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The aim of the current research was to investigate the effect of aluminum exposure
on humoral immunity (immunoglobulin G and immunoglobulin M serum levels), function
enzymes, and histological alterations in the liver of rats.

Sixteen albino male rats at fifteen weeks were grouped into four
groups, and administered with aluminum chloride at 35g/Kg of body weight for 8, 12
and 16 weeks, while the control group was fed with a normal diet for 16 weeks. The rats
were anesthetized, blood was collected, and serum separated for estimation levels of
immunoglobulin G, immunoglobulin M, alanine aminotransferase (also called transaminase)
and alkaline phosphatase, then rats were sacrificed, livers isolated and divided into two
parts; the first was used for micronucleus (MN) assay, and the second was subjected to
histopathological examination.

There was a significant increase (p<0.01) of sera immunoglobulin G and
immunoglobulin M amongst all treated groups compared with the control group. There was
asignificant elevation in alanine aminotransferase and alkaline phosphatase levels among all
case groups as compared with the control. The results of the histopathological examination
showed different alterations according to the period of aluminum chloride administration,
such as decomposition and degeneration of hepatocytes, presence of fibroblast and
lymphocytes infiltration with thickening wall of the blood vessel, increase kupffer cells,
necrotic foci, haemosiderin in hepatocytes sinuses, congestion with polymorphonuclear
leukocyte infiltration within central.

The aluminum chloride administration causes significant histological
alteration in immunoglobulin G, immunoglobulin M, liver tissue rates, and an increase in
micronucleus frequency as well as changes in levels of liver function enzymes such as alanine
aminotransferase and alkaline phosphatase.
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Introduction

Aluminum is a well-known chemical element and is
the third most abundant element on the earth [1], it is
also called the hidden killer because it is responsible
for many cases of toxicity, health disorders and
cancers worldwide [2l. Aluminum exposure generally
causes flatulence, spleen pain stomach pain, colitis,
kidney dysfunction, constipation, headaches, anemia
as well as liver toxicity [3l. Persistent exposure to
aluminum causes its accumulation in many organs,
especially the liver, coincides with metabolic change
and tissue damage [4. Different aluminum
compounds can elicit the activity of macrophages
that induce the inflammatory sequences. Aluminum
compounds are widespread in commercial markets
and pharmacies in various forms such as aluminum
chloride [51. Continuous administration of aluminum
chloride often leads to an increasing concentration
of aluminum in the blood which is a fatal severe
protoplasmic toxin [l Aluminum chloride is
commonly used in daily applications such as
medicines, toothpaste, shampoos, water treatment,
food additives and packaging materials [7l. Studies
reported that aluminum chloride is able to infiltrate
into the organ tissues like hepatic tissue and
provoke different disorders at metabolic states and
detoxification ability in the liver, thus initiating
reactive oxygen species and generating oxidative
stress in the liver as well, increasing hepatic
enzymes could cause deterioration of liver cells
which responsible for detoxication and Xenobiotic
metabolism in the body [l. Moreover, aluminum
toxicity leads to harsh disruption in antioxidant
mechanisms which generate reactive oxygen species
as a result of free radicals that cause DNA damage
and protein Bl Soand due to the vitality of the
subject, the current study aimed to investigate the
effect of aluminum exposure on function enzymes by
estimating alanine aminotransferase (ALT) and
alkaline phosphatase (ALP), also detection of
micronucleus (MN) via assay and histological
alterations by histopathological examination in the
liver of rats.

Materials and Methods

Sixteen albino male rats at fifteen weeks and 230-
310g weights were obtained from controlled and
Pharmaceutical Research Center Research/Baghdad,
placed in plastic cages with floors covered by soft
sawdust, of dimensions 90 lengths, 50 widths and 30
height, the rats were fed with standard rodent
pellets and drunk sterile water, were kept clean at
20-25°C in accordance with the guidelines approved
by the animal ethical committee of University of
Baghdad and Mohammed [°1 were grouped in four
groups of four rats each, rats of workgroups were
fed with aluminum chloride (Sigma/USA), 35g/Kg of
body weight according to Sanai et al. [1% by stomach
tube as follows:
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1. Group A (control) was fed with a normal diet for
16 weeks.

