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Abstract - Effects of 28 days lead acetate (100, 506, 1006
ppmj treatment on hypertension and relationship hetween blood
icad levels and Wypertension in male Sprague-Dawley rats were
studied. Resulls of this study showed that lead acclate treatment
did pot decrease body weight or wafer consumption, except for
icad acetate (1000 ppm} and sodium acetate (560 ppm} whick
increased fluid consumption when compared with controls, The
doses of Icad acetare (100, 500, 1000ppm} used in this study,
caused blood concemtrations of 26.8¢ = 2.23, 43,12+2.46 and
5282344 pgidl respectively. Treatmermt of animais  with
different doses (106, 500, 1000 ppm) of lead acetatc for 28 days,
caused a signifieant change (F< 0.05) in systolic blood pressire
when compared le control rats. No dose dependent correlation
was abserved between blood pressure elevation and blood lead
fevels in treated rats.

Acta Medica Iranica 37 (3); 150-154; 1999

Key Words:Lead acetate, hypertension

INTRODUCTION

Lead is recognized as an environmental and
occupational hazard that has a significant impact on the
health and development of many species (1). Lead
poisoning s involved in the structurat and functional
abnormafities of multiple organ  systems  (2).
Cardiovascular lesions such as atherosclerosis ang
hyperiension are public problems. which have a strong
interrelationship.  Experimental  and  epidemiological
studies have suggesied that heavy metals including tead
may be a causal factor in cardiovascular discases (3).
The relationship  between lead  exposure  and

hyperiension has been a controversial issue for over a -

century (4). Occasionai reports have suggested the
existence of this association, but the available data
remain inconclusive. Various ecpidemiological studies
have shown an increased incidence of hypertension and
cerebral hemorrhage among industrial lead warkers, but
others could not substantiate these findings (5). Cramer
found no significant difference i the prevalence of
diastolic hypertension in 155 workers exposed to lead
wno had cvidence of toxicity (6). In another study
diastolic blood pressure was significantly higher in the
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exposed group, but systolic blood pressure did not
differ {7). Nonindustrial exposure to tead has also been
linked 10 hypertension (8). Experiments in rais also
have provided inconsistent  results (3}, Several
mechanisms  have been proposed to explain  lead
induced hypertensior;, including: I} an alteration in
calcium  exchangibility or distribution leading to an
elevation of imtraceliuar calcium, 2) inhibition of sodium
potassium ATPFase, and 3) an aleration of factares
released {rom endothelium (9). This study was designed
10 Investigate the relation among chronic low levels of
lead exposure, blood concentration and hyperiension.
The rai was evaluated as an experimental model
because of the ease of indirect blood pressure
measurements without the need for anesthesia and the
information it can provide on human lead induced
hypertension (8).

MATERIALS AND METHODS

The following materials have been used in this
study:  Triton  X-100 (TX, an alkylphenoxypo-
fycthoxyethanol, Merck, Germany, 10% V/V),
ammonium pyrrolidine dithiocarbamate (APDC, Sigma,
UK, 2% W/V), methylisobutytketone (MIBK, water
saturated, Merck, Germany), Heparin (sodium salt, 0.2
pg/mi, Leo pharmaceutical products, Denmark), lead
standard solution for atomic absorption speciroscopy
(Titrisol, 1gA, Merck, Germany), lead acetate (Merck,
Giermany), sodium  acetate  (Merck, Germany),
Apparatus Atomic absorption spectrophotometer
equipped by graphile furnace atomizer (Shimadzu,
680A, Japan), programmed electro-sphygmomanometer
{Narco, PE 300, UsA), physiograph (Narco, MK IIi-5,
USA).

