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SuauARY

A brief review of two animal studies carried out at Haskell
Laboratory is given. The first describes a two-year feeding study
during which rats and dogs were fed diets to which was added
0, 10, 50, 100 and 500 ppm lead as lead acetate. Rats were also
fed levels of 1000 and 2000 ppm Pb, Various clinieal, biochemical,
histopathologic and reproductive studies were done on the animals.
In the second study, dogs with merkedly depressed ALA-dehydrase
activity were severely hemorrhaged. Their recovery curves of
‘hemoglobin, red cell count and hematocrit were compa.red to those
obtained on hemorrhaged control dogs.
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REVIEW OF LEAD STUDIES IN ANIMALS CARRTED OUT AT HASKELL LABORATORY
__~ TWO-YEAR FEFDING STUDY AND RESPONSE TO HEMORRHAGE STUDY

* INTRODUCTION

Today, I should like to summarize two animal studies carried out at
Haskell Laboratory to provide additiomal information on the toxicoloiy
of lead. Both studies have been presented in more detail elsewhere( )
and are only summarized here,

It has gefierally been agreed that in man, the~diet is the major
source of }€ad intake; howyefer, long-term leag-feeding studies in animals
have onlyXrecently beepsfarried out., Schroeller, et alll re orted that
5 ppm Mead jcetate ipsthe drinking watepbf mice reg e creased
mortglity and decrgésed longevity. Ipa subsez:u? T

te

! cation (Ei
hoybver, these\j#vestigators reportefl that the n the :lmtial

. gtudy publishedNin 1964 contained/25 rather th ppm lead and tha

i fhe animals were thromium-deficient. When they’repested the stugy”

, sing non-gh omum-ei‘;cient ats drinking wefter containing 25/6pm Pb,

-the mortplity and lohgevityArere not affé ¥ed and legd was fdund to be
iy } non-t pdrigenic. More\reeently, these jrivestigators B hefve reported
A +that 25 ppm Pb in the ¢Xinking water hdd a signiflicant €ffect on the
f ind es of reproductidn of Jnice and fats.

/’ Jesgsup (6) offrriea out o ef the most comppehensive toxicologic

. /studies of legfl ever undertakel which includegs 22-month feedip

N study using/fats, dogs and monkexs, a threepfeneration reproguttion
study usipf rats, a tera‘bdlogy & in rabbits, a rat and-fonkey
behavioy/study, a one-year newborn dgt arc:.nogenesis dy, tissue

i enzyme/studies, eleghkion micro’scoP aMd radiotracer gtudies. Ingestion

of 1 ppm Pb prodiced no demonstrabie adyerse effegls; 50 ppm resulted

' in minimal equivocal effects; and~ 100 and\J00O ppf produced histologic

\  but not functional changes in the kidney of\r&fs. Ten ppm Pb was

_equivalent to approximately 100 times the quantity of lead ingested by
“an average adult man.

METHODS Ry

In order to provide . tion on the effects of long-

term ingestlon of lead, evat=iab <7 diets containing lead acetate
for two years. The concentra.t:.on of lead added was

0 10, 50, 100 and 500 ppm. There were 50 male and 50 female rats per .l
dose level and 100 male and 100 female control rats receiving the basal
laboratory diet. Four mﬂe%%%;emale beagle dogs were used at
each dose level, After the in effect for several months, a
second two~year feeding study was initisted in rats to provide dietary
lead levels of O, 1000 and 2000 ppm added lead. In the latter study,
only 20 male and 20 female rats were used per dose level.
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study similar to that described by Oser and Oser\l] was’ dér;gzmng\ngg“ i
rats fed’0, 10, 50,-100; 1000 and 2000 ppm lead. ) :

RESULTS

- There were no significam &fTects on the appearance, behavior,
weight gain, mortality or neurclogic examination of dogs receiving
as mich as 500 ppm Pb in their diet. The clinical appearance and
behavior of the rats receiving as much as 2000 ppm Pb was normal;
hovever, the rate of weight gain was depressed in both mgle and _{%e, A
rats :mges‘bing dlets contalnlng 1000 and 2000 ppm Pb., - phron ;:: '"VA - .u_':f

¢'}“&".’ﬂ.f,.; : :_fr,.(' /{'/
¢

- e - ST gt
: B &6 tilhors were seen in male o o ol

rats at the 500 ppm Pb 1evel and. above. These were not seen in the *

females until the 2000 ppm Pb level. Most of the tumors were adenomas

derived from the tubular epithelium. There were no pathologic changes,

seen in the rats fed up to and ineluding 100 ppm lead in their diet.

With the dogs, there were no pathologic effects of dietary lead on

any of the organ systems in the females. A slight degree of cytomegaly

was found in the proximal convoluted tubule of the kidney in two of

four male dogs fed 500 ppm Pb.

