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EKSTRtiM, LARS-GtiSTA and PREMYSL SLANINA: Determina­
tion and health-risk evaluation of nitroxqnil residues in the edible
tissues of cattle. Acta vet. scand. 1982, 23, 313---324. - A specific
polarographic method with a sensitivity of :::. 2 I1g/kg (ppb) has been
used to determine the plasma and tissue concentr-ations of nitroxynil
(NTX), which is used against Parafilaria bovicola in cattle. After
treatment with the therapeutic dose on NTX (2 X 20 mg/kg b.w., s.c.) ,
there was an initial rapid decrease in the plasma concentration fol­
lowed by a slower elimination phase. The plasma levels of NTX were
8 mg/kg (ppm) and 3 mg/kg after 6 weeks and 2 months, respectively.
The muscle and other edible tissue from treated cattle contained
0.1--0.3 mg/kg NTX after 2 months, and I1g/kg amounts were still
detectable 3 months after the injection. Based on available pharmaco­
logical and toxicological data , a 3-months withdrawal time for NTX
in cattle is proposed.

nit r 0 x y n i 1- res i due s; cat tie; Par a f i I a ria b 0 v i­
col a t rea t III en t; pol a r 0 g rap h y.

In the last 3 years increasing number of cattle in certain
regions of Sweden have been infected with a previously un­
detected parasite - - Parafilaria bovicola (Hugoson 1980).

The parasitosis (known to occur in e.g, South Africa and

several other countries ) leads to a significant degrading of the

meat quality of the carcasses, resulting in substantial economic
losses (Wellington 1980 ).

Nitroxynil (NTX, Trodax@) was found to be effective against

the parasite and is currently being used to control the spread
of the disease. It is estimated that in 1980 alone some 1 200 bull­

calves were treated with the preparation in Sweden (Wahlgren
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1980) . Although the drug is known to have a very narrow thera­
peutic index, there is a scarcity of published data in its toxicology
and on residue levels in animal tissues.

In the present investigation a sensitive polarographic method
has been used to monitor the concentration of NTX in the plas­
ma, muscle and other tissues of animals treated with the drug.
A discussion of tentative withdrawal times for meat-producing
cattle is also presented.

MATERIALS AND METHODS
Chemicals

Nitroxynil (4-cyano-2-iodo-6-nitrophenol) was obtained as
Trodax® (56 % wlv solution of the N-methylglucamine salt con­
taining 34 % wlv active substance) from May & Baker Ltd., Eng­
land. All the chemicals for the analytical procedure were stan­
dard commercial products (p .a. grade, Merck) and were used
without any further purification.

Extraction procedures

The tissue samples were homogenized for 3-5 min in a
Moulinex homogenizer. In some cases, when the amount of mate­
rial available was limited (0.3-0.4 g biopsies) the tissue was
mixed with an equal volume of sea sand and homogenized with
a glass rod directly in a test tube.

The extraction of the samples was carried out essentially
according to Parnell (970) and Takeshita et al. (980), with
some modifications as shown in Fig. 1. In the case of the liver,
kidney, and boiled and fried meat samples, the extraction pro­
cedure had to be repeated in order to remove contaminants which
interfered with the polarographic determinations.

Differential pulse polarography

The polarographic measurements were performed on a PAR
polarograph 074A) equipped with Hg-drop timer (l72A) and an
Ommigraphic XY-recorder (model 2 000) (for principles of the
technique see e.g. Bond 1969). The reference and counter elec­
trodes were a AgiAgel and Pt-wire, respectively. Traces of O2 in
the protecting gas (argon) were removed in a chromium reductor
prepared according to Meites (965) .
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Fig u r e 1. Extraction scheme.

Nitroxynil (R-N02 )
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The polarographic determination of NTX is based upon the
reduction of the nitro group in the NTX molecule to hydroxyl­
amine at a dropping eleclrode.

electrode reacLion
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From the polarographic point of view it is very favourable
that four electrons are transformed per molecule NTX, as the
size of the signal is proportional to the current. With the chosen
differential pulse polarographic technique a linear relationship
is obtained between the signal (peak height) and the concen­
tration of NTX over the range 1-105 The quantitation
of NTX in tissue and blod samples has been carried out by the
method of standard addition, to avoid the influence of matrix
effects.

