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KORKEALA, H. and O. MAKI-PETAYS: Detection of chloramphenicol
residues in pigs with different agar diffusion methods. Acta vet. scand.
1984, 25, 352—364. — Various tissues and body fluids of pigs given
chloramphenicol intramuscularly at a dose level of 20 mg/kg 1.5, 2.5
and 18 h before slaughter were examined for drug residues with dif-
ferent agar diffusion methods. Zones of inhibition were observed in bile,
kidney, muscle, serum and urine samples 1.5 h after drug administra-
tion. After 19 h, residues were found only in the urine. The treatment
of the bile, kidney, serum and urine samples with B-glucuronidase
lowered the detection threshold of the agar diffusion methods for
chloramphenicol. In addition, B-glucuronidase can be used for the
identification of chloramphenicol residues. Chloramphenicol yielded
the greatest zones of inhibition in kidney medulla and especially in
urine with and without B-glucuronidase. 18 h after drug administra-
tion residues were found with 8-glucuronidase treatment only in these
samples. Urine and kidney medulla proved the best samples in the
residue analysis of chloramphenicol at meat inspection.

antibiotics; kidney; tissue residues; beta-
glucuronidase; urine; meat inspection.

Chloramphenicol is used in the treatment of food-producing
animals in many countries. Used on humans, it can cause toxic
side effects in the form of blood dyscrasias such as erythro-
poietic depression and aplastic anemia (Dameshek 1960, Kleint
et al. 1965, Rosenthal & Blackman 1965, Suhrland & Weisberger
1970, Carpenter 1975), encephalopathy (Levine et al. 1970), the
potentially fatal dose-related “grey baby” syndrome (Weiss et
al. 1960, Craft et al. 1974) and liver damage (Gjone & Orning
1966). A zero tolerance level for chloramphenicol has therefore
been proposed by the joint FAO/WHO expert committee on
edible tissues (WHO 1969). Yunis & Bloomberg (1964) have
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suggested that chloramphenicol produces two types of bone
marrow toxicity. One type occurs during chloramphenicol treat-
ment, is usually dose related, and is characterized by a normo-
cellular bone marrow and anemia. The second type of toxicity
has a later onset (2 weeks to 5 months), is not necessarily dose
related, and is characterized by an aplastic bone marrow, pan-
cytopenia, and a fatal outcome. Most cases of aplastic anemia
associated with chloramphenicol have occurred after oral ad-
ministration of the drug (Holt 1967, Gleckman 1975).

Microbiological agar diffusion methods are widely used for
the detection of antimicrobial residues at meat inspection. Chlor-
amphenicol, however, is excreted principally in the form of
microbiologically inactive metabolic products (Glazko et al.
1949), and microbiological routine methods have therefore not
been sufficiently sensitive to detect low levels of chloramphenicol
residues in slaughtered animals (Schothorst 1969, Fabiansson et
al. 1976, Nouws & Ziv 1978, Korkeala et al. 1983).

Glazko et al. (1950) and Uesugi et al. (1974) have observed
that the drug is excreted in urine or in bile mainly as a conjugate
with glucuronic acid. The glucuronide is readily hydrolyzed with
the enzyme B-glucuronidase, yielding unchanged chloramphenicol
(Glazko et al. 1950). Lee et al. (1982) have reported that chlor-
amphenicol reactivated by B-glucuronidase in the urine of cows
can then be detected by biological methods.

It was of interest to investigate whether the use of B-glucu-
ronidase improves the sensitivity and suitability of microbio-
logical methods for the detection of chloramphenicol residues in
slaughtered pigs. To find the most suitable samples for the
residue analysis, various porcine tissues and body fluids were
examined. The effect of storage at +4°C and of the freezing of
the samples on chloramphenicol residues detected by microbio-
logical methods was also studied.

