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zUSAMMENFASSUNG 

Es wird ein kurzer Oberblick iiber zu•ei im Haske/1-Laboratorium durchge]uhrte 
r;erversuche gegeben. Die erste Studie beschreibt eine zwei Jahre dauernde Erntihrungs
untersuchung, wiihrend derer Ratten und Hunden Futter t.:erabreicht wurde, dem 0, 10, 
50, 100 und 500 ppm Blei in Form von Blei-Azetat beigefiigt worden war. Eine Ratten
gruppe erhielt iiberdies Dosen von 1.000 und 2.000 ppm Pb. An den Tieren wurden 
rerschiedene klinische, biochemische, histopathologische und die Fortpflanzung betref
(ende Untersuchungen t.:orgenommen. In der zweiten Studie entnahm man Hunden mit 
·ausserst niedriger ALAD-Tiitigkeit grossere Blutmengen. Die Erholungskurven fUr 
Hamoglobin, die Zahl der roten Blutkorperchen und das Hdmatokritverhtiltnis wurden 
mit denen der Kontro/lhunde verglichen, denen die gleiche Blutmenge entnommen worden 
if(lf. 

SUMMARY 

A brief review of two animal studies carried out at Haskell Laboratory is gh•en. The 
,6rst describes a two-year feeding study during which rats and dogs were fed diets to which 
tas added 0, 10, 50, 100 and 500 ppm lead as lead acetate. Rats were also fed levels of 
1000 and 2000 ppm Pb. Various clinical, biochemical, histopathologic and reproductive 
Jtudies were done on the animals. In the second study, dogs with markedly depressed 
ALA-dehydrase activity were severely hemorrhaged. Their recovery curves of hemoglobin 
red cell count and hema.tocrit were compared to those obtained on hemorrhaged control 
Jogs. 
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RESUME 

Presentation succincte de deux etudes effectuies sur des animaux au /aboratoire 
Haskell. La premiere de ces etudes decrit une experience portant sur une periode de 
deux ans au cours de /aquelle des rats et des chiens ont refu une alimentation a /aqueOe 
etaitnt ajoutes 0, lO, 50, 100 et 500 ppm de plomb sous forme d'acetate de plornb. 
Des rats ont egalement re~u une alimentation contenant 1000 et 2000 ppm de plornb. 
Dijferentes etudes cliniques, biochimiques, histopathologiques et des etudes de repro. 
duction ont ite realisees sur ces animaux. Dans Ia seconde etude on a pratique u~~e 
soignee importante sur des chiens ayant une activite ALA-D nettement reduite. Les 
courbes de recuperation de I' himoglobine, du nombre de cellules rouges et de l'hirntJ. 
tocrite ont ete comparees at•ec ce//es obtenues sur des chiens de contro/e ayant egalemen, 

ere saignis. 
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1 should like to summarize two animal studies carried out at HaskeU 

Today, ·· al'ti . tht 'I fl dBth d' to provide addrtron m ormatron on e oxrco ogy o ea . o stu Jes 
Laboratory resented in more detail elsewhere [1, 2] and are only summarized here. 
have been p h · h d' · h · f 

h generally been agreed t at 10 man, t e ret IS t e major source o lead 
It as d' d' . . h . h wev"'r long-term lead fee mg stu res m ammals ave only recently been 

· · ke· o ~' 
' 01a. d. ut Schroeder, eta/. rJJ reported that 5 ppm lead acetate in the drinking water 
·arne 0 

• 1· d d d I · bs • . . e resulted in an increased morta rty an ecrease ongevrty. In a su equent. 
vi m•c th · · d h h · th · · 'al ublication [4), however, ese mvestrgators reporte t at t e water 10 e 101t1 
P d ublished in 1964 contained 25 rather than 5 ppm lead and that the animals 
stu y :hromium-deficient. When they repeated the study using non-chromium
"c:fire·ent rats drinking water containing 25 ppm Pb, the mortality and longevity were 
~a .. 

affected and lead was found to be non-tumongemc. More recently, these 
~ot stigators [5) have reported that 25 ppm Pb in the drinking water had a significant 
10\C • • • 
!feet on the indrces of reproduction of m1ce and rats . 

