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I. INTRODUCTION

Lit t l e ex per imen t al  w o r k h as been po n e o n t h e

BIOLOGICAL EFFECTS OF LONG-TERM EXPOSURE TO LOW 

CONCENTRATIONS OF LEAD, RECENTLY/ A COMPREHENSIVE 

STUDY ON THE CHRONIC TOXICITY OF ORALLY-ADMINISTEREO 

LEAD IN LABORATORY ANIMALS WAS RELEASED BY THE

Amer ic an Pet r o l eu m In s t it u t e (Apr il / 1971), Th is s t u d y

SHOWED THAT THE ADMINISTRATION OF LEAD ACETATE TO RATS/ 

DOGS/ AND MONKEYS FOR 22 MONTHS AT A DIETARY LEVEL OF 

10 PPM AS LEAD PRODUCED NO EFFECTS THAT COULD BE 

DETECTED BY ANY OF THE TECHNIQUES THAT WERE EMPLOYED;

50 PPM PRODUCED MINIMAL EQUIVOCAL EFFECTS/ AND 100 PPM 

PRODUCED HISTOLOGIC CHANGE WITHOUT FUNCTIONAL CHANGE 

IN THE KIDNEYS OF RATS, THE PRESENT STUDY WAS UNDERTAKEN 

TO FURTHER CLARIFY THE POSSIBLE BIOLOGIC MANIFESTATIONS OF 

LONG-TERM/ LOW-LEVEL/ DIETARY ADMINISTRATION OF LEAD IN 

LABORATORY ANIMALS,

II. METHODOLOGY

A, Ex per imen t a l  Des ig n

(SLIDE #1)

Th e bas ic ex per imen t a l  d es ig n c o n s is t ed o f  t w o  

s t u d ies . In St u d y l, r a t s an d d o g s w er e f ed d iet s o f . 

Gr o u n d Pu r in a Lab Ch o w t o w h ic h w as ad d ed 0/ 10/ 50/ 100/



PAGE TWO

AND 500 PPM LEAD ADMINISTERED AS LEAD ACETATE Pb

(C H 0 ) • 3H 0 , Th e amo u n t  o f  l ead ad d ed t o t h e

2 3 2 2 2
DIET WAS CALCULATED ON THE BASIS OF ACTUAL LEAD, THIS 

BEING 54,6% OF THE WEIGHT OF THE ACETATE.

Bo t h mal es an d f emal es o f  eac h s pec ie? w er e u s ed ,

Th e v ar io u s bio l o g ic in d ic es u n d er  o bs er v at io n w er e

MEASURED AT 10 DIFFERENT INTERVALS THROUGHOUT THE TWO 

YEARS OF FEEDING.

(SLIDE #2)

Af t er  St u d y I h ad been in pr o g r es s f o r  s ev er al  mo n t h s ,

IT APPEARED THAT A DIETARY LEVEL OF 500 PPM LEAD WAS NOT 

AFFECTING THE CLINICAL, NUTRITIONAL, OR REPRODUCTIVE 

INDICES OF RATS, THEREFORE, A SECOND TWO-YEAR FEEDING 

STUDY WAS INITIATED IN RATS TO PROVIDE DIETARY LEAD LEVELS 

OF 1000 AND 2000 PPM,

B, Par amet er s Un d er  Obs er v at io n

Th e n ex t  t h r ee s l id es w il l  s h o w t h e bio l o g ic  r es po n s es

WHICH WERE OBSERVED OR MEASURED PERIODICALLY THROUGHOUT 

THE TWO YEARS OF DIETARY LEAD ADMINISTRATION,
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(SLIDE #3)

1, Cl in ic al  Obs er v at io n s

Th e an imal s w er e o bs er v ed f o r  v ar io u s g r o s s as pec t s

OF APPEARANCE AND BEHAVIOR, DOGS WERE GIVEN A NEURO­

LOGICAL EXAMINATION INITIALLY AND AT ONE AND TWO YEARS OF

f eed in g , Weig h t  g ain , f o o d c o n s u mpt io n , an d in c id en c e o f

