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(::f This memorandum is to convey our toxicological evaluations of toxicological
data concerning 254-231,-222,-307,-308, and -309.

Twenty-one studies arz reviewed herein which include six zcute, four
subchronic, four cnrgnic, and s*x genetic toxicity tests, pius one preliminary
metabolism study.

The results of these <ests are summarized in the Summary, followed by

an Introduction to present current considerations on 2,4, DP, and theng

folTowed by the individual reviews in the following order: acute, sub-

chronic, and chronic studies. Zach individual study may >e located by
— refering to the Table of Contents.

The present submissicn from Toxicology Branch represents r~eviews of all
pending toxicological data cn 2,3, JP acid or Weedone® tnat have been
submitted to the Joxicology Brarch of HED.

For more specifics than in the Zummary, RD is urged to refer to the

individual study reviews where e=xpanaed conclusions and discussion
of results are presented.
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SUMMARY OF TOXICOLOGICAL TESTS ON 2,4 DP

Acute Studies

The acute dermal application to rabbits of 2,4 DP showed only mild erythemia
(P.I.1.=Q0.48) and was temporary (<48 hours) at the highest dose tested

2 g/kg. The LD 59 > 2g9/kg which places 2,4 DP is Category III (Dermal).
Direct application of 0.5 ml of Meedone® did not produce any derma
irritation.

Primary eye irritation studies in the rabbit showed no corneal or Iris
involvement when treated with 0.1 ml of technical 2,4 DP. Some hyperemia
and chemosis was observed in 4/9 rabbitc at 24 hours post-treatment,
decreasing to 2./9 at 48 hours, and 1/9 at 72 hours; the P.I.I. at

these respective times were 1.78, 0.89, and 0.44. \Veedone® (0.1 ml)
showed only very mild redness ir one-half of the tested rabbits which
subsided within 5 hours. These observations place 2,4 DP acid and
Weedone in Category III (Eye).

An acute inhalation study on 2,4 DP was submitted to the Agency but review
showed this study to be invalid because of a number of deficiencies

{see page 3). No conclusions were made from this inhalation study

which was the only inhalation study submitted by Uniom Carbide. Therefore,
information on inhalation toxicity of 2,4 DP is lackinrg at the present
time.

Oral toxicity of Weedone® was tested in rats (strain not specified) and
the LD 59 = 2200 + 350 mg/kg body weight. Clinical signs included
sarly (<4 hours) depression, excessive salivation, reduced motor
activity, and ataxia. Rat which did survive the first few days of the
acute oral test recovered completely. No necropsy results were
presented.

Oral toxicity of 2,4 DP acid was also tested in rats. The LD gg = 532
mg/kg (95% range, 446-633 mg/kg), and the LD 19 = 344 mg/kg (922 range,
247-479 mg/kg), and the LD gg = 823 mg/kg (95% range, 616-1099 mg/kg).
Clinical signs show early (2 hours) hypersensitivity, decreased motor
activity, ar~ormal gait, decreased grip, »nd ptosis. At higher doses
(> 600 mg/kg) labored breathing, ataxia loss of righting, loss of body
tone were observed all of which lead to an {ingravescent course.

Rats surviving the first three days recovered completely. Autopsied
rats which died showed intestinal distention and gastrointestinal
irritation. .

The rat oral toxicity for Weedone® is 2200 mg/kg and for 2,4 DP is 532
mg/kg. The relative toxicity comparision shows Weedone® is four times
less toxic in the rat than 2,4 DP by the oral route and the slopes of
the respective lethality curves were similar. Both Weedone® and 2,4 DP
are classified as Category III (Oral).
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Oral toxicity o 2,4 DP also tested in the mouse (Blue Spruce CF Striin).
The LD gg = 650 mg/kg (95%, 484~-872), and LD 45 = 247 mg/kg(95%, 14<-
423), and LD gg = 1709 mg/kg (95%, 887-3293). The slopes for the
lethality curve in mice is 0.4 of the slope of the rat lethality cuive
indicating mice are less sensitive to 2,4 DP than rats. Mice showed
similar clinical signs to rats. Acute oral toxicity in the mouse is
Category III (Oral).

For camparision to the present results the following reslts were
abstracted from the Registry of Toxic Effects of Chemical Substances
(1976):

Cral Tested
Compound LD 5g_{mg/kg) Species
Dichloxrowmzop (2,4 DP) 800 rat
2,4 D 375 rat
2,4,5, T 300 rat
2, Dichlorophenol 580 rat
Present 2,4 DP 532 rat
Present 2,4 DP 650 mouse
Present Weedone® 2200 rat

Subchronic Studies

Subchronic feeding (13 weeks) for 2,4 DP acid was fed to SPF Wistar
Rats at 5, 25, and 125 mg/kg. Survivals were normal among “he dose and
sex groups during the 13-week study.

At 125 mg/kg (high dose groups) body weights, food consumption, Hb
PCV, RBC's, alkaline phosphatase, SGOT, SGPT, sodium and potassium
(blood and urine), kidney and liver weights were all affected. At 125
mg/kg, the MID is exceeded.

At 25 mg/kg, H6, PCV, blood sodium, and kidney weighis were affected
although to a lesser degree than as 125 mg/kg. The 25 mg/kg is set as
the LEL for rat oral studies.

At 5 mg/kg, no effects of 2,4 DP were manifest and NOEL = 5 mg/kg.

In a subchronic beagle dog study at 8, 20, aad 32 mg/kg. At the high
dose significant effects were seen: lowering of Hb, hematocrit, RBC's,
SGPT and thymus weight. 3GPT and thymus weight reductions were seen at
the 20 anéd 8 mg/kg dose levels. Because of the small number of d&ogs/group
(2 males and 2 females) and the thymus weight reductions even in the 8
ng/kg group, a NOEL and a MTD cannot be assigned. The dog study data

is considered suppleamental.
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A~range-f1nding teratogenic study was performed in rats at 0, 25, and
100 mg/kg. Body weights were suppressed in the 120 mg/kg group 5-7% and
only a modest 3% in the 25 mg/kg grcup. The welight reductions (as mild
as they were) were the only toxic effects seen in tluis experiment. The
number of corpora lutea number of implantations, pups/litter, number of
interuterine deaths, pup wcights, and sex were all normal and the same
among the dose and sex groups. There were no remarkable congenital
defects obsei--.2 The NOEL in rats is set at 100 mg/kg (Teratogenesis).

In a comparible rui-lit range-finding teratogenesis study at 0, 25, and
100 mg/kg, major congenital birth defects were seen at 25 mg/kg. Thus,
a NOEL was not demonstrated in this experiment and is expected to be

<25 mg/kg in the rabbit. At the 100 mg/kg, pronounced maternal toxicity
was observed with 3 of the 5 total rabbits beiny humanely sacrified
early (all three with dead fetuses), one not conceiving and the last

doe delivering seven bunnies with no defects but were smaller than
normal (46% reduction in bunny weight and 18% reduction in crown-to-
rump distance).

Summarizing the Lubchronic Studies:

Tox. (mg/kgqg)
Animal Effect NOEL LEL
Wistar S.P.F. General 5 25
Toxicity
Beagle Dog General N.D. 8
Toxicity
Rat Teratogenesis 100 N.D.
Raboit Teratogenesis N.D. 25

N.D. = not determined

Chronic Studies

Rats were dosed (day 6 to day 15 of pregnancy) with 0, 10, 306, and 100
mg/kg cf 2,4 DP acids in a 19 day teratology study.

Weight gains in the 0, 10, 30, and 100 mg/kg groups were normal as were
food consumptions. The dosing was done via the feed and not by gavage

to simulate human eating patterns (3X/day). This is judged to be a
deficiency for dosing via feed would provide a constant intake throughout
the day ({(instead of 3X/day) because rodents ingest feed continuously
throughout the day.
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Tevatogenic cbservation showed the parturition, fetal wviability, and 0
frequency of resorption were normal among the dose groups. The 0]9
alnormalitias were qualitatively what might be expected in Sprague 9%
Dawley rats. The frequency of occurrence was low in all the groups and

did not show any dose related effects with 2,4 DP acid.

A three~genmeration study was .performed on CxL: COBS CD (SD) Br rats
from Charles River Suppliers. Doses cf techmical 2,4 DP acid was
administered via feed at 0, 12.5, 50 and 200 mg/kg (the highest dose
was reduced to 10¢ mg/kg for the Fqp generatiom subsequent to Fop
birthing because of overt signs of general toxicity).

All parental rats survived iz all three generations. The 200 mg/kg
dose showed general toxicity and 5-10% weight loss; 200 mg/kg exceeded
the MID.

The pregnanct rats (number of female rats conceiving/number ingseminated)
and the gestation periods were unaffected by 2,4 DP acid. Interestingly,
the "average litter sizes" were not effected by dose but the number of
litters with 8 or Zess pups were affected at 200 mg/kg2,4, DP acid.
Fetal mortalities znd neonatal mortilities were increased and pup
weights were decreazsed at 200 mg/kg. When the high dose was reduced to
100 mg/kg tThese parameters were unaffected. Neonatal mortalities were
increased caly in ¥, litters at the 50 mg/kg dose only in F3g litters
at 12.5 mgs kg dose.

It is concilnded that:

Rat Toxicity in Three (ma/kg)
Generation Study NOEL LEL
Maternal tcxicity 100 200
({Smaller lizters)

Fetal toxic_<ty 12.2 50

(increased litter mortility:

Neonatal tcxicity
(increased Dys mor=alities 100 200
during Zaction)

An eighteer month cmcology stady was done in Swiss~Webster CD-1 mice at
0, 25, 100, and 30C mg/kg 2,4 DP acid. Survivals food consumption, and
hemotology were normal among the dose and sex groups.

Stress toxisity was manifest at 25 and 100 mg/kg doses with increasing
hematopoies>s, myelopoiesis, and granulopoiesis vwhich is a typical
stress response in z2ging mice. These increased synetheses were
accamnpanied Dy some anisonormocytosis.
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At the high dose (300 mg/kg) bile retention, increased liver we.ghts,
areas of degeneration and areas of regeneration were obgserved in the

liver. Thus, for general toxicity in this 18-month mouse study: NOEL
= 100 mg/kg and LEL = 300 mg/kg.

No tumor kinds (benign or nalignant) or types (cell - or tissuve-specifiz)
were dogse related to the feeding of 2,4 DP acid. ©Noteable is the
increased heptomas at the high dose group (18% vs. 7.8% in controls).
This response is viewed as weak tumor promotion dve to obvicus trauma

to the liver by 2,4 DP acid at 300 mg/kg. It is concluded that this
singular increase in tumors is not a dose-related response of 2,4 DP
acid in mice at 300 mg/kg.

A two-year Sprague Dawley rat oncology study was done at 0, 50, 100,

and 150 mg/kg in feed. At the high dose pronounced ‘toxicity was observed
in liver, kidney, and lymph nodes in both sexes. Males were affected

by lung congestion, chronic prostatitis, aad testicular atrophy, edema,
and hyperplasia. These toxic effects were also observed at the mid~-

dose level 100 mg/kg but to a much lesser degrez and were absent at 50
mg/kg.

For general toxicity, then, the NCEL = 50 mg/kg and the LEL = 100 mg/kg.

Analvsis of the tumor response to Sprague Dawley rats by 2,4 DP acid
showed the following:

Te Females had 34 to 66% more tumors of all kinds and tissue types than
males. Females, however, did ot show dose-related response in
benign or malignant tumors (possably because of the high background
in contrel ).

Males s!. . ed an increase in malignant tumors of all kinds (p>.006)
with a correspindirg decrease in benign tumors (linear corr=lation
coefficient = y.999).

2. The malignant tumor load (no. malignant tumors per rat) in males
rats increased with dose, 4-fold at the low dose and 8-fold at
the mid d.se (p<.005). Increased tumor tumor lcad (with dose)
indicates increased malignancy in males.

3. A significant increase in male pituitary carcincmas (p=.005) and
in male thyroid medullary carcincmas (p<.005) was observed with
increased doses of 2,4 DP acid (> 50 mg/kg). Occurrence of these tumor
types in the controls agree well with occurrence in historical czatrsls.

4. Life~times of rats with pituitary carcinomas were only moderaicely
decreased (-8.5%) while rats with thyroid carcinomas were not
significantly decreased (-2.4%).
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5. There was a shift with dose from the malignant tumox pattera of
the controls (pituitary + thyroid = 37% of total malignent tumors)
to the treated groups (pituitary + thyroid = 85-86% of total
malignant tumors). This shift to mostly pitultary and thyzroid
carcinomas indicates organ specificity of 2,4 DP omcogenic action.

6. Brain tumors, which are rare in the rat and in maxn, were observed
in Group 2 (M and F) to be in excess of brain tumoxrs in the controls
(m and F). The degree of certainty is p<.025. the average life
time of rats diagnosed with brain tumors was reduced 22% from
ta2rm, i.e. brain tumors are significantly life~threatening.

It is concluded from this study that 2,4 DP acid is a carcinogen in
male Sprague Dawley rats because of the following carcomogenic criteria
were met.

1. Increased incidence and frequency in males with dcse of all
malignant tumor types compared to controls.

2. Increased incidence in males and frequency of three gpecific tumors
types: pituitary, thyroid, and brain carcinomas.

3. A decrease in life-span in male rats with piruitarw and brain tumors.

4. A shift with dose in the malignant tumor pattern ina male controls
to the malignant tumor pattern in the male treated groups. The
treated groups had 85-86% of pituitary and thyroid malignant tumors
whereas the cont=ols had 37% of these two tumor types.

5. Increased tumor _oad (number of tumors/rat) in male rats with dose.
6. Occurrence in bcocth sexes of a rare tumor type suck as brain tumors.

Genetic toxicity testes showed positive effects in gene conversions

and reverse mutations in Sacchromyces Cervisiae with unactivated (no.

S-8) 2,4 DP. In repair of primary DMA damage 2,4 DP was positive but

only with S-9 activation and only at the highest dose tested (40 ug/plate).
These three positive genetic toxicity test lend suppor: to the assertion
that 2,4 DP is carcirogenic to male Sprague Dawley rats. Conversely,

the Ames Salmonella mutagenic test was negative (up to 1000 ug/plate)

on activated or unactivated 2,4 DP acid as was the mitotic crossing-over
test in Sacch. Cervisial. The mouse micronucleus test was improperly

done and no conclusions could be made.

A preliminary rat mecabolism study was presented. In this study it was
shown that 2,4 DP aciZ 14C-ring) is rapidly adsorbed {within 1.5

hours). Most of the —adiocactivity cleared in the urine 74-~82% (ti1/2 =
10-12 hours), 9-14% iz feces, and none in expired air. The chemical
identity of the metabolites was imprcperly done in urine and feces and was
not done at all in the tissues. Kidney retained the hichest amount of
radiocactivity with lesser amounts in liver, thyroid, arnd fat.

001995
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Radioactivity in fat was persistent (t1/2 = 48 hours) with an average
of 1.0% of the administered dose (=117 mg/kg) in fat after 4 dsys.

At least 50% of the radicactivity underwent enterohepatic eycling. In

a repeated dose experiment (spanning 14 days), the radioactivity
bicaccumulated in thryroid, liver, kidney, and fat (organs ordered on the
basis of areater to lesser relative bioaccumulation of radiocactivity).
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INTRODUCTION

The herbicide 2-(2,4 dichlorophenoxy)-proprionic acid (esterified 2,4

DP occurs in Weedone® fomulhions in the U S.). Otner names for 2,4 OP
are dichloroprop, Cornox-RD RD-406 ™ . and Fernaxone ',

The herbicide 2,4 DP was Tirst 1m:rod|.ced in 1961 and is oenerally used as
the active ingredieat* (often esterified with butoxyethanol) for weed
control in the U. S., Austria Canada, Demmark, Finland, Hest Germany,
Japan, and Sweden. 2,4 DP is coften co-formulated with 2.4 DP or

bromoxnil (only with 2,4 B in U.S.).
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Current registrations in the U.S. granted to Union Carbide are 264-231,
-222, -307, -308, =309, and -310. The 2,4 DP acid is esterified with
butoxyethanol (2,4 DP/BOE) in Yeedone® and occurs with the co-active
ingredient 2,4 D in Heedone® 170, Heedone® super BK 32, ¥Weedone® 0P,
Heedone® Weed and Feed 20, and Weedone HG herbicide formulations.
There are no in-house petitions at this time for 2,4 OP acid {or its™
esters).

The summary of the toxicolcgy studies precede this Introductiocm which
sumrarize tha toxicologicai effects of 2,4 DP acid to test animals in
acute, subchronic and chronic studies. Weedone® was only tested in one
acute dermal and one acute eye Irritation study. Although Uniom Carbide
did not submitt a- rationale that 2,4 OP acid would be the residue of
concern, it is assumed that 2,4 DP acid is expected to be the chemical
form of 2,4 DP/BOE to which man may be exposed in application and use of
Weedone®, If such is the case, the reviews in this report on 2,4 DP
acid relate information which may be used to assess the relative safety
of the pesticidal uses of Heedoneo in the U.3.

A typical composition of the “echnical grade of 2.4 DP acid is:=

—2(H/¥)

2-{=dichlorophenosy)propionic acid 95.0

*The positive optical isomer is twice as active as the
negative isomer. Commercial preparations contain racemic 2,4 DP.

QUALITY CONTROL PROCEDURE INFORMATION IS NOT INCLUDED
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2,4 DP acia, the majcr component, is noted in tne Registry of Toxic
Effects of Chemical Substances as only slightly toxic (oral) and is
Category III in skin toxicity. Dichlorophenol (0.50%) is only siightly
toxic (oral) and is toxic to the skin, Category II, at 430 mg/kg. The
dioxin content of 2,4 DP, or 2,4 DP/2,4 D formulations is mot known at
this time. ;

In review of the litezrature, no subchronic of chronic studies ware
found. Thus, the studies reviewed in this report are the first
comprehensive reviews reviewed and Compiled on 2,4 DP azid 1n the U.S.
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AR RARRRRRAAASNSSRCUTE TOXICITY STUDIES ON WEEDONE® AND 2,4 DP **Adaadsddddddbendds

A. Acute Dermal and Acute Eye Irritation to the Rabbit from a Single Application-.
of Weedone® or 2,4 DP Acid. (264-231, EPA No. 237875, Sections A, Aa-1,
F & G of the Submission).

§ 1.0 sSpecific Conclusions on Acute Dermal and Eye Irritition Studies

1.1 Dermal irritation with Weedone ® was done adequately. Direct application
of 0.5 mls of formulated Weedone® did not produce any dermal irritation.

1.2 Acute dermal application of 2g/kg with 2,4 DP acid showed only mild
and temporary (<48 hours) erythemia with a PII = 0.48. The LDgg >
2g9/kg placing 2,4 DP Acid in Dermal Toxic Category III.

1.3 Primarwv eye irritation with Weedone® showed no cormeal or Iris
involvement with some hyperemia and chemosis in 4/9 at 24 hours, 2/°
at 48 bDours, and 1/9 at 72 hours; the PII at these respective times
were 1.78, 0.89 and 0.44. Category IIX.

1.4 Weedone® [(.1 ml 2,4 DP (butoxyethanol ester] showed very mild redress
in one—~half the rabbits in < 5 hours which completely subsided in txe
rabbits by 24 hours. ¥F%eedone® is not considered arn eye irritant andé
is placed in toxic Category III.

§2.0 Dermal IZxrritaiton of the Rabbit with Weedone® (Section A)

Six male New Zealand rabbits were shaved (AME Biolocical Research dié
study) and were abraded down to the dermis laver on cne-half of the saaved
area with a hypodermic needle discarding the stration corneum, epidermis
and basal cells. The abraded half and the intact ha’f were each treazed

. with Weedone®. Both sides of rabbits were treated v placing a 1"X 1*
gauze pad on the interscapular dorsal area whkich corzained 0.5 ml of
Weedone ®.

The test areas were scored for dermal irritation immediately followirg
the 24 nour dermal exposure to Weedone® and again at 72 hours. The
Draize Scoring system was utilized to measure irritation. No positive
dermal zrritant controls were used. ’

Both intact skin and abraded skin showed no postitives (PII = 0.0) at

24 or 72 hours. Delayed irritation at later times {7 or 14 days) was

not monitored in this study. No other amount of Weecone®, other thar 3.3 = s
was tested. The actual composition of the applied %eedone® was nct given.

