


*%,B(e) Coordinator SR R L
“Document Procesaing Center (TS— 90)f;,,
- Office of Toxic Subatances .
v,;;}Environmental Protection Agency
" -h01 M-Street, SW. . :
,?ffWashington, D.C. 20&60

:'V'EDear Sir or. Madam.—li

“ The following test reports are being voluntarily provided ag:

ga;follow—up to a previous 8(e) submission for CD-4, also known es S
;4—(N-ethyl»Nwz—hydroxyerhyl)—2-methy1phenylene diamine’ sulfate (EPA

7 ~Document Control Number 8EHQ—1185—0575) The ‘enclosed reports are

' entitled: "A “Thirteen-Week Oral Toxicit; Study of
b= (N—Ethyl—N—Z—Hydroxyethyl)—Z—Methylph nylene Diamine Sulfate
“(CD=4) in the Rat", ‘and "'The Diapositimn and ‘Kinetics of CD-4:

~Sulfate: Color Developer 4n Male ‘and Female Sprague Tawley: Rats

7 " Following a Single Oral Dose". The reports present results from a
- 213~week repeated dose -oral- toxicity study on CD-4 and on a S el
‘disposition and kinetics study for. the compound., ‘We are forwarding S '

*_copies of both studies for your records. ~If you have questions-
' ,concerning these reports, please contact me - at the address below.;'

: ~Bell, Ph. D., D1rector 7 .
,;Health and Environment Laboratoriesi,"a




‘(e) Coordinator A -
- Document . Frocessing Center (TS 790)
" 0ffice of Toxic Substances : - R
Environmental Protection Agency ?g'f L
w0 K0T MoStreety sWoo
‘,;Hashington, D c. 26&60

'Dear Sir or Madam.

- This letter is in teaponse ‘to & telephone call from o

S Dr. Judy Loranger of the Office of Toxic Substances in which shg if:l ;f

" requested copies. of pages that are missing from a test report’
“provided on December 13, 1988, The test: report ‘reflects a study

.7~ conducted as follow-up to a previous 8(e) submigsion for CD~&, -
-~ aleo known as k-(N—ethyl—N—Z—hydroxyethyl)nZ—methylphenvlene
—;J-',diamjne sulfate (EPA Document Control Number- 8EHQ—1185-0575)
S repovi is ‘entitled: "A ‘Thirteen-Week Oral Toxicity Study of
"‘_'A~(N—Ethy1—N~Z—Hydroxyethyl)—Z—Methylphenylene Diemine Sulfate Gt
.. (CD-4) in the Rat". ‘Enclosed please find pagee 126 to. 163 from 17';?;
. the 13-week - study.f If you have questions coucerning this letter,

:7apleaae contact me at. the address below. i

o ,'S.iaser,elvs, T

;,Hays'Bell;VPh D., Director o
Health and Environment Laboratories

: ;J'Ummmm' ;nJ,}Tf7~"
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Hary Lou Lyon A. A, S. and Detek Guest Fh D. £
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- 1160 RIDGEWAY AVERUE :
ROGBESTER, NEW YORK 14652—3615




preaents data compiled durins sn investigation of the testr
id specified. A11 rav: data, standard operatins procedures, protoco
E 'and other documentsrpertainins to this investigation are maintained in i
{f,;archival storage in the Bealth and’ Environment Laboratories, Bastman Kodak
';;COmpany, Rochester, HY. Unless noted otherwise, 211 aapects of thia study
"erformed,in accordance with Good Laboratory ?ractice (GL?) Regulations

_,heéu.s Environmental Protection Agency (40 GFR Part 792) ' There were nof;f’:

. : deviations from the GLP Eegnlations that significantly effected the e
jquality of this study. Bealth and safety procedures established by the '*1;7i?f
;zjicological Sciences Laboratory for handlins potentially toxic and

"iradioactive chemicals were observed throughout these studies. Gloves and

':rotectlve clothing were vorn when working with dose solutions, excreta, andf:i}lf

ébiol”ical‘specimens that contained the test compound




The disposition and phermacokinetics of a eingle ?:
,rsdielabelled [ G]GD~4 sulfate Was. examined in Spra

