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Abstract A high-performance thin-layer chromatographic
(HPTLC) method was developed and validated according to
the protocol on Validation of Analytical Procedures: method-
o logy, Veter inary In te rnat iona l Coopera t ion on
Harmonization for simultaneous determination of
enrofloxacin and ciprofloxacin in broiler chicken tissues viz.
liver, kidney, muscle-breast, muscle-thigh, and skin.
Chromatography was performed on thin-layer chromatogra-
phy (TLC) silica gel 60F254, aluminum sheets (10 × 10 cm) by
Camag Linomat-5 applicator. The isolation of enrofloxacin
and ciprofloxacin was attained by two development stages,
initially with diethyl ether followed by dichloromethane/
methanol/aqueous ammonia/acetonitrile (2:3:2:3) as mobile
phase. The developed TLC plates were exposed to hydrochlo-
ric acid fumes and fluorescent densitometric evaluation was
performed at 366 nm using Camag TLC Scanner-3 with

WinCAT 1.4.4 software. The RF value was 0.60 and 0.44 for
enrofloxacin and ciprofloxacin, respectively. The detection
limits were 2 and 3 ng/band for enrofloxacin and ciprofloxa-
cin, respectively, and 5 ng/band as limit of quantification for
both the compounds. Enrofloxacin and ciprofloxacin showed
wide linear range from 2 to 110 ng/band and 3 to 110 ng/band
with high correlation coefficient values of 0.99997 and
0.99990 for peak area, respectively. An exemplary precision
was observed for individual compounds. The percent recovery
for ciprofloxacin was 82.0–86.8% when compared to
enrofloxacin 83.4–90.3%. The observed results were within
the acceptable values as a function of the analyte concentra-
tion, suggested by the Association of Official Analytical
Chemists peer-verified methods program. The present validat-
ed HPTLC method can be used as screening technique for
antibiotics residue monitoring program in broiler chicken tis-
sues to promulgate food safety.
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Introduction

The widespread use of fluoroquinolones as therapeutic and
prophylactic agents, in food animals particularly in intensive
poultry production, has become a matter of considerable con-
cern in recent years due to the identification of resistant
Campylobacter spp. (Humphrey et al. 2005), Escherichia coli
(Khan et al. 2005), and Salmonella serovars (Zhao et al. 2010)
in meat and possible transfer to humans via the food chain
(Angulo et al. 2000; Tollefson and Karp 2004; Petrovic et al.
2009). This resistance has led to lowered therapeutic efficacy
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of these compounds in human infections (WHO 1998;
Norstrom et al. 2006), suggestive of direct impact on public
health (Wegner 1999; EMEA 2006).

The principal risk is associated with the drugs used
both in human and veterinary medicine and with those
that produce similar metabolites. Enrofloxacin, a fluoro-
quinolone developed exclusively for veterinary use is pre-
scribed in poultry in large-scale for treatment of chronic
respiratory disease, colibacillosis, salmonellosis, and fowl
cholera (Anderson et al. 2003; Ellakany et al. 2007). After
administration, enrofloxacin is metabolized in the liver via
de-ethylation into pharmacologically active metabolite
ciprofloxacin (Prescott et al. 2000). Ciprofloxacin is one
of the most commonly used antimicrobial in human med-
icine worldwide. In cognizance to this, since 2005 the US
Food and Drug Administration (FDA) has banned the use
of enrofloxacin in poultry/food animals (Food and
Administration 2005). The European Union (EU) has set
the maximum res idue l imi t (MRL) for sum of
enrofloxacin and ciprofloxacin residues as 100 μg/Kg in
muscle, skin and fat, 200 μg/Kg in liver and 300 μg/Kg in
kidney (EMEA 2002); whereas, Japan has established
much lower MRL (10 μg/Kg) in chicken muscle, liver,
and kidney (Ministry of Health and Welfare, Japan 2005).

