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ALUMINIUM TOXICITY AND CHANGES IN SERUM
PARAMETERS RELATED TO LIVER FUNCTION IN RATS

AA; Moshtaghie*
T.M; Fazilati
H; Amozadeh

- ABSTRACT

The effect of aluminium on serum parameters related to liver
function was investigated over different period of times.

Serum lactate Dehydrogenase (LDH), Aspartate aminotrans-
ferase (AST), Alanin aminotransferase (ALT) and total protein were
chosen as indexes for liver function. Daily intraperitoneal administ-
ration of 185 umoles/kg aluminium for 35 days elevated serum
aluminium concentration from 10+0.5 to 668+81 ug/L.

Short term administration of 740 wumoles/kg of aluminium daily
for 10 days elevated LDH, AST, ALT and bilirubin concentrations
by 27%, 18%, 62% and 60% respectively in comparison to controls.
Daily administration of 35, 185 and 370 umoles/kg of aluminium
for 60 days elevated serum levels of LDH (33%, 47% and 69%),
AST (29%, 34% and 70%), ALT (31%, 39% and 77%) and
bilirubin (26% , 36% and 41%) respectively.

Protein concentration was elevated significantly. Aluminium
administration mught disturb liver function by interferring with
biochemical pathways.

The interference of aluminium with parameters related to liver
function has been discussed here.

Key Words: 1) Aluminium toxicity 2) Serum
3) Liver 4) Rat

INTRODUCTION
Aluminium is present in very small indicate that aluminium is a toxic agent in
amounts in living organism but there is now patients with chronic renalt failure main

available sufficient unequivocal evidence to -tained on regular hemodialysis. The initial
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description of potential aluminium toxicity in
renal failure patients relates to description of
dialysis encephalopathysyndrome in 1972
and subsequently in 1976(12)_ Alfray et al in
1976 showed that aluminium could readily
cross dialysis membranes and lead to the
elevation of serum hyperaluminium in
patients on regular hemodialysis. Aluminium
from either dialysis fluid® or aluminium
phosphate binders®enters blood circulation
and binds to serum transferrin®>

In addition to neurological disorders
aluminium has been also reported to
osteomalacia®  and

produce dialysis

hypochromic  microcytic anemia(. In
addition to above mentioned disease
London et al recently noted that, in a group
of patients with end stage renal disease
tissue aluminium levels correlated directly
with left ventricular mass and inversely with
the velocity of circumferential fiber shorten
-ing, implicating aluminium overload as a
potential cause of reduced cardiac function
(®), Diabetics have an increased risk of
developing renal insufficiency, as well as
congestive heart failure independent of
coronary atherosclerotic or hypertensive
heart disease.

Accumulation of aluminium in tissues of
patients with diabetics has been recently
reported. aluminium has been also reported
to make damage to lipid metabolism and

decreased triglyceride levels in rats(!?. Since

liver is the major site of lipid metabolism, any
damage to this organ might also disturb
other biochemical pathways.

The present project was undertaken to
investigate the short and long term effects of
levels
related to liver function. To follow this aim
serum LDH, AST, ALT, bilirubin and

protein concentrations were chosen.

aluminium on serum parameter

MATERIALS AND METHODS

Male Wistar rats (150-200grams) were
purchased from Pasteur Institute (Tehran,
Iran) and were fed with commercial purina
chow at standard conditions regarding light
and temperature. Studies were carried out
with animals that weighed within the range
of 220-250 grams.

In each series of experiments 5 alumi-
nium treated and 5 control rats were used.
Indicated doses of aluminium was injected in
0.2 ml of saline. Controls were injected with
0.1 ml of saline. The onset and duration of
each injection series are given in the text. At
the end of injection times, rats were killed by
decapitation and blood samples were
collected in pre-washed plastic tubes. Sera
were separated from blood cells by
centrifugation at 300 rpm and transferred
into pre-washed tubes for aluminium and
other serum parameter determinations.

To estimates the aluminium cotent of
atomic

serum a flameless absorption
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spectrophotometers (Model Perkin Elmer
zeeman-3030) fitted with HGA-6000
electro thermal furance was used. Serum
samples were diluted with equal volume of
10% HNO3 and aluminium was determined
in serum as described by Rahman et al(lD),

Serum LDH, AST and ALT levels were
determined by using spectrophotometric
methods reported by Henry et al(!?