.: Jessup [6) carried out one of the most comprehensive toxicologic studies of lead 
ver undertaken which included a 22-month feeding study using rats, dogs and 
~onkeys, a three-generation reproduction study using rats, a teratology study in 
rabbits, a rat and monkey behavior study, a one-year newborn rat carcinogenesis 
studf, tissue enzyme studies, electron microscopy and radiotracer studies. Ingestion 
of 10 ppm Pb produced no demonstrable adverse effects; 50 ppm resulted in minimal 
equivocal effects; and 100 and 1000 ppm produced histologic but not functional 
~hanges in the kidney of rats. Ten ppm Pb was equivalent to approximately 100 times 
the quantity of lead ingested by an average adult man. 

1- METHODS 

In order to provide additional information on the effects of long term ingestion 
of lead, our laboratory fed diets containing lead acetate to rats and dogs for two 
~ears. The concentration of lead added was 0, 10, 50, 100 and 500 ppm. There were 
50 male and 50 female rats per dose level and 1 00 male and 100 female control rats 

·receiving the basal laboratory diet. Four male and four female beagle dogs were 
used at each dose level. After the study was in effect for several months, a second 
two-year feeding study was initiated in rats to provide dietary lead levels ofO, 1000 and 
1000 ppm added lead. In the latter study, only 20 male and 20 female rats were used 
pc:r dose level. 

During the study, the clinical appearance an4 behavior of the animals was 
·observed. A neurologic examination was done on the dogs by a recognized authority 
in veterinary neurology from the University of Pennsylvania. Food consumption, 
growth and mortality were recorded. Periodic blood, urine, fecal and tissue lead 
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analyses were done using atomic absorption spectrophotometry. A complete blood 
count, hemoglobin, hematocrit, stippled cell count, prothrombin time, alkalin 
phosphatase, urea nitrogen, glutamic-pyruvic transaminase, cholesterol, and albumi: 
to globulin ratio were done periodically on the blood specimens. Routine and 
microscopic urinalyses were performed. The activity of the enzyme delta-aminolevu. 

· Iinic acid dehydrase (ALAD) in the blood and the excretion of its substrate, delta. 
aminolevulinic acid (DALA) in the urine were also determined. 

A thorough necropsy including both gross and histologic examination was done 
on all animals that died, survived or were sacrificed during the two-year period. A 
three-generation, six-litter, reproduction study similar to that described by Oser and 
Oser f7] was done using the rats fed 0, 10, 50, 100, 1000 and 2000 ppm lead. 

3- RESULTS 

There were no significant effects on the appearance, behavior, weight gain, 
mortality or neurologic examination of dogs receiving as much as 500 ppm Pb in 
their diet. The clinical appearance and behavior of the rats receiving as much as 

TABLE 1 

MORTALITY AND ·KIDNEY TUMOllS IN RATS FED LEAD ACETATE FOR TWO YEARS 

Dietary Pba) No. of Rats ~ »:>rtalityb) \ Kidney Tumors 
(ppm). of Each Sex :.:ale Female !'ale Femle 

5 100 )7 3~ 0 0 

18 50· 56 30 0 0 

62 so 36 28 0 0 

1L1 50 )6 28 0 0 

548 so 52 56 10 0 

3 20' =o ;s 0 0 

1130 20 50 50 50 0 

2102 20 ao 35 So 35 

a) Measured concentration of Fb in diet. 

b) Includes rats that died or were sacrificed in extremis. 

2000 ppm Pb was normal; however, the rate of weight gain was depressed in botll f 
male and female rats ingesting diets containing 1000 and 2000 ppm Pb. Table I sluM l 
that male rats fed .500 and 2000 ppm Pb had an increased mortality; however, 1M t 

mortality at the 1000 ppm Pb level was not different from the control. The reasoa ~ 
for this discrepancy is not known. It is also apparent from Table 1 that kidney * 
tumors were seen in male rats at the 500 ppm Pb level and above. These were not sm t 

in the females until the 2000 ppm Pb level. Most of the tumors were adc:no• i 

derived from ihe tubular epithelium. There were no pathologic changes seen in tile f 
rats fed up to and including 100 ppm lead in their diet. With the dogs, there were no l 
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· . ffects of dietary lead on any of the organ systems in the females. A slight 
~•hologlC e egaly was found in the proximal convoluted tubule of the kidney in 
~ ofcytom 
~ male dogs fed 500 ppm Pb. 
:•1) of four

2 
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jable h 
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atocrit were depressed only in the rats receiving 1000 ppm Pb or more. 
~.,bin and em . 
. TABLE 2 

; 
(1) 

18 
(16) 

62 
(57) 

141 
(!55) 

548 
(576) 

: 
: 95'1. C. L. 1 

11)0 

2102 

: 951. C. L. 

