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Lead has long been recognised to have deleterious 
effects on different systems in many species 
(Bornschein et a1,1980). That the endorcrine functions 
of testes, ovary (Roychoudhury et ai,1984), thyroid, 
and adrenals (Sandstead et ai,1970) were affected by 
lead are known from observations on either man or 
laboratory anlmals. In one study adrenal steroid excre- 
tion was first found to increase and then to decrease 
considerably during advanced stages of lead intoxlca- 
tlon in exposed workers (Kehoe,1980). No comprehensive 
studies on this aspect of lead poisoning seem to have 
been carried out. The present investigation was under- 
taken to contribute to a better understanding of the 
adrenal functions in rats treated with different dosa- 
ges of lead. 

MATERIALS AND METHODS 

Forty adult male albino rats, Charles-Foster strain, 
raised at the Institute's animal house, maintained on 
basal diet,weighlng 150~5g, were divided into four 
experimental groups, including a control group of 
equal size. Rats in the first,second,thlrd and fourth 
groups daily received intraperitoneally Img/kg, 2mg/kg, 
4mg/kg and 6mg/kg lead acetate,respectively, over a 
period of 30 days. The aqueous solution was slightly 
acidified with a few drops of acetic acid to enhance 
the solubility of lead acetate. The control group of 
animals received the same volume(0.Sml) of the acidi- 
fied distilled water intraperitoneally,over the same 
period. 

The rats were weighted biweekly and were observed for 
any overt signs of lead toxicity over a period of 30 
days. 24hr. urine was collected from animals which 
were kept individually in metabolic cages, on the 
initial day, the 15th and 30th days for estimation of 
~-aminolevullnic acid(ALA-U) (Grabecki,1967). On the 
day prior to sacrifice, 5ml of urine was collected from 
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each animals in all groups for the estimation of 17- 
keto steroids (Wooton,1964). Blood was collected from 
retroorbital venous plexus of the anaesthetised animals 
for estimation of blood lead by atomic absorption 
spectrophotometry (Delves,1970) and 4.0ml of blood was 
used for the estimation of ~-aminolevulinic acid dehy- 
dratase (ALA-D) activity (Nakagawa et ai,1980). 

Following this, the rats were killed by decapitation 
and adrenals were cleanly dissected out and weighed. An 
equal number of adrenals from each group were collected 
and separately digested with concentrated nitric acid 
for the determination of adrenal lead by atomic absorp- 
tion spectrophotometry (Mylroe et ai,1977). Four 
adrenals from each group were fixed in;Bouln's fluid 
for histological examinations. Sum thick paraffin 
sections were stained with hematoxylln and eosin. The 
remaining adrenals from the different groups were pro- 
cessed for the estimation of ascorblc acid (Roe and 
Kuether,1943), cholesterol (Hanel and Dam,1955) and 
catecholamines (Aaron and David,1962). Quantitative 
hlstometrlc analyses of adrenals were performed at 
x 640 magnification. 

Statistical significance of differences between the 
collected data was calculated by the Student 't' test. 

RESULTS AND DISCUSSION 

Increasing the dose of lead produced a gradual decrease 
in body weight gain (Tablel). There was significant de- 
crease in the adrenal weights in the Groups III and IV, 
although the reverse was observed in the animals of 
Group II (Tablel). Blood and adrenal lead levels were 
significantly higher in animals receiving the higher 
dosages of lead acetate (Table2). As expected,the ele- 
vation of ALA-U was also observed with increased doses 
of lead acetate in all the experimental groups through- 
out experlmental period (Fig.l). Significant inhibition 
of ALA-D occurred with doses of 2mg/kg lead acetate 
and higher (Table2). 

S i g n i f i c a n t  d e c r e a s e  i n  a d r e n a l  c h o l e s t e r o l  a n d  a s c o r -  
bic acid levels were observed in Groups I and II, but 
significant increases were seen to occur in other 
Groups i.e.lll and IV (Table3). Significant increase 
in the adrenal catecholamlnes were observed in Groups I 
and If; a decrease in the Groups III and IV. Urinary 
17-keto Steroids (17-K.S.) were signlficantly increased 
in Group II and decreased in Groups IIl and IV as 
compared to controls. 