The following parameters were chosen for the polarographic
analysis:

Initial potential
Scan rate
Modulation amplitude
Drop time
Low pass fil ter

-0.25 V
0.001 V/s
0.05 V
1 drop/s
0.3

NTX is reduced at -0.392 V under these conditions, but the
peak is slightly shifted to a more negative potential at higher
concentrations.

The detection limit for samples spiked with NTX was found
to be about 2 ltg/kg. The recovery of NTX after the extraction
procedure was 95 % for pure standard solutions, but decreased
to 80-90 % for spiked tissues samples, depending on the con­
centration used.

Animal samples

One bull-calf (A) Swedish pulled cattle breed, 3-months-old
was injected subcutaneously (s.c) with the recommended dose
(20 mg NTX/kg h.w.) and the injection was repeated after 72 h .
An untreated animal of the same breed and age was used as a
control.

Fig u r e 2 a and b. Nitroxynil concentrations in blood plasma (a)
and biopsy muscle (m. semitendinosus) samples (b) from a calf at
various times after the s.c. administration of a therapeutic dose
(2 X 20 rug/kg b.w.) of the drug (Trodax@) . The 2 injections were
given on days 0 and 3, respectively. The first blood sample was taken
24 h after the first injection (day 1) . On day 3 one blood sample was
taken just before the second injection, and a second blood sample 3 h
later. The first biopsy sample was taken 3 h after the last injection

(day 3, for details see Materials and Methods).
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The blood samples were drawn every 24 h during the first 7
days after the first injection of NTX and once a week during the
following 7 weeks. An aliquot of the blood sample taken during
the 4th week was used for serum protein fractionation . Serial
biopsy samples of m. semitendinosus (2 X 0.3-0.4 g) were taken
under local anesthesia (Xyloca ine@) weekly for 7 weeks, starting
3 h after the second injection. Immediately after the biopsy, the
tissue was frozen in liquid N2 to avoid water loss, weighed and
kept frozen until analyzed. At the end of the experiment, 9 weeks
after the first injection, the animal was slaughtered and samples
from several muscles, as well as from liver, kidney and lung,
were taken for determination of NTX. Muscle tissue from the
injection site (neck) was divided into 9 squares (approx. ;) X 5
em each) and each part was analyzed separately. To determine
if cooking of the meat can result in NTX degradation, portions
of muscle tissues were subjected to boiling or frying before being
assayed for NTX.

Samples from a further 2 animals (B and C) were obtained
through local sanitary slaughter-houses 4 weeks and 3 months
respectively after the last injection of NTX. The samples of liver,
kidney and muscle (including the injection site ) were imme­
diately removed and stored frozen until analysed.

Separation of serum protein fractions

A 2 ml sample of serum taken on day 28 (animal A) was
fractionated on a Sephacryl 300 column (0 = 2.5 em, length
80 em). The buffer used was a 0.1 mol/l Tris-HCI, containing
0.5 mol/l NaCI (pH 8.0 ).'

RESULTS

The plasma concentration of NTX in the treated calf (A)
measured by the mentioned polarographic method was 140 mg/kg
24 h after the first s.c , injection and reached a peak of 228 rug/kg
3 h after the second injection (Fig. 2 a ). Subsequently, the con­
centration decreased rapidly during the first 10 days and then
decreased as a slower rate to 8 mg/kg at 42 days. The drug was
still present (3 mg/kg) in the plasma 63 days after the first
injection, suggesting a binding to some plasma component(s) .

• The fractionation has been kindly performed by Dr. Christel'
Wahlter at the National Veterinary Institute in Stockholm.



Fig u r e 3. Distribution of NTX (- - - - -) in the serum protein frac­
tions ( ) from a treated calf (see Fig. 2a) . The blood sample
was taken on day 28 after the last injection. Relative absorbance was

measured at 280 nm.

A subsequent separation of plasma protein fractions revealed
that almost-all the NTX was associated with the y-globulins, no
substance being detectabel in the albumin fraction .

