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The enzyme 5 - a m i n o l e v u l i n i c  ac id  dehyd ra t a se  (5-hLhD, E.C. 
4 . 2 . 1 . 2 4 ) ,  c a t a l y s e s  the second s t e p  of the haeme b i o s y n t h e t i c  
pathway and i s  r e q u i r e d  to ma in ta in  the haemoglobin and cytochrome 
c o n t e n t  in red c e l l s .  5-ALAD is  not  only  found in bone marrow 
c e l l s ,  the  major s i t e  of haeme s y n t h e s i s ,  but  a l s o  in c i r c u l a t i n g  
e r y t h r o c y t e s  and o t h e r  t i s s u e s .  An i nve r se  c o r r e l a t i o n  was found 
between 5-ALAD a c t i v i t y  in red blood c e l l s  and lead c o n c e n t r a t i o n  
in the b lood.  The degree  of 5-ALAD i n h i b i t i o n  in e r y t h r o c y t e s  has 
been widely accep ted  as a s t andard  b i o a s s a y  to d e t e c t  acu te  and 
c h r o n i c  lead exposure  in humans ( F u j i t a  et  a l .  1982) and in av ians  
(Die te r  1979; Eas t in  e t  a l .  1983).  The va lue  of t h i s  parameter  as 
an i n d i c a t o r  f o r  env i ronmenta l  l ead  has been o f t e n  r e p o r t e d  in 
doves (Ohi et  a l .  1974; Hutton & Goodman 1980; Kendall and Scanlon 
1982). 

In l e a d - t r e a t e d  r a t s ,  an i n c r e a s e  in 5-ALAD a c t i v i t y  in bone 
marrow c e l l s  and in blood samples was shown by radioimmunoassay at  
5 and 9 days a f t e r  the t r ea tmen t  ( F u j i t a  e t  a l .  1981). S i m i l a r l y ,  
the  amount of 5-ALAD in human e r y t h r o c y t e s  was i n c r e a s e d  in 
workers  with moderate lead exposure  ( F u j i t a  e t  a l .  1982). Although 
blood 5-ALAD seems be more s e n s i t i v e  to lead in avian s p e c i e s  than 
in mammals (Hutton & Goodman 1980), the u s e f u l n e s s  of blood 5-ALAD 
a c t i v i t y  as an index of lead exposure  has a l r e ady  been ques t ioned  
by Hutton (1983) in the pigeon and by d a f f e  e t  a l .  (1991) in 
humans. 

The p r e s en t  i n v e s t i g a t i o n  s t u d i e d  the t o x i c  e f f e c t s  of lead on 
rock dove red blood c e l l  5-ALAD a c t i v i t y  in two s i t u a t i o n s :  in 
doves t r e a t e d  with lead a c e t a t e  in the l a b o r a t o r y  and in doves 
exposed to  the environment  of h l c a l h  de Henares.  The f i n a l  lead 
blood c o n c e n t r a t i o n s  were lower in the env i ronmenta l  than in the 
l a b o r a t o r y  doves (Tejedor  and GonzMez 1992). 5-hhhD a c t i v i t y  in 
bone marrow c e l l s  and the r e l a t i o n s h i p s  between lead accumula t ion  
and enzyme a c t i v i t y  in red c e l l s ,  are  examined. 

Send r e p r i n t  r eques t  to  H.C. Te jedor  a t  the  above add re s s .  
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MATERIALS AND METHODS 

Two groups of twenty adult doves (male and female) were kept in 
our laboratory located on the outskirts of Alcal~ de Henares. Two 
other groups of twenty male doves were exposed during March 
through May, 1989, to the environment at two different schools in 
the city of Alcal~ de Henares (Zone I in Santiago Street, the 
center of the old town; and Zone II in Caballerla Espafiola Street, 
an area with heavy traffic). All were fed water and grain "ad 
libitum" which were free of lead contamination. 

Laboratory doves were weighed and a suitable dose of lead acetate 
(5 mg/Kg equivalent to 2.77 ppm of Pb in total bodyweight) was 
administered orally once a week, for one, two, three or four 
weeks. One week after the last dose, blood samples were extracted 
from the braquial vein, doves killed and the femur and tibia 
removed. Pools of bone marrow cells were isolated from long bones 
as described by Tejedor et al. (1984) and both types of samples 
were kept at 4~ 