,ieex. Urine, feces, snd expired volatiles were collected av 12 to 2

_p ~intervals for 3 dsys tollowing treatment. and enelyzed fet tsta

o activity., Hass bslence cslculstions showed the urinsry route of excretio t
te in both male snd femele rats with the aveiege recovery being:66i
Approximately 90—98% of this urinary '

z—hour specimen. Totsl fecsl

gueéﬁswiey'r“,

,,:';predomina
' ffand 73.0% of the dose, respectively.
. ,irsdioectivity ‘was present 4in the initial 1
::‘r:radioactivity sveraged less than 20%, and expired volatiles lees than o 06% of*f_'f :
i: the dose in each sex. Little or no residual radioactivity was detected in B

: i‘selected orgsns and tissues upon termination of the study st 72 hours. Thin

;flcyer chrometogrsphy and eutoradiography of- the Iz—hour urine samples showed

',;the presence of a msjor metsbolite sversging 22-24% of the administered dose
i%es wete detectcd that averaged about St

in each eex. “An additional four metabol
Insufficient msterisl vas present in the uriLs

i i ;36-1.”.% of the dese in each sex.
Phsrmecokinetic data o

: ?;fto allow for identificetion of the msjor metabolite.
: —,lindicated that msle and femsle Sprague—nswley rsts ‘absorb end eliminate
_V;ﬂ,udiolsbelled CD-4 equivelents very rspidly and at similsr rates following
'ifloral treetment. " There: were no distinct e,x—related differerces in any of the
"pharmscokinetic psrsmeters examined. A two—compartment open model best ,',f

, i described the kinetics of CD-4 in both mele and female rats., The half life e
Zl}for eliminstion of the redioectivity vas apprcximately 18 mirutes snd 7 Houre
'1€for ‘the rapid and slo”'compsr 'ents, respectively. These hslf-life vsluwer :

consii ent vith ‘the rapid urinary excretion observ
tic dats did notiprovide sn ezplanstio' fof previeus1y -




Disposition

cu cn 2, ,cu 2cu 20;4
W

ofiappearance......pink P°Wder N 1 R odor.....faint sweetish, :ﬁ;5f
S ,7: fi’)l‘mula. se s .Cllﬂ 8N20 H2804 ',7 : i mOl. Weight- sen 0292 4 G
',,melting poi t.....157°c L r'rvepor pxeesu:eg.,‘.negligible e

' :f fThe rommer“iel grade material is used as a photogrephic developing asent - i'i
L j;{for processing color netative rilm. CD-A sulfate 1is present as one of 3,[;
r”fffjthree ingredients in: Kodak Flexicolor dcveloper, and i3 packaged as- anr
1:unmixed liquid concentrate containing a pfuprietary antioxidant. Hhen

: = oxidized by the exposed silver ions in film, the eompound forms an e

:: ;?fiminoquinone 1ntermediete which reectl with en organic coupler to yield a
7 _Iifi«final color»i image. In aolution, the highly vater soluble eulfate salt
' “i3f;is susceptiﬁ‘ to air oxidetion, especially ‘upon neutrelizetion with
' ¥ The primary route of human exposure to CD—A would be expected to
' 7w1th the: developer eolution.r'.'fv'"' :

P t-treatment fss,ho,wed that:




1eee than O 1z of thf doae wee ex reted in thet?{;if_
f: _ﬂezpired air as 4gg o :

N tissue radioae : ee;higheet in the liver giéhejérﬂ
',7'ﬂpleen of rate examined after 2 to 8 days. R

: ,fAnaljsie of - the nrine epeeimens for CD—4 metabolites wes hindered by the:;,fi
:f'nflow levels of radioectivity and by the relatively ineeneitive aneiyticalt"f
3:techniques employed. Consequently, only one major and ‘one questioneble '
e miuor metabolite were detected by thin~layer chromatograpby and -