Classification: Core Minimum

- §3.0 Acute Dermal Irritation of the Rabbit with 2,4 DP Ac:=d (Section G)

. Rabbits {10) were shaved (CDC Research did study) ardé split into a

group of 4 and a group of 6. The first group {4) was tested with intact
shaved skin while the later group (6) had abraded skin.
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™e 2.4 DP acid was described as a brown liquid and was applied to a gauze pad
at the rate of 23/kg and placed on the rabbit dorsal test area by an “ace bandage"
and adhesive tape for an exposure period of 24 hours. At the end of 24 hours
the pad was removed, cbservations made, test area washed with water, dried and
cbservations made once a day for 14 days.

The intact skin group showed cnly mild erythemia in two of four rabbits at 24
hours campletely subsided by 48 hours. In the abraded group two of six showed
only mild erythemia abated by 48 hours. The PII = 0.42 showing very low toxicity
to the rabbit skin from 2,4 DP acid - Toxic Category III.

Classification: Core Guidelines

§4.0 Rabbit gg Irritation with Weedone® Active %gﬁdient
v v Section F)

This stixdy tested the Weedone® active ingredent 2,4 DP/BOE. All 10 New Zealand
rabhits were treated by CDC Research with 0.1 ml of the technical material (not
formulated) in the conjunctival sac. S:xoftenwerenot washed after treatment
while four of ten were washed with 20 ml of lukewarm tap water.

Normsashed Groop—- Inmitial conjuctival irritation (redness) was noted in 3 of 6
rabits for ub to five hours. One of the three rabbits had occular discharge
for 24 hours. All effects were subsided by 24 hours. MNo iris or cornea
invalvement. Blink reflex was nommal in all six rabbits.

Washed Group— Initial conjunctival recness was observed for cnly 1 hour in one

‘rabbit and up to 5 howxrs in another rabhit. The third rabbit was normal. No

Iris or corneal involvement. Blink reflex was normal in all three rabbits.

It is concluded that technical 2,4 DP/BOE (a.i. of Weedone®) is not an eye
irritant in the rabbit.

Classification of Study: Core Guideline
§5.0 Primarv Eye Irritation of Weedone ® in Rabbits (Section a-1)

Affiliated Medical Enterprises (AME) Biolcocgical Research selected nine albino
rabbits (New Zealand) and treated each by application of 0.1 ml of Weedone ® 2,4
DP into the comjunctival sac of the left eye; the right eye serwved as control.
Im,ganmvaspedonndmthlubwammter 3 rabbits 2 seconds after desing,
3 rabbits 4 seconds after dosing, and 2 rabbits were nct irrigated at all leavimg
the natural eve rinse to clear the eye contact with Weedone®, The Draize scoring

methnd was employed.

No corneal or Iris involvement were noted in any of the three groups. Hyperemia
and chemcsis of the conjunctiva were ncted at 24 hours (4/9), at 48 hours (2/9),
ard at 72 hours (1/9). All occurrences were in the non-irrigated or 2 sec.
delay irrigation groups. The PIS were 1.78 (24 hours), 0.89 (48 howrs), and
0.44 (72 boursj. This is be comsidered cnly very mild irritation to the eve.

Classification: Core Guidelines
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) §6.0 Study Classifications of Subpart A (four studies) On Dermal and
(:ﬁ Eye Toxicity

1. Acute Dermal irritation in the rabbit, Weedone®: Core Minimum

2. Acute Dermal irritation in the Rabbit, 2,4, DP Acid: Core Guideline

3. Eye Irritation in the Rabbit, Weedone®: Core Guideline

4. Eye Irritation in the Rabbit, 2,4 DP/BOE (technical): Core Guideline

B. Acute Inhalation by White Rats of Weedone © 2,4 DP (Section C)

§ 1.0 Specific Recomendations on Inhalation Study

The inhalation of Weedone® should be repeated nsing suggested standard
inhalation techniques, calculations, and presentation of data as outlined
in §163.81-3.

§ 2.0 sSpecific Conclusions on Inhalation Study

2.1 The study of inhalation of Weedone® 2,4 DP is invalid because of the
following deficiencies

Deficiency #1- The stain of test rat is unspecified.

C

Deficiency #2- Description of the % active ingredient, test material used
for the inhalation experiment, should be completely specified.

Deficiency #3- Decription of the chamber, chamber concentrations of the
a.i., dispersion of a.i., and actual dose concentrations
(mg/l) for a given exposure peroid should be completely
explained. It is impossible to calculate dose, nominal or
otherwise, from the data or the discussion of the experiment
done by Affilated Medical Research, Inc., Princeton, N.J.

Deficiency #4- The claim of a nominal concentration (for 1 hour) of 174
mg/liter is a non sequitor from the description of methods
and the experiment as presented.

Deficiency #5- The claim that the LCgy is greater tham 174 =g/l is not
valid.

§3.0 Material Tested, Methods, and Animals Tested

Material: The sample used in this study was identified as Weedone

® 2,4~DP (no analysis or composition given) and was described a yellow
clear solution. The sample was received and maintained in a one gallon
can and stored at room temperature.

(:T Methods: A dynamic chamber, containing a volume of 100C liters, designed

e’ with a sliding tray and double sealing ports, was used in this study.
Room air, drawn thrcugh the chamber at preselected rates, was monitcred
by means of a differential pressure flow meter and critical orifice,
Previously calibrated. The Weedone 2,4-DP was diluted in water to make

e o —
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( a 50% w/v suspension prior to each nin. The suspension was maintained by const=mt
agitation. 2n aercsol was generated in the chamber by passing the Weedone 2,4

DP suspension through a Devilbis atomizer, using compressed air at 48 psig and a
flow of 4.0 l/min. The concentration of 2,4-DP in the in-put Slow was not specified.

Particle size of the droplets was not measured; uniformity of the fog Inside the
chamber was mmitored by observation of refracted light.

The flow of the Weedone 2,4-DP suspersion through the atomizer was monssored,
using an inline flow meter. No flow readings given.

Coricentrations of Weedone 2,4-0P were calculated from the compound fiow and
chamber air flow data, and were considered nominal values (mconfirmed Sy chamber
sampling and chemical analysis).

Animls:-!cv:aqaﬁntmleardfexnlealbim:ats,weighingtrmlSOto300g,
were used in "iese studies. The rats were acclimated to the laboratorw.
individually toused, and provided food and water ad libitum. Groups of 10 rats
were exposed at a time. Exposure time was 1.0 holxr.  The animals were shservec
during and following the exposure; mortalities were recorded, camlatively, for
the subsequent 14 days. At termination, the animals were submitted to autopsvy
[No results given]. Decedents were exammed grossly except where autclysis was
extensive [No results giwen].

§4.0 Discussion of Results:

C, At a nominal concentration of the aerosolized Weedone 2,4-DP at 174 mg,/2 (acco==ing
to Union Carbide), slight hyperexcitability wes observed durinc and immediately
after the cne-hour exposure. Within a few bours post-exposure, the rats appeared
normal and remained normal over the l4-day chservaticn period.

§5.0 Discusion of Results

Due to the fact the dosing was not adequately explainmed, it is =t possSble ©

spec;fytbedmeoftbewspec:fledstramcfrats—ecemedm:msexgenmnt.

No necroopy results were presented.

§6.0 Classification of Study

This study, because of the deficiencies given in §3.0, is Invalid.

C. Acute Rat Oral lLethality of Weedone and 2,4 DP (Secticns 2 and D).

LDen Calculations in the Rat.

§1.0 Specific Conclusions on Oral LDgp in the Rat
Q 1.1 Weedone® LDgg = 2200 + 350 mg/kg body weight. Clinical signs included
- early (< 4 nrs) oeprss:.cm, excessive salivation, reduced motsy activizy, and

ataxia. Rats surviving the first few days recovervy completely. Necrmosy
results were not resented.
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1.2 Dichlorprep (or 2,4 DP acid) LDgg = 532 mg/kg with 95% confidence
(_'. range of 446-633 mg/kg. LDig = 344 mg/kg (95% range, 247-479 m=/kg) and
: IDgg = 823 mg/kg (95% range, 616-1099 mg/kg).

Clinical signs show early (2 hrs) hypersensitivity, decreased motor activity,
abnorral jait, decreased grip and ptosis. At higher doves (> 600 mg/kg)

. labored breathing, ataxia, loss of righting, loss of body tone all which
lead toc a lcss of conscicusness and £inally death. Rats surviving the first 3
days recovered completely.

detsaymgshowed intestinal distention filled with fluid and
gastrointestinal l.ritation.
Signs are progessive with dose in the mumber of rats affected and intemsity

proaminent at 400 mg/kg, medium to intense at 600 mg/kg, and intense H
at 800 mg/kg. !

1.3 The dose/effect re.‘l.at:.onshlp, as measured by the slopes of the lethality
curve, are similar for Weedone® and DP acid. These parallel curves suggest
similar mechanisms of toxicity are cperative for both campounds.
1.4  The relative toxicity of 2,4 DP acid to Weedone is 4.1:1. !
1.5 Oral Toxicity Category Classifications are:
Weedcne® Class III
O 2,4 DP acid Class ITII

1.6 For comarison to the above oral toxicity in rats, the following data
were abstracted from the Registry of Toxic Effects of Chemical Sutstances

(1976):
Sampound LbDsq_(ma/kg)
Dichlorprop 800
2,4D 375 !
2,4,5T 300 !

2,4 Dichlorophenol 580
$2.0 Results of Oral Toxicity of Weedcne® in Rats , !

Weedone was fed to an unspecified strain of white male albinc rats. The concentration !
of Weedone® formalation was not confirmed nor were the volumes administered to
the rats specified. Rats weighed initially 135-155 grams and were fasted 24
hours before dosing. Three dosing levels (6 rats in each level) were chosen at
1000 mg/kg, 2500 mg/kg, and 5000 mg/kg body weight. The eighteen rats were
dosed once, chserved the first day, and then each day thereafter for 7 days. ;

aAll rats in each dose group showed early signs of intoxication in the Sirst 4 :
hrs. of observation. Observed signs were depression, excessiwe salivation,
reduced motor activity, and ataxia. -

G In Group 3 (S000 mg/kg) one of the rats died in the £irst 4 howrs, ane more died

in the 4-8 hr. period, andfmrmx:ed:.edmthesecmﬁday The cumlative }
mortality for Group 3 male rats was 6/6.
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In Group 2 (2500 mg/kg) no rats died in the first 4 hours, one rat died in the
4-8 hr . period and 2 more rats died on the second day. The cumulative mortality
for Group 2 males was 3/6. The three remaining rats recovered from the above
clinical signs by the third day and remained normal for the duration of the
7-day experiment.

In Group 1 (1000 mg/kg) no rats died in the 7 days (0/6). As in the other groups
clinical signs were onset in the first four hours. Group 1 recovered by the
second day and were normal for the duration of the experiment.

The registrant reported an LDgy = 2,200 mg/kg + 350 mg/kg for Weedones.

Clagsification of Study: Core-Minimum

§ 4.0 Oral Toxicity of 2,4 DP Acid in Sprague Dawley Rats (Section D of Submissicm)

Dichlorprop (or 2,4 DP acid) was fed to Sprague Dawley rats (5 groups, 5M and
SF per group) at dose levels of 200, 400, 600, 800, and 1000 mg 2,4 DP acid/kg
body weight. Rats were initially 133-185 grams in weight and 198-260 grams at
the end of the 14 day experiment following a single dosing. Dosing was given
in 0.25% methyl cellulose solution 5 ml/kg body weight. Rats were fasted 24
hours before dosing, then dosed and then allowed food and water ad libitum for
the course of the 14 day acute experiment.

At the high dose (1000 mg/kg) all Sprague Dawley rats died the first day (10/10).
At the 800 mg/kg dose, 4F and 1M died the first day, 2¥ and 1F died on the
second day and 1M on third day for a cumulative mortalisty of 10/10.

At the dose of 600 mg/kg, 1M and 1lF died on the first Zay and 2F died on the
second day and remainer lived for a cumulative mortalicty of 4/10. At 400 mg/kg,
1F died the first day, 1lF the second day and 1M the third day for a cumulative
mortality of 3/10. At the 200 mg/kg dose no rat died during the 14 days.

The clinical signs exhibited in the 5 groups are given in Table I (next page).
The signs were progressive with increased dose and effected more rats, but
seemed to be acute in nature with those surviving the Initial few days recoverinc
campletely. At 800 and 1000 mg/kg, the effects were Zatense with all rats
showing shock, lack of motor coordination, decreased breathing, comatose, and
death. Fluid filled intestines and gastrointestinal izritations were the primarw
findings upon necropsy of the rats that died during the course of the 14 days. '
Rats surviving the 14 days were normal upon necropsy. Clinical signs became
prominant at 400 mg/kg and medium to intense at 600 mg/kg.

The registrant calculated an LDgg = 555 mg/kg (95% confidence range 396-777
mg/kg). A Finney probit analysis (program written by J. Worthington, RCB) was
performed on the lethality data presented:

Lower 95% Limit Parameter Croer 95% Limit
446 LDgg = 532 mg/kg 633
247 LDyg = 344 mg/kg 479

616 . LDgg 823 mg/kg 1099

18
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(\ These calculations show t:h; registrant calculations are essentially correct.

Additionally, these calculations show that 10% of the Sprague Dewley rat
population will likely die by 344 mg/kg and 90% will likely die by 823 mg/kg.

Classification of Study: Core-Guideline

TABLE I

Dose Group
mg/hg)

Clinical Obhservations of Rats Fed 2,4 DP

200

All rats showed decreased motor activity in 2 hrs. up to 4 hrs.,
but all were normal by 24 hrs.

400

Rats ghowed hypersensitivity, decreased motor activity, abtnormal
¢ait, and decreased grip 2 hrs after dosing., Females showed
piloerection. At 4 hrs decreased respiratory rate was noted.
At 24 hrs rat #25 showed tremors and died the third day. Rats
$26 and #29 were comatose at 24 hrs with #29 dying that day and
$26 dying the next. Necrcpsy of these rats showed ¢
intestinal distention adn discoloration and fluid-filled

- intestines. All other rats were normal for 14 days and were

nornal upon necrepsy.

600

All rats exhibited initial ptosis, piloerection, ataxia and
labored respiration at 4 hrs. Rats #43 and #47 were comatose
at 24 hrs and dled that day. Rats #50 and #46 showed very
labored breathing at 48 hrs and died. All other rats (6)
became asymtomatic at 48 hrs. and were thereafter noxmal.
Necropsy showed same as 400 mg/kg.

800

These rats exhibited hypersensitivity, lcss of righting, decreased
motor activity, abnommal gait, ard loss of body tone within

2 hrs after dosing. Five of the rats became comatose at 24

hrs and died that day. Four mare-rats followed the next

day and IM aurvived til the third day and then he too became
camatose and died. Necropsy showed all rats same as 400

my/kg with dicoloration of the lungs in addition.

1000

All rats exhibited in less than 4 hrs all the clinical symptoms as at
800 my/kg with cne rat becoming catatonic. At four s, all rats
showed depression ard slowed respiraticn. By twenty hrs, all rats
were comatcse and subsequently died that day. Primary findimgs uron
necrcpsy were gastrointestinal irritation and fluid-filled intestines
in all rats.

13
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Sutmission) on Weedone® and 2,4 DP

for Weedone® mstimtedbobeap;z'oxmtelyzznom/hg. The
2,4 DP acid (mtatmfialasm\'ﬂeedone)lssumg/kgwitha
omﬁzdencerargeof“ﬁ-GBBngﬂcg

It is notable that the lethality curves when plctted for 2,4 IP acid and
Weedma:emrauelmtmratw; the mid-point for 2,4 DP acid being
1668 mg/kg lower than the Weedone mid-point. This suggests the mechanisns
of toxicity are the .ame for the two cumpounds. vathersimeZAl‘.Pcr'
isﬁmrtimsmetoncmS:zagua—mw‘eyratstbenWee&:ne,tbemn.ry
of Weedmne® likely resides in the 2,4 DP acid released from Weedore® by
mrrine esterases.

The LDjg for 2,4 DP in rats is 344 mg/kg and the LDgg is 823 mg/kg.
§6.0 Classification of Oral Toxicity Studies in the Rat

'!he?kedme'smdy (&cthofSuhnssm)xsclasszfmalachremnmm
as the rats were not specified as to strain and the hich dose produced a

lOO%ld.llam!melmdwehadzerohllmhnganalysisafmsodependm-
the middle dose alone.

The 2,4 I® acid acute oral study (Section D of Submission) in rats is
classified ag Core Guideline.

D. cute Oral lethality of 2,4 DP Acid (Dichlorprop) in the Mouse (Section E of

are onset at 2-4 hrs and are abated (in those rats that survive) by 48 hrs.

Union Carbide Submission 264-231, EPA No. 237875)

§1.0 Specific Conclusions on Oral Toxicity in tie Mouse

1.1 The LDgg = 650 mg/kg [95% rance, 484-872) for Blue Spruce CF Mice.
1.2 The LDjp = 247 mg/kg (95% rarge, 144-423).
1.3 The LDgp = 1709 mg/kg (95% range, 887-3293).

1.4 The LDgy for mice reported here is similar to the LDgg for rats (532
m3/kg).

1.5 The slcpe of the lethality course for 2,4 DP acid in mice is 0.4 of the
lethality slcpe for rats. This indicates less sensitivity o 2,4 DP acid in
mice as campared to rats.

1.6 The clinical effects in mice are acute gastrointestinal irritation which

is essentially reversable at the lower doses (< 490 mg/kg) tut becomes intense

at higher cdoses (> 800 mg/kg) killing all the mice. all mice, even at lower
doses, show reversable decreased motor activity, abnormal qait, straub tail,
depression, ptosis, and hypersensitivity to touch and sound. This effects

§5.0 Discussion of Results of Both Oral Toxicity Studies (Sections B & D of

. g e e e e >

e ey ot e eraeem et

syt o




PPN

&

007995

§2.0 Methods

Pharmekon Laboratories did the following study for the Amchem Division of Union
Carbide in 1977. Six groups (5M and SF per group) of mice were chosen for a
single oral dosing at 100, 200, 400, 600, 800, and 1000 mg 2,4 DP acid/kg body
weight. Blue Spruce CF mice were selected for the experiment at an initial body
weight of 18-25 grams. Mice were fasted 4 Irs. xior to dosing, then domed, and
then allowed weter and Wayne Lab-RBlox ad libitum.

§3.0 Besults

Att!:eh:.gh&ze(looomﬁﬂg)allmardrdiaimtheﬁ:stday(sﬂm. As
early as 30 min. post dosing mice exhibited signs of writhing, depression, and
ataxia. At 2 hrs loss of righting was cbhserved. Five of the mice showed no
remarkable findings upon necropsy whereas three mice showed distention of the
bladder, strmach, and intestine. Two mice survived and were normal at 14 days.

At the S00 ma/ikxy dose, all SF died the first day and all M lived (5/10). The
same clinical signs seen at 1000 mg/Kg were seen at 800 mg/kg. Four of the Sive
females showed distention of the intestine. All other mice were normal upom

Necropsy.

At 600 mg/kg, Sive of ten died (5/10) on day 1, 2, 4, 5, and 6. Although the
cumlative mortality was the same as 300 xo/kg, the mice that died lived longer
(up o day 6). The same clinical signs were seen with straub tail in additiom.
0f those five mice that died distened, discolored, air and flnid-filled intestines
were ctserved. The cther five swrviving mice were noxrmal throughout the 14 days.

At 400 mg/kg, 24 died with rest swrviving normally (2/10). Symptmatology was
legser compared to the higher 600 mg/kg &se. Ataxia and depression were seen in
all mice with hypersensitivity to sound and to tooch at 1 hr post-dosing. Abnormal
gait was seen at 24 hrs. All clinical sicns were abated at 48 hrs.

At 200 zg/kg, 1M died with rest normal (1/10). The same clinical signs as at 400
ng/kg were seen. Two surviving F mice showed slightly distended uteri. The cne
male which died showed ascrites, discoloration of lungs and liver, and distended
Stomach and intestine,

At the 100 mg/kg dese, no mice died (0/10). Six mhice were normal at necropsy
with 4° having slightly distended uteri. The same c¢linical signs as before
were seen which were abated canpletelypy@hrs.