From the total amount of sample containing 37.4 llg NTX
applied to the column, 36 ILg was recovered, all found in the IgA
peak (Fig. 3).

The NTX residues in the muscle biopsy material (calf A) and
the tissue samples from the slaughtered animals (A, B, C) re­
flected the elimination pattern observed in th e plasma. There
was a rapid decrease in NTX levels between 7 and 42 days after
the treatment, followed by a slower disappearance of the sub­
stance, 0.11 mg/kg being present at 63 days. 5 llg/kg of NTX was
still present in the muscle 90 days after the last injection (F ig.
2 b and Table 1) .

Tab let. Nitroxynil concentrations in the tissues of cattle slaughter­
ed various times after the injection of a therapeutic dose of the drug

(Trodax®).

Animal

B
A
C

Time after Nitroxynll concentration (m g/ k g)
the last
injection Injection Muscle Liver Kidney
(days ) site

28 1.50 0.60 0.20 1.10
63 0.21 0.11 0.25 0.15
90 0.006 0.005

• not analysed
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Tab I e 2. Effect of cooking on the nitroxynil concentrations in the
edible tissues from a calf (A) slaughtered 9 weeks after the admini­

stration of a therapeutic dose of the drug (Trodax@).

Tissue

Loin

Chuck

Tongue

Cooking

frying (60°C)1
frying (77°C)2

boiling"

Nlt roxyn il (ppm)

0.09
0.09
0.04
0.11
0.002
0.34

1.2 Temperature inside the sample.
3 Boiling time 2 h in salted water.

After 63 days (calf A) the concentrations of NTX in the
tounge and at the injection site were three times and twice
respectively those in skeletal muscle (T ables 2 and 3). Boiling
of the meat sample resulted in a complete loss of the substance
« 2 flg/kg remained ), while fried samples showed only a slight
decrease, depending on the temperature reached in the centre of
the samples during frying (T able 2).

The residues of NTX in the kidney ( 1.5 mg/kg ) were found
to be higher than those in the muscle and the liver 28 days after
the injection (ca lf B ) . On the other hand, 63 days after the treat­
ment (ca lf A ) the liver showed a somewhat higher concentration
(0.25 mg/kg) than the muscle (0.10 mg/kg ) and kidney (0.15
mg/kg), respectively (T able 2).

A B C
0.19 0.17 0.32

---
D E F

0.16 0.21 0.18

G H I I

\
0.24 0.22 I 0.21

i
Tab I e 3. Distribution of nitroxynil around the site of injection in
a calf (A) 9 weeks after the last injection of the drug (Trodax@).
Each square represents an approximately 5 X 5 em piece from, the left
lower third of neck musculature around the site of injection (E).

NTX concentration (mg /kg) is given inside each square.
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DISCUSSION
The polarographic method used in the present study is highly

specific for NTX. Theoretically, any metabolite possessing an
intact nitro-group, and having a favourable water-solvent parti­
tion would also be detected providing that the half way potential
for the metabolite is situated in the tested potential range. How­
ever, there is at present no evidence that such metabolites are
present in plasma or tissues of domestic animals treated with
NTX (Parnell 1970, Douch & Buchanan 1979).

Due to financial constraints only a very limited material
could be analysed in the present study. Therefore it is not pos­
sible to evaluate the significance of individual differences, age,
health and nutritional status on NTX residues in the edible
tissues from the treated animals. Nevertheless, both the NTX
residues measured in the serial biopsy tissue material and those
from the tissues of the slaughtered animals (after treatment with
the recommended dose of the drug) are in a good agreement
with the concentrations reported earlier in more extensive studies
in calves and sheep (Parnell 1970) . Therefore, based upon those
and our results it is plausible to expect the drug to be present
in meat at a level of about 0.1 mg/kg 2 months after the injec­
tion, and that detectable amounts (ll.g/kg range) are still present
at least 90 days after the end of treatment.

Our results also suggest that there is an almost complete loss
of NTX residues in boiled meat, while the residues would dimi­
nish only slightly after conventional frying. Analysis of the in­
jection sites shows that 4 weeks after the injection the levels of
NTX there are significantly higher than those in the muscles
examined, hut the difference diminishes after 9 weeks. The rela­
tively high level of NTX in the tongue observed in the present
investigation is difficult to explain and more experiments are
necessary to verify this finding.