: i;tadiochromatogram scannin@., Because the total tecovery of radioectivitytir
'1l?never exceeded 75% of the administered doee, the results from thie atudyif
"provided only an. initial estimate of the probable ratea -and routes of 7 e
: _'CD-e elimination in the ret. In addition, the uee of nephrotoxic doeegeei'i;
of CD—4 ‘sulfate limited the: usefulness ‘of the data, end prevented any

'i';,'meaningful extrapolation to situations involving nontoxic expoeures. The;irjr

"'i'following investigation has sought to remedy many ‘of these shortcomings :_7 Cai
, 17Wh119 at the same time expanding upon ‘the scope to include an exemination,;f"i"*' i
”t'f{T,of CD-b ‘blood kinetics in rats of bot& sexee.,,, : : =

;';'The putpose of the following etudy wee to examxne the diepoeition and -
':f¢kinetics of a sinsie oral dose of [ C]CD-A eulxate in male end female'f:
VZ;Spregue~Bawley rats. The routes, retee end patterne of CD-4 elimination'

"1"?;eere examined followins the edministration of- a subtoxic doee of th'f’
'}}f14

Cnlebelled material.r The oral route of a'”lnistration wae eelecte




- CD-4 Dispoaition

. Jisolation for at least five days in a controlled«access vivarium acer
17,;:by the American Association for Acc*editation of Laboratory*Ani‘al Care
f:l:(AAALAC) ' During this time, the animais were ‘given unrruely numbered ea
'u,*tags and. allowed tap water (Honroe County Hater Autnority) and ‘a Certified

: Rodent Diet (Agwav Prolab“ RHH 3000) gd lini_um :

: 'and f eding of the animals conformed to the etandatd operating procedures :
l—?of the Toxicological Sciences Laboratory. Test animals were examined by a: ,f;

Care, husbandry,'7

'ffilicensed veterinarian before being assigned ‘to a study group.' Ihe weight f*rﬁ'f;}*t
: "frange of the test animals was betweer 170 and 250 g at the time of use. 5
- The species and strain of animals used in this study were selected to

: »support pteviously conducted CD—b sulfate toxicity studies.

W,:T,Iegg Qggg_gn_ Unifo:mly ring-labclled [;_ng—U- C]4 (E—ethyl—:
';; B}Zahydroxy—ethyl)2—methy1phenylenediamine sulfate (CD 4 sulfete) vas - , ‘
'synthesized by Amersham Corp. (Arlingron Heights, IL) at ‘a stated specific ,l |
,::' radioactivity of 18.2 mci/mmol and radiochemicai purity of 98%. The
:5*;radiochemical puti ty of [ C]CD—4 vas checked by liquid scintillation o
ti'spectrometty (LQS) of serial colum" ‘rsctions obtained following separation:;:7’f
—lof the E—acetylated derivative by gh performance liquid chromatography e
- "(HPLC) sepsration was accomplished on a 25 cm polystvrene divinylbenzene ?;ffr]i'
Litcopolymef revefsed-phaae column (PBP-l, Bamilton Co ) using gradient :
7 _f;felution (1 ml/min) with methanol and 20 mﬁ sodium acetate buffev (pH 4 0) '
:ffi:*thst contained 5 mﬂ heptane aulfonic scid as a countcr ion., The stock T e
V'dp:epatationi' & _clcn-4 eulfate vas found to be 92% radiochemically pure ;2;7;5




sing LSS, and CD—A concentratlon usins KPLG with.ultrevlo
On the basis of these meesurements, the actual admiaistete
1 mn,xg (20—30 uCi/rat '

detection (3)
'desage of [ CICD 4 sulfate ransed ftom 1. 6 2

Itegtmegt7, Groups of five mnle and five female rats vere used to egaml
'l'sulfate disiosition, and aroups of fou: rets of each sex to etudyrg
;n the disposition and kinetic studies were :

etics. Rats used in of
1 al’ gla”s metabolism cages (Metabowl Mk 111, e
prior to treatment. X

o placed in individua

' f,Jencons Scientific Ltd.): for epproximately 48 hours
urine and facal control specimenﬂ were

:ffDuring thxs acclimation period,

and food and water ‘were made freely'