MORTALITY WERE ALSO RECORDED FOR ALL TEST GROUPS,

2. Lead An al y s es

Bl o o d , u r in e , f ec es , an d v ar io u s t is s u es w er e
. . . ... ... .. _ "

PERIODICALLY ANALYZED FOR LEAD IN ALL DOGS AND IN FOUR TO 

SIX RATS SELECTED AT RANDOM AT EACH DIETARY LEAD LEVEL,

Al s o , t es t  d iet s f o r  al l  g r o u ps w er e an al y zed per io d ic a l l y

FOR THEIR ACTUAL LEAD CONTENT,

(s l id e my

3, - Hemat o l o g y

Hemat o l o g ic ex amin at io n o f  bo t h r a t s an d d o g s in c l u d ed

A COMPLETE BLOOD COUNT, HEMATOCRIT, HEMOGLOBIN, AND NUMBER 

OF BASOPHILIC STIPPLED CELLS,

4. Bio c h emis t r y

Bio c h emic a l  an al y s es in v o l v ed an ev al u at io n o f  l iv er

FUNCTION, A COMPLETE URINALYSIS, AND SPECIAL TESTS TO

DUP050058636
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DETERMINE DELTA-AMINOLEVULINIC ACID (DALA) IN URINE AND 

DELTA-AMINOLEVULINIC ACID DEHYDRASE <ALAD) IN BLOOD IN 

BOTH RATS AND' DOGS,

(SLIDE m

5. Pat h o l o g y

Al l  an imal s t h at  w er e s ac r if ic ed / d ied , o r  s u r v iv ed

TWO YEARS OF DIETARY LEAD RECEIVED A THOROUGH NECROPSY, ALL 

MAJOR ORGAN SYSTEMS WERE EXAMINED/ BOTH GROSSLY AND 

MICROSCOPICALLY,

6. Th r ee-Gen er at io n Repr o d u c t io n St u d y in Rat s

A THREE-GENERATION/ SIX-LITTER REPRODUCTION STUDY WAS 

CARRIED OUT ON RATS RECEIVING 0/ 10/ 50/ 100/ 1000/ AND 2000 PPM 

DIETARY LEAD (Pb), CRITERIA EVALUATED INCLUDED VARIOUS INDICES 

OF REPRODUCTION AND LACTATION/ THE AVERAGE BODY WEIGHT OF 

WEANLINGS/ AND A HISTOLOGICAL EVALUATION OF 21-DAY OLD WEANLINGS,

C, St a t is t ic a l  An al y s is

Th e DATA FROM EACH RAT STUDY AND FROM THE DOG STUDY 

WERE SUBJECTED/ RESPECTIVELY/ TO AN ANALYSIS OF VARIANCE TO 

DETERMINE THE SIGNIFICANT EFFECT OF THREE VARIABLES (DIETARY LEAD/

DUP050058637
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. |
! . . _ . _ ....................... .

SEX/ AND TIME) ON THE VARIOUS QUANTITATIVE RESPONSES WHICH

WERE MEASURED DURING THE TWO YEARS OF DIETARY LEAD 

ADMINISTRATION,

i

I;II, RESETS,
i

Fo r  t h e pu r po s e o f  t h is pr es en t at io n / I w il l  d eal

MAINLY WITH THE SIGNIFICANT EFFECTS OF ONE VARIABLE - 

DIETARY LEAD - ON THE VARIOUS BIOLOGIC RESPONSES THAT WERE 

MEASURED.

(SLIDE § 6)

A, Cl in ic a l  Obs er v at io n s  

Th er e w as n o s ig n if ic an t  ef f ec t  o n appear an c e /

BEHAVIOR/ NEUROLOGICAL EXAMINATION/ BODY WEIGHT/ OR 

MORTALITY IN DOGS RECEIVING AS MUCH AS 500 PPM Pb IN THEIR 

DIETS.

