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Effects of lead deficiency on lipid metabolism 
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Summary: The criteria of lipid metabolism in lead deficiency were determined. 
For this purpose an experiment was performed with Sprague-Dawley rats distri- 
buted in depletion and control groups. The depletion rats were fed an extremely 
low lead content  diet (20 __ 5 ppb), whereas the diet for the control animals was 
supplemented with 800 ppb Pb § Dependent  on generation, depletion influenced 
triglyceride content  in serum and liver, phospholipid and cholesterol content in 
liver as well as the whole body fat of the offspring. The results indicate that in 
mothers the absorption of lipids is impaired, Consequently it is possible that the 
mothers do not excrete enough fat with milk leading to an energetical deficiency 
and therefore to reduced growth. 

Zusammenfassung: Nachdem sieh in Modellstudien zum Nachweis der Essentia- 
lit/it von Blei bei unzureichender Pb-Versorgung von Muttertieren Verfinderungen 
im Lipid-Stoffweehsel bei ihren Nachkommen zeigten, sollten irn vorliegenden 
Versueh Parameter des Lipidstoffweehsels sowohl bei Muttertieren als aueh bei 
deren Nachkommen untersucht  werden. Der Versueh wurde mit weiblichen 
Sprague-Dawley-Ratten ~iber mehrere Generationen durehgef~ihrt. Eine teilweise 
gereinigte halbsynthetische Difit sowie Trinkwasser wurden ad libitum angeboten. 
Der Pb-Gehalt  der Basisdifit, die als Depletionsdi/it eingesetzt wurde, betrug 20 + 5 
ppb. Ffir die Kontrolltiere wurde die Basisdi~it mit 800 ppb Pb ~+ supplementiert.  
Durch die Depletion an Blei wurde in Abh~ingigkeit yon der Generation der 
Triglyceridgehalt in Serum und Leber, der Phospholipid- und Cholesterolgehalt 
der Leber sowie der Gesamtlipidgehalt des K6rpers beeinfluBt. Im Vergleich zu 
Kontrollt ieren war bei den depletierten Tieren der P0-Generation der Triglyceridge- 
halt des Serums reduziert und  der Gesamtfettgehalt des K6rpers unver~ndert, bei 
den depletierten Tieren der F~-Generation der Triglyceridgehalt in Serum und 
Leber reduziert und  der Phospholipid- und Cholesterolgehalt der Leber erh6ht, bei 
den depletierten Tieren der P~-Generation der Triglyceridgehalt der Leber erh6ht, 
der Triglyceridgehalt des Serums erheblich vermindert  und der Phospholipid- und 
Cholesterolgehalt der Leber  sowie der Gesamtfettgehalt des K6rpers unver~ndert 
und  bei den depletierten Tieren der F2-Generation der Triglycerid-, Phospholipid- 
und  Cholesterolgehalt der Leber unver/mdert, der Triglyceridgehalt im Serum 
erh6ht sowie der Gesamtfettgehalt des K6rpers vermlndert. 

Key words: lead depletion, lipid metabolism, serum triglycerides, liver triglycer- 
ides, liver phospholipids, total body lipids 

Introduction 

I n  p r e v i o u s  a n i m a l  s t ud i e s  in  w h i c h  rats  we re  e x p e r i m e n t a l l y  d e p l e t e d  
of  lead,  c l i n i ca l  s y m p t o m s  of  lead  d e f i c i e n c y  c o u l d  be  r e p r o d u c i b l y  
i n d u c e d  b y  p r o v i d i n g  rats  w i t h  i n s u f f i c i e n t  a l i m e n t a r y  lead.  T h u s ,  l ead  
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w a s  s h o w n  to  be  an  e s s e n t i a l  e l e m e n t  for  t h e  o r g a n i s m .  S y m p t o m s  o f  l ead  
d e f i c i e n c y ,  w h i c h  a re  g r o w t h  d e p r e s s i o n  (4, 5) a n d  a n e m i a  (6), w e r e  
o b s e r v e d  in  t h e  o f f s p r i n g  o f  l e a d - d e p l e t e d  f e m a l e  rats.  T h e s e  s y m p t o m s  
w e r e  s h o w n  to be  r e l a t e d  to  b i o c h e m i c a l  c h a n g e s  in t h e  o r g a n i s m ,  a n d  in  
p a r t i c u l a r  to  c h a n g e s  in  i ron  a n d  l ip id  m e t a b o l i s m  (1, 2, 7). 