5-ALAD activity was performed in triplicate, within 3 h of sample 
collection, according to the Standardised European method (Berlin 
and Schaller 1974). 200 uL of whole blood or bone marrow cells 
suspension were incubated at 37, C in a mixture containing (final 
volume 3.5 mL): ALA (0.01M), phosphate buffer (0.1M) at pH 6.4 
for exactly 60 min. The enzyme reaction was quenched by the 
addition of 1 mb HgCI2 (SmM)/TCA (612mM). After centrifuging for 
I0 min at 20,000 g, the supernatant was filtered through 
acid-resistant filter paper (Whatman N o 54). 1 mL of filtrate was 
mixed with 1 mL modified EhrlJchs's reagent and the absorbance at 
room temperature was read after 5 min at 555 rim. The results were 
expressed as umol porphobilinogen generated per litre RBC per hour 
at 37oC (PBG umol/L/h). The triplicate values for absorbance of a 
sample had a standard deviation of less than 2%. 

The h a e m a t o c r i t  was determined in h e p a r i n i z e d  c a p i l l a r y  tubes ,  
c e n t r i f u g e d  fo r  8 min a t  11,000 rpm (Haemofuge, Heraeus) .  
Haemoglobin was measured with D r a b k i n ' s  r eagen t  by a s t anda rd  
method ( Z i j l s t r a  and Van Kampen 1981). P r o t e i n  was e s t ima ted  
acco rd ing  to  Lowry et  a l .  (1951), us ing  bovine serum albumin as 
s t a n d a r d .  S t u d e n t ' s  t t e s t  was app l i ed  to  de termine  the 
s t a t i s t i c a l  s i g n i f i c a n c e .  

RESULTS AND DISCUSSION 

The haematological parameters were not highly modified by lead 
presence. There was no significant lead effect on haemoglobin 
levels during treatment or exposition (data not shown) and the 
haematocrit decreased only slightly in both groups (Table 1). The 
decreases in haematocrit were statistically similar in both groups 
of environmentally exposed male rock doves (15% in Zone I and 12% 
in Zone II) and in the treated doves (15% in males and ii% in 
females). Blood lead levels were substantially lower in the urban 
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F i g u r e  I. Blood 5-ALAD activity during lead treatment in rock 
doves. Superscripts denote statistical differences between each 
dosed groups and control: *** p<O.O01, ** p<O.Ol, *p<O.05. 

T a b l e  1. V a r i a t i o n s  of h a e m a t o c r i t  (~) in  t r e a t e d  or  exposed  l e a d  
rock  doves .  

T r e a t e d  E x p o s e d  m a l e s  

M a l e s  F e m a l e s  Z o n e  I Z o n e  II 

D o s e s  Weeks  

Control 64 .8•  
1 63 .0 •  ~ 
2 62 .3 •  ~ 
3 57.3•  
4 55 .5•  

6 1 . 8 i 2 . 2  Control 6 4 . 8 t 4 . 0  64 .8 •  
59.5•  4 56 .1•  61 .020 .4"  
59.7•  6 57.9•  58 .8•  
55 .0•  8 5 7 . 7 t l . 6 "  57.3• 
55 .0•  10 54.8•  57 .1•  

.n=5, v a l u e s  a r e  e x p r e s e d  X• S u p e r s c r i p t s  w i t h i n  columns deno t e  
s t a t i s t i c a l  d i f f e r e n c e s  between each t r e a t e d  or  exposed group and 
c o n t r o l : *  p<0.05,  ~ p<0.1 .  

doves  than  in  the  t r e a t e d  doves  ( T e j e d o r  and Gonz~lez 1992) and 
t h e r e  was no c o r r e l a t i o n  between h a e m a t o c r i t  d e c r e a s e  and b lood  
l e a d  i n c r e a s e  l e v e l s .  A s i m i l a r  e f f e c t  has been found in  o t h e r  
a v i a n  (Hoffman e t a l .  1981} and mammalian s p e c i e s  (Tomokuni e t  a l .  
1989; F a l k e  and Zwennis 1991) .  

Blood 5-ALAD activity in treated male and female rock doves began 
to decrease with the first lead doses (Fig. 1). Males show an 
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Figure 2. 
concentrations in blood of treated rock doves 
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inhibition of 50% after the first dose and 93% at the end of 
treatment. Females present a similar behaviour with a more marked 
decrease of 5-ALAD activity, 60% of inhibition after the first 
dose and 98% at the end of treatment. This higher inhibition of 
blood 5-ALAD activity in female doves is consistent with higher 
lead blood accumulation (Tejedor and Gonzhlez 1992). An inverse 
correlation between 5-ALAD activity and blood lead levels can be 
established for both sexes (Fig. 2). This relationship confirms 
the reported hypothesis that presents blood 5-ALAD in rock doves 
as a sensitive indicator for environmental lead, since these birds 
present a higher inhibitory response than other species (Ohi et 
al. 1974; Hutton & Goodman 1980). Dieter et al. (1978 and 1979) 
presented a similar relation in ducks, although they did not note 
sex differences. Nevertheless, our results in doves indicate that 
the relative 5-ALAD activity inhibition in females (-2.8) is 
slightly lower than in males (-3.3)(Fig. 2). 