Serum protein was determined by Lowry
method (® and total serum bilirubin
concentration was determined by the
method of Malloy and Evelyn (14,

All chemicals were reagent grade and
purchased from Sigma Chemical Company
(Germany).

Throughout this project, all glass ware
were soaked overnight in 10% HNO3, and
then throughly rinsed with distilled and
deionized water so as to minimize metal
contaminations.

Plastic ware were pre-washed with 10mm
EDTA followed by three washes each of

distilled and deionized water.

RESULTS
In the first instance aluminium(185
umoles/kg BW) as aluminium choloride in
saline was administered (i.p) daily for 35
days. At the end of injection times animals
were killed and serum aluminium level was
determined. Control groups were injected

(see methods). The

daily with saline

aluminium level was significantly elevated in
comparison to controls. Serum aluminium
level follwing 10,15 and 35 days of
administration was
(185£21),(237+37) and (668+81) ug/l
respectively. Whereas in control it was
10+0.5 ug/l.

In the second series of experiments, the

aluminium

effects of varying amounts of aluminium on
serum LDH, AST and ALT concentrations
were studied.Rats were injected (ip) with 740
umoles/kg body weight with aluminium as
aluminium choloride in saline daily for 10
days. The results obtained show that serum
levels of LDH,AST and ALT were elevated
by 26%,18% and 62% respectively in
comparison to
(tablel).

The effects of 35, 185 and 370 umolos

aluminium/kg BW on the same parameters

un-injected  aluminium

were atudied after daily administration of
30 days.
presented in (table 2). It shows that LDH
level was elevated by 3%, 7% and 30%
following 35, 185 and 370 umoles/kg BW

aluminium

aluminium for Results are

Daily
185 and 370
umoles/kg BW of aluminium for 3 day
elevated ASTactivity by 10% , 37% and
63% and at the same time ALT activity was
increased by 75%, 116% and 133% respec-

tively in coparison to un-injected aluminium

administration.

administartion of 35,

controls (table 2).
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Table 1 :Study of the effect of aluminium on serum LDH, AST and
ALT in male rat for 10 days

| Aluminium dose Serum Enzyme Specific activities
- umolelkg LDH AST ALT
None 19.1x1.8 2.3+0.12 1.3+0.27
740 24.1+0.6* 2.7x0.6* 2,1+0.3%
(26%) (18%) (62%)

Table 1.Rats were injected intraperito-
neally, daily for 10 days with aluminium as
AICI3 in O.2 ml of Nacl (0.9/100). Controls
were received dialy 0.2ml of saline. Animals
were killed and blood samples were collected
as mentioned in Materials and Methods.
Serum LDH, ASTand ALT levels were deter

-mined. Each figure is the Mean+ SD of

five separate experiments. Enzyme activities
were calculated as International unilt per lit
(lu/l) and expresed as specific activities.
Statistically significant differences from the

controls, where P<0.05.(%)

Table 2 :Study of the effect of aluminium on serum LDH, AST
and ALT activities in male rat for 30 days

Aluminium dose Enzyme Specific Activities

ulkg BW LDH AST AT
None 22.1+9.4 1.9+0.3 1.2+0.2
35 22.9+2.05 2.1+0.2 2.1+0.7
(+3%) (+10) (+75%)
185 23.7+6.7 2.6+0.1" 2.6+1.5"
(7%) (+37%) (+116%)
370 28.9+4.5 3.1+0.5" 2.8+0.5"
(+30%) (63%) (+133%)

Table 2.Rats were administered with
aluminium daily for 30 days. Controls and
aluminium injected animals were treated as

described in table 1.

Long term effects of aluminium on the

same parameters were studied next. To do
this 60 days of aluminium administration
was chosen. Daily administration of 35, 185
and 370 umoles aluminium/kg BW elevated
LDH by 33%, 47% and 69%, AST activity
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was elevated by 29%, 34% and 70%
respectively. ALT level was elevated by

31%, 39% and 77% respectively (table3).

Table 3 :Study of the effect of aluminium on serum LDH, AST and
ALT activities in male rat over 60 days

 Aluminium dose Serum Enzyme Specific activities i
None 22.4+%1.5 1.7x0.2 L.IX0.7
25 29.7+2.8" 2.2+0.2" 1.3+0.7"
(+33%) (+29%) (31%)
185 33.0+0.51" 2.27+0.11° 1.8+0.37
(+47%) (+34%) (+39%)
f 370 37.9+15" 2.9+0.9" 2.3+0.2"
(+69%) (+70%) (+77%)

Table 3. Rats were injected intraper

-itoneally with indicated dose of

aluminium daily for 60 days and

treated as described in (table1).