■ IN RATS RECEIVING AS MUCH AS 2000 PPM DIETARY LEAD/ 

INDICES OF APPEARANCE AND BEHAVIOR WERE NORMAL. HOWEVER/ 

THE PRESENCE OF 1000 AND 2000 PPM LEAD IN THE DIET APPEARED 

TO DEPRESS THE RATE OF WEIGHT GAIN IN BOTH MALE AND FEMALE 

RATS. ALSO/ AN INCREASE IN MORTALITY WAS SEEN IN MALE RATS 

FED 500 PPM LEAD AND ABOVE.

DUP050058638
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B. Lead An al y s es

(SLIDE m

Th is t ime g r aph s h o w s t h e pat t er n s o f  bl o o d l ead

CONCENTRATIONS IN DOGS AT DIFFERENT DIETARY LEAD LEVELS.

Th er e w as a s ig n if ic an t  t r en d t o w ar d h ig h er  bl o o d l ead

VALUES OVER THE TWO YEARS OF LEAD FEEDING, ALSO/ A HIGHLY 

SIGNIFICANT RELATIONSHIP (P < 0,01) WAS FOUND BETWEEN BLOOD 

LEAD AND DIETARY LEAD, THE BLOOD AND URINE LEAD LEVELS OF 

DOGS RECEIVING 10 PPM OR MORE LEAD (Pb ) IN THE DIET WERE 

SIGNIFICANTLY GREATER THAN THE CONTROL VALUES, SIMILAR 

RESULTS WERE FOUND IN THE RAT DATA. '

(SLIDE. #8)

On THIS SLIDE WE SEE THAT THE LEAD CONTENT OF BONE. 

BLOOD, LIVER, KIDNEY, AND BRAIN IN THE DOG INCREASED AS 

THE AMOUNT OF LEAD IN THE DIET INCREASED. THE RELATIVE 

RATE OF INCREASE WAS GREATEST FOR LIVER LEAD AND LEAST 

FOR BONE LEAD. In RATS, SIMILAR RESULTS WERE FOUND EXCEPT 

THAT THE KIDNEY, RATHER THAN THE LIVER, SHOWED THE SHARPEST 

RATE OF INCREASE.

DUP050058639
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(SLIDE #9)

Th er e w er e s ig n if ic an t  c o r r el a t io n s bet w een t is s u e ,

LEAD LEVELS AND BLOOD LEAD LEVELS, FOR EXAMPLE/ THIS 

SLIDE SHOWS THE CORRELATION BETWEEN KIDNEY LEAD CONCEN­

TRATION AND BLOOD LEAD LEVELS IN DOGS. A COEFFICIENT OF 

CORRELATION <R> OF 0,88 INDICATES THAT >77■0% OF THE 

VARIATION IN KIDNEY LEAD CAN BE ACCOUNTED FOR BY BLOOD 

LEAD, Th e LEAD CONTENT OF BONE/ LIVER/ BRAIN/ AND KIDNEY 

WAS SIGNIFICANTLY CORRELATED WITH BLOOD LEAD IN ADULT DOGS 

AND ALSO IN RATS FED OVER A LIFETIME, THIS INDICATES THAT 

THE BLOOD LEAD IS A GOOD INDEX OF TISSUE DEPOSITION AS 

WELL AS EXPOSURE,

(SLIDE #10)

Th er e w er e n o s ig n if ic an t  h emat o l o g ic ef f ec t s in d o g s

EXCEPT FOR AN INCREASE IN THE NUMBER OF STIPPLED CELLS 

SEEN AT 500 PPM, IN RATS, A STATISTICALLY SIGNIFICANT 

INCREASE IN STIPPLED CELLS WAS SEEN AT 10 PPM AND ABOVE AND 

A DECREASE IN HEMOGLOBIN CONCENTRATION AND HEMATOCRIT WAS 

NOTED ONLY AT DIETARY LEAD LEVELS OF 1000 PPM AND ABOVE,

Th e LIVER FUNCTION TESTS PERFORMED AND THE RESULTS 

OF URINALYSIS WERE WITHIN NORMAL LIMITS IN DOGS RECEIVING

-

DUP050058640
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AS MUCH AS 500 PPM LEAD OR IN RATS RECEIVING AS MUCH AS 

2000 PPM LEAD IN THE DIET.

(SLIDE #11)

