


Nitroimidazoles—ILaboratory studies of members
of this drug class (which include dimetridazole,
metronidazole, and ipronidazole) have demonstrated
mutagenicity and carcinogenicity.® After undergoing
reductive activation in vivo, metabolites from these
compounds attack DNA base pairs resulting in loss of
helical structure, strand breakage, and possible inhibi-
tion of DNA repair mechanisms. Oral exposure to
nitroimidazole compounds has caused carcinogenesis
in rodents and mutagenic urinary metabolites in
humans. Dimetridazole was approved in the mid-
1960s for the treatment of histomoniasis (infectious
enterohepatitis, blackhead) in turkeys. Despite avail-
able label alternatives, the FDA-CVM documented
widespread extralabel use of the drug to treat and pre-
vent swine dysentery. Food safety concerns led to with-
drawal of its approval in 1987."

Metronidazole is approved in humans for the treat-
ment of trichomoniasis, amebiasis, giardiasis, and
anaerobic bacterial infections. Short-term exposure in
human patients does not appear to increase risk of
developing cancer.” The drug has found extensive
extralabel veterinary use for indications similar to those
in humans, particularly in the treatment of giardiasis in
companion animals. Metronidazole and ipronidazole
(the latter also once labeled for histomoniasis) have
been used to eliminate the bull carrier-state of the vene-
real disease trichomoniasis. With no approved veteri-
nary nitroimidazole labels, the use of any member of
this drug class in food animals is illegal.

Sulfonamide use in dairy cattle—As with the
nitroimidazoles, concerns about sulfonamide residues
have arisen as a result of observed carcinogenicity in
laboratory animals. In 1988, the FDA National Center
for Toxicologic Research reported an increase in thy-
roid follicular cell carcinomas and hepatocellular ade-
nomas in rodents given large doses of sulfamethazine
(SMZ).'*" These studies were of particular concern to
regulatory agencies, as they coincided with reports of
sulfonamide residues in up to 13% of swine carcasses
and up to 73% of retail milk samples.** In swine tis-
sue and milk, SMZ was by far the most common sul-
fonamide detected, because of the compound’s wide-
spread use, high oral bioavailability, long half-life, and
stability in the environment.

A review of the causes and prevention of SMZ
residues in swine is beyond the scope of this article,
but excellent references are available.*®” Detection of
milk residues was particularly disturbing because there
are no SMZ products labeled for lactating cattle.
Clearly, these residues were the result of extralabel use.
New labeling for SMZ products, aggressive education
efforts by the dairy industry, and intensified enforce-
ment actions by regulatory agencies resulted in a dra-
matic decrease in SMZ residues in milk. Another con-
sequence of the SMZ issue was the now familiar drug
labeling and storage requirements, which were added
to the Pasteurized Milk Ordinance in 1989. Only 1 of
the 3 sulfonamides that have label indications for lac-
tating cows, sulfadimethoxine (SDM), is currently
being marketed. The FDA defines a lactating cow as
any dairy cow (regardless of lactation status) ‘older
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than 20 months. Currently, use of any sulfonamide
other than SDM in dairy cattle older then 20 months is
illegal. Additionally, extralabel use of SDM in lactating
dairy cattle is prohibited (for example, use of a higher
dose or slow-release SDM boluses in dairy cattle is not
permitted).

Nitrofurans—As with the nitroimidazoles and sul-
fonamides, the carcinogenicity and mutagenicity of
nitrofurans has been documented in laboratory stud-
ies. Feeding trials with nitrofurazone have demonstrat-
ed the development of fibroadenomas in mammary
glands of rats and benign mixed tumors and granulosa
cell tumors in ovaries of mice.” Furazolidone has been
shown to cause bronchial adenocarcinomas in mice fed
the compound for life.** These drugs are also believed
to cause occupational allergic contact dermatitis in
humans.” On the basis of concerns related to carcino-
genicity, approval for all human nitrofurazone prod-
ucts, except for dermatologic preparations, were with-
drawn in 1974.” Nitrofurazone and furazolidone had
been approved for a variety of protozoal and other
infections in poultry and swine. On the basis of car-
cinogenicity and the absence of a reliable detection
method, the FDA withdrew approval for systemic ani-
mal nitrofuran products in 1991.” A number of nitro-
furan-containing products are still available for topical
use in dogs, cats, and horses. A limited number of top-
ical nitrofurazone products labeled for “pinkeye in cat-
tle, sheep and goats” and “surface wounds, cuts and
abrasions on all livestock” were recently available. As a
result of a FDA-CVM sponsored study demonstrating
meat and milk residues following label use,” manufac-
turers of these products agreed to remove their food
animal indications. The parenthetic reference to
“approved topical” nitrofurans in AMDUCA will be
omitted in the near future. Product with “old” labels,
already in distribution, may be depleted through nor-
mal sale channels. Following this, with no approved
food animal labels, the use of any member of this drug
class in food animals will be illegal.

