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C h r o n i c  k i d n e y  d i sease  a n d  a r t e r iosc le ros i s  i n  l ead  w o r k e r s  of m a n y  
yea r s  s t a n d i n g  was  b e l i e v e d  b y  t he  ea r ly  o b s e r v e r s  to be  a d i r ec t  t h o u g h  
d e l a y e d  c o n s e q u e n c e  of the i r  o c c u p a t i o n a l  e x p o s u r e  (4). I n  e x p e r i m e n t a l  
l e ad  p o i s o n i n g  Ylng  Han  H s u  (46) s u g g e s t e d  t h a t  l ead  p o i s o n i n g  w o u l d  
c a u s e  h y p e r t e n s i o n  be fo re  a r t e r iosc le ros i s .  Ar t e r io sc l e ros i s  was  m o s t  
a p p a r e n t  i n  hea r t  a n d  b ra in ,  t h e n  s p l e e n  a n d  a d r e n a l  g l ands .  Howeve r ,  a 
g r o u p  of 50 w o r k e r s  w h o  were  o c c u p a t i o n a l l y  e x p o s e d  to l ead  for  5 yea r s  
s h o w e d  no  c l in i ca l  a b n o r m a l i t i e s  or s e r u m  l ip id  v a l u e s  w h i c h  w o u l d  
i n d i c a t e  t he  p r e m a t u r e  d e v e l o p m e n t  of a the rosc l e ros i s  (32). C e r t a i n  
r e p o r t s  h a v e  b e e n  p u b l i s h e d  also o n  t he  effect  of l ead  o n  t he  l iver ,  
h o w e v e r ,  t he  o p i n i o n s  of a u t h o r s  v a r y  great ly ,  w h i l e  s o m e  of t h e m  cas t  
d o u b t  o n  t he  h e p a t o t o x i c i t y  of l ead  i n  i n d u s t r i a l l y  e x p o s e d  w o r k e r s  (30, 
4O). 

Othe r s  r e p o r t e d  t he i r  i n v e s t i g a t i o n s  s h o w i n g  a tox ic  effect  of l ead  u p o n  
t he  l ive r  (6). T h e s e  d i f f e r ences  i n  o p i n i o n s  s t i m u l a t e d  us  to s t u d y  t he  
c h a n g e s  in  s e r u m  l ip ids  a n d  s o m e  of t he  l ive r  f u n c t i o n  t e s t s  w h i c h  m a y  
e l u c i d a t e  the  effect  of l ead  o n  t he  l ive r  i n  a g r o u p  of E g y p t i a n  l ead  t a n k  
w e l d e r s  w h o  were  e x p o s e d  to l ead  f u m e s  for p e r i o d s  u p  to 22 years .  

Mater ia l s  and m e t h o d s  

The material of the present study is composed of a group of 16 lead tank welders 
who were admitted to our Insti tute for periodical medical examination. Their age 
ranged between 28 and 50 years and they were exposed to lead fumes for periods up 
to 22 years. They were clinically free from any sign or symptom of lead poisoning 
and also free from any parasitic infestation. Their medical reports revealed no 
present or past history of liver disease. A control group of 10 healthy workers who 
have never been exposed to lead and are of the same social class were similarly 
investigated. 

The following investigations were carried out on both exposed and control 
groups. 

Determination of whole blood lead as an index of lead exposure and absorption, 
blood haemoglobin level and urinary delta amino levulinic acid (ALA). 

Determination of serum glutamic oxaloacetic t ransaminase (GOT) serum glu- 
tamic pyruvic t ransaminase (GPT), alkaline phosphatase (Alk phosph) and lactic 
dehydrogenase (LDH), as well as total bilirubin, total protein and a lbumin fraction. 
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Serum total  lipid, tr iglycerides,  cholesterol,  phosphol ipid  and t ipoprotein Dat- 
tern were also determined.  