To monitor the levels of drug residues in animal prod-
ucts, analytical methods for their simultaneous determina-
tion are necessary (Herndndez-Arteseros et al. 2000).
Efficient analytical methods are required to monitor the
food supply to ensure that any antibiotic residues present
are below the set tolerance level or MRL, thus promoting
food safety and consumer confidence (Schneider 2004).
This necessitates developing a fast, comprehensible and
accurate quantification of residues of these antibacterials
in food animals (Garcia Ovando et al. 2004). However,
for MRL studies the analytical method for enrofloxacin
and ciprofloxacin should analyze both drugs simulta-
neously (Garcia et al. 2005).

Li te ra ture on s imul taneous de te rmina t ion of
enrofloxacin and ciprofloxacin were always with some
shortcomings such as time-consuming sample preparation
and expensive methods using solid phase extraction car-
tridges. Although few studies have reported the separation
of quinolones by thin-layer chromatography (TLC) (Wang
et al. 2001; Thangadurai et al. 2002; Choma 2003;
Dorofeev et al. 2004; Krzek et al. 2005; Bober 2008;
Saleh et al. 2013), fluoroquinolones are still insufficiently
characterized with respect to chromatographic behavior,
in particular, in the case of TLC (Dorofeev et al. 2004).
Hence, there is a need for developing simple, sensitive,
and cost effective analytical protocol for selective separa-
tion and simultaneous estimation of enrofloxacin and its
primary metabolite ciprofloxacin residues in edible animal
tissues, to ensure that the residues present are below the

MRL, thus promoting food safety and consumer confi-
dence, ultimately global food security.

Materials and Methods

HPTLC Instrumentation and Chromatographic
Conditions

Reagents and Reference Standards

All solvents/chemicals used were of analytical grade reagent
of MERCK, and high pure distilled water (TKA-GenPure,
Germany) was used throughout the experiment. Certified
Reference Material standards of enrofloxacin and ciprofloxa-
cin with purity of 99.99% were obtained as gratis from M/s.
Neospark Drugs and Chemicals Private Limited, Hyderabad,
India.

Stock and Working Standards Solution

Enrofloxacin and ciprofloxacin stock standards of 1 mg/mL
concentration were prepared in 0.1 M HCl separately. Mixed
working standards of enrofloxacin and ciprofloxacin were
prepared by diluting appropriate volume of stock standards
with ACN, 1% KCl in 0.02 M KOH (7:3) to get 100, 10, 5,
and 1 ng/μL concentration each.

HPTLC System

The HPTLC system (Camag, Switzerland) used was com-
posed of an application device Linomat-5 applicator, a densi-
tometer TLC scanner-3 equipped withWinCATs 1.4.4 version
software and a Camag twin trough glass tank.

Sample Preparation

Liver, kidney, muscle, and skin samples were extracted
separately as described by Anadon et al. (1995) and Verdon
et al. (2005). Tissue samples (4 g) were homogenized (Potter-
Elvehjem glass Teflon homogenizer) with 16 mL of 5% aque-
ous trichloroacetic acid and centrifuged at 5000 rpm (Remi
research centrifuge-R-24, 4/2000). The resultant aqueous su-
pernatant was collected separately by filtering through
Whatman filter paper No.1 and subjected to liquid-liquid ex-
traction by adding 32 mL of dichloromethane in a separating
funnel. The organic fraction-I was collected separately and left
out aqueous fraction was once again extracted with 16 mL of
dichloromethane. The organic fraction-II obtained was added
to the fraction-I. The resultant organic extract thus obtained
was passed through sodium sulfate bed and evaporated in a
rotary vacuum evaporator and further concentrated in an am-
ber colored sample glass vial on a hot plate under fume hood.
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The dried extract was reconstituted with 200 μL of dichloro-
methane and subjected to enrofloxacin and ciprofloxacin
quantification by HPTLC.

Separation and Quantification

Chromatography was performed on silica gel TLC alumi-
num sheets (60F254, 10 × 10 cm). Appropriate concentra-
tions of working standards (1–110 ng) were applied to the
plate as 8 mm length bands using the Camag 100 μL sy-
ringe with the applicator having high pure N2 flow @
150 nL/s. The bands were positioned 8 mm from the bot-
tom and 11 mm from the side of the plate, on each plate

with seven applications. The space between two bands was
3.66 mm. The application parameters were identical for all
the analyses performed.