Clenbuterol—This synthetic sympathomimetic is
approved in a number of foreign countries and is
administered as either a bronchodilator in horses or as
a uterine relaxant in cattle and sheep. A B-2 adrenergic
agonist with lipolytic activity, this compound has been
used illegally in food animals to increase weight gain
and lean body mass. Such illicit use is reported to have
resulted in > 1,000 emergency hosgitalizations and
several deaths in people in Europe.®* In Spain and
France, numerous humans have developed symptoms
of toxicosis, with muscle tremors, tachycardia, and
heart palpitations being the most commonly reported.
Episodes are usually associated with consumption of
liver, the edible tissue containing the highest residue
concentrations.” Several factors may contribute to
the high residue concentrations detected in poisoned
humans. The dosage required for anabolic effects in
animals is 5 to 10 times higher than that used for treat-
ment of respiratory therapy”” and cooking only
decreases drug residues minimally.” Because muscle
depletion and fat redeposition commences following
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drug withdrawal (the “B-agonist reverse effect”*), pro-
ducers may be tempted to market animals with little or
no withdrawal interval,

Inappropriate use of clenbuterol is not limited to
Europe. Two veterinarians were recently convicted on
charges of conspiring to smuggle clenbuterol into the
US from Canada.” Total fines in these cases
approached $100,000 and included an 8-month prison
term. In addition, there have also been a disturbing
number of regulatory actions involving American show
animals.® With the recent US approval of clenbuterol
(Ventipulmin Syrup) as a treatment for chronic
obstructive pulmonary disease (COPD or “heaves”) in
horses, the FDA will be monitoring for illegal food ani-
mal residues and unusual sales patterns of the drug.”’

Dipyrone—A pyrazolon derivative, dipyrone has
historically been used in humans and animals as an
antipyretic, anti-inflammatory, and analgesic. The drug
has been associated with serious toxic effects in
humans, including dose-independent teratogenicity,
increased bleeding times, and a potentially fatal agran-
ulocytosis.™” Prompted by these concerns, the FDA
removed approval for all dipyrone-containing human
medical products in 1977.* Dipyrone products labeled
for companion animals (but which the FDA had never
approved) continued to be sold. On the basis of surveys
indicating food animal use, the absence of an assay
method, and lack of animal safety, residue, and efficacy
data, regulatory discretion allowing veterinary product
marketing ceased in 1995.* Because products are not
available for either humans or animals, dipyrone is not
typically included on lists of extralabel prohibitions
published by FDA-CVM. Old stockpiles of the drug,
however, do occasionally surface. Any use of dipyrone
in food animals remains a violation of the Food Drug
and Cosmetic Act and receives the same regulatory pri-
ority as other compounds described in this article.

Fluoroquinolones—Although antibiotic use has
been shown to contribute to microbial drug resistance
in food animals, the frequency, magnitude, and impor-
tance of such resistance in humans remains a hotly
contested issue. A review of relevant research is beyond
the scope of this article, but excellent summaries are
available.*™"' Of particular concern has been the ques-
tion of increasing virulence of Salmonella sp, a
pathogen estimated to account for between 500 and
4,000 human deaths in the United States annually.**
One study observed a risk of death or hospitalization
to be 20-fold higher for resistant than nonresistant
Salmonella infections.” The emergence of the multi-
drug resistant Salmonella typhimurium DT-104 strain
has similarly fostered international attention on the
question of zoonotic pathogen resistance.” Because the
fluoroquinolones have remained a mainstay for treat-
ment of antibiotic-resistant Salmonella infections in
humans, the advisability of using this class of antibiot-
ic in food animals has been questioned. Especially con-
troversial has been data collected by the Centers for
Disease Control and Prevention (CDC) suggesting a
possible link between fluoroquinolone use in food ani-
mals and increasing human pathogen resistance in the
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United Kingdom.” Although these and other data have
not been sufficiently conclusive to prevent approval of
sarafloxacin for chickens or enrofloxacin for chickens
and beef cattle, it prompted FDA-CVM to prohibit
extralabel use of these compounds in 1997.%
Fluoroquinolone products labeled for either humans
or companion animals may not be used in food ani-
mals. Any deviation from a food animal label (such as
use with a different species, dosage, route of adminis-
tration, or disease indication) is similarly illegal. In the
case of the approved beef cattle formulation of
enrofloxacin (Baytril 100), this prohibition extends to
all nonbeef-production animals, including lactating
and nonlactating dairy cows, heifer replacements, and
veal calves.” Enrofloxacin may not be stored in dairy
farm drug cabinets.