Union Carbide calculated the LDsp to be 620 mg/kg (95% limits, 453 - 849 mg/kg).
A Fimmey Probit Analysis (program by J. vorthington, RCB) was tecformed for
this report. The results were:

Iower 95% Limit Parameter Dper 95% Limit

484 LDgg = 630 872
144 ID)g = 247 423
887 IDgy = 17C9 3293

These c=iculaticens show the registrant caiculations are essentially correct.
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Additionally, these calculations shcw that 10% of the Blue Spruce CF mice will
likely die by 247 mg/kg and 90% will likely die by 1702 mg/kg.

§4.0 Discussion of Results

The 100% kill level was not reached in this experiment, but 80% were killed at
1000 mg/kg. The LD5g = 650 mg/kg for mice is somewhat less toxic than for
rats (532 mg/kg, memo J. Bolder to R. Mountfort, 11/3/81).

The mouse lethality curve slope (3.05) is lower than for the rat (7.38) and
therefare in the mouse there is less sensitivity for the mouse to 2,4 DP acid
even though the LDgp values are similar.*

Acute clinical signs were similar between the mouse and the rat. That is,
primry irritation of the stomach and intestines with overt distention because
of fluid build-up. These rodents tended to becane ataxia with depressed motor
activity in the first few hrs. and at 24-48 hrs became comatose leading to
subsequent death. However, those rodents swrviving the first few days were
campletely normal a2t the end of 14 days. It is concluded that acute
gastrointestinal

action of 2,4 DP acid could lead to death which became praninent

at doses > 400 mg/kg and became quite intense at doses > 800 mg/kg effecting
almost or all of the rodents.

§5.0 Classification of Study: Core Guideline

wimwiawiteaaiasws END OF ACUTE STCDIES ON WEEDONE AND 2,4 DP ***wtastws
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® ¢ # ¢ ¢ SUBCRONIC STUDIES ON 2,4 OP ¢ # = % =#

Subchronic Feeding of 2,4DP Range~Finding Studies in the Rat

and the Dog (two studies) [264-222,231, 233; 237984, 5]

Subchronic 90=Day Oral Toxicity Study with 2,4DP Fed to Wistar
SPP-Albino Rat

Conclusions of Rat Study
l.11 Survivals wers good and the same for all doses and sex gToUpPs.

.12 Body weights, food consumption, hamogliobin, packed cell volumas,
aumbeyr of erythrocytes, alkaline phesphatase, SGOT, SGPT, blcod
godium, urine zodium and potassium, xidney and liver weights
were all affected at the high-dose (2500 ppm) level. This lavel
in the rat clesarly exceeds the MID.

1.13 Bemoglobin, packed cell volumes, blocd sodium, and kidney
weights were all affected at the nid-Foge (500 ppm) group,
although to a lesser degree than at the high-dose group.
Accordingly, 500 ppm is assigned the EL.

1.34 At 100 ppm, none of the effects summazized above were manifast.
Thus, the rat NOEL in this fseding study is set equal to 100 ppm.

Design of Rat Subchronic Study

Wistar gspecific pathogea-free rats (40-60 g, 4 wks. old) were randomly
divided inmto four groups (30 pexr dose group, -5 of sach sax) and fad iz
a complets diet of 0, 100, 500, and 2500 ppm zechnical grade 2,4DP acid.
respectively. GIP was followed by the Central Institumte for Nutrition
and Food Research on beshalf of A. H. Marks (Tocrkshizs, hqla.nd). This
l3=waesk experiment wag startad January 17, 1877.

Signg of toxicity, behavior, body weight, food consumption, hematology
urinalysis, organ weights, and histocpathology of all smslevant tissues

ware performed on each Wigtar rat. The pathclogy procsdurss wers ade-=
quate and completa for a subchronic iavestigazion.

Rkasults of Rat Subchronic Study
Survivals ware good and the same amony the dose and gsex groups. Bashav—

iors -were narmal except for alopscia and scms =uscular weakness noted iz
the high=dosa group (2500 ppm)-




001995

- 12 =

The high=dose group exhibited, compared tc controls, a lowersed food con-
sumption: l4% depressgion in males and 9% in femsles the f£irsc week.
Both males and females continusd to consums less food in the high-doss
group throughcut the 13 weaks, showing depreszions as moch as 21% foxr
males and 19% for females. Since there wars food consumption depres—
siong the first week, 1t iz assumed that st least 9-14% of the d.g:u—
zion of food comsumption was dus to palatability.

Body weights also wers despressaed in the high-dose group compared to
controls. All rats started at the same weicht (approx. 64 g) but shemead
in the high-dose group (only)an sver-ipncressing dapression of body weight
of approximately 6% depression (M and F) starting at day 7 ¢o 18% in
and 21% in P at day 91. Food efficiency was slightly dsprsssed in
females in the high-doss group.

Hamsglabin (Hb), packed cell volume (PCV), and number of erythrocytas
wers algzo depressed in ths high-dose groups. BB and PCV wexre slightly
deprassed in the mid-dose group (500 pra). Alkaline phosphatase (AF)
was incressed (M and FP) in the high~doze gxoup throughout the
experizent. "SGOT and SGPT enzymatic activities were elevated in the
high-dose group. Plazma protsin and serum albumin wers both decrsased
in the high-doss group (M and F). The total protain lsvels were
decreasad at wesak 13 in the 500 ppm dose group. HNa' was deczeased iz
bleod at 500 and 2500 ppm in females and at 2500 ppm in meles.

Urinalysis results at weak 13 showed decrsased lavels of Na® and K*
in the top dose group (M and F).

The relative weights of liver and kidney waers incrsased in weight at
2500 ppm. The kidney was increased at 500 ppm. Grogs examinations
showed a grsenizh discoloration of ths top dose group livars.

Classification of Study: Not Classified

Subchronic (4-waeek) Feeding Study of 2,4DP to Basagle Dogs )

[264=-222, =231, =-233; EPA No. 237987]
Concluzion of Beagls Dog Rangs=Pinding Study B

2,11 No changs was seen among the groups in body weight, food
consumption, bshavior, appearancs, blood slactrolytes, sugar,
and bilirubin. No changes weres ssen in globulins, albumin, c=
total serum protesins. SGOT and SAP wers not significaatly
changed.

2.12 Hb, hemstocrit, and RBC's wers loversed scomewhat at 32 mg/kg
(high dose). SGPT was lowersd in a dose/response manner. The
thymis weight wvas reduced with dose (approximately 1/2 at 32
ng/kg as contxrol thymus weights).
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213 The sywtomology demonstratsd in this study does mot pesmit the
astablishment of a NOEL, LEL, or MID- This is aot classified.

Dasign of Beagle Dog Study

Thig four-Seek study was started op May -0, 1977. 2,40P was mixed inco
complets dog chow at concentrations of 0, 8, 20, and 32 mg/kg body
waight. Two M/F pairs ware assignad par doss group, makxling a total of
16 dogz for the test. JAdequats animal husbandry was £followed.

Dogs (purw~bred baagles) wvere fad 50 g/dog/day containing =ha correct
dose of 2,4DP and given water ad libitum. The test substance was testsd
and provaed to be stable throughcut the 4-week tast.

Sions for toxicity were obssyvad, such as geneval sppesrancs, condition,
and bashavior pattesms. Ophthalmo'g'pic examinations wars made at day =zero
and on days 25-27; daily attention was given to the eyelids and bucceal
IRCOSE

Body weight change and fcod consumption was monitored dzily. Complese
hreatology wag done: BEb, PCV, HBC s, Leuk., Diff. Leuk., platalets, and
bleod clotting times. Blood chemistries done werm: SGFZ, SGOT, Sa#,
sezum protein, sserum elecirophoresis, BUN, glucose, bilizubin,
alsctrolytes, and ornithine transcarbamylase. Urines were messured Zox
slaectrolytes and specific gravity. Feces was examined for occult
bleod. Livars, kidneys, spiesn, thymme, heart, brain. lang, thyroid,
adrsnsls, pituitary, testicles, ovaries, and prostate weights werse
neasurad upon saczifice. A complete set of histopathological slides
wvars made from the Zollowing organs: liver, kidneys, scomach, buccal
HICCSa, bope mArrow, spleemt testss, and thymms.

Results of Beagle Dog Range—=Finding Study

In sach dose grouvp, one M/F vas fed 2,4DP in the feed and the other M/F

- peiyr was given the wame dose in a gealatin capanle. No Idiffsrspces wers

sgen betwesn the two methods of dosing: thus thas pairs in a dose group
will be discussed collectively bslow.
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No mortality occurrad in this study, and the gsneral bsalth, appearancs,
and behawvior ware all normal among the dose and sex groups.
Ophthalmoscopic examinstions revealed no abnormalities of the eye,
eyealid, or duct.

There was no noticibla body weight changes in any dose group bor changs
in food consumption.

Hb, hsmatocrit, and RBC were lowsred somawhat in the high-doss (32
rg/kg) szoups. Sugar, ¥a¥, X7, and bilirubing were the same SmORG

the grocps. g-~, 8= ¢nd r~globulinsg, total serum protain, and

albumin were unat€facted amonyg the groups. Liver enzyms SGO0T, SAP, and
ornithkine transcarbamyl twansferase wers weifscted among the groups.
SGPT was lowered in dose-response manner. The later obsarvation did nct
show a .arge depression and is probably davoid of toxicological meaning
inmofar as SGPT (and the other hepatic enzymes, too) are elevated in txe
cage of liver traums (not lowered). No occult bleod was found in feces.

Zlthough it appears that liver organ weights were increaging (267, 254,
286, and 306), iz was found not to be statistically significant;: ths
same applies to the thyraid, testes, and kidney. Beaxrt, spleen, brain,
ovaries, pituitary, adrenals, lung, and prcstatas cleaxly dld not show
any dose-Tslated weicht changes.

Thymus, ca the other hand. showed clearly an inverse dose/Iesponsea
relationzhip, i.e., dose Increased, thy=us weight decrsasad

(r = =0,31). 7This relacionship i3 geen whathar abgsoluts or relative
thymis weights aze considarad:

Abgolute Relative
Sose Thvous We. (g) Thymus ¥e.
Q 21.36 0.29
3 25.14 0.21
20 22.15 0.17
32 1C.98 3.15

The affact of 2,4DP on zhe thyzms was the conly dose-rslated effsct in the dog
study.® MNo histopatholigical Iindings were noced that were dosa rslataed.

¥*It should b2 Xept in mind :that there were only 4 dogm/dogs group. Such a

gsmall numper/gqroup =akes statistical inferences lesz raliasble unlass the
efZsct i suite large in magnitude.

9
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F. Oral Teratogenic Ramge~Finding Studies in the Rat and in the Rabbit

(two studies, 264-222,-231,-233; EPA Accession No. 237981 & 237983)

§1.0 Conclusions of Sprague Dawley Rat Teratogenesis Study (0 - 20 day postmating)

1.1 Weights in the high dose (100 mg/k3y) group were depressed 5 ~ 7% starting at
day 6 till term (21 days). The low dose (25 mg/kg) group showed a modest 3% loss
in weight in the last three days of dosing. The weight losses were the only toxi
effect cbserved im this experiment.

1.2 The following parameters were not effected by 2,4 IP administzation:
no. of corpora lutea, no. of implantations, average nc. of newborn mups, no. of
interuterine deaths, newborn pup weights, or sex.

1.3 There were no increases in pups of congenitzl defects of any kind with
2,4 TP administration to gravid females bearing hese mups.

1.4 A NOEL for the teratojenic effects can not be assessed from the present
study. It is concinded that at 136 mg/kg 2,4 DP is not a teratogen.

§2.0 Methnds of the Sorague Dawley Rat 1_satology Stdy .

—

— Sprague Dawley (CD strain) were mated (4 feraies to e male) under cuod
ainima) husbindry conditions. The test material was not identified other than
*2,4 I® code T.P.H. {9/11/75)". Control rats recaived regular chow while =wo
treatment groups received 25 mg/kg and 10C mg/kg Sody weight, respectively.
Treatment started on inseminated femaies at the Z:irst sign of sperm in vaginal
smears (day zero). Treatment was continued for 20 days of the 21-22 day
gestation pericd. Dosing was performed Ly gavege using 10 mls of a 1% met:yl
cellulose solution as the wehicle.

Rats were obsexrved daily for aropearance, general health condition and
body weights.

At terminationm on day 21 rat ovaries and uteri were examined Sor: No. of
corpora lutea, no. of and positions of live and dead fetuses, fetal weights,
fetal crown-to-rump lengths, and sex of fetuses. The percentage of pre—implancs-
ation loss was calcmlated as:

% pre—implantation Nc. of coroora - No. of

lcss = lutea Imcantaticns x 206
Ho. cf corpora lutea

53.0 Results of Range—Tinding Teratogenesis Study

Al]l rats {(at 3, 25, 100 mg/kg) survived the zest, :amwe:.ghts wers decressed
: at the 25 mg/k3y level only in the last three days of the Josing period approx. 3%.
(: In the high dose (100 mg/kg), weights were depressed by day 6 approx. 3% and wes
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depressed 7% at term (21 days).

The mean number of corpora lutea (13.0 - 13.6) and mean numbers of im-
plantations (11.7 - 12.6) per dam were not effected by 2,4 DP administration.
The pre-impantation losses (14.6 % in contxrols, 3.1% in 25 mg/kg, and 9.8% in
100 mg/kg) were also unéf fected by 2,4 DP administration. The mean number of
fetuses per dam were 11.7, 12.0, and 12.3 with the total interuterine deaths
0%, 4.8%, and 0%, respectively, control, low, and high dose groups. Live fetus
weights were 68.6, 67.4, and 65.2 (not a significant decrease). Sex was un-
effected.

There were no significant increases with 2,4 DP dose of any minor or major

congenital defects. Those which did occur did so at a low frequency level and
occurred randomly amoung the groups.

§4.0 Calssification cf Study: Not Classified

§5.0 Dutch Belted Rabbit Range-Finding Teratology Study

5.1 Conclusions of the Rabbit Teratology Study

— 5.11 The control rabbits exhibited normal nest sizes with normal newborn
weights ané newborn sizes.

5.12 At 2% mg/kg, the NOEL is exceeded with two major birth defects -~

congenitall® ruptired umbilical cord and 13 ribs on one side - and some fetuses
born dead a>l to cne doe (2 died early and 4 Jjust before or during parturition).
So, NOEL < 25 mg/xg, but the specific level is undetermined by this experiment.

5.13 At 100 mg/kg, one doe did not conceive, 3 died early bearing dead fetuses,
and one bere 7 zmaller (in size) newborn bunnies. Definite signs of maternal
toxicity were observed at this higher dose.

§6.0 Methods of Rabbit Teratoloyy Study

Rabbits were dosed at 0, 25, and 100 mg/kg just as in the previous rat study.
The protocol was virtually the same between the two studies except: (1) rabbits
were artificiaily inseminated and (2) dosing was done by gavage from one day after
artificial inseminazicn to day 27 of the 28 gestation period. Examinations
followed the zrotocol (which was almost the same as the rat study) and the rabbi:
study was conducted using GLP.

§7.0 Results of the Rabbit Teratology

v The high Zose (130 mg/kg) group showed definite signs of maternal toxicity in
the does. All =:gh dcse rabbits showed unsteadiness in gait, reduced food intake,
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and some loss in weight gains leading to weight loss. Two rabbits Ix the high dose
group were sacrificied on day 22 because of poor health conditions. One more rabbit
was sacrificed on day 23 for the same reason. All these animals that were sacrificed
were gravid, but were bearing dead fetuses. Of the two remaining rabdbits only one
rabbit produced a litter of normal size (7 bunnies) but with 46% recduction in fetal
weight and 18% reduction in crown-to-rump distance.

The mid-dose (25 mg/kg) group showed 4 of S5 pregnant does with one of the four
prematurely delivering on day 25 with normal weight newborn, but all newborn were
dead (2 early in pregnancy and 4 late or during pregaancy). Only the mid-dose group
showed major birth defects (two). The first bunny with major birth defects had
omphalocele (plus displaced kidney), and the second with amphalocele, displaced
kidney, and 13 ribs on one side.

The study does not demonstrate a NOEL in so far as teratogenic effects were
cbserved in the low dose group (25 mg/kg). At 100 mg/kg pronounced maternal toxicity
was observed leading to moribundity. At the high dose group, the MTD is exceeded
for 2,4 DP in rabbits.

§8.0 Clagsification of Study: Not Classified

H
)
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G. Teratology Studv in Sorague Dawley Rats with the Administraticon of

2-(2,4 Dichlorophenoxy}-Propicnic Acid Ad Libitum,

§1.0 Conclusions on Teratoloay Study

1.1 Weight gains and food consurption were noxmal in Groups I, II, & IIT
(0, 150, & 450 ppm in standard rat chow) with Grp. IV (1500 ppm)
showing a 12.5% weight loss. The 1500prm dose exceeds the matermal
fetal, and necnatal NOELs reported in the following section,
Section H of this report, “The Three Generation FPeeding Study of
2,4 P Acid®.

1.2 To simlate the human dosing pattern (ncrmally 3X/day), rats shouald
have have been gavaged. As it was in this experiment, the 2,4 D@
was compounded with the feed and thus rats had access to this feed

all the time. Rats are known to eat often therebwy receiving constant

dosage. Constant blood levels whould be expected in contast to the
humen blood levels which peak and may likely force more of the test
campound accross the placentza. This point is a Geficiency of the

present teratology study.

1.3 The parturition index and fetal viability were normal among all
four treatment groups and showed no 2,4 2P acid dose effects.

1.4 The froquency of resorption was low and showed no dose
related effects with 2,4 UP among the fooxr treatment groxps.

1.5 The abnormlities cbserved were qualitatively what might be
expected in Spague Dawley rats. The frecuency of abnormalities
was low and showed no dose related 2,4 P acid effects.

1.6 'Dusst:ﬂvxsclassxfxedascore-lﬁnzmmdaetottxedefmcy
cutlined in § 1.2.

§2.0 Introduction to Teratology Study in Spague Dawlev Rats by 2,4 TP

Four dose groups were selected among gravid female Spregue Dawley rats: 0, 150,
450, and 1500 ppm 2,4 DP acid (94% pure)*. There were 21 rats/group and they
were administered 2,4 DP acid in a commercial rodent diet from day 6 to day 1S
cf pregnancy (day zero = appearance of copulatory muces plug).

The Dams were sacrificed on day 19 and the liver and uterus were removed and
weighed (results not presented). The uterus was then opened and the rummber and
location of live and dead fetuses were noted as well as readsorption sites.
Each fetus was dissected free of placenta ard swrrouncing membranes, weighed,
and examined for gross abnormalities.

Cne third of each fetus group was examined for viscera: abnormalieies by
Wilson's Technicues. The remaining two-thirds was exammined with Alizarin
Red S stain for skeletal ancmalies.

*this corresponds to 0, 10, 30, and 100 mg/kg/éav. The highes:s
dose exceeds the MID=50 mg/kg/day from chronic Zeeding smdies.
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§3.0 Results of Teratology Study

The mean maternal weight gain from day 6 to 15 was 112, 110, 116, and 98 grams
for groups 1 to 4. Group 4 (98g) was not significantly lowered in weight gain.
'memeanfoodcunsmnptionperdaywasls, 20, 21, 19 grams/day. As with the
weight gains, no significant difference was seen in focd cmsu:pt:.m oy the
four groups.

In Table I, it seen the incidence of parturition was very gocd among *he four
grougsand did not show any 2,4 0P effects.

The number of implantations are considered adequate with the mean nunber
implantations per litter showing no 2,4 DP effects. The number of resorption
sites was nozmal for Spague Dawley rats (0.48-3.3%) of the total number of
implantation sites). The low level rescrption sites showed no 2,4 DP effects.

The number of live fetuses per liter was good (10.1-10.7) and the fetal viability
was very good showing no 2,4 DP effects (Table I).

The examination of the fetuses showed no skeletal or visceral abnormali*ies that
were unusual to this strain of rat. The abnormalities observed included the
following:

Control: One litter showed one fetus with a partial cleft palate
and two other fetuses with separation of the thoracic cssificatizn
ce!mersa:ﬂtheinbexbparietalaxﬁocclpltalbmesmmmpm
as well as underdevelopment of frontal and parietal box. - 3
secmﬂlittu'sbowedcneammlthhapmbablehydmcephalu.,.,ﬂ

a secord with an encephalocele. A thixd litter showed cne individual
with dilatation of the pelvis of both kidneys. (This last is of
questionable importance).

