(e

A

Y

of

v
4

& Y

- | e oD

‘—’—_—-

LEAD PALXT IUNGISTION STVDY / E

&W’

o

b

o~
s

»>
Y

2

-4

FINAL REPORT
14 September 1973

Contract Ne. 62-W-62GCANPC
MRI Projec: No. 37298

For
National Paint and Costings Asseciation . ;t
1500 Rhode Island Avenus, N.W. e em
Washingeon, D.C. 20008 -

Aten:  Mr. Royal A, Browm

0007~-SWP-036972

nTAS r=~r



PREFACE

This report vas prepared at Midvest Research Insticuce, 425 Volker
Boulevard, Kansas City, Massouri 64110, under Contrect No. 62-wW-620C&NPC,
VAL Project No. 37198, “Lead Painc Ingestion Study." The research vas
spongored by the National Paint and Costings Associstion, 1500 Rhode Island
Avenge, N.W., washington, D.C. 20005. Dr. John P. Frauley, Chief Toxicologist,
Hercules, Inc., Wilmingten, Delaware 19899, was the project monitoer.

The ressarch was conducted in the Biological Sciences Division,
under the direction of Dr, W. B. House ftom 1 Decamber 13972 zhrough 31 July
1973. Dr. Thomas R. Castles, Principal Pharmacologist, was the principal
investigator, assisted dy Dr. Jaime L. Sanyer, Aesociaste Pachologist, and
Mrs. Jane Hoch, Biology lesearch Assiycant. Dy. James 1. Spigarelll, Senior

Chemist supervised the lead analysis vith the gisistance of Mrs. Hope M.
Miller, Assistant Chemisse,

Approved for:

MIDWEST RESEARCH INSTITLTEZ

w, B. House, lirector
Bioiogical Sciences Division

i» September .973
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/ Fev parsons will dissgree that old lead-based pasint presencs a,,!’&ﬁ“'t
= : a Seren. As 8 result of Asalh

orcs py xchoc,y Chi.i’iolﬂ.gl and Kxng.y medical rassarchers, paiat manu- 4“""

are acring co eszablish safe concentracions of lessd in paint. 7o do this,

y heve voluzminous rsports on clinical obsarvations and animsl resesrch from M
ich to draw. Unfortunately, mosc of cthis informariom is based upon the old . O‘A‘ .

3 Shgt® Zna pAiItE Sore g{-y-“

oncenteacions of lead in psint cen be intelligently &
eastadlished, ve must evaluate the toxicity of the laad 89 it exists currantly J
in modern paints. It vas che putpose of this a:udy' to evaluste ths toxicity

Ln racs produced bv modern paints containing les¢ octoscaswlasd chromste oe 0'530)
and o compars chem to am old paint formulationpevpieal of

those responsible for lea p_auor.:.ni. Ihe re
foliowing pages.

ulcs are presanted in the Gt ey

Paint films!without sdded lead and.lddcd ead compounda in the
form of lead octoate, lesd chromats, or lssd carbonste wers supplied by mem»
bars of tne National Paint and Coatings Association. Paincs which contained
‘ead octcoate,blead chromate (medium yellow) -7’;-&-;-— vere prspared g
using @ 2lat alkvd enamel formuls based upom & =R-366D Type I Class B alkyd

The flat alkyd paint without added lead vas used for eon:xo{. The percent &IM

zial. Dispersion was sccomplished vith s Cowles Disspifer and the pigsent - F.
voluse concentration was held at one level. The
and allowed %0 arr dry. This wvas folloved by
voletilize any ramaining solvent. Paiac
ranging from 0.5 to 1.0 m@ {n aize ve
vas selected on tha basis of s pr
inat racts vould selectivaly ea

Teed sir drying st 120°F to
vere ‘!m‘lilv“, and chips
used for this ectudy. IThis chip size
Binary rac fesding study which established
round larger sized chips. ,
aok rdacid Nt

The concencragibng of lead in the differsnt paint £ilms were deter- .
minkc indepesdently Dy”DeSoto Incorporated, the Sharwin-Williems Company and
Hicwes: Resesrch I[pdtitucs, usisg Atamic Absorption SpretrophotometTy. )

s LA

s e
Faliiln e 30V -
.
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Smplcl of old lead-based psint ..hﬂ: obtained from the U.S. Departe
ment of Cowmerce, National Buresu of Standards, Weshingeon, D.C.» This paint
had been pulverized and sieved through 325 mesh scrsen (0.06-0.08 = size) and
contained 11.87% lead by weight. This sampie will be referld o ag "¥BS lead
paint" in this reporc.

B. Prepararion of 2iecs

»

S )
Diets were preparsd by mixing paint Silms with Purins Rat Chow ash

in the concentracion of _0__11. (weight/veighc). This was sceomplisaed by firsc
prepazing a 10% concencrace (paimt film/foed, w/w) in s high-speed twin shell
mixer. This concentrate vas than added to the appropriate amount of Purina
Rat Chow mash Zo give a final concentration of 0.1% (paint film/fead, w/iw)
and wixed for 10 mn;‘x: 8 bulk mixer.

Lach diet was prepared Ehrse cimes during che axperimenc and samples
of each of these preparations wers assayad for lead concent.

C. ZIxperimental Procsdure

dred wesnling (40-60 gm) Charles River rats (100 males and
100 fanale racs) wars used for this scudy. Upon srrival vats were housed
individually in air conditioned quarters im polycardonats cages containing’
hardwood bedding and filter tops. After 3.7 days of equilibration, sll
sats were assigned one of the following diets.

1. Rac chov plus painc G“:L-: vithout added lead (control)

2. Rat chev plus paint fA- eontaining 0.08% lesd as lead sctoate
3. Rat chow plus paint 21’5.- conesining 0.532 lead 30 lead octosts
. Rat chow plus paine !1';; concsining 2.05% iaad as lead octoate
5. Rat chaw plus paint 2;!.- containing 0.42% lead as lead chromace
6. Rat chow plus paint ﬂ.;.a gcontaining 1.95% lead as isad chrorate

’
7. Nat chow plus paint £ilm containing 12.43% lead as lead chrozate

* .
8. Rat chow plus paint film concaining 66.052 lead as lead carbonate

0
B

DARSRY

Aac chow plus NBS lead paint containiang 11.92% lesd mmmubiy “C.M
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Twenty male -nd_ll’_o female rats were sssigned to che contzol diet, and 10 males
ana 10 fcmale rats were azsigned to each of :ne remsaning dists. Zacn d.et
was fed in 8 9-02 widcemouth glass jac which was Secured to the cags. Tsp
vater wes availabdle Ack 1ibjtum during the entirs exper:iment
Feed consumption was measured twice sach veek and calculated on a

daily bagis. Ths amimals vere weaighed once 2 veex. All racs were cbserved
twice or more edch week for roxic signs.

After 4, B and 13 weeks, 2 selected number of male and female racs
from each group were placed in mstabolism csges for cthe collection of 24enr
urine samples. A portion of the collectad urine vas used for urineiysis and
the ramsinder frozen for assay of deltasaminolevulinic acid and coproporphyrin.
After urine collection esch pat was snasthesized with ethar, exsanguinated
vis cthe abdominal aorcas and bone marrow smesrs were prepsred. BSlood samples
wvare heparizined, cooled and used inmedistely !ot’ hamatology and enzvme
assays. Aliguots of the remaining dlood wers takan for protoporphyrin and
lead assays. Afrar urine and blood samples wer cbrained, each rat vas
necropsied and tissus taken for lead analysis }ltcrouopu exsainstion,

b

D. Anslvses

Oy
1. 84 _analvses of gnd d aining s8i H

a. Paint £ilm: Tensmilligranmd samples of paint filas con-
ta:zing no lead or 0.08% lead octosta wera charrsd with 3 ml of conten:rated
nitric acid and dry-sshed at 300°C for 2 hr. The ash was dissolved in 1 ml
of acus cegia, cuukud to 5 ml with distilled water and this final éilucion

measursd fcr lead content by atomic absorption.
A )

All other paint fivms (10 mg samples) wars digested in 15zl
of a mixture of concentrated nitric acid and 372 perczhloric secid (2:1, V/V),
evaporited and the ramaining perchloric acid solutipon diluted to 23 ml with

distilied water. This final dilution was used for scomic absorption spece
treshotometry.
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5. Diets: One-gres samples of feed vere digested in a mixture i,
Z concentraced nitric acid and J7% perchloric acid (2:1, V/V) and their
inal dilutions adjusted to make their lead concentratioss within the cszece
zon limits of the atomic absorption technigue.
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o. Anslvses nerisrred u29n cach rat:
8. Hemarolesv:

(L) gmag ocrit: Hematocr.r vas determined in capiliary
tubes using 3 microcapillary centrifuge (International Equipment Cempary,
Model M8).

(2) Nemorlzbin: Hemoglobin was medsured as cyano-
n::hcaagiabiﬂ.i'

(3) Ercthroevee =4 leukocvete ecounts: Total erychrecyie
and leukocyts were counted using & Coulter Eiectronic Particle Counter with
100-u spsraturs.d/

(4) Retjculocveee: Reticulocytss ware counted by the
sstnylens blue method using the Miller disc. 8/

(5) Differential leukocvee county: Wright's scain vas

used to stain the leukocyres for examinacion.

(6) Egzvethrocvte osmotic frapility: Osmotic fragilicy
of erychrocytas vas quantitatively decermined by subjecting hgpartnucﬁ wvhole
blood to sodium chlorids solutions of different osmolarities..’ The concen-
tration of sodium chlorids which hemolyzed 502 of tha -’:huey:n wag obctsined
from a plot of percent hemolysis versus sodium chloride concencration.

b, Bodv fluid and tissue cheristrv:

(1) Rlssrs procein slecsyoohoreric pafrerns: Iotal
piasma protein vese dacermined using the dycsl Biurec Reageat (Hyecel, Ins.,
Houston., Texas). The quantizy of each plssma protein was datermined ajecero-

phoret.caliy on ce.lulose acstate and expressed as & percentage of the cotai
plasma procexn.

()
$-Aminclevaiinic acid dehydrase sctiviry was dazermined by tne zachod of

lLiche=an and Feldman.E' This orocedurs ves astarted 30 min after each blood
sampie vas axen.

(3) Ezvchrocves orotegorshvein: Protoporphyrin iz
scythrocyies was sadsusad by the mechod of Holler, ec al.d/ This analysis
was performed the day after blood wass withdravn.

(4) Urinary S-eminolevylinic scid fAlA): CUrinary
-aminolevulinic acid vas messured sccording to the Davis and andelmarid/
modzfication of Mauzerail's and Granick's Method.ll/ These analyses vere
peciotmes in subdusd ligas.

ey
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F
(3) Ve v _to pognhvein: ;’rinaglchro;orphyﬁns

vers determined by the method of Schlsnker and Kitenell.=<' Thase analyses
vere porformed in subdued lighe.

€. Usrinalvsis:
()] Urinazy procein (albumin): Urinary pracain was

measured with "Urise:x" reagents strips (iAmes Company, Zlkhart, Indiana).