2. Group B was administered with aluminum
chloride for 8 weeks

3. Group C was administered with aluminum
chloride for 12 weeks

4. Group D was administered with aluminum
chloride for 16 weeks

At the end of the last day of the experiment rats
were deeply anesthetized by IM injection with
ketamine 80 and xylazine 10mg/Kg (Sigma/USA),
3ml of blood was collected via cardiac puncher, put
into a vacationer sterile tube and let for 2h at room
temperature, then centrifuged at 300 rpm for 5
minutes to separate the serum for estimation
immunoglobulin G (IgG), immunoglobulin M (IgM),
ALT and ALP, then rats were sacrificed, livers
isolated and divided into two parts, the first was
used for micronucleus assay, the second was fixed
with (10%) formaldehyde (Sigma, USA) and
subjected to histopathological examination. The
measurement of IgG and IgM levels was done
according to Mohammed ' in gram/ml by IgG and
IgM ELISA kit (Elabscience, USA) and Enzyme-linked
Immunosorbent assay (ELISA) technique. The levels
of ALT were estimated (U/L) at optical density (OD
570) by using an alanine transaminase activity assay
kit (ABCAM, USA) and ALP was estimated (U/L) at
optical density 405 nm wusing an alkaline
phosphatase assay kit according to Mohammed [11],
and manufacturer's instructions. Hepatocyte
suspension was performed by collagenase perfusion
method according to Suzuki et al. [12] as briefly liver
tissue incubated with collagenase 45-25°C (Sigma,
USA), Hepatocyte isolated, rinsed with formalin 10%
three times, centrifuged Hepatocyte pellets were
suspended with 10% neutral buffered formalin, kept
in the refrigerator until required. Hepatocyte
suspension was mixed with an equal volume of
500pg/ml cridine orange (AO; Sigma, USA) and
10pg/ml of 4-6 diamidino-2 phenylindol dichloride
(DAPI; Thermo Fisher, USA) to form a fluorescent
mixture stain, then about 15 ml of the fluorescent
mixture was dropped on a glass slide covered with a
cover slide, MN observation and accounting were
done by using fluorescent microscope in 200
Hepatocyte per rat.

Histopathological examination was done according
to studies [13. 14 using hematoxylin and Eosin (H&E)
and a microscope to detect the alteration in liver
tissue as a result of aluminum hydroxide
administration.

Differences among case groups and control groups
were analyzed statistically by using a statistical
analysis system [14] program to evaluate the effect of
aluminum on work parameters, also the significant
compare between means was done by using
(ANOVA) or Least Significant Difference (LSD) test
to estimate the significance of variability between
case and control groups (p-value), data were
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considered statistically significant at (p<0.05). The
data were acted as simple mean+SD.

Findings

As regards the assessment of serum IgG and IgM
levels, the results revealed that significant alteration
(p<0.01) among all aluminum  chloride
administration groups as compared with the control
group, and these diverse according to the period of
aluminum chloride administration and rats of group
D had the highest values for IgG and IgM which
reached to (15.483+0.076mg/ml) and
(7.423+0.900mg/ml) respectively with significant
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difference (p<0.01) as compared with other case
groups (Table 4).

Table 3) The effect of aluminum chloride administration on sera
ALP of rats (Mean+SD)

Groups ALP (U/L)
A 498.33+1.4
B 543.21+6.7
C 744.24+4.2
D 971.33+3.4
LSD value 2.736
P-value 0.00814

Table 4) Time-dependent micronucleus assay of aluminum
chloride administration in the liver of rats

; ; Groups Average Percent STD Error MN (mean+SD)
difference (p<0.01) as compared with other groups A 0.02 SR RS
(Table 1). B 0.158333 37.39530988 10.70816 0.162+0.042618

C 0.254667 60.72026801 2.374782 0.258% 0.009452
Table 1) The effect of aluminum chloride administration on sera D 0.359333 88.40033501 10.17614 0.377+ 0.040501
IgG and IgM of rats (Mean+SD) LSD - - - 3.866
Groups IgG (mg/ml) IgM (mg/ml) p-value - = = 0.00863
A 5.139+0.008 0.944+0.006
3 7.260£0.046 2.200+0.051 The results of the histopathological examination
C 10.342+0.045 5.358+0.136 . . . .
D 15.483+0.076 74234090 showed different alterations according to a period of
LSD value 1.61 1.68 aluminum chloride administration. Sections of liver
p-value 0.0019 0.0023 tissue taken from rats administrated with a normal

The results of estimation of ALT and ALP levels in
serum of rats showed significant alteration (p<0.01)
among all case groups as compared with control,
and these levels were altered according to the
duration of aluminum chloride exposure. The rats
whose administrated with aluminum chloride for 16
weeks as group D had the highest ALT value
(34.13£5.40mU/ml)with a significant difference
(p<0.01) compared with the rest of the case groups,
nevertheless, all case groups showed significantly
elevated values when compared with the control
group as illustrated in Table 2.

Table 2) The effect of aluminum chloride administration on sera
ALT of rats (Mean+SD)

Groups ALT (U/L)
A 34.23+£5.40
B 63.22+6.10
C 84.14+5.20
D 104.13+5.40
LSD value 1.078
P-value 0.0036

However, the results revealed significantly elevated
(p<0.01) ALP levels in all case groups compared
with the control group as shown in Table 3, group D
which administrated with aluminum chloride for 16
weeks had the highest value (971.33+3.40) with a
significant difference (p<0.01) when compared with
others case groups.