In  th i s  s t u d y ,  w e  i n v e s t i g a t e d  c r i t e r i a  o f  l ip id  m e t a b o l i s m  in  a d u l t  f e m a l e  
ra ts  a n d  t h e i r  o f f s p r i n g  a f t e r  t h e  ra ts  w e r e  p r o v i d e d  w i t h  e i t h e r  a de f i c i en t ,  
or sufficient, lead supply. 

Materia ls  and Methods  

Twenty female rats with initial weights of 30 +_ 1 g were divided into a depletion 
group and a control group. At sexual maturi ty (ca. 200 g) the rats were mated, after 
gravida and 21 days' lactation, dams were decapitated under  ether narcosis, bled, 
and then the liver and pancreas of  each animal were removed (P0 generation). 
Offspring of the P0 generation dams, with the exception of one representative 
female per litter, were also decapitated at the end of the suckling period, liver and 
pancreas were removed (fl generation). The representative female from each litter 
was raised to sexual maturity, mated, allowed to lactate for 21 days and then was 
also decapitated and dissected (Pl generation). The offspring of the Pl generation 
dams were likewise sacrificed and treated at the end of lactation (f2 generation). 

The rats were supplied, ad libitum, a half-synthetic diet consisting of the follow- 
ing: 20 % casein, 34.8 % starch, 28 % sucrose, 8 % coconut fat, 4 % mineral "mix",  3 % 
cellulose, 2 % vitamin "mix",  and 0.2 % DL-methionine. The mineral "mix"  con- 
sisted of 8.28 g Na2HPO4 �9 H20, 8.2 g KH2PO4, 6.0 g KCL, 3.4 g MgC12 . 8 H20 and 
13.6 g CaCOa per 10 kg diet. The following trace elements were added: Fe (50 ppm), 
Zn (50 ppm), Cu (12 ppm), Mn (40 ppm), I (7 ppm), Ni (1 ppm), F (540 ppb), Mo (200 
ppb), Sn (300 ppb), Se (200 ppb), Cr (100 ppb), V (100 ppb) and Si (200 ppb). Casein 
was isolated from skimmed curds and purified according to the method of Schnegg 
and Kirchgel3ner (9). Cellulose was also purified by the a method of Schnegg and 
Kirchgel3ner (9). Minerals were purified using a modification of the method of 
Williams and Mills (10). The depletion diet contained 20 _+ 5 ppb lead. 800 ppb lead, 
in the form of supra-pure lead acetate, was added to the control diet. The rats were 
provided with pure drinking water with 0.014 % supra-pure NaC1 ad libitum. 

Rats were housed in fully air-conditioned rooms (temperature 23 ___ 1 ~ relative 
humidi ty  60 +__ 10 %) in macrolon | cages. The rats were kept on a 12 h night-day 
cycle. 

Rat liver, pancreas, carcass and serum were deep-frozen until they could be 
analyzed. Homogenizat ion of liver and pancreas was performed with a Potter  
Elevehjem homogenisator.  Triglyceride, phospholipids and cholesterol were deter- 
mined with kits from Boehringer,  Mannheim. Total body fat from the rat carcass 
(minus liver and pancreas) was determined after disintegration of each carcass in 
HCL and subsequent  ether extraction (3). Livers from dams of the P0 generation as 
well as carcasses from the fl generation rats could not be used for these determina- 
tions, as these livers and carcasses were used for trace element  determinations. 

