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name: L4c-labeled Chiorpyrifos

Thventory No.: 541

Labeling: 2 and 6 positions of tne pyridine rirng
specific activity: 15.78 (45 uCi/mg)
radiochemical Puriczy: >99%

analytical Grade Material: Chlorpyrifos

Lot Mo.: AGR 200341

Purizy: 99.9%

oz ‘z-erizls znc Yethods

“egr Animals - Male anz female CDF Fischer 344 rats Were cizai
fra2~ Tharleg Fiver 3reeding Laboratories (v¥inagsten, NY). The reles
welzned 173-230 gm and the Zemales, 128-170 gm wnhen Siven the 1
larceied Chlorzuwrifos [The age of the animals wés not civen in zhe
resorz.] They Were acclimsted for at least 7 davs orior to the sta
of -he study. BRats given lic-labeled Chlorpvrifos were selectec by
cotciter randomizztion and were transferred from stainless steel Cca
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(2/caa=) to individual all-glass metabolism cages three days prior to
b2ing given the 14¢ material. Food was removed 14-18 hours prior to
zdministration of l4c-labeled Chloroyrifos and was returned about 4
hours post-dosing.

pose Solutions Containing l4c-Labeled Chlorpyrifos - Doses of 0.5
and 25.0 mg/kg were administered in the study. The 0.5 mg/kg dose
solution was prepared by dissolving sufficient l4c-labeled Chlorpyrifos
in USP corn oil (Eastman Kodak) to produce a solution containing approx-
imately 0.27 mg of Chlorpyrifos and 12 uci/gm of corn o0il. The 25 mg/kg
dose solution was prepared by dissolving sufficient analytical grade
and l4c-labeled Chlorpyrifos in corn oil to produce a solution coatain-
ing approximately 13.6 mg Chlorpyrifos and 12 uCi/gm of corn oil.
Solutions were administered by gavage at a rate of 2 ml/kg using a
syringe and stainless steel feeding needle. The quantity of solution
actually administered was determined by weighing the syringe prior to
and following administration of the dose.

Dose Solution Containing No Radiolabeled Chlorpyrifos - The dose
solution administered for 15 consecutive days (0.5 mg/kg) was prepared
by dissolving sufficient analytical grade Chlorpyrifos in corn oil to
produce a solution containing about 0.27 mg Chlorpyrifos/gm of corn
0il. HPLC analysis showed 0.313 mg Chlorpyrifos/gm. The report stated
stability for two months at room temperature. The solution was admin-
istered by gavage at a rate of 2 ml/kg based on the rat's body weight
taken at 3-4 day intervals.

Specimen Collection - Urine was collected from males and femgzles
dry-ice crilled containers that were changed at l2-hour intervals
vy the first 72 hours, as well as from females at 24-hour intervals
rween 72 and 144 hours post-dosing. Feces were collected at 24-hour
rervals for 72 hours from males and for 144 hours from females. Afzer

h
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e 25 m1/xg dose, the air was drawn through the cage (about 500 =1/
in), threouich charcoal to trap volatile organics and then throuch 2
Tprture of monoethanolamigi and l-methoxy-2-proganol to trap expired

= 2. The charcoal and CO, traps wers: chanced at 6, 12 and 24 hours,
cost=dose. No trapping was- done after the single or multiple 0.5 mg/xS
Goses as radioactivity was not found following the 25 mg/kg dose. Male
z2nd females were anesthetized with COp and exsanguinated 72 and 1
roars, respectivelv, after administration of l4c-labeled chlorpy
vzles were terminated earlier than females as they excreted the
éose fszster than females (termination when >90% of the dose was
:n excretz). At termination, brain, gonads, heart, kidneys, 1liv
:nzs and spleen as well as portions of the blocd, bone, periren
<eletal muscle and skin plus the Carcass were collected and pre
lécoa-zlysis.
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lysis - Thne following were