MATERIALS AND METHODS
Sampling
Fourteen pigs, weight 39 =9 kg (X £s) were treated with
chloramphenicol (Leucomycin®, Bayer, Leverkusen, Federal
Republic of Germany). The drug was administered intramuscu-
larly at the accepted dose level of 20 mg/kg. Nine pigs were
slaughtered 1% h, 2 pigs 2% h and 3 pigs 18 h after administra-
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tion. Immediately after slaughter Musculus adductor, the kidneys
and the liver were removed and the bile, serum and urine were
collected. A qualitative microbiological analysis was carried out
after collection of the samples. A portion of the samples was then
stored for 24 h at +4°C and another portion was frozen (—18°
C). After storage the samples were analyzed as before, and in
addition a quantitative microbiological analysis was performed
on a part of the frozen samples. 27 urine samples from pigs not
treated with chloramphenicol were also collected and analyzed
by qualitative microbiological methods and 20 liver samples by
the Micrococcus luteus method.

Qualitative microbiological assay

The agar diffusion technique described by Korkeala et al.
(1983) was used, with Micrococcus luteus ATCC 9341 and Ba-
cillus subtilis BGA as test organisms. M. luteus was seeded on
Pen assay agar (Orion Diagnostica, Espoo, Finland) and B. sub-
tilis was added to Test agar pH 6.0 for the inhibitor test (E.
Merck, Darmstadt, Federal Republic of Germany) with (0.15 pg/
ml of agar medium) and without trimethoprim (Sigma Chemical
Co., St. Louis, Mo., USA) and to Test agar pH 8.0 for the inhibitor
test (E. Merck) containing 0.06 pg trimethoprim per ml of agar
medium. To analyze the bile, serum and urine, 0.1 ml of the body
fluid was impregnated onto filter-paper discs (Schleicher &
Schiill, Dassel, Federal Republic of Germany, @ 12. 7 mm).

All the samples were studied with and without the addition
of B-glucuronidase (Sigma Chemical Co.). 0.05 ml of filter steril-
ized B-glucuronidase (5000 units/ml) was pipetted onto the
samples before incubation.

The size of the inhibition zones was measures from the edge
of the sample or disc to the edge of the inhibition zone. Both
complete and partial zones of inhibition were included.

The difference of means of the samples were computed using
Student’s t-test by the Survo 76 system (Mustonen & Mellin
1982).

Quantitative microbiological assay

B. subtilis BGA was used as the test organism and Test agar
pH 6.0 for the inhibitor test as the agar medium. 20 ml of agar
was poured onto Petri dishes (Z 9 ecm). After solidification, holes
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(@ 9 mm) were punched into the agar. Two drops of the same
agar were pipetted onto the bottom of the holes. Frozen tissue
samples were homogenized with distilled water (1:1). The holes
were filled with 0.1 g of the homogenates, with 0.1 ml of body
fluid or with 0.1 ml of standard chloramphenicol solution. Tri-
plicate determinations were carried out with and without B-glu-
curonidase. 0.05 ml of 8-glucuronidase solution (5 000 units/ml)
was pipetted onto the samples before incubation. The plates were
first incubated 1 h at 4+-20°C and then 20 h at +30°C. The dia-
meters of the inhibition zones were measured after the incuba-
tion period.

To calculate the concentration of the drug, the standard curve
was determined with chloramphenicol (Oy Tamro Ab, Helsinki,
Finland). Chloramphenicol was dissolved in ethanol and further
‘diluted in distilled water. Ten parellel determinations were car-
ried out for each dilution of chloramphenicol. The exponential
line model Y = A X XB (Y = inhibition zone diameter in mm
and X = concentration of chloramphenicol) was used as describ-
ed by Nouws & Ziv (1976). Parameters A and B of the model
were estimated by computer, using the Survo 76 editor system
(Mustonen 1981). A was 8.87 (standard error 0.23), B=0.24 stan-
dard error 0.01) and the square of the correlation coefficient 0.94
(n=90). The detection limit of the assay procedure was 1.1 pg
of chloramphenicol/ml.

RESULTS

Without B-glucuronidase treatment of the samples, inhibition
zones were observed in kidney medulla and urine 1.5 h after
chloramphenicol administration (Table 1). When M. luteus was
used as the test organism, zones of inhibition were also found
in muscle, liver and serum samples. The liver samples of pigs
not treated with chloromphenicol yielded also inhibition zones
(5.1 £0.9, X+ s) as after chloramphenicol treatment.