Data were evaluated using the analysis of variance. The multiple t-test was used 
to test for significant variation between group mean values. The results show group 
mean values together with standard errors of the mean (_+ values). Group mean 
values which are significantly different from one another are indicated by raised 
characters. 
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R e s u l t s  

T a b l e  1 s u m m a r i z e s  t h e  l i v e r  t r i g l y c e r i d e  c o n c e n t r a t i o n s  f r o m  21 d a y  o l d  
r a t s  o f  t h e  fl a n d  f2 g e n e r a t i o n  a n d  f r o m  d a m s  o f  t h e  Pl g e n e r a t i o n .  T h e  
t r i g l y c e r i d e  c o n c e n t r a t i o n  in  l i v e r s  o f  fl g e n e r a t i o n  l e a d - d e p l e t e d  ra t s  w a s  
25 % l o w e r  t h a n  t h e  c o n c e n t r a t i o n  in  l i ve r s  o f  t h e  f~ c o n t r o l  g r o u p  ra ts ,  
a l t h o u g h  n o  d i f f e r e n c e  in  l i v e r  t r i g l y c e r i d e  l eve l s  w a s  o b s e r v e d  b e t w e e n  
d e p l e t i o n  a n d  c o n t r o l  a n i m a l s  o f  t h e  f2 g e n e r a t i o n .  I n  c o n t r a s t ,  t h e  l i ve r  
t r i g l y c e r i d e  l e v e l s  in  l e a d  d e p l e t e d  d a m s  (Pl) w a s  88 % h i g h e r  t h a n  l eve l s  in  
t h e  Pl c o n t r o l  g r o u p  d a m s .  

T a b l e  2 d e m o n s t r a t e s  t r i g l y c e r i d e  l e v e l s  in  s e r u m  of  P0 a n d  fl g e n e r a t i o n  
d a m s  a n d  t h e i r  21 d a y  o ld  fl a n d  f2 g e n e r a t i o n  o f f sp r i ng .  S e r u m  t r i g ly -  
c e r i d e  c o n c e n t r a t i o n s  for  t h e  d e p l e t i o n  d a m s  o f  t h e  Po a n d  p:  g e n e r a t i o n  
a n d  fo r  t h e  y o u n g  d e p l e t i o n  r a t s  o f  t h e  fl g e n e r a t i o n  w e r e  r e d u c e d  in  
c o m p a r i s o n  to  c o n c e n t r a t i o n s  for  t h e  r e s p e c t i v e  c o n t r o l  a n i m a l s .  O n  t h e  
o t h e r  h a n d ,  d e p l e t i o n  a n i m a l s  o f  t h e  f2 g e n e r a t i o n  h a d  h i g h e r  s e r u m  
t r i g l y c e r i d e  l e v e l s  t h a n  d i d  t h e  f2 c o n t r o l  a n i m a l s .  

I n  T a b l e  3, l i v e r  p h o s p h o l i p i d  c o n c e n t r a t i o n s  f r o m  21 d a y  o ld  f~ a n d  f2 
g e n e r a t i o n  r a t s  a n d  p l  g e n e r a t i o n  d a m s  a re  d e p i c t e d .  T h e  p h o s p h o l i p i d  

Table 1. Triglyceride content  in liver of p, generation mothers  and offspring from ft 
and f2 generat ions dependent  on deficient and sufficient Pb supply  (FM = fresh 
matter). 

Generat ion Deplet ion Control Depletion Control 
mg/g FM mg/g FM mg/g Protein mg/g Protein 

24.3" 35.6 a 381 ~ 512 b 
f '  + 1.8 + 3.9 + 41 + 56 

9.3 b 5.4 a 86.3 b 45.7 ~ 
P' + 0.6 _+ 0.8 ___ 13.3 4- 6.4 

33.6 ~ 27.3 ~ 582 ~ 496 ~ 
f~ + 4.3 4- 3.6 4- 87 4- 65 

Table 2. Triglyceride content  in serum of mothers  from P0 and Pl generations and 
their  offspring (fl and f2 generations) result ing from deficient and sufficient Pb 
supply.  

Generat ion Deplet ion Control 

3.0" 5.7 b 
P0 --- 0.5 + 0.9 

3.6" 4.3 b 
f' _+ 0.2 -+ 0.3 

4.2 a 20.1 b 
P' + 0.9 +- 1.4 

4.3 b 3.2 ~ 
f2 + 0.4 4- 0.3 
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T a b l e  3. P h o s p h o h p i d  c o n t e n t  in  l iver  of  m o t h e r s  f rom t h e  g~ g e n e r a t i o n  a n d  t h e  
o f f sp r ing  of  f~ a n d  f2 g e n e r a t i o n s  d e p e n d e n t  o n  de f i c i en t  a n d  suf f i c ien t  P b  s u p p l y  
(FM = f r e sh  mat te r ) .  