EFFECT OF DIETARY Pb ON H~OPOIETIC SYST~ 

(~ean ~ 95% C. L.a)) 

15.27 42.2 0.18* 
(16.04) (43. 1) (0.01) 

15.42 42.3 o. 33 14.4* 
(16. 12) (43.6) (0.00) (17 .8) 

15.32 42.1 o.so 9.3 
(16.27) (44.1) (0.04) (10.6)* 

15.03 42. 1 2.11 3.6 
(15. 64) (42.4) (0.23)* (3.9) 

0.24 0.7 0.14 2.2 
(0.57) (1.8) (0.11) (4. 1) 

15.72 45.2 0.04 17.3 

14. 73* 43.1* 4.27 2.4* 

14.37 41.1 7.57 1. 6 

0.29 0.8 0.63 0.7 

i 0.!.2 
! (0. 26) 

i 0.43 
1 (0. 27) 

' 0.42 
lco.29) 
I I o.44 

(0. 27) 

1 0.97* 
. (0. 57) 

I 0.53 
i (0.08) 

I 0.49 

I 2.09* I 

I 2.38 
I 

1 o.21 

a) c. L. • Confidence Limits. * Lowest· level at which significant 
difference from control occurred 
(p < .OS) 

~rPcd cells were increased at the 10 ppm level in the rat and were not incr~d 
, the dog until the diet contained 500 ppm Pb. A significant decrease in ALAD 
a!l'''Y -.as seen at a dietary Pb concentration of 50 ppm in the rats and 100 ppm 
, :111: dogs. This decrease, however, was not associated with any increased urinary 
~ of its substrate DALA until a concentration of 500 ppm Pb was present in 
lr Jict. These findings are consistent with the functional enzyme reserve concept 
«<iD many biological systems (8). No significant abnormalities were found in the 
(~ dinic:al chemistries examined. 

Fiprc I shows that the blood Pb concentration of dogs rose rapidly during the 
':1 four to six months and, thereafter, appeared to plateau. Similar finding! were 
·tid io the rats. Urine lead rose more promptly. The apparent lag time between conti
:llld•oaestion of lead and subsequent rise in blood Pb may be a factor in the finding 
~pediatric lead poisoning cases accur more frequently in the summer months as 
~ to the winter season when children would more likely be exposed to paint 
-eum.ng lead (9]. 
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f 
A. high degree of correlation was found between blood Pb concentration and f 

concentrations of lead found in the kidney, bone, liver and brain of both rats and J 
dogs. Figure 2 shows the high degree of correlation between blood Pb and j 
kidney Pb concentration in dogs. Thus, blood Pb concentration appears to be a good i. 
index of tissue Pb deposition as well as exposure to Pb. f 

The three-generation, six-litter, reprodu~on study showed that there was 00 ·· 

effect of dietary lead at concentrations of 0, 10, SO. 100, 1000 and 2000 ppm Pb 01 
the number of pregnancies, number ot pups born alive, fertility index, gestation index, 
viability index or lactation index. At 1000 and 2000 ppm dietary Pb, however, the 
average weight of weanling rats was slightly decreased and histologic examinatioa 
of all organ systems in the 21-day old weanling rats (F 3B) showed histologic changes 
in the kidney comparable to those seen in adult rats receiving 500 ppm or more Jib 
in their diet (no tumors were seen). 

The average concentration of lead in the blood, urine, kidney, liver, bone aDd 
brain of the rats and dogs after ingesting lead for 24 months is shown in Table 1 
As the amount of lead in the diet was increased, the lead content of the tissues 
increased. In the dogs, the rate of increase was greatest for liver Pb and least ftr 
bone Pb. With rats, the rate of increase was greatest for tho kidney rather thaD the 
liver. The blood and urine Pb concentration of dogs receiving 10 ppm Pb or mOlt 

was significantly greater than corresponding control values. Similar findings ~ 
in the rat. 
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TWO YEAR LEAO FEEDING STUDY (DOGS) 
REGRESSION : KIDNEY Pb on BLOOD Pb 