Inhibition zones after B-glucuronidase treatment were signi-
ficantly greater than without enzymatic treatment in the bile,
kidney, serum and urine samples (Table 1). The enzyme had
no effect on the size of the inhibition zones in muscle and liver
tissues. With B. subtilis methods the drug residues were not
detectable in muscle samples.

Chloramphenicol yielded the largest zones of inhibition in
kidney medulla and especially in urine, with and without 8-



H. Korkeala & 0. Mdki-Petdys

356

‘600 >d. ‘TO0>d.. ‘T00>d.,. ‘JUdUIEDI) JNOYMM UBY} ISEPIUOT
-non(8-g YIrm poajeod) daom sopdures 9y} udyMm J9J8aIS A[juedrjruSis aJom JuduIBad} JdJe [ G'] }8 SAu0zZ uonIqryuy
‘wiradoyjownay = 4, ¢
‘sopdures ay} ojuo popadid sem (Jur/sjrun ¢QQ G) dsepruoanonis-g jo (W ¢Q'Q 5
‘parpmgs sojdures jo yoqumy .
GIF6'0T ¥y'o+G9'¥ Ty=+L€T 0°€+T'¢ 6'c+C'IT 0'V+6C €EF0'GT L'TFI'8 € 8T
a1 yor T'ar €ct 8'€ET 001 L'ST 061 I G'c
«+0'€F0CT TP+8G ...ECFOEL 6'€+9°C «+0'€F8'CI 07+8'G «L'€FCLT §V+G'8 L a1 QuULI()
0+0 0+0 0+0 0-+0 00 0=+0 00 0+0 (4 81
SPTIFIT G0FF0 JTIFVT 9°0+T0 «8°0+L°0 0+0 LTFVY O 0'TFEC 9 qr wnIdg
0+0 0-+0 0=+0 0+0 0+0 0+0 0-+0 0+0 € 81
0+0 0+0 STI+ET T'I+80 VO+¥'T 6°0+FL0 FO+¥y T'I+€'¢ (4 ¢'c
0+0 GIF¥0 €I1+90 ¢0+c0 L'T+L0 70+T0 9c+0¢ V'I+Ll'C 6 qr d[IsnN
0°'T+9°0 0+0 8°0F¥°0 0+0 G'0+¢€0 00 0TIF¥'L LOFEL t 81
81 0 I c0 g1 0 '8 QL T G'c
0+0 0+0 0+0 0+0 ¥0+1°0 0+0 0'T+€L L0F6'9 6 a'r JoAT]
L'y=+L'E 0-+0 G'€+0c 0+0 G'0+¢€0 0+0 §LFCY 00 € 81  ®[mpaw
0'I+¥%'L 0€+Cc 9°0+3%’L €0+6'T G0FT1'9 0+C'1 CIFE6 €0F9V 4 ¢'g + X91100
6 TFGY 0CFV'L HSTIFET 6'0F0C .. €CF0G OTIFIT .« 8CFVL 6'1FLE 6 o ¢ Ksupry
'8+¢’L ¥I+80 9'1+6'0 8'I+0'1 I'c+9°¢ 0+0 0°G+€¢ CIFL0 € 8T
G0FL9 TIF9E 7EF96 €C+8F gEF8L TI+1¥ €1+6'01T L0+8'L 4 G¢'c B[[npow
GCF8FY 0CTFIE ««x0CFLG OTFLT WL TFESG ETFVT ...9CFL'8 E€TFTT 6 8 Ksupry
6°0+G'0 6'0+S0 6°0+G¢'0 FI+9T 0-+0 0-+0 0+0 0+0 € 81
¥0+F6'€ L0FG0 0'I+L¢ ¥0+¢€0 T0OF0v G0+F¥0 8'0+T'L 80+¥C (4 G'c X93100
SPIFT O TIFG0 «9'1FCCc TIF90 SVIFTE 90F€0 . .VIFI¥V TT1+90 6 Il ! Koupry
6°Cc+L'T 0=+0 6°C+L'T 0+0 Fe+8'1 0-+0 6'¢+9'9 €CFET € 81
«PEFL'G 0+0 V' CFIE 6°0FE0 . 6TFGE 90FTO0  pu I'GFGL 0+0 L R ! g
9-¢ o-¢ o-g o-g o-g o-g -8 9-g
QM momIm UHM  IMOouM WM noymIm WM INOYIM
ua/Ja o * ux *
::M» m\m,w w«mm“ hw,m QMB %WWW“WM umuavm 9 Hd xeSe jsag, xeJe pass vonensy
+ vod stmqns ‘g + Vo4 sunqns g + vodg stnqns g fesse usg + snoing ‘W -ﬂﬂ“ﬂa
9uo0z Jo 3a8pe 1oino o} aydures Jo aFpPe WOIJ WW Ul SUOIJBIAIP PIEPUB])S - SIUOZ UOTIIQIYUT UBI u sanoy a1dureg
‘8 /8w (g JO [9A9[ 9sop ® Je ALIe[nosnux
-eqjur [oorudydureroryd uaarf sfid jo sopdures Surysay ur spoyjowr uorsngyip Irefe judadyyip jo uostaedwo) v A[qe [