The method  of Keenan et al. (19) for the determinat ion of lead in blood has been 
appl ied in the present  work. Urinary ALA determinat ion was carried out according 
to the  method  of Grabeeki et al. (12). The acid haemat in  method  of Sahli (35) was 
used for determinat ion of blood haemoglobin,  Concerning the serum enzymes, the 
method  of Reltrnan and Frankel(33) was used for determinat ion of serum glutamic 
pyruvic and glutamie oxalacetie transaminases.  Serum alkaline phosphatase  was 
est imated by  the method of King  and Armstrong (20). The method  of Wroblewski 
(45) was used to determine serum lactic dehydrogenase  activity. Total serum 
proteins  were determined by the biuret  me thod  and electrophoret ic  separation of 
serum proteins was done according to King  and Wootton (21). 

Lipids  were ext rac ted  from plasma according to the method of Folch et al. (9). 
The phase containing l ipid was evaporated to dryness.  The l ipid was redissolved in 
chloroform and aliquots were used for further analysis.  Triglyeerides were deter- 
mined by the  method  of Van Handel and Zilversmit  (41). An aliquot of the  extract  
was taken for phosphol ip id  analysis. Inorganic  phospha te  was determined by the 
method of Morrison (31). Total cholesterol in p lasma was measured  by  the method 
of B1oor(3). And total  l ipid was measured according to the  method of Swahn (36). 

Resul t s  and d i scuss ion  

L e a d  p o i s o n i n g  is  a s y n d r o m e  c a u s e d  b y  t h e  t o x i c  a c t i o n  o f  l e a d  w h i c h  
m a y  b e  s e e n  in  p e o p l e  w h o s e  t i s s u e s  c o n t a i n  h i g h e r  t h a n  n o r m a l  a m o u n t s  
of  l ead .  L e a d  p o i s o n i n g  m a y  o c c u r  b y  i n g e s t i o n  o r  b y  i n h a l a t i o n  of  l e a d  
d u s t  or  f u m e s .  T h e  m e t a b o l i s m  of  l e a d  f o l l o w s  c l o s e l y  t h a t  of  c a l c i u m  
p a r t i c u l a r l y  w i t h  r e g a r d  to  i t s  d e p o s i t i o n  in  a n d  m o b i l i z a t i o n  f r o m  b o n e  
(4). A r e l a t i v e l y  h i g h  l e a d  c o n t e n t  w a s  a l s0  f o u n d  in  t h e  l i v e r  of  p a t i e n t s  
s u f f e r i n g  f r o m  a c u t e  m a n i f e s t a t i o n s  o f  l e a d  p o i s o n i n g  (39). 

L e a d  in  c o m m o n  w i t h  o t h e r  h e a v y  m e t a l s  h a s  a v a r i e t y  of  t o x i c  a c t i o n s  
on  p r o t o p l a s m a ;  t h e  m o s t  p r e c i s e l y  d e s c r i b e d  a r e  o n  cer ta in  e n z y m e  
s y s t e m s  a n d  o n  ce l l  m e m b r a n e  (5). 

I n  r a t s  p o i s o n e d  w i t h  l e a d  a c e t a t e  u l t r a s t r u c t u r a l  c h a n g e s  i n  l i v e r  ce l l s  
i n d i c a t e d  a d i s e q u i l i b r a t i o n  of  m e t a b o l i c  p r o c e s s e s .  M i t o c h o n d r i a  a n d  
c y t o p l a s m  w e r e  m a i n l y  a f f e c t e d  w i t h  m a r k e d  m y e l i n i c  d e g e n e r a t i o n  of 
c y t o p l a s m  (13). 

I n  t h e  p r e s e n t  w o r k  t h e  a b s e n c e  of  c l i n i c a l  a b n o r m a l i t i e s  in  t h e  ex-  
p o s e d  g r o u p  s h o w s  t h a t  t h e  e x p o s u r e  h a s  n o t  r e a c h e d  a d a n g e r o u s  level .  