Glycopeptides—The only glycopeptide antibiotic
available in the United States is the human product
vancomycin (Vancocin). Because of its gram-positive
spectrum and associated renal and ototoxicity, this
compound has found limited application in humans
except in the treatment of Clostridium difficile colitis
and infections with beta lactam-resistant gram-positive
cocci. Most important, vancomycin is often the treat-
ment of last resort for methicillin-resistant
Staphylococcus aureus (MRSA) infections in humans.
Although only demonstrated in the laboratory, wide-
spread transfer of vancomycin resistance from strains
of Enterococcus spp to MRSA could provoke a health
care crisis in the form of a common, highly virulent,
and untreatable infection.” Particularly worrisome are
Danish and German data demonstrating vancomycin
resistant Enterococcus spp in the feces and food prod-
ucts of poultry and swine fed the glycopeptide
avoparcin.** Avoparcin, a compound chemically simi-
lar to vancomycin, has been used in European animal
feeds as a growth promoter since the mid-1970s. On
the basis of these and other data, FDA-CVM in 1997
issued an order prohibiting the extralabel use of all gly-
copeptides in food animals.*

The restriction of fluoroquinolone and glycopep-
tide use represents a novel exercise of FDA-CVM dis-
cretionary authority: restriction based not on the
drug’s direct toxicity, but on its potential for increasing
human pathogen resistance. Besides these types of pro-
hibitions, various other efforts now underway may
help mitigate the drug resistance problem. A collabora-
tive FDA, CDC, and USDA surveillance program will
monitor changes in drug resistance patterns from both
human and animal isolates.® In addition, CDC has
funded a limited number of projects examining on-
farm methods to minimize resistance development.
Lastly, a number of professional, industry, and regula-
tory organizations have formed committees whose pur-
pose is to develop procedures that will define prudent
use of antimicrobials in food animals.

Extralabel use of medicated feed—Another pro-
hibition generated by concerns of antibiotic resistance
relates to the extralabel use of medicated feed. Section
530.11 of AMDUCA specifically prohibits the “extrala-
bel use of an approved new animal drug or human
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Note: Because ionophores are not approved for lactating animals, any extra label [ELDU] use
in dairy cattle is not possible as AMDUCA prohibits all ELDU in manufactured or milled feed.

drug in or on an animal feed.” As a matter of enforce-
ment discretion, FDA-CVM generally has not objected
to mixing a drug with an individual animal’s feed, but
extralabel mass medication in feed is prohibited “with-
out limitation or exception.” This prohibition extends
to all drugs; not just those discussed in this article.

Other dairy prohibitions—The Grade-A Pas-
teurized Milk Ordinance states that unapproved or
improperly labeled drugs will not be used to treat dairy
animals and will not be stored in “the milkhouse, milk-
ing barn, stable, or parlor.”® With the exception of
SDM, none of the drugs or drug classes listed in this
article may be legally labeled for dairy cattle and, if
found during an inspection, would trigger regulatory
action. In addition to dipyrone, there are 2 drugs that
are not currently on the AMDUCA prohibited list but
which result in “debits” if found during a dairy inspec-
tion. These are dimethyl sulfoxide and colloidal silver.
The use of ionophore compounds (ie, monensin, lasa-
locid) in lactating dairy cattle rations is prohibited.

Status of aminoglycosides—A number of veteri-
nary organizations have established or support policies
that discourage the extralabel use of aminoglycosides.
These organizations include the Academy of Veterinary
Consultants, the Society for Theriogenology, the
American Association of Bovine Practitioners, the
American Veterinary Medical Association, and a number
of state veterinary medical associations. These position
statements are nonbinding and should not be confused
with the legal prohibitions described in this article.

Treatment of companion animals—The prohibi-
tions described in this article pertain to food-producing
animals only and not companion species, such as dogs
and cats. FARAD receives a few inquires related to the
use of these compounds in companion animals that also
are a members of a food producing species (ie, horses,
llamas, pot bellied pigs). As long as they are never offered
for slaughter, the FDA-CVM does not normally consider
these to be food animals. Because the ultimate fate of
such treated animals is often beyond the control of the
veterinarian, a practitioner should reflect on the amount
of liability that he or she is willing to accept. Practitioners
who have used a prohibited substance in a companion or
pack animal that subsequently enters the food supply
would be subject to enforcement actions under the Food
Drug and Cosmetic Act.