Low Dosage: One litter showed four fetuses with parietal bones
misshapen and underdeveloped.

Medium Dosage: One litter included a single fetus which showed
deformation of the lumbar-dorsal arches, the vertebral
column ending abruptly with the tail unusually

short and small in diameter. Both hind paws apoeared
o normal in ossification but were rotated irmard.

The third lumbar centrum was split, the occipital
and inter-parietal bones of the skull were out of
place to the left. The other 1l fetuses in this
litter appeared normai.

High Dosage: One litter showed one fetus with substantial under—
development of parietal bones, distortion of the
inter-parietals and wavy ribs. A second fetus
in this same litter showed a borderline wawy
deformaticn of the ribs.

The frequency of abnormality occurrence is low as is the mumber of litters
affected. Thus, 2,4 P causes no increase in abnormal fetuses {Table I}.

§4.0 Classification of Study: Core-Minimm

23




RAT
Tablie | - Teratology

SUMMARY QF RESULTS

GROUP | GROUP 11 GROUP ITI GROUP |V
CONTROL 10 MG/KG 30 MG/KG 100 MG/KG
No. of Gravid Dams 21 21 21 21
No. of Litters ) 16 21 19 19
Parturition Index* 0.76 1.00 0.90 0.90
No. of Implantation Sitas 168 221 206 212
Par Litter 10.5 ) 10.5 10.8 11.1
No. Resorption Site: 6 3 1 7
No. Live Fetuses - 162 218 205 204
Fetal Viability®* 0.964 0.986 0.995% 0.962
Mean Live Fetuses 10.1 10.3 10.7 10.7 J—
) Per Litter
C- Mean Fetal Mortality 0.0 0.0 0.0 2.5
No Fetuses Examlned: 162 218 205 204
Visceral Exam. 49 67 64 55
Skeletal Exam. 113 151 141 i41
No. Abnormal Fetuses 6 4 1 2
No. Abnormal Litters > 1 1 1

*Parturition Index= No of paruritions/No of pregancies

Fetal VYiability= No. of live fetuses/No of impiantations

3
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H. _Three Generation Study on 2,4, DP Technical Acid in Rats.

(264~-231; 237875, Section I of Submissicn}

§ 1.0 Conclusions of Three Generation Study in Rats

1.1

1.6

1.7

Parental rats all survived in all dose groups and in all generations.
Intarcurrent deseases ohserved wars (ow and not dose related.
Appesarance, behavior, .and gait were normai in all groups.

- Parental food consumption and weight gains were normal in Groups
t, |l and lll, but were reduced 5-10% in the high dose group
{(Grp. !V). The same doses were given in the 2-year rat oncology
study (sectlon J) and 2000 ppm was toxic in that study indicating
that Group |Y weight loses were due to general toxicity. When the
high dose was reduced to 1000 ppm, weights and food consumption
vers ncrmal. The toxicity is not certain in so far as 2000 ppm
equals a food concentration for 2,4 OP acid of Q.2% which is |ikely
high enocugh to effect palatability.

The pregnancy rates (# female rats conceiving/# inseminated) and
gestation periods were unaffectes amoung the dose groups in any
generation.

~ The "averages" of [itter size were not significantiy different among
the dcse groups, but smalier |itters wera seen (n < 8) in Fya and
Foa litters at 2000 ppm.

Feral mortallty was signlficanTly increased at 2000 ppm in Fip
and F2a litters. These motality increases were abated when the
high acse was reduced to 100C ppm. Group I!i (500 ppm)} fetal
mortal ities was slightly increased in F2a, F2p, F3a and Fig
litters. There was no increase in fetal mortality at the iow dose
(125 ppm).

Mean pups weights at birth and - °~ the end of jactatrion were affected
at the nigh dose of 2000 ppm, but were unaffecred at 1000 ppm. Sex
of pups was unaffected.

Neonatal mortality was increased at the high dose of 2000 ppm. The
500 ppm dose (Grp. |11) increased necnatal mortality only in Faa
litters and the low dose {125 ppm) oniy in Fzg litters. Although
these lcwer doses had effect in these |ittars, the high dose (when
reduced To 1000 ppm)} was tne same as controls.

i+ s concluded that matarnal toxicity has a NOEL = 1000 ppm
and LEL = 2000 ppm (reduced weights and_increased number of smaller
|itters, i.8. where the number of oups/litter was 8 or less).

The fetal toxicity LEL = 500 ppm (increased |itter mortality), and
fatai NCEL = 125 ppm.

The necriatal toxicity NOEL = 1000 pom and LEL = 2000 opm
{increasea pup mortalities during lactation period).

31
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§ 2.0 Recommendations

$3.0

§4.0

2.1 A complete chemical analyses should be submitted to the Agency

of the technical grade 2,4 DP used to dose the rats in this
three generation study.

2.2 A palatability study of the test material shouid be done and
t+he results reported to the Agency. :

Introduction

Weedone® contains the actlve ingredient butoxyethanol ester of 2,4 DP
acid. The acid moeity was fed in this study to Sprague Dawiey rats at
doses in rat chow: | (0 ppm), |1 (125 ppm) 111 (500 ppm), and IV (2000
ppm). The study was performed by the Huntingdon Research Center, 216
Congers Rd., NY. NY. 10956 (the center is now closed) for the Amchem
Divisicn of Union Carbide in order that the potential to affect the
reproguction performance in rats may be 2ssessed. Effects on the parental,
fetal, and neonatal survivability and weight gains were also observed in
order To assess the oral toxicity of 2,4 DP acid.

The three generation study was started on April 12, 1977 and completed on
October 2, 1978. The composition of the lrechnical grade 2,4 DP fed to
the raTs was not submitted by Union Carbide.

Methods:

4.1 Cne hundred twenty (40 male, 80 female) Cri:COBS CD (SD) BR

§5.2

weaning rats were obtained from Charles River Breeding laboratories,
Inc., 251 Bal lardvale Street, Wiimington, Massachusetts 01887. Animalis
ware housed five (5) per sex per cage In suspended wire meshed stainless
steel cages. Light cycle was 0700 through 1900 hours. Urine and

fecas dropped onto DACB papter (Upjohn). DACB papter changed at |gast
three (3) times per week. GLP was followed in these experiments.

During the mating phase one male and two femajes were housed per suspended
wire meshed stainless steel England breeding box. After twenty days,

and when sperm was observed microscopically in the vagina of the femaie,
the males werfe housed five/cage. Females were individually housea in
plastic breeding boxes containing approximately three inches of Sani=Chips
(Saint Regis Paper Co.) for bedding. Presumably, these Sani-Chips were
acceptable to the dams for nesting.

After a seven (7) day acclimation period to laboratory conditions

.the animals were assigned to The following groups and received the
incdicated diet: Group |, O ppm; Group [l, 125 ppm; Group I11, 500 ppm;
Group 1V, 2000 ppm into-Fig premating phase and 1000 ppm thereafter. In
each dose group there were 20 males and 20 females. Basic diet given

was Micro Mix Rat Diet.

Fo_Generation:

Animais in the Fg generation were maintained on their respective diets
for sixty (60 days). One male and one female were then placed into
mating cages for twenty (20} days. Upon the identification of sperm in
the vagina of the female, the female was placed into a breeding box 1nd
alfcwed to give birth fo *he FiA generation. The FIA generation was

raised until weanling and then sacrificed. Approximately one-thirg
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(1/3) ot the Fla generation was subjected TO necropsy examination at
twenty=-cne (21) says of age.

After a seven azy rest period, the FC animals were remated, using different
male/female pairings for ns longer then twenty days. This mating producted
the F1B generaticn. Whan the F1B generation was twenty-one days oid,

twenty (20) maie and twenty female rats wers selected from the |itters

of each group to become the parents of the next generation. Remaining
weanling animais and the animals In the FO generaiion were sacrificed.
Approximately cme—third (1/3) of the weanling animals from the F1B generation
were subjected T™ a gross necropsy examineation.

F1B Generation

Due to the reducmd numbers of young and low body weights of parents the

high dose level =as reduced to 1000 ppm of the test material on October

19, 1977. Animais in the FI1B generation were maintained on thslr respective
diets for sixty smys. The animals in the F1B generation were mated as
described for the FO generation and produced the FZA and F2B generations.

When the F2B gener=ation was twenty-one days oid, Twenty masle and twenty
female rats were salected from |itters of each group to become parents

of the next gener=tion. Remaining weaniing animais and the animals in

the F1B generaticn were sacrificed. Approximateiy one=third of the
weanling animals *~om the F1B gsneration were subjected to a gross necropsy
examina<Tion.

FZB Generatlion

Animals in the = gensration were maintained cn Their respective dlets
for sixty days. T~he anirals in the rZB generaticn were mated as described
for the FO generzTion anZ produced the F3A and F3B generations.

When +he FJB generatlion was twenty-—one days ola, animals in the F3B
generaticn and TS generation were sacrificed. Animals in the F3B generation
were subjected T= 3 gross necropsy examination.

Zbservations

S.31 Parental Aniz==is:

a. Dailv Observr=tions: All animals were coserved each morning and
afternoon for morTality and were observed at approximately the same time
each day for appe=arance, behavior, gait, anc signs of toxic effect.

5. Food ConsumcTion: Food consumption was measured wsekly during the
sixty day premaT.ng phase of each generatica.

Ce Beev _deignT: Sody weignts were recorded foi each parental rat In
all generations <n a weekly basis during the sixTy day premating phase.
Materna! znimals »ere weigned on days 0, 7, 14 and 20 of pragnancy.
Maternal 2nimals c-=oducing the F1B, F2B anc 738 generations were weighed
on days 2, 7, 14 =2nag 21 oest partum. HNew born animals wergweighed on
days 0, 4, 12 anc Z7.

33

h e — + —— 1 p——— Sy o & ST PPYY e Wt w4




§ 6.0

6.1

001995

Y

d. Pregnancy Rate: The pregnancy rate was calculated for each genexration
as the ratio of the numbers litters borm to the number of females
paired.

e. Mating Performance: During the mating periods, vaginal smears
were prepared daily and examined microscopically for the presence of
sperm. The day that sperm were seen was termed the day of mating and
day zero of pregnancy. Rats were observed to determine if thsre were
any effects upon the estrous cycle.

£fa Gestation Period: The length of gestation was recorded for all
generations and data for test and control animals compared.

ge Litter Data: As soon as possible after birth, pups were counted,
litters weighed, mortality determined where possible, and pups examined
for external abnormalities. The pups were again weighed on days 4,

12, and 21 post partum. Pups were sexed at day 21.

Results

Parental Animal Cata

survival = All rats survived (except one killed by a falling cage) i=

all close groups in all three generatioms. Thus, 2,4 DP did not effect
survival of either male or femazle rats. Only a few rats were affected
were affected by intermittant disease and was random in the dose orcups

and considered normal for this strain of rat. Appearance, behavior,
gait were all normal.

Food consumption - Male and female rats were affected (less consumed) at
the high dcse of 2000 ppm in the F0 generation. Males in the Group IIIX
F1B and F2B generations ate less than controls. All other food consumption
was the same among controls and treated rats. In those groups affected,
food consumption was lowered 5-10%.

body Weights - Commensurate with less food sonsumption, body weights in
the high dcse group were decreased 5-10% compared to controls. The low
and mid dose group weights were the same as controls.

Pregnancy Racte - The rates of pregnancies is each group and generaticn
were normal (90 - 1002) and no differences occur due to 2,4 DP treat=ments.

Gestation period - The gestation periods were unaffected by 2,4 DP acid
and were 21 or 22 days.

Litter Data

Litter size - The litter sizes are given in Table I. There appears o

be no significant differences in "averages" amoung the groups or amcung
the generations, therefore 2,4 DP does not seem to affect litter number
of pups. However, if the number of litters which have 8 or less pups
are scored ‘Table I), it is seen that 2000 ppm in the F1A and F2A
litters produce these smaller litters.
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Fetal Mortality - At day zero (at parturition) the percent cf dead fetuses
show definite 2,4 DP affects at 2000 ppm in F0 --> F1B and F1B ===)> F2A
(Table I). This increase is dead detuses is not seen in successive
generations where the high dose was reduced from 2000 to 1000 ppm. It
should be noted that a slight fetal effect*®* at 500 ppm (Group III) is
seen after the F1B ---> F2A generation which is missing altogether im

the FO0 whelpings.

Neonatal Mortality - Groups III (500 ppm) and IV (2000 ppm) show significant
neonatal mortality responses to 2,4 DP in the PiB-——> F2A generation
whereas only the 2000 ppm shows neonatal responses in the F0 generations.

After the high dose was reduced from 2000 to 1000 ppm the mortalities are
same in the high dose as controls. The mortality from 500 ppm treatments
tend to show slight increases* (compared to controls). The low dose (125
ppm) produces increased necnatal mortality only in the F3B genexation.

Mean Pup Weight -~ The mear pup weignts are recorded in Table II pups at
birth and at the end of the lactation period (at 21 days).

At birth (day zero) - a slight reduction (Group IV) in mean pup weight
is seen in the F0 --->F1B generation. Mean pup weights are the same
among the treatment groups in all other generatioas.

At the End of Lactation - A definite reduction was seen in Group IV
weights in F1A and F1B pups. After the high dose reduction no deczease

in pup weights were seen compared to controls in any other generation.

Sex - There was no change in the proportion of males and females in each
litter with treatment of 2,4 DP in any of the generations.

Classification of Study: Core Minimum (because of the deficiencies

indicated in § 2.0).

*NMot statistically significant fram controls when compared by a standard
2x2 contingency test.
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TABLE 1L
Mean Pup Body Meight (Grams) + Standard Devistion (%)
Treatoent, Group Sroup Group Group
gseneration 1 11 111 4 4
(0 ppm) (125 ppm) (503 ppm) (200071000 pem)
Fo'F1a (a) (%) (s) (%) (9) (=) (9) (%)
At Birth 6.18 + 6.8 6.18 + 15.7 6.22 + 12.9 6.27 + 14.2
(zero days)
End of lact. . -
(21 days) 43.1 + 17,2 45.3 + 17.8 43.0 + 16.6 34.5 + 7.2
Fo~Fia
At Birth 6.51 + 11.1  6.34 + 10.4 6.26 + B.9 6.08 + 14.5
(Zero days)
End of lact. 46.4 + 20.4  43.8 +17.7 40.1 + 14.3 33.5 + 3l
(23 days) s
FifFoa '
At Birth 6.72 + 137  6.34 + 7.25  6.49 + 12.4 6.70 iz
(Zero days)
. 34,4 =2 Bss
End of Lacz. 3.9+ 24.4 33.22+12.8 N.6+ 13
(21 days) | .
Fig"Fz
At Birth
(Zaro days) §.56 + 9.1 §.31 + 7.3 6.46 + 14.4 6.34 + 10.4
End_of Lact. 39.8 + 21.3 38.3 » 16.9 39.6 + 21.3 37.1 + 20.8
(21 days)
Fog™ Faa
At-Birth .13+ 17.9  5.99 = 9.7 §.28 + 8.9 6.18 + 12.0
(Zero days)
End of Lact. 38.8 + 16 39.0 + 13.7 42.5 + 27.0 39.7 + 28.2
(21 days)
Fog™ Fag §.73 + 15.9  6.65 + 9.3 6.75 + 13,2 6,38 + 7.1
— 39.2% 17.5 8.3 = 18.0 39.6 ¥ 20.0 33.3 ¥ 11.8
EreD ot L d — - -
(2t days) - —_—— - -

}Ja'\."e.,'. ‘-E_Mk veulue I8
: % Vari et ien 140 Sectd amuF.

e e grams

weaight = Fha
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Eighteen Month Oncological Feeding Study with 2-{2,4-dichlorophenoxyl
propionic Acid to Swiss-Westes CD-1 Mice at Doses of 0, 25, 100, and
300 mg/kg Body Weight. ;

§1.0 Conclusions: [264~231; EPA No. 242035, 6,7,8)

1.1 Survivals, food consumption, and hematology were normal among the
dose and sex groups.

1.2 Stress toxicity was manifest at 25 and 100 mg/kg by increasing
hematopoiesis, myelopoiesis, and granuloporesis which is a cypical
response of aqgeing mice. Thase syntheses were accompanied by scme
anisonormocytosis.

1.3 B3ile retention (with some bile duct duplication) was obserwved at
the 300 mg/kg dose as well as areas of degeneration and other liver
areas cf regeneration. The LEL for ger_ral toxicity is set at 300
ag/kg and NOEL toxicity = 100 mg/k~.

1.4 WNo +tumor kinds {(benign or malignant) or types (cell- or tissue~
specific) were dose related o the feeding of 2,4 DP. t should be
noted that excessive (18.0%) hepatomas were ween at the high dose
{300 mg,/kg) males compared ¢ control males (7.3%). This response is
viewed as an effect not related to the doge of 2,4 DP.

§2.3 Introcuction

Jnion Carbide is submit:ting for review a 1.5 vear (18 Month) oncological

Swiss~wWebster CD-1 mouse study on 2,4 DP. The 2,4 DP in this study
was adm:nistered in the zeed at dcses of 0, 25, 100 and 300 mg/kg body
weight. This is eguivalent to concentraticns of 0, 175, 70C, and 2100
oem of 2,4 DP in the feed. The tecnnical grade of 2,4 DP (EPA EST.
No. 15440 ZN-!) was used. The study was started by Chemcials, Drugs,
and Cosemetic Research [ZZC) on 8/77/77 and was terminated on 1/25/79.

§2.2 Methods

3.1 General Design and Zoriduct of Test

This 1.3 year feeding study to CD-1 mice was conducted in a manner
similar <o the rat study seviewed in Subpart J. § 3.1 and 3.2. Only
2xperimental matters unigue TO the mouse study will be described here.

Mice weiched 10-12 grams zpon arriwvzl at CDC Laborities and were
acclimated six weeks Lefcre starting feeding exposure o 2,4, DP.

3LP was Icllowed _n animal nusbandry. Mice were okserved daily for
viabilizy and Moncay thru Friday for pharmacologic or toxicologic
2ffects and behavioral changes. 7Food consumpticn and body weights
were measured weexly (0-:3 weeks) and then monthy thereafter. Organs
“eighec upen necrcpsy were >2rain, Zeart, liver, kidney, adrenal, and
zestes.

#
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Tissues examined histopathologically in mice were the same as those

listed in Subpart J. § 3.2 (rat study). All mice were necropsied whether
sacfriced because of moribundity or died before term or sacrificed at term
(81 weeks = 75% of CD=1 lifetime). All tissues in each necropsied mouse
were examined with few exceptions.

Hematologic examinations of heart blood was odne on 10 male and 10
females. Measurements were made on blood hematocrit, hemoglobin,
erythrocyte count, MCV, and differential leukocyte counts, and platlets.

3.2 Methods of Oncologic Toximetric Analysis

The same methods and criteria employed@ in the previous rat study (Sub-
part J, § 3.3) were used to analyzed the present CD-1 mouse oncologic
response.

§4.0 Toxicology Observed in Swiss-Webster CD-1 Mice

4.1 Survival - Survivals were the same among the treatment groups
and sexes. Thus, 2,4, DP as high as 300 mg/kg showed no life-
shorting effects in CD-1 mice.

4.2 Clinical Signs - Signs of old age were manifest in term mice
and were distributed randomly among the dose groups and sexes.

4.3 Body Weights - Mice were an average of 10-12 grams upon arrival,
22-23 g at start of test (average among :sandomized groups), and 41
grams at erm. There were no differences in body weights among the
dose groups and sexes.

4-4 Tood Consumption - At the start of the test all groups consumed
Wayne Blox at an average of 1Cg/day. At the end of test consumpticn
was 5-6g/day among the four groups. Thus, 2,4, DP did not effect
food consumption.

4.5 Organ Weights - Only liver weight changed with dose, and then,
only at the high dose of 300mg/kg. Males showed a 59% increase in
relative liver weight (55% increase in absolute weight) ard females
showed a 25% increase in relative liver weight (213 in absolute
weight).

