was considered as control. Zebra fish 
eggs were maintained and hatched by following the modified 
method reported by  Oliviera et al. [28].

Role of CEFTR on morphological traits of Zebra 
fish embryo

For this experiment, 48 hpf zebrafish embryos were 
used. The effects of CEFT, CEFTR, and ACTN on the 
developmental process of 48hpf embryos for 24 hours were 
investigated. The characteristics that were measured were 
body length, yolk sack length, and yolk sac height. Using an 
EVOS FL Auto fluorescence microscope(Invitrogen), these 
traits were measured for at 72 hpf of each zebrafish. The 
temperature was held at 28°C. Image J 2.0 software was used 
to assess the stated parameters of the larvae.

Role of CEFTR on DNA damage of Zebra fish embryo
The Comet Assay, also known as Single Cell Gel 

Electrophoresis (SCGE), is a sensitive and fast technique 
used in assessing DNA damage, repair, genotoxicity testing, 
and genotoxicity evaluation [29,30]. Cell samples, including 
controls, were prepared by centrifuging trypsin-treated cells 
from 24 hpf zebra fish embryo for this test. For 24 hours, zebra 

Figure 1: Concentration of Ceftriaxone residue (CEFTR) in raw and 
pasteurized cow milk having the report of mastitis, determined by 
using High-Performance Liquid Chromatography (HPLC). These 
experiments were performed for three times with three sets. The 
data are shown as average values ± SD. P˂0.05 defines significant 
difference of concentration between raw milk and pasteurized milk.
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fish embryos were exposed to 2X MRL Ceftriaxone drug 
residue (CEFTR), i.e. 14 µl of aliquot, 20 µl of Acetonitrile 
(ACTN), and 14 µl of pure Ceftriaxone (CEFT). The cells 
were then processed and dyed according to the standard 
protocol [31-33]. Comet score 2.0.0.0 software was used to 
analyze the comet formation of each and every cell one by 
one in sample under consideration. For the detection of DNA 
damage, the percentage of tail DNA and DNA migration (tail 
moment) were calculated [35]. The sample size was sufficient 
for statistical data analysis to estimate DNA damage caused 
by the stated treatment using the experimental model chosen.

Results
Detection and quantification of CEFTR  by HPLC

CEFTR was detected in raw and pasteurized milk 
samples (Figure1), which was verified by comparing the 
peak of the CEFT standard drugs obtained by the HPLC. 
CEFTR concentrations were 1.75±0.44 and 0.56±0.03 
ppm, respectively, in raw and pasteurized milk samples  
(Figure 1). CEFTR levels in raw and pasteurized mastitis milk 
were found to be approximately 17.5 and 5.6 times higher than 
MRL in this recent report, which is very significant and alarming.

1000µmCEFT R

(d)

UNTREATED

(a)

1000µm 1000µmACTN

(b)

CEFT 1000µm

(c)

Figure 2: (a) Image of untreated D. rerio embryos at 72 hpf. (b) Image of D. rerio embryos malformations after ACTN treatment at 
72 hpf (c) Image of  D. rerio embryos malformations after CEFT treatment at 72 hpf (d) Image of  D. rerio embryos malformations 
after CEFTR  treatment at 72 hpf.

Figure 3: (a) Body length of D. rerio embryos without treatment (untreated) and with treatment of ACTN, CEFT and CEFTR at 72 
hpf (b) Length of yolk sac of D. rerio embryos without treatment (untreated) and with treatment of ACTN, CEFT and CEFTR at 72 
hpf.(c) Height  of yolk sac  of D. rerio embryos without treatment (untreated) and with treatment of ACTN, CEFT and CEFTR at 
72 hpf. The data was presented as average values ± SD, with a significance level P˂0.05 indicating a significant difference between 
untreated and treated embryos. This procedure was carried out three times.
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Morphological traits
CEFTR showed detrimental effects on the growth 

and development of zebrafish after the treatment. These 
treatments reduced the body length (Figure 2b, 2c, 2d and 
3a) while compared with the untreated group (Figure 2a, 
3a). The CEFTR treated zebrafish shows shortest yolk sac 
length 430.2±28.94 µm and yolk sack height 72.33±3.84, and 
shorter body length 1489±38.44µm (Figure 2c,3b, 3c, 3a). 
The growth of the body length of the embryos was measured 
at 72hpf and the results are shown in Figure 2a,2b,2c,2d and 
3a and the yolk sack length and height are shown in Figure 
3b and 3c. CEFT and acetonitrile do not affect significantly  
on body length compared to the controls. But CEFTR has the 
detrimental effect on the growth of the embryo of zebra fish.

DNA damage

CEFTR was demonstrated for developmental toxicity 
in this study. This residue was also utilized to examine the 
DNA damage in cells of zebrafish embryos (24hpf). This was  
measured by % tail DNA and DNA migration (tail moment). 
CEFT  treated cell shows  23.45±0.59 % tail DNA. No damage 
in the untreated group (Figure 4a). ACTN treatment exhibits 
13.93±0.64% tail DNA while CEFTR treated showed highest 
65.95±0.78% tail DNA (Fig.4a) after only 24h treatment. 
Tail moment is significant i.e.0.58 in CEFTR respect to 
ACTN treated and CEFT treated samples, where tail moment 
were 0.20 and 0.27 respectively (Figure 4b).With its high 
sensitivity, the Comet assay detects early DNA damage. 