References

‘1. Extralabel drug use in animals; final rule. Fed Reg
1996,61:57732-57746.

2. Helpful tips for extralabel drug use: general information. J
Am Vet Med Assoc 1998;212:968-969.

3. Helpful tips for extralabel drug use: record keeping, record
access and product labels. ] Am Vet Med Assoc 1998;212:666—667.

4. Extralabel drug use (ELDU), AMDUCA guidance brochure.
Schaumburg, 1ll: American Veterinary Medical Association, 1998.

5. Edelman DA. DES/Diethylstilbestrol—new perspectives.
Boston: MTP Press Ltd, 1986;43—44.

6. Dieckmann W], Davis ME, Rynkiewicz LM, et al. Does the
administration of diethylstilbestrol during pregnancy have thera-
peutic value? Am J Obstet Gynecol 1953;66:1062-1081.

7. Herbst AL, Ulfelder H, Poskanzer DC. Adenocarcinoma of

the vagina. Association of maternal stilbestrol therapy with tumor
appearance in young women. New Engl | Med 1971;284:878-881.

8. Crum CP. Female genital tract. In: Cotran RS, Kumar YV,
Robbins SL, eds. Pathologic basis of disease. 5th ed. Philadelphia: WB
Saunders Co, 1994;1044-1045.

9. Melnick S, Cole P, Anderson D, et al. Rates and risks of
diethylstilbestrol-related clear-cell adenocarcinoma of the vagina and
cervix. An update. N Engl ] Med 1987;316:514-516.

10. DES ban now in effect. ] Am Vet Med Assoc 1979;175:334.

11. Settepani JA. The hazard of using chloramphenicol in food
animals. | Am Vet Med Assoc 1984;184:930-931.

12. Sentencing in chloramphenicol case. FDA Vet 1990;5:10.

13. Veterinarian sentenced on chloramphenicol charge. ] Am
Vet Med Assoc 1991;199:317.

14. Yunis AA. Chloramphenicol: relation of structure to activi-
ty and toxicity. Annu Rev Pharmacol Toxicol 1988;28:83-100.

15. Parkhie MR. Hazards of extralabel use of dimetridazole. J
Am Vet Med Assoc 1986;189:270-271.

16. Why veterinary drugs are not always available. FDA Vet
1996;11:4.

17. Beard CM, Noller KL, O'Fallon WM. Lack of evidence for
cancer due to use of metronidazole. N Eng | Med 1979;301:519-522.

18. National Center for Toxicological Research. Chronic toxicity
and carcinogenicity studies of sulfamethazine in B6C3F1 mice.
Technical report for experiment number 418. Jefferson, Ark: National
Center for Toxicological Research, 1988.

19. National Center for Toxicological Research. Chronic toxicity
and carcinogenesis studies on sulfamethazine in Fischer 433 rats.
Technical report for experiment number 420. Jefferson, Ark: National
Center for Toxicological Research, 1988.

20. Bevill RE Causes, detection, and correction of sulfonamide
residues in swine. In: Crawford LM, Franco DA, eds. Animal drugs and
human health. Lancaster, Pa: Technomic Publishing Co, 1994,63-80.

21. Sundlof SE Drug and chemical residues in livestock. Vet
Clin North Am Food Anim Pract 1989;5:411-499.

22. Rehm WE Teelmann K, Weidekamm E. General aspects of
metabolism, residues and toxicology of sulfonamides and dihydrofo-
late reductase inhibitors. In: Rico A, ed. Drug residues in animals.
Orlando, Fla: Academic Press Inc, 1986;65-109.

23. Huff JE, Eustis SL, Haseman JK. Occurrence and relevance
of chemically induced benign neoplasms in long-term carcinogenic-
ity studies. Cancer Metastasis Rev 1989;8:1-22.

24. Ali BH. Some pharmacological and toxicological properties
of furazolidone. Vet Res Commun 1983;6:1-11.

25. Conde-Salazar L, Guimaraens D, Gonzalez MA, et al.
Occupational allergic contact dermatitis from nitrofurazone. Contact
Dermatitis 1995;32:307-308.

26. List of drug products that have been withdrawn or removed
from the market for reasons of safety or effectiveness. Fed Reg
1998;63:540822-54089.