Adult male Sprague-Dawiey rals, weighing
200-250p, were used. The animals had free access to a
stock lahoratory diet and water ad libitum. Following
several days of acclimatization, the rats were randomiy
distributed into experimental and control groups. They
were caged in ap environment at 20-25 ° C with a
light/dark cyele of 12/12 hr starting at 8:00 a.m. Animals
were monitored daily for food intake and water
consumpuon, and every week for body weight gain,



Treated animals were given three doses of lead
acetate (100, 500, 1000ppm) in the drinking water for
28 days. Comtrols received 30, 250 and 500
ppm sodium acetate solution respectively (10). Lead
acetate or sodium acetate was dissolved in distilled
water,

After 28 days, rats were deeply anacsthetized with
ether, The thorax was opened and blood withdrawn
from the heart by syringe and collected in lead free
heparinized plastic tabe and stored at-18 *° € unii
analyzed.

The thawed whole blood were made homogenous
and after adding of 1 ml 10% TX and 1 mi 2% APDC,
extracted by 15 ml MIBK (11). The organic
supernatant solution of all samples were analyzed for
lead using an atomic absorption spectrophotometer
cquipped  with  graphite furnace assembly and a
deuterium  background corrector.  Standard  solution
were made with control rat bloods. The blood from
exposed animals was measured against a standard
curve, while the blood lead levels from contral animals
were measured by addition of known amounts of lead
solution (12).

Blood pressure monitored every week at 9 am.
through the period of experiment (4 weeks) using tail
cuff method as follows. Rats were placed in a restrainer
and a cuff was placed on the tail. After 15 min
acclimatization the tail cuff was inflated and released
several times by sphygmomanometer. The systolic blood
pressure of animals was measured consecutively 3 times
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using a physiograph and the mean of ihese 3
measuremenis was recorded (9).

Comparison among groups was made by analysis of
variance (ANOVA} and the Newman-Keuls test.
P <0.05 was considered significant. All statistical analysis
were done by computer using PCS software.

RESULTS

As shown in table 1, lead acerate wreatment did not
decrease body weighi o water consumption. Lead
acetate (1000 ppm) and sodium acetate (300 ppm}
increased fluid consumption in comparison with the
control group (tabie 1}

Treatment of rats by different doses of lead acetate
(100, 500, 1000 ppm} increased systalic blood pressure
of rats from 958 + 3.13, 96.6 + 331 and 923 = 372
mmHyg 10 1242 + 2,15, 1225 ® 1.34 and 125.4 = {21
respectively after 28 days (figure 1,2,3). relationship was
not found between blood lead levels and hypertension.
Data in these figures alse show significant differences
(P< (.01} between systolic blood pressure of lead
acetate and sodiom acetate treated groups in 4th week.

Concentrations of lead in blood of control and
treated rats are shown in figure 4. As shown in this
figure the doses (100, 500, 1000ppm) vsed in this siudy,
caused blood concentrations of 2684 x 223
43.12 = 240 and 52.8 = 3.44 ppfdl respectively.

Table 1- Effects of lead acetate treatment (0.01%%, 0.05%, 0.15:) on body weight and fluid consumption of rats during 4 weeks

Body Weight (g) / FLuid Consumption {ml}

Week 2

Week 2

Week 4

Treatment Week 0 (controf) Week 1
Dyistilled water 243 = 27 249 = 2.2/630
Lead acetate (0.01%) 2326 + 24 2273 = 2.6/520.
Na-acetate (0.005%) 2136 = 31 216 = 2.8/520
Lead acetate (0.05%) 2248 >+ 24 2224 = 25/510
Na-acetate (0.025%) 2430 = 2.8 249 + 2.6/525
Lead acetate (0.19) 2463 = 1.9 2488 = L7705
Na-acetate (0.05%) 2477 £ 16 253.2 = 2.0/690

253 = 2.4 /580

2303 + 2.8 /595
2136 + 2.6 /560
2260.6 = 2.6 470
255 = 2.5 /505

2536 = 2.0 /505
2567 + 2.2 855

¥

257 = 2.2/555

234.3 = 2.6/560
2133 = 2.5/560
2336 + 2.6/530
266 + 2.5/580

259.8 x 1.8/780
262.2 £ 2.2/880

+

262 = 2.8'/540
2353 = 2.4/510
2163 = 2.7/510
239.4 = 2.9%/490
278 + 2.9°/530
2066 + 247 /680
269.7 = 2.6" /800

.}

+

Data for body weight are mean = SE.
Fluid consumption is represented as mean milliliter of fluid used by five rats in ane week.