(2) Microscopic examination of urine: Urins samples

were cencrifuged, the residues resuspended, and examined microscopically for
the prasence of erythrocytes snd leukocytes undar high pover field end for
castr under low powver field.

d. TIissue lesd:

(1) Blood: One millilicer of blocd wes mixed with 1 =l
of a mixture of 5% trichlogoacecic acid:372 perchlorie acid (3:1 v/v). The
sample wes centrifuged snd the supernscant filtered through sn AAWP 0.8 u
Millipore filter. The supsrnats was snalyzed £or lead with an stomic adsorp-
tion spectrophotomezer uaing standards prepared im control zat blood. '

(2) Other zissues: 3ome, liver, kidney, and brsin ware
cigested in concencrated nifric acid, evsporated to dryness and rsconstitutad
to the lowest possible voljume with 20% nitric scid. Thasa solutions vere
analyzed for lesd by atomic absorption spectrophotoretzy.

(3) Atomic absorption lm;vu!'z Lead concencrations

were measured using a Varian-Techtron AA-5 stomic absorption specsrophotoneter.
Sample solucions were espirsced into sn sir-acstylene flame and che absorbance
was measurec st 283.3 am. Background interfersnce vas decermined vith tha

use of a hydrogen continuum lamp st 283,) nm and subtracted from the sbsozbance
obtaired 4t 281.) n with the Pb hollow cethode lemp.

E. Dathelogy

1. Gross oathology: AGC nscTopsy, rats were sxasinsd for gross
abnormslicies, their livers, kidneys, spleens, hsarts, gonads, thyroids,
bra.ns, and adrenals veighed, and the relative organ weights calculated.
After veighing, a portion of the liver, kidney and brain vers taken for
sicooscopic examinacios aod the rest of sach organ vas messursd for lead
content. A femur was removed to be used for the seasursment of lead in bone.

3. ¥icrogeoaic pathology: B3ope CATrovy smaars vere prepared for
a zyeicid/erytaczord call counc. The following tissues vare fixed im buflered
neutral 8% formalin: braia, liver, spleen, stomach, small incastine

0007~-SWP~D36979
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(duodenum, jejunum, (leum), coloR, pancreas, kidneys, urina®y biadder, acremais, : .
thymus, gonad, tnyroid (with parathyroid ateacacd), —esenteric salivary gland, ':#\-’-'-
lympn nodes, heart, lungs, dispiaragm, skelatsl ruscle, 4nd prostate oc uterus. -
Tissues from all 13 waek rats fed the control, 2.052% lead occoate, L
13.43% lesd enromate, 56.05% lead carbonate, aad tae 11.92% NBS lead pain:

diets were embadded in parailin, section to & chickness of 6 u, stained with
hematoxylin and eosin and examined Ior histopathology.

F. Scatistical Aralvses

Control and treatment values vers comparad scatistically using
Dunnect's sultiple-comparison test with P < 0.05 as ths criceria of significance,

The concentrations of lead in the paint #wwms supplied by the
Menbers of the National Paint and Coatings Associacion vere snalyzed for lead
content by DeSoto Incorporated, the Sharwin-Williams Company, and Midvest
Reseazch Instituga (}MRI). Tha results of thess analyses ars shown in Table
1. The control which did not contain lead octoate or chromate was
found to contain spproximstely 0.01% lesd. Thore was a ressonable agresssa:
becween the different analyses, s0 an average ppm of lead vas computed and
used for the actusl lead concentration of each paint film. Lead coacentra-
tions of the lead paint obtained from the National Buresu of Standards wese
averoged .a a sinilar manner.

Jable 2 shows the lead content of sach diet. Purina Ret Chow
=asn vas found to contain approximately 4 ug/§» of lsad (assuming 0.1 pg/gs
cf lsad was contribuced by tha conctrol painc). The ug of lead/gm of lead
viizch was steribucable to each added paint film was ressonably close to its
Tespective theoretical value, The averags total ug of lead/gm of fesd for
easn diet was used for the caleculation of veekly and totsl lead consumption
£5z cacn rac.

. . . “ - 3 2,
! e, ) . “ gt v . v
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- TABLT 1

S CONCENTRATICN OF LEAD IN PAINT FrrM

Theorecical Laad Messured Lesd Corepnsration

Concentration  Painc Corpanies ury Averagel/
Zainy Til= &) A () o
Control Paint 0 0.01 < 2.2 2.491
Lead octoate 0.06 0.08 0.07 0.38
~aad octoste i 0.%0 0.50 0.56 0.53
Leaad octosce 2.00 1.%0 2.20 2.08
Lrad chromste 0,50 0.42 0.61 0.42
Lead chromate 2,00 1.80 2.10 1.95
Lead chromate 15,00 12.37 12.30 12.43
Lead catbonats 64,12 6).20” 68,90 56.05

¥BS 1aad paint . .72 11.98 11,928

3/ Maasured by V.S, Department of Commerce, National Buresu of Sctandards,
4ashingten, 2.C.

5/ Aaverage of paint companies snd MRI values.

g/ Average of Bureau of Standards and !RI values.
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TABLE 2

ZEAD_ANALYSES OF ZTETS COVTATINING NIFFST<iT 24INT Frivs

Mossures
‘ Theornticald/ Toeal®’  2aine Leact
Sier fug/zey fag/gm) fagea=
Control pa:nt plus Tat chow 0.1 4.1 -
(6)
Lead octoate (0.08%) plus rat chow 0.8 $.2 i
(6) (&)
Lead octoste (0.53%) plua rat chow 5.3 12,0 7.9
(6) (&)
Lead octoate (2.05%) pius rat chow 20.5 2.2 23.1
(8) (6)
Lead chromate (0.42%) plus rat chow 4.2 11.0 6.9
. (6) (6)
Lead chromate (1.95%) plus rat chow 18.5 2.5 19.4
(6) (6)
Lead chrorate (12.23%) plus rat chow S im 10,2 136.1
. . (&) (6
~eac carhonate (66,05%) plus rse chow 660.5 516.0 511.9
) (5 ¢ ))]
NBS Lead mewed paint (11.927%) plua rat chow 119.2 1234.0 119.9
(&)} (3
ar Tavoretical conceonerarion of lcad in focd concribuied by indicated paine film,
37 Mean ug of lesd/pm fecd for number of ssmplecs shown im parunchesis.
&/ “iean ug of lead frow paint filas/gm fecd for nucber of samples chewm in pageathesis.

IR e
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C. Preliminarv Foedine Studies

DX od

BSefore heginning ciiis scudy, 3 pilot experiment was pecfcrmec 0
sae :f tne racs were consuming thk lcad paint STT™ aiong with tne:v zed.
Ihtee racs each were placed on the concrol diez and the £6,05% ilcu. carsorace
diet. aAfter o8 he'™Teces vere collected and M lead conten: ~easuszc.
Teces Irem rets on tne contrel d:iet conzsined 11.5 up of lead/gn i{eces wnile
foces ITom rats Iad the 56.05% icad carbonate dict conteined 1,583 =3 of leadiga
faces. Thus, rits ¢ic consume the paiot e ajong with tneir Zeeo.

D. Gross Observations, Feed Consumptions and Sodv Waights

female Tat on 2.U5% icag octoate developed sn ade on her .efr grould
during the ninch treatment week and one femsle on tb.O.Sé leas carbonace
developed abcessed hind feet in the 10:h weak and chew her toes off.
. . s

The feed consurpcionyof male sand female rass =lhwn in Figures
3 and 2, respectively. Zxcept for the rats fed the diet containing 11.92%
lead as NBS lead painc, all groups consumed feed at the same tate as the cone
trol group throughout the enctire experiment. The resson cthe 11.92% XBS lead
paint group ate significantly less initially, was that they ware started a
monzh after the other Tats and wera initially smaller. Since this group vas
consuming faed aT tha ssme raté as the control jroup by &4 wesks, we consicer
tne:r :aitial food consumption normal also (for their size).

“he body weight gains for each group of rats are shown ia Figures
J snd . As mentionad above, the rata on the 11.92% KBS lead painc diet wers
soali anitially dul became similar to contrals by either tha 4th (fcmales) or
Eth week (aies). Throuphout the entire period the male vats i the other
treatzent groups gained weight at a normal rate, The fermsle rats cid show
& cnange :n do0y weights during the first § weeks of feeding which appears
Te.ated 2o the concantracion of lead octoste. Aftar & wesks of feecing, racs
:a tae I.05% lead octoate group weighed significancly lass than control. The
;8tlec: wis the same at 8 weeks. After 12 weeks thair averags dody weignis
st2il mxazdbited she same pattern, but the 2.05% lcad octoate group was not
sagmifzcantly different from concrol. This was dus to fower animals ard s
s:1302 :ncrease in varisdbilicy.

.
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by each rac. Thesc caleulacions are snown :n Tables 3 and 5. During :ne
+3th week period, :ne conirol group consumed approximately 106S ug of lcad/dax,

Aead:

E. =eeklv and Total weewd Corsus~sicn
SEecT ARG oS00, whew LOTSYTNSICN

“he weekly and total iedg comsumpiicn Suring the experiment were
caicuiated on che basis of the =¢tal icad/diet and amount of each diec eaten

wviale razs eazing J.055 lead octoate, 12.33% lead chromate, 686.03% iced car-

oonate, and 11.9.% NS iead paint consumed an sverage of 786.%5, 2,591.:.,
13,35.8. snd 3,184.3 ug of lead/day, respeccively. Using the average body

weizhts of rats survaving 13 davs, the rats in the contzol, 2.935% lead ecroace,

12.63% iead chrocace, 66.05% and 11,927 XBS lead paint §TOups consumed 225.27
1.957.5; 8,469.6% 34,650.8; and 7,804.7 ug of lesd/kg/day, respectively.

The results of the hesatology of rats fad paint films contsining
different concentrations of latd are shown in Jables 3-13. No differences
were observed in the arythrocvts count, reticulocyre count, hamatocric,
leukocyvee coune, cdifferential leukocyes count, and the erythroeyte osmotic
Sragilicy.

»
Py
G. Z:ssce and Fluid Thenmigtry of Ratg Fod Paine Fdees Co-raining Dificwvent

CD..C! o--:i. aZ '!.E

Tables 14-12 shov the Zissue and fluid chemiscry of racs fed patint
#rims concauning diflerant concencretions of lsad. The ssrtum proteins,
erXyInracyie srotoporphyria, urinary coproporphyrin, and urinaty dslta-amino-
ievuiinis acid were not altered by any of the diets.

[y

The sctivity of the erythrocyte aazyme, delts-amipolevulinic acid

a:nyd:-se (ALAD) :z the control, isad octoate (0.08%., 0.53%, and 2.05%) and

- —
Zltef througzeNE The
in rats fed 65.05° «ad

at b ucnkn :ncrl was a depression ol

lc:; ghjoondte g=2ip, but ine AlAD aczivity

tne W3S laad peint group was not significantly differenc from control.
AL this time & sex diffarence was odserved in both of these groups. The ALAD

;.ﬂa a;..ai ies of che funale rats retusncd o control levgls. This sex
ciffercnce =8y be lizkied to the fact that thess famalc rats\jad mstured ane
Were Prouadiy oagioming tholr ncns:-=h1 cycles.