H o w e v e r ,  t h e  d a n g e r  of  c o n t i n u a l  a b s o r p t i o n  of  l e a d  in  a m o u n t s  w h i c h  
d o  n o t  of  t h e m s e l v e s  c a u s e  c l i n i c a l  s y m p t o m s  a n d  s i g n s  of  p o i s o n i n g  is 
t h a t  a p o i n t  m a y  b e  r e a c h e d  w h e n  t h e  " t h r e s h o l d  l e v e l "  for  p o t e n t i a l  
p o i s o n i n g  c a n  b e  e x c e e d e d  a n d / o r  i n t e r c u r r e n t  f a c t o r s  c a u s i n g  l e a d  m o b i -  
l i z a t i o n  f r o m  b o n e  m a y  c a u s e  a s u d d e n  o u t b r e a k  of  c l i n i c a l  s y m p t o m s  of 
l e a d  p o i s o n i n g  (4). E s t i m a t i o n  o f  t h e  l e v e l  a t  w h i c h  l e a d  a b s o r p t i o n  has  
b e c o m e  p o t e n t i a l l y  d a n g e r o u s  u s u a l l y  d e p e n d s  u p o n  e x a m i n a t i o n  of  t h e  
b l o o d  or  a n a e m i a ,  for  a r a i s e d  l e a d  c o n t e n t  a n d  t h e  u r i n e  for  i n c r e a s e d  
e x c r e t i o n  of  d e l t a  a m i n o  l e v u l i n i c  a c i d  (ALA).  I t  w a s  s h o w n  t h a t  t h e  b l o o d  
l e a d  l eve l  is  p r o b a b l y  t h e  m o s t  v a l u a b l e  i n d i c a t i o n  of  e x c e s s i v e  l e a d  
a b s o r p t i o n  (28). 

I t  is  s h o w n  in  t a b l e  1 t h a t  t h e  l e a d  l e v e l  in  b l o o d  of  t h e  p r e s e n t  e x p o s e d  
g r o u p  w a s  s i g n i f i c a n t l y  i n c r e a s e d  a n d  t h e  b l o o d  h a e m o g l o b i n  l eve l  w a s  
s i g n i f i c a n t l y  m o r e  d e c r e a s e d  t h a n  t h e  c o n t r o l  va lue s .  
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The results also indicated a significant increase of ur inary  excret ion of 
A L A  in lead exposed  group.  

It  is suggested  that  lead m ay  decrease the haemoglobin  level by  inhibit- 
ing a mul t i enzyme sys tems  involved in h a e m  biosynthesis  (17), e.g. the 
enzyme  delta amino levulenic acid dehydra tase  (ALA-dehydratase)  which  
catalyses the  format ion  of porphobi l inogen  f rom two molecules  of delta 
amino levulenic acid (ALA) (17). I t  was found  that  one of the mos t  
sensitive index of lead exposure  is the es t imat ion of the activity of the 
enzyme  delta aminolevul inic  acid dehydra tase  (1). However ,  several stud- 
ies have  shown that  present  day level of env i ronmenta l  lead contamina-  
t ion are sufficient to p roduce  inhibi t ion of ALA-dehydra tase  (16). F r a n k e t  
al. (10) sugges ted  that  the increased ur inary  excret ion of delta aminolevu- 
lenic acid (ALA) in lead intoxicat ion was the only reliable indicator  of the 
heal th hazard involved. 

The present  results revealed also a statistically significant increase of 
bo th  t ransaminases  GOT and G P T  as well as lactic dehydrogenase  (LDH) 
in the exposed  group of workers.  However ,  no significant change  was 
observed  in bo th  se rum alkaline phospha tase  and  total bilirubin. 

Increased  se rum G P T  and GOT were  found  to be very  sensitive indices 
of hepato-cellular  injury (37). Also high levels of se rum (LDH) have occa- 
sionally been  found  in hepatocel lular  disease (44). 