4.6 Hematology - The values HCT, HGB, RBC, WBC, and MCV did not
sicnificantly change among the dose groups and sexes. Although
WBC's were normal some anisonormocytosis was observed (see 4.8 belcw).

4.7 Hematopoiesis - There was a definite {(p=.01) increase in male
and females in hematopoiesis in marrow, spleen, and liver in the
£irst three dose groups (0, 25, and 100 mg/kg). The high dose group
did not show increased erythroid cell production.

32
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4.8 Myelopoiesis and Granulopoiesis — Males show an increase in low 5
dose group compared to controls (=.02). Females showed a dose/
response increase (p=.03) at all four dose levels.

4.9 Neural Involvement - Sciatic nerve, spinal cord, and brain were
each reviewed for any responses to 2,4 DP. There were no dose
related neural effects in these tigsues caused by 2,4, DP.

4.10 Lymphoreticular System {LRS) Involvement-lymph nodes, spleen,
thymus and myeloid tissoes were each reviewed for arteritis,
thrombosis, hemorrhage, infartion, lymphangiectasis as well as
cellular hyperplasa, hypoplasia, and hypertrophy. There were no
2,4 DP - induced effects except some lymphoid depletion in the
spleen in the high dose group.

4.11 Liver ~ Males and females showed bile retention at 300 mg/kg, only.
Liver cells also became irreqular in shapes (anisocytogis).
Consicderable (p<.001; kepatic regeneration was observed in the
high dose males along with areas of degeneration in both males
and females.

4.12 Kidney - there was an effect in the high dose group of interstitial
nephritis and iIntratubular pigment.

4.13 Gastro intestinal Tractz - Some gastric erosions were seen in
treated groups (II = 3, III = 2, IV = 2 ) with none observed in
the control mice.

§ 5.0 Oncological Response cf Swiss - Webster CD=1 Mice to 2,4 DP.

Review of over—all tumor incidence data showed: (1) no increase
in tumors (male and female) of all kinds with dose, (2) no
increase in begign or malignant tumors with dose, and (3) no
increase in “mmor load (# of twmors/mouse) with dose.

The most frequent obserwved tumors in this experiment occurred
in the lung as benign z2lveologenic adenomas:

Dose: Z 25 100 300
(mg/kg) M E M ] E M E

(L]

Lung 20/S0 12/9C 9/50 5/50 8/50 5/50 10/50 1/50
freg.

It zan be seen there are no Z,4 DP dose related increase of lung tumors.

The second most fregrent tumc= occurence was benign liver tumors

{hepatomas) :

Dose: z 28 100 300
(mg/%g) M E u £ x F n E
Liver

freg. 7/90 0/90 3/50 2/50 17306 /50 9/50 1/50
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The hepatomas {M+F) are dose reiated according to the positive trend
analysis of Peto ((.01). However, the trend is driven solely by the
response in the high dose group. Thus, the response is viewed as
occurring at 300 mg/kg possibly due to liver toxic stress (see sect1on
4.11 for corroborating evidence).

The lymphoreticular system (LRS) showed collectively the largest
malignant tumor response:

LRS Tumors (Malignant)

Dose: 0 25 100 3p0
(mg/kg)

M. F M F M F .M F
Cell! Type (90) (90) (50) (50) (50) (50) (50) (50)
Reticulum Cell 6 5 4 6 2 2 1 4
Sarcoma
Thymic 1 1 1 0 1 2 0 1
Lymphoma -
Nonthymic 2 0 0 0 0 1 1 0
lymphoma
Myeloid 0 2 1 1 1 1 1 1
leukemia
Erythrocytic 0 0 0 1 1 1 0 0
leukemia
Lymphocytic 0 0 0 0 0 -0 1 Q
leukemia :
Leukemia 9 0 0 0 0 1 1] 0
unspecified —
Total: 9 8 6 8 6 8 4 6

These data show that males show no dose response of any specific LRS
tumor or collected total LRS tumors. Females show only marginal effects
in reticulum cell sarcomas and total LRS tumors (p =.01) and then only at
the Tow dose.
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Of mice dying before term 57 of 87 had L&S tumors, but these were
randomly distributed among the dose and sex groups. Of the number of
malignant tumors discovered at term 16 of 32 wvere LRS tumors, but these
tumors were also randomly distributed among the dose and sex groups.

Mice are known to exhibit a high level of LRS tumors especially in old
age. The percentage mice before term (6E%) with LRS tumors is high in so
far as LRS tumors when they do occur are life-threatning thereby
enriching the frequency of discovery of IRS tumors before term because
the mice sucumbing to these tumors are likely to die early.

These data taken together suggest that CD-1 mice normally get some
LRS tumors (control =9.4%, historical comtrol average = 8%). 2,4

DP &oes not increase total LRS tumors nor any specific tumor type in the
LRS.

§6.0 Discussion of Results

Survivals, foods consumption and hematology were normal in the
C—-300 mg/kg feeding dose range. Stress toxicity was seen by
increased hematopoiesis, gramilopoiesis, and myelopoiesis in dose
groups 0, 25, and 100 mg/kg. This is expected in old mice. ILiwer
weights were increased by bile retention at the 300 mg/kqg dose
leading to areas of degeneration and other liver areas of
regeneration.

It is conclused that the MTD (CD-1 Mice) is 100 mg/kg and LEL is
360 mg/kg for long term feeding toxic effects. No tumor xiné oXx
type was shown to be related to the feeding of 2,4 DP to CD=1 =a"e
or female mice for 1.5 years.

§7.0 Classification of Study: Core Guideline
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J. Two Year Oncological PFeeding Study with 2-[2,4, Dichlorophenoxy] Propicnic Aciad
/ in Sprague Dawley Rats at Doses of 0, 25, 50, 200 mg/kg.

[264~231, =222, =307, =308, -309; EPA Accession No. 244-=476,-478, =479, -480, =481]

§ 1.0 Conclusions of Two Year Oncology Study in Sprague Dawley Rats

1.1 Dioxin content of 2,4 DP formulations (including those formulated with
2,4D) should be assessed. TO0X defers to RCB as to dioxin content of
these formulations.

1.2 The toxicity of the manufacturing impurities of 2,4DP Acid (listed in §
4.0) are unknown at this time.

1.3 The high dose (200 mg/kg for 60 weeks, 150 mg/kg 44 weeks) produced pro- !
nounced toxicity to Sprague Dawley rat liver, kidney, and lymph nodes
(histiocytosis) in both sexes. Males were also particulary effected by
lung congestion, chronic prostatitis, and testicular atrophy with hyper-

Plasia and edema. Females had remarkable adrenal cortical degeneration
and increases in pituitary pigmentation.

1.4 The MTD for the chronic feeding of 2,4DP acid is set at 50 mg/kg for
Sprague Dawley rats.

1.5 Females had 34 to 66% more tumors of all kinds and tissue types than
males. Females, howewer, did not show docse-related responses in benign
or malignant tumors (possably because of the high background in controls).

(N

Males showed an increase in malignant tumors of all kinds (p>.006) with
a corresponding decrease in benign tumors (linear correlation coefficient
==0.999).

1.6 The malignant tumor load in males rats increased with dose, 4-fold at
the low dose and 8-fold at the mid dose (p<.005). Increased tumor load
(with dose) indicates increased malignancy in males.

1.7 A significant increase in male pituitary carcinomas (p<.005) and in
male thyroid medullary carcinomas (p<.005) was observed with increased
dose of 2,4DP acid ( < 50 mg/kg). Occurrence of these tumor types in
the controls agree with occurrence in historical controls.

1.8 Life-times for rats with pituitary carcincmas were only moderately
decreased (-8.5%) while rats with thyroid carcinomas were not significantly
decreased (-2.4%).

1.9 There was a shift with dose from the malignant tumor pattern of the
controls (pituitary + thyroid = 37% of total malignant tumors) to the
treated grcups (pituitary + thyroid = 85-86% of total malignant tumors).
This shift to mostly pituitary and thyroid carcinomas indicates organ
specificity of 2,4DP oncogenic action.

o~ 1.10 Brain tumors, which are rare in the rat and in man, were observed in

L ‘ Grp 2 (M and F) to be in excess of brain tumors in the controls (M and
F). The degree of certainty is p<.025. The average life time of rats

diagnosed with brain tumors was reduced 22% from term, i.e. brain
tumors are siynificantly life-threatening.




1.11 It is concluded that 2,4DP acid is a carcinogen in male Srrague Dewiley
rats because of the following criterias

(0

1. mdmidmand&qmqﬂthdmecfaumlzgmntm
typss comparsd to controls.

Imundhddmm&my&mmmtypu
pituitary, thyroid, and brain carcinoms.

3. A dacresse in life-spen in rzxcs with pirundtary ard beain tunors.,
4. A shift with dose in the maligrant tums pattern in contyols to the
melignant wwmor pattern in the treated groups. The treatesd groops
had 85-86% of pituitsry and thyroid mlignant tumors whereas the

ctrols had 37% of these D tmor types.
. Iocreased tumor load (malionancy) in male rats with dose.

6. Comrrence in both sexes of a rare tmr type such as bxain tixnors.

§ 2.0 INTROOOCTION

Uhion Carbide Chemical Corporation is sumbitting a 2-vear Sprague Dewley
rat cocology study in partial fulfillmemt of Sscticn 3 guidelines cm 2,4
dichlcrophenoyy-2-rropionic acid (2,4 DP acid, also called dichlorzop).
Notably Union Carbide is submitting onclogy data on the wnesterified 2,4 =P
acid oot cn the formulated active ingredient 2,4 DP/BOE. UWicn Carhide &id
not subwwitt a raticnale for feeding Z.4 DP acid, althoush it follows that
tnion Carbide considers 2,4 DP acid as the residve of concern. Mo animsl
ar plant netabolism stidies have been reviewsd by (he Agency. Such studies
could delineate the residue of concern in the enviromment or when contacting
applicators per od, percutanecusly or by respiratien.

Thechezﬁ.calcnusnsitionafﬂntedmicalg:aleZADPam‘dvusedinthe
feeding study was:

O

2={Z,4 dichl } proepicmic acdd 95.0

MANUFACTURING PROCESS INFORMATION IS NOT INCLUDED

Z4DPamd(tmmjorca@m)umtﬁmthekgismofmmﬁfﬁec=
of Chemical Substances as cnly slightly toxic (oral) and is Catecory ITT im
sidn woxizity. :.scnlys].ighﬂyhcnc(oml)azﬁzs
toxic <o skin, Category IT. at 430 ma/kg. Mo carcinogenic effects of 2,3
DP acsid, or*‘ucmmmﬁmgrcdncts are koown to the Agency. The dicesin
contente of 2,4 DP acid or 2,4 D in Weedone ® formulaticns is not xnown at
this <ime.

)
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3.1 General Design and Conduct of Test

The 2-year feeding experiment was performed by Chemicals, Drugs, and Cosmetics
(CDC) Research for amchem Products Division of thion Carbide. The study commenced
on 5/18/77 axd terminated cn 5/25/79. Sprague Dawley rats (randamly bred amd
selected) were used to test 2,4 DP acid.

Group 1 (control rats, zero mg/kg) wers fed Wayne lab-Blox containing no 2,4

DP acid whereas Groups 2, 3, ard 4 were fod 2,4 DP acid mixed into the lLab-Blox
at levels of 25, 50, and 200 mg/ky body waight. These doses correspord to 2,4,
DP acdid concentrations of O, 500, 1000, and 4000 ppm in the feed. Ik was found _
necessary to lower dose group 4 from 200 to 150 mg/kg (4000 to 3000 ppm) at 60. i
weeks of the 104 week experiment due to poor weight gain and general sions of :
toxicity. :

Rats 75=100g. body weight (Charles River) were commenced on test at 4-6 weeks
of age. Rats were radcamized and singly caged just before cnset of the test.
handling of rats followed Standard Procedures of @ad laboratory Practice.

3.2 Experimental Evalustions . !

Rats were cbserved daily for toxic effects and examined once/week for the

appearance of any swelling or mass. Rats showing advanced signs were euthanized

& necropsied. Food consunction was recorded weekly in early life (13 weeks), every

two weeks for the next 12 weeks, and then monthly. Somples of feed were taken to
— verify dose but the results were rot reported to the igency by CIC Research.

Cohthalnoscopic examination was performed cn 10 rats of each sex for each dose
graup. Bemotologic examination was performed twice, cnce at week 67 and once i
at week 103 on 10 rats/sex/dcse group. Hlood from clipped tails

was analyzed for. hemaglobird, RBC, MCV, differential leuccocyte comte, and
platlets.

- e ——— e

All tissues* were examined histologically (B&E stains) in all animals killed
during the 2-year test and in all animals sacrificed at term (104 weeks) except
the parathyroids and escphagi in the low and mid dose groups. Fathology Report
Sheets were supplied for each of the 480 Sprague Dawley rats listing results
and comments on each tissue. Before the rats were killed gross chservations
were made and and upon killing the brain, liver, kidneys, adrenald, heart, and ;
testes were weighed. 4

3.3 Methods of Oncologic Toximetric Analysis : {

nmrss}mdxx;signiﬁmmimiduce(byxzcmﬁngmqtuts)arew '
as the mxber of those tumrs scored amd compared o the expected mumber of
those tumors that would ocaur if 2,4 DP acid had no ancogenic propertied, i.e. 2.
to those that would ccouwr by randiom chance. A positive trend in tumr response -’
with dcee was evaluated in each case.

* All grossly visible lesions, eacrhagus, nasal sikull, stovach Drain, small intesting, ' -
cituitary, large intesting, eyes with Barder’'s gland, salivary glandd, tongud, 1 -
skirn, larynx, mammary gland, trachea, iymph noded, lungd, tested, thymus (if visible), ' 3
C~ epididymi, heart, seminal vesicles, thyroids /perathyroids, prostated, liver, cvaried,
' sancreas, spinal cord spleeri, sternebrae adrenald, smau.cnervek:.dneys mascle,
rinsry bladder, uterus.

4
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Frequency intervals evaluated were 1 week using Peto's "death rate method”
[Petd, R. et al. IARC Mcnograph-long Term and Short Term Screening Assays for
C Carcinogens: A Critical 2ppaisal Supplement $#2, Amex, P. 31I, (1980)]. A
further comparision-was made of dose effects with the frequency of cbserved
tunors (FOOT) by calauatating the muber of rats in which a specific tumr was
discovered at a certain time in the test divided by the total rumber of rats
alive at that tims .in that group. For a specific time frame, e.g. "dwing” or
“"at term™, the sun of the FOOT was made to get the total frequency of cbheerved
tumors in that time period (sum FOOT/time period). ?

Criteria examined in this review for axogendcity were: (1) increased incidercs
and (2) fraguency of turors amung the dosed groups, (3) decreased 1i

for animals bearing a certain tumor typd, (4) existence of rare tumore, (5)
incressed tumr load (M. of tumors/rat), and (6) increased malignancy (incressed
No. of malignant rumors campered to Mo. of rats with tumors) in dosed groupd,
and (6) changes in tumy pattern in treated groups in comparision to controls.

o

§ 4.0 PResults

4.1 MdtymmwnawleymMZADPaddfmZygam

G:'uxpl(o;,gm)'.&a:pz(soomn)'.and&wp3(lmonm)cansunadanavumge ;
of 26 g of Seed/day (wales) and 19 g/day (females). Whersas these dose groups '
differed little in food consumpticr, Group 4 (4000 pm) consumed less than .
controls (15% less for males and 16% less for females).

Groups I, 2. anl 3 showed similar weicht gains throught the 104 week experiment. i
Group 4 meled, however, showed a 22-25% less weight than controls. Group 4 H
males departed in weight fram controls at 10 weekd, and fell precipitcusly at 49
weeks. C(DC Research lowered the Group 4 dose 4000 ppm to 3000 ppm at 60 weeks
£il term. Group 4 males weights stabilized at 61 weeks and remmined at a constamt
ratio with controls til term. CGroup 4 famales depsrted in weight from controls
at 10 weeks with the difference ever widening (despite lowered dose) to a 363
éifference Sum cxtrals at term.

)

Incresses in relative were ceen in the brain and liver in Growp 4.
tasgueg . @9 . kidneyd, adrenald, and tested, were not !
increased v 2,4 DP acid. Relative brain weights to body weights wers: -8
Table 2
Sex Goum 1 Group 2 Groap 3 Group 4 .
Male 0.41 0.43 0.42 0.54 i

Fermle 0.47 0.51 0.52 0.70

'nzin:zaaseinrehuvebramweights (approx. 25%) was apparently due to the
amoung the Sour groups. Liver relative weights were:

e

Table 3

[ ——
v

Sex Group 1 Group 2 Group 3 Growp 4
{:f Males  3.51 3.67 3.64 5.34

Famles 3.26 3.41 3.42 5.27




This relatively large increase (508) in Group 4 is

. 0
. 01995
ecresses
C. in body weight as previcusly noted but slso to an absolute incrsase in liver

Table 4

Percent Decremses in Gooup 4 Conpared to Controls

Batocrit mc
Males 33 36
Femnles 28 22

Graups I, 2, 3 were similar to emch other in all hematological values.
Non-necmlastic toxic lesions were noted clinically and histopathologically in

the llowng cxgans:
Table 5
Sxgan Sex Pathology
~ Pituitary ¥ Slight dose-related increase
S in pigment with dose of 2,4 DP.
Lung M Mild increase in congestion with

W e mppemtim s e e oregmen o
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Iyogh Nodes M&F Increased histiocycosis in nodes amd
airsses.

m—neophstictoxiclesimlapp-artosredcnimtem&-wp4thmby
indiecatiig, along with decressed weight gair, tat 4000/3000 ppn (high dose) is
toxic to Sprague Desdley rats.

exmminaticns were perfoumed on 10 rats of each sex in control amd

GECKID ware performed by slit light on these rats as
0, 13, 26, 52, 78, and 104 weeks. D dose-relatad effects on the eye wares seen
in these rats fed 2,4 DP. All groups deonstrated the vsual weoportions of

age-relatsl eye disorders with most rats remining essentially normal til tsrm.

Swrvivals among the four groaps were as follows:

Tahle 6. Texm Survpval of Soraque Dawley Rats Fed 2, 40P Acid

K-\
N

sex Grospl  Gowp?2 | Gl Growd

Males - 53/%0 23/50 25/50 23/50
{100%) (125%) {99.2%) (89.8%)

Femles 57/920 32/50 33/50 27/50

(100%) _ (101%) (104.2%) (85.3%)

“TT§ 5.0

Note: Swvivals relative to controls are given in parentheses and were calculatsd
by integration of the survival axves and taking the comtrols as 1008. Survivals
are emamerated at term 104 weekd, fir exanpld, in Grp. 1 males 53 survived the
104 waeks of 90 males vhich started the test.

is also likely that the palatability of the feed was affscted at the high dose
since 2,4 DP acid was 0.4% by weight (= 4000 ppm).

Tame Incidence cbserved in the 2-vear Feeding Studv of 7,4 DP Acid

5.1 Tumr Incidence of ALL TOMOR KINDS (Benicm and melicnant) and
ALL TISSUE TYPES.

The raber of benign plus malignant tueors of all types were scored: the percensage

of rats exhibiting either a benicn or malignant wr or both is given is
parsntheses in Table 7 and swvival corrected data in Table 8.

'mesereaultsshadthemldmcecftummmhzghmangrmps Females are

than the males (ratio’'s of females to males in the Sour groups are 1.34,
1.66, 1.30, and 1.53). These results do not indicate a dose-related trend in
total tumwrs of all kinds and =ypes.

r -
+

|
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Predictably the low dose of 1 mg/kg (average 210 ug/rat) given for a gshort a time

in larger rats would aot be expeactsd to show wery high tissue levels of 2,4-DP.

~ This is, in fact, what was observed in the 14 day experiment. Had the dose been
higher with a longer time, @.g. 6 weeks, the potential for biocaccumulation could
have baen better quantitated. As it was, lower levels (.01-1 ugs) where present in
liver muscle, thyroid, adrenal with somewhat higher levels (.07-.45 ugs) were present
in kidney, fat, and plagma upon complation of the expariment. All tissues showed
accumulation of radioactivity after 14 consequtive days of dosing compared to the

ist day with discernable dose-related increasss ssen in the liver, thyroid, and

fat. Accumulated levels of radioactivity were higher in the male than the female.