(¢u4¢z|tr£)
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TABLE §

Ehagan
- HEMATOTOCY AF ATR TEA 21117 Soiwie
CONTAINING NO LEAD R

treat=cnt Vezk

A 8 23
_ anslvses r:z-gxa/ (Nl (%223
Zeyenzoeyces (x 10%/em”) 6,17 20,128/ 6332019  6.4220.79
Reticuloevces, % 1.5 20,7 0.8 = 0.3 l.4=0.t
Hematocrit, vol, % L6.1 £ 0.8 ba. 6z 1,2 4.6 = 0.3
Hemoglobin, gm, % 14.0 = 0.3 4.6 2 0.3 16.0 = 0.1
Lwkoeyees (x 10/mY) 5.0 £0,5 76213 8.0 0.6
Neutrophils, % 11,8 = 2,9 21.7 ¢ 5.6 13.1 = 1.3
Lympaocvtes, % 86.1 = 1.3 75.4 £ 5,3 8.1 = 1,6
Sands, % 0.3 20,2 [+] 2.1 =0.2
Eoninophils, % 0.9 20.% 1.3 2 0.4 0.5 =0.2
Basopnilis, % 0 0 0
Monocytes, % 1.1 =0.6 1.6 £ 0.6 2.1 £ 0.4
Atypical, % 0 0 0
Nueclsared RBC, % 0 0 0.1 =0,1
Ervearoevce oscotic 0.381 = 0.004 0.391 = 0.008 9.400 = 0,004

fzagilizy [Nac1lg/

Nuzpar of racs per period.
desn = scandard ecror.
Concentzation of NaCl that hemolyzed 307 of the erythrocytas.
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TABLE 6

GY _CF TS FED PilNl i

. CONTAINING €, 087 LSAN AS  15.D ACTIATE
Treatmane Veek
. S 8 13
iralvses Ay 4 1al) (el
Ervehroeytes (x 106/mmd) 6,14 = 0,328/ 6.33 = 0.09 5.92 % 0,39
Retleuloeveaes, % 0.9 = 0.5 1.020,8 1.4s0,2
Hematogrit, vol.y % 41.3 % 0.9 6.0 = 0.7 43.030.5
Hemoglobin, g3, % 14.1 = 0.4 15.4 = 0.2 16,7 % 0.8
Leukocytes {x 153/ emd) 5.1 4 0.8 5.5 0.7 7.720.9
Neutrophils, % 2.9 2 1.6 0.3 =47 16,3 2 1.7
wvephocytes, % 74.3 =% 1.8 76.3 = 4.7 80.9=1.8
Bands, % 0 0 0.3 £0.2
Tosinophils, % 0.8 = 0.3 1.5 £ 0.6 0.7 = 0.3
Sasophils, % 0 0 0
Manoeytes, % 0.5=0.5 2.0=0.8 1.9 2 0.5
Atypical, % 0 0 0
N Nucleated RSC, % 0 [+} 0
” Ervchrocyte osmotic 0.381 = 2,008 0.410 = 0.007 0.395 = 0.00%
~y frapilicy [Nat12¥/
'

P —
§/ Yumber of =3ats per period,

3/ Mean = standard error.

g/ CLoncentrzcion of NaCl that hemolvzed 50% of the erythrpeytes,

-" -
-t . %
c % -
. “ .
A E . -
8 .
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Tam, P
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. TABLE 7

23
Analvses ey
Eryehrocyces (x 106/mm3)  6.27 = 0,2/ 6.06 = 0.31 5.6 = 9,4
Reticulecytes, % 0.9 =0,? 0.9%0.6 L.6=20.2
Hemarocrize, vol., % 42.320.7 43,86 =0,% 43 = 0.7
Hemoglobin, g=, % 14.2 2 0.2 14.9 2 0.3 15.3=0.3
Leukocytes (x 103/=md) 5.0 2 1.4 7.522.8 8.3=1.0
Neucrophils, % 15.8 = 3.8 19.3 2 .8 16.2 = 1.9
Lymphocytas, % 83.0 * 4.4 7.5 # 3.8 8l.6= 1.3
Sands, % 0 0 0.1 =3.1
Eosinopntils, % 0.8 * 0.3 1.0 = 0.% 0.8 = 0.3
Sasophils, % 0 0 [+}
Monocytes, % 0.520,5 2.3 =0.% 1.6 2 0.2
Atypical, % 0 0 ]
. Nucleated RBC, 0 0 0

Erythrocyce ocsmotic 0.383 = 0.006 0.388 £ 0.012

@ fragilicy [Nac1.g/
3/ Jumder of rats per period.
b/ Mean = standard error.
&/ Concentrazion of NaCl that hesolyzed 50% of the erythrocy:zas.

i g g i

0.401 = 0.006

e e
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R e

0007-SWP-000115561




1) I

TABMLE 8

Angivses

Erythrocytes (x loelmn3)
Reticulocytes, %
Hemstoerit, vol.g %
Hemoglobin, gm, *
Leukocytas (x {Oalmns)
Neutrophils, %,
vymphoeytsas, o
Sands, %
‘Eorinophils, %
Basophils, %
Monocytes, %
Atypical, %
Nuslasced RBC, 7
Eryshrocyte osmacic
tragrlicy TNacl 8/

Trteatment Woek

%
(r=i:3/

6.30 = 0.2%/

1.1 =0.6

0.381 = 0.006

a7/ RNumder of rats per peried,

5/ Mean = standard erTor.

8

o
g

&o

COWOLULOOONWVO 2

L o B ]
N~ OO0O0O
[ R P

o
L
g
(™)

-
L4
o
o

0.399 = 0,008

6,72 = 0.4
s.0=20.6
43.4%0.9
15.6 = 5.3
8.1 20,7
14.1= 2.6
82.8 =z 2,8

]
[+
.
w

[
>

OOonwmowo
"
o
h
-5

0.393 = 0.006

¢¢ Concencration of NaCl that hemolyzed S0% of the erychrocytes.

i
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TABLE 9

PR _PATNT

AD CHROVATE

sreatrent ~gck

)

vey
¥ fid
wig Ve

1
1
H

)
‘-
i

3 1
S
)
g

H

3
i%

.

“ / 8 8 T
Analvses rg-a'-; . __"‘f§‘ el :“:7-1_‘.‘,5;
S
Eryenrocytes (x 106/med)  6.71 = 0,168/ 6.38 = 0.16 6.6 % 0.3 RSN
Reciculocytes, 7 0.920.8 0.8 = 0.2 1.650.2 E. _;
Yematocrit, vol.p, % 43, =2 0.6 5.0 =% 1,1 63.6 = 0.7 eNley
Hemoglobin, gm, % 14.7 = 0.4 15.1= 0.3 15.6'%0.3 Rl
Leukocytes (x 103/mad) 5.120.6 5.1 0.5 6.9 0.7 P
Neutrophils, % 8.5 1.7 19.0 = 2.0 15.3=2.1
Lympnocytes, 0 90.3 £ 2.0 79.5% 1.3 83.6 = 2.0
Bands, % 0 o} 0
Zosincphils, % 0 0.8 %0.8 1.22 0,4
Bssophils, % 0 0 0
- Monocytes, % 1.3 =20.8 0.8 £ 0.8 1.2=2 0.4
Atypical, % '] 0 0
. ) Nucleatsd RAC, °, ] 0.3 20,3 0
Erythrocyte osmocic 2.383 = 0.003 0.395 2 0.12 0,392 = 0,007
3 fragility, .Naclls/
1 R
a/, Number of racts per period, except where indicated otherwidyw.

5/ Msan % standard arror.
&/ Concentration of NaCl ttat hemolyzed 50% of zhe erythrocytes.
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TABLE 10 .

HEMATOILOAY SF PATS FID PATINT St

>
s
CONTAINING 1. 38 TFih AS “ELD LURANATT

- 8 3
Aralvces }:-.’.\1’ 2el) A A
Ervenrocytes (x 10%/2a%)  6.17 25052/ 6212 0.13  6.37 = 0.52
Reticulocytas, . C.8 = 0.4 0.8 0.3 i.2=20,2
Hemstocrit, vol.po % «0.8 = 0.6 64,3 =0,3 66,1 = 0.7
Hemoglobin, gmg 13.9 2 0.2 15,3 = 0.3 16.2 = 0.4
Leukocytas {x 103/zmd) 4.9=0.8 6.1%1,2 8.2=1,0
Neutrophils, . 10,0 = 2.4 1.5 = 6.6 il.e = 2.3
Lymphocytes, % 92.0 = 1.8 80.3 = 6.6 85.9 = 2.2
3ands, % 0 0 0
Eosinopnils, % 0.5 %90.3 0.3=0.3 1.5=0.5
3asophils, % 0 0 0
Monocyces, T 0 0.8 0.3 1.2=0.3
- Acypical, O ] 0 0
. Sucleated RBC, " 4] 0 0
~ Erythrozyts psmotie 0.383 = 0.307 0.385 = 0.007 0.404 = 2,905
b fcagilicy, [Nac1l8/ '
a/ Number of rais per pariod,
3/ Mean = stardard ecror,
g/ Concentrzation of NaCl that hemolyzed 5C%. of the arythrocyses.
-~
22
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TABLE 11

»

O HEMATOLOCY OF IATS 7ZD PAIHT Sdaaer
. ONTAINING 12.23" 12AD AS 133D SHAOMATE

Trcarmeng Veck

. ; % ' )
Analvses [eyLy 1 Mok el

‘Eryehroeyzes (x i0%/md) 6,322 0.1¢% 6,23 20.18  6.61 = 0.39
Reticulocyeeqpfh 1.95= 1,28 0.9 = 0.1 1.6 0.2
Hematoerit, vol., % 4l.3 21,1 L3.820.5 .l = 0.7
Hemoglobin, gm, % 13.9 = 0.4 15.2 £ 0.1 15.8 20,2
Leukocytes (x 103/=md) 4.8£0,8 5.3z 1.8 7.6 2 0.6
Neucrophils, % 1.5 2 6.3 15,0 2 2.1 12.8 = 1.6
Lymphocytes, % 78.0 = 6.0 B2.8 =2 2,0 854.8 = 1.7
Bands, % 0 0 0.l =¢C.1
Sosinophils, % ~0.5=0,5 1.0=0 1.2 = 0.4
3asophils, 0 0 0
Monocytes, % 0 1. £0.) 1.3 =0.3
Atypical, % '] 0 0
. Nuciaated RBC, % ] 0.3=0.3 0
° Erythrocyte osmotic 0.384 = 0,007 0.385 = 0,010 0.396 = 9.506
3 fragilisy [xaci. &/

El Mesn = scandard error.

$/ Concentrazion of NaCl that hemelyzed 50% of the ervchrocytes.

4’ Supder of racs per period.

