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Z)e/ta-aminolevulinic acid dehydratase (ALAD) 
activity in blood of Bufo arenarum (Anura) 
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The aim of the present investigation was to standardize a method for 
measuring 8-aminolevulinic acid dehydratase (ALAD) activity in circulating 
red blood cells of adult Bufo arenarum kept in controlled environmental 
conditions, and to obtain reference basal values suitable for environmental 
monitoring of lead exposure. The normal ALAD activity for B. arenarum was 
131.86 ± 14.47 U per liter of red blood cells (n = 38, mean ± SEM; interval 
72.98 - 236.33). In animals exposed to lead, ALAD activity decreased as lead 
dose increased. 
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B i o m a r k e r s a re e s s e n t i a l to a s s e s s t h e 
env i ronmenta l and heal th risks of exposure 
to p o t e n t i a l l y t o x i c c h e m i c a l s . T h e 
d e v e l o p m e n t and use of b i o m a r k e r s has 
r e c e n t l y b e c o m e of major in te res t ( 20 ) . 
P a r t i c u l a r l y , c h a n g e s of b l o o d e n z y m e 
a c t i v i t i e s can be usefu l as b i o c h e m i c a l 
m a r k e r s of t o x i c i t y for h e a v y m e t a l s , 
a m o n g them the b ioaccumula t ion of lead, 
which has b e c o m e one of the main human 
heal th and env i ronmenta l p rob lems in Latin 
Amer i ca (16) . 

The inhibition of 5-aminolevulinic acid 
dehydra tase ( A L A D ) in red blood cells has 
become accepted as a standard bioassay to 
detect acute and chronic lead exposure (13 , 
2 1 , 23). It is one of the enzymes involved in 
the h e m e b io syn thes i s pa thway which is 
r e c o g n i z e d as e s s e n t i a l to m a i n t a i n 
h e m o g l o b i n c o n t e n t in e r y t h r o c y t e s . It 

c a t a l y z e s t h e c o n d e n s a t i o n of delta-
aminolevul in ic acid to form porphobil inogen 
( P B G ) a n d r e q u i r e s Z n + + and in t ac t 
sulphydryls . Because it is the most abundant 
enzyme in that system, it is unlikely to play 
a regulatory role (15). 

T h e a b o v e m e n t i o n e d m e t a b o l i c 
pa thway was direct ly or indirect ly shown to 
b e p r e s e n t b o t h in e n d o t h e r m i c and 
ec to thermic ver tebra tes (6, 8, 10, 12, 17). 

T h e a ims of the p resen t inves t iga t ion 
were to s tandard ize a me thod for measur ing 
A L A D ac t iv i ty in c i r c u l a t i n g red b lood 
c e l l s of a d u l t Bufo arenarum, kep t in 
cont ro l led env i ronmen ta l condi t ions , and to 
obtain reference basal va lues sui table for 
env i ronmenta l moni to r ing of lead exposure . 

S i n c e t h e l i fe c y c l e of a m p h i b i a n s 
occurs both in f reshwater and on land, they 
m a y b e t h r e a t e n e d by e n v i r o n m e n t a l 
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pol lu tans s imul taneous ly dur ing the early 
d ev e lop men ta l s tages as well as in adul t 
c o n d i t i o n s . T h e p r e s e n c e of e l e v a t e d 
amoun t s of lead may severely affect their 
survival , because of its toxici ty to the red 
blood cells and their p recursors , the central 
and p e r i p h e r a l n e r v o u s s y s t e m and the 
k idneys . T h u s , amph ib i ans cons t i tu te one 
of the most vulnerable points of the natural 
t r o p h i c w e b s . Fo r this r e a s o n , they are 
useful as indicators of the env i ronmenta l 
condi t ions , by means of the measu remen t 
of s p e c i f i c m a r k e r s w h e n s u b j e c t e d to 
sublethal exposure to lead. 

Adult male specimens of Bufo arenarum 
were collected in the neighborhood of La 
Plata (Argent ina) and were divided in two 
groups . Toads from the first group (n = 82; 
mean body weight ± SD: 128.0 ± 35.0 g) 
were used as a source of samples for the 
s tandardizat ion of the technique; the second 
group (n = 38; 130.6 ± 21.5 g) was used to 
d e t e r m i n e normal va lues of delta-ALAD 
activity under our experimental condi t ions . 