Discussion
In veterinary medicine, antibiotics are often used to treat 

various infectious diseases among which mastitis is most 
considerable one. Ceftriaxone (CEFT) residue was found 

in thirty out of forty samples. As a result, CEFTR was our 
main priority regarding drug residue. According to previous 
report, Tetracycline residue was not fully removed from milk 
at 700 C, depending on milk product matrix and its properties. 
Ceftriaxone has a Maximum Residue Limit (MRL) of 0.1ppm 
in milk, according to European Commission regulation 
2377/90/EC. Antibiotic residues in milk and milk products 
that exceed the MRL cause significant health issues for 
consumers [37]. Antibiotic residues in food have a negative 
impact on health and lead to the emergence of antibiotic 
resistance genes [36]. After initial degradation, ceftriaxone 
produces some intermediate products. This intermediate 
was then broken down further into small molecules [4]. In 
our current study, CEFTR has the detrimental effect on the 
growth of the embryo of zebra fish. It is reported that the body 
length is a key indicator of embryo development, and nutrient 
losses can result in a shorter body length. Since the yolk sac 
is an embryo's only source of nutrition, therefore it plays an 
important role during the early stages of development, and its 
physical size decreases as the embryo develops. Cephalosporin 
C (CPC) is a fungus-derived (fungus of the genus Acremonium 
sp) antibiotic of the cephalosporin class that is converted to 
7-amino cephalosporanic acid (7-ACA) [3]. This noxious
cephalosporin derived 7-amino cephalosporanic acid (7-
ACA) affects Zebra fish embryos during organogenesis in
aqueous medium. Finally, it produces developmental toxicity,
resulting in morphological malformations. C3 and C7 are
cephalosporin substituents that are much more poisonous
than 7-ACA. The toxicity of C3 and C7 may be exerted
individually or in a synergistic manner. It is also reported
that toxicity is also caused by the N-methylthiotetrazole
(MTT) ring, which is a C3 substituent of cephalosporin and
induces haemorrhage and hypoprothrombinemia by causing
vitamin K deficiency and inhibiting aldehyde dehydrogenase.

Figure 4: (a) Tail DNA (%) in cells of D. rerio without treatment (Untreated) and treatment with ACTN, CEFT and CEFTR at 
48hpf (b) Tail DNA moment in cells of D. rerio without treatment (Untreated) and treatment with ACTN, CEFT and CEFTR at 
48hpf. The data was presented as average values ± SD, with a significance level P˂0.05 indicating a significant difference between 
untreated and treated embryo. This procedure was carried out three times.
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Platelet dysfunction is caused by the –COO group, which 
is present at C7 location. The role of genes, proteins, and 
biomarkers in the toxicity process is unknown at this time 
[3]. In our present study, 7-ACA, C3 and C7 may present in 
CEFTR that slowed the absorption of the yolk sac and causes 
zebrafish embryos to mature more slowly. This constituents 
may responsible for CEFTR-induced developmental toxicity 
in zebrafish embryos. The findings of our current research are 
close to those previously published literature. After a brief 
exposure period, erythromycin, lincomycin, and ibuprofen 
cause DNA damage [34]. CEFTR raises the tail moment 
substantially, according to a new analysis (Figure 4b). After 
a short time exposure, atorvastatin and gemfibrozil confirm 
a clear DNA damage, according to the some study [34]. 
Some antibiotics have been confirmed to cause a significant 
increase in DNA migration (tail moment). As a result, these 
drugs are a pollutant to the environment. Cephalosporin is 
said to damage DNA by breaking DNA strands. The oxidized 
guanine residues are incorporated into the genome [39]. 
CEFT is the cephalosporin drug. In our study, it is confirmed 
that CEFTR causes DNA damage. From the previous  report,  
it is explained that intermediated product which may present 
in CEFTR damage DNA by breaking DNA strands and 
incorporating oxidized guanine residue in the genome [37]. 
However, since there is availability of scanty report on effect 
of antibiotic residues on the host system in the past, so, our 
recent study may be the first to show that antibiotic residues 
cause DNA damage. This may reports first time that DNA 
damage occurred by antibiotic residue like CEFTR. In our 
study, CEFTR affect on body length and yolk sack area of 
zebrafish embryo. 7-ACA, C3 and C7 are the constituents 
of CEFTR,  have an impact on the zebra fish embryo in the 
stage of development. CEFTR also surge the percentage 
of tail DNA and the tail moment by breaking DNA strands 
and incorporating oxidized guanine residue in the genome 
that ultimately damages DNA. Our findings showed that the 
antibiotic could have a successful therapeutic application 
with a low risk of drug residue in milk, which could aid 
in the rational selection of antibiotics for the treatment of 
mastitis without causing residue in the food chain. Long-term 
prospective investigations with several antibiotics and more 
cow herds are needed for this research.

Conclusion

The CEFTR levels in raw and pasteurized mastitis milk 
were found to be approximately 17.5 and 5.6 times higher than 
MRL. It is concerning because pasteurization is a common 
practice among people before consuming milk. However, 
there is ample evidence that the drug residue is harmful to 
the host system. Our findings showed that the antibiotic 
could have a successful therapeutic application with a low 
risk of drug residue in milk, which could aid in the rational 

selection of antibiotics for the treatment of mastitis without 
causing residue in the food chain. While the pasteurization 
process removes bacteria from milk, an experiment found 
that conventional pasteurization is insufficient to remove 
drug residue from the food chain. CEFTR has an impact on 
the zebra fish embryo in the stages of development. CEFTR 
has an effect on body length and yolk sack area, according 
to a recent report. It also escalates the percentage of tail 
DNA and the tail moment as a consequence of CEFTR aided 
DNA damage. Long-term prospective investigations with 
several antibiotics and more cow herds in other districts of 
West Bengal, India in the first phase, and then across all Indian 
provinces in the second phase, are needed for this further research
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