14. ENVIRONMENTAL ASSESSMENT REPORT ON HALOFUGINONE
HYDROBROMIDE FOR TURKEYS ’

The applicant is required to submit an environmental assessment analyzing the
environmental impact of the manufacturing process and the ultimate use or
consumption of the new animal drug pursuant to #25.1 of this chapter. Feeds
cbntaining halofuginone hydrobromide are intended to be fed to growing turkeys

continuously from one day of age until no more than six days prior to slaughter.

This section of the New Animal Drug Application follows the format as prescribed in
21 CFR 25.1(j).

A. Date: June, 1986

B. Name of applicant:
Sponsor: Agent:

Roussel-UCLAF

Division Agro-Veterinaire
163 Avenue Gambetta
75020 Paris, France

Hoechst-Rousse! Agri-Vet Company
Rt. 202-206 North
Somerville, New Jersey 08876

In the United States, Hoechst-Roussel Agri-Vet Company will be the distributor

of the product and will control the premix manufacture.

C. Address:

Hoechst Roussel Agri-Vet Company
Rt. 202-206 North
Somerville, New Jersey 08876
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D. Environmental Information

ll

Describe the proposed action.

Purpose of the action. This new animal drug application is submitted
for action by the Food and Drug Administration to permit the use of
halofuginone hydrobromide in the feed of growing turkeys for the

prevention of coccidiosis caused by Eimeria adenoeides, E.

meleagrimitis and E. gallopavonis.

The active ingredient will be prepared in France for incorporation
into a premix at the concentration of 0.6% in the United States. The
premix is intended to be used for the manufacture of finished feeds
for growing turkeys. The concentration of halofuginone
hydrobromide in the finished feed (complete diet) will be 1.5 to 3
parts per million (ppm). The trade name of the premix is StenorolR.

The use of the premix, Stenoro!R, in feeds will be limited to feed
manufacturers who obtain approved medicated feed applications (FD
1900) for receipt and use of the new drug in feeds which they

manufacture for growing turkeys.

The use of the new animal drug will be limited to use in feeds for
growing turkeys under the approval of this new drug application. The
feeds will not contain any other drug substance. Feeds containing
halofuginone hydrobromide may be fed continuously to growing

turkeys from one day of age until six days prior to slaughter.

The coccidiostat will be used as a partial replacement for existing
agents intended for the same purpose. It is the industry practice to
incorporate a coccidiostatic agent in feeds fed to growing turkeys,
for the first &8 to 12 weeks of life.
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The environment to be affected if the action is taken.

The active agent, halofuginone hydrobromide, will be manufactured
in the Roussel Uclaf factory, Neuville-sur-Saone, France. The
premix will be manufactured in one or more of five locations
including Lavergne Supplement Company, Nashville, Tennessee;
Southern Micro-Blenders, Chattanooga, Tennessee; VMS, Inc.,
Montgomery, Alabama; Mac-Page Incorporated, Dunn, North
Carolina; and/or Merck and Co, St. Louis, Missouri. The premix will
be shippec to holders of approved medicated feed applications, for
incorporation into growing turkey feed. The feeds will be fed to -
growing turkeys primarily in southern states (southeastern United
States), Atlantic coast states and the north central state of
Minnesota. Therefore, the environme.nts affected by the proposed

action are:

1. The environment adjacent to the Neuville-sur-Sacne

manufactu‘ring plant.

2. The environments adjacent to the premix manufacturing plants.
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3. The environments acjacent to the feed mills using the drug.

4.  The ultimate disposition of the drug would be confined to

poultry waste. This may be distributed to soil.

Coccidiosis is an endemic disease, and most of the turkeys grown in the
United States are fed feeds containing a coccidiostat. New coccidiostat
drugs are developed to be used when existing coccidiostats become less
effective because of the development of resistance, to overcome side
effects of existing coccidiostats, or because of one or more economic,

physical or biological advantages.

Discuss the probable impact of the proposed action on the environment,

including primary and secondary consequences.

a. Describe probably adverse and beneficial environmental effects of
the use, consumption and disposal of the article that is the subject of
the action, including but not limited to the following areas of

environmental impact.