Chloramphenicol residues in pigs 357

glucuronidase (Table 1). The zones of inhibition were notice-
ably larger in kidney medulla than kidney cortex, with different
agar diffusion methods (Table 1). The urine of 27 pigs not
treated with chloramphenicol yielded no zones of inhibition with
any of the agar diffusion methods.

18 h after drug administration, residues were observed only
in urine with and without 8-glucuronidase and in kidney medulla
and bile with B-glucuronidase treatment (Table 1).

The results of the quantitative analysis are presented in
Table 2. The chloramphenicol concentration was much higher
in the urine than in the other samples.

Zones of inhibition were greater with M. luteus than with
B. subtilis by agar diffusion methods (Table 1). With the former,
however, the share of partial inhibition without a zone of com-
plete inhibition was very- marked, whereas with B. subtilis the
zones of inhibition were more distinct.

Table 2. Concentrations of drug residues (pg/ml or pg/g) in tissues
of pigs given chloramphenicol intramuscularly at a dose level of 20

mg/kg.
Sample Hours n! Without 8-G With g-G?
after ad-
ministration X range X range
Bile 1.5 5 ND3 ND
18 2 ND ND
Kidney 1.5 4 7.6 6.0—10.2 19.7 7.2—47.0
cortex 18 1 6.6 27.4
Liver 1.5 3 5.5 4.8—6.0 9.1 5.2—16.4
18 2 ND—37.4 ND—22.0
Muscle 1.5 6 ND—6.44 ND—15.24
18 2 ND ND
Serum 1.5 6 ND—5.25 ND—15.55%
18 2 ND ND
Urine 1.5 5 97.0 6.2—158.6 356.3 110.9—496.8
18 1 9.2 118.9

1 Number of the samples studied. Three parallel determinations were
made from each sample.

2 0.05 ml of B-glucuronidase (5000 units/ml) was pipetted onto the
samples.

3 ND = not detected.

4 Chloramphenicol was detected in 1 sample.

% Chloramphenicol was detected 3 samples.
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The size of the inhibition zones caused by chloramphenicol
was not dependent on the pH of the agar medium.

The storage of the samples for 24 h at 4+4°C had no effect on
the zones of inhibition (Table 3). After freezing the zones of
inhibition were larger in the kidney and liver samples but not
in other samples (Table 4).

DISCUSSION

Chloramphenicol was concentrated in the kidney medulla and
urine. Excretion of the drug as glucuronides by the renal route
is also found in man and cattle (Glazko et al. 1949, Pilloud 1973,
Nouws & Ziv 1978). The compounds in the urine and kidneys of
pigs were composed mainly of glucuronides, as shown by the
effect of B-glucuronidase (Tables 1 and 2). It is therefore im-
portant to use the enzyme treatment in residue analysis at meat
inspection. It is obvious that part of the chloramphenicol is ex-
creted in pigs via the bile. However, the drug is apparently partly
reabsorbed by the intestine into the blood circulation, as proposed
by Sisodia et al. (1973), because of high concentration of chlor-
amphenicol in urine. Urine and kidney medulla proved the best
samples in residue analysis of chloramphenicol.