uots of +he dose solution, from the HPLC Eolu:n,

y aliguos from tne contents the cnarcoal anz 1%co, =racs.
P = « £ =5 £ -

Juots of homogenates (33-50%) fron feces, brain, testes,

‘iver, lunas and carcass as well as aliguots of blood, hzart,

tone, perirenal fat, skeletal miscle, soleen and skin were
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oxidizea and the 14C02 released was analyzed for radioactivity. Counts
per minute (CPM) were corrected for guench and background to obtain
disintegrations per minute (DPM). Sealea standards were counted with
samples, and samples with net counting rates <1.5 times background were
considered to have insufficient radioactivity to reliably quantify.

Analysis of High Performance Liguid Chromatography (HPLC) -

individual anag composite urine specimens from rats given C Chlorpyri-
fLs were analyzed by HPLC with separation of the metabolites achieved

by reverse phase HPLC. Retention times and peak shapes for Chloroyrifos
an. metabolites were affected by multiple injections of undiluted urine,
and therefore, the performance of the HPLC system was evaluated daily

by determining retention times for analytical grade chlorpyrifos and
3,5,6-TCP (AGR-65077). Selected urine samples from the multiple dose

group were subjected to acid huvdrolysis orior to HPLC analysis.

Isolation of Urinary Metabolites - The three radioactive fractions
were collected separately and extracted with diethyl ether or ethyl
acetate, or lyophilized. T.e extracted fractions were blown to dryness
before analysis and the lyophilized fractions reconstituted in methanol,
acetone or ethyl acetate.

Mass Spectrometrv Analysis of Urinary Metabolites - Urine specir-ens
from the 25 mg/kg dose rats were used for metabclite identificatien.
T1dentification of the first and third fractions to elute from the HPLC
system was by direct exposure probe (DE?) negative ion chemical ioni-
zation mass spectrometry. The second fraction was analyzed by thermo-
spray negative ion mass spectrometry as well as by positive and negative
ion fast atom bombardment mass spectromeiry.

Statistical Analysis - If tissues in & group did not contain suZl-
ficient radioactivity to quantify, the mean was calculated using nals
the limit of cuantitation for those tissues which dia not contain
sufficient radioactivity to guantify. If the resultinc mean was :
than the limiz of guantitation, the mean concentration was repor:tzd
being below the limit of guantitation. [Detailed descriptions reca
calculations of slopes and half-lives were included.]

A Guslity Assurance statement was inzluded.

n cory of the materials and ¥ethods section from the report 1s
appended. Tris reviewer assumes that fessle rats are "nulliparous
and noncrecnanc" [Guideline §85-1, (2), iii, (=2)1. &n intravencus
cante was not used. ‘lo other comments rszarding this section.
IIi. Res.its

nose Sol:rions and Administered Dosss - Table 1 indicates the
rargetec anad actual concenirations of Chiorpyrifos in aose solut:ions.
actual rzcdioactivity and mg/gm were 114-149% of targeted concentraticn.

W



-5 -

Table 1 00722

CONCENTRATIONS OF RADIOACTIVITY AND CHLORPYRIFOS IN DOSE SOLUTIONS

Targeted Concentrations Actual Concentrations
uCi/qg mg/q uci ma/q

Single Dose

25 mg/kg 12 13.6 15.5 (129%) 15.53 (11l43z)

0.5 mg/ka 12 0.27 15.5 (129%)  0.32z (119%}
wiltisle 5.5 maswa T

Dose i
Non l4c-Labeled —- 0.27 - 0.313 (116%2)
l14c-Labeled 12 0.27 17.9 (149%)  0.403 (149%)

e o s o i i T T S T D S T~ S, . S D S S, o - i

Targeted concentrations are taken from the protocol and have been con-
verted to a per gram basic using 0.92 as the specific gravity for corx
0il (Merck Index, 8th Editicn, 1968). Actual concentrations were
determined by liguid scintillation and HPLC analysis, respectively.
Numbers in parenthesis represent the percent of target concenirations.