Table 4 :Study of the effect of aluminium on serum bilirubin level in
male rat over 30 and 60 days.

| Serum bilirubin(mg/dl)
30(days) ' 60(days)
0.45+0.1 0.44+0.07
0.60+0.03" 0.60+0.20
(+33%) (+36%)
185 0.68+0.06" 0.78+0.1"
(51%) (+77%)
370 0.84+0.13" 1.1+0.01"
(+86%) (+50%)

Table 4. Rats were injected intraperi-
toneally with indicated dose of aluminium
daily for 30 and 60 days respectively. Sera
were collected as described in Materials and

Methods Serum bilirubin concentration was

expressed in mg/dl. Each data is the mean
ISD of mean=+SD five separte experiments.
Statistically significant defference from

the controls where P<0.05.(*)
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Last experiment carried out was the effect
of aluminium on the serum bilirubin. Rats
were injected with varying amounts of
aluminium and serum bilirubin level was
determined and results are presented in
(table 4). Administration of 35, 185, 370
umoles/kg BW aluminium daily for 30 days
elevated serum bilirubin level by
33,51% and 86%
comparison to un-injected
groups. Next 35,185 and 370 umoles/kg of

aluminium was injected daily for 60 days.

respectively  in

aluminium

The results obtained are presented in (table
4). Showing 36%, 77% and 150%
elevations in serum bilirubin concentrations

in comparision to controls.

DISCUSSION
Previously a number of publications from
different laboratories throughout the world
indicated that aluminium in blood circulation
binds to

interferes with a number of biochemical

serum transferrin(!®10) and

pathways including heme synthesis(”), lipid

metabolism  (10:18)

and carbohydrate
Transferrin is taken up by hepatocytes and
gives up is associated iron into the cells for
synthesis of heme and non heme
proteins(*¥). Aluminium-transferrin as well
as iron-transferrin complex is taken up by
hepatocytes. Aluminium is accumulated in
the nuclei and other subcellular organells

which may cause damage to the cell

copartments. The accumulation of
aluminium was reported to be a time and
dose dependent processes®. Data which
have been presented in this manuscript
showed that aluminium administration to
of serum

LDH,AST and ALT levels (table 1,2,3). The

elevations of these serum enzymes were

rats lead to the elevations

dependent on the time and amount levels of
aluminium administration. Our data are in
good agreement with previous report®.
Suggesting that aluminium may cause
damage to cell membrane and lead to the
leakage of the enzymes into the extracellular
media. The elevation of total serum bilirubin
in our study may suggest the disturbances of
liver function and increased red cell
destruction which may also lead to the
production of bilirubin. The elevations of
serum L[DH,AST, ALT and bilirubin
following aluminium administration might
be consider as suitable indexes for liver
dysfunction. Administration of aluminium
may also stimulate liver for protein
production. Significant elevation in serum
protein level was seen in aluminium treated
animals Data have not been shown but used
for expressing enzyme specific activities in
this study.

More investigations are needed to
elucidate the exact mechanism by which
aluminium might disturb hepatocytes

function.

103 Vol 3. No 1 & 2. Spring and Summer 1996

JIUMS


https://rjms.iums.ac.ir/article-1-1849-fa.html

Downloaded from http://journals.tums.ac.ir/ at 9:48 IRDT on Sunday July 15th 2012

[ Downloaded from rjms.iums.ac.ir on 2025-07-07 ]

A. Moshtaghie and et al

Aluminium toxicity and changes in serum .........

REFERENCES

1) Alfrey, A.C, Mishell, M.M., Burks, J.,
Contigulia, S.R., Rudolph, H., Lewin, E.,
Holmes, J.H, (1972) Syndrome of dyspraxia
and multifocal sezures associated with
chronic hemodialysis Trans. Am. Soc. Artif.
Inter. Organs. 18:257-281.

2) Alfrey, A.C., Legendre, G.and Kaehny
W.D.(1976). The dialysis encephalopatty
syndrome possible aluminium intoxication.
N Engl. J. Med. 294: 189-190.

3) Berlyne, G.M., Pest.D., Ben-Ari, J.,
Weinberger, dJ., Stene, M., Gilmore, G.R,
Levine, R. (1970). Peraluminomia from
aluminium resins in renal failure. Lancet:
494-496.

