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Introduction

Fenbendazole (FBZ) is used worldwide as an anthelmintic in a great
variety of animals., In the United States FBZ is presently licensed for
use only in horses.

Recent reports on the efficacy of FBZ in swine have shown that it
may be effective enough to successfully compete on the commercial market
in the United States with presently licensed swine anthelmintics.
However, before FBZ can be licensed for use, scientific studies must be
undertaken on numerous aspects of the chemical, including its safety for
the target animal.,

Since little information is available about the safety of FBZ in
swine, this study evaluated the potential physical and pathological

effects of acute FBZ use in growing pigs.
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SUMMARY

Thirty female pigs, average weight 32 kg, were given fenbendazole

(FBZ) for 3 days to test the safety of the drug., Dosages of 0, 3, 9, 15

and 25 mg of active ingredient/kg body weight were mixed with the feed.

Clinical chemistry, hematology, urinalysis, gross and microscopic

pathology, and bone marrow cytology revealed no significant adverse

effects due to this drug.
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Fenbendazole? (FBZ), methyl 5-(phenylthio)-2-benzimidazole carba-
mate, was derived from parbendazole, itself an effective anthelmintic.l
The anthelmintic activity of parbendazole was thought to be enhanced by
the addition of a phenoxy group; however, the addition of a phenylthiol
group created a more effective anthelmintic than did the phenoxy
addition. Penbendazole is effective against nematodes and trematodes?
and in Ascaris suum, FBZ is believed to exert its anthelmintic effect by
interfering with the utilization of glucose and glycogen.3 In
Hymenolepis diminuta a neurctoxic effect has been observed, 4

Fenbendazole has been used as an anthelmintic in a broad spectrum of
animals, from laboratory animals to zoo animals, such as snakes and
tigers.5s6 The oral LDsg in rats and mice was estimated to be greater
than 10,000 mg/kg.? A dose of 5000 mg/kg was given to sheep without
clinical effects.’ The wide margin of safety of FBZ is important when it
is difficult to estimate an animals weight or when the correct dosage is
not possible, Because FBZ is highly effective against Trichuris suis
and Ascaris suum in the pig when given in doses of 3 or 5 mg/kg over a
3 day period,® its use in that species is of economic significance.

Recent reports on the safety of FBZ in swine have shown a
dose-related leukopenia, involving lymphocytes and segmented neutrophils,
when FBZ was given orally at doses of 25, 75 or 125 mg/kg for 5 days, or
when it was given orally at 2000 mg/kg for 14 days. A dose-dependent
increase in sorbitol dehydrogenase (SDH) was also noted.9r10 This paper
reports further evaluations of the safety of FBZ when given in 3 daily

doses of 0, 3, 9, 15 or 25 mg/kg to growing pigs.



MATERTALS AND METHODS

Animals, Housing, and Feeding - Thirty-one healthy, 25 kg female,
Yorkshire pigs were obtained from a local supplier and randomly housed 3
to a pen in a barn with cement floors., The pens were thoroughly washed
each morming before feeding. Feed consisted of a commercially made
milo-supplement mix (16% protein), Water was freely available from
automatic waterers.

The pigs were acclimated for 21 days. The experimental period
consisted of a 10-day pre-dosing period (days -10 to -1), a 3-day FBZ
dosing period (days 0 to +2), a 10-day post-dosing period (days +3 to
+12), and necropsy on day +13. To monitor biochemical, hematological,
and urinary parameters, blood and urine samples were collected on
alternate days throughout all phases, Starting with a pre—dosing period
to establish baseline values, collections took place on the following
days: -10, -8, -6, -4, -2, 0 (dosing initiated), +2 (dosing ceased), +4,
+6, +8, +10, +12, +13 (necropsy).

Due to limited housing facilities and the need to give each pig a
separate pen during the dosing period, the pigs were randomly divided
into 2 study groups (A and B) of 15 apiece. Each group was then further
randomly divided into 5 sub-groups of 3 pigs each. Each pig in the
sub—groups received one of the following daily doses for 3 days in
individual pens: 0, 3, 9, 15 or 25 mg FBZ/kg body weight.

The calculated dose of FBZ was mixed with 1/4 of the daily feed
ration and placed in a metal feed dish for consumption. Once this
mixture of FBZ and feed was consumed the remaining ration of feed was

given, 'The FBZ-feed consumption generally required less than 5 minutes.