The spotted TLC plates were subjected to two develop-
ment stages. For tissue sample clean-up, earlier studies
have used solid-phase extraction (SPE) cartridge, an ex-
pensive procedure or an extraction by hexane which con-
sumes high volumes of solvent. One of the main aims of
the present study was to develop cost effective manner
without utilizing SPE cartridges but through one develop-
ing step in diethyl ether directly on plate. Diethyl ether
removed the fatty interference from the matrix and there
by reduced the background noise. Further, the volume of

Table 1 Different mobile phases tested and its RF values

Mobile phases tested Volume
(mL)

RF value

Enrofloxacin Ciprofloxacin

Mobile phase-I Methanol/25% aqueous ammonia/ethyl acetate/acetonitrile (1:1:2:1) 10 0.84 0.66

Mobile phase-II Chloroform/methanol/25% ammonia (43:43:14) 10 0.18 0.16

Mobile phase-III Dichloromethane/methanol/2-propanol/25% aqueous ammonia (2.5:2.5:5:2) 12 0.30 0.19

Mobile phase-IV Dichloromethane/methanol/25% aqueous ammonia/acetonitrile (4:4:2:1) 11 0.86 0.79

Fig. 1 HPTLC chromatogram of enrofloxacin and ciprofloxacin standard
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solvent consumed is very minimal. In the first stage, plates
were developed up to 90 mm distance in a Camag twin
trough glass tank (20 × 10 cm) which was pre-saturated
with 10 mL of diethyl ether, subsequently the developed
plates were dried by hair drier. In the second stage, the
dried plates were developed in a Camag twin trough glass
tank (10 × 10 cm) which was pre-saturated with 10 mL of
mobile phase dichloromethane, methanol, 25% aqueous
ammonia, acetonitrile (2:3:2:3, v/v/v/v) for 30 min; the
solvent front position was 70 mm. The developed and
dried TLC plates were exposed to HCl fumes for 2 min
by placing over the exit of a glass chamber, which was
pre-saturated with HCl fumes, under fume hood and then
subjected to quantification by Camag Scanner-3.

The HPTLC bands corresponding to sample and standard
were quantified at 366 nm using a Camag HPTLC scanner-3
equipped with Camag WinCats software and a mercury lamp
source, slit width 6 × 0.45 mm, remission-fluorescence scan
mode and a scanning speed at 20mm/s. TheWinCats software
controlling the densitometer produces a calibration plot by
linear regression relating standard concentration to the peak
area and enrofloxacin and ciprofloxacin in samples were au-
tomatically interpolated from the calibration curve. The
HPTLC runs were performed under laboratory conditions of
25 ± 5 °C throughout the experiment.

HPTLC Method Validation

The present HPTLC method was validated according to
Veterinary International Cooperation on Harmonization
(VICH) and Codex Alimentarius guidelines for residue con-
trol program (VICH Guideline on Validation of Analytical
Procedures 1998; FAO/WHO 1995).

Linearity and Calibration Curve

Appropriate concentration of aliquots of mixed working stan-
dards were prepared and applied on the TLC plate in the range
of 2–11 μL to give a series of bands covering the range 2–
110 ng/band. The peak area obtained for each concentration level
was recorded and calibration curves were prepared by plotting
integrated areas on Y-axis versus concentrations on the X-axis.

Precision

Intra- and Inter-Day Precision The precision of the method
in terms of inter-day variation was determined by analyzing
the mixed working standard solutions in the calibration range
of 2–110 ng for enrofloxacin and 3–110 ng for ciprofloxacin,
three times on the same day. Inter-day precision was assessed
on three different days over a period of 1 week.

Fig. 2 HPTLC chromatogram of liver tissue spiked with 10 ppb of enrofloxacin and ciprofloxacin
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Recovery

To 4 g of blank sample (breast muscle, thigh muscle,
liver, kidney, and skin), appropriate volume of aliquots
of working standard was spiked to obtain 10, 25, 50,
100, 200, 300, and 500 ppb concent ra t ion of
enrofloxacin and ciprofloxacin each. The spiked tissue
samples were subjected to liquid-liquid extraction and
quantification.