&)

A : T e S Ay e L
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;-) TABLE 12 f'
HEMATOLASY AF 235§ TN D{T\w" awes?
ONTAINING SR, 18 TEAD AS LSAD CARBONATE

[o

M Treatment Voek
[ 8 13
Analvees rte3r 8! Yol ) NN
Erythrocytas (x 10%/mm®)  5.94 # 0,562/ §.13 = 0.06 6.60 = 0.37
Reticulocyzes, % 0.4 3 0.2 1.1 3 0.3 2.9 = 1.3
Hemazoerie, vol., = 41,3 20.9 46,0 % 1.5 4,7=21.2
Reroglobin, g3 % 13.9 2 0.5 15.0 = 0.2 15.6 = 0.6
Leukocytes (x 103/mm) 4.3 1.2 5.0 0.9 7.7 20,8
Seutrophils, % 14,3 = 4,1 15.0 2 4,1 15.2 = 2.6
Lympnocytes, % 82.0 = 5.6 86.0 24,2 82,7 = 2.7
3ands, % o] 0 0.2 =0.1
Eosinophils, % 0,7 £0.7 0.5=0,8 0.9 = 0.3
Basophils, % [} 0 0
Manocycas, % 3.0= 2.0 0.5 2 0.3 1.0 = 9.3
. Atypleal, 2 0 0 0
* Nuclasted REC, % 0 ¢ 0.1 =0.1
Erythrocyte ofmotic 0.388 = 0.009 0.396 = 0.012 0.397'= 0.003
R fragilicy {NaCl €

4/ Sumber of racts per period.
b/ Mesn = standard srror.
&/ Concentrazion of NaCl thaz hamalyzed 507 of ths srythrocytas.
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TABLE 13

YTOLCSY 0T TS FE) NES Leip

_INT CONTATNING 1L.9N vl T

Treatment weeb
. 8 13
ALY Neé) (Ne12)
5,722 0,152 La9=0.83 5.61 = 0.3
.5 20,3 1.0 2 0.4 1.3 = 0.1
39.7 = 0.8 42.8 £ 1.1 %2.9 0.4
13.6 = & 16.7 £ 0,3 146.7 0,1l
- 9.7 = 1.4 6.7 % 1.2 7.0%0,5
9.5 = 2,1 7.0 = 1.7 16.2% 2.1
90.2 = 2.3 92.0 % 2.1 83.6 = 2.2
0.320,3 0 0
0 0 1.4 = 0.4
0 0 0
0 1.0 £ 0.7 0.8 2 0.3
s] 0 Q
: 0 0 0.1 £0.1
- 0.389 = 0,006 0.412 = 0,006 0,408 =0.908

ko2 1

.= tariod, except where indicaced otherwise.

= ... that hemolyzes 50% of the erychrocvtes.
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4 8 b
Analvies a2/ saB) fim23)
Serun electTophoresis
Aldumin, % 63 = 1%/ 432 W@z
Alpha 1 globulin, % =1 =21 2l =1
Alpha 2 giobulin, 7, 5= Sz} S§=1
Beta globulin, % 202 Vel 21 =1
Gaoma globulin, 7 621l 0=} 6=1
Total protein, fg % 5.6 = 0.1 6.2=0.2 6.3 = 0.1
Aldumin/giodulin racio 0.76 = 0,03 0.77 £ 0.07 0.93 = 0.9

Irythroeyts
ALAD, umol. P3G/ Males:

. 100 @l RAC/hr Famales: 16.6 = 3,15 16.3= 2.8 15,62 0.79/
Total: 19.9 ® 2.2 15,6218 1s.0= i,
@ Protoperphyrin, 19.6 = 1.6 3.5* 1.9 29,23 2.0 bR
ug/100 =l RRC s,
Urine .
Coproporphyris, 2.5=% 1.2 .32 7. 6.0 % 1.9 £
ug/26 hr s
AlA, 78,0 = 7.4 83.3 = 11.0 &3.6 % 5,0 i:\
z=g/2% hr '
:
G

e areeme o

TABLE 14

JISSUZ AND FPLUID CHEITSTRY OF RATS TI3 DALY S

CONTAINING M) Z2AD

Trest-ent Seek

23.2 % 2.38/

15.1 = 2,38/

a/ uzber of vats per period, axcept vhere irdicatad otherwiss. ;
27. dNaan = standard error. Rt
5/ Four cats. ot
4/ Zvelva racs. s
e
P
R
[
— : .
bawey
2% )
: N T e e S e A S e i e Y
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© TABLE 18 R
) v e [
TISSUE AWD FLUZD QMEVISTIY OF TATS FEn pait Shws -
CONTAINILG 5. 33" 5233 AS ZAD €28ansz 7 Qo
Treaement Seck L f -
o 8 23 T
Analvses rxmlt 3/ (N=d) )
Serum electrophoresis
Aldumin, % 40 = 1/ W= =1 -
Alpha 1 globulin, % %=1 20% 2 20=1
Alphs 2 glebulin, % Szl Lkl S=1
Bsta plobulin, 7 A =1 201 22=1
Geoma glodulin, % §z] 12=1 1=1
Total protein, % 5.9%0.1 6.3 2 0.2 6.2=25,1
Albumin/glebulin racieo 0.66 = 0,02 0.79 = 0.08 0.93 = 9,04
Crythrocvtes
ALAD, umol., PBG/ Males: 24,8 = 7,78/ 14.9 = 1.3/ 12,0 2,24/
100 ol RBC/hr  Females: 19.5 = 4,48/ 18.7 2 0,38 18,1 = 1,38/
Total: 22.2%£13.9 16.8z1.2 5.0 1.4
Proctoporphyrin, 8.4 = 2.4 W.2%15 2,822
ug/100 ml RBC ’
Trine
Coproporphyein, .220,2 4.8 £ 2.4 2,9 = 1.4
ug/2% hr
Ald, B86.4 = 16.6 107.6 = 3&.1 35.0 = 6,7
g/ 2 hr

a/ Number of rats par pariod, excapt whare indicated othervise.
Mgsn = standard error,
s/ Two raca,

2/ Six racs. 2
L
e
- Qé
3
a7

I
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SABLE 16

ROAY Trorvm mews

L340 a8 LIan ACTOATS

: BN CONTAINING 3,53
Chuge
. Treatment Wesk
e - ; 5 :3
Analrees [T AT | (i) /Net 2\
Serum slectrophozesis
Albumn, % o= 2 sarxs” $0=1
Alpha 1 globulin, % =1 23=1 26=1
Alpha 2 globulin, % Sz 1 6= 2 4}
Bsca globulin, % 20 =1 W=1 20= 2
Garma glodulin, % =1 11 =2 T=1
Tocal procein, g % 5.2 =0.1 6.3 = 0.1 6.0 = 0.1
Albumin/globulin ratio 0.68 = 0,04 0.70 = 0.13 .00 = 0,97
Erythrocytes
. ALAD, umol, P3G/ Males: 21.6 = 6.38/ 10.3z0.88 12,5 =078/ Areck
100 @l RBC/hr  Femsles: 13.5 = 2,78/ 15.3 = 0,28/ 17,0 = 1,24/ 335
Total: 18,4 = 3.3 12,83 1.8 1L.7=20.9 ,,3‘ x:
Protoporphyrin, 2.1 =1i.0 A.7=21.1 27.7=3.3 ‘o
g ugs100 ml RSC o
Urine .
Coproporahyr:n, 10,7 = 5.9 1.1 =0,8 4,9 = 2,4
ug/2% nr .
AlA, 97.4 =2 15.2 101.4 = 0.1 50.5 = 6.6
ug/ 26 hr
i’ Sumoer of racs period, except where indicacted ozhaswise.
%/ lean = standard erro:. )

S0 rats,
Six zats.

s .
A Ve

e TR T - 0007~SWP-037002
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3 ZISSUT_AND BOBY FIUTD CURMTSTRY AT niag rry pivie
TCONTAINING 2.08% ITAD a§ LLA3 QfTa3ies
L
Treatment Week
- ] i3
Analvses (xwz)d/ Nm4Y (Nl

Albuain, % 41 = 3/ =2 822
Alpha 1 globulia, % 27 2 2 2=z 0=
Alpha 2 globulin, % bl L2l 6=
3ace globulin, % 0= 191 2l =)
GCarma globulin, % §=1 9=1 6=1
Toctal procein, fg % $.7%0.2 6.0 £ 0,1 8,2 = 0.1
Albuain/globulin racje 0.70 = 0,07 0.85 £ 0,07 0.96 = 0.57
Erythrocytes
ALAD, umol, ?8G/ Males: 24.1 % 4.0S/ 1202 1.7¥ 162089
100 ml RBC/hr  Femsles: 18.7 % 1.08/ 11.320.22 16,32 3,98
Toeal: 21.4 = 2.3 1.7 2 0.7 13.8= 2.0
* Protoporphyrin, 3.5=2.8 3.8 2,5 2.0 = 2,2
@ ug/100 ml RBC
Urine
Coproporphyrin, 1.6 = 0.6 3.0= 0,3 7.7% 2,9
ng/2s he
AlA, 80.7 = 17.3 82,7 % 10,4 66,5 = 8,8
ug/ 2% he
i’ T.zber of rais per pariod, exccpt vhers Indicated othervise.
3/ Msan = standavd arror.
&/ Tvo rats,
&’ Six ras.

TASLE 17

Sarum slectrophoresis

29

e—— =

Sl Sl At L Rl
: T2

0007-SWP-037003

0007-SWP-000115571




TABLE 18

HEMISTRY OF X335 F=

2ATHT

Treatment weaok
-t 3.1 130,41l

4 4

Serum electrophoresis

Albumin, % w2 ¢ 2%/
Alpha 1 globulin, % 8=z
Alphs 2 globulin, % [ 1B
Beta globulin, % 192
GCamma globulin, % 823
Total protein, #ig % 5.8z20,2
Albuminfglobulin ratio 0.71 = 0.06
Erythrocyte
. ALAD, pmol. P3G/ Msles: 23.4 & 3.8/
100 ol RBC/hr  Females: 13.4 & 0.95/
. Total: 18.4 % 3.3
; Frotoporphyrin, 27.3 = 2.8
:D pg/100 ml TBC
Crine
Coproporphyria, 8.2 2 6.7
" ug/2& hr
AlA, 69,3 = 6.6
ng/2% hr

] 1
(Nes) fN-lZ!
4 = 2 RER!
082 221
b= S
V=1 el
1222 6=l
6.0=0.2 6.120.1
0.80%0.08  0.90%0.03"
6.1 % 0.65; 15.7 = 1,58/
17.6 2 008 16,5« 148
15.7 £ 1.0 161210
28.3 = 0.6 27.9 = 2,1
1.520.7 6.32 2.2
65.2% 17.4 85.3 = 3.4

Kumber of cats per period, except where indicated otherwisa.

a/
b/ Mean = scandard error.
g/ Two tats.
/ Six racs.