5-ALAD activity in the bone marrow cells (Fig. 3) of untreated and 
unexposed male rock doves (0.8 U/g Protein) is higher than that 
present in their blood (0.I U/g Protein). 5-ALAD activity in Fig. 
l is expresed as U/L RBC, the equivalence is 0.I U/g Protein = 38 
U/L RBC. Bone marrow cells 5-ALAD is also inhibited after the 
first lead dose (Fig. 3) and the maximum inhibition, reached after 
the second dose, is 75%. However, in all cases the inhibition 
level in bone marrow cells was lower than that in blood, a similar 
result has been found (Tomokuni et al. 1989). Moreover, 5-ALAD 
activity began to recuperate from the third dose onwards, in spite 
of the continued rise in blood and bone lead levels during the 
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Figure 3. 5-ALAD activity in 
treatment ~n male rock doves. 
differences: **p<0.01, *p,:0.05. 

0 .5  

bone marrow c e l l s  dur ing  lead 
S u p e r s c r i p t s  denote  s t a t i s t i c a l  

same pe r iod  (Tejedor  and Gonzhlez 1991). This da ta  can be 
exp la ined  by an enzymat ic  i n d u c t i o n  e f f e c t  s i m i l a r  to the one 
proposed by F u j i t a  et  a l .  (1981) and consequen t ly  a r e c u p e r a t i o n  
in blood 5-ALAD can be expected dur ing the fo l l owing  week~;. 

On the other hand, the level of blood 5--ALAD activity in the male 
rock doves exposed to the environment of h ]ca l~  de Henares City 
(Fiq.  4) ,  dec reased  to 5094 of the con t ro l  va lues .  In both zones ,  
a c t i v i t y  decreased  g r a d u a l l y  dur ing  the f i r s t  weeks, but was 
r e c u p e r a t e d  a f t e r  the 8th week. The i n h i b i t o r y  e f [ e c t  i s  more 
i n t e n s e  in Zone I than in Zone I I ,  a ] thouqh the v a r i a t i o n s  in both 
exposure  groups were only s i q n i f i c a n t  (p,:0.05) when each one was 
compared with the c o n t r o l  p o p u l a t i o n .  Recupera t ion  of 5-AbAD 
a c t i v i t y - ,  which is  mentioned e a r l i e r  Jn the bone marrow c e l l s  of 
the t r e a t e d  doves (Fiq. 3),  can be exp la ined  as an i n c r e a s e  in the 
enzyme through an enzymat ic  i n d u c t i o n  mechanism t r i g q e r e d  by the 
dec rease  in blood a c t i v i t y  l e v e l s .  F u j i t a  et  a l .  (1982) gave a 
s i m i l a r  e x p l a n a t i o n  fo r  blood 5-ALAD l e v e l s  in workers with 
moderate and cont inued  lead exposure ,  as did Yaqminas et  a l .  
(1990) in red blood c e l l s  from l ead - - t r ea t ed  male r a t s .  

Although the differences between the two zones were nearly 
insignificant, both blood lead level and blood 5-ALAD inhibition 
were higher in Zone I (Fig. 4), which may explain why 5-ALAD 
recuperation begins later. The 5-ALAD activity inhibition found in 
rock doves exposed to the hlcalfi de Henares City environment for 
I0 weeks is lower than that described in other urban centers (Ohi 
et al. 1974; Hutton 1980). This differences may be due to the use 
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Figure 4. Blood 5-ALAD activity during exposition of male rock 
doves at environment of Alcal~ de Henares City, Superscripts 
denote statistical differences between each exposed group and 
control: *p<0.05. 
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Figure 5. Correlation between blood 5-ALAD activity and blood lead 
levels in exposed and treated rock doves. The regression curves 
were: 6-MMD = 52.48 e -8.stP~J (----- , treated) and 6-MAD = 
68.20 e -$-7[r~] ( , exposed). Individual points are shown for 
exposed doves in Zone I ( �9 ) and Zone II ( o ). 
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in  t h i s  l a t t e r  s t u d i e s  of  doves  l i v i n g  in f reedom with  a c c e s s  to  
contamined foods  and exposed f o r  l o n g e r  p e r i o d s .  