CHEMICAL/PHYSICAL PRCPERTIES

Chemistry structural formula or description for any new animal drug

substance.
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The new drug is known as StenorolR (halofuginone hydrobromide)
Coccidiostat Premix Medicated

The name of the active ingredient is:

( + )-trans-7-bromo-6-chloro-3-((3-(3-hydroxy-2-piperidyl)

acetonyl))-4(3H)-quinazolinone hydrobromide

Generic Name: Halofuginone hydrobromide (Accepted by the United
States Adopted Name Council, March 11, 1981).

Chemical Abstract Service Registry No. 64924-67-0.

The structural formula is:

o ' H
8r Z H

Molecular Formula: CjgH1803N3Clbrsy

Solubility: Approximately 0.3% in water

Vapor Pressure: approximatelyv# x 10-10 mm Hg at 100° C
Molecular Weight: 495.6

Melting Point: 2940C, Melts with decomposition
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Ultraviolet Spectrum:
The UV spectrum characterizes the compound exhibiting 5
maxima. The maxima are at 243, 275, 300, 313 and 326 nm,
with the respective E 11 % of about 900, 170, 45,
cm

60 and 55, respectively.

Mode of Administration: Oral (Mixed into complete growing

turkey feeds)

Halofuginone hydrobromide belongs to an entirely new chemical type
of anticoccidial agent., The active substance was originally derived
by modificaiton of a substance isolated from the Asiatic plant,

Dichroa febrifuga.
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TOXICOLOGICAL/PHARNACOLOGICAL PROPERTIES (Unless otherwxse noted all
studies in this section were submitted in NADA 130 951 Halofugmone hydrobromlde

for broiler chickens.}

The acute oral toxicity of halofuginone hydrobromide in mice was determined in a
study conducted by the drug sponsor. 120 mice were used in this study and were
given doses of 2.5, 3.1, 3.9, 4.9, 6.1 and 7.6 mg halofuginone per kg of body weight in
a single dose by oral intubation. During the observation period of 8 days, a recorc
was kept of all mortalities and signs of toxicity. Deaths occurred in mice treated at -
3.1 mg/kg body weight and above. Autopsy of the dead animals showed an affected
digestion with proliferation of mucous in the stomach and the presence of a yellow
liquid in the intestine. Enlargement and hyperplasia of the mesenteric ganglia were
also noticed. After 7 days, the surviving mice looked and behaved normally. From

L~ this study, the acute median lethal oral dose (LD 50) of halofuginone and its 95%

Q ' " confidence limits to male and female mice were calculated to be 4.9 mg/kg (4.1 - 5.8

\ mg/kg) and 4.4 mg/kg (3.7 - 5.2 mg/kg) respectively.

The acute oral toxicity of halofuginone hydrobromide to rats was ceterminec by the
drug sponsor. 100 rats were used in this study and were given doses of 17.0, 22.1,
28.7, 37.3 and 48.5 mg halofuginone/kg of body weight in a single dose by oral
intubation. During the 8 day observation period, mortalities occurred in all
treatment levels. After 5 days, wasting in animals of the high dose level was noted.
Autopsy of dead animals showed the stomach to be affected by proliferation of
mucous and the presence of a yellow liquid in the intestine. Hyperplasia of the
mesenteric ganglia was also noted. From this study, the acute median lethal oral
dose (LD 50) of halofugincne and its 95% confidence limits to male and female rats
were calculated to be 31.0 mg/kg (25.0 - 38.4 mg/kg) and 28.0 mg/kg (23.3 - 33.6
mg/kg) respectively.