- - *{ - § A g ——
.
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TABLE 19

\D TISSUE AND RODY FLUIN CHEMISTRY OF RATS F!:fd' PA':f?,'f
: SN CONTATSING 1,98 124D 1§ 174D CHROALE
. Treasment teek
) _ 4 8 13
Anaicses (ALY Nw2) [m]a
Serum alectrophoresis
Albumin, % 41 = 2B/ W51 AEE]
Alpha 1 globulin, % 25=1 1921 19 =2
Alphs 2 globulin, % b= =] 5%
Seta globulin, % %) =1 a=1
Gazoma glodulin, % Ix) 111 621 Su¥
Total protein, g % 5.7 ¢ 0.1 6.20 = 0.04 6.6 20,1 ¥R
Albumin/globulin racioc 0.73 2 0.06 0.8) 2 0.04 0.96 = 0,08
Erychrocycs
. ALAD, umol, PBG/ Males: 29.5 £ 3,18/ 12,32 1,08 13,331,4/
. 100 m1 RBC/hr Femsles: 20.4 = 4,38/ 14,7 « 0.6/ 12,9 3 2,39/
. Total: 2.9 # 1.6 13.5= 0.8 13.1 % 1.3
Protoporphyrin, 26.5 8 4.7 6.8 1.8 7.4 21,8
@ ug/100 ol RBC
Lrine .
Coproporphyrin, 0.9%0.1 7.0 = 6.% 4.6 =1.9
ug/ 2 hr
ALA, 80.8 7.2 67.7 = 6.8 6.5 = 17.5
ug/2 hr
a/ Nunber of rats per period, except where indicacted ochervise.
>/ Mesn = standard error.
s’ Twvo racs.
3/ Six rats.
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TABLE 20

ZISSTE AND SODY ¥ T CUSWISTRY OF SATS

: Bt SCNTAINTING 2..37 DIALTAS L
Arre
: Irear-ent ‘et
. o b}
Asaivses (.\’-L\!'M . INwl) a2
Serum eleccrophoresis
Albumin, % - w=d 723 6=2
Alpha 1 globulin, % 27=1 21=1 Nel
Alpha 2 globulin, % d=z bzl S
Seca globulin, % 2=21 1821 2=1
Gamma globulin, % 8z 1 92 2 6=z1
Total pretein, Pg 5.6 = 0.1 5.1 =0.1 §,6 = 0.1
Albumin/globulin racio 0.68 = 0,08 0.90 = 0.12 0.98 = 0.36
Erychrocyte / / 3
. ALAD, pmol. P3G/ Males: 26.4 = 7.421 16,5 =108 22,6 Lo
. 100 ml RBC/hr Females: 14,3 = 3,28 ne=x3es n7=21.1%
- Toral: 20.3 = 4.9 15.0= 1.9 13.1= L0
Protoporphyrin, 2.5 1.6 2,22 2,6 %.6 = 2.0 -
£ ug/100 nl R3C
Crine
Coproparphvrin, 2,6 = 1.8 0.9 =¢.2 2.6 =9.8
sg/ 26 hr
AMA, 89.7 = 19.3 78,4 = 6.8 =%$.7 = 12,
Lg/ 26 hr
2 Nuzber of rats per pariod, sxcept vhere indicated osherwise,
2! Mean = standard errer,
&' 3Ivo rats.
47 Six cats.
32 I
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TABLE 21

LISSUE_AND 002V FIofD CUEMIGPRC OF dave ~bn Sypi="
.

L08% 124D 28 LEiR £A250YATE

Tresg=ang uev

Tud eleccrophorssis
Albumn, %

Aipha 1 globulin, %
Alphs 2 plodulin, %
Beta globulin, %
Garma glodulin, %
Total protein, §§ %
Albumin/globuiin ratie C.7

[ X3 o

2
[N I R b
LU B R LT T T

w
.
O O e o

Erythrocyta

ALAD, pmol. P3G/ Males: 12,38/
100 =l RAC/hr  Females: 9.1

10.2
Protoporphyrin, 23,2
ug/100 o1 REC

TTine &Nk

Contoporphysic, 2.0=0,7
ug/2% hr
ALA, $0.3 = 27.7
ug/2% nr

g

Nub)

~No

el
QO+ e re py —~

R

<

s o

- v
OO W e \n
(LSRR LI TR U |

4,6 x 038
12.4 = 0.48/
8.4z 2.3-"
0.6 2.1

Y] s 3.
WO W

©
-
oy .

" owoHu

6.7 =

RRE

“umper of rats per period, extept whers indicated atherwise.

WHH Wy

UO-—- Ll o S ¥ )

Qe
*

S

"PO:‘

o s
iein 1o
T~

15
”»

Significantly different from control (P < 0.0%) as shown by Zunnetc's
rultipiescorparison sest following an analysis of vsriance.

B —w

3,

2

2z’ VYean = stancsrd ervor,

s’ One rat.

2 TWo tats.

e/ Six rats.

c!

£

2
23
e - i @ o R e vk

vo iy w—

- ————————t

o
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Tasiz 22 PRy
D TISSUE A vaow 2ii0) CMANISTHY AF 9406
AEAD 2L IINTATUINS M1 ST |

Treatrent Yook — Lo
8 3 o
Analvsis IRy o , “Xub) et .
Serum clectropnoTesis Taam
Albumin, % 5221/ = =z Rt
Alphs 1 globulin, % A=t 21 =2 2% =)
Alpns 2 globulin, % i= 823 7=
Bata globulin, % =1 A =13 2l =)
Garms globulin,® =1 6= 5=
Total protein, g % £.a=0.2 6.0=0.2 6.1 = 0.1
Albumin/globulin ratie 1.1 =9,02 0.78 = 0,06 0.82 = £.26
Zrychrocyee
ALAD, umol. P3G/ lMales: 8.5 = 5,08/ 5.02 038 a9 =0.6¢
100 ml RBC/hr  Females: 10.1 # 0.1&/ 15.0= 538/ s.8=:.cd
Total: 9.3 = 2,18/ 10.0 = 3.6 6.9 = 0.5¢
‘ Brotoporphyrin, 8= %.521.80 8.3 =12
a:) ug/100 ml R3C
vrine (il
Coproporphysin, 2.0=0.8 6.8 4.9 Lb =21
ug/ 24 hr
ALA, .. = 2.8 2.0 = 13,6 5.2 = 3.8
$g/24 nr
4’/ Suzber of racts per period, axcept vnere :indicated otherwise.
3/ Mean = standard error.
s’ Tus Tats,
2 Six rTats. )
e/ SigniZicancly different from concrol (P < 0,05) a3 indicated by Duasecs's
mlzipleecorparison cest folloving an analysis of variamce.
."\‘ .
A .
3%
" i W e vy s @eewea & e i o i 1 G+ 4 o e . S e o 9 0 e
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TABLE 2)

SUMHARY_OF POKPINEIN METABULISH IN RATS FED_PAINT,FOR 1) WEEKS
CONTAINING DIFFERENT CONCENTRATIONS OF TEAD

. Liythracyte Usinary
ALap2 Rrotopurphyrin Coproporphyrin
Diet 85/ (umol. PRG/100 wl RBC/We)  (pg/100 mb RAC) /23 1 fo
v
Control 2 5.0 4 1.0% 29.2 4 2.0 6.0 4 1.9 4.
0.U8% Lend Octoate 12 14.0 1.4 22.8 4 2.5 2.9 1 1.4 5.
0.9)% lLead Octoate 12 14.7 £ 0.9 21,7 ¢3.3 4.9+ 2.4 50.
4 74.05% Lesd Octoate 12 13.8 ¢ 2.0 2%.0 ¢ 2.2 7.7 +29 64,
0.42% tead Chromace t2 10.1 ¢ 1.0 27.9 2 2.1 6.3 ¢ 2.2 85.
1.95% Lead Cliromate 1”2 13.1 ¢ 1.2 21.4 ¢ 1.3 4.6 £ 1.9 66.
w  J2.4YL Lead Chiromate 12 13.1 ¢ 1.0 2.6 £ 2.0 2.6 1 0.8 (LR
Y 66.0% tead Chromate 12 -~ 6.4 t0.7¢/ 27.2 % 6.8 6.7 ¢ 1.2 4.
10.92¢ NBS Lcad Pulut )2 -~ 6.9 2+ 0.8t/ 26.3 3 1.2 4.6 2 2.1 1P

/ b-Anlnolcml‘lnic acld deliydrase.

b/ b-Aminolevalinie actd.

¢/ Nuwbvee of rats per diet,

4/ Avcrage ¢ standard error of mmber of rats indiceted.

ef Sigeificantly difterens trom control (P < 0.05) as shown by hunnctt's Multiple-comparisun tes

¢
H
i
H

."' an analysis of vatlauwce.
a N
o T
= )
S *
N
1 ity
S !
5 i
9 e
o ¥
g 4
4 .~ R -ls_:v_,;::' ".!i‘l
: e i "“. : s &!\:!:,.‘ ! 0
c b : 4 ':!\"l'.:'

~ L2851 1000-dMS-2000



AD sgtivisy

1n 66.05% "LCa0 CATDORILE ATSUD ATC SNB aes e ot
0l anu 51, respectively.

——

Urinalysis of racs fed paint %un containing ¢iffarent concentra-
tions of isad arc shown in Tadle 24-33. No marked diflfcrences in urinary
protcin or scdament {ervenrocvte, cPvstals, casts, etc.). Thus, urinaivsis
can be considered within normal ranges for sll tremlment groups.

Concenezations of Lead

"tables 33-37 ahow the/luad content of/blood, brain, livar, kidney,
end bone from zats fed painc containing
The values for the lasd concentrations im bl 8t & and B week) wers omitted
from Table 23 becsuse it was discoverad that/these samples had been contany”
sated by their storege containera. At 13 vesks zhe b
s fed lead octoate and the rats Zed8 P.462% and
P t \520i.Jn the rats *ej i 1 Y
11.92% NAS ledd pwew, blood,levels vere found to be elevates

sk .
.:*\Qi-“ i E"‘ r/r=)
At & wveeks, tissue lead levalas i ain, liver and kidney wvera
below the detecticn limits of our assay.” The results were the same st 8§ weeks

with the excepcion of the NIS lead gunt group. All four rats in thig group
showad ¢atec:zable lead in che:r kidnays. ?ﬂ" o

At 13 veeks, decectable level
in tha sats fed 11.9.. NBS lesd cain

.3veF dhteccable levals

iead vgre ‘.gansl '::-x EE Eiii !;! 56.05% lesd cazbonate and nine cats fed 11.52%
m

NBS lsad naint. No lead wss detected in the kidnevs of =ne c2ntrol proup &t
<J vesks. ln contrast, iead vas aetsctad in the kidneys of onertwo zats i
each lead cctoete group) and the 0.43% and 1,957 lead chromate {‘r’oup:. Laad
was catected in the kidneys of threae rets, eignt rats and 12 rats in the
12,437 lead chromate, 66.05% laad carbonate and 11.95% NBS lesd paint groups,
:upcc:z‘v:}.

R . .

\ :'zl_l_jt.ﬁl!l of rats fed the contrel ciet, .esd octoaces or _ead
chromate !nxii_u: VveIy L1itIle id8G BC L waexS. HOWevEr. tne Iemurs CI Tats
£%C sorUS. Ltad £ATDONECE O 11,92 uis aint concd:ngs .2.9 ANd aw.
sp of laad/gm of bone, respectively. B '

v AL Pres--

3%

Jo <“ere Tosressed

iffsrent concentrations of lead..