It is concluded that males do not clsar the radicactivity in the urine as quickly

as females and have higher accumulated tissue lewels upor repeated dosing. The major
sites of accumulation are the kidney and fat with minox sites in the thyroid and
liver. Only the fat, bowsver, showed the potential for long term persistence of
radioactivity.

4.6 Metabolism of 2,4-DP

Thin layer chromatography was the method used in thes~ preliminary studies to
determine the metabolites of 2,4<DP in rat wrine. N Rg v-lues were given. The
registrant made the claim that the major aspot was 78-86% "< the total radicactivity
in urine and that this major spot was unmetabolized 2, - .

Without proper identification of the migration of this major constituent in both
solvent systems, compared to authentic 2,4 DP, 2o conclusions can be drawn from
these studies. An unequivocal method of amnalysis would have been identification
of the metabolite by gas chromatography separation and mass spectrophotometric
proof of each peak's chemical identity.

The two metabolites (other than the major spot) were more polar than 2,4-DP. This
was shown by their slower migration in nonpolar sclvents compared to 2,4-DP and thexx
extractability in ethyl acetate but not in chloroform (polarity ethyl acetate > CHC1,) .

It was suspected that 2,4-CP was conjugated as a glucuronide thereby making these
radioactive forms migrate more polar. Strong acid and strong base cleaved the sonjugate
so as to run as the major spot (which the registrant claims is 2,4-DP). B-glucuronidase
split the metaboliter and the radioactivity migrated similar to the major spot. The
regults sugygest that less than 20% was conjugated as glucuronide.

!
t
H
4
i
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What is not clear is the identity of the metabolite that is conjugated or the major
spot. It is suggested that clear pictures of the chromatograms be submitted showing
solvent fronts, origin, and spots and tabulated Rgf values of all spots including
reference standards of 2,4-DP and 2«4 dichorophenol. Alternatively, the experiment
of dosing could be repeated with GC separations of urine constituents with mass
spectrophotometric proof of the GC peaks.

e o

Verification of the fecal metabolites of 2,4-DP should be identified. With urize
and feces the complete metabolic pattern can be reconstructed since no label was
expired as 14002.

Ir conclusion, the identification of urine metabolites of 2,4-DP were not conclusive.
Tecal metabolites were not determined.

Classification of Study: This study is not classified as a matter of policy. Due
to the deficiences in the metabolite Jdetermiaation this study can be considered

only supplemental until such time the metabolites in urine, feces, and tissues are
adequately determined whereupon the classification should re-evaluated.
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Tehle 7. Uncorrected Tumr Incidence of ALL TISSUE TYPES (Benign + Malignamt)

Sex Sroup 1 Group 2 Srowp 3 Srowp 4
Males 63/90 35/50 53/50 24/50
(70%) (70%) (66%) (48%)
Femles  85/90 47/50 33/50 35/50
(94%) (94%) (%0%) - (70%)

Table 8. Tumor Incidence of ALL TYFES (Benign + Malignant)
[Corrected for Survival] (%)

Sex Graap 1 Group 2 Group 3 Groap 4
Males 70 ) 56 66 54
Females o4 o3 86 a2

The tumor incidence (%) is correctsd for the relative survival given in sec=ion
§ 4.I, then the tunr incidence was calculated & may be used fir irzergroup
conparisions.

5.2 Benion versus Malignant Tumcrs (All Tissue Types)

Farales rats do not show a dose-related response to Z,40P acid with respect to
beniem or mliognant temors. Thud,

Table 9. Benign vs. Malignant Tumors

Sex Kird of Tumx Growp 1 Croup 2 Group 3 Groso 4

Females  Benign a e 80 52
Malicpant 42 40 26 30

Males Benign 52. 40 34 26
Malicgnart 27 42 48 26

Bowever, males do show dose-related responses of ane or more tumors per rat in
tumr incidence. Tt can be seen that benign tumors decrease in males with dese.
Malignant tumprs incresse with dose in male groups I, 2, 3 (positive —remd
- single~tailed test, p<.006). The linsar correlation in males between benign amd
) malignant tumr responses is r=-0.999 which suggests benign tumors are converzing
to malignant tumors with increasing doses of 2,4 DP acid.
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Group 4 iz decressed with respect to graups 2 and 3 in benien and meligneme
tmors wiich is 1iksly due t the toxicity (competitive) described in § 4.1 for
the high dose group. The decreased incidence of wzmes in Group 4 males is not
dus to decressed survivals since Group 4 males survived 90% as well as male
cmtrols. T ls potshle that Group 4 males and femmles had even less incidence
of benign or meligneant toeors than controls. This is wexplainable at this time.

5.3 mammamummmm-mmnm

In the previcus ssction '%ixx:im was calculated by dividizy the muber of
rats with teers by the meber of rats starting the test. BHerd, the freguency of
ccarere 1s calanlated by dviding the mober of rats at 2 given the with
malionant twors by the rats alive in that growp at et tims. Further,

are smmed doring test and compared to the sum of the i
term. ﬂmmlymlimhmmzkmuﬂapwdmamdin&eﬁm?Zu:hdme
(in nalea)y, only freguerncdes of malicmant tumors will be caleulated below:

Table 10. Suraary of Malionant Tumor Frecuencies of ALl Types

Dose | Freg. of | FPreg. of Malignant | Freg. of Maliomant
Geoup | Tumors (ALl Types) | Tmors (ALL Types) | Txoor (All yoes)
| Dering 2 Yrs. (%) } Discoered at Term (3) | in Mtire Exceriment
| | (%)
| | |
| | |
lI Males Females , Males Yemsles ; Males Fexmlcs
| 1 i
] ] |
c:mt:rclll 21.00 30.18 } 18.9 38.4 { 39.9 £2.38
] | |
| | |
1 | |
Low } 23.21 25.15 II 47.8 37.5 i 71.01 62.65
|
| [ ]
| | |
Mid Il 32.29 13.01 { 56.0 20.3 i £83.29 43.31
]
| | |
i | 1
| | !
High I| 18.29 23.12 l| 30.4 22.2 ! 48.59 £5.32
|
| [ |

Note: Summned frezuencies have besn converted to percent.

It can be ssen Som the table that males (and not fmmales) show a dose-reiaztsd
effect during test but the dose-velated effecr Is si-vngest at term. The ==tal
frequency (Gring test + term) for male ratrs Sor groms I,2,3 are:s 40%, 7T1E, 95%
{rounded) with a linear correlation coefficient r = 0.99. The Sreguency == which
male rats were discoveresd to have melignant t=mors correlates well with dese
(best at term) and is comsidered o bs an oncological property of 2,4 DP acid.,
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5.4 Rats with Single Maliomant Tumors versus Rats with Maltiple Malignant Tamors

Males rats with miltiple (2 or more/rat) malignant tumors increase with dose
vhereas famiss do ot show such a response.

Taihvle 11. Male Rats with Miltinle Malicnant tumors (3 of total *unors)

T
Sex Mutiplicity * - Grouwp 1 Group 2 Growp 3 Grom 4
Males e Tmmr 23 38 40 22
2 o more 1 4 8 4
Tetals . 28 42 48 26
Fepales OCne tummor 34 30 22 26
2 o e 8 10 4 1
Total: 42 40 26 30

T mumeer of melignant turors/rat + =ermed waltiple” in the texe

It ==y be sesnn from the sbove data that male rats with multiple mlicrant tuwrs
are increasiny with dose a8 are male rats with only one tumor. loracwer, male
rats with mitiple malignent tmmrs are incressing mroporticnately mcze than
those rats with single meliognent tumors as seen in the following tables

Table 12.
Comeision of the Relative M>. of Rats Baving ne Malignant Tumor <= the No.
of 3ats havirgy Multipls Malignent Turors (3 of rats with malignare <—wors)
T
Sex MaltEnlicity Greap 1 Group 2 Group 3 Groue 4
Males Sirie 96 90 a3 85
Multiple 4 10 17 15
Femles Single =\ 75 85 87
Maltinle 19 25 15 13

Note: Tor eech dese and sex group che singles plus multiples add o 1203.

Thus, In males *he muber of mmlicnant wwmErs Der rat is incressed with dese
vhereas the fmmales ghow a slight increase in CGroup 2 (25%) compared — contzel
(19%) =ut not in groups 3 and 4 It is determined that +he increased —umr load
in males is an cpcogenic property of 2,4 DP acid.
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C § 6.0 Specific Tumcr Types which Ocour in Significant Excess

in Treated Groups Compared to Controls.

6.1 Malicnant Medullary Thyroid Carcincmas

Malionant thyroid carcinomas were scored in this 2-year feeding study amd found =
be all medullary carconcms (54 scared) with the exception of ane tubular carcincmm
in the male controls. Scores cbserved were:

Table 13. Thyroid Malignant Tumor Incidence in a 2-year Feeding
of 2,4 DP Acid to Sprague Dawley Rats

Sex Groap 1 Graup 2 Groap 3 Group 4

Males 6/90 = 6.7% 11/50 = 228 11/50 = 22% 4/50 = 8%
(6.7%) (17.6%) (22.2%) (8.9%)

Females 9/90 = 10% 9/50 = 18% 2/50 = 43 2/50 = 43
(10%) (14.4%) (4.0%) (4.5%)

Note: Incidences corrected Sor swrvival given in parentheses.

a1 males at doses 0, 25, and 50 mg/ky the respomses (6.7, 17.6 and 22.23) show a
high degree of linear correlation (r = 0.97). Goup 4 mles show a lower resporse
(8.9%) capared to the other treathent groups fresumably due to the competitive
<oxicity previcusly discussed (§ 4.1).

Females do not show a positive tremxd with dose (even Group 2 comared roxp 1 is
ot significant at p=0.05). Males show a rositive tremd in groups I,2, and 3
(p<.005). This posative tremd in males is determined to be an anxologic Dxropertsr
c£ 2,4 DP acid.

6.2 Fregquency o Discovery of Malignant Thyroid Tumors

28 in § 5.3 for total malignant tumors, the freguencies of thyroid tumrs were
calculated and sumed during the feediny experiment and summed at term. Similar
calaﬂatimsmemdehereﬁxﬂemﬁymidarﬁﬂnmultsamminmlk

During the 2-yr. test o positive trerd of +hyroid tumors was coserved in Mor 7
although imales in Grp. 2 were increased significantly (p < .005) over comtrol
- males. n the other hand, a very strorg positive tremd (p < .0005) was Jiscover==
. ar termm in groaups I,2, and 3 (9.62, 39.13, and 40.70%). These results indicate
mzales fed 2,4 DP acid respord with thyroid carcizxmas vhereas females do not.
Further, since most of the thyroid carcinams were discovered at termm amd +he
average life-span of male rats with ‘me_mrsmdemsedcnlyz.ﬁ, it in
inferred that 2,4 DP induwed <hyroid carcincamas were not particularly h.fe-threa’vxxsc
(; mmsfeedlnjamrxnent The positive incresse of malignant thyroid —rors
with dose is deter—ined to be an oncologic oreperty of 2,4 DP acid.
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Table 14. Thyroid “alignant Tumor Frequencies

Group During 2 ¥s. Discovered at Tem Total (Dxring + Term)
M F M F M F
CONCROL, 1.79 4.93 9.62 14.03 11.41 18.56
Low 6.48 7.42 39.13 18.75 45.61 26.17
MID 2.96 0.0 ;. 40.00 6.06 42.86 6.06
HIGE 2.86 0.0 13.04 7.41 15.9 7.41

Note: freguencies have been converted to percent.

6.3 Malicmant Pituitary Carcincamas

Scores for the cocoxrroneoe of pituitary carcinamas were as follows:

Sex Grp. 1 Grp. 2 Grp. 3 Grp. 4

MALES 2/90 = 2.2% 4/%0 = 8.0% 9/50 = 18 % 5/50 = 10%
(2.23%) (6.4%) (18.1%) O (11.1%)

TEMALFS 13,90 = 14.4% 8/23 = 16% 8/50 = 16% 3/50 = 6%
(14.4%) "15.8%) (15.3%) (7.0%)

Note: (coxrrences in parentheses are crrected for survival

B significant incremdes in Semale pimunitary carcinoms are seen with dose. However,
males do sirw a positive trend with dose in groups I,2, and 3 {p < .005). Group 4
males show less incidence +han Grp. 3 males but greater than Grp. 2 males and control
males. Thia decrease is likely due — the campetitive toxicity discussed in § 4.1.
The linear ccrrelation coefficient of dose with respomse in males croups 1 - 3 is

= = 0.998. The 2,4 DP acid induced ciuritary carcinomas in males is detemmined to
be an ancclogic property of 2,4 DP acid.

6.4 Malignapt Pitujitary Carcinama Frequency of Discovery
As in §5.2 {total tumors) and § 6.2 {Thyroid cumors), the frequencies of pituitary
carcirxmas were calculated. These are resented in Table 15: 54
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Table 15. Pituitary Malignant Tuor Frequencies

Group - During 2 ¥rs. Discovery at Temm Total (During + Term)
M F_ M F M F
QNTRCL,  1.56 14.48 1.9 5.26 3.48 19.74
oW 2.33  10.97 13.04  12.50 15.37 23.47
MID 12.07  5.07 20.00  12.12 32.07 17.29
HIGH 7.18  2.44 13.04 7.40 20.22 9.84

Note: frequencies are converted to percent

It is clear that male rats show a positive trend with dose during the experiment
(p aprxox. 0.06) and at term (p < .005). Females did not show a positive trend
with dose hut do show a high incidence of pituitary carcinams whether treated with
2,4 DP acid or mot,

Males show an over-all response of 3.48, 15.37, and 32.07 % with Grp. 4 being scme—
what decreased to 20.22% presumbly due to the campetitive toxdcoity previcusly
discussed (§ 4.1). The over-all response positive trend was tested in a one-tailed
test and foud to be p aprroximately equal to 0.0015 which is considered hishly
significant.

The fact that some of the pituitary carcinomas were seen during the 2 yrs. and the
average life-span of rats having pituitary carcincoms was decremsed to 37 weeks
(-8.5%7, demonstrates that 2,4 DP acid induced pituitary tumors are liSe-thrsatenineg
tumr types (at least more than <hyroid carcinams but not as macii as traiu tuors
discussed in § 6.6 below).

6.5 Mgmwgm&mgwmgﬁ
Frequencies of Malicmant Tumors of All Tissue Tyres

In § 5.3 the frequncies of malignant tumors of all tissue tyres were caiculated as
were the pituitary (§ 6.4) and the thyroid (§ 6.2). These calcmlated S-equencies
are restated in Table 16 and commared.

It can be seen {last columm in Table 16.) that untreated male Spragque Dawley rats

haveahttleomath;r‘ofﬂ:etctal-alzgrmmtmnrsmpmunmry:lusdxymm

carcincmag. The proportion of mituitry amd thyraid tumors increases 2.3-5Hid (in

groups 2 and 3) in 2,4 DP treated rats with &rp. 4 males twice control m=les. The

mmﬂwwspec;ﬁcc:canwpessqgestntespeuﬁ.amgmmncf
2.4 DP acid.
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C ' Table 16. N
Contribution of Male Pituitary amd Thyroid Carcinomas

to Male Malignant Tuwrs of All Tissue Types

Pituitary Thyroid Pltuit=ry Total Malignant % Pltuitars i
Dose Carcinana Carcinom + Tunor Frequency Rius Thyroid b
Group Frequency Frecruency Thyroid cE Total 4
b
CONTROL 3.48 11.41 14.89 39.9 37.3
LOW 15.37 45.61 60.98 71.01 85.87
MID 32.07 42.86 74.92 88.29 84.86
HI&A 20.22 15.90 36.12 46.62 74.29
C- A lar:as proportion of the treated rats with melicrzant tumors have either a pi=ritary

specific tumcr types and change in tumos mattern cnpared to controls both iicate
the aucogenicity of 2,4 DP acid. —

6.6 Malicmant Brain Tumors

srain tumors coserved in this sxreriment were plecmorphic glicmas, astrocytomes,
maungicms, amd coroid glem. - carcinams - all malicnant tumors of newral t=ssgue.

ALl brain tumors were considera jether in the zualysis here ignoring astrocyveonas
and pleamwrrhic glicms are from ilar cell types as are meningioms and cxroid
plexus carcincmas from similar ox- 1 types.

Tr=.e 17 shows the incidence of =rain tumors:

Table 17. Zcarrence of PBrain Malignant Tumors

P T

Srou L Groap 2 Groum 3 Groap 4
< Sex : M T ¥ E ¥ oz L B

8
3

3/50 z2/50 1/50 09/s0 0/30 1/5C !
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C Upen inspection anly Group 2 responded in camparision to controls. Groups 3 and 4
d4id not significantly respond. In male controls, 2 brain tumors were scored with :
oone scored for female controls wheress there were three brain tumrs in each sex !
group of Graup 2. Although cnly one dose group (Group 2) apparently responded, it :

is considered necegsary to statistically analyzs this increase dve to *he raxrity of :

brain tumors in the rat and in man (criteria 4 of section §3.3). :

!
Group 2 males were not found to be statistically different than Group 1 males (X2 '
cne-tailed test, p=.05). It is cbvicus by inspection that Group 2 females {two !
Astrocytanas and ane plecmorphic glicma) is grsater than Group 1 females (zero brain |
tuors). When the sexes are conbined, Group 2 is greater than Group 1 (p=.Q25 :
i.e. 40:1 chance amingt being wrong in assuing Group 2>Groaup 1).

The average time of death of those rats subsegquently diagnosed with Irain timors was
£2.8 weeks, a 21.8% decrease fram term. The earliest deatha due to brain tumors
ware at 47 weeks (1 rat with a plemorphic gliam and 1 rat with a cxoroid plexus
carcinama). A decrease of 21.8% for the average life time of those rats with brain
tuors is taken, along with the increase in brain tumrs in Group 2, as evidence of
the ancogenicity of 2,4DP acid.

6.7 'nm_'_.l.r_lo&m'rissues

The sunmry Qmmilative Icidence Table in the data submitted, and all the sucocting
data sheetd, were reviewed &tor fixther evidence of the oncogenicity of 2,4 TP acid.

— Malicnant endometrial and undifferentiatad uterine sarcomas were scored. There were
3/90 in controls, 5/50 Group 2, 1/50 Group 3, and 4/50 in Group 4. TIn comparision
of Group 2 to Graup 1 by X2cne-tailed test it was found that pe=0.22. Althoush of

possgible marginal significance, this tumor response is not considered statistically
relevant.

All other tissues frum treated rats (eye, cheeX, nasal cavity, hear¥, liver, xidney :
adrenals, intestine, ovary, mammary gland, lymporeticular tissud, hemopoistic <issud, f
sidn, subcutid, mascle, mesenchme, and tail) did not show significant differences !
in observed tumors than those cbserved in the cont.wls.

oy e < vy

7.0 Discussion of Results and Conclusions

2.4 DP esterified with butoxyethanal is fornmilated with 2,4 D in Sour of Sive
weedcne formlations. Since 2,4 D is 2 comstituent in these 4 formulations, +he
dioxin contamination in the 2,4D would also contaminate the 2,4 DP containing
reaiocne formilations. 'mxmgdeﬁerstonmmwﬂemmﬁcmrgmscf
2,4 DP/ECE amd to determine the dioxin which may result from manufacturing or
Sommalating with 2,4 D.

e e < 1 vy w

™e residue of concern from Weedane applications has not been determired. The

residue of concern has to be determined in order to make an aprropriate assessment

of risk to man from animal soxdies. Should the residue of concern be 2,4 DP acid,
{A <hen the data reviewed here will be aprropiate to use for risk assessment. I is b
-~ : &isﬁmemataredmetonmuesofthemts@zmof:he
2.4 DP acid used in the feeding study.

§
?
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cortical degeneration. It is concluded from all these cbservations of toxicity that
150 mg/kg (1500 ppm) exceeded the Mrximm Tolerated Dose (MID) for 2,4 DP acid. In
this aspect, then 50 mg/kg (Mid Dose) is set at the MID for 2,4 DP acid in Sprague

Dawley rats

The toxicity of 2,4 DP acid wes not severe enxugh to appreciably effect swwvivals
amng the four groups. Group 4 males swvived 89.8% as well as contzols while
Group 4 females survived 85.3% as well. Further, no coccular aprormmlities were
observed in treatment groups vs coatrols.