The general health of the pigs was observed daily. Their body
weight and body temperatures were determined weekly. Weighing of the
pigs was accomplished one at a time, on a weighing platform. Body
temperatures were taken with a digital thermistor thermometer? and rectal

probeC while the pig was in the weighing stall.

Blood and Urine evaluation = All sampling was done early in the
morning before feeding., Blood samples were obtained via cranial vena
cava puncture and collected in ethylenediaminetetraacetic acid (EDTR),
heparin, citrate and blank Vacutainerd tubes for clinical chemistry and
hematology evaluations. Blood urea nitrogen (BUN), creatinine, alkaline
phosphatase, total serum protein, calcium, sodium, potassium, carbon
dioxide, glucose, albumin and inorganic phosphorus were determined by the
SMA 12/60.€ Sorbitol dehydrogenase was determined using Sigmaf reagents
and Biochromatic analyzer.9 Cholinesterase levels were determined by the
Michel method.ll Chloride was determined by the chloridometer N Total
plasma protein and fibrinogen were determined by the Refractometer TS
Meter.l Prothrombin time was measured using Dade] reagents and
fibrometerk (A separate non-dosed pig was used as a control for the
prothrombin time determination). Red and white blood cells were
enumerated with a Coulterl counter. A hemocytometer was used to count
platelets.l2 The hematocrit was determined by the microhematocrit
technique, 12

Urine samples were collected in Pediatric Urine Collecter bags,mr13
Color was observed grossly. Specific gravity was determined with a
refractometer.l  Glucose, pH, ketones, protein, occult blood and

bilirubin determinations were determined by Bili-labstix.l! The presence,



in urine, of RBC's, WBC's, casts, bacteria and debris was determined
microscopically.l2

Pathology - On day +13 all pigs were euthanatized by an injection of
T-61 Euthanasia Solution.® No carcass waited longer than 1/2 hour to be
necropsied. Representative samples of liver, heart, kidney, spleen,
lung, brain, stomach, small intestine, and bladder were fixed in 10%
buffered neutral formalin immediately after excision from the carcasses.
After 144 hours they were embedded in paraffin, sliced into 6u slices,
mounted on glass slides, and stained with hematoxylin-eosin for
pathological examination. Any other tissues that had gross abnommalities
were also examined. Bone marrow contents were smeared directly onto
glass slides and allowed to air dry. These slides were stained with

Wrights-Leishman stain and microscopically examined.

Statistics - Values for each treatment group were compared and

tested for significant differences (P<0.05) using analysis of variance,l4

RESULTS

Clinical parameters - The animals generally remained healthy and
content throughout the course of the study. The one exception was pig
#18, which died of an intestinal torsion on day +11, Body temperature
occasionally was slightly elevated for some pigs, but all returned to
normal the following day. Weight gains within the different dose groups

were not significantly different (Table 1).

Blood chemistry - Cholinesterase, SDH, BUN, creatinine, alkaline
phosphatase, total protein, albumin, calcium, sodium, potassium,
phosphorus, glucose, chloride, and carbon dioxide remained within normal

ranges.
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Hematology - Only non-significant differences were noted in the
hematology values measured (packed cell volume, fibrinogen, hemoglobin,
total white and red blood cell counts, differential, platelet evaluation
and prothrombin time).

Urine ~ The pigs receiving 9 mg/kg had a significantly lower
specific gravity on day +6 (Table 2), but it was still within normal

limits, All other parameters were within normal ranges.,

Pathology - The most prevalent lesion noted was pneumonia, with 11
of the 30 animals being affected. Bone marrow counts were within normal
ranges (Table 3). Gross and histological lesions are summarized in

Table 4. There were no drug-related pathologic changes.

DISCUSSION

In a previous report a dose~dependent leukopenia was found in swine
given oral doses of 25 mg FBZ/kg weight for 5 days. The present report
was unable to repeat these findings. This is probably due to the fact
that FBZ was administered for 5 days in the previous study while the
present study administered FBZ for the 3 days which the manufacturer
recommends for use in field applications.