KIDNEY LEAD • -0.216 •0.0345 BLOOD Pb 
, • 0.88 

SLOPE SIGNIFICANT AT p<O.OI 

tO 18 26 34 42 50 58 66 74 82 90 98 106 114 
BLOOD LEAD I 110/IOOcc I 

on the other hand, the data in Table 3 suggest another possible interpretation. 
At concentrations of dietary Pb at or below 100 ppm, the blood and urine Ph concen
trations. as well as the tissue levels, are comparable to normal human values. For 
example, nonnal human blood Pb concentrations are below 40 J.lg/ I 00 gm. At these 
concentrations, the only significant finding reported is a decrease in ALA-dehydrasO 
activity. In our study, the major finding in animals fed dietary Pb levels at or below 
100 ppm for two years was inhibition of ALA-dehydrase. 100 ppm resulted in a blood 
Pb concentration of 31.5 in the dog and 35.2 in the rat and was not associated with 
any significant clinical, histopathologic, neurologic, reproductive, or mortality effects. 

Similarly, adult humans generally begin to show clinical signs of lead poisoning 
at blood Pb values above 80 J.lg/100 gm. In this study, a dietary Pb level of 500 ppm 
produced a blood Pb concentration in both species of about 80 Jlg/100 m1 which was 
associated with an increase' in DALA excretion. At this level and higher, increased 
mortality and renal changes were observed 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 (Table 3). 

Thus. when the results of this animal study arc examined in terms of blood and 
tissue lead concentrations rather tban on a basis of dose level, the findings are similar 
to those reported in humans. 
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TABLE 3 

AVERAGE TISSUE LEAD CONCENTRATION IN RATS 
AND DOOS FED Dll:TS CONTAINING LEAD ACETATE 

Dietary Pb 3100<1 Pb .. Urine Pbb Kil'..ney Pb a Liver Pba Brain Pba Bone Pba 
t:>m:d {wa~) !~,;g/1) (&/") (&hl l;,.;g/g) Cg/gl 

'~) Hat 12.7 19 o.~o J.18 '),14 9.19 
\~ Dog (15.8) 42 (0.22) (0.50) (O.:J5) (4.88) 

18 11.0 59. J.j1 •J,1( J.l9* 9.00 
(16) (16.6)* r::"2* (·;.~1)* (oJ.-::t:)• (:l. 0.0) ((,,19) 

-~2 18.5* 79 ·::.85• 0.31* 0.28 17. 5C* 
(57) (31.5) 103 (·J. 74) (1.57) (0.98}* (6.)6) 

141 35.2 1~8 2.51 0.60 '),38 26.15 
(155} (42.5) 156 (1.1£) (2.26) (0.12) (10.37) 

5:.8 77.8 451 15.20 1.87 l.o6 91.40 
(576) (75.8) 325 (<.91) (7.89) (0.55) (17.35}• 

5 16,4 44 0.17 0.1; ').11 1.87 
1150 ]8.6• 1046• 15. 51• 1.87• .).88• 28o,54 
2102 98.!. 1281 11.60 2.86 1.48 409.05 

Human ' 
:-lean < 17 < 35 '),52 0.84 0.13 19.04 
r.ange 15-:00 20-65 .cl-2.20 .03-3.13 .ol-.78 .21-49.5 

a : value at 24 months; b : average over 2-year period; * : lowest level at which 
significant ( p < • 05) difference from control occurred. 

4 - HEMORRHAGE STUDY 

ALA-dehydrase is one of the enzymes involved in hemoglobin synthesis. Our 
findings and those of others [8] suggest that despite a depression of its activity by 
lead, the body has sufficient enZ) me reserve to meet its day to day nteds. However, 
it could be argued that the body might not be able to cope with a stressful situati011 
involving the loss of large quantities of blood. In order to. investigate this situation, 
the following experiment was carried out. 

Thirty-six dogs were divided 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 as lead acetate in their diet and the third group was given 500 ppm Pb. 
After the animals were ~n this diet for 31 weeks, the dietary lead concentration fA 
the high level group was doubled to 1000 ppm because the enzyme activity was not 
as low as desired. 