:1ecollected from some of the anemal S
ut 500 ml/min._'}tf::"'

lable. Airflow through the chambers was adjusted to. ebo

'ff:avai
:fiiiFeed was ";Ldrawn for a period of about 6-8 hours before snd after
*345ftreatment.; The test compound was administered by gavage with the actual

:lifdosage volume calculqted from the 1nitia1 and ‘inal weight of the dOSinE

3f:jsyr1nge.e The treatment time for each rst wes staggered by 5—10 minutes to

7rffacllltate subsequent speelmen collection. Ty

balance determinations vere based on- the
and tissue specimens.i'af e
24, 48, and 72 hours

:27;;8 gle Lqilegt_gg Hass
collection of urine, feces, expired volatiles,
y imens vere. collected at lntervals of 12,
' CO were not collected, since previous

mea by LSS. A pair of eilic " gel




ig - sufficient 5 [/ 5 ﬁ hydrochloric acid to de:rease the pH to
roximately 1 0—2 0. 'Prior to eacrifice at 72 hours, animals wer
, :nguinated From the abdominal aort'"rhile under carbon dioxide f*
:esthesia. The followlng organs were removed for unalysia of residua_, 4

"radioactiviry. heart, liver, spleen, pancteae, thymus, and kidneysa e
~70°C) for -

iTissue specimens were stored frozen along with the car*ass (ca

iolabelled CD—4 equivalents frrm the:f ?;’;

135The absorption and elimination of :ad
Animals were housed

" ',iblood were determined in P separate group of rats.
the same manner a° those used for the metabolism

_e,lacclimated and treated in
'ejportion of tbe stndy.f ueparinized blood spetimens of 100 200 pl- were

”;;collected by retro»orbita1 bleedits at the following target rimes after

ff;treatment. 0.25, 0. 50, 1. o, 2 o, 4.0, 5.0, 6.0, 7. o, and 9.0 nixrs.

id::'_égnl_ An_lxgi; Samples of excteta, tissues, and expired volatiles were i
f:d;analyzed in triplicate for t)tal radioactivity by LSS using 10-20 m1 of 2
'Q7asater—miscible scintillation cocktail (Ready—Tc-Use II“, Eastman Kodak ,;7:1%

,/Co ) Urine, whole blood, thymus, and splesn were enalyzed directly,

:fiwhile the feces and remaining organ specimens were oxidized ag .an. aqueous

Quench correction was nerformed

: ’;homogcnate before being counted.
ATL aliquot of

"automatically by the external standa’ds-ratio technique.,

urin ?from each collection was assayed ‘or creatinine and E—acetylu U
saminidase activity to. determine whether any treatment—related [,fa

Lom phrotoxicityrha,”oc‘urred.7




: ped using chloroform/methanol/ammonium hydroxide (70'3072) - Th
1developed TLC plates were dried and covered with p?astic film (Handi
Wrap I, Dow Chemical Co. ) to prevent contamination of the

p'gram. A sheet of X—ray film (X—Omst“ XAR—S, Eastman Kodak Co ) ":;f,:
1aced inrcontict with the TLC plate and stored in a cassette for 2 to o

lsidays at app*eximatelv —70°C The exposed film vas developed in. an

'7jaautomstic film processor to visunlizc the bands of radioactivity as f?ri”

: ’l;discrete zones of darkened film., ‘The. number, position, and intensity of

;V;the zones on the film provided a measure of the [ C]CD -4 metabolite f"
:fpatteru on the original TLC plate.,'r '

1§fTﬂ' relative amounts of the individual metabolites were measured by

;deneitometric analysis of the autoradiograms.' Calibration of the o

neitometer was accomplished with sutoradiograms prepared from TLC plates'iar"

potted with known amounts of radioactivity. Solutions of [ri g—U— C]

yrchloro-3—nitroaniline (95% radiochemical purity, 6.6 mbi/mmole, Amersham o

v,)ivereﬂjrepared in acetone/water ‘and applied to the plates (zJ
B : l'rts rangins from about 250 to. 6:0 000 dpm. After f" ,
,[‘de'elopment in a mobile phase of tolu 'e/ethanollammonium hydroxide