The acute oral toxicity of halofuginone hydrobromide in &8 week old turkeys was

_determined in a study conducted by Dr, David B. Ross, Huntingdon Research Centre,
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Huntingdon, England. Forty five (45) turkeys were usec in this stucy and they were
given doses of 0.0, 1.0, 2.0; 4.0, 6.0, 7.0, 8.0, 10.0, and 12.0 mg. halofuginone/kg of
body weight in a single dose by oral intubation. Turkeys were observed for a 14 day
period with mortalities occurring in the group given 7.0 mg halofuginone and above.
All mortalities were recorded between days ! and 5 after dosing. The turkeys
became lethargic after dosing. Surviving turkeys recovered within 96 hours after
dosing and no further signs of toxicity were observed. All surviving turkeys increased
in body weight over the 14 day test period. From this study, the acute median lethal
cral dose of halofuginone anc its 95% confidence limits to turkeys were calculated to
be 6.6 mg halofuginone/kg of body weight (4.2-10.5 mg/kg). The complete report on
this stucy is part of this NADA,

The acute oral toxicity of halofuginone hydrobromide in 5 week old chickens was
determined in a study conducted by Huntingdon Research Centre, Huntingdon,
England. 35 chickens were used in this study and they were given doses of 0.0, 5.0,
10.0, 15.0, 17.5, 20.0 and 22.5 mg halofuginone/kg of body weight in a single dose by
oral intubation. The chickens were observec for a 14 day period with mortalities
occurring in the group given 17.5 mg halofuginone and above. All mortalities were
recorded between days 9 and 14 after dosing. At doses of 17.5 mg/kg and above the
chickens became listless and lethargic and food consumption dropped as the study
progressed. All these birds showed signs of emaciation and their crops became very
distended. All birds were in poor condition and there was a complete absence of
adipose tissue in birds treated at the higher levels. The crops were gas filled with a
complete absence of solid material. All other organs appeared normal. From this
study, the acute median lethal oral dose (LD 50) of halofuginone and its 95%
confidence limits to chickens were calculated to be 17.6 mg halofuginone/kg of body
weight (15.7 - 19.7 mg/kg).

The acute oral toxicity of StenorolR premix to rats was determined in a study
conducted by Huntingdon Research Centre, Huntingdon, England. 62 rats were used
in this study and were given doses of 0, I, 1.6, 2.5 and 4 grams Stenorol premix per kg
of body weight administered in a single dose by oral intubation. During the
observation period of 14 days, a record was kept of all mortalities and signs of

toxicity. Death occurred in rats treated at 1.6 grams/kg and above within 21 hours to
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7 days after dosing. Autopsy revealed congestion anc hemorrhage of the lungs, palor
of the liver and kidrney and discoloration of the spleen. Recovery of the survivors as
judged by external appearance and behavior was apparently complete within 5 days of
dosing. From this study, the acute median lethal oral dose (LD 50) and its 95%
confidence limits to rats of Stenorol premix were calculated to be: 1.5 (1.3 to 1.8)

grams Stenorol premix per kg body weight.

Huntingdon Research Centre, Huntingdon, England, conducted a 24 month oral
toxicity study with halofuginone hydrobromide to determine the tumorgenicity to
mice in long term dietary administration. The study was conducted in two phases, a
reproductive phase dealing with the reproductive performance of an FO generation
covering a period from inception to weaning of the litters of the FO generation. The
main phase of the study dealt with the Fl generation which lasted from weaning until
the last group was sacrificed after 100 weeks of treatment. During the reproductive
phase, halofuginone was fed at 0, 0.25, 0.5 or 1 ppm. During the reproductive phase,
there was no apparent reaction to treatment. The performance of treated mice was
similar to that of the controls. During the main phase of the study, halofuginone was
fed at levels of 0, 0.02, 0.07, 0.14 mg halofuginone/kg of body weight per day. The
high level dosage (0.14 mg/kg/day) was fed during weeks 1-14. The halofuginone level
for this high dosage group was increased to 0.24 mg halofuginone/kg body weight/day
for the balance of the study after week 14. During the reproductive phase of the
study, 80 males and 80 female mice were assigned to each dietary treatment. During
the main phase of the study, 52 males and 52 female mice were assigned to each

dietary treatment .

At treatment levels of 0.3 and 0.7 mg/kg/day, there was no apparent toxic effect of
halofuginone administration during the course of the main phase of the study when
compared to the control group. Curing the 14 weeks that the high dosage group
received 0.14 mg/kg/day, there was no apparent reaction to treatment when
compared to the control group. Increasing the high dosage group to 0.24 mg/kg/day
from 15 weeks to termination of the study lowered body weight gain during this

period, impaired food utilization efficiency and increased feed intake by females. No

>
e
Qo

—

R

=D
o



effect on spontaneous tumor incidence was seen in any of the treatments. Therefore,
under the conditions of this study, halofuginone is not a carcinogen. The
toxicological no-effect level was established as 0.07 mg halofuginone/kg body
weight/day.