The  present  results for t ransaminases  are in agreement  with those 
repor ted  by  m a n y  authors  (14, 42). Opposi te  results however  have been 
repor ted  by  others  (43). 

In  exper imenta l  poisoning with lead, K r u s t e r  et al. (26) found  a tran- 
sient increase in hepat ic  lead associated wi th  t ransient  s t imulat ion of 
se rum lactate and g lu tamate  dehydrogenase .  

Also, it is clear f rom table 1 that  total proteins  are d iminished in the 
lead exposed  group,  and that  the decreased a lbumin  fraction in mainly  
responsible  for the inversed A/G ratio. These  f indings agree with that  of 
m a n y  authors  (18, 25). 

A l though  the  present  results revealed a slight increase is serum alka- 
line phospha tase  and total se rum bil irubin of the exposed  workers,  yet  
this increase was not  statistically significant. These  results are not in 
h a r m o n y  wi th  those  of Urbanska -Bonenberg (40 ) ,  who found a diminished 
a lkal ine-phosphatase  activity and  hyperb i l i rubinemia  in the serum of lead 
poisoned animals. These controvers ies  mos t  likely reflect differences in 
the degree of exposure.  

The effect of lead exposure  on se rum lipids are shown in table 2. There 
is a slight increase in se rum total lipid in general, yet  a significant increase 
of se rum triglycerides and  a significant decrease of phosphol ipids  were 
found  in lead exposed  group,  while  cholesterol  showed a t endency  to 
increase. Thus  the phosphol ip id /choles tero l  ratio was lowered in thirteen 
cases out  of fifteen cases examined.  Concern ing  the l ipoprotein pat tern  a 
significant increase was found  in B-l ipoprotein and thus the B/ a  ratio 
increased. 

K o n i k o v a  (23) s tudied the metabol i sm of cholesterol and phosphol ip ids  
in 49 cases exposed  to lead. Increase  in cholesterol and a decrease of 
phosphol ip id  levels were found  in cases with lead intoxication. 
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Table 2. Serum Lipids, 

Triglycerides Phospholipid Total cholesterol P/C 
mg/100 ml rag/100 ml rag/100 ml ratio 

Control m 175 260 163.2 1.60 
Group SD +_ 42 • 58 • 20.8 • 0 . 1 8  

n (5) (5) (5) (5) 
Exposed m 250.37 174.54 179.45 0.978 
Group SD _ 62.93 _ 51.19 _+ 35.79 • 0.288 

n (19) (14) (15) (13) 

P < .05 < .05 > .05 < .05 

Lipoprotein pattern 

Total hpids a ~ Y B/a 
mg]100 ml lipoprotein lipoprotein lipoprotein ratio 

Control Group 501.1 147.0 291.2 43.2 1.97 
n = (16) • 56.1 _ 18.7 • 28.5 _+ 13.8 • 0.22 
Exposed Group 609.2 127.1 433.3 52.87 3.40 
n = (16) • 220.4 _+ 36.5 _ 107.5 • 20.27 • 1.38 

P > .05 > .05 < .05 > .05 < .05 

D u f f  et al. (7, 8) a n d  o thers  (29) s u g g e s t e d  tha t  a l ower ing  of the  
p h o s p h o l i p i d / c h o l e s t e r o l  (P/C) ra t io  in  the  p l a s m a  para l le l s  the  deg ree  of 
a the rosc le ros i s  p resen t .  The  m a i n  b l o o d  l ip id  changes  be l i eved  to p l ay  a 
role  in  p r o d u c t i o n  of a the rosc le ros i s  are  an  i n c r e a s e d  choles tero l ,  t r ig lyce-  
r ides  (22) and  p r e b e t a  l i pop ro t e in s  (15). 