'“20 1), the platesrwere exposed to x—ray film for 2 to- 12 days aS‘},rfkr‘;




o "o—compartment methematical model using a weighted 1eest squares S
fregression algorithm (NONLINBA, Statistical Consultants, Inc Y Es m
5for th; area under the blood concentrationrtime curve, blood half—life,

and rate constants for absorption and elimination wete f;f;7

atfxilnstrumentation B HPLC separations were performed usins a Waters modular
"liquid chromatogrsphic system composed of three model 510 solvent delivery'—*f

"pumps, e model SlOB sample processor (WISP), a model 720 system o

_[;fcontroller, and a model 7;0 dats module. A Kratos Spectroflow 773
’:erbsorbance detector and a LKB Bromma 2211 Superrec fraction collector were'i

‘df'used in conjunction with the HPLC system. LSS determinations were -

;"3:accomplished on an- LKB Wallac RackBeta 1217 liquid scintillation counter':fm,;‘f;i

A Packard 306 sample oxidiznr vas used to combust tissue and excrete

ji*i;specimens. Exposed autoraflographic films were processed in a Kodak RP

f[XPOmat Film Processor modcl M6N. A fliniscan densitometer vas ~used tor:;;

o 7'measure expcsure density on the thin—layer autoradiogrephic films‘ ;”::""""




;“rine,specimens are presented in 'he,Appendix,':f'j;”,r

”7Hass balance calculations showed the urinary route of excretion to

redominate in both male ‘and female rats. Neglecting the cage wash data,'_ft?;

average 3—day recovery of urinary radioactivity represented 67 and 73£ S

e ,o f the dose for mele and female rats,. respectively (Tables 1y 2) These

, ;”iveries increased by an average of 7% when the radioactivity in the
,_f;ocage wsshings was included in the urine recovery. Approximately 96% of
rrff he urine rﬁdiOGCt1V1ty vas ptesent in the initial 12—hour specimen., & :
. radioactivity averaged 13-19% of the dose, with Sreater than L

';}902 oh::his amount recovered within 24 hours of treatment. Expired

latiles accounted for less than 0. 06% of the dose in each sex. ,In Y

7r:_additi;: 'little or no- residual radioactivity vas. detected in the organs o

- ‘and tissues removed upon termination of thc study at 72 hours., The total

iifr%amount of radioactivity remainins in the animals at sacrifice (tissues and

"f/carcass) averaged 0. 1—0 2% of the dose.‘ The overall mean ‘Tecovery. ‘was

1found to be 92.7 and 93.2% of the administered radioactivity for males and *:: ji}f]{;

;,respectively.r Collection and analysis results for individual ;7

na og phy and autoradiography of urine samples from male ; Ll

t eighrrseparate bands ofrradioactivity




Tlater urine epecimen.:’;f 7
, _1metabolites against degradation, oxid ,
rf;or chromatography may be at leas* par ally responsiblef'
R, value for metabolite c. Hoderate anounts of several'otherili
L *,metabolites were present in many of the urine specimens. Metabolites A,
3h_D, G, and H each averaged about 6-12% of the administered dose for both~fl;{,;f
. ;”rsexes., The remaining three minor metabolites (B, E, and F) each averagedr
:Vljeiless than 6% of the administered dose. Qualitative identification of the
;;_‘;;major u'inarv metabolites of CD-4. sulfate was hampered by their : :
rr'liinstability, and by the small amounts available for isolation and mass
S rispectre1 analysiso Attempts at: isolating metabolite C from rat urine 7
,’%%*using liquid (ethyl acetate) or- solid (XAD—Z) phase extractions led to its Ef -
;,f,’fdecomposition to a compound having the same Rf as metabolite H.Vi'”"rr :
ey Likewise, the collection and lyophilization of: the eluent from a TLC or
/i”HPLC separation revealed substantiel degradation of metabolite c after
':fevaporation of the solvent.r In contrast, overnight incubation of a

/i'buffered urine sample (37°C, PH 5.0) With either B-glucuronidase or S
c metabolite profile. “The urine