A 28 month oral toxicity study in rats was conducted by Huntingdon Research Centre,
Huntingdon, England to determine the potential tumorgenicity and toxicity to rats in
long term dietary administration. A total of 520 rats were assigned to 4 treatments
with 65 males and 65 females being alloted to each treatment group. The dose levels
of halofuginone were 0, 2.5, 5.0 and 10.0 ppm given in the feed. The dose level of
2.5 ppm halofuginone produced no detectable changes in clinical signs, growth

hematology parameters, urine analysis, nor in gross pathology or histopathology. At

- the 5 ppm halofuginone level, no detectable changes were noted in any of the

parameters except for alopecia in a few females from week 23 and lower values in
erythrocytic parameters in females at week 78, At the high level (10 ppm) of
halofuginone admm1strat10n several observations were made related to the
experimental treatment. Reactions to the high level treatment were lower food
intake and lower body weight gain during the initial phase of the test period, alopecia
in a few females, lower erythrocytic parameters in females, higher SGPT values in
some animals, and microscopic examination revealed increased incidence of
hepatocyte vacuolation and fat deposition in males and females with associated
glycogen depletion in females only. The dosage of drug intake by rats at the low
level (2.5 ppm) was approximately equivalent to 0.1 mg halofuginone/kg body weight
and approximately the equivalent to 0.2 mg halofuginone/kg body weight at the
intermediate level (5 ppm). The no-effect level established for this study is

approximately 5 ppm halofuginone in the feed (0.2 mg halofuginone/kg body weight).

A halofuginone toxicity study in beagle dogs was conducted by Huntingdon Research
Centre, Huntingdon, England in which 35 beagle dogs were fed halofuginone for 26
weeks at levels of 0.0, 1.25, 2.5 and 5.0 ppm halofuginone in the diet. The results of
this study indicated no markec adverse effects on body weight, food consumption,
clinical signs, water consumption, ophthalmic examinations, testicular function, blood

value and no abnormalities on postmortem examination or organ weights. The high
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level of 5 ppm may have resulted in a slight adverse effect on food intake by several
animals in that treatment. The mean halofuginone intakes in mg halofuginone/kg
body weight/day were approximately 0.08 for the 2.5 ppm level and 0.16 for the 5
ppm level. The toxicological no-effect level in dogs was determined to be 0.08 mg

halofuginone/kg body weight/day.

A study was conducted in beagle dogs to determine the potential antifertility effects
of halofuginone hydrobromide by Hazelton Laboratories, Vienna, YA. In this study,
three groups of 10 male animals each receivecd either 0, 2.5 or 5 ppm halofuginone
hydrobromide in the diet. The dogs were fed the ciets from the time the dogs were
approximately 3 months old through reproductive maturity (breeding age). There
were no statistically significant effects upon fertility or sperm count data. In some
cases at the high level (5 ppm) there was food refusal and emaciation of the dogs.
Because there was a numerically non-significant lowered fertility index for the
treated animals compared to the controls, an a numerically non-significant decrease
in live - born pups sired by the treated animals when compared with the control
animals, é f‘ollow—u‘p study was c”‘ohd\;lcted‘with additionalbda"c‘é beiﬁg Collected from 2
control dogs and 3 dogs each from 2.5 and 5 ppm levels. The additional data was
collected after the dogs had been receiving a basal diet only (no halofuginone
hydrobromide) for a minimum of 27 weeks. The data included semen analysis,
testicular measurements and the the results of matings to proveh females and gross
necropsy findings. No biologically significant necropsy findings were noted.
Evaluation of the mating results indicated that all of the males involved were able to
sire viable litters. Increased sperm counts were noted for | dog each from the
control group and the 2.5 ppm treated group. Decreased motility and sperm counts
were noted for one 2.5 ppm dog. A trend toward increasing sizes was noted for the
testes of all the dogs except one 5 ppm dog which had never produced viable sperm.
These results indicate that any possible antifertility effects of feeding halofuginone
hydrobromide to male dogs are reversible after halofuginone feeding has been
discontinued.