Toads were kept in the laboratory for 3-
7 d a y s at 2 0 - 2 4 ° C , in i n d i v i d u a l c a g e s 
con ta in ing tap water which was r enewed 
once da i ly . They were ma in ta ined unfed 
dur ing the adapta t ion per iod. 

Blood was obta ined by heart punc ture 
with heparinized plastic syringes and placed 
in disposable polyethylene tubes. All samples 
were kept overnight at 4°C until used. The 
hematocrit was determined by centrifugation 
at 12000 g for 5 min in capillary tubes. 

T h e m e t h o d f o l l o w e d for t h e 
de te rmina t ion of the e n z y m e activity was 
b a s e d on t h e E u r o p e a n S t a n d a r d i z e d 
Method (5) . The main changes in t roduced 
in the assay were the vo lume of b lood used, 
the pH of the reac t ion m e d i u m and the 
incubat ion t empera tu re . 

Assays were pe r fo rmed with different 
vo lumes of b lood (10, 25 , 50, 75 , 100 and 
200 uL) , p rev ious ly mixed with dis t i l led 
w a t e r and buf fe red a m i n o l e v u l i n i c ac id 
(0.01 M ) at each one of the selected pH 
(final vo lume : 3.5 ml) . The selected sample 
size was 75 pL (Fig 1), a vo lume a l lowing 
appropr ia te readings of absorbance . Burch 
and Siegel (6) r e commended for humans a 
vo lume of 200 uL of blood, sugges t ing that 
it may be reduced to 50 or 100 uL. 

i — i — i — ' — i — ' — i — ' — i — * — i — ' — i 1 i 1 i 
0 50 100 150 200 

Volume of sample (/iL) 

F i g 1. B l o o d A L A D a c t i v i t y -a s a b s o r b a n c e - in Itnjo 
arenarum. c o m p a r e d w i t h the a c t i v i t y o f n o r m a l h u m a n 
b l o o d . 

T h e effect of t e m p e r a t u r e on e n z y m e 
activity was examined by incubating blood 
of B. arenarum at 22 and 38°C for 60 min: 
while the activity was nil at 22°C, it was the 
h ighes t at 3 8 ° C . Seve ra l a u t h o r s (5 , 6) 
incubated hemolysa tes at 38°C, while others 
- a s Batl le and Magnin ( 2 ) - did it at 37°C. 

T h e effect of pH on the ac t iv i ty was 
checked by adjusting the reaction media (150 
m M phosphate) to the following values: 4.4 
(n=5) , 4 .6 (n=5) , 5 (n=5) , 5.2 (n=5) , 5.4 
(n=6), 5.8 (n=9), 6 (n=7), 6.4 (n=5), and 6.8 
(n=6). The number of samples tested at each 
pH is indicated in parenthesis . 

The graph of pH of the react ion medium 
vs e n z y m e ac t iv i ty s h o w e d a m a x i m u m 
activity at pH 5.4 (Fig 2). For ec to thermic 
ve r t eb ra t e s as f i shes , H o d s o n et a I (10) 
have reported an o p t i m u m pH of 6.2 for 
several spec ies , whi le Burch and Siegel (6) 
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pH 

F i g 2 . R e l a t i v e a c t i v i t y o f b l o o d A L A D {%) in liufr, 
arenarum at d i f ferent pH. 
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have found highes t activity in humans at 
pH 6.7. Gran ick et al (9) r e c o m m e n d e d to 
adjust the p H at 6 .0-6 .4 to dec rea se the 
activity of u roporphyr inogen-1 - syn the ta se , 
an e n z y m e that ut i l izes P B G and reduces 
the apparen t A L A D activity (6). 

In all cases , the react ion was s topped by 
t h e a d d i t i o n of 1 0 % T C A ; a f t e r 
centr i fugat ion (10 min at 500 g) , 1.5 ml of 
E h r l i c h ' s reagent was added to 1.5 ml of 
s u p e r n a t a n t and a b s o r b a n c e s at 555 n m 
were read after 10 min in a Sh imadzu U V -
1603 spec t ropho tomete r . All measu remen t s 
w e r e c a r r i e d out in d u p l i c a t e . A c t i v i t y , 
expressed as uni ts per liter of red b lood 
c e l l s ( R B C ) , w a s c a l c u l a t e d u s i n g t h e 
fol lowing equat ion: 

A L A D activi ty (U/L R B C ) = 
Abs x 100 x 2 x DF / H t c % x 60 x 0 .062 

where : Abs = absorbance of sample ; 2 = 
conve r s ion factor of d e l t a - A L A to P B G ; 
D F = dilution factor; Htc = hematocr i t ; 60 = 
i n c u b a t i o n t i m e ( m i n ) ; a n d 0 . 0 6 2 = 
extinction coefficient (L/pmol x cm) . 