These data extracted from Table 1, page 22 of the report.

=== ====.—"’-——-“=_~=="—_-':_".__..-_========.——=—.==.—".—==-‘"~—_=="'—===.“_.—”"'-_—-"==-—_—'.--"===—-"=-_"."-——-“-."’

The amounts of Chlorpyrifos and radioactivity administerec to ezch
group of 5 rats/sex are prcsented in Table 2.

Table 2

AVERAGE AMOUNT OF RADIQACTIVITY AND CHLORPYRIFOS ADMINISTERED I3 RATS

pose Solution Administersd Dcse
Wt Concentration Admin. mg, ke
Sex {c) DPM/C ua/g (a) ucCi mg 3087 W:
sinagle M 183 34436725 15.53 0.3388 5.26 5.262 28.3
25 mg/kg ‘
F 130 34436725 15.53 0.2394 3.71 3.718 28.5
single M 206 34405517 0.322 0.3726 5.77 0.129 0.522
0.5 ma/ka
= 135 34405517 0.322 0.2432 3.77 0.084 ¢.sz2
meltinle A 223 39746030 0.403 0.41862 7.45 D.166 0.747
7.3 ma/kg
2 136 39746039 0.403 0.2625 4.70 0.105 0.774
Admin. = administered B

Jalues represent the mean for &% animals.
Data extracted from Table 2, page 23 of the report.
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Distribution of Recovered Radioactivity - The group mean peréént
of recovered radiovactivity after 72 hours in nmzles and 144 hours in
females is presented in Table 3 (a photcopy of the table on page 24 of
the report). Total percent recovery, regardless of dose (25, single
0.5 or multiple 0.5 mg/kg), was between 96.88 and 98.46. The principal
route of excretion was by urine (83.9-91.7%), with feces containing
5.75-11.42% and cage wash 0.54-1.98%. (O and charcoal traps contained
<0.01% (insufficient to quantify after 25 mg/kg and not collected after
single or multiple 0.5 mg/kg dose). Tissues and carcass had 0.19-0.20%
after 25 mg/kg and <0.01% after single or multiple 0.5 mg/kg doses.
Animals which received multiple 0.5 mg/kg doses excreted a larger per-
cent of the dose in the urine (less in feces) than those given a single
0.5 mg/kg dose. There did not appear to be any differences between 25
and single dose 0.5 mg/kg recovery, or between males and females.

The only tissue concentrations of radioactivity sufficient to
guantify (% of dose/gm of tissue wet weight) were as follows (group
means): males (after 72 hours) = liver after 25 mg/kg (0.0059%) and
perirenal fat after 25 ma/kg (0.0559%), after single 0.5 mg/kg (0.0121%)
and after multiple 0.5 mg/kg (0.0135%); females (after 144 hours) =
ovaries (0.0362%) and perirenal fat (0.1393%) after 25 mg/kg. [Data
were presented on page 25 of the report.]

Excretion of Radioactivity in the Urine zné Feces - The dJroup mearn
percent of radioactivity present in the urine Is presented in Table 4
(photocopied from page 26 of the report). During the first three days
following the single and multiple 0.5 mg/kg dose, rats of both sexes
eliminated the radioactivity with an average hzlf-life of 8-9 hours.
Half-lives after the 25 mg/kg dose were 12.4 hours for males and 23.2
hours for females (about twice as long as for =ales). About 1.3% of
the 0.5 mg/xg dose and about 4.7% of the 25 mc/kg dose were found iz
the urine of females on days 4-6 post-dosing. 35 the males eliminac
>90% of the 25 mg/kg dose (urine and feces) witzin 3 days, the decis
was maue to sacrifice this sex 72 hours post-dcse,

2
1

a
or.