ON THIS SLIDE WE SEE THAT LEAD DID INHIBIT ALA-D 

ACTIVITY AT A CONCENTRATION OF 50 PPM IN RATS AND 100 PPM 

IN DOGS. HOWEVER/ THIS INHIBITION WAS NOT ASSOCIATED 

WITH ANY INCREASED URINARY EXCRETION OF ITS SUBSTRATE 

BALA UNTIL A CONCENTRATION OF 500 PPM LEAD (Pb ) WAS 

ADMINISTERED IN THE DIET. THESE FINDINGS ARE CONSISTENT 

WITH THE FUNCTIONAL RESERVE EXHIBITED IN MANY BIOLOGICAL 

SYSTEMS,

Sig n if ic an t  c o r r e l a t io n s w er e al s o f o u n d bet w een  

ALA-D ACTIVITY AND BLOOD LEAD/ AND BETWEEN DALA AND BLOOD 

LEAD IN BOTH RATS AND DOGS, THESE RELATIONSHIPS WERE VERY 

SIMILAR TO THOSE DESCRIBED BY HERNBERG FOR HUMANS,

(SLIDE #12)

Th er e w er e n o pat h o l o g ic ef f ec t s o f  d iet ar y l ead o n

ANY ORGAN SYSTEM IN FEMALE DOGS FED 500 PPM LEAD OR LESS,
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In mal e d o g s , h is t o l o g y w as n eg at iv e ex c ept  f o r  a s l ig h t

DEGREE OF CYTOMEGALY' FOUND IN THE PROXIMAL CONVOLUTED 

TUBULES OF THE KIDNEY IN TWO OUT OF FOUR DOGS FED 500 PPM 

LEAD,

In RATS, THERE WAS NO PATHOLOGIC EFFECT OF DIETARY 

LEAD ON ANY ORGAN SYSTEM AT LEAD LEVELS UP TO AND INCLUDING 

100 PPM. At  500 PPM LEAD AND GREATER IN THE DIET, BOTH 

MALE AND FEMALE RATS SHOWED HISTOLOGIC LESIONS ATTRIBUTABLE 

TO LEAD IN THE KIDNEY, At  THREE MONTHS OF FEEDING AT 

500 PPM, RATS SHOWED CYTOMEGALY, INTRANUCLEAR INCLUSIONS,

AND CYTOPLASMIC PIGMENTATION IN THE PROXIMAL CONVOLUTED 

TUBULE OF THE KIDNEY, At  12 MONTHS OF FEEDING, ADDITIONAL 

CHANGES OCCURRED SUCH AS METAPLASIA AND HYPERPLASIA.

Kid n ey t u mo r s w er e al s o  f o u n d in mal e r a t s f ed  

500 PPM OR MORE LEAD (Pb). THESE TUMORS WERE FIRST OBSERVED 

AT 14 MONTHS WHEN A RAT RECEIVING 2000 PPM LEAD DIED. TUMORS 

AT LOWER LEVELS WERE DISCOVERED AT TIME OF SACRIFICE

(24 MOS.),

(SLIDE #15)

Th e INCIDENCE OF SUCH KIDNEY TUMORS IN RATS AT 

500 PPM LEAD AND ABOVE IN THEIR DIETS IS SHOWN IN THIS TABLE,

DUP050058642
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It  is s een t h at  t h e in c id en c e o f  k id n ey t u mo r s in c r eas es  

IN MALE RATS FROM 10% AT 500 PPM DIETARY LEAD/ TO 50% AT 

1000 PPM/ t o 80% at  2000 ppm, Femal e r a t s s h o w ed n o

KIDNEY TUMORS UNTIL A DIET CONTAINING 2000 PPM LEAD WAS 

ADMINISTERED, MOST OF THE TUMORS WERE CONSIDERED TO BE 

ADENOMAS DERIVED FROM THE TUBULAR EPITHELIUM, THE 

GREATER SUSCEPTIBILITY OF THE MALE RAT TO KIDNEY TUMORS 

FROM LEAD MAY BE RELATED TO THE HIGHER INCIDENCE OF 

SPONTANEOUS CHRONIC NEPHRITIS IN MALE RATS OF THIS STRAIN 

AS COMPARED TO FEMALES,

(SLIDE m)