The c o r r e l a t i o n  between b lood 5-ALAD a c t i v i t y  and b lood lead  
l e v e l s  of  male doves  was e s t a b l i s h e d  (Fig .  5) .  Both exposed and 
t r e a t e d  rock  doves p r e s e n t  5-ALAD a c t i v i t y  in RBC e x p o n e n t i a l l y  
d e c r e a s i n g  whi le  b lood l ead  l e v e l s  i n c r e a s e d .  But t h i s  5-ALAD 
i n h i b i t i o n  by lead  i s  not  un i fo rm in a l l  s i t u a t i o n s ,  s i n c e  
a c c o r d i n g  to  our  r e s u l t s ,  i t  depends on dove sex  and the  
c o n d i t i o n s  of  exposu re  to  l e a d .  So, c o r r e l a t i o n  cu rves  f o r  t r e a t e d  
and exposed doves  d i v e r g e  f o r  b lood l ead  l e v e l s  below 0.6  ppm 
(Fig .  5) .  I t  i s  p o s s i b l e  t h a t ,  when the  con tamina t  impact  i s  
p e r s i s t e n t ,  the  i n h i b i t o r y  e f f e c t  and the  i n d u c t i v e  r e s p o n s e  by 
the  o rgan ism o v e r l a p  and the  g e n e r a l  v a l i d i t y  of  5-ALAD as a l ead  
c o n t a m i n a t i o n  i n d i c a t o r  becomes c o n d i t i o n e d .  Consequen t ly ,  we 
concur  wi th  H u t t o n ' s  (1983} and J a f f e  (1991) s u g g e s t i o n  t h a t  
5-ALAD i n h i b i t i o n  in the  RBC of an o rgan ism i s  not  an a c c u r a t e  
b i o i n d i c a t o r  f o r  lead  l e v e l s  in the  h a b i t a t .  

Acknowledgments.  The a u t h o r s  thank  the  Munic ipa l  C o r p o r a t i o n  and 
Hea l th  Cente r  of h l c a l ~  de Henares ,  e x p e c i a l l y  Dr. F. Garc~s ,  f o r  
the  s u p p o r t  they  have g i v e n ,  and C.F. Warren of the  I . C . E .  a t  the  
U . A . H .  f o r  he r  l i n g u i s t i c  a s s i s t a n c e .  

REFERENCES 

D i e t e r  MP, F i n l e y  MT (1978) E r y t h r o c y t e  5 - h m i n o l e v u l i n i c  Acid 
Dehydra t a se  a c t i v i t y  in Mal la rd  Ducks: Dura t ion  of i n h i b i t i o n  
a f t e r  l ead  sho t  dosage .  J Wildl  Manage 42(3 ) :621-625  

D i e t e r  MP (1979) Blood d e l t a - a m i n o l e v u ] i n i c  ac id  d e h y d r a t a s e  
(M,AD) to  moni to r  l ead  c o n t a m i n a t i o n  in Canvasback ducks 
(Aythya v a l i s i n e r i a ) .  In :  N a t i o n a l  Academy of Sc i ences  (ed) 
Animals as m on i t o r s  of e n v i r o n m e n t a l  p o l l u t a n t s .  Washington,  DC 
pp 177-191 

D i e t e r  MP, F i n l e y  MT (1979) 5 - A m i n o l e v u l i n i c  Acid Dehydra t a se  
enzyme a c t i v i t y  in b lood ,  b r a i n ,  and l i v e r  of l e a d - d o s e d  ducks .  
Envi ron  Res 19:127-135 

E a s t i n  WC, Hoffman DJ, O 'Lea ry  CT (1983) Lead accumula t ion  and 
d e p r e s s i o n  of 5 - A m i n o l e v u l i n i c  Acid Dehydra ta se  (ALAD) in  young 

b i r d s  fed au tomot ive  waste  o i l .  Arch Environ Contam Tox ico l  
12:31-35 

Fa lke  HE and Zwennis WCM (1990) T o x i c i t y  of  lead  a c e t a t e  to  
f ema le  r a b b i t s  a f t e r  c h r o n i c  subcu taneous  a d m i n i s t r a t i o n .  1. 
B iochemica l  and c l i n i c a l  e f f e c t s .  Arch Woxicol 64:522-529 

F u j i t a  H, Or i i  Y, Sano S (1981) Evidence  of i n c r e a s e d  s y n t h e s i s  of 
5 - A m i n o l e v u l i n i c  ac id  d e h y d r a t a s e  in e x p e r i m e n t a l  l e a d - p o i s o n e d  
r a t s .  Biochim Biophys Acta 678:39-50 