Cytometric findings indicated (Table4) that the widths 
of each of the three adrenal cortical zones decreased 
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Table I. Changes in body and adrenal weight under 
different dosages of lead acetate. Number of obser- 
vations are in parentheses; Mean+S.E. 

m 

Body wei~ht(,~m) , Adrenal weight 
Group Initial Final 'Zgain (mg) 

CONTROL 146.00 226.50 55.14 19.36 
+ 1.25 + 8.13 +0.34 +0.67 

I 151.00 210.00 39.07 21.08 
+ 2.08 + 4.47 +0.32** +0.74 NS 

II 146.00 193.50 32.08 22.23 
+ 1.98 + 4.60 +0.20** +0.69** 

III 150.50 185.00 22.92 15.05 
+ 1.38 + 5.16 +0.12,* +0.90** 

IV 150.50 176.50 17.28 14.23 
+ 1.57 + 3.66 +0.82** +0.82** 

Table 2. Distribution of blood lead, adrenal lead and 
ALA-D action in the different lead acetate exposed 
groups (i.p.); Mean~S.E. The number of observations 
are in parentheses. 

Group 

B l o o d - L e a d  ALA-D A d r e n a l  L e a d  
(~g/100ml) ( ~mol/PBG/ (~g/lOOmg) 

hr/llt RBC) 
(7) (5) (8) 

CONTROL 4.54+ 0.39 176.46+ 7.73 4.57+0.86 

I 62.51+ 5.76** 1 1 9 . 7 2 + 2 7 . 5 9  N$ 4 . 7 5 + 0 . 4 6  gS 

I I  102.59+ 4.74** 81.32+11.89"* 6.24+0.47** 

I I I  202.59+15.95"* 72.98+ 9.56** 7.94+0.50** 

IV 332.47+13.63'* 38.93+ 4.20** 8.72+0.50** 

NS, Not  S i g n i f i c a n t  ** p / ~ 0 . 0 0 1  

64 



Z,.8 

4.5 

4.2 

3.9 

3.6 

3.3 

3.0 

2.7 

Z.4 

2.1 

o 1.8 0 

1.2 ! 

~J 

'~ 0.9 

0.6 

0.3 

o- . . . . .  .-o Control 
l 

=,-----o Irng Pb/Kg ,~ 

o- o 2rag P b / K g  , , /  
, /  

e---------, 4mg P b /  Kg / 
/ "  

e- . . . . . .  "q 6 rag  P b /  Kg / 
/ /  

/ 
J 

t 

J 

/ 

lll/I I I~ t/ �9 

i'""" / 

0 i I 

0 15 30 

D A Y 5 

Figure i. Changes of the urinary ~-aminolevulinic acid 
(ALA-U) excretion after treatment with different 
dosages of lead acetate in male rats. 

in Groups II,III and IV. However,not all observed 
changes were statistically significant as shown in 
Table4. There was a significant lowering of the corti- 
cal cells nuclear diameters in Groups III and IV 
animals. 

The cortlcomedullary cells are metabolically stimulated 
initially after intraperltoneal treatment with the 
smaller(Img/kg and 2mg/kg) dosages of lead acetate. 
Administration of lead acetate in increasing dosages 
produced increases in blood lead concentration and 
urinary ALA. The levels of blood ALA-D (Tablel) signi- 
ficantly changed along wlth the above two parameters in 
the respective directions noted. These are the princip- 
al indicators of lead toxicity. Significant depletion 
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of cholesterol and ascorbic acid in the adrenals along 
with high levels of excretion of 17-K.S.after treat- 
ment with lead acetate in the lower dosaged indicated 
a stimulation of cortical functions. The morphological 
proliferation of zona fasiculata in these groups also 
provides additional support to the above observation. 
In contrast,degeneratlon of the adrenalcortlcal cells 
was conspicuous with the higher dosages of lead acet- 
ate. This may be due to the over stimulation and 
subsequent exhaustion of the cortical cells 
(Roy Chowdhury et ai,1984). 

The initial adrenal response to any stress increases 
the catecholamlnes secretion with hypertrophy of the 
medullary chromaffin cells (Wurtman et ai,1972). Pro- 
liferation of chromaffin cells and significant increase 
of adrenal catecholamines with the lower dosages (img/ 
kg and 2mg/kg)of lead acetate were presumably the 
consequences of medullary activation. Dosages of 4mg/kg 
and 6mg/kg lead acetate,however,produced degeneration 
in medullary internal cells and significantly low adre- 
nal catecholamlnes values. Lead inhibits the synaptic 
transmission in adrenerglc nerve ending (Copper and 
Steinberg,1977). The adrenal medulla also contains 
adrenerglc synapses and lead may produce the observed 
changes by similar inhibition of the synaptlc trans- 
mission in the intramedullary adrenergic nerve endings. 
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