Fecal radioactivity results are shown irn Tzble 5 (photocopied Zronm
vage 27 of the report). &s notea regarding ur:izs

activity was present during the first 24 hours Zost-dosing, and the

0.5 mg/kg dose was eliminated more rapidly thax the 25 mg/kg dose.

Separation and identification of Urinarv Yetabolites - An averzce
of over 95% of the radioactivity applied to the HPLC column was
recovered in the column eluent (data not shown in the report). EPLCT
analysis revealed three peaks (labeled 2, B &n3 C), all of which el::
ahead of Chlorpyrifos. More than 90% of the rziicactivity appearec 1
ceaks ” and C. Less than 6% radioactivity was zoted in peak A, wit~-
none eluted betweeh 28 and 231 minates &3 chlecr-vrifos. all radioacziv-

-
c

e
e
n

ity in urine that was subjected to acic hydrclryzis eluted from the ZPLC
culimn at peak C which had the same retentioun tire as an authentic ztarn:z
ard of 3,5,6-TCP (3,5,6-trichloro-2-pyridinol}. ©Peak C (similar tc
3,5,6-TCP) wWas extracted, blown to near dryne<ss 2nd analyzed by neczztivs:
ion chemical ionization mass spectrometry usir: zhe direct exposure
probe. The mass spectra contained a M-1 quasi--olecular ion with a
mass/charge ratio (m/z) at 196. Fragment ions were observed at 16z,
161, 125 and 90. The ions exhibited the chlorizne isotope pattern ara

are consistent with those observed for 3,5,6-T7C2. .. 6



Table 3

Distribution of Radioactivity Recovered 72 hr {Male) or
144 hr (Female) After fzscher 344 Rats Were Given Oral Doses of

25 or 0.5 mg ~'C-Chlorpyrifos/kg of Body Weight
Percent of Dose
Singie Muizipie
25 mg/kg 0.5 mg/kg 0.5 mz/kg
MALES
Urine £8.73+2.53 85.23+3.40 91.71:4£.74
Feces 7.49+3.48 9.,76+2.34 £.75+3.99
Cage MWas 1.98+0.76 1.89+0.33 1.0020.59
€0, Trap a <0.01 - -
Chgrcoal Trap <0.01 - -
Tissues & Carcass 0.20+0.16 <0.01 <0.21
TOTAL 98.35;1.93 96.88+1.25 08.4625.99
FEMALES
Urine 87.99+10.53 83.94213.04 90.65=2.62
Feces 8.35%4.65 11.42+3.12 5.88-2_49
Cage Wash 0.5420.28 1.8321.24 0.75=2.19
co, Trap® ) <0.01 - -—
Ché&rcoal Trap <0.01 - -
Tissues & Carcass 0.1920.13 <0.01 <C.l%
TOTAL 97.05+8.28 97.19+13.33 96.9¢-7.34

Values represent the mean * 1 stardard deviation for 5 znimals.

2c0. and charcoal traps conta’ned insufficient radioactivity to guz=tify
foflowing the 25 mg/kg dose and were not collected folicwing the s*ngle
or multiple 0.5 mg/kg dose.




Table 4

Radicactivity Excreted in the Urine During the Indicated
Intervals by Male and fgmale Fischer 344 Pats Given Oral Doses of
25 or 0.5 mg “"C-Chlorpyrifos/kg of Body Weight