Union Carbide resented the case for 2,4 DP acid that there were no differences amonc
the groups in total timors (benign + malignant). If the analysis is carried further
80 as to separate the benign and malignant ttmord, it is seen that females éo not
show a dose-response with 2,4 DP acid in either benign or malignant tumors, but
male rats do. The mmle rats show (in the respective groups) a decrease in benicn
tuors (528, 40%, 34%, and 26%) and a corresponding incramse in malicnant txmors
{27% 428, 48%, 26%) with dcse (excepting Group 4 due O general toxicity § 4.1).
&mpsr,z.a:xd3srnwanegat1vecmrelatia' ™= =0.999, between benign a3

mwﬁr. Pcunlmbrmlmwmuyrmw

in so far as the backgramd was very hich making the sensativirty to wmor detection
in treated female groups very low.

RAxrther, evidence fr increassd malicmancy in male rats with increased dose is seen
when male rats with multiple malignant tumors (2 or nore) are analyzed separately
from male rats with caly one malignant tumor. Although both male rats with single
and miltiple malignant tumors are increasing (Section 5.27, the number of rats with
maltiple malicnant tizmors demonstate a relative mmerical increase compared <o rats
with simgle malignant tumors. The relative percemtage of rats with multiple
umamaed4,lo.l7.am15%1ngrwpalto4muemnghsmsed
96,90,83 and 858. The enriciment of male rats with multiple tumors with
dose of 2,4 DP acid suggests either there is incresased suseptability of the male rat
with cne tumr getting a second urelated tumyr, ar there is increased metastatasis
of imary malignant txmors with increased dose of 2,4 DP acid. In either cmsd, the
erichment of rats with multiple malignant tumors is viewed as an cnoogenic —xroperty
of 2,4 DP acid in male Sorague Dawley rats.

Upon review of the increased malignancy scores in male Srrague Dawley rasd, —wo
tumor types were statistically related to dose of 2,4 DP acid: (1) <fyroid medullary
carcinams and (2) mituitary carcinams. A third malicnant tumor tvoe, although not
appearing in a dose—response relationshipg, showed Group 2 > Group 1. This t&=ird
typeueremlignantmintmnrs,arammdmanihmmm:mtype. The
results of these tumor <ypes will be discussed in turn below.
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The occurrence of thyroid medullary carcinomas correlated with dose, i.e. 0, 25, 50
mg/kg/dose correlated with the number rats with thyroid carcinomas in groups 1 ¢o 3,
6.7%, 17.6%, and 22.2% (one=tailed test p<.005S). The linear correlation coeffient
was 0.973. The resvonse is considered as positive evidence of an oncogenic affect
of 2,4 DP acid in male Sprague Dawley Rats. Group 4 males w._ce dropped from the
analysis of the tumor response due to the previously discussed competing toxicity at
that feeding level (150 mg/kg).

Comparison of male Sprague Dawley controls in this experiment were made against

other Sprague Dawley controls. NCI data from colony #72 showed 2/26=7.7% thyroid
carcinomas. Prejean published 3/60 = 5% [D. Prejean, et al. Cancer Research 33
(1973) 2768-2773]. Results ccnpiled from a number of studies at the NCI showed an
average occurrence of throid carcinomas of 3% (Personnal communication, James Whittem,
DVM to J. Holder, 1981). These occurrences of thyroid carcinomas in normal unt-eated
Sprague/Dawley rat (7.7%, 5%, and 3%) compare well with the male controls of the
present study of 6/90 = 6.7%. This comparsion suggests the present study was well
controled and statistical comparisions of treated rats to those particular controls
are valid.

Consideration was made of the life-shorting effects of thyroid carcinomas. It was
seen that most of the thyroid carcinomas were discovered at term (section 6.52) and
that those male rats dying early (for whatever reason) with thyroid carcinomas 2id
not significantly alter the average life-span of those rats diagnosed with thyroid
carcinomas. :

Male rats showed a statistical increase in piruitary carcinomas, Group 3 > Group 2

> group 1 (p<0.C05). This degree of confidence means that the proposed hypothesis

of increased pituitary carcinomas with dose has less than 1:200 chance of being
wrong. The linear correlation coefficient of dose vs. response is calculated to

be = = + 0.998. These data indicate that 2,4 DP acid is carcinogenic to the male rat
pituitary.

The average life-span of male Sprague Dawley rats with pituitary tumors was lowered
8.5% compared =o term. This reduction is viewed as a mcderate effect to the
life-span. Hence, a moderate decrease in time-to-tumor or an increase in tumor
induced lethali+ty was observed with increasing doses of 2,4 DP acid in the case =£
Pituitary carcinomas.

The MTD was exceeded at 50 mg/kg [ . .neral toxicity and is set at 53 mg/kg.
A NOEL was not xmeasaored -na thi: experiment for pituitary or thyroid carcinomas
in that responses of carcinomas were observed at the lowest dose.

Astrocytomas, ziemorpnic glomas, menigiomas, and choroid plexis carcinomas are =ot
common tumors in the rat or man. In fact, these tumors are considered rare (personal
communication L. Xaza to J. Holder). Any occurence, then, of these tumors in treat-
ment groups vs control is considered significant. These types malignant tumors were
observed in Group 2 {male and female) 6/100 = &% while controls were 2/180=1.1%. The
increase is viewed statisically significant to a level of confidence of 5<0.025.

And due %o the rarity of this t1 ¢ type, this response is considered biologicallv
significant; increased brain tw .rs in Group 2 is considered to be an oncological
property of 2,4 JP acid. Further, the 21.8% decrease in life-span of rats with

brain tumors indicates these tumor types are life-threatening; shortening of
life-span is ccnsidered =o be an oncological property of 2,4 DP acid.

- s e —
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T sunmriza, Table 18 reviews nine essential points which are the ases for
identifing 2,4 DP acid to be a carwinogen to Sprague Dawley rats. It is particularly
mbleﬂntallsmmlogiccnteriaasxtﬁxﬂ:m&ctmns3ﬁcracarm
canpound have been cbserved in the present cncology study of 2,4 DP acid fed to F
Spragus Dawley rats for 104 weeks.

8.0 Clasgification of Stndy

With the proviso that 2,4, DP acid (Dichorprop) is the residue of concerd, b‘nm
stixdy is classified as Core Guideline.
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Tabhle 18
C wm&wmazmwmmm%m&
Oncogenic Property of Sex Dose Group Dxyree Comaenty
2.4, DP Ac:d EfSectad E<focted =f Uncertainey
* iy
Malignant twmory of » 2and 3 2¢.006 &-p.l»-.lndmmi g
all kinds ircewage toxicity. Bmign decresse
compared to comtrols - a8 meligoant increess,
Tuee, 999,
2.
Frepency of Jiscovery 2ard 3 £€.006 Fomative trend with deme ssen
of melignany® sewry showr o largely at tem. 2,4, DD does
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Genetic Toxicity of 2,4, DP Acid *

Summary of Genetic Toxicity Tests

A summary of the six types of genetic toxicity tests submitted by
Union Carhide (264-231) ar=2 given im Table I at the end of this
Subpart K.

Each test will be decribed in the following sections with conclusions

and classification of each study.

Ames Salmonella Point Mutation Test {Section M of 264-231;
EPA 237875)

Duplicate plates were run on Salmonella to select for His -~ %o

His * revertants. Two base altered mutants TA 1535 and TA 100

were challenged with 2,4 DP acid as well as three frame shift

mutants TA 1537, TA 1538, and TA 98. Each strain was challenged

at each dose level with and without S-9 rat liver supernate metabolic
activation mix (induced by Aroclor 1254).

Dose selection came from preliminary tests wherein the highest

level showed some degree of toxicity in at least one cf the Saimonella
tester strains. Doses were 0.1, 0.5, 2, 8, 40, 200, and 1000
ug/plate. Positive controls NMNG (base change causing transitions

or transversions), 9-aminoacridine (intercalation causing frame

shift mutations) or 2-aminofluorene {frameshifer with S-9 activation)
were employed at unspecified doses to check tt-e tester strains

for the proper mutational responses. Negative vehicle control

DMSO was also tested. :

Results are given in Table II. The =negative controls are well
within spontaneocus mutation levels pseviously reported for these
Salmonella strains {de Serres and Shelby, Env:ironmental Mutagenesis
1(1) 1979, 87-92).

The positive controls show typical mutagenic activizies showxng
the strains were responsive.

Conclusions: 2,4 DP acid was not chemically identified other +than

a "beige powder”. The experiment was performed under ZLP and was
adequately controled. The results soow that with doses up to

1000 ug of 2,4 DP acid per plate, no revertants were scored in
excess of negative controls. Thus, 2,4,DP d&id not ex®:bit mutagenic
activity in the Ames test.

Classification of Study: vVvalid

001995

Classification of "valid" and "invalid" are 2sad in tze reviews
nere, indicating meeting {or surpassing) minzmum 1982 Sene~Tox
Program Standards or the failure tc =eet these standards,
“espectively.
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> TABLE II
Compound S5-9 TA 1535 TA 1537 TA 1538 TA 98 TA 100
DMSO - 8 12 29 26 131
(vehicle) :
- 14 18 44 56 140
Positive Controls
Nemethyl <N-nitro-
N-nitrosoguanidine
NMNE . - >1000 941
9-aminoacridine
- 936
2-aminofiucrene
- 957 798
ug 2,3 DP/plate Revertant Colonies/Plate (X)
1000 - 11 6 13 24 127
- 10 13 34 33 103
2000 - 10 14 15 -— 19 182
- 11 16 45 52 131
40 - 13 9 25 31 163
- 12 16 39-— 50 160
8 - 14 15 14 30 168
11 17 46 11 146
2 9 9 " 24 42 176
14 18 42 46 167
0.5 - 16 9 21 29 198
- 9 16 47 52 136
0.1 - 14 9 14 31 166
14 18 51 45 149

%
§
$
!
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Repair of Primary DNA Damage (Section N of 264-231; EPA 237875)

This test measures relative toxicities of the test compound (2,4
DP acid in this case) to W3110 (polA*, repair competent) and to
p3478 {(polA™, repair incompetent) strains of E. Coli. The

test measures the difference in the abilities to repair DNA damage
assuming DMA damage is the same for toth strains, i.e. W3110
would repair and preceed to replicate, and p3478 would not repair
well and consequently would not grow

as well.

The set up of this test measures the ability of each challenged
strain to grow on a complete agar meduim when the test compound
ig placed in a central well with or without S-9 mix. Differences
in growth inhibition diameters between the strains are measured
and taken as a measure of relative toxicity. The test was done
in guadruplicate/dose level/strain.

The results show that S-9 causes some inhibition by itself. DMSO
(vehicle) does not inhibit growth whereas ethylmethanesulfonate
(EMS) without S=9 and diethylritrosoamine with S5-9, caused relative
inhibition (p=.001).

The test ccmpound 2,4 DP Acid with S5-9 caused relative inhibition
only at the 800 mg/ml DMSO concentration or Bug/plate. Conentrations
of 80, .8, 08, .08 mg/ml were not effective (.8, .08, .008, .0008
ug/plate).

Conclusions: Only 8 ug/plate was effective with S-9; at this

dose withoat S=9 2,4 DP was not statistically different in inhibition
between the strains. Lesser doses were ineffective + or - 5-9

mix. Presumably it is not known whether higher doses (>8ug/plate)
might have produced more relative inhibiticn between the strains.
Notably. the Ames test went up to a 1000 ug/plate which is considerably
higher than done in this DNA repair test.

Classification of Study: Valid

Crossing Over in Saccharomvces Cervisae Strain D, (Section
2 of 264-231, EPA 237875)

This test used a Dy strain of Saccharomyces contructed at the
Ade 2 locus. Two defects at this locus are complementary to each
other in the diploid state. These defecrs are at the 40 and 119
mapping positions. This Dy is adenine + and produces white
colonies. JUpon segregation during division 50% recombine as ade
2-40/ade 2119, 25%. Ade 2-40/ade-40 (red colonies) and 25% ade
2-119/ade 2-119 (pink colonies due to leakiness). The latter two
recombinates are adenine~.
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Occasionally during mitosis a crossing over event occurs between
the centromere and the ade 2 locus causing homoalilelic ade 2-40
and ade 2-119 which produce "twin sectored colionies® whnich are
red/pink in cclor and are adenine(-). This infrequent mutational
event can be augmented greatly in the presence of a mutagen.

Phosplate buffer was used to solublize 2,4 DP acid and served as
the negative control while 10-6 M 4-nitroquinoline=-1l-0xide
served as the postitive controi. In the exposure to 2,4 DP,
concentrations of 10, 1, 0.1, 0.01, 0.001 mg/m] were established
in 7.5 ml at 28°C for 1 hour. At the high dose, the # of cells
to mg ratio was 5X108. GLP was followed in this experiment.

Results were obtained by scoring the twin-sectored {red/pink)
caionies.

2 Mitotic Recombinates

10-5%
Concentration: o .001 .01 0.1 1.0 0 NQO
{(mg/m1)
¢ twin 3.05 0.06 0.04 0.10 0.06 .17 1.32
sectored
colonies

Although there appears to be an effect at 10 ag/ml [0.17%), is
not statistically different from the negative cantrol (p=,.5S).
Thus, at the doses tested 2,4 DP does not promote mitotic crassing

aver in the Saccharmyces 0y ade 2 locus.

-d
(1]

4.1 Conclusion: 2,4 DP causes no crosslng aver in Sacsharcmyces
57 Ade 2 Tocus at 10 mg/ml (2.3X10"° moles/37.5X10
cells = 3,7%1011 molecules/cell) No S-3 activation results
ware presented,

4.2 Classification of Study: Valid, only for unactivatec
2,4 DP acia.
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Gene Conversion in Saccharomyces Cervisiae D7 [two experiments].
(Section P of 264-231; EPA 237875)

This test measures the unilateral replacement of a defective
locus in tne tryptophan operon in sister chromatids. The locus
is in trn 3 where two mutations exist: trp 5-12 and trp 5-27.
This organism is try -. HMutation causing normal sequences to
unilaterally replace the defective locus will restore wild type
activity (trp *). Thus, if the cells are challenged with test
compound the number of convertants that occur on trp minus mediam
reflect the gene conversion events. This process is normally
rare occuring anly once per 10° cells/generation, but can be
greatly increased by a mutagen,

Concentrations of 2,4 DP acid employed were 10, 1, 0.1, 0.001,

C.001 mg/mi. At the high dose there was 2.3 X 10-4 moles/37.5

X10 call. %QO at 10-% M was the positive control and phoasphate
buffar was negative control.

Resuyics were:
Exp. # 1 (Range Finding;

-onc: [') .001 .0l 0.1 1.0 10 10°°M XQO

Zonverzants
cer 0% cell 2.4 3.1 3.6 3.2 3.5 5.5 30.7

>
-

survival 100 89 38 86 73 59 73

inother study eith the same protocol but zifferent doses was
derformea. HZesults were:

1g=¢v
sonc: 3 & s 8 0 12 Noo
convertants
der 10-° cells 0.7 0.9 1.3 3.5 2.5 0.62 4.4
Survivai 100 83 33 77 55 =3 90
L]
'y
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In exp. #1 it is seen that 10 mg/ml produces a significant number
of mitotic gene conversions (p=.001). Concentrations of < 1
mg/ml were ineffective. In exp. #2 the range of response was
more accurately defined with 4 mg/ml being marginal and 6, 8, and
10 mg/ml showing a definite dose response (p=.001). The 12 mg/ml
concentration was toxic as shown by the precipitous drop in surviva
(18%2). It should be noted that response to the same amount of
NQO in both experiments was different (30.7 in exp. #1 and 4.4
in exp.# 2). This means that the cells in exp. #1 were more
responsive than those celis in exp. #2. Hewever, this does not
alter the interpretation of the results.

5.1 Conclusions: 2,4 DP acid promotes gene conversions during mitosis
at concentrations > 4.0 mg/ml causing Saccharomyces Cervisiae to
mutate trp - trp +. No metabolic activation studies were presented
in these studies.

5.2 Claffification of Study : Valid, only for unactivated 2,4 DP

‘s 6.0 Reverse Mutation Test {Two experiments, Section § of 264-231 EPA
No. 237875

This test measures recversion to the wild type of Saccharmyces
cervisiae Dy, a i1lv [-92/ilv [-92 homoallelic isoleucine requiring
mutant. When an appropiate point mutation is made by the test
substance the stain goes isoleu -~ to iscleu * and no longer

- requires isoleucine in the media for grow. Plating on isoleucine
minus medium selects for the mutants; the number ¢f colonies
appearing reflect the number of point mutations reversing the
mutant to the isaieucine independent wila type.

The results were:

Exp. £ 1
1o=0 A
Zonc: 0 .201 .01 0.1 1 10 NQD
(mg/ml) - —
Revertants 5.7 T.l 7.0 7.5 6.9 9.9 43.2
per 10
zells

% survival 100 39 38 86 77 59 78
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Exp. # 2 (Dose/Response Range)
10-°" N
conc: 2 4 8§ 8 10 12 NQ
(mg/m1) .
Reverzants 3.3 4.7 8.6 8.3 9.8 2.0 12.7
per 10-96
cells
Survival 100 83 83 17 66 18 88
(%) :
In 2xp. # 1, it can be seen that 10 mg/ml promotes isole: - to
soleu + revertants, but than < 1 mg/ml was ineffective. In exp.
# 2, concentrations of 4, 6, 8, and 10 mg/ml caused a dose
res>onse in reverse mutations {(p=.001). Conc. of 12 mg/ml was
toxic. The NQO aczed about 1/< as well in exp. # 2 as exp. # 1
[for the same effect.see §5.0].
6.1 Conclusiors: 2,4 JP acid promotes reverse mutations in Saccharomyces
D7 mutant :Lv [-92/ilv [-92 at concentrations 4 to 10 mg/ml and
-~ is ‘neffective at . mg/ml or lower. No S-S metabolic activation
" stuaies were presented in these studies.

6.2 Classification of Studies: Vaiid, only for unactivated 2,4 DP

§7.0 Mouse Micronucleus Assay (Section T of 264-231; EPA No. 237875)

The =ouse zytogen=atic micronuciz2us assay, unlike the previous

teszs presented in § 2.0 - 6.0, is an in vivo test. The mouse 1is
dosea, preferably >y the expected route of administration, and

bone marrow cells are harvestea after 2 cell cycles of the erythroid
cel’ serias has tacen place.

- —

Smez2rs of =tnese ce’is are made, dried, and stainad (May/Gruenwald
foi owed 2y 3iemsa . Fielss of cells are scaned a2t low power for
non-clumping, etc., and then at higher power at least 1000
polycnromazic erytarocytes (PCEZ) are counted. The precentage of
thes2 erytnrocyte Jrezursor cells which contain micronuclei are
scarad.
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The micronuclei are sma'l, dense, highly blue-stained bodies smaller
than the nucleus and normally occur in 4/1000 cells. The micronuclei
are thought to be pieces of chromosomes Teft behind in anaphase and
encapsulated in the telogenphase. Compounds which enhance this process
are interpreted to effect the separating chromosomes directly or the
spindle (microtuble) apparatus. Micronuclei enchancement in vivo
represents clastogenic (and therefore mutagenic) activity of the test
compound.

2,4, DP acid was given I.P. to each of 4 males and 4 females/dose
group. Doses of 2. and 50 mg/kg were administered. After 24 hours
another dose was given, Six hours after the second dose (30 hours ff.
the first dose) the CF-]l mice were sacrificed. Good animal husbandry
were followed by Pharmakon Laboratories.

Marrow cells were harvested into fetal calf serum. The c2lls washed
IX by centrifugation and slides made.

The results were:

HSO Tri- 2,4, DP acid

20 cc/k ethyleneamine 50 mg/kg 25/mg/kg
# of 5.0 + 2.0 27.%6 * 5.0 4.9 + 2.5 3-8 + 2.8
average - - -
micronuclei

per 1000

PCE's

The results show no differentes (p=.05) of treated v.s. negative
contral. In contradistinction triethylenecamine {positive zontrol)
enchanced micrcocmucleus formation in PCE's

over 5- foid.