T2 s e oo BB S -
shows the ef o dietary lead on the hematopoietic

system. Hemoglobin and hematoecrit were depressed only in the rats
recelving 1000 ppm Fb or more. Stippled cells were increased at the A
10 ppm level in the rat and were not dpcreased in the dog until the

diet contained 500 ppm Pb, Aﬁﬁ‘ﬂé%é‘decrease in ALAD activity

was seen at a dietary Pb co‘?lcentration of 50 ppm in the rats and

100 ppm in the dogs. This decrease, however, was not associated with

any increased urinary excretion of its substrate DALA until a concentration
of 500 ppm Pb was present in the diet. These findings are consistent

with the ‘ggnc.tio.na.l enzyme reserve concept seen in many biological
syst,ems.( No significant sbnormalities were found in the other

clinical chemistries examined.
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Figure 1 shows that the b%’?:ﬁ_centration of dogs rose
repidly during the first four to six months and, thereafter, appeared
to plateau, Similar findings were found in the rats and with urine
lead. The apparent lag time between continued ingestion of lead and
subsequent rise in blood Pb may be a factor in the finding that
pediatric lead poisoning cases oceur more frequently in the summer
months as opposed to the winter season when children would more
likely be exposed to paint containing leed. (9

7% A Z) )

A high degree of corrélation was found between blood Pb concentration
and concentrations of lead found in the kidney, bone, liver and brain

of both rats and dogs. Figure 2 shows the high degree of correlation
between blood Pb and kidney Pb concentration in dogs. Thus, blood Pb
concentration appears to be a good index of tissue Pb deposition as

well as exposure to Pb,

.
The three-generstion, sn’cZ.L‘L‘lé%‘ET_Temoduction study showed that
there was no effect of dietary lead at concentrations of 0, 10, 50,

100, 1000 and 2000 ppm Pb on the mumber of pregnancies, number of pups
born alive, fertility index, gestation index, viability index or )
lactation index. At 1000 and 2000 ppm dietary Pb, however, the average
welght of weanling rats was slightly decreased and histologie examnatlon?
of-eti-eTgan-systems=th the 21-day old weanling rats (F3B) showed
histologic changes in the kidney comparable to fhog een adult
rats receiving 500 mm or more Fb :.n their dJ.et¢— Ciplérrign y/ M,ym,Mu_xﬂxa,V
PRI ATERY 220 RN EING F 30 PR ey :ufpu yofa it . -

The average concentration of lead in the blood, urine, kidney, ammé
1ivET, bone and hradsw of the rats and dogs after 1nges'b1ng lead for
24 months isshown in Table IIT. As the amount of lead in the diet
Was increased, the lead content of the tlss g8 increased. Backire

rece:.v::.ng 10 ppm Pb ‘or more was signiﬁcantly grea.ter the.n corresponding
control values. Similar findings occurred in the rat.
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Similerly, adult humans generally begin to show c¢linical signs

of /1 poisoning at blood Pb values aEve éo {g/100 gn. In this Ly ‘%, 2120,

: a dietary Fb level of 500 ppm bleod Pb concentration i ;%
of about 80 ug/100 ml which was associated with an .

increase in DALA excretion, Ae-4hig level and higher, increased

mortality and renal changes were oObserved in the rats. The latter

may be attributable to the very high concentration of lead found in

the kidney of the rat compared to man and the dog (TS

Thus, when the results of this animal study are examined in
terms of blood and tissue lead concentrations rather than on & basis
of dose level, the findings are similar to those reported in
humans.

HEMORRHAGE STUDY Prgid St

ALA-dehydrase is one of the enzymes involved in hemoglobin
systhesis. Our findings and those of others(8) suggest that despite
& depression of its aetivity by lead, the body has sufficient enzyme
reserve to meet its day to day needs, However, it could be argued
that the body might not be able to cope with a stressful situation
involving the loss of large quantities of blood. In order to investigate
this sitvation, the following experiment was carried out.

Thirty-six dogs were divVided into-three groups of 12, with each
containing six males and six females. One group served as a control;
the second group received 100 ppm Pb ag lead acetate in their diet
and the third group was given 500 ppm Pb., After the animals were on
this diet for 31 weeks, the dietary lead concentration of the high
level group was doubled to 1000 ppm because the enzyme activity was

not as low as desired,
P W o et o Yo urelte,

kea,d:-- The group of dogs given 100 ppm Fb in the d showed a 50%
reduction in ALA-dehydrase activity. At the end of ol weeks, the blood
concentration of the dogs glven highest level of 1ead a.veraged 60—80 e
Pb/lOO gmblood The: : ah el - x Jreatth

W a.pproxmately one-ha.lf of the dogs circula,ting
blood volume was removed from the juguler vein in a two-stage operation
.u.sing & modified Whlpple (10) procedure, Anest 4
hemoxrhaser—‘ o
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A 30 to L0 percent reduction in hemoglobin concentration, red
W& hematocrit ratio occurred as a result of the hemorrhage.
< I 'shows the recovery curve for hemoglobin concentration,
Rigorous statistical treatment of the data demonstrated that the
recovery curves of the hemoglobin concentration, red cell count
and hematocrit ratio were not effected by the presence of lead.