percent of Dose

Collection %
Interval Single Multiple
(Hr Post-Dosing) 25 mg/kg 0.5 mg/kg 0.5 mg/ke
MALES
0 - 12 52.84 + 3.89 54.20 + 8.19 59.21 + 15.36
12 - 24 20.26 = 4.75 23.42 + 9.16 25.21 + 12.47
24 - 36 6.95 £ 1.03 4,91 + 1.26 4,27 + 0.88
36 - 48 4.25 £ 1.91 1.58 = 0.37 1.47 + 0.45
48 ~ 60 2.00 + 1.49 0.70 ¢+ 0.34 0.51 £ 0.12
(”\ 60 ~ 72 2.43 + 0.63 £.42 + 0.14 1.04 *+ 0.40
TOTAL 88.73 + 2.53 £5.23 + 3.40 01.71 + 4.74
FEMALES
C ~ 12 26.74 + 6.61 50.79 + 6.53 £1.46 + 16.23
12 - 2 21.06 = 5.41 24.95 + 8.3& 28.67 + 10.65
24 - 36 13.42 + 3.80 3.50 £ 1.42 6.23 * 4.39
36 - 48 10.97 + 6.79 2.35 £ 1.28 1.93 £ 0.71
48 - 60 5.48 = 4.26 0.60 £ 0.15 0.62 + 0.27
60 - 72 5.65 + 1.54 0.52 + 0.26 0.46 + 0.10
72 - 86 2.65 + 0.32 0.50 + 0.21 0.46 = 0,14
96 - 120 1.29 *+ 0.29 0.45 £ 0.20 0.3€ + 0.07
120 - 144 0.73 = 0.07 0.28 = 0.17 0.47 = 0,16
TOTAL 87.99 + 10.53 £83.94 = 13.05 c0.65 + 2.62

Velues represent the mean + 1 standard deviation for five rets.
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Table 5

Radicactivity Excreted in the Feces During the Indicated

Intervals by Male and fﬁ

25 or 0.5 mg

Collection
~ Interval
(Hr Post-Dosing)

C-Chlorpyrifos/kg of Ludy Weight

Percent of Dose

male Fischer 344 Rats Giver Oral Doses of

MALES

24
48
72

fn 1n)
0O

TOTAL

(RPN L0 A% BN ER I L}

[N N TR BN |
~J
N

Ty uy -} f=f3

25 mg/k
5.81 + 2.94
1.02 + 0.44
0.66 £ 0.35
7.49 = 3.48
5.28 + 2.93
1.57 = 0.37
0.5f = 0,35
0.71 + 1.06
0.11 = 0.06
0.11 = 0.08
8.35 = 4.65

Single
0.5 ma/kg

~0.10

9.23
0.42

+
o
+
(o]
(=3

9.76

1+
N
»
w
-3

1€.11
1.18
0.11
<0.03
<0.03
<0.03

2.70
1.79
9.10

i+ i+ 1+

11.42 = 3.12

Multiple
0.5 ma/k
5.04 + 3.97
0.59 + 0.21
0.12 + 0.05
5.75 = 3.99
4.65 + 2.42
0.55 + 0.38
0.19 + 0.13
0.08 = 0.07
0.07 £ 0.04
0.04 + 0.6
5.59 + 2,49

Vai.es represent the mean = 1 standard deivation for five rats.

®scz-<men contained insufficient radicactivity to quantify; i.e.,
[sv ~ere less than 1.5 times average background.

net
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peak B was dried, reconstituted and analyzed by thermospray neg-
ative ion mass spectrometry and positive/negative ion FAB/MS. The
thermospray mass spectra is dominated by a fragment ion cluster at m/z
196/198/200 which indicated a trichloropyridinol moiety. A weak (1%
relative abundance) M-1 quasi-molecular ion cluster (3 chlorines) is
present at m/z 372. The above is what would be expected for a glucur-
onide conjugate of 3,5,6-TCP (molecular weight of 373). The molecular
weight was confirmed in the positive and negative ion FAB/MS (374 for
positive and 372 for negative ion spectra).

peak A was dried, reconstituted and analyzed by negative ion chem-
ical ionization mass spectrometry using the direct exposure probe.
There was a weak (2% relative abundance) M-1 quasi-molecualr ion at m/z
276. A fragment ion cluster was observed at m/z 197 (svggestive of 3
chlorine atoms). This peak was tentatively jdentified as a sulfate
conjugate of 3,5,6-TCP (molecular weight of 277).