A study to determine the teratogenic effect of halofuginone on rats was conducted by
the Institute for Pharmacology and Toxicology, Hannover, West Germany. 100 rats
were used in this study in which halofuginone was given in two different tests. In the
first test, halofuginone was given in a single dosage at 9.33 mg halofuginone/kg of
body weight which was administered by gavage on critical days during.pregnancy.
The second halofuginone test was a 10 day administration of 6 ppm halofuginone in
the feed corresponding to twice the use level of halofuginone in broilers. The fetuses
were recovered by section for the investigation of possible damage, x-ray procedures,
alinzarin staining of skeletons and the control of organ positions. The halofuginone
treated rat fetuses were compared to an untreated control, to a control group whose
animals received only a single administration of water and to a group given
cyclophosphamide, a known teratogenic substance. A careful study of the individual
findings showed no specific teratogenic effect in any of the rats treated with
halofuginone. Thus, this stucy resulted in the determination that halofuginone is not
teratogenic. Thus, harmful effects to consumers from posSible residues in poultry
meat is not to be expected because of the 4-day withdrawal period in broilers and
because halofuginone was given at much higher than the 3 ppm dosage level in

broilers.

A study was conducted by Huntingdon Research Centre, Huntingdon, England, to
determine the effect of halofﬁginone on reproductive function of the mouse through 3
generations. Halofuginone was given continuously in the feed at levels of 0, 0.25, 0.5
and 1.0 ppm to 4 treatment groups consisting of 15 males and 30 females in each
treatment group. This treatment regimen was followed through the 3 generation
study. Throughout the 3 generations, the parent animals showed no consistent dosage
related effects with respect to reaction to halofuginone, mortalities, food
consumption, body weight change, mating performance, pregnancy rate, duration of

gestation or findings at terminal autopsy. Additionally, the litter data collected over
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the 3 generations which gave values for the incidence of total litter loss, litter size,
cumulative pup mortality, incidences of abnormalities and microscopic changes at
terminal autopsy were not adversely affected by any treatment at any dosage.
Terminal examination of the F3 generation showed no significant differences from
control values in respect to organ weights adjusted for body weight or in respect to
the incidence of macroscopic or microscopic changes recorded at the pathological

examination.

A study on the tolerance of halofuginone hydrobromide by Geese, Muscovy Ducks and

‘Peking Ducks was conducted by the Veterinary College of Hannover, Hannover, West

Germany. Halofuginone was given to 56 goslings, 20 Muscovy cucklings and 2C Peking
ducklings at the normal dosage for turkeys and broilers of 3 ppm in the feed. Feed
intake dropped as soon as the halofuginone containing feed was given leading to
depressed growth and extreme emaciation due to feed refusal. Feed refusal was so

severe that the first animals died on the fifth day of ingestion of the medicated feed.

"Aside from advanced cachexia, no other patho-anatomical changes were found.

These results suggest that the animals died of starvation. Because of these findings
the Stenorol (halofuginone hydrobromide) Premix label contains the CAUTION
statement: Do not feed to water fowl. The complete report from this study is

attached and labeled as Appendix l.
The following studies were conducted to determine the phytotoxicity of halofuginone:

Four species of plants (cucumbers, tobacco, tomato and lettuce) were tested in a
preliminary toxicity test with the equivalent of halofuginone doses of 480, 240, 120
and 60 gfams per hectare. These doses are approximately 0.2, 0.1, 0.05, and 0.03
ppm. While no quantitative measures were taken, observers visually determined that
all treatments were similar to controls throughout the 42-day test period. The
investigators further studied the effects of manure and bedding from chickens fed 3
and 6 ppm halofuginone on tobacco. Application rates were from 10 to 80 tons
manure per hectare. Some leaf curling, other sublethal effects, and mortalities were
observed during the 56-day test period in both treatments and controls, which was
ascribed to effects of the chicken manu‘r’e and bedding, rather than to effects

associated with halofuginone.
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A seed germination and a seedling growth study was conducted using 0, 24, 96, 683,
989 and 1430 ppm halofuginone hydrobromide and corn, cucumbers, wheat and
soybeans as test organisms . For the germination trial, é replicates of 50 seeds each
were germinated for each crop type and the number of seeds germinated by days 2, 3,
5, 10 and 12 were recorded. In the seedling trials, 6 replicates of 25 s_eedlings were
grown and the average shoot length (mm), average root dry weights (mg), and average
shoot dry weights (mg) at days 5, 7, 10, 14, 21 were recorded. Only data from the

final time period (day 12 for germination and day 21 for seedling) were analyzed.