27. Nitrofuran approval withdrawn. FDA Vet 1991;6:1-2.

28. Smith DJ, Paulson GD, Larsen GL. Distribution of radiocar-
bon after intramammary, intrauterine, or ocular treatment of lactat-
ing cow with carbon-14 nitrofurazone. J Dairy Sci 1998;81:979-988.

29. Clenbuterol a concern. | Am Vet Med Assoc 1994;205:1380.

30. Study reveals European beef is tainted. Beef Bus Bull
1993;16:2.

31. Keller WC. 1llegal use of clenbuterol in food animals. FDA
Vet 1991;6:9-11.

32. Sauer M], Pickett RJH, Liver S, et al. Distribution and elim-
ination of clenbuterol in tissues and fluids of calves following pro-
longed oral administration at a growth-promoting dose. J Vet
Pharmacol Ther 1995;18:81-86.

33. Meyer HHD, Rinke LM. The pharmacokinetics and residues
of clenbuterol in veal calves. ] Anim Sci 1991,69:4538-4544.

34. Elliott CT, Crooks SRH, McEvoy JGD, et al. Observation on
the effects of long-term withdrawal on carcass composition and
residue concentrations in clenbuterol-medicated cattle. Vet Res
Commun 1993;17:459-468.

35. Veterinarian sentenced for smuggling clenbuterol. ] Am Vet
Med Assoc 1999;214:319.

36. Veterinarians can help restore ethics in livestock show
rings. ] Am Vet Med Assoc 1995;206:933.

JAVMA, Vol 215, No. 1, July 1, 1999

Vet Med Today: FARAD Digest 31



whitford
Callout
Note:  Because ionophores are not approved for lactating animals, any extra label [ELDU] use in dairy cattle is not possible as AMDUCA prohibits all ELDU in manufactured or milled feed.


37. FDA approves restricted use of clenbuterol product for
horses. FDA Vet 1998;13:5-7.

38. Arellano F, Sacristan JA. Metamizole: reassessment of its
therapeutic role. Eur J Clin Pharmacol 1990;38:617-619.

39. Center for Veterinary Medicine. CVM announces opinion on
dipyrone products. Rockville, Md: Center for Veterinary Medicine,
Dec 6, 1995.

40. US Office of Technology Assessment. Impacts of antibiotic-
resistant bacteria. Washington, DC: US Office of Technology
Assessment, 1995;0TA-H-629.

41. Chin G}, Marx ], eds. Frontiers in biotechnology, antibiotic
resistance. Science 1994;264:360-388.

42. Buzby JC, Roberts T. ERS estimates U.S. foodborne disease
costs. Food Rev 1995,18:37-42,

43. Angulo FJ, Tauxe RV, Cohen ML. Significance and sources
of antimicrobial- resistant nontyphoidal Salmonella infections in
humans in the United States: the need for prudent use of antimicro-
bial agents, including restricted use of fluoroquinolones, in food ani-
mals, in Proceedings. Am Acad Vet Pharmacol Ther 1998;63-78.

44. Holmberg SD, Wells JG, Cohen ML. Animal-to-man trans-

Correction: FARAD Digest

¥

mission of antimicrobial-resistant Salmonella: investigations of U.S.
outbreaks, 1971-1983. Science 1984;225:833-835.

45. Akkina JE, Hogue AT, Angulo FJ, et al. Epidemiologic
aspects, control, and importance of multiple-drug resistant
Salmonella Typhimurium DT104 in the United States. ] Am Vet Med
Assoc 1998;214:790-798.

46. Extralabel animal drug use; fluoroquinolones and gly-
copeptides; order of prohibition. Fed Reg 1997,62:27944-27947.

47. Center for Veterinary Medicine. Extralabel use of Baytril 100
prohibited, including use in dairy cattle or veal calves. Rockville, Md:
Center for Veterinary Medicine, Sept 22, 1998.

48. Antimicrobial susceptibility testing in progress. ] Am Vet
Med Assoc 1997;210:145-147.

49. Nichols }G. Item 16 r(i)—current information. Memoranda of
information M-1-92-10. Washington, DC: US Food and Drug
Administration, Center for Food Salety and Applied Nutrition, Dec
3, 1992.

Additional references available on request.

In the FARAD Digest titled “Primer on estimating withdrawal times after extrala-
bel drug use” (JAVMA, Oct 1, 1998, pp 966-968), the first sentence of the last para-
graph of the left-hand column on page 967 should have read “...and from a 100-g ini-

tial dose...” rather than 10-g initial dose.
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