Urinalysis from the 9 mg/kg pigs on day +6 had a significant
decrease in specific gravity when compared to the 0 mg/kg pigs for those
days, although it was within normal limits.12 Decreased specific gravity
occurs due to liver disease, chronic or acute nephritis, toxic nephrosis
or other progressive kidney disease.l5 Kidney lesions were found in only
1 pig from this group and consisted of a few cysts which, in pigs, is not
an uncommen occurrence,ld® Specific gravity decrease is also a normal

response to physical factors such as increased water intake. Neither
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clinical chemistry or pathology supported any drug related cause and this
decrease did not occur in any other group.

The most prevalent pathological lesion was pneumonia. It was
generally distributed with only the 9 mg/kg pigs not being affected.
This disease has been reported in as high as 50% of some swine herds.l6
During the course of this study, outside temperatures decreased to -5 C,
These temperatures, along with the wet cement floors, from the early
morning washings, could have contributed to the pneumonia incidence.
Since the incidence was randomly distributed it is not drug-related.

Extramedullary hematopoiesis (EMH) was seen in 4 of the pigs. It
appeared in 3 dose groups and was evenly distributed in the limited
number of pigs affected. Anemia may cause EMH but clinical chemistry or
hematology did not confirm this. Extramedullary hematopoiesis occurs in
most animals around birth and in some species is present throughout

life,15
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TABLE 4 PATHOLOGY OBSERVATIONS FROM PIGS
RECEIVING VARIOUS DOSES OF FENBENDAZOLE

Dose Pig
(mg/kg)
) 6 foci of round cells in the kidney
12 NVL
16 bronchopneumonia
23 NVL
26 bronchopneumonia
30 small areas of ventral lung broncho-
prieumonia
3 10 liver extramedullary hematopoiesis
11 NVL
15 pericarditis, bronchopneumonia
21 NVL
24 purulent pneumonia
29 bronchopneumonia
9 5 few cysts in kidneys
8 hemorrhages in diaphragmatic lobes
14 NVL :
20 liver extramedullary hematopoiesis
25 pleuritis ,
27 liver extramedullary hematopoiesis
15 1 lTiver extramedullary hematopoiesis
2 hemorrhages in the lung
3 NVL
17 NVL
19b bronchopneumcnia
28 focal areas of round cells in kidney.
Rhinitis, bronchopneumonia
25 : 4 petechiae lung
7 NVL
9 bronchopneumonia
i NVL
18 intestinal accident, bronchopneumonia
22 bronchopneumonia

NVL= no visible lesions
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APPENDIX I
Animal data on the Safety Evaluation
of

Fenbendazole in Swine: 1III
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TABLE 1 PATHOLOGY OBSERVATIONS FROM PIGS
RECEIVING YARIOUS DOSES OF FENBENDAZOLE

Dose Pig
(mg/kg)
0 6 foci of round cells in the kidney
12 NVL ‘
16 bronchopneumonia
23 NVL
26 bronchopneumonia
30 small areas of ventral lung broncho-
pneumonia
3 10 liver extramedullary hematopoiesis
11 NVL
15 pericarditis, bronchopneumonia
21 NVL
24 purulent pneumonia
29 bronchopneumonia
9 5 few cysts in kidneys
8 hemorrhages in diaphragmatic Tobes
14 NVL ,
20 liver extramedullary hematopoiesis
25 pleuritis
27 Tiver extramedullary hematopoiesis
15 1 liver extramedullary hematopoiesis
2 hemorrhages in the lung
3 NVL
17 NVL
19b bronchopneumonia
28 focal areas of round cells in kidney.
Rhinitis, bronchopneumonia
25 4 petechiae lung
7 NVL
9 bronchopneumonia
13 NVL
18 intestinal accident, bronchopneumonia
22 bronchopneumonia

16

NVL= no visible lesions
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APPENDIX II
A review
of

Fenbendazole in Swine
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Figure 1. methyl 5-{phenylthio}-2-benzimidazole-carbamate
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INTRODUCTICN

Fenbendazole FBZ, methyl-5-(phenylthio)-2-benzimidazole carbamate is
an almost colorless powder with a molecular weight of 299.2 (Figure 1).
It melts with decomposition at 233°C and is freely soluble only in
dimethylsulfoxide (DMSO). Its ultra-violet (UV) spectrum in methanol
shows maximum absorption at 298 rm,l Fenbendazole is presently available
in 6 formulations all designed for oral consumption.