7.1 Conclusions: The vehicle was not stated in these experiments.
The MTD (oral rcute) is 100 mg/kg (part A) and it has deen suggested
that one-half of the LD 59 (=650 mg/kg) might be used in the
mouse micronuclei assay. The highest dose used was 30 mg/kg and
was probably too low. There was no measure of cell toxicity,
survival indices, or a relative profile of erythroid {or granulocyte)
cell types in marrow. Thus, it was indeterminate if S0 mg/kg
was the highest tolerable dose that could be used in the assay.
The oral route would have been the best route in so far as the
I.P. may have only pro“fered minimal metabolic activation whereas
oral wouid have circulated thru the liver and thereby metabolic
activation would have bheen achieved. It is recommended that 5X
doses at 100 mg/kg be given (24 hours apart) in order %hat sub-acute
effects can be seen (if present) on the PCE's.

7.2 Classification of Study: Invalid

69
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§ 1.0 Conclusions of 2,4 DP Acid Metabolism Study

1.1

1.2

2.4

2.5

2.7

The metabolism stidies presented are rreliminary (pg. 4 of Sutmission
frem A. Ho Marks & Oo., J. Norris, Technical Director). The Agency
concurs with this view; the utility and deficiencies are cutlined
below in the following conclusions.

A single high dose (117 mg/kg) of 2,4 DP was rapidly adsorbed by both sexes
as shown by early (1.5 hrs.) plasm and tissue levels of radioactivity.
*Radicactivity” does not mean 2,4 DP, necesgarily, but at least some chemical
moiety containing the 1l4Cring lable. Radicactivity was excreted mainly
74-82% in urine (t}/7 in urine = 10-12 hrs) and 9-14% in feces and none
:.ntheexpz.rdmz

The biochemical identification of the urine metabolistes was inadequately
&me. M studies were done cn the fecal metabolites. Thereford, the
radicactivity rapidly excreted (§ 1.2) is not nscessarily all unmetabolized
2,4-DP as the registrant claims but could also be 2,4-dichlorophencl (which
would still retain the Cl4-riyg radicactivity). The identification of
the wine and fecal metabolites of 2,4-DP should be clarified.

less than 20% of the radicactivity that wes in urine was conjugated with
glunuronic acid (which could be conjugated parent or conjugated 2,4
dichloroghencl). Thud, greater than 80% was in the uwnconjugated form.

or in any of the tissues. FRather, cnly radicactivity (cownts} was measured
in liver, kidney, heart!, limg, spleerl, adrenalsd, thyroid, gonadd, stomacH,
ileur, colon, brain, eyed, skir, muscle, fat, carcass, and plasm.

The kidney re.ained the highest amount (approx. 250 pprm at 6 hrs) of radio—
acctivity in a tissue as shown by a single dose or by repeated doses (14 days).

meummm:etmnedlesser(bxtmgnlﬁmm)muof*adm-
activity than the kidney and body fat.

Fat also retained significant amounts of radicactivity and for extended
periocds following a single dose (tl/z = 48 hrs.). At the termination
of the experiment (96 hours) fat retained 0.8 - 1.2% of the administered
radicactive dose. Fat showed the longest relative persistence campared
the other tissues which had t]/, = 24 hrs. (approx.)

At least 50% of the absorbed radicactivity in the first 24 hrs. was retained
Wy enterchepatic cycling as measured by cammm bile duct carmulation.

The thyroid, liver, kidney, and body fat showed bicacomuilation of radio-
activity when feod low daily doses (1 mg/kg) 2,4=DP. The order of accumilavion
was thyroid > liver » kidney > fat (crdered on the basis of ratios of 14

day amounts of radicactivity to the first day amount of radicactivity).

2.10 Males have a sgmewhat slower body elimination of radicactivity and have

higher accumulated tisgsue levels of radicactivity than females.

71
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C 2.10 In conclusion, thé radioctivity clears the rat in moderate time (t;/g =
1 day, approx.) and persists longer in fat (t;/, = 2 days, approx.). The ;
camposition of urine appears to be mainly unchanged 2,4 DP and glucurcnide
conjugated 2,4 DP as measured by 2-dimensional TIC (no lagible
aor Rfe's given). Since no TIC was done with hich amunts of wine extracts
it is not certain whether urine does not contain other 2,4 DP metabolites.
Mo extracts were made of blood, feced, «r any tissues. Thereford, the
Chemical form of 2,4 DP in blood or the sampled tissues (§ 2.5) is not
nown nor is the chemical form in feces known.

§ 3.0 Experimental Mesthods and Results

3.1 Excretion Stody

- —————

A single dose of 2,4-DP acid was administered Ly oral cavage. The dose was t
117 mg of 2,4-DP/Kg body weight and 58 uC/kg of uniform ring-labeled [14C])-

2,4-DP. This amomt (117 mg/kg of 2,4-DP) is considered a high dose. The

comts for the 140-170 g Sprague Dawley rats (CD Strain) were 1.78 - 2.17

x 107 dpm/rat depending on the weight of each rat. This level of tracer

desing would be detectable in any rat oryan or tissue which incorporated

initially as little as 0.05% of the total label per sampling specimen.

Three rats of each sex were dosed at zero time and placed in a metabolism
cage for 96 hrs. Fecal matter, urineg, and expired (09 were collected

during a 96 hr. test pericd.

5.11 Results: Eb[l“‘c]-cozmcollec:edinﬁ:ealhlixmmhdng
chambers thereby indicating the ring moeity of 2,4~DP was not catabolized .
to COp dwring the 96 hr. period. Urine excretion was essentially conplete by ;
48 hrs., and was the largest route of 2,4 DP excretion being 73.5% in males '
and 82.1% in females. Fecal excretion was 10.1% in males and 7.3% in females.
There were 0.7 = 1.0 % losses in the meabolism cages, plus 15.5% (mmles) and
9.9% (femles) which rresumbly remmined in the carcasses.

The half-life of wine-excreted 2,4-DP was 12 hrs (7.5-14.5 hours) in

meles and 10 hrs (7-13 hrs) in femles. Fecal excretion was 74% cumplete
for mles and 66% Sor females in the first 24 hr. collection pericd.

3.2 Tissue Distributicon Stidy

Flasma and tissue levels of [14C]-2,4-DP were stixdied cver 0 - 96 hr. pericd.
Rats were given 59.5 uC/kg of [14] 2Z,4DP with no cold 2,4-DP. Tissues
sampled wes2 fat!, adrenald, brair, colcxi, eyed, gonadd, heart, ilew, kidney,
liver, lund, residual carcasd, skeletal muscld, skir, spleeri, stamch ard
thyroid at 1.5, 3, 6, 12, 24, 48, and 96 Irs. Plasmms was also sampled.
Scintillation counting for [14C]-2,4-DP was standard and followed GLP.

o — - — v — =t Y { Sp—r s e g T ewe

5.21 Results : 7Fbsorption by the rat of 2,4-DP was rapid and extensive. ' |
misisdemnscatedbyasrorttl/zﬁarm.peakplmmtraﬁm

C: of 2,4-DP at the earliest time point of 1.5 hrs. well as for all the tissues

levels

as
sampled. Most tissues decreased to loss than 5% of the early (1.5 hrs)
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C by 48 nrs. 'Rnap;roximtehalf—lives(bothsms)ﬁ:rﬂwﬁauadngm
were:
Table 1
Tisgue m.tﬁ (hrs.)
Stomach 4
Kidney 21
Plagm 21
Liver 32
Thyroid 4 and 28 (bdimodal)
Pat 48*

g
§
;
:
1

Assumnirg an 2 a
imetely 5 mgy was in the plasma of the rat at 1.5 hws (first time point) or
2.3% of cral dose. .

_ Fat quickly abeorbed 2,4-DP being as high as 13% plasma values in males at ths first

i sampling time of 1.5 hrs. with 39% of this value still remmining at the last time

~ point of 96 Trs. This retention at 96 hrs was an order of magnitude higher than
any cther sampled tissues at 96 hrs and demonstrates the persistence of 2,4-DP in
bedy fat Hollowing a hich oral dose of 2,4~DP.

The persistence in fat is further demnstrated by calculation of the smwnt of 2,4-DP
in fat divided by plasma 2,4-DP. Thue,

Table 2
Fat to Plagm ratio of 2,4-DP (%)

Sampling Time (hrs.)
Sex L5 3 5 2 24 =

%
ales  13.4 15.8 19.2 16.2 47.9 636 1119
Females 24.6 12.2 28.7 20.6 70.6 1298 773

Berce the rztes (in both sexes) increase dramatically > 24 hrs. primarily cSne
the rapid piasm loses of 2,4-DP along with DP with relative retention in the fat.
Absolute amxmts of 2,4-DP fat at 96 hrs are 16.9 ug/g.fat (M) and 9.59 ug/g (F).
If it is ascumed that body fat is approx. 10% of body weight (b.w. = 170g),

then bdy Z=t retains at 96 hrs. approximately 0.8 - 1.2% cf the applied single
dose (dose = 19.9 mg/170g. body wt.).

a
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3.3
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Whole Body Autcradiogragity

Each rzat in this experiment (3, 3F) were orally dosed once with a 50 uC of
[l4c] - 2,4-0P (1.1 x 108 dpm) mixed with 117 mg of cold 2,4-DP/ky body
weight. FRats were exposed for 6, 24, or 48 Frs. After comletion of the
exposwre pericd, the rats were anaesthetised and frozen solid in toto in
acetons/dry ice mixture. me&mmssmatinam'c'fapqdwice
and 2 mm longitudinal slices were made with a band saw. The slices were
exposed to Rodirex-x-ray £ilm at -30°C. Fhotographic exposures were held
longer for longer dose—exposure pericods in order to pick up weaker radio-
active emissions due to less [14C]-2,4-DP being present at longer dose—exposure
pericds. localization of (14C]}-2,4~DP was made by identifying bright

spots aof the developed £ilm against a backgromd silhoutte of the rat’s amatomic
structures. '

3.31 Results: At 6 hrs the general distribution of radicactivity was in the
alimsntary canal (both sexes). Strong exposures were seen in stamach amd
colon with lescer exposures seen in liver, heart, lung and thyroid.

At 24 hrs. radicactivity was s=zen in the bladder, kidney, and peritcneal
fluid with sanewhat lower activity in the liver and skin.

At 48 hrs. same radicactivity was seen in the female kidney and a little in
skin. Mo radicactivity was seen in the male at 48 hrs.

BiieD.:ctCarmlatimStzz}y

It was noted in the tissue distribution study that many of the tissues showed

a second peak of radicactivity (6 - 24 hrs) fHollowing the initial 1.5 hr peak.
Thyroid was particularly notable in this aspect. Rmmﬂﬁsmngeme
of radicactivity was the result of enterchepatic cycling. Accordingly, the

camen bile duct was intecepted by canmlation in order that liver bile cutput
could te sampled for the rresence of [14C]-2,4-DP.

Tree male rats were ansethetised. In each was implanted into the peritoneal
cavity an aneseptic 5 ml. vessel with two ports. e port was connectsd o
the cammn bile duct (via a cannula) whnile the other was exteriorized via a
tube through the mid-lumber region adjacent to the spine. Is this mamer
bile flowed into the 5 ml vessel and art the exteriorized canmula for sampiing
of the bile.

Mmz&eivedanoraldose(n7ng/h;)of£l4c]-2,4—np,afterarmery
fraom the cannulation surogery, amd each rat was gsampled for bile for 24 hrs.
Bile was camted directly in a scintillion counter by standard coumting
rrocedures .

3.4] Results: In the first 8 hrs. of sampling 13-19% of the radicactive 2.4-DP

was recovered. In the 8-24 hr. period 40-52% was recovered. b‘bfw&:a:tim
points were taken past 24 hrs.

Repeat Dose Study

Twenty rats (1OM,1CF) were selected for a 14 day multiple oral @:posure experiment.
Each rat was dosed by gavage (1 ml/200g) once a_day with 1 mg/kg body
(0.2 ma/200g rat) cold Z,4-DP and 21.35 uC of [4c]-2,4-Db/kg (9.3 x 106
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(' dpm/200z rat). HNotebly, larger rats (180 - mOg)wu-eusedintm:
dose experiment than in the freviously discussed single dose expariment (140-270g).
was done by selecting 2M and 2F at 24 hrs. after the lst, 5tH, 10th,
and 24th dose, and also 96 hrs. after the 14th dose.

3.51 Results: Iow concentrations of radicactivity were fourrd in all tissues.
The levei after the l4th dome were:

Table 3 - Micrograms 2,4 DP Present after 14 Deys Dosing

Sex Liver Kidney Moscle Thyraid Adrenal Fat Plamm {

Male 0.1¢ 0.45 0.02 0.05 0.07 0.15 0.17 i
(x 2.5) X 1.7) X 2) (X 5) (X 0.9) (x 3) 0.7)

Female 0.03 0.2 Q.01 0.03 0.03 0.08 0.07 t

(x 3) (x 2.4) (X 1) (x 3) o 3) (x2.7) (X1.7) :

|

Note: memm:npa.rarmesesareﬂn'amc: I4th dose amount to 1st
dcse amxt, L.e-:m.ss}ast‘mﬁ:ld-ixmasenthregntdlwdmu

— All “Ssauves showed an increase in incorporated radioactivity exceptions of the
malc adrenal azxd the fammle muscies. Dose related incresses in accumlation were
seen in liver, thyrovid, and fat.

These results show repe=sed l1ow &cses of 2,4-DP accumlate o low levels in liver,
kidnev, iZ, and f2t. In mocst cases the accummlated radicactivity weas hicher
in the male raz than the female. Because radicectivity was retained (relative to
the cther tisgues) in the kidney and fat!, these tissues are identified as the
mnwnmwz,mmmﬂmwmhmmdmd
sequestration. The relarive accamilation (fold) wes: thyrodid > liver > kidney > fa=.

5.6 Mezabolism Study

rmemdmmmazwmmmdmmmts
of [143-2,4-DP. Spots were checked against authentic standard 2,4-DP. No other
stardaxds used.

Aidified urine (pH = 4.0) was exzracted with ethy? acetate or chlarofom to see !
Jtm*adimc:.utymsclnbmmtheeehp:dsclvmlaavugbemmm ’
metabclites in the aguecus wine medium. The extract was developed on TIC.

Yo rezabolites of 2,4 DP were measwred chemically in feces (Jjust counts).

2

*solvent © = 80 CXIa: 20 cwclchexane: 10 acetic acid
solvent I = 90 bexzene: 25 diaxan: 4 acetic acid
Zn on Slica Gel 60 nlate (20 x 20 cm x .25 mm) with a Slourescent indicator.
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Strong acid (2.5 M HpS0,) and strong alkali (54 NaCH) treatments of 2 hrs. were
performed cn wine to hydrolyze any conjugated [141-2,4-DP. The hydrolysate wes
extracted with ethyl acetats, volume reduced by N5, and developsd on TIC.
B-glznommi&mdigasﬂmofacﬁﬁﬁedm(cpﬂ-s.s)mperﬁamdinozder

to frea any glucurcnide conjugate of [14C)-2,4-DP. The digestate was
extracted and chramtographel as befors.

3.61 Results: Rat wine showed a major spot on TIC vhich (according to the
registrant) migratss similarly to the authentic Z,4-DP acid. This majer
radicactive spot cxistl - 86% the total radicactivity applied to the
TIC plate. Two other more polar metabolitss (migratirg closer to the arigin im
a ron-polar solvent) were 13-17% and .02-45% of the applied radicactivity to
the plata. .

Extraction of urine with chloroform showed (according to the registrants)
radicactivity ruming similarly to the authentic 2,4-0P. The polar metabolites
were left behind in the aquecus urine phase. Fthyl acstate (more polar than
Shlorofornm) extracted urine showed a pattern similar o vwhole wine showing the
metabolites were more polar and were soluble in ethyl acstatd, but mot in
shicroform. Bad 2, é-dichloropsnnl been present (a possible metabolite of
2.4=DP) it. should have been coextracted with 2,4-DP into either ethyl acetate
ar chloroform and may have shown up on TILC as a different spot than 2,4-DP.
Bowever, this should be proven and it was not proven these experiments.

It was suspected that 2,4-DP acid mey have ben conjugated as a gluowronide thereby
accoamting for the two polar metabolites. T prove this, the wrine was treatsd
for 2 hrs. with ether 5M NaOH, 2.5 M HaS04, ar B-glucuronidase. Each of these
treatments would split the glucwronide conjugate freeing the bound radicactivity.
Zach of these trsatments roduced a ginglar radicactive spot. Ik is not clear that
“this spot” is 2Z,4=DP acid is so far as (1) the crigin was not clearly identified
and o Re values were given (2) the copies of the dramtograms were not clsar
difficult to read). (3) no standard 2,4 dichlcrophenol was used to demonstrate
+that if resent it would hawe, in fact, run differently than the major spot. These
cbjecsions also apply to the sbove experiments rrevicusiy discussed.

4.1 Excreticon Study

A single high dcse of 2,4~-DP acid (117 my/kg) smiked with [14C1-2-4-DP showed 3t
@wine was the greatest route of excretion (73-82%) with caly 7-10% in the faces.

Aprroxcimately 10-15% remined in the carcesses at the erid of 4 days since dosing.
The amownt reamining in the carcess could be due to losses and/or tightly bouwnd to
micleic acids and/or proteins.

Urine radioactivity shows a short body half-1ife of 10-12 hws. indicating 2.4-0P ar a
metabolite is rapidly absorbed and quickly processed for kidney disposal into wrine

with little readsorption at the locps of Henle. The 7-10% disposed fram the body in
the feces does so quickly being 66~74% complete in 24 hrs. These studies i

that with a high dose of 2,4-DP, that <he parent compound is rapidly absorbed, and
that!, the parent and/or metabolites is r=pidly excreted mainly throuch the urine.

14
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4.2. Tissue Distribution Stady

Plasms rapidly absorbed 2,4-DP as did all the tissuss sampled (both sexes). Most of
the tissues rstained 2,4-DP the first 24 s, bt fell to less than 5% of the initia)
absorption levels in the 24-48 hr. pericd. The exception was fat; fat retained 2,4
DP and was 10-fiold higher than any tissue at the end of the 96 hr. experiment. This
shows 2,4 DP is is persistent in fat and may accomt for some of the radicactivity
ramining in the carcess in the first excretion study experiment discussed above.

Thyroid showed very rapid uptake at 1.5 hrs., declined 70% of this velue by 6 hry,
ramired almst inveriant for 18 hrs mord, then started a reciptous decline (28 the
other tissums did except fat) at 24 hrs. At 48 Irs. the radioactivity was 1.4% of
initisl values and was 0.7% at 96 hrs.

2,4 DP crossed the blood brain barrier as shown b, the SHllowing brain/plasms ratios:

[
[V}

Fours: 3 8 12 921 =& %

Brain x 100 = 5.1 6.7 3.5 2.7 2.5 15.2 27.7
" Plasma

The kinetics follcwed a pattern similar to the cther tissues being 18% of the initial
brain values at 24 hrs. 2.3% at 24 hrs. and 1.9% at 96 hrs.

4.3 Wxle Body Autoradicararhy

vhole o3y can be a conwicing localization technique. The results present here
suggest at early times the label was highly concentrated in the alimentary canal (6
hrs.y, at latey times (24 hrs) had redistributed to the bladder and kidney (this
~ime point showed hichest urine cutput), and at latter timed, e.g. 48 hre, littls of
the criginal activity remained and that which did was wmiformly distribsted in the
body with same indication of residual kidney involvement.

These results wers better demonstrated in the mevicusly discusssed tissue distridawtion
stady. Further', serial cuts should have besn presented sach with anatcmicoal locator
notaticn in order to properly interpret the autoradicgraphs rresented.

4.4 Bile Capmulaticon Study

The study comwincingl, showed that in 24 hrs. up © one-half of Z,4 DP was imvolved
vith enterchepatic cyeling likely mmintaining plasm radicactivity at higher levels,
or lorger timed, than if the cycling had not ocoured.

4.5 Repest Dome Study

The repeat dcse study is not camparable to the single for the Hllowing reasons:

1. The single doee of 117 mg/kg was not broken wp in egqual prtions for the receat
deme study, rather 1 mg/kg/day for 14 days was given fHor a total of 14 mg.

2. larger rats (180-240g),and presumsbly clder rats, were used in the repeat dose
gtaxly than in the gingle dose study (140-1703).
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