4
2L A
vV, " .

PE

.
_:24 7"
ITa
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b <
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2
b
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PONZE L E 2
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£
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. TABLE 3
thay®

URINALYEIS OF BATS FED samit Sgaes cONTATNIUG WA chay™

Treatment Wewk

H - a2
Procain: Negative 7 6 20
< 100 mg % 1 2 (A

M1IGTOSCOpIC Examination

R3CE!: Normsl 7 $ 2
Moderate 1 2 1

- Exemssive _ oL ..
WBCa/: lormal 6 ? 2
Modezate 2 2

e aIRCeISIVE ol
Epicneliand’: Normal ‘ e

) Moderate

CrystalsS/: Norma) 8 23
Mdderste 2 M

SO 3 LT 17 L A

Casts: Negative 3 ] 4

-----zag;-r-“!‘—--—'----—------‘-—‘-

NumbeTs indicate number of rats at rasponse level.

4/ homal, 10 or less cell.; modersce, 10100 calls:
excess:ve, > 100 cella/field (x 450).

5/ Normal, 5 er less cells; moderate, 5-25 cells;
excaussive, > 28 cells/field (x 100).

&/ Norual, nons; moderats, l-5 crystals; excessive,
> 5 cryscols/field (x 100).

7

- L e R W harme v e ———— e i s e e s . 9,
b Plind

. -

.-
4
e
-
¥
.
[P
- .m
T

. e
v s,
N R
.
.
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@

- Protein: Negative & 3 8
< 100 mg %
Microscopic Exsmination
RBGE/: Normal 4 3 10
Moderate 3 2
- SXEOBSEVE L e e mae:
BC3/; Normal 2 3 0
Modarate H 3 2
m———- EXCOISIVE L L e e e e mae
Epitheliucd/: XNormal - . a2
Modarate
PR - L 17 151 S
Crystals&/: Normal 2 I3 1L
Moderate 2. 1
I & G L T T S,
Cascs: Negative - o 12
o= BORIEIVE e i m e me e

Numbers indicate number of rats at vesponse level.

a/ Normal, 10 or less cslls; coderste, 10-100 cells;
axcessive, > 100 cells/fiald (x 440).

B/ Normsl, 5 or less cslls; modevste, 5-25 cells;
excassive, > 25 calls/field (x 2007,

&/ Nommsal, oone; =oderacs, 1-5 crvstals; excessive,
> 5 crystals/fiald (x 100).

a8

——— oy —— ) —

.
- .‘.!,;_‘.. .

T,
13
- ":J"'

vs

LR M

i
L
]

1, ‘ryﬁ
u'\.'

N

4

b

257 B

e
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TAME 26
U ?
SRINALVSIS CF RATS FED PAINT E3gN CONTAINING

0.53% LEAD AS 1EAD OCTOATE

Treatment Woek

i ] ]
Protein: Negstive 4 3 10
<100 mg % 1 1
R v« 1 S, S
Microscopic Examination
RBC3/: Normal 2 2 10
Moderste 1 2 1
e ExSeasive o ___lo_______1_
wBcd/: Normal - 9
Moderate ) 3 3
—— - o ERCEESLVE o e em-.
.‘.'pua‘liulé’: Normal - 4 12
Modatete
e & {8 T 1L
CryscalsS/: Normsl 3 % 12
Moderatce 1
SR LT 1T 13
Cascs: Nagative o s 12
— e — — L BOSIEIVE e e e e memeo—-

NSumbers :ndicate nunber of rats ac response levael.

A/ Normsl, 10 or less cclls; moderats, 310-100 cells;
excassive, > 100 cella/field (x 440).

2/ Normal, 5 or less cells; moderate, 5-25 calls;
excassive, > 25 cells/field (x 200). /

&/ Normal, none; moderats, l-5 cTystals; excessive,
> 5 crystals/field (x 100).

——— ot cn B 0u o— pn s

0007-SWP-037013
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TABLE 27 .
o owe
D CRINALYSTS OF RAIS TED PATNT &es COUTAIMING

2.05% LEAD AS L2AD OCTOATE

Treatment Week

. = 3
Protern: Negagive 4 4 33
1

< 100 mg %

e =200 R e cama

Microscopic Exanination

R8c2’: Normal 4 4 12
Moderute
S < L T L/
WBLY': Normal 3 3
Moderate ! ) 4
R 1 T LI R o S
Epataslium®’: Normsl ) H
Moderats ‘
) [N 311 1 1 £ 3 L O
. Crystalss/; Normal 2 i2
- Modsrate
3 Cescs: XNepative 4 4 12

Numders andicete number of rats at rasponss levsl.

a/ Normal, 10 or less cells; modarats, 10-100 culis;
excessive, > 100 cells/field (x 440). o

b/ Nommal, 5 or less cells; moderate, 5-25 cells;
exccsaive, > 25 salls/field (x 100).

g/ Norual, none; uwderace, l-5 crvitals; excessive,
35S crystala/iield (n J0OY. T 7 \
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3 thir? T
S T TS < K
0.42° L2AD NS TZAD CHRDF":: ]

i 3 )
Prote:n: lNegative 4 2 0
< 100 mg % 2 1 —

Mierescopic Examination

RBCA/: %ormal k 1 ]
Moderute 1 3 k|
R+ LT L FUT PSS S
WBCE/: Norzmal 2 k]
Moderate 2 1 1
——— - SXESBIVE e m e - -
Epitneliurs’: Normal - 4 i2
* Moderate
(R 311 ¥ 5L S
. Ceystalsi : Normal 2 3 2
Moderate 1
&) L LV MY S
Casts: Negative 4 4 2

4 L L

————
Numbers incicate number of rats at responsa level.

'3/ Normal, 10 or less cells; moderate, 10-100 cells;
excessive, > 100 collpsfield (x #40).

b/ Xommal, 5 cr less calls; mederate,. 5-25 cells;
excessive, > 25 cells/fisld (x 100).

g/ Normal, none; modeurats, le3 crystals; excessive,

- > 5 crystals/field (x 100).
:3 ol -

¢ 0007-SWP-037015
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TABLE 39
Chip

ERINALYSIS OF RATS FED PAINT Sl CONTAINING

(98% LIAD AS TAD CHROMATE

Protein: lNepative 3 3 1
< 100 mg % 1

Microacopic Exeminacion

[ X

RBCS/: Normal [ 3 22
Moderate 1
mmem = EXERIBEVE L e e mc e -
WBG3/: Normal 2 3
Modarate ‘ 2 J
- EXERRBEVE _ L o e e e m e et
Epitheliumd’/: Normal 4 A 22
Mpdarate
RSN > ] 17 1 ]
CrystaisS/: Normal A [3 i2
Moderute

S L 1 3 L S g

Cascs: Negataive [ [ 2

—————BOLitiVe e oo

Numbers indicate number of rats at rasponss levai.

a/ Normal, 10 or less cells; nmoderacs, 10-100 ceils;
excessive, > 100 colls/field (x 440).

b/ Normal, 5 or less cells; nodorace, 5-25 ceils;
sxcessive, > 25 cells/fielo (x 100).

g/ Normal, none; moderste, :-5 cryscals; axcessive,
> 5 crystals/field (x 200).

————— . et Pe—— mn -
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@

1’

' ] 3
Protexn: Negative 1 1 s
- <100 mp % 3 2 3
T e .

TABLE 30 .

e
LRINALYSIS CF RATS FED PANT Ak COWTAININ
12.03. L3AD AS LEAD CWRDMATE ~

Treatment Week

Microscopic Examination

RBCY/: Normsl 4 1 3
L Mederate 1
——— - ixgcessive 3 ...

WBCE/: Normal 1 11
Maderace 3 1

SR -+ 1 T 1 ¥ A . .
Epreneiiumd’: Normal - s b §
Moderate H

R - 1 T 237 S
CryscalsS/: Normal H

Moderate 2

T LT L

2

Cascs: Negative

--..2".‘.15‘!'-.'_------------n---

Nusbers :ndicace nunber of rats at response level.

2/
5/

!

-
-
-

Normal, 10 or lass cells; cwodarate, 10-100 cells;
excessive, > 100 cells/field (x 420).

Neemsl, S or less cells; moderate, 515 cells;
excassive, > 15 cells/ficld (x 100).

Normal, none; moderacs, 1-5 crystals; excessive,
> 5 cryscals/ficld (x 200).

0007-5WP-037017
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Q-

L)

P sl

"'6 s .o :-Q S oA i Ra-‘-n-.

Protein: Negactive
< 100 & %
coeem=2100za 5
Microscopic Examinacion
RBCY : Normal
Moderats

-—————XEEBSIVE _

Treacrant wocy

4

wBC&/i: Normal 2 - -TT 10
Modarate 2 2 2
— - ma CXceBSive _
Epatnaitumd’ : Nereal & - 12
Modurate
SRR > T T ¥ ¥4
CryscalsS/: Nommal s 22
Modcrate
- e ou oo '&c.’ltv‘-----L----------
Casts: Negative - 12
ama oo Bositive e e
Nuobers incacate nunber of razs ac cesponse levei.
a/ Normal, 10 or less calls; modersce, 10-300 cells;
excessive, > 100 cells/fiald (% 4%0). ‘
B/ Normal, 5 or lass calls; moderate, 525 cells;
excessive, > 25 calls/field (x 100).
&/ Normal, nona: moderace, i-5 crvscals; excessive,
> 3 ceystals/field (x 100).
Ll
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* CRINALYSIS OF RNTS FID PAINT feblaM COMTATIING .
. ‘ 211,927 SEAD wh/NES ooiD PATN) T L

Treatment Week L

= ] ) §
Prote:n. Negative 2 3 T - L’

: < 100 mg % 2 5 B
> 00 =3 ", H

- e wwme wes e v et enme--

Microscopic Sxaminas:ion
KBC2/;: Normal 2 o 12
© 7 ‘Modsrate 2 '
S YT 07 S
wBCd-: Normal
noderate ‘ 1

- e W e -

ool
-
S

‘ e Eégessive _______2__________
! ‘ Epitheiium3/: Noreal - - 2
. ) ) Moderacs
i . ---v--,_--v.‘-'!‘y.ll.‘.".------------,.-
. Crystaiss’/: Normal -¢
: Modarats
':) ----_--_:5Cglgi!..------_---_-—--
Casts: Negative - & per

mmmm o BomEive e e, ——-

e ei——
Susuers incicaze nurber of rats at ressponse level.

a/ Normal, 10 or lass calls; moderace, 10-100 cells;
excessive, > 100 cells/field (x &40).

%/ Normal, 5 or less cells; modarats, 5-25 calls;
axcessive, > 15 cells/f1edé (x 100).