Furthermore, the results of the MN assay
appeared to increase in MN% frequency of all case
groups in comparison with the control group and
the highest level (0.377+0.041) was noticed in the
livers of group D whose administration for 16
weeks of aluminum chloride with a significant
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diet for 16 weeks as group A had a normal
appearance of hepatocytes with a normal form of
central vein, hepatocytes were radially arranged to
form hepatic cords which separated from each other
by blood sinusoids that contained few hepatic
phagocytes which called (Kupffer cells) as shown in
Figure 1.

The liver sections of group B which were
administered with aluminum chloride for 8 weeks
showed slight congestion in the central vein and few
infiltrations of lymphocytes around it and the portal
area. Massive swelling of hepatocyte and nucleus
enlargement due to severe hydropic swelling with
narrowing of sinusoids, but the rest of the liver
tissue looks healthy compared to the control group
as illustrated in Figure 2.

The microscopic examination of liver sections of rats
of group C that were administered with aluminum
chloride for 12 weeks showed sclerosing bile duct
which is surrounded by lymphocytes and fibroblast
infiltration, which play a critical role in the immune
response to a tissue injury with degeneration of
hepatocytes as well as irregular arrangement and
degeneration of hepatocytes with hemorrhage.
Hydroponic swelling of hepatocyte and the portal
vein appeared dilated and containing similar cellular
infiltration with evidence of proliferation of bile
ductules as shown in Figure 3.

The microscopic examination of liver sections of
rats of group D that were administered with
aluminum chloride for 16 weeks appearing with
more degenerative changes as a reflex of increasing
the toxic effect of aluminum chloride by increasing
the period of demonstration whereas showed
hepatic damage, decomposition and distributed
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within degenerative cells, also irregular conditions
in an arrangement in the most of hepatocytes with
more present of fibroblast, lymphocytes infiltration
with thickening wall of the blood vessel, in addition
to increasing kupffer cells and areas of congestion,
the presence of necrotic foci surrounded by
filtration of inflammatory cells in great number such
as monocytes and neutrophils, and present of

LN WA X

haemosiderin in hepatocytes sinuses, congestion
and edematous changes with polymorphonuclear
leukocyte infiltration within central and portal
veins were observed. Portal mononuclear cell
infiltration of various types of manly macrophage
and lymphocyte with evidence of severe

degeneration changed of adjacent hepatocyte as
shown in Figure 4.

Figure 1) Hepatic tissues of group A showing normal appearance of hepatocytes, the normal form of central vein, and normal sinusoids

A

¥

Figure 2) Hepatic tissues of group B which were administered with aluminum chloride for 8 weeks showed slight congestion in central

vein and infiltration of lymphocytes. Massive swelling of hepatocytes and nucleus enlargement (NE) due to severe hydropic swelling with

narrowing of sinusoids. H&E (X400)
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S T80 Y h
Figure 3) Hepatic tissues of group C which were obtained from rats were administered with aluminum chloride for 12 weeks showing
sclerosing bile duct surrounded with lymphocytes and fibroblast infiltration with degeneration of hepatocytes. Hydroponic swelling of
hepatocyte and the portal vein appeared dilated and containing similar cellular infiltration with evidence of proliferation of bile ductules

H&E (X400).

Figure 4) Hepatic tissues of group D which were obtained from rats were administered with aluminum chloride for 16 weeks showing
decomposition and degeneration of hepatocytes, presence of fibroblast and lymphocytes infiltration with thickening wall of the blood
vessel, increase kupffer cells, necrotic foci, haemosiderin in hepatocytes sinuses, congestion with polymorphonuclear leukocyte
infiltration within central. Portal mononuclear cell infiltration of various types of manly macrophage and lymphocyte with evidence of
severe degeneration changed of adjacent hepatocyte H&E (X400).