Data on blood A L A D activity in anurans 
are not frequent (7, 18). Ireland (12) reported 
for Xenopus laevis an activity of 13.53 ± 1.09 
U (mean ± S E M ; n = 6), using 50 pL of blood 
and following the method of Weissberg et al 
(22). More recently, the same parameter was 
measured in three specimens of the green 
frog (Rana calamitans) (19) . The normal 
A L A D ac t iv i t y for Bufo arenarum was 
131.86 ± 14.47 U/L R B C (mean ± SEM, n = 
38), interval of A L A D activity 72.98-236.33 
(Fig 3). 

Unde r our exper imen ta l condi t ion , the 
A L A D activi ty in t oads ' b lood was a lways 
h i g h e r t han the ac t i v i t y m e a s u r e d in a 
sample of a heal thy human adult (Fig 1). 
This fact was interpreted as a consequence 
of the h igher metabol ic rate of nuclea ted 
e ry th rocy tes (11) . 

In a r e c e n t s e r i e s of p r e l i m i n a r y 
exper imen t s m a d e to val idate the test as a 
b i o m a r k e r , t h e e f f e c t of s u b l e t h a l 
c o n c e n t r a t i o n s of l ead on t h e e n z y m e 
ac t iv i ty was m e a s u r e d (14 ) . An ac t iv i ty 
d e c r e a s e of 3 2 % and 6 2 % , r e l a t i v e to 
con t ro l s , was obta ined for doses of 10 and 
50 mg Pb-kg" 1 , respect ively (Table I) . 
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F i g 3 . F r e q u e n c y d i s t r ibut ion o f b l o o d A L A D a c t i v i t y ( U / L 
R B C ) in Bufo arenarum. 

T a b l e I 

E r y t h r o c y t e 5 -amino lcvu l in i c acid 
d e h y d r a t a s e ( A L A D ) ac t iv i ty in 

l ead- in jec ted Bufo arenarum. 
D a t a as m e a n s + S E M ' s . 

A n i m a l s n A L A D a c t i v i t y ( U / L R B C ) 

Contro l 12 1 4 8 . 4 3 ± 15.81 

L e a d i n j e c t e d * 

10 m g Pb-kg" 12 1 0 0 . 9 4 ± 7.81 

5 0 m g Pb-kg" 8 5 7 . 4 6 ± 6 . 7 0 

* A n i m a l s i n j e c t e d w i t h s i n g l e d o s e o f l ead a c e t a t e , and 
c o n t r o l s w i t h the e q u i v a l e n t a m o u n t o f s o d i u m ace ta te . 
S a m p l e s t e s t e d in d u p l i c a t e at 7 d a y s p o s t - i n j e c t i o n . 

T h e va lue of A L A D act iv i ty that we 
d e t e r m i n e d as b a s a l in B. arenarum i s 
comparab l e to that repor ted for bald eagle 
Hallaeetus leucocephalus, which was 188.3 
± 12.5 U/L (mean ± S E M ; n = 5) , under 
s i m i l a r a s s a y c o n d i t i o n s ( 1 1 ) . It i s 
wor thwhi l e to men t ion that A L A D activity 
in some other bird species resul ted almost 
4 0 % be low that found for Bufo arenarum. 
A L A D a c t i v i t i e s a re 64 .8 in m a l e rock 
doves (Columba livia) (8) ; 51 .34 and 57.06 
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in hens (Hybro sp.) (3 , 4) ; and 58 .55 in 
Gallus domesticas ( 1 ) . S i n c e a u t h o r s 
pe r fo rming these de te rmina t ions used the 
E u r o p e a n S t a n d a r d i z e d M e t h o d , t h e i r 
resul ts are comparab l e to ours . 

It c a n be h y p o t h e s i z e d tha t t h e s e 
important differences might be the expression 
of a p a r t i c u l a r b i o c h e m i c a l a d a p t a t i o n 
m e c h a n i s m , i n d i c a t i v e of d i s s i m i l a r 
sensi t iv i ty to the adverse effects of lead 
exposure. 
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