Fenbendazole is thought to work by interfering with the parasites'’
metabolism. In studies on Ascaris suum FBZ was found to inhibit glycogen
formation and breakdown.Z2 In Hymenolepis diminuta FBZ exerts a
neurotoxic effect which causes the suckers to lose form and function.
Eight hours after treatment the parasite becomes paralyzed and soon
dies.3

Fenbendazole is used worldwide in a variety of animals from birds to
elephants. In the United States, it is presently licensed for use in

horses only.

USE

Internal parasites of swine represent a large part of the one quarter
of a billion dollar annual profit loss of swine producers.4 This loss
not only affects the producer it ultimately affects the consumer as well,
Kidney worms (Stephanurus dentatus) cause an estimated $73 million annual
loss to the swine industry.? As many as 51% of swine livers in North
Carolina were condemned as unfit for human consumption. Over 90% of
these livers were infected with a combination of ascarid (A. suum) and
kidney worm lesions.?

The most prominant member of the kidney worm family is Stephanurus
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dentatus. Stephanurus dentatus lives in the southern and eastern parts
of the United States and in warm climates such as Hawaii and Puerto Rico,
but has been reported moving northward into Canada.® Stephanurus
dentatus has the capability of migrating to other parts of the body, most
notably the liver. They cause emaciation, poor weight gain, ascites,
abcesses, fibrosis and adhesions. Studies on swine infected with these
worms show that they require 183 kg (404 lbs) more feed per pig and an
additional 59 days to reach market weight.® In studies done in North
Carolina, FBZ was orally administered to sows in single doses of 10 or
15 mg/kg, and in doses of 2, 3 or 5 mg/kg daily for 3 days. On day 56
the sows were necropsied. While evidence of previous infections in the
kidney, perirenal fat, adipose tissue and liver were found, no live
mature or immature kidney worms were present.’

The most damaging parasite in swine is the roundworm, Ascaris suum.
Ascaris suum is ubiquitous, appearing in as many as 100% of hogs examined
in the United States. 1In 1962 it was estimated that A. suum caused a
loss of $200 million to the U.S. swine industry. One estimate put the
annual egg production of A. suum at 700 tons with the annual worm
production at 5000 tons.b The reason for this tremendous output is the
female's ability to lay 23 eggs per second, or 2 million eggs per day.
These eggs are extremely resistant to environmental conditions and may
remain viable for up to 6 years. Morphologically, though not
physiologically, this species is the same as that found in man, in whom
25% of the worlds population is infected.8

Ascaris suum enters the pig when the 2nd stage larvae, which is
still in the egg, is eaten. The eggs hatch in the intestine and the

larvae migrate through the intestinal wall into the blood. They are then
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carried to various organs of the body where they die or begin to mature.
Two important organs are the liver and lungs. The larvae are carried to
the liver where they mature. They may then migrate through the liver and
be carried to the lungs where they can be coughed up and swallowed again.
The larvae then lodge in the intestinal tract where they mature into egg
laying adults. While eggs may hatch and larvae may migrate into most
vertebrate hosts, they wiil only mature in an "appropriate" host which
will supply the parasites living requirements.

There are two periods in which the ascarids exert an effect on
swine: 1) When the larvae are migrating through the liver; and, 2) After
the larvae have returned to the intestine to mature and lay eggs. During
the migration period A. suum may cause white spots in the parenchyma of
the liver. These may be of two different types depending on whether the
larvae have stayed or have moved on through.

The two types of white spots are the granulation tissue-type and the
lymphonodular type. The granulation tissue-type consists of a central
lesion, intralobularly located, with a small (0,15 mm) granuloma
containing larval remnants. The size of the spot depends on the length
of time the larvae was in the area. A large spot is created when a larva
gets stuck in a lobule exposing the surrounding area to its irritating
action for a long period of time. Ascarid larvae are rarely found in the
emaller spots. If the spot is fresh a mass of esoinophils may be seen
surromnding the area. If an older spot there may be a caked mass of
eosinophils with pyknotic nuclei.

The lymphonodular spots are large (1-5 mm) and firm consisting of
lymphocytes and connective tissue forming a nodule around a larval

remnant. In some of the older nodules the larvae found are dead and



128
morphologically altered; few eosinophils may be found., This may indicate

that some of these older nodules are formed from older granulation-type
tissue. Eventually (2 months) the white spots will regress. These white
spots are causes of liver condemnations; an average of 2.1% of swine
livers have been sc condemned.