In agreement with the results of Parnell (1970) a retention
of NTX was found in plasma, with about 3.0 mg/kg still present
2 months after treatment. From the results of their in vitro
experiments Beretta & Licatclli (1967) suggested that NTX is
bound to serum albumin. Under the present experimental con­
ditions in vivo virtually all of the NTX was found to be asso­
ciated with the i-globulin fraction (lgA) and no drug was de­
tectable in the serum albumin from the treated animal. The
reason for this discrepancy is not clear at present and both the
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practical implication for, for example. immunological functions
as well as the further evaluation of this binding require further
studies.

NTX was originally introduced as an antifasciolitic drug in
the late 1960s (Davis el 01. 1966). The relatively high acute toxi­
city of NTX observed in food-producing animals (Lucas 1967,
Guilhon 1968) is probably connected to an uncoupling of oxida­
tive phosphorylation and an increase in metabolic rate caused
by this class of chemical substances (Mierl & Groeneveld 1969).
However, to our knowledge. no systematic toxicological study in
warm-blooded animals has been published to enable the assess­
ment of any poLential health-risk to the consumer from the drug
residues present in edible tissues.

Limited acute and subacute toxicological data from studies
in laboratory animals are available from the producer (May &
Baker Ltd.). Using these data we have calculated a tenLative
acceptable daily intake (ADI) for NTX of 0.001 mg/kg b.w .•
using a safety factor of 2 000 when extrapolating the "no effect
dose" from animals to man. Such a safety factor has been recom­
mended for veterinary drugs in the absence of long-term toxico­
logical and teratogenic studies (Perez 1977 ) to compensate for
possible differences in, for example, absorption, metabolism and
sensitivity between the animal species and man (FAO/ WHO
1974 ).

The estimated ADI for NTX should be compared with the
concentration of 3.0 mg/kg of the drug which persists in the
blood and the 0.1-0.3 rug/kg present in the edible tissues 2
months after the treatment. From this it can be concluded that
a withdrawal time of 3 months for NTX in the edible tissues of
cattle seems to be warranted in order to minimize the possible
health risk to the consumer. Since a period of at least 2 months
from the last NTX injection is necessary for the morphological
changes in the meat of the infested animals to recede (Wahlgren
1980), the withdrawal time should not be impractical from the
producers point of view. Withdrawal times exceeding 2 months
are also prescribed in other countries. e.g. South Africa, where
NTX is used to control Paraf'llaria b. NTX concentrations of up
to 1.0 mg/kg after 24 hand 0.5 mg/kg after 48 h with detectable
levels present up to 45 days post injection, have recently been
reported in the milk of treated cows by Takeshita et 01. (1980 ).
Therefore the use of NTX is not to be recommended in lactating
animals.
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SAMMANFATTNING
Bestiimninq oell hiilsoriskuiirdering av nitroxynilrester iitbare viiu­

nader fran nbtkreaiur.
En specifik polarografisk metod, med en kansllghet > 2 ltg/kg,

har anvants fOr aU bestarnma resthalter nitroxynil (NTX) som anvan­
des mot Parafilaria bovicola hos boskap i plasma och vavnad. Efter
behandling med den terapeutiska dosen NTX (2 X 20 mg /kg kropps­
vikt, s.c) erholls initiaIt en snabb minskning av NTX i blodet fOljt av
en langsammare nedgang med en retardation av 8 mg/kg NTX efter
6 veckor och 3 mg /kg NTX efter 3 manader, Muskel och andra atbara
vavnader fran boskap slaktade vid olika tidpunkter efter behandlin­
gen, inneholl 0.1-0.3 mg /kg NTX efter 2 manader och fortfarande
detekterbara sparmangder (p.g/kg ornradet) 3 manader efter injek­
tionerna. Med hansyn till tillgangliga farmakologiska och toxikologi­
ska data foreslas en karenstid av 3 manader fOr NTX behandlad bo­
skap.
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