* Different from respective control (week 0) groups i p< 0.03
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Fig. 1. Effect of lead acetate (160ppm) treatment on rat
blood pressure. Animals were treated by lead acetate 100ppm
(M), sadium acetate 50ppm () and distilled water (@) for
25 days.

Number of animals = 5.

** Different from conirol {distilled water) at P<0.01

* Different from contro! (distilled water} at P<0.05
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Fig. 2. Effcct of lead acetate (500ppm) treatment on rat
blood pressure. Animals were treated by lead acetate 500ppm
(). sodium acetate 250ppm(A) and distilled water (@) for
28 days. Number of animals = 5.

* Different from controi (distitied water) at P < 0.05

** Different from control {distilled water) at P < (.01
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Fig. 3. Eifect of lead acetate 1000ppm treatment on rat blood
pressure. Animals were 1rcalc3hy lead acetate 1600ppm
(D), sodium acetate 500ppm (/) and distilled water (@)
for 28 days.

Number of animals = 5.

** Different from controf (distilled water) at P<0.01
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Fig. 4. Effect of different doses of lead acetate on rat blood
lead concentration after 28 days.

Animals were treated by distilled water (A), lead acetate 100
ppm (B), Na-acetate 50 ppm(C}, lead acetate 500ppm (D),
Na-acetate 250ppm (E), lead acetate 1600ppm (F),
Na-acetate 500ppm (G).

Number of animals = 5.

** Different from control {distilled water) at P<0.01
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DISCUSSION

As shown in table 1, lead ‘acetate did not
significantly decrease rat body weight after 28 days of
treatment. This finding is in agreement with previous
studies (13,14). In one study, rats exposed 1o 0.5% and
1% lead acetate for 90 days, showed a significant
reduction in body weight at the termination of
experiment (15), but the lead concentration and
duration of experiment was greater than this study. In
our experiment, rats were exposed to three
concentrations of lead acetate in drinking water for 28
days, causing mean blood lead levels of (26.84x 2.23,
43.12x 240, 52.8% 3.44 pug/dl), in treated groups by
lead acetate 100, 500 and 1000ppm respectively. Low
levels of lead exposure of about 100 ppm is similar to
the exposure levels seen in environment. Exposure to
comparable concentrations greater than 500 ppm of
lead is to industrial level exposure (13). It has been
reported that increase in blood pressure of rats occurs
at low lead exposure levels of 0.1 to 100ppm and
exposure to industrial levels does not lead to
hypertension (13). This is in contrast to our data
whereby 500 ppm and 1000 ppm lead acetate increased
blood pressure, It is not surprising that the results have
been inconsistent, because there are differences in
animal races, species, routes of administration of fead
acetate, duration of experiments, and the methodology
for measuring blood pressure, in particutar, whether or
not the animals were anesthetized. Qur data also
showed that there is not any dose-dependent correlation
between blood pressure and blooad lead concentrations.
Some surveys also conclude that there is no positive
refationship between blood lead concentration and
blood pressure, even after adjustment for confounding

" factors (16,17). In the present study we used sodium
acetate as control and it increased blood pressure after
28 days when compared with distilled water. This effect
is probably due to sodium (18). Dimercaptosuccininc
acid (DMSA) an oxygen radical scavenger and lead
chelating activity reversed the blood pressure elevating
effects of lead acetate. This supports the idea that
oxygen radicals may have a pathological role in certain
forms of hypertension including those caused by lead.
So it is postulated that lead but not acetate, can cause
the generation of oxygen radicals and hypertension ([9).
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