3 NSormal, none; moderace, -5 cryscals; excessive,
> 5 ecvstais/field (x 100).
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TABLE 3]

1EAD CONTENT OF WHOTE 3ta¢

Teaceont eek

Siet 4 Qf 232’
i (8)&

Contrard! 3.1 2 0.3 (26)8/
0.03% Lead C:stoata 2.3 =2.8(8
0.53% Lead Gctoace ‘ lb.e = 2.0 (DE/
2.05% Lead Ocroaca .5 = 1.5 (8)
0.42% Lead Chromate ‘ B2z l0()
1.952 Lead Chremate 12.0 = 1.4 (8)
12.43% Lead Chromate 9.4 = 1.2 (8)&/
66.03% Lead Carboraze ' .9 = 2.2 ()%
11.92% K35 Lesd Painc 23.9 = 1.3 (LB
3/ Values deleted due to centaminacion.
b/ Tour values delated due ta contamination.
£/ Number of rat bloods analyzed ser jroup unless :ndicated otherwiss.
g8/ Sixteen blood samples were analyzed.
&/ Averags ug of 1ead/100 ml blood =z sctandard esror of rumper of rats

in parenthesis.
2/ Ona blood sample ilost.
8/ Significantly differens from consrol (P < 0.C5) as showe Sv Junnest's

rultiple-cemparison cest foliowang sn analysis of varisnce.
a2/ velve blood samples analvzed. = S N

e — —— - -orn— >
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TABLE 24

LEAD COMTENT OF 3347 i -

SzaatTent veek ST
. 2:e2 2 3 i3
(&8 (* (.2 o
Controll/ a.d.& a.d. n.d. , R
0.08% Lead Octoate n.d. ) n.d. .. n.é, )
0.53% iLead Octoatze a.d. n.d. n.d.
£.05% Lead Octoate n.d. n.d. n.d.
0.42% Lesad Chromace n.d. n.d. n.d.
1,952 Lsad Chromate e.d. n.d. n.d.
12.43% Lead Chromaca n.d, n.d. a.d.
66.05% Lead Carbonate n.d, n.d. a.d.
11,922 NBS Lead Painc Comeds T AL, ©0.2=0.18 (n
S———
. a/ Nuaoer ol brains analyzed per group ualesas indicated othervise.
. b/ Eight brains ware snalyzed at & snd 8 weeks. Tventy-four brains vare

- anslyzed at 13 veeks.

Not detsccable. DBalow sensitivizy of 0.07 ug/gm of brain.

Average ug of lead/pnp brain = scandard error number of rets shown in
ssrenthesis. ‘ N o '

~

o in
-~
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Controld’
0.08% leac Octcace

0.53% Zaad Octoate

2.05% Lead Octoate
0.42% Lead Chromace
1.95% Lead Chromate

12.43% Lead Chromata

66.05% Lead Carbonate

1.92% N38 Lead Parnc

TABLE 35

SAD CTITINT OF

(I)j.‘.

n.d.s‘

n.d.

. n.d,

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

?

!

: 7;eg:mcn: Weer

=)

n.d.

~ a.d.
n.d,

r.d,

n.d.

n.d.
n.d.

n.d.

n.d.

b/ Zight livars wers anslyzed at 4 and 8 waeks.

snalyzed at 13 weeks.

&/ Number of livers analyzsd per group unless indicated
Tvensy-four livers vere

AP

(-

(23

) .

n.d.
a.d.
n.d.,
n.d,
n.d.
a.d.
a.d.

Ll a0.68/ ()
0.4 = 0.1 (9)

_otherwiss,

&/ Not dacectable. Below sensitivity of 0.07 ug/gm liver.
4/ Values are avarage ug of lesd/gm liver = standaré error of number of
tats snown in parenthesis,

0007-SWP-037022
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o

Cantroly

0.08% Lead Octcats
0.53% Lead Ogctoatd
2.05% Lead Octoace
0.42% lead Chromate
1.952 Lsad Chrozace
12.43% Lead Chrozste
66,05% Lead Carborate

11.92% NBS Lead 2ainc

A/ lumber of kidneys
analyzed st il
&/ Not dstectable.
J“ Valuas aze g of
./( standard essor

TABLE 16
EZAD EONTTNT OF USONSY

Zreatnenc ceex

- 3

()& (=)
n.d.sl n.d.
n.8. n.d.
n.d, n.d.
n.d, n.d.
n.d. a.d,
a.d. a.d.
n.4. n.d. 1
n.d. 1.4,

‘a.d. 1.6 = 0,18/ (&)

analyzed per group unless otharvise trdicated.

b/ Eight kidneys vers anslyzed 4t & and 8 vaeks. Twentv-four kidneys vare o z

weeks .

3slow sensitivity of 0.07 ug/gm kidney.

iead/gn kidney oF aversge ug of lead/pgm iidney =
¢f nuzoer of ‘rats in parenthesis.

\ , ’ N ﬂS'

LR Lt
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D TABLE 37 : ‘ ' ‘:-‘; B
, ISAD CONTINT OF BONE (FIMUR) b 4. -

~Tedtment Week

ks
=
\}‘?

< 2iet & 8 ¢ R
(@4 (@) ) L A
Controil’ .68/ (1) 3.9 £ 0.4 (8) 3.2 2 0.2 (28) i
0.08% lLaad Octoate .1 (D 6.2 =20.6 (= 3.3 20.3 (.2; e
0.53% Lead Occoace n.d.8/ 3.920.2 (3) 3.1 =290.2 (2
2.05% Laad Octoecs n.d. 3.0 £ 0.7 (&) 3.9 =20.5 (L2)
0.42% Lead Chrocate 2.9 (1) 2.6 = 0.9 (4) 1.8 =2 0.6 (D)
1.95% Laad Chrozate - 0.9 (1) 1.8 = 0.2 (&) 4.1=20.5 (L)
12.43% Lead Chromate 3.3 (1) 3.1 = 1.1 (%) 3.5°2 0,5 (10) o=
66.05% Lead Carbonace [l3.0 = 4.1 (4) 6.0 2 2.1 (0¥ [i1.7 z 2.2 0
LI.82% NBS Lead Paine 4.9 = 1.5 (&) o 20,4 (Aif/ 10.9 = C.9 (12)8/
) as sundber o5 bones analyzed per group unless indicated stherwiss.
- b/ EZight bones wers analyzed ac 4 end § weeks. Twenty=iour bones were
analyzed at 13 veeka.
,CD g/ Values are ug of lesad/gm bone or sversge ug of lead/gm bone = standard
L error of number of rats in parenthesis.
27 Net detectabie. Balow sensieivicy of 0.4 ug/gm of bone.
[y Significantly diffgzent from contral (P < £.5) &s shown by Lunnes:'s
sultizis cemparison test following an analysis of varisnce.
€ =2 S .
5 0°
-"‘..
o
59
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At 8 weeks, the femurs cf rats fed the control, lead octoate or
lead chromate ciets contained si1milar guantities of lead, zanging from (.8

-
} 4.2 ug lead/g= bone. Lead congest iz the femyrs :in che 84 J8% tead cardor:cs
and 1. 07% N3§ Sroyos wese 0.0 dnE LS. 3 II .0d 3 L rakegzTouE,,

gerse.

= LRSI T T AT LI 1Y IR P L -+l
—

. After .J waeks, the rats fed lead ocen
more lead in helr femurs than a8 & weexs ans in
than tnose La ine 32atrol group. ihe §6
SBG Nigne? .eve:s OI Lead in cheil Jemurs (3i.7 33 ieac,5m oons) tnarn a3
8 weexs. The 11.92'. NBS lead paint group had less jesd in their ferusgs (10.9
38 lesd/gn bone) nan at 8 veaks. The !l ls in both cf these
wore sembt signif

The telative organ weights of the thyroid, spleen, hearc, kidneys,
liver, adrenals, drain and gonads ars shown in Tabls 38. <The Dumnett's =
muls:ple-comparison test shoved znat none of the relacive organ waights dife

. fered from control values.

The pathology of rats fad the control, 2.05% lead octoats, '12.43%
@ lsad chromate, 66.05% lead carhonace or 11.92% NBS lead paint diecs for i3
weaks is shown in Tables 3(9-‘6‘3.' 38,50 tzol rats had a few nacurally occurring
lesions, Fourteen of these uq‘.u :f d to moderate lymphoid hyperplasis in
the lungs, characteristic of early minuts pgnsumonia. One cf thess rats had
a zoderate pneumonia and another one 3 mild emphysema.
Z-Other les:ons included an unspecific myvocardites in two recs; foci
cf subscute inflacmation in the liver of two cats; a cross-section of 3
parasite (roundwerm) in the colon of cne rat; and foci of pononuclear cell
infiizracion in the kidneys of two rats. Ths bona marrov sveiocid/ezvinroid
ceil ratios (M/E) of ell racts wvare wvithin normal limizs. )

The lesions obsesved in zacs fed the 2.03% .sad octoste cies were ‘f)
si2isar 20 the iesions seen in She é5acrol racs. Sevan out of ths 12 rac 837

hae ziid zo sodarate lyephoid hyperplasia 1a the langs and one had =il¢d Laliel
pneuzonis. Four rats had mild -o0f subacute inflacmation in tnae liver L
characterized by a loss of seversl hepatic cord cells which were replaced by -
sacropasges and lymphocytes. aAnothar 7at had a3 29:% inflammacion in the

- inZersticial tissue Oof cthe pancrass. =Thas M/E ratios of tness rats were normal.
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TABLE 4)

PATIOLOGY OF BATS FEU FOR 13 WEEKS VITIH NBS LEAD PAVNY 64

CONTAINING 11.92% LEAD

Rat_¥o, 18) 185 185 188 189 190 193 i3 195 19k

Lungs

Lymphotd hyperplassa 22/ 2 2 2
Pacumonia 2

Heare
Hyocseditis . 2 1
Liver

Foct of inflammation

1
‘Bone Marrow
M/E ratio 1.2 1.6 1.3 1.2 1.5 1.2 1.2 1.4 1.5 1.3

Tissues not listed vere normal,
a/ Scverity of lesions:

l-mintmal; 2-modecate; J-severe; 4-very severe; % que s




_./]fgg;*Sd%)

The rats fe % lead chromate diet ha/l:ier-s gims )
@ the 1in the control opts. Sever of L2 T8Cta{nad mi.c to roderate
lymphoid hyperplasia, and one had mild preumonisa. OnlY one rat hac a moderate
unspecific myocarditis. The M/E racios were norrmal.

-

The lesions seen in the racs fed che 11.92% N8S lead vaint diet
. vers $ipi nosc lesions seer :c tne tomerol raes. Bignt of 12 rscs 66-?"‘)
had differant degrees of lymphoid hyperpiasia an the .ungs. In one Tat

preumonis was evident, Unspecific myocarditis occurred in 2 rats while foci

of inflammation i1n the liver were cbserved ia only ene zat. The M/E ratios

ware normal.