Limit of Detection and Quantification

The chromatogram peaks originated from known constituents
were well resolved and did not interfere with other constitu-
ents of the mobile phase used/matrix analyzed, thus assessing
the limit of detection (LOD) and limit of quantification
(LOQ). Accordingly, a signal to noise (S/N) ratio of 3 has
been used for determining the LOD, whereas, an S/N ratio
of 10 has been used to determine the LOQ.

Fig. 3 HPTLC chromatogram of control liver tissue

Table 2 Comparison of mobile phase used in the present study versus mobile phase used by Wang et al. (2001) and Choma (2003)

Mobile phase used RF value

Enrofloxacin Ciprofloxacin

Present study First stage development:
Diethyl ether
Second stage development:
Dichloromethane/methanol/aqueous ammonia/acetonitrile (2:3:2:3)

0.60 0.44

Wang et al.
(2001)

First step developer:
Chloroform/methanol/toluene/dichloromethane/strong aqueous ammonia (3.5:6:2.3:0.7:0.6)
Second step developer:
Chloroform/methanol/toluene/dichloromethane/tetrahydrofuran/diethyl ether/n-hexane/strong aqueous

ammonia (3.5:6.0:2.3:0.7:2.0:0.6:0.6:0.6)

0.60 0.40

Choma
(2003)

Dichloromethane/methanol/2-propanol/25% aqueous ammonia (2.5:2.5:5:2) 0.60 0.33
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Results and Discussion

Optimization of Chromatographic Separation
of Enrofloxacin and Ciprofloxacin

Hunt for the mobile phases of choice for TLC/HPTLC separa-
tion of fluoroquinolones revealed that multicomponent organic
mobile phases were used by various researchers (Thangadurai
et al. 2002; Choma 2003; Dorofeev et al. 2004; Krzek et al.
2005). In the present study different mobile phases were tested
for their effect on separation of enrofloxacin and ciprofloxacin as
follows: mobile phase-I Methanol/25% aqueous ammonia/ethyl
acetate/acetonitrile (1:1:2:1, v/v/v/v), mobile phase-II
Chloroform/methanol/25% ammonia (43:43:14, v/v/v), mobile
phase-III Dichloromethane/methanol/2-propanol/25% aqueous
ammonia (2.5:2.5:5:2, v/v/v/v), and mobile phase-IV

Dichloromethane/methanol/25% aqueous ammonia/acetonitrile
(4:4:2:1, v/v/v/v) (Table 1).

An increase in the content of high-polarity components in
the mobile phase led to an increase in the mobility of
enrofloxacin and ciprofloxacin, all bands on the chromato-
gram had RF above 0.8 and some occurred near the solvent
front. An increase in the content of low-polarity components
decreased the mobility of enrofloxacin and ciprofloxacin,
showed RF below 0.2 with error limit of ± 0.03 for both
enrofloxacin and ciprofloxacin (Table 1). With mobile
phase-IV, various ratios of organic solvents were tested, con-
sequently, Dichloromethane/methanol/25% aqueous ammo-
nia/acetonitrile, in the ratio of 2:3:2:3 (v/v/v/v) was found to
be optimum for the efficient separation of enrofloxacin and
ciprofloxacin with RF value 0.60 and 0.44 respectively with
error limit of ± 0.02 for both enrofloxacin and ciprofloxacin

Table 3 High-performance thin-
layer chromatography calibration
parameters for enrofloxacin and
ciprofloxacin

Parameters Enrofloxacin Ciprofloxacin

Linear range (ng/band) 2–110 3–110

Linear regression equation Y = 25.133 + 174.994X Y = 54.385 + 109.328X

Correlation coefficient 0.99997 0.99990

Slope 174.994 109.328

Intercept 25.133 54.385

RSD (%) 1.01 (n = 7) 1.62 (n = 6)

RSD relative standard deviation

Fig. 4 HPTLC calibration curve for enrofloxacin
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(Figs. 1, 2, and 3). In the present study, the background noise
was controlled by two ways. First, introduction of first stage
development in diethyl ether which removed the fatty inter-
ference from the matrix; secondly, exposure to HCl fumes
prior to scanning enhanced the fluorescence quenching and
ultimately better sensitivity of our compounds as well as
masked the noises if any. Therefore, there was no background
noise disturbing the analytes peak.