In lungs the migratory larvae may cause pneumonia (verminous),
atelectasis, edema, hemorrhagic foci, and emphysema. Ascaris suum may
also exacerbate other existing conditions, such as viral pneumonia.

Once the larvae have matured and started laying eggs in the
intestine they will then compete with the host for available nutrition.
Pigs infected with A. suum weighed 5 kg (11 lbs) after 3 months when
compared to the control weight of 37 kg (82 1lbs).® The adult may gnaw at
the mucosa producing irritations and lesions. They may migrate into the
bile duct, stomach, gall bladder and large intestine. The migration
seems related to the amount of food in each of the areas. These
migrations cause other problems, such as stenosis of the bile ducts which
may bring about rupture and death from peritonitis. Nervous signs and
stunted growth may also occur. Young pigs seem to be more affected than
older pigs. If they have been exposed when young, older pigs develop a
resistance against ascarids.® Fenbendazole was found to be 97-100%
effective against A. suum when single oral doses of 7.5-25 mg FBZ/kg were
employed. When given in doses of 3 or 5 mg/kg over a 3-day period it was
found to be 99-100% effective,ls7,10,11

Nodular worms (Qesophagostomum Spp.) cause an estimated $26 million
annual loss in the United States. They are found in as many as 47% of
the swine of some herds.3s12 Nodular worms generally reside in the large

intestine and interfere with intestinal motility and food absorption.
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They may produce intense inflammatory reactions which lead to the
formation of nodules. Other effects include a mild toxemia, weakness,
anemia, diarrhea, unthriftiness and even death. Unlike Ascaris spo.
nodular worms affect older animals as much as or more than they affect
young animals, Fenbendazole has been shown to virtually eliminate the
adult stages of Qescphagostomum sSpp. when given at an oral dose of
5 mg/kg. Fenbendazole was less effective against immature stages of
Qesophagostomum. 13

Fenbendazole has also been shown to be effective against
Hyostrongvles rubidus. At 3 mg/kg, 94% of these worms were expelled.
Doubling of this dose resulted in the expulsion of 99% of the worms, 1 r13
FBZ has been less effective against Strongvloides ransomi and
Metastrongylus spp.l4 Trichuris suis is virtually eliminated when FBZ is
given orally at 5 mg/kg for 3 days.’

In cattle FBZ has been used effectively against Qstertagia
ostertagi, Haemonchus placei, Bunostomum phlebotum, Cooperia spp.. and
Qesophagostomum for both immature and adult stages at doses of 5-7 mg/kg
(7.5 mg/kg is the recommended therapeutic dose) 15,16

Studies in horses have shown that FBZ is effective against
Trichonema spp. and large and small species of of strongyles. It has
also been shown effective against Parascaris equorum and Oxvuris
equi,l7,18,19,20,21

FBZ is effective against Joxocara canis, Ancylostomas caninum,
Trichuris vulpis and Taenia hydatigena in the dog.22¢23,24 1In the cat
FBRZ is effective against Toxocara cati, Ancvlostoma tubaeforme and Taenia
taeniaeformis.?3
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Domestic sheep studies show that FBZ is effective against Haemonchus
contortus, ITrichostrongylus colubriformis, Ostertagia circumcincta,
Moniezia spp., Cooperia spp.r Nematodadirus filicollis and Stropgyloides
papillosis.26:27,28,29

In Bighorn sheep FBZ 1is effective against adult lungworm
(Protostronavlus spp.). It is one of the few anthelmintics that this
animal will readily eat without rejecting it due to taste,30

Fenbendazole is also etfective against internal parasites in a wide
variety of other animals both wild and domestic.l14,30,31,32

KINETICS

Radiolabeled FBZ studies in rats, sheep, dogs, pigs and rabbits have
shown that absorption of FBZ from the digestive tract is generally
slow.33 Animals with single stomachs absorbed the drug more rapidly than
animals with multi-chambered stomachs.34,35 whether this is due to
physical, biochemical or chemical differences is not known.