Th e RESULTS OF THE THREE-GENERATION/ s ix-l it t er  

REPRODUCTION STUDY ON RATS ARE SHOWN ON THIS SLIDE, THERE 

WERE NO MAJOR’DIFFERENCES BETWEEN CONTROL AND TEST GROUPS 

WITH RESPECT TO REPRODUCTION AND LACTATION INDICES IN 

RATS FED UP TO AND INCLUDING 2000 PPM LEAD (Pb),

: . At  1000 an d 2000 ppm d iet ar y .l ead / h o w ev er / t h e ...

AVERAGE WEIGHT OF WEANLING RATS WAS SLIGHTLY DECREASED, 

ALSO/ HISTOLOGIC EXAMINATION OF ALL ORGAN SYSTEMS IN THE 

21-DAY OLD WEANLING RATS (F B) REVEALED LESIONS IN THE
3

DUP050058643
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KIDNEY ATTRIBUTABLE TO LEAD AND COMPARABLE TO THOSE 

PREVIOUSLY FOUND IN ADULT RATS RECEIVING 500 PPM LEAD OR 

MORE IN THEIR DIETS, SlNCE WEANLING RATS DERIVE MOST OF 

THEIR NOURISHMENT FROM SUCKLING IN THE FIRST THREE TO 

FOUR WEEKS AFTER BIRTH/ IT IS ASSUMED THAT LEAD WAS 

TRANSMITTED TO THE NEWBORN THROUGH THE MILK/ RESULTING 

IN HISTOLOGIC CHANGES IN THE KIDNEY,

SUMMARY

(SLIDE #15)

IN SUMMARY/ THIS STUDY SHOWED THAT THE -INGESTION OF 

10 PPM LEAD (Pb) BY RATS AND DOGS RESULTED IN A DETECTABLE 

INCREASE IN BLOOD/ URINE/ AND KIDNEY LEAD LEVELS, HOWEVER/ 

NO EFFECT ON CLINICAL OR BIOCHEMICAL PARAMETERS WAS SEEN 

AT THIS DIETARY LEVEL, At  50 PPM LEAD (Pb ) IN THE DIET 

OF RATS/ AND 100 PPM IN DOGS/ A SIGNIFICANT DECREASE IN 

ALA-D ACTIVITY OCCURRED, THIS DECREASE WAS NOT ASSOCIATED 

WITH A CORRESPONDING INCREASE IN THE EXCRETION OF BALA/ THE 

SUBSTRATE FOR ALA-D, IN OTHER WORDS/ ALTHOUGH ALA-D 

ACTIVITY WAS INHIBITED/ SUFFICIENT ENZYME RESERVE REMAINED 

TO HANDLE THE BODY'S REQUIREMENTS,

DUP050058644
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(SLIDE #16)

♦

It  w as n o t  u n t il  t h e d iet  c o n t a in ed 500 ppm l ead  

(Pb ) t h at  an imal s d id s h o w a s ig n if ic an t  in c r eas e in DALA 

ex c r et io n , Al s o , at  500 ppm d iet ar y l ead an d abo v e ,

KIDNEY TUMORS AND AN INCREASE IN MORTALITY WERE SEEN IN 

RATS,

Ev id en c e o f  d epr es s ed h emo g l o bin , h emat o c r it , an d

WEIGHT GAIN WERE NOT FOUND UNTIL RATS WERE FED DIETS CON­

TAINING 1000 PPM LEAD (Pb) OR MORE. INDICES OF REPRODUCTION 

AND LACTATION WERE NORMAL AT ALL DIETARY LEVELS TESTED,

Ho w ev er , a d epr es s ed w eig h t  g ain an d r en al  l es io n s w er e

FOUND IN THE WEANLING RATS OF PARENTS INGESTING 1000 PPM

l ead (Pb) o r  mo r e in t h e d iet .