In conclusion, the pathology seen in the control and trested rats
ware chazsctaristitd of cthose in & notmal populs £ = %o evidence
of lesd—induced Lesions vesa found. ' Cmm e
m
[

Iv. DIsCLs

The lavels of lead fad o rate in the study were sufficient cto pro-
T duce significant elevation of body lead burden if the lead i» in cthe form of
lead nitrste.ld 1If we equste ths amount of leed consumed by the averags rat
@ fod the 2.052 lead”octoace, 12.43% lend"chromste, 66.05% lead carbonate, and
11.92% NBS lsad paint diets to a 14.6 kg (3-year old) child, wa £ind thac
the lead consumption would equal 28.6, 123.7, 503.0 and 113.9 mg of lead/day,
raspectively. On the basis of a 22 laad paint, the total paint intake would ?
bs 1.5, 6.2, 25.0, snd 5.7 gm/day. Daily ingestion of these quantities of / L]
old paint have been reported to produce lead pouonl.n;..’:y

There ware no changes in hematology, urinalysis or sarus pretsins
throughout the entire study. However, thare was one effect on porphyrin
mecabolism. As sarly as & wesks, rats fad sither the 66.05% lead carbonste
diet or the 11.92% NBS lasd psint diet axhibiced 307 dapression of srythrocvte
ALAD activity. This effect eppeared to ba diroct'li :glaud t0 the concentra-
cion of blood lesd as has been reported by othars. L33/ Howaver, there was
one sxception, blood lead ia the 12.432 lesd chromate group became elmvated
by tne 13th vesk, but there was no depression of ALAD activity. This dise
‘crepancy could be related to ths duration of slevated blood lead or ine 2ge
of :=na anizel vhen blood lead becomes elevated.

Even though erythrocyte ALAD vas depressad 50%, the oversll aifect .
on porphyrin metabolism must be considered mild, since thare vas no concozinent T
change in che levels of protoporphyria (erythroevte), delta-aninolevulinic -
acié and coproperphyrin. Those observations ate comsistent with reports zsat
blcad lecad levals greater thon 40 ug/100 ml RBC arc nacded baiore sericus
% charges 1n porphyrin metapolism p:cur..l.i’

.“ ; . . | - -

0007-85WP-037032

0007-SWP-000115600



<o

lead uas found in the kidneys of one to three ridts on escn of the ledd octoate
and lcad chromate diets, and che blood lead ievels in tne 12..37 lesd chrorata

" group wers significancly clevated. Since rats fed lesd nitrate show elevated

lead levels in blood, kidneys, bone and liver within 2 vnkp..‘-.?.( 1¢ avoears W
that the lead octoate and lcad chromste vere not gith ;v absorsed of
avaliabie fOT aDSOTRCION. . : -

.

Pachology was performed only on the rats that were £ed the congool,
2.05% lesd octoate, 12.43% lead chromate, and 11.92% NBS ilsad paint diets for
13 veaks. All of these Tats were relatively fzes of lesions, and those lesions
which were cbserved, occur naturally 1n rac colonies.

v. coggg‘;o;; 9\"’4‘

i
This studv _shows that ALacs fed 0. aint/feed) of old paint
concaining 11.92% lead and mew’paint conesining 66.05% & )
exnidites early sipas of lead poisoning. lhese s1gns consisted of erythrocyte
ALAD depression (50%) and signilicant incrasses im blood, kidney, bone, liver
snd/or brain lead. Racs fed 3 dist consisting of 0.12 new paint {ilm contsia-

ing 12,63% lesd as lesd chromste exhibited only elevated blood leag after I.
wieks of feeding. A j aint containing ¢.05% lasd al lead

occoate produced no signs of leag :bx‘unin;.

The lack of any marked change in the body lesd burden in zhese rats
suggescs that very little lead was absorbed Zrom the gastrointastinsl tract.
Since there i3 considerable evidence that the rat csn absord lead in seversl
forms, one sust conclude chat the lead in the paint used in this experiment

vas ot readily available for absorption. In conelusien, the Tesylrs reporced
nere.n SuppoTz the ¢ ta hat jead is not cesdil "i"‘a’“lfo‘.'-’ii{‘ "M”;'?i”'ic“ﬁ“ '

.
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NEW CONCLUSION
A

Older paint formulations contained soludle lead salis, Two
samples of paint chips represcntative of these formulaticns were fed
to Tats at 0.1% of their diets. One was suppl:icd by the National
Bureau of Standards and was removed from interids walls of o.der Romes.
It contained 11.92% lead., The other wis 3 E2s0) formulazizn containing
66,05% lead carbonatc. Both of these sammles rFroduced zlassical signs
of lead poisoning in the rats, These signs consisted of erythrosyte
ALAD depression (50%) and significant increases in blood, kidney, bdone,
liver and/or brain lead.

Newer paint formulations contain insoluble lead pigments and lov

levels of lead driers, Several sanples of paint chips containing up to

12.43% lead chromate pigment and up to 2.0% lead ccteate drier were also

fed to rats at 0.1% of their diets. ' The only evidence of toxicity or

effect or body burden appear in the fed the paint containing $2.43%

lead chromate. This consisted of an increase in blood lead, without

other signs of poisoning. Paint containing 1.95% lead chromate and paint .
. containing 2.05% lead octoate produced no detectable changes in the rats.

paint formulations depending on the nature of the salt form and its

solubilazy. The lack of toxieity with paints containing 2.0% lead chromate
-, or lead octoate undoudbtedly is due to the lack of significant absorption
from the gas:rointestinal-tract.

3 These studies show a marked difference in the toxicity of lead in
i
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MODIFICATION €F C28T128* DISTUSSIan

The levels of lead fed o rats in :he study were sufficient %o pro-
duce significant_elevation of body iead burden if the lead is in tre Sovm
of lead auuu.:_7 If we couate i1 anount of lead comsumed 2y the Sverage
zat fed paint chips contsining 2.05% lead cczsate, [2.33% lead chromave,
66.05% lead carbcnate, and 11.92% NBS lead raiat diess to a 3.6 kg {3-vear
0ld) child, we find that the lead econsumptian would equal 38.6, 125.7,
503.0 and 113.9 ng of lead/day, respectively. On the basis of a 2% lead
paint, the total paint intake would be 1.3, 6,2, 25.0, and 5.7 gn/dayasvpuitasd,
Daily ingestion of these guantities of old paint have besn reported to

produce lead poisoning.ld =A=',.', obosts Caad-

There were no changes in henmatology, urinalysis or serum proteins
throughout the entire study. ‘oupya®, porphvrin metabolism was séfective M
as early as 3 weeks in rats fed either the 66.05% lead carbonate ¢

11.92% NBS lead paint diet as evidenced in a 50% depression of er }
ALAD activity. This effect appeared to be directly rclated to the concentra.
tion of blood lead as has been rcported dy o:heﬂ.}:_-.ﬁ’ Howswerr there was
one exception; biood lead in the 12,13% lead chromate group became elsvated

by the 13th week, but there was no depression of ALAD 3ctivity. This dis-

crepancy could be related to the durstion of clevated blood lead or
of the aninal when blood lead became elsvated, ' B

Even though erythrocyte ALAD was dapreised 50%, the overall effect
on porphyrin mezabolis: must be considered nild, since there was no :on:oai{m:
¢hange 1n the levels of protoporphyrin (erythrocyte), delts-am:inoievulinic
acid and coproporphyrin, These observations are consisten: with resor:s that
blood lead levels greater than 40 ,g/100 nl RBC are neseded before sesieus
changes in porphyrin metabolism ae_:ur.,.../

The body lead burden of rats fed paint containing lead octoate or
lead chromate no different from contrel until 13 weeks. At this time
lead was found in the kidneys of one to three zats on each of cthe lead octoate
and lead chromate diets, and the blood lead levels in the 12,45V Jead chzormate
group were significantly elevated. Since rats fed lead o338 show e.evated
lead levels in blood, kidneys, bone and liver within [ vegus, o3/ it l_apnﬂ{j .
that the iead octoste and lead chromste wore mes eithereadily absorbed o pedtnant
availadble for absorption. . A

o

Complets gross and sicroscopic dathology was performed on the rats
that were fed the control, 2.05% lead octoate, 12.43% lesd chromste, and
11.92% X3S lead paint diets for 13 wesks. All of these rats were relatively
fres of lesions, and those lesicns which wers observed, occur naturally in

rn':olonies. v, ) e honr L6 .4”'" >
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This reaort wes prepared ot Midwest Reseorch Institute, 425 Volker Boulevard, Konias 3
City, Missouri 44110 under Contract No, 62-W-62GC & NPC, MRI Przject No, 3729-B, i
“Lead Paint Ingestion Study.® The Research war sponsored by the Nationol Point and p,,’

Coatings Associgtion, 1500 Rhode Island Avenve, N. W., Washington, D, €. 20005,
Royal A, Brown, Technicel Director, Notional Paint end Cogtings Association wes the
project manitor, ;
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The reseorch was conducted in the Biological Sciences Division, under the direction of
Dr. W. B. Howse from | Decembar 1972 through 31 July 1973, Dr, Thomas R. Castles,
Principal Pharmocologist, wes the principal investigater, essisted by Dr. Joime Sanyer,
Associore Pathologist, and Mrs. Jone Hoch, BToldgy Research Assistont. Dr. Jomes L.
Spigaralli, Senior Chemist supervised the lead ‘analysis with the assistance of Mrs, Hepe
M. Miller, Assistant Chemist,

_ .
Members of the National Paint and Coatings Associotion Industrial Metals Tusk Force
prepared the paint chips and consulted with Dei>Castle, Sonwer, Spigarsili and House
during the course of the study. The persennel of the NPCA Industrial Metois Task Force
is os follows:

Richord A, Macte
Roya! A. Brown

Dr. John P.Frawley
Chariss M. Jockson
Joseph G. Kingston
o8, Sidney Louren
Williom W. Ringle
Edwin £, Swain
Jeon P. Teos
Domenic J, Tenari

The Sherwin Willioms Company = Chairman
The National Paint & Coctings Associetion
Hercules, Ine.

Celanese Coatings Co.

Glidden<Durkes Division of SCM Corporation
Cootings Ressorch Growp, Inc.

Pratt and Lombert, Inc.

E. I. duPont de Nemours & Co., Inc.

The Flood Company

Ds Soto, Ine.

Aoproved fer:
'AIDWEST RESEARCH INSTITUTE

W. B, House, Director
Biological Sciencus Division

14 September, 1973 .
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SLIGHT MODIFICATION OF CASTLES' CONCLUSIONS

This study shows that rats fed 0.1% diet (paint/feed) of old
paint containing 11.92% lead and new paint containing 66.05% lead as
lead carbonate exhibited early signs of lead poisoning, These signs
consisted of erythrocyte ALAD depression (S0%) and significant :increases
in dloed, kidney, bone, liver and/or Drain lesd. Rats fed 3 diet cone.
sisting of 0.1% new paint film containing 12,43V lead as lead chromate
exhibized only elevated blood lead after 135 weeks of fecding, A sinilar
diet of new paint containing 2.05% lead as lead octoatc produced no
signs of lead poisoning.

The lack of any marked change in the body lead burden in these
l1ead chromste and lead octoate Tsts f£ad psint containing chromste and
octoate suggests that very littie lead was absorbed from the gastro-
intestinal tract. Since there is consilderable ev. ce¢ that the rat
can absorb lead in severa) forms, one must conclude that the lead in the

forn of 1ead chromsze and lead pccoate and incorporated into paint was not
readily available for sbsorption. In conclusion, the results resorted
hereir surcort the contention that lead is no: csadily ansorced 2ro- <

newer TiIlNtS, o : o
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