This study clearly demonst;“"za%w that despite severe depression
of ALA-dehydrase activity, the ability of the -blood-forming mechanisms
to manufacture hemoglobin and red clood cellg was not measyrsbly
affected even when required to gunction at eccelersted rates., It is
reasonable to conclude that while ALAD is essential to the synthesis
of hemoglobin, the amount of enzyme needed for this function is but
a small fraction of that normally present,
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TABLE 1
MORTALITY AND XIDNEY TUMORS IN RATS FED LEAD ACETATE FOR TWO YEARS

Dietary %) No. of Rats  # Mortarity®) 4 xianey Tvases
{ppm) of Each Sex Mele Femsle  Male Female

3 100 37 34 ] 0

8 50 36 30 0 0

6 50 36 .28 [} 0

pLYE 50 36 28 o [

Sk8 50 52 36 0 o

5 20 S0 35 ° )

1130 20 50 50 50 °

2102 20 8 35 8

a) Measured concéntration of Pb in dtet.

b) Includes vats that -died or were sacrificed in extremis.

IABLE TT
EFFECT OF DIETARY Pb ON HEMOPOIETIC SYSTEM
' (Mean  95% C. 1.9))

Dietary Pb (Hemoglobin Hematocrit)Stippled Cells ALAD DALA
(opm) . | (em %) [¢3) {cells /50 . J{units/ml rbo)l (wg )]

5 mat | 15.39 | 42,9 | e.05 22,0 0.42
(2) (Dog)| (16.23) | (44.1) (0,00) (23.4) 40.26)
18 15,27 42,2 0. 18% 22.2 0,43
(16) (16.04) 1 (43.1) (0.01) (21.8) (0.27)
62 15.42 | 42,3 0,33 6. 4% 0,42
7 1 (16.12) (43.6) | 0.00) (17.8)  {(0.29)
141 15,32 42,1 | 0.50 ] 9.3 1 0.44
(155) (16.27) {44,1) | €0.04) £10.6) (0.27)
548 15.03 42,1 2.11 3.6 1 0.97%
(576) ] £15.66) %2.4) | 0.23)* 3.9 €0.57)
o 0,24 0.7 | 0,14 2,2 ] 0.53
£95%C. L.| (0.50) (1.8) €0.11) .1 £0.08)
"3 YA ] 4s.2 0,04 17,3 | 0.49
1130 14,73% 43,1% 4,27 | 2.4% } 2.09%
2102 w,37 | 411 7.57 1 1.6 2,38
tosn e, L 0.29 0.8 | 0.63 | 07 |0z

#) C. 1, = Confidence Limits, #* Lowest level at which significont
3 o

dL€€

@ < .03)

DABIE IIT

AVERAGE TTSSUE LEAD CONCENTRATION TN RATS
AND DOGS FED DIETS CONTAINING LEAD ACETATS

Dietary o Hlood ®  Urine ibb Kidney Pb*  Liver w® ' Brain z_'e-‘ ‘Bone B°
G 2 (5 R N N )
(i'g') (:%Ig)f Z Ortdye (‘&%2)* (’3:%2')' _(-2':2‘93
&, Gy B &R W 8% €®
(i':%i fi33) f;g .,(iiﬁ) (3122) '(3:’12) (332;'?1)
&) (8 R = SPRN t S - S W
w3 9?2* 10!'_:2* i :(1’1%,’7* o ]els* 28%3’?3
2102 98,4 1280 11,60 2.86 1.48 409,05
- _ ) o _
TR g W S OB, A% RS,

a = value at 24 months; b = aversge over 2-year period; * = lowest level at which
significant ( p < .05) difference from control occurred.
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FIGURE 1

TWO YEAR LEAD FEEDING STUDY (DOGS)
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FIGURE 2

TWO YEAR LEAD FEEDING STUDY IN DOGS
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FIGURE 3

BLOOD ALA DEHYDRASE ACTIVITY
(GROUP AVERAGES)
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FIGURE 4

RECOVERY FOLLOWING HEMORRHAGE
HEMOGLOBIN CONCENTRATION
GROUP AVERAGE X ONE STANDARD DEVIATION
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