Approximately 1/3 of the FBZ is absorbed from the stomach in the
pig.33 Absorption of FBZ in pigs occurred rapidly (within 0.6 hours)
after oral administration. In a study using 5 mg/kg of radiolabeled FBZ
given orally to pigs, peak blood levels (0.86 * 0.18 ug FBZ/ml) were
reached 4 hours after dosing.36 In another study using the same amount
of chemically pure unlabeled FBZ, peak FBZ serum levels were lower (0.45
+ 0.10 ug FBZ/ml) and were reached later (10 * 2 hours).36 Peak blood
levels (0.34 1 0.09 ug FBZ/ml) in sheep weren't reached until 28 hours
post-dosing (25% absorption).34 Peak serum levels (0.58 ug FBZ/ml)
weren't reached, in cattle, until 30 hours post—dosing.34

When swine were given a single oral dose of 5 mg FBZ/kg, the

excretory organs contained the highest amounts of FBZ. When tested 2
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days post—-dosing, the liver had 0.66 ppm FBZ and the kidney had 0.62 ppm.

The drug was found in muscle at 0.24 ppm and in the fat at 0.22 ppm. A
week after dosing residues of FBZ in kidney, muscle and fat were below
detection limits (< 0.1 ppm). Residues in liver required 2 weeks after
dosing before falling below the 0.1 ppm detection limit.

The half-life (Tl/z) of FBZ in serum following oral administration
was 26 hours in sheep, 25 hours in cattle and 10 hours in swine,34 The
T1/2 in sheep was reduced by almost 1/2 when the dose of FBZ was
injected.® When FBZ was injected into single stomach animals the Tj/;
was unaffected, thus suggesting that the rate of absorption in sheep is
dependent upon which of the various stomachs contains the drug.

Most of the orally administered FBZ is eliminated via the feces. In
studies using radiolabeled FBZ, orally administered, 50-60% of the label
was found in the feces of swine. Of this 43% was the parent compound,
while the remainder consisted of 5 unidentified metabolites.® A later
study identified one of the fecal metabolites as a sulfoxide derivative
of FBZ.© The urine contained 30-35% of the radiocactivity. Only 1% of
the total administered FBZ compound was parent compound; the rest were 6
different metabolites, the chief one being 5-(-hydroxyphenylthio)-

benzimidazole-2-carbamate,33 Identification of all the metabolites in

aKellner H, Christ O: Pharmacokinetic examiniations after oral
administration of Hoe 881 in sheep, dogs, rabbit and rats. Unpublished
data. Hoechst-Roussel Pharmaceuticals Inc., Sommerville, NJ, 1975,

briopffer G: Metabolism of Panacur in the pig: Quatitative
metabolite pattern. Unpublished data. Hoechst~Roussel Pharmaceuticals
Inc, Sommerville, NJ, 1975.

Csummary of currently available unpublished data from toxicity
studies. Hoechst-Roussel Pharmaceuticals Inc, Sommerville, NJ, 1978,



132

urine and feces remains to be completed. The urine and fecal metabolites
in swine appear to have the same characteristics as in other animals,33
The rapidity with which FBZ leaves the animal is important when

considering its use in food animals because of concern with residues.

SYSTEMIC TOXICITY

The systemic toxicity of FBZ is low. No LDsg has been able to be
established for the pig or any other animal because of physical
limitations. The pig has tolerated 5000 mg/kg without effect. In rats
and mice the oral LDsg is thought to be greater than 10,000 rnc_;/img.lr2
Sheep have tolerated 5000 mg/kg with out clinical reactions. Pigeons
dosed with 400 mg/kg have shown no signs of toxicity.14

Acute toxicity studies in the pig have revealed only transient
changes from normal baseline biochemical parameters. At doses of 500,
1600 and 5000 mg/kg respectively given for 1 day each, SGOT levels were
slightly elevated the 3rd day after the last administration of FRZ.14
Sorbitol dehydrogenase (SDH) activity was elevated for 7 days following
the administration of 75 or 125 mg/kg, respectively, for 5 days. A
dose-related leukopenia involving lymphocytes and neutrophils, occurred
in pigs given 75 or 125 mg/kg, respectively, for 5 days. This increase
developed on day +7 and continued to day +15. There were no significant
lesions in any of the animals.37

Since the mode of anthelmintic action appears to be the inhibition
of glucose uptake and glycogen breakdown it is of interest to note that
there have been no effects of FBZ on blood glucose levels of the
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host.37+d The carbamate moiety of this anthelmintic has not produced a
decrease in cholinesterase activity.37.d