4) Kaehny, W.D., Hegg, A.P. and Alfrey,
A.C.(1977). Gastrointestinal absorption of
containing

aluminium from aluminium

antiacids. N.Engl.J.Med. 296: 1389-1390.

5) Moshtaghie A.A , Ani, M and Bazraf
-shan M.R. Comparative binding study of
aluminium and chromium to human
transferrin ~ (1992).
Element. Element research. 32:39-46.

6) Ward, M.K. Ellis, HA., feest. T.G,
Parkinson, I.S., Kerr. D.N.S., Herrungton, J
and Goode, G.L.(1978).

dialysis osteodystrophy evidence for a water

Biological Trace

Osteomalacia

bone  aetiological agent,  probably
aluminium. Lancet i: 841-845.

7) Kaiser, L. and schwartz. V.A (1985)
Aluminium induced anemia. Am. J.Kidney.

Dis. 6(5):348-352.

8) London. G.M. de Vernejoul M.C.,
Fabiani, F., Marchais, S., Guerin, A.,
Metivies, P., Chapuis, P., and llach,
F.,(1989) Association between aluminium
accumulation and cardiac hypertrophy in
hemodialysis patients Am. J.Kidney. Dis
13:75-80.

9) Levine, N.S., Sonnier G.B. and Abroo
K. (1990) Effects of diabetes mellitus and
aluminium toxicity on myocardial calcium
transport. Toxicology 65:137-194

10) Sugawara. C,Sugawara. N,Kiyosawa.
H., and Miyake H; (1988) Decrease of
serum triglyceride in normal rat fed with
2000 ppm aluminium Diet for 67 days
Fundamental and Applied Toxicology
10:616-623.

11) Rahman H, Skillen A.W. Channon
S.M, ward MK and Kerr David.N.S.(1985)
Methods for the binding of
aluminium by serum protein. Clin Chem 31:
1964-1973.

12) Henry R.J. Chiamori. N., Golub O.J,
Berkman. S (1960) Revised spectrophoto-

metric methods for the determination of

studing

glutamic oxalocetic transaminase,

glutamic-pyruvic transaminase and lactic
dehydrogenase Am. J. Clin. Pathol
34:381-385.

13) Lowry, O.H., Kosebrough, N.J., Karr
AL and Randall. R.J.(1951).
measurment with foline seagent J.Biol.
Chomn. 193:262-275.

14) Jendrassik . L., and Grof . P.

Protein

Vol 3. No 1 & 2. Spring and Summer 1996

JIUMS 104


https://rjms.iums.ac.ir/article-1-1849-fa.html

Downloaded from http://journals.tums.ac.ir/ at 9:48 IRDT on Sunday July 15th 2012

[ Downloaded from rjms.iums.ac.ir on 2025-07-07 ]

Aluminium toxicity and changes in serum ..........

A. Moshtaghie and et al

Determination of conjugated and total
bilirubin in serum in Fundamental of clinical
Chemistry (ed.N.W.Tiet). W.B. Saunders,
Philadelphia, (1976) PP 1037-1046.

15) Moshtaghie.A.A.and skillen A.W.
(1990). Comparative binding studies of
aluminium to serum transferrin. Journal of
[slamic Academy of Sciences 3:280-283.

16) Cochran,M., Cochran, M., Coates,
JH. and Kurcser, T. (1987). Direct
Spectrophotometric detemination of the
two site binding of aluminium to transferrin,
Life Science 40:2337-2341.

17) Moshtaghie A.A. and Skillen A.W.
(1990). Study of the relationship between

aluminium toxicity and heme synthesis.

[ranian Journal of medical Sciences
15:46-52.

18) Moshtaghie A.A and Ani.M(1991).
interference of aluminium with carbohydrate
metabolism in male rats. Journal Science of
LRI 2:1-4.

19) Moshtaghie A.A and Skillen. A.W.
(1990) Aluminium uptake by rat isolated
hepatocytes and its effect on mitochondria
oxygen uptake. Journal of Islamic Academy
of Sciences 3:11-14.

20) Moshtaghie. A.A. Interrelationship
between aluminium toxicly and Iron
metabolism in rat. PhD thesis University of

Newcastle Upon, U.K(1987).

105 Vol 3. No 1 & 2. Spring and Summer 1996

JIUMS


https://rjms.iums.ac.ir/article-1-1849-fa.html
http://www.tcpdf.org