Figure 3 shows that at the end of 46 weeks on this diet, the ALA-dehydrase 
activity of' the dogs receiving the high level of lead was severely depressed. It varied 
from 0.5 unit/ml to barely detectable. When detectable, the enzyme level was 
about 2% of that prior to feeding lead. The group of dogs given 100 ppm Pb in the 
diet showed a 50% reduction in ALA-dehydrase activity. At the end of 46 weeks, tile 
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blood concentration of the dogs given highest level of lead averaged 60-so 
Pb/100 gm blood. There was no evidence of any difference in health of the dogs ~g 
any of the groups, by any of the usual biochemical, clinical, or behavioral standa' 111 

Female dogs showed a significantly increased excretion of DALA. tds. 
Forty-six weeks after the dogs had been placed on these lead-containing d' 

approximately one-half of the dogs circulating blood volume was removed frorn ~~~· 
jugular vein in a two-stage operation using a modified Whipple (10] pr~11 e 
Anesthesia was not necessary. Two of the 36 dogs showed definite signs of sh ~ 
following the hemorrhage. Oc 

A 30 to 40 percent reduction in hemoglobin con;entration, red cell count anc! 
hemato.;rit ratio occurred as a result of the hemorrhage. Figure 4 shows the recov• 
cun-e for hemoglobin concentration. Rigorous statistical treatment of the . d~~ 
demonstrated that the recovery curves of the hemoglobin concentration, r~d <:elf 
count and hematocrit ratio were not effected by the presence of lead. 

This study clearly demonstrates that despite severe depression of ALA-dehydrase 
activity, the ability of the blood-forming mechanisms to manufacture hemoglobj

11 
and red blood cells was not measurably affected even when required to junction at 
accelerated 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 

1 
small fraction of that normally present. 
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DISCUSSION 

t.£HNERT (Federal Republic of Germany) 
In one of the diagrams which you showed, the blood lead level also rose in dogs with no lead burden 
•uring the observation period. How do you account for this phenomenon, or alternatively how can you 
:ubStantiate this if the increase for a zero burden has been shown to be statistically impossible? 

..z;AR (U.S.A.) 
fhe values shown on the slide were nominal. You will find the ac!Ual concentration of lead in the dirt 
Jf the control animals in the tables in the paper. The nominal concentrations represent the concen· 

1
ration of lead added to the diet which contained some lead. 

BRIDBORD (U.S.A.) 
Were animals that were bled continued on a lead diet after bleeding? 

. ..z;AR (U.S.A.) 
yes, they were continued on lead throughout the recov_ery period. 

,u;DLEMAN (U.S.A.) 
·Did you attempt any refeeding of lead to offspring rats 7 Dr. Schroeder has reported dying out of the 
;train at the second generation when offspring rats were then put on low levels of lead intake. 

\ZA.R (U.S.A.) 
'io: the reproduction studies of the F-2 generation were discontinued on the 21st day which was the 
•caning time. There were a few animals that were kept to the fortieth day and sacrificed then to look at 
;he histopathological changes in their kidneys. There was a difference between the 21 day and 40 day 
•canlings; the histopathology seemed to be a little more pronounced, but we did not continue the F-2 
p:nerations beyond that time. 

\EEDLEMAN (U.S.A.) 
lthmk this refeeding experiment may have important implications for human newborns exposed in 
Jtero, and then reexposed to lead in childhood. 

DlBOIS (Cmada) 
''onclusion from this study seems to be that it is difficult to affect the ALAD levels by the ingestion of 
'MIC amounts of lead in food. Would the author care to comment as to whether the ALAD levels would 
~~vc been affected if similar amounts of lead had been administered in aerosol form by the respiratory 
·oute? 

U.ut (U.S.A.) 
The ALAD levels were affected by the ingestion of large amounts of lead in the food. Similar amounts 
lllcad by the respiratory route would also be expected to lower the level of ALAD. Experimental 
~nman Cllposures to I 0.91JI/m3 lead resulted in a depressed level of ALAD which recovered foUowina 
"l'OSIIR (Coulston et al., Albany Medical College, Albany, New York). 
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KENNEDY Jr. (U.S.A.) 
One of the concerns to toxicologists is the increased excretion of heme precursors following inh·bj . 
of the biosynthetic enzymes by lead. Urinary excretion of ALA indicates an oversupply and sp·;, 11ott 
situation. The biologic consequences of increased circulating ALA were studied by our group i 

1 11~tr 
Graded doses (I 0 to 100 mgjkg) were introduced directly into the peritoneal cavity three times pe~ ~·:e. 
for 13 consecutive weeks. During the treatment period, all animals were monitored as to gr ~~ 
reactivity and blood chemistry. No adverse effects upon any of the parameters studied were obse<IWth, 
and histopathological examination of tissues and organs was also negative. "'t4 
In addition, a study of mice treated chemically with ALA indicated that no interference with no 
fertility was induced by the chemical. llnat 
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