IVv. Discussion

Cchlorpyrifos was rapidly absorbed as evidenced by more than half
of the 0.5 mg/kg doses being excreted in the urine within 12 hours.
Based upon the amount of-the dose found in the urine, it was concluded
that at least 84% was absorbed, although the half-life for absorption
coulc not be calculated from the data.

As more than 84% of the radioactivity was found in the urine ard
none seemed to be Chlorpyrifos, it appeared thac Chlorpyrifos, oraitly
administered to the rat, was rapidly metabolized anc eliminate<. Basec
upon the first 3 days of radioactive excretion, the half-1life following
0.5 mo/kg was calculated to be 8-9 hours. A relatively short half-life
and rapid excretion are further supported by the fact that less than
0.2% of the radioactivity remained in tissues and carcass at the enc
of the study (72 and 144 hours for males and females, respectively).
The authors therefore concluded that Chlorpyrifos and its metabolites
were unlikely to accumulate in the rat after repeated administration.

"ot only was the 0.5 mg/kg dose excreted more rapidly than the 25
ng/kc dose, but a smaller fraction of the lower dose was found in the
tissues and carcass. It was postulated hy the authors that the slower
excretion rate after the 25 mg/kg dose may have been due to saturation
or inhibition of enzymes involved in Chlorpyrifos metabolism, to de-
pletion of co-subhstrates in conjugation of 3,5,6-TCP and/cr to satur-
ation of the renal excretory process. It was considered possible that
the difference in excretion rates may have been due to differences in
absorvtion rates.

sther investigztors also found that male rats zxcreted about 30%
of & sincle 5 mg/kg oral dose of Chlorpyrifos in the urine (Bakke, et
al, 1976, J. Environ. Sci. Health, B11:225-230; smizh, et al, 1967, J.
Zgr. rood Chem, 15:132-138). 1In agreement with datz from this report,
3akke identified the principal urinary metabolites o be 3,5,6-TCP (12%)
and the glucuronide conjugate (80%) of 3,5,6-TCP (also no unchanged l4c-
Chlorpyrifos in the urine). 1In addition, Bakke found about 4% of an un-
specified glycoside of 3,5,6-TCP. The authors of tnis report did not
find this metabolite, but did observe one tentatively identified as the
sulfate conjugate of 3,5,6-TCP. Smith reported urinary radiocactivity

.10
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as: 3,5,6-TCP phosphate, 75-80%; 3,5,6-TCP, 15-20%; and a stﬁlééﬁzuat
of unchanged Chlorpyrifos. (The authors of this report consider the
identity of the metabolites to be uncertain because structures were
assigned based only upon paper chromatography results).

The report proposes the metabolism of Chlorpyrifos to be as fol-
lows: Chlorpyrifos to 3,5,6-TCP; 3,5,6-TCP excreted as such or con-
jugated with glucuronic acid or sulfate prior to excretion. sSultalos
and Murphy (1983, Fund. Appl. Toxicol.,3:16-21) demonstrated that the
formation of 3,5,6-TCP could be catalyzed by heratic mixed function
oxidases and involved more than one pathway {(cleavage of diethyl phos-
phorothioate group to form 3,5,6-TCP directly; oxidative desulfuration
to form the oxon of Chlorpyrifos which undergoes hydrolysis to vielé
3,5,6~-TCP). Based on relative rates for formation and hydrolysis,
sultatos and Murphy indicated little or none of the oxon would be ex-
pected to escape the liver or reach the urine.

V. Recommendation

This study is accepted as Core Minimum Data.

The nzjority of the radicactivity was recovered in the urine
(>84%) and feces (>5%) withir 72 htours. Less than 0.2% of the radio-
activity remained in tissues and carcass. No unchangeé Chlorpyrifos
was found in the urine and the main uriaary metabolites were identi-
fied as 3,5,6-TCP and conjugates (Slucuronide anc possibly sulfate) of
3,5,6-TCP.

11
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