Seed Germination Trials.

Each crop type was analyzed separately. Percent germination was computed and,
because most values were greater than 70%, an arcsine transformation was used on

the data. An analysis of variance was computed with effects for blocks, treatment

" g— and error.
) e

All main effects for treatment were significant at P .02 for all 4 crops and all had
significant linear or quadratic trends. It was in the 24 ppm dose group that most of
the departures from the trend occur. The variablity from dose to dose is not
consistent, but there is no general pattern of inconsistency. There seems to be no

logical basis for the sharp upward jump from the 989 to 1430 dose for cucumber and

corn.

Seedling Growth Trials.

Each crop type was analyzed separately. Shoot length at 21 days and dry root and
shoot weights at 21 days were all analyzed by analysis of .variance with effects for
blocks, treatment and error. All main effects for treatment were significant at P .03
except shoot dry weight for corn (P = .56) and (P = .07). However, no consistent,
understandable dose response relationship emerged either across crop for any one
variable, such as average shoot length, or among variables within a crop. Variability

again was erratic.
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Summary,
The dose titration data collected for seed germination and seedling growth for corn,

cucumbers, soybeans and wheat has highly erratic variability and few consistent,
logical relationships between response and dose can be established. There is evidence
of a downward linear or quadratic trend for germination for all crops but its
credibility is hampered by sharp, upward jumps in germination at the highest dose for
corn and cucumbers. There are generally overall significant differences among

treatment groups but these differences are difficult to interpret.

Given that the doses of halofuginone applied were far above the expected 0.022 ppm
in agricultural soil and the 3 ppm observed in chicken excreta, it is unlikely that
adverse effects on the test species will be observed due to the use of manure from

halofuginone-treated chickens as soil amendments.
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Studies have been concducted in three laboratories to determine the aquatic

organism toxicity of halofuginone.

A study of acute toxicity in carp {Cyprinus carpio) in a 72 hour test resulted in

determination of median lethal tolerance of 0.3 - 0.7 ppm (mg/liter). This was a
static test in 20 liter tanks (at 21 + 29C) testing a halofuginone concentration
series of 0.01, 0.07, 0.1, 0.3, 0.7, 1.0, 3.0, 7.0 and 10 ppm (fng/liter). The 48-hour
TL50 was 0.7 ppm with 95% confidence limits of 0.3 to 1.0 ppm. At 72 hours all
doses 0.7 ppm caused 100% mortality and all doses%. 0.3 ppm showed 0%

mortality. Therefore a presumed 72 hour TLm would be between 0.3 and 0.7

ppm.

Halofuginone was used in a comparison of several veterinary drugs in studies
conducted at the National Institute of Public Health, Laboratory for Toxicology,
the Netherlands. In this study, halofuginone was shown to have a 48 hr LCsq in
the rainbow trout (Salmo gaifdneri) of 2.9 mg/l with $5% confidence limits of 2.1

to 3.8 mg/l, in the guppy (Lebistes reticulatus) the 48 hr LCsqg was 1.6 mg/l (1.3
-1.9 mg/l) and the 48 hr LCsg for Daphnia magna was 0.018 mg/l (0.015 - 0.021

mg/l). The study also included results on the acute toxicity testing using green

algae, Chlorella pyrendoidosa, in which the growth inhibition EC5q was found to

be 46 mg/l. Halofuginone was listed as being very toxic in these studies.