G e n e r a t i o n  D e p l e t i o n  Con t r o l  D e p l e t i o n  Con t ro l  
mg/g  F M  mg/g  F M  mg/g  P r o t e i n  mg/g  P r o t e i n  

13.25 10.5 a 196 b 151 ~ 
f~ -+0.7 -+0.4 + 11 + 6 

9.8 a 9.3 a 91 a 81 a 
Pl + 1 . 1  _+0.4 _+10 _+ 4 

6.5 a 6.5" 112" 117" 
f2 + 0.6 _+ 0.5 + 12 + 11 

T a b l e  4. C h o l e s t e r o l  c o n t e n t  in  l iver  of  m o t h e r s  f rom gl g e n e r a t i o n s  a n d  o f f sp r ing  
f r o m  fl a n d  f2 g e n e r a t i o n s  r e s u l t i n g  f r o m  de f i c i en t  a n d  su f f i c i en t  P b  s u p p l y  (FM = 
f r e sh  mat te r ) .  

G e n e r a t i o n  D e p l e t i o n  C on t r o l  D e p l e t i o n  Con t ro l  
mg /g  F M  mg/g  F M  mg/g  P r o t e i n  mg/g  P r o t e i n  

2.7 a 4.0 b 39.7 a 53.1 b 
fl _+ 0.2 _+ 0.1 + 2.2 + 2.2 

9.2 a 9.3 a 79.7 a 85.8 a 
Pl _. 0.8 -. 0.9 --. 5.6 -+ 7.3 

4.0" 3.9 a 65.6 a 69.5'  
f2 + 0.2 + 0.1 + 2.8 + 2.2 

T a b l e  5. W h o l e  b o d y  fat  (% of  d r y  m a t t e r )  of  m o t h e r s  f rom P0 a n d  p~ g e n e r a t i o n s  a n d  
o f f s p r i n g  f rom t h e  f2 g e n e r a t i o n  r e s u l t i n g  f r o m  de f i c i en t  a n d  suf f i c ien t  P b  supply .  

G e n e r a t i o n  D e p l e t i o n  C o n t r o l  

23.0 a 27.4 a 
p0 + 2.9 + 3.2 

33.7 a 33.5 a 
Pl _+ 1.5 -+- 3.1 

26.1 a 30.05 
f2 _+ 0.6 +- 0.8 

c o n c e n t r a t i o n  i n  t h e  l i v e r s  o f f l  d e p l e t i o n  a n i m a l s  w a s  26 % h i g h e r  t h a n  t h e  
v a l u e  f o r  t h e  fl  c o n t r o l  r a t s .  I n  c o n t r a s t ,  t h e r e  w a s  n o  o b s e r v a b l e  d i f f e r e n c e  
b e t w e e n  p h o s p h o l i p i d  c o n c e n t r a t i o n s  o f  d e p l e t i o n  a n d  c o n t r o l  g r o u p  a n i -  
m a l s  o f  t h e  f2 a n d  t h e  Pl  g e n e r a t i o n s .  

T h e  c h o l e s t e r o l  c o n c e n t r a t i o n  i n  l i v e r s  o f  P l  g e n e r a t i o n  d a m s  a n d  21 d a y  
o l d  fl  a n d  f2 g e n e r a t i o n s  a n i m a l s  a r e  s h o w n  i n  T a b l e  4. O n l y  i n  t h e  fl  
g e n e r a t i o n  r a t s  d i d  l i v e r  c h o l e s t e r o l  c o n c e n t r a t i o n s  d i f f e r  b e t w e e n  d e p l e -  
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t ion and control  group animals,  fl offspring of lead deple ted  dams had 
lower  l iver choles terol  levels than  did the f~ control  group animals. 