Acute toxicity studies in sheep fed single doses of 75 mg FBZ/Kg
have shown an increase in SGOT, alkaline phosphatase, GDH and SDH for 3
days post-dosing. Higher levels of 500, 1600 or 5000 mg FBZ/kg have been
associated with increases in SGOT, SGPT, GDH and SDH.C. In sheep given
5, 15 or 45 mg/kg for 30 days myocardial lesions were noted in some
animals in the 45 mg group. In all dose groups a dose—dependent fat free
vacuolization of the liver parenchyma was noted, 14

No chronic (90 days or more) studies have been reported in swine.
Chronic studies with rats at doses up to 25 mg/kg have not produced any
significant deviations from the parameters of normal control
populations.ls14 pogs given 20, 50 or 125 mg FBZ/kg for 90 days also had

no significant deviations from control values,©

REPRODUCTIVE TOXICITY

Unlike some other members of the benzimidazole family, FBZ has shown
little reproductive toxicity.33r39r40rc Rats given daily oral doses of
up to 2500 mg FBZ/kg from the 7th through 16th day of gestation had
fetuses with no intrauterine developmental damage,C In sheep treated
orally with 15 mg FBZ/kg 4 times at 3-week intervals during various
stages of pregnancy, no reproductive effects were found.€© No evidence of
FBZ-induced teratogenicity has been found in any of the species in which
FBZ has been tested,38:39,40,41 powever, one of the metabolites of FBZ,
a sulfoxide found in the milk of cows treated with FBZ, is teratogenic in

the rat and sheep.42

dBooze T, Oehme F: Safety evaluation of fenbendazole in swine,
Unpublished data, 1980.
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The offspring of rabbits given daily oral doses of 10, 25 or 63 mg

FBZ/kg from the 7th to the 19th day of gestation had decreased
survivability in the 63 mg group when compared to the control group. No
abnormalities were noted at the various stages of fetal development.©

Rams dosed once with 50 mg FBZ/kg or once a month for 4 months with
15 mg FBZ/kg had no significant variations or abnormalities in semen,©
Ewes undergoing the same dosage regimen had no decreased fertility or
other reproductive functions.®

Twenty-four stallions rancging in age from 2-16 years given single
oral doses of 20 mg FBZ/kg failed to show any significant effects on
semen, testes, spermatogenesis or testosterone level.€© Pregnant mares
given single doses of 10 mg/kg or 25 mg FBZ/kg, produced foals free from

abnormalities born 1 to 121 days after treatment.€

MISCELLANBOUS SAFETY STUDIES

Administration of 10 mg FBZ/kg into the trachea of sheep produced
slightly elevated temperatures, increased respiratory frequencies and
spontaneous cough for 2-3 days post-dosing. All signs disappeared
without treatment. The recommended dose (5 mg FBZ/kg) did not produce
any clinical effects.l4

Fenbendazole was found to have no effects on motor activity,
hexabarbitone anesthesia, pain perception or convulsive activity in
mice.C

No anti-flammatory, inflammatory, pyretic, anti-pyretic or diuretic
activity was produced in rats receiving FBZ.C

Five human males were given a dose of 3.8 mg FBZ/kg after breakfast
and neither subjective nor objective side effects could be determined.
The same held true for 6 males given 7.5 mg FBZ/kg 12 hours after a

meal.C
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ABSTRACT

Thirty 25-kg female pigs were given fenbendazole (FBZ) in feed for 3
days to test the safety of the drug. The doses used were 0, 3, 9, 15 and
25 mg FBZ active ingredient/kg of body weight. Blood and urine were
collected every other day 10 days prior to, 3 days during, and 10 days
after dosing. Blood chemistry, hematology and urinalysis were evaluated.
All pigs were sacrificed on day +13 following initiation of dosing, and
gross and microscopic pathology examinations were performed. Bone marrow
cytology was determined.

There were no significant differences between groups in any of
the values measured during any phase of the experiment. This study
indicated no significant drug-related effects in physical observation,
blood chemistry, hematology, urinalysis, gross and microscopic pathology,
or bone marrow cytolegy when FBZ was administered to pigs at doses of wp
to 25 mg/kg for 3 days.