The acute toxicity in the Daphnia magna was confirmed in a recent report of

studies conducted at Analytical Biochemistry Laboratories, Inc.,with the 48 hr
LCs0 being reported as 0.020 mg/l. The daphnia test was a static 48-hour LCsp
test (at 20°C) using halofuginone concentrations of 0.01, 0.018, 0.032, 0.056 and
0.1 mg/l. D.O. and pH measures were within adequate ranges. The 48-hr LCsq
was 0.02 mg/l and the 95% confidence interval was 0.017-0.023 mg/l. Studies
also have been reported for the acute toxicity in the bluegill sunfish giving a 96

hr LCs5¢ of 0.12 mg/l. The bluégill (Lepomis macrochirus) test was a static 96-
hour LC50 test (at 220C) using halofuginone concentrations of 0.10, 0.18, 0.32,
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0.56 and 1 mg/l. The D.C. and pH measures were within adequate ranges. The
96-hour LC5O‘ was 0.12 mg/l and the 95% confidence interval was 0-0.18 mg/l.
Antimycin A was also used as a reference toxicant and the bluegill results were
within the 95% confidence intervals published in the scientific literature. In the
rainbow trout the 96 hour LCsq was reported as being 1.8 mg/l . The rainbow

trout (Salmo gairdneri) test was a static LCsp test (at 120C) using halofuginone

concentrations of 0.32, 0.56, 1.0, 1.8 and 3.2 mg/l. The D.O. and pH measures
were within adequate ranges. The 96-hour LCsq was 1.8 mg/!l and the 95%
confidence interval was 1.0-3.2 mg/l. Antimycin A was also used as a reference
toxicant and the rainbow trout results were within the 95% confidence intervals

published in the scientific literature.

Two studies were conducted to determine the LC50 of halofuginone to
earthworms (Eisenia foetida) in artifical soil. In the first study, mortality was

too high in the controls and too low in the treated groups to determine the LC
0. In the second 28 day study, the determinative test was conducted by adding
halofuginone hydrobromide to the artifical soil at concentrations of 0, 1.0, 10.0,
25.0, 50.0, 100.0, 200.0 and 400.0 ppm. This study was conducted using Eisenia

foetida (the common dung worm) and the theoretical LCsq for the test species

exposed to halofuginone hydrobromide for 14 days is 240 ppm with 95 percent
confidence intervals of 189-304 ppm. The theoretical LCsq for the test species
exposed to halofuginone hydrobromide for 28 days is 190 ppm with 95 percent
confidence intervals of 148-224 ppm. Individual worms that survived
halofuginone exposures greater than or equal to the 28-day LC 50, showed
sublethal effects in the form of weight loss. The LCsq was calculated using the
Litchfield and Wilcoxon method. The 28 day LCsq for halofuginone is 8,636
times the highest estimated concentration of halofuginone that will be found in
the soil (0.022 ppm) following the use of litter as fertilizer. No differences in
mortality over the controls were observed until the soil concentration of
halofuginone was over 50 ppm, (2,273 times the highest estimated concentration

that will actually be found in the soil).
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ANTICOCCIDIAL PROPERTIES

The anticoccidial efficacy of halofuginone hydrobromide has been determined in
battery studies and floor pen experiments. These have included studies with
negative controls and comparisons with other coccidiostats. Studies included
challenge with isolates of all common species of coccidia. Halofuginone
hydrobromide was determined to be effective when included in the diet of

turkeys at a concentration of 1.5 to 3 ppm.

Included in the studies are coccidia isolated from turkeys having symptoms of
infections from coccidia resistant to currently used coccidiostats. Halofuginone

hydrobromide has been effective against these organisms.

The new animal drug has been used in commercial applications under
investigational approval in the major turkey areas of the United States. It also
has been used under practical conditions in countries outside of the United States
in the feed of approximately five billion broiler chickens and five hundred million

turkeys.



METABOLISM BY TARGET ANIMALS

In studies of the excretion and tissue distribution of radiolabeled halofuginone it
has been shown that the highest concentration of radioactivity occurred in the
livers and kidneys of treated birds. Tissue depletion studies have been
conducted, and compared metabolic fate studies were conducted with the most

sensitive experimental animal species used in the life-time feeding studies.

There has been no evidence of build up of residues in the edible tissues of turkeys
treated with the drug, and there are no residues of toxicological significance in
the tissues of turkeys following the feeding of turkey diets containing the new

animal drug, followed by a six day withdrawal from the medicated feed.