Both the bands could be visualized under short and
long wave length UV light (254 and 366 nm), appeared
violet in 254 nm and fluorescent blue in 366 nm. The
separated bands on TLC plates were also visualized by
spraying 0.5% ferric chloride in 0.5 M hydrochloric acid
and appeared yellow, as reported earlier by Thangadurai
et al. (2002).

Generally, it is difficult to separate pairs of drugs that differ
only slightly in their structure, like ciprofloxacin and
enrofloxacin (only in C2H5 group) (Choma 2003).
Surprisingly, this behavior seems not to concern the pair of
enrofloxacin and its metabolite ciprofloxacin, as it was sepa-
rated very well in the present mobile system. The optimum
mobile phase composition was selected taking into account
the following facts. Organic mobile phases containing ammo-
nia possess pH values above 10, so all piperazinyl
fluoroquinolones are in the anionic form. Basic pH controlled
by addition of ammonia prevents appearance of the double
bands on the plate resulting from different ionic forms of the
drugs. Additionally, ammonia hinders adsorption of

fluoroquinolones on silanol groups and metal impurities of
silica gel (Choma 2003). Dorofeev et al. (2004) optimized
the mobile phase to contain aqueous ammonia and methanol
20% each, where methanol increased the HPTLC system
selectivity.

In the present HPTLC method, the observed RF value
0.60 and 0.44 for enrofloxacin and ciprofloxacin,
respectively, is in close agreement with Wang et al.
(2001) who reported 0.60 and 0.40 for enrofloxacin and
ciprofloxacin, respectively. Whereas, Choma (2003) re-
ported RF value of 0.60 and 0.33 for enrofloxacin and
ciprofloxacin, respectively (Table 2).

HPTLC Method Validation

Linearity and Calibration Curve

The linearity in terms of slope, Y-intercept and correlation
coefficient values was excellent for both the compounds
(Table 3; Figs. 4 and 5) with the developed HPTLC meth-
od. Enrofloxacin and ciprofloxacin showed wide linear
range 2–110 ng/band and 3–110 ng/band with high corre-
lation coefficient values 0.99997 and 0.99990 for peak
area, respectively, signifying the suitability of the method
for analysis. Further, the low relative standard deviations
(RSD) guarantee the correctness of the applied procedure
and reliable results.

Fig. 5 HPTLC calibration curve for ciprofloxacin
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Precision

Intra- and Inter-Day Precision

The results showed that % RSD for intra-day precision is
lower than that of inter-day precision for both enrofloxacin
and ciprofloxacin (Table 4). The lower % RSD indicated that
the method has good precision. The observed % RSD values
are within the acceptable precision values as a function of the
analyte concentration, suggested by the AOAC peer-verified
methods program ( 1993).

Recovery

Recovery of enrofloxacin and ciprofloxacin in spiked edible
tissue samples of broiler chicken such as breast muscle, thigh
muscle, liver, kidney and skin are summarized in Table 5. Low
RSD values indicate that the method is precise. The recovery
of enrofloxacin and ciprofloxacin showed highest in liver
(90.3 and 86.8%) and lowest in skin (82.5 and 81.7%), respec-
tively. The recovery of enrofloxacin and ciprofloxacin were

found to be in the following order; liver > kidney > thigh mus-
cle > breast muscle > skin and liver > thigh muscle > breast
muscle = kidney > skin, respectively.

The recovery data obtained in the present study is within
the acceptable recovery data as a function of analyte concen-
tration, suggested by the AOAC peer-verified methods pro-
gram ( 1993). The low recovery of ciprofloxacin when com-
pared to enrofloxacin could be attributed to covalent binding
property of ciprofloxacin to proteins and speculated that it
could be lost during deprotenization (Gorla et al. 1997).