F u j i t a  H, Sato  K, Sano S (1982) I n c r e a s e  in the  amount of e r y t h r o -  
c y t e  5 - A m i n o l e v u l i n i c  ac id  d e h y d r a t a s e  in workers  wi th  
modera te  l ead  e x p o s u r e .  I n t  Arch Occup Environ Hea l th  
50:287-297 

Hoffman DJ, P a t t e e  OH, Wiemeyer S, Mulhern B (1981) E f f e c t s  of 
l ead  sho t  i n g e s t i o n  on 5 - a m i n o l e v u l i n i c  ac id  d e h y d r a t a s e  

533 



a c t i v i t y ,  hemoglobin c o n c e n t r a t i o n ,  and serum chemis t ry  in bald 
e a g l e s ,  d W i l d l i f e  Dis 17(3) :423-431  

Hutton M (1983) The e f f e c t s  of env i ronmenta l  lead exposure  and in 
v i t r o  z inc  on t i s s u e  5 - a m i n o l e v u l i n i c  ac id  dehydra t a se  in urban 
p igeons .  Comp Biochem Phys io l  74c:441-446 

ffutton M, Goodman GT (1980) Metal con tamina t ion  of f e r a l  p igeons  
(Columba l i v i a )  from the London Area: Par t  1 -Tissue  
accumula t ion  of l ead ,  cadmium and z i n c .  Environ P o l l u t  22:207-  
217 

d a f f e  EK, Bagla S and Michini  PA (1991) Reeva lua t ion  of a 
s e n s i t i v e  i n d i c a t o r  of e a r l y  lead exposure .  Biol  Trace Element 
Res 28:223-231 

Kendall  RJ, Scanlon PF (1982) Tissue  lead c o n c e n t r a t i o n s  and blood 
c h a r a c t e r i s t i c s  of mourning doves from southwes te rn  V i r g i n i a .  
Arch Environ Contam Toxico l  11:269-272 

Lowry OH, Rosebrough NJ, Far AL, Randall  RJ (1951) P r o t e i n  
measurement with the f o l i n - p h e n o l  r e a g e n t ,  d Biol  Chem 
193:265-1271 

Ohi G, Seki H, Akiyama K, Yagyu ff (1974) The p igeon,  a sensor  of 
lead p o l l u t i o n .  Bull  Environ Contam Toxicol  12 (1 ) :92 -98  

S c h a l l e r  KH, Ber l in  A (1984) In :  Bergmeyer d and GerM, M (eds . )  
Methods of enzymat ic  a n a l y s i s .  Weinheim. Dea r f Je ld  Beach, 
F l o r i d a  Vol 4, pp 363-367 

Tejedor  MC, RamJrez A and buque d (1984) Kine t i c  behaviour  and 
r e g u l a t o r y  p r o p e r t i e s  of p h o s p h o f r u c t o k i n a s e  in r a t  bone marrow 
c e l l s .  Biochem In t  9 (5 ) :577-586  

Tejedor  MC, Gonzhlez M (1992) Comparison between lead l e v e l s  in 
blood and bone t i s s u e  of rock doves (Co]umba l i v i a )  t r e a t e d  
with lead a c e t a t e  or  exposed to  the environment of Alcal~  de 
Henares.  Bull  Environ Contam Toxico] (in press)  

Tomokuni K, I ch iba  M and Hi ra i  Y (1989) E f f e c t  of lead exposure  
on some b i o l o g i c a l  i n d i c e s  r e l a t e d  to  p rophyr in  metabolism and 
the a c t i v i t y  of e r y t h r o c y t e  pyr imid ine  5 ' - n u c l e o t i d a s e  in the 
mice. Arch Toxico] 63:23-28 

Yaqminas AP, F rank l in  CA, Vi l l eneuve  DC, Gilman AP, L i t t l e  PB and 
Va l l i  VEO (1990) Subchronic  o r a l  t o x i c i t y  of t r i e t h y l  lead in 
the male weanl ing r a t .  C l i n i c a l ,  b iochemica l ,  h e m a t o l o g i c a l ,  
and h i s t o p a t h o l o g i c a l  e f f e c t s .  Fundamental and app t o x i c o l  
15:580-596 

Z i j l s t r a  WG and Van Kampen EJ (1981) 8pec t ropho tomet ry  of 
haemoglobin:  the s t anda rd  haemoglobin cyanide  method and a f t e r .  
d Cl in Chem Clin Biochem 19:521--523 

Received January 14, 1992; accepted April 2, 1992. 

534 