Excretion of radioactivity after oral doses of 14C halofuginone to chickens is
approximately 509 of the dose during the five days after administration. The
liver is the organ with highest concentration of residues of the drug or
metabolites of the drug in the chicken or turkey. The depletion of residues from
the liver is rapid with a half life of one to two days. Comparison of the total
radioactivity and halofuginone in turkey liver shows that halofuginone is the
major portion of the total residue . Because halofuginone was the highest single
major tissue residue component, it was chosen as the marker residue and the

liver the target organ.

Biliary excretion is the major route of disposition of halofuginone from turkeys.
A small amount of halofuginone may be disposed of by turkeys via enterohepatic
circulation. A major component of the bile is a conjugated form of halofuginone
resulting from the addition of an unknowﬁ endogenous component. The
formation of this conjugated form (metabolite) is considered to be a
detoxification process which assists in the elimination of halofuginone residues

from tissues. The next largest fraction found in the bile was halofuginone.
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The isolated major chicken bile metabolite and halofuginone were derivatized
with trifluoroacetic anhydride. The results indicated that the metabolite forms
a trifluoroacetyl! derivative which is thermally unstable and is converted to N-
trifloroacetyl-halofuginone during mass spectroscopic examination. The
metabolite may be a ring-openec form of halofuginone which under certain
conditions may undergo cyclisation to give the parent compound (see the
attached figure of the mass spectral fragmentation of halofuginone and its
trifluoroacetyl derivative). The complete report from this study was submitted
in NADA 130-951, halofuginone for broiler chickens.

Two major radioactive components were found in chicken excreta, one
corresponding to halofuginone (649 extract radioactivity) and another (24%
extract radioactivity) which was slightly less polar than halofuginone, These

were also the major radioactive components in chicken bile (NADA 130-951).

Based on these studies, and those reported in NADA 130-951, halofuginone for

broiler chickens; we have concluded that:

o Halofuginone is essentially not metabolized into component parts, i.e.;

piperidine or quinazolinone moietes.

o 60-65% of the radioactive components found in chicken excreta is
halofuginone.
o The half-life of halofuginone residues in turkeys is 4-5 days.
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o Halofuginone was the highest single tissue residue component and was

chosen as the marker residue. Liver was chosen as the target organ.

o Halofuginone is excreted from the body through the bile as a conjugated
form of halofuginone. Conjugation is a detoxification process rendering

the compound less biologically active.
o Residues of halofuginone de not accumulate in turkey tissue.

Studies were conducted on the metabolism of halofuginone hydrobromide in rats
and sheep fed excreta from poultry that had been dosed with the compound, In
the rat study, the fate of 14C labeled compound during a 6 day feeding period
and a 10 day withdrawal period was observed. The major excretion was by feces
with the minor portion being excreted via urine, Accumulation in rat tissues did
not occur to any significant degree. Lambs consumed a diet composed of 60%
excreta from treated birds for 16 days. Analysis of the tissues for halofuginone
was conducted and no edible tissues contained detectable levels immediately
after the feeding period, or from 5 to 10 days post-withdrawal. These studies
indicate that halofuginone and its metabolites will not accumulate in other
species (NADA 130-951).

The potential for halofuginone to bioaccumulate in organisms in the environment
was tested by determining the n-Octanol/water partition coefficient of

halofuginone. The partition coefficient is expressed as:

C2 (n-octanol)

Kow
C (water)

IK ow= Partition coefficient

2 C = Halofuginone concentration
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e
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The n-Octanol/water partition coefficient for halofuginone was found to be:
Kow = 23.4 (log Koy 1.369). The study was conducted in a PH 5.0 buffered
solution, This Ky, is further supported by an estimation procedure based on a
halofuginone solubility of 3000 ppm. The log Koy is estimated to be 2.622
(Chiou, 1982). Both the experimental K4y, and the estimated Ky indicate that
halofuginone has a low potential to partition into lipid material. The estimated
bioconcentration factor using the method reported by Veith, et al. (1980) is
0.780. Therefore, its bioconcentration potential is expected to be low (NADA
130-951).
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