S ince  no c l in ica l  a b n o r m a l i t i e s  were  r e c o r d e d  in  the  e x p o s e d  g roup  of 
the  p r e s e n t  work .  A n d  it  was  s u g g e s t e d  tha t  lead  p o i s o n i n g  w o u l d  cause  
h y p e r t e n t i o n  before  a r t e r iosc le ros i s  (46). 

Thus  the  inc rease  in  s e r u m  t r i g lyce r ide s  and  B- l i pop ro t e in  t o g e t h e r  
wi th  the  lower ing  of t he  p h o s p h o l i p i d / c h o l e s t e r o l  ra t io  ( table  2) m a y  
i n d i c a t e  p r e m a t u r e  d e v e l o p m e n t  of a therosc le ros i s .  F a t t y  l iver  m a y  resu l t  
f rom r e d u c t i o n  of l i p o p r o t e i n  fo rma t ion  in  the  e n d o p l a s m i c  r e t i cu lum,  
w h i c h  is r e l a t ed  to r emova l  of t r i g lyce r ide  f rom the  l iver  (34). F u m l y o  et  al. 
(11) s h o w e d  tha t  t r i g lyce r ide  was  sec re t ed  as l i pop ro t e in  in the  ear ly  s tage  
of e x p e r i m e n t a l  fa t ty  l iver.  They  s u g g e s t e d  tha t  u l t r a s t r uc t u r a l  changes  of 
t he  e n d o p l a m i c  r e t i c u l u m  is a s soc i a t ed  wi th  the  a b n o r m a l  a c c u m u l a t i o n  
of fat  in  the  liver. 

Also,  is e x p e r i m e n t a l  p o i s o n i n g  wi th  lead,  c ha nge s  in  the  s m o o t h  
e n d o p l a s m i c  r e t i c u l u m  of t he  h e p a t o c y t e s  a n d  l y s o s o m e s  were  f o u n d  to 
occu r  (26). The  s tud ies  of D e  D u v e  (2) have  i m p l i c a t e d  the  l y s o s o m e s  in  the  
d e v e l o p m e n t  of hepa t i c  nec ros i s  a n d  auto lys is .  I n d i r e c t  e v i d e n c e  of l iver  
d a m a g e  was  a lso  p r o v i d e d  in the  p r e s e n t  s t u d y  b y  the  inc rease  in s e r u m  
GOT, G P T  and  L D H  e n z y m e s  be s ide s  the  d e c r e a s e d  a l b u m i n / g l o b u l i n  
rat io.  I t  was  s h o w n  tha t  s e r u m  t r a n s a m i n a s e ,  l ec ta te  d e h y d r o g e n a s e ,  and  
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cholinesterase activities s h o w e d  early increase with increasing liver 
weight.  They serve as indicators of the progress of liver fattening (38). 

Thus the present results m a y  indicate the beginning of fatty infiltration 
of the liver, as well  as premature deve lopment  of atherosclerosis in sub- 
clinical lead poisoning.  It is conc luded  therefore that lead poisoning may  
have a vascular as wel l  as hepato-toxic  action. 

Summary 

In a group of Egyptian lead tank welders who were exposed to lead fumes for 
periods to p.9. years the changes in serum lipids and some of the liver function tests 
which may elucidate the effect of lead on the liver were investigated. 

The results revealed increased blood lead level associated with decreased blood 
haemoglobin and increased urinary excretion of delta amino levulinie acid. How- 
ever, no clinical abnormalities were recorded in the exposed group of the present 
work. Thus the increase in serum triglycerides and B-lipoprotein together with the 
lowering of the phospholipid/cholesterol ratio which were found may indicate 
premature development of atherosclerosis. Indirect evidence of the beginning of 
liver fattening was also provided by the increase in serum GOT, GPT, LDH 
enzymes and decreased albumin/globulin ratio besides the changes in serum lipid 
values. It is concluded therefore that lead poisoning may have a vascular as well as 
hepato-toxic action. 
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