Res u l t s f r o m t h is s t u d y c an be in t er pr et ed in t w o  

w ay s , Fir s t , o n e c o u l d s ay t h at  s u c h in f o r mat io n c o u l d n o t  

be ex t r apo l at ed t o t h e h u man s it u at io n bec au s e t h e d o s es

OF LEAD FED TO BOTH RATS AND DOGS WERE MUCH HIGHER THAN 

THE DAILY DIETARY LEAD INTAKE OF HUMANS, FOR EXAMPLE/ A 

LEVEL OF 10 PPM ?B FED TO RATS AND DOGS IS 70 TIMES HIGHER 

THAN DAILY HUMAN DIETARY INTAKE, IF DOSE IS CALCULATED ON 

THE BASIS OF /JG Pb/k G BODY WEIGHT.

(SLIDE #17)
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j HOWEVER/ THE RESULTS SHOWN ON THIS TABLE SUGGEST 

ANOTHER POSSIBLE INTERPRETATION. HERE/ WE SEE THE BLOOD/ 

KIDNEY/ AND BONE LEAD LEVELS IN DOGS AND RATS AFTER 24 

MONTHS OF FEEDING. Th e NORMAL RANGE OF LEAD CONCENTRATION 

IN THE SAME TISSUES IS ALSO SHOWN FOR HUMANS, 

j IT IS INTERESTING THAT AT 100 PPM DIETARY LEAD AND

BELOW/ BLOOD LEAD LEVELS AS WELL AS KIDNEY AND BONE LEAD 

LEVELS/ IN RATS AND DOGS ARE COMPARABLE TO HUMAN TISSUE 

LEAD LEVELS. In THIS NORMAL RANGE OF BLOOD LEAD FOR 

HUMANS (11-40)/ INVESTIGATORS HAVE REPORTED A SIGNIFICANT 

DECREASE IN ALA-D ACTIVITY,* IN THIS STUDY, WE SAW A SIG­

NIFICANT DECREASE IN ALA-D ACTIVITY AT A BLOOD LEAD OF 

31,5 IN THE DOG AND AT 35,9 IN THE RAT,

ALSO/ IN HUMANS/ A BLOOD LEAD OF 80^6/100 ML IS 

THE LEVEL AT WHICH CLINICAL SIGNS OF LEAD POISONING BEGIN 

TO APPEAR IN HUMANS. In OUR STUDY/ 500 PPM DIETARY LEAD IN 

RATS AND DOGS PRODUCED A SIGNIFICANT INCREASE IN DALA 

EXCRETION IN THE URINE; THE BLOOD LEAD CONCENTRATION IN 

BOTH SPECIES WAS ABOUT 80/jG/100 ML. ALSO., AT 500 PPM 

80 JUG/100 ML-BLOOD LEAD)/ RATS BEGAN TO SHOW HISTO­

LOGICAL CHANGES IN THE KIDNEY ATTRIBUTABLE TO LEAD/ AND AN 

INCREASE IN MORTALITY. KlDNEY LEAD LEVELS AND BONE LEAD 

LEVELS IN RATS FED 500 PPM LEAD ARE SEEN TO BE WELL ABOVE

DUP050058646
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THE LEVELS OF LEAD REPORTED IN THE KIDNEY AND BONE OF HUMANS,
i

I Th u s , ANOTHER INTERPRETATION f r o m t h e pr es en t  

ANIMAL STUDY IS THAT RESULTS DO SUPPORT SOME ASPECTS OF LEAD 

TOXICITY WHICH HAVE ALREADY BEEN REPORTED ON HUMANS,

HJT/u t d

5/5/72

DUP050058647
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TWO YEAR LEAD FEEDING STUDY IN DOGS
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TWO YEAR LEAD FEEDING STUDY (DOGS)

TISSUE Pb vs. Pb IN FEED

BONE

LIVER

BLOOD

KIDNEY

BRAIN

10 100
LEAD IN FEED (^g/g)

WMwj

DUP050058655



TWO YEAH LEAD FEEDING STUDY {DOGS) 
REGRESSION : KIDNEY Pb on BLOOD Pb
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PB LEVELS IN  BLOOD, KIDNEY, AND BONE
(M E A N  VALUES A T  2 4  NOS.)
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