Table  5 demons t ra t e s  total  body  fat in the carcasses (sacrificed, bled rats 
minus  l iver  and pancreas)  of  the  P0 and p~ genera t ion  and f2 offspring 
animals.  B e twe e n  deple t ion and control  groups  of  P0 and Pl dams, there  
was no  observable  difference,  however ,  deple t ion rats of  the f2 genera t ion  
had lower  total  body  fat concent ra t ions  than  did the f2 genera t ion  control  
rats. 

Discussion 

In general,  expe r imen t s  p resen ted  here  show that  insuff icient  lead 
supp ly  affects lipid metabol i sm in both  rat dams and thei r  offspring. 
Hereby ,  t r ig lycer ide  levels are affected to a greater,  and Ph0sphol ip id  and 
choles terol  levels to a lesser, extent .  The  metabol i sm changes  in the rat 
dams  were  obvious ly  less intensive than  in their  offspring, as the total  
body  fat con ten t  had not  ye t  been  reduced.  In dams, the t r iglycer ide 
concen t ra t ion  was mos t  affected in serum. The  ex t r eme ly  low t r iglycer ide  
level in se rum of  Pl generat ion dams is mos t  l ikely the  cause  of  raised 
t r ig lycer ide  levels in the liver, which  in tu rn  possibly represen t  a s t rong 
compe nsa to ry  t r ig lycer ide  synthesis  in the liver. The e levated l ipase activ- 
ity in the dam pancreas  can be in te rpre ted  as a co m p en sa to ry  measure  in 
order  to cover  the especial ly high energy  r equ i r emen t  present  dur ing  
lactat ion (8). 

The  r educed  t r ig lycer ide  concent ra t ion  in the  serum and liver of fl rats 
at the  end  of  thei r  suckl ing per iod conf i rms results  f rom earlier experi-  
men t s  on lead deplet ion.  The r educed  t r ig lycer ide  levels are mos t  l ikely 
related to the  cons is ten t  negat ive  changes  caused by insuff icient  lead 
supply,  once  again conf i rming the essential i ty of  lead. 

In  contrast ,  fe genera t ion  deple t ion  rats had, when  compared  to cont ro l  
rats, u n c h a n g e d  t r ig lycer ide  levels in the  liver and elevated t r iglycer ide 
concent ra t ions  in the serum. These  mos t  l ikely resul t  f rom co m p en sa to ry  
mechan isms ,  as the  total  body  fat con ten t  was lower in carcasses of  the 
deple ted  fe animals  than  it was in the fe control  animals.  Assumably ,  the 
r educed  total  body  fat of  f2 deple t ion  animals  is due  to e i ther  r educed  lipid 
absorp t ion  or lowered  fat in take  over  the mothers '  milk. It  is possible that  
the  t r ig lycer ide  level in mi lk  of  Pl dams was reduced,  as d is turbances  in 
the lipid metabol i sm of  these  dams had already been observed.  This 
hypothes i s  mus t  be tes ted in fu r ther  exper iments ,  and the ques t ion mus t  
be asked as to w h y  the t r iglycer ide con ten t  in mothers '  milk is reduced ,  
eventua l ly  as a resul t  of  r educed  lead supply.  Consis tent  with their  
r edu c e d  fat intake and h a m p e r e d  fat absorp t ion  is the r educed  lipase 
act ivi ty in the  pancreas  of these  rats (8). 

In t e rms  of  weight,  the reduced  total body  fat concent ra t ion  in carcasses 
of  the  lead deple ted  animals cor responds  to the growth  depress ion  
obse rved  (5). Thus,  d is turbances  in lipid metabol i sm are p robab ly  the 
p r imary  cause  of  the r educed  growth  in offspring of lead deple ted  female  
rats which  had been  observed  dur ing the suckl ing period.  This  hypothes i s  
is suppor t ed  by  the fact that  the raw prote in  con ten t  in carcasses of  
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depletion animals was unchanged in comparison to the value for control 
a n i m a l s  ( u n p u b l i s h e d  da ta) .  

A s  g r o w t h  d e p r e s s i o n  in  o f f s p r i n g  a l w a y s  a p p e a r e d  p o s t - p a r t u m  (4, 5), 
t h e  a c t u a l  d i s t u r b a n c e s  in  l i p i d  m e t a b o l i s m  m u s t  b e  s e a r c h e d  fo r  in  
lactating animals. 
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