18 h after drug administration, zones of inhibition were ob-
served mainly in urine but also in kidney medulla and in bile.
No chloramphenicol was found in meat (Tables 1 and 2).

When chloramphenicol is determined from the urine or kid-
ney medulla, low chloramphenicol residues in meat can be
indirectly observed. Nouws & Ziv (1978) have calculated for cows
that the time necessary to achieve a chloramphenicol level of 0.5
ng/ml was 78 h for muscle drip and 165 h for the renal cortex.
Their calculated withdrawal times for muscle drip and renal
cortex at a level of 0.002 pg chloramphenicol/ml are 7.7 and 14.1
days, respectively. In addition, Narang et al. (1981) have observed
that the half-life of chloramphenicol increased and the metabolic
clearance rate decreased in patients with liver disease. The ques-
tion merely arises whether these microbiological methods with
B-glucuronidase, using kidney medulla or urine as samples, are
sufficiently sensitive to ensure the acceptable level of chlor-
amphenicol residues in meat.

The detection of smaller chloramphenicol residues was pos-
sible in kidney and urine samples when the samples were treated
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with B-glucuronidase, than without the treatment. In addition,
B-glucuronidase can be used for the identification of chloram-
phenicol residues. The identification of antimicrobial residues is
also an object of interest in microbiological residue studies (Fa-
biansson et al. 1981, Korkeala et al. 1982, Haapoja & Korkeala
1984). It is important to identify widely used and toxicologically
significant drugs. Since nonspecific reactions are often observed
with agar diffusion methods (Piischner & Baur 1975, Korkeala
et al. 1976, Heinert et al. 1976, Korkeala et al. 1982), the identi-
fication of the cause of the inhibition zone enhances the reliability
of these methods at meat inspection. The test with 8-glucuronid-
ase is easy to carry out and thus also suitable for routine control
at meat inspection.

Although M. luteus is more sensitive to chloramphenicol than
B. subtilis (Table 1), a disadvantage of M. luteus is the poorer
standardization of the method compared to the method using a
B. subtilis spore suspension. In addition, the M. luteus method is
difficult to interpret due to partial zones of inhibition caused
for example by chloramphenicol. When M. luteus is used as the
test organism, the identification of the cause of inhibition zone
is most 1mportant.

Neither storage of the samples at 4°C nor freezing of the
samples seems to have any apparent effect on the amount and
activity of chloramphenicol in body tissues and fluids. The
greater zones of inhibition observed after freezing of the kidney
and liver samples than in the respective fresh samples are ap-
parently due to tissue fluids released after the thawing of the
frozen samples. These compounds can inhibit the growth of test
bacteria.
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SAMMANFATTNING

Undersékning av kloramfenikolrester hos gris med olika
agardiffusionsmetoder.

Olika viavnader och kroppsvitskor hos gris, som hade givits klor-
amfenikol (20 mg/kg) intramuskulirt 1.5, 2.5 och 18 h fére slakt,
unders6ktes med olika agardiffusionsmetoder for likemedelsrester.
Himningszoner observerades i galla, njure, muskel samt serum prov
1.5 h efter administrationen. Rester kunde efter 18 h konstateras en-
bart frin urinprov. D& gallan, njurarna, serumet och urinproven be-
handlades med §-glucuronidas, minskade den kloramfenikolniva, som
kunde iakttagas med agardiffusionsmetoden. Dessutom kan @-glucu-
ronidas anviéndas for identification av kloramfenikolrester. Njurme-
dulla och speciellt urin gav de stérsta himningszonerna med och utan
tilskott av §-glucuronidas. 18 h efter medicin administrationen kunde
rester iaktagas enbart ur dessa prov behandlades med B-glucuronidas.
Urin och njurmedulla befanns vara de bista proven fér analys av klor-
amfenikolrester vid kottbesiktning.
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