,__esulfatase did not noticeably affect the TL
ks concentration of metabolite ¢ was calculated to be less than ‘10 pg/ml
volume of 5. m1 for a lz—hour collection and a j'i*
This concentration

';d,rﬂsins an average urine
,f:metabolite recovery value of l5% (0. 70 x 0. 22)

d the UV 1imit of detection and required that at least 10 ml Qf{;ii e

8018 e and purify sufficient ‘amounts of metabolite c. 7,_L;if}”f

"'*of nrine for ‘a metabolite that was e

be infeasible.,ft'3' o

"tapproache




quently, the shape of the blood absorption curve wasr' ¥
defin 75,nowever, modeling of the available data suggested"fri
iaverage ralf—life for gastrointestinal absorption (ko1 1/2) 2
reater than 12 minutes. The average half—life for elimination £ C
k ivalents from the blood was found to ‘be approximately 18 minutes an

o ;fhours for the rapid (alpha ‘1/2) and slow (beta tllz) compartments,

espectively. The volume of distribution (V ) and the area under the
;blood CD—4 versus time curves (AUC) for male end female rats were not -

V'QVnoticeabls different. The V averaged between 800 and 950 g/kg, while '53}7;i;11

5 :the AUC vas between 1 9 and 2 5 pg equiv.—hr/g for bbth sexes. ,,'rr

e fp;sCﬁSSIOH: o

lfate has been found to be a potent nephrotoxic agent capable of

'1using renal tubular necrosis in rats receiving a single oral ‘dose (5).

ke urThe acute ‘oral LD 0 " of GD-4 sulfate in. fasted male and female Sprague—ryirflffi"?
";'Davley rats vas i the range of 25 to. 50 mg/kg Rats ‘that succumbed L

4—day observation period were generally found to possess pale
; 8 ' al

t :'ogif:analysis.a Apparent secondi:




particle diameter less than 4 7 um) : Assuming 100% uptak
°"irable fraction, the euthor calculated the. absorbed do

Srmg/kg, which was within the renge that ceused renal damage by the

'1ffiora1 routc'of administration.' '

A slight sex—difference was observed in ‘a recent four-week subaeute gsvage

iistudy with CD-4 sulfate (8) Results from the study showed that unfastedV;'J

'ifimale and female rats administered 0, 0.1, 1.0, end 10 mg/kg/day of oD—4
,rsulfate (5 days/week) hed normal hematology, clinical chemistry, and

:l’fcurinalyeis values at the lowest three dose levels.; However, several of

:'the female, but not male rats, receiving the 10 mg/kg/day dose had

:}f}elevated white blood cell counts and n-acetylglucosaminidase activitvrin l'

;:jtheir urines. In contrast, the results from the current study show CD— :

: :;elimination to be nearly the seme for both male and female rats receiving o

f;arsingle oral dose., Since the toxicity study involved repetitive desing,, f:,i'>7?i o

" the ’1ightly higher susceptibility of ‘female rats may reflect a small

: ffrdifferential change in sensitivity due to enzyme induction or receptor } ;'ji

'1affinit . If eo, multiple cxposures would be expected to affect the




' fte:dency of p—phenylenediamine—type color developers to oxidize when in f
solution. This latter possibility is supported by data showing that the

ofile of labelled metabolites in the urine of rats given any of a numberll;';

of'different p—phenylenediamine-type developers was altered by etorsge ofr

77°,the specimens in the freezer (2) “These same studies ahowed a

'7itime—dependent qualitative change in the urinary metabolite pattern of

"";rats administered the ring demethylated congener of CD—4.V These animals ";,;:'3"

;é;iwere fo“nd to excrete a major urinary metabolite which ‘was located at

: ?either of two positions on a TLC plate.~ A similar effect was observed in fh;ihf

‘fi,ﬁthz'present study with the appearance of metabolite D in place of

i etabolite C for urine specimens collected beyond 12 hours. Since this
: }'obvious change in the chemical structure of metabolite G may simply

':represent a sample handling artifact, the biolosical significance of the 'f’"i -

ge is difficult to aseertain.,