Limit of Detection and Quantification

The sensitivity of the TLC can be enhanced using deriva-
tization as a less expensive way (Juhel-Gaugain and
Abjean 1998) or by combining the method with mass spec-
trometry (Wilson 1999) or, bioautography (Choma et al.
2005). In drug residue analysis, the application of fluores-
cence detection is recommended because of its higher se-
lectivity and sensitivity. Owing to the fluorescent nature of
the piperazinol fluoroquinolones, they are mainly detected

Table 5 Recovery of enrofloxacin and ciprofloxacin in edible tissues of broiler chicken

Enrofloxacin concentration spiked (ppb) Ciprofloxacin concentration spiked (ppb)

10 25 50 100 200 300 500 10 25 50 100 200 300 500

Muscle-breast Recovery % 83.3 84.3 84.2 86.3 86.0 86.3 87.8 82.5 83.2 83.5 84.8 85.0 85.3 85.4

RSD % 2.4 2.2 2.3 2.2 1.1 1.3 1.9 2.7 2.3 2.0 1.7 0.7 1.3 2.2

Muscle-thigh Recovery % 83.8 84.8 85.2 86.0 86.1 86.0 87.2 82.9 83.5 83.7 84.9 85.0 85.0 85.5

RSD % 1.6 1.4 2.2 2.3 1.0 1.3 1.9 2.3 1.7 1.4 1.8 1.0 1.3 2.3

Liver Recovery % 83.3 86.0 86.1 88.6 88.0 89.2 90.3 82.5 83.3 83.5 84.0 85.6 86.1 86.8

RSD % 2.4 2.2 1.9 1.7 2.0 1.1 1.6 1.9 1.8 2.0 1.5 1.1 1.1 1.3

Kidney Recovery % 84.2 85.3 85.6 86.0 86.0 86.3 87.0 82.1 83.2 84.4 84.0 85.0 84.7 85.4

RSD % 2.4 2.7 1.5 1.9 1.1 1.3 1.3 2.3 2.3 2.2 1.5 0.5 1.0 0.9

Skin Recovery % 82.5 83.5 83.4 83.5 84.1 84.4 85.9 81.7 82.0 82.6 82.7 83.0 83.8 83.9

RSD % 2.7 2.2 2.3 2.7 0.8 1.0 1.8 2.5 2.6 2.3 2.4 0.4 1.9 1.1

RSD relative standard deviation, n = 6

Table 4 Intra- and inter-day
precision parameters for
enrofloxacin and ciprofloxacin

Concentration (ng/band) Intra-day precision (%RSD) Inter-day precision (%RSD)

Enrofloxacin Ciprofloxacin Enrofloxacin Ciprofloxacin

2 1.65 – 5.75 –

3 1.08 1.34 3.34 1.72

5 0.89 1.44 4.98 5.47

10 0.66 1.24 4.02 3.62

50 0.54 0.86 1.69 2.34

90 0.54 0.40 4.99 5.70

110 0.22 0.61 4.10 2.97

RSD relative standard deviation, n = 3
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by fluorescent detector. Fluorescence strongly depends on
the pH of the medium and the highest fluorescence is ob-
tained at a pH value from 2.5 to 4.5 (Herndndez-Arteseros
et al. 2000; Posyniak et al. 1999; Ramos et al. 2003). This
analytical character of the fluoroquinolone was very well
exploited in the present study. After development in the
mobile phase, the TLC plates were exposed to HCl fumes
prior to scanning, which resulted in enhanced sensitivity of
the enrofloxacin and ciprofloxacin by fluorescence detec-
tion. Thereby, the LOD obtained in the present experiment
for ciprofloxacin (3 ng/band) was found to be lower than
the earlier findings of Krzek et al. (2005) who reported
10 ng as LOD for ciprofloxacin. Whereas, LOQ of 5 ng/
band observed in the present study for both the compounds
is comparable to the earlier reports of Wang et al. (2001),
who showed LOQ of 1 ng/spot for enrofloxacin and 0.5 ng/
spot for ciprofloxacin.

Conclusions

The HPTLC method developed in the present study is sensi-
tive, simple, rapid, convenient, inexpensive (without the ne-
cessity of imported cartridges), and ideally tailored to the re-
ality of developing countries. The obtained validation results
recommend that it can be used for residue study purposes and
routine screening tests in broiler chicken tissues.
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