Iranian Journal of War and Public Health Volume 14, Issue 2, Spring 2022



In vivo Study for Evaluation the Effect of Aluminum Exposure on Rat Livers 162

Discussion

Aluminum is one of the most common mineral
elements in the earth's crust. It is present in water in
low proportions [4. It has good thermal properties,
so it is used in our daily lives such as cooking
utensils, canned juices or soft drinks, jugs or pots,
and made of aluminum foil "Foil" which used in oven
cooking foods, as well as it is used in many different
aspects as domestic, or during water purification
and treatment of contaminants. The human body is
exposed to the absorption of aluminum metal by
swallowing through the digestive system, by foods
cooked in aluminum pots or cooked in coils of foie
gras, and by using drugs containing metal, or by
drinking water containing aluminum, and inhalation
through the nose, where the air, especially the
polluted, contains quantities of aluminum, but
fortunately this ratio is low [51. The body can protect
itself against a few doses of this fast-acting
ingredient but can also be weakened by the disease.
the amount of aluminum in drinking water has been
limited to 0.2 mg per liter. Aluminum in potable
water is the lowest that can be used and at least we
have now been able to control its maximum
quantity. Usually not exceeding 0.05 mg per liter,
which is recommended [15. IgG is considered the
first response as a humoral immunity of the body
when stimulated with an antigen, which in the
current study was aluminum chloride, above results
showed that its level was high in all administration
groups compared to the control group, while group
D gave the largest value with a significant difference
when compared to the rest of treatment groups.
Also, IgM recorded a significant increase in all
administration groups when compared to the
control group,and rats of group D showed a
significant increase when compared to the rest of
the effect groups. The results indicate that aluminum
chloride elicited a great immune response and is
considered a very effective foreign
substance.Present investigation showed significant
alteration (p<0.01) of ALT and ALP, MN% frequency
and histopathological changes among all case groups
as compared with control, aluminum is recognized
as hepatotoxic material, exposure to aluminum
promotes oxidative stress and involves with
mitochondrial energy metabolism which leads to
elevated liver enzymes (ALT and ALP) as well as
liver histopathological lesions moreover reactive
oxygen species accumulation and decreased
superoxide dismutase activity in mitochondria, all
these reasons formed a causative agents leads to
liver dysfunction [16] the current study come with
accordance with studies [17. 18] who investigated the
relationship between administration of aluminum
and enhanced hepatic oxidant stress in rats and
concluded that aluminum administration appears to
increase oxidant stress in liver and the searchl
when study the association between aluminum
chloride adiminsration and liver dysfunction liver
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dysfunction with mitochondrial energy metabolism
disorder in rats. From the results of the current
study, t can be sumarased that ingestion of
aluminum-contaminated materials leads to an
increase in the level of antibodies and stimulation of
immunity, and the presence of aluminum ledes to
generate the free radicals which cause alert the
immune system, as well as liver disorders because
the liver is the main organ in the body to neutralize
toxins, furthermore causing histopathological
changes and an increase in the levels of liver
function enzymes. In addition, free radicals lead to
DNA breakage and damage, which, if increased,
could escape and bypass the repair apparatus,
causing harmful mutations.

Conclusion

The current study revealed that the aluminum
chloride administration could cause significant
histological alteration in IgG, IgM, liver tissues of
rates, increase in MN% frequency as well as changes
in levels of liver function enzymes such as ALT and
ALP which necessitates finding ways to protect
individuals against excessive usage of this material
in order to maintain the public health.

Acknowledgments: None declared.

Ethical Permissions: None declared.

Conflicts of Interests: None declared.

Authors’ Contribution: Aso Taher T (First Author),
Introduction Writer (30%); Jasim Mohammed B (Second
Author), Assistant Researcher (40%); Abdallah ZN (Third
Author), Assistant Researcher (30%)

Funding/Support: None declared.

References

1- Kirk-Othmer. Encyclopedia of chemical technology. 5t
ed. New York: John Wiley & Sons; 2007.

2- Dart RC, ed. Medical toxicology. New York, NY:
Lippincott, Williams, and Wilkins; 2004.

3-Gibbs G, Armstrong B, Sevigny M. Mortality and cancer
experience of Quebec aluminum reduction plant workers.
Part 2: mortality of three cohorts hired on or before
January 1,1951.] Occup Environ Med. 2007;49:1105-23.
4-Abreo K, Sella M, Alvarez-Hernandez X, Jain S.
Antioxidants prevent aluminum -induced toxicity in
cultured hepatocytes. ] Inorg Biochem. 2004;98(6):1129-
34.

5- Leikin ]B, Paloucek FP. Poisoning and toxicology
handbook. 3rd ed. Hudson: Lexi-Comp Inc; 2002.

6-Xu F, Liu Y, Zhao H, Yu K, Song M, Zhu Y, et al. Aluminum
chloride caused liver dysfunction and mitochondrial
energy metabolism disorder in rat. J Inorg Biochem.
2017;174:55-62.

7-American Conference of Governmental Industrial
Hygienists. Threshold limit values for chemical substances
and physical agents& biological exposure indices.
Cincinnati: American Conference of Governmental
Industrial Hygienists; 2005

8-IARC Working Group on the Evaluation of Carcinogenic
Risks to Humans. Some non-heterocyclic polycyclic
aromatic hydrocarbons and some related exposures. IARC
Monogr Eval Carcinog Risks Hum. 2010;92:1-853.

Volume 14, Issue 2, Spring 2022



163

9-Mohammed B. Study the inhibitory effect of Thuja
occidentalis against Pseudomonas Aeruginosa isolated
from surgical wounds in vitro and in vivo. IJSN.
2017;8(2):353-7.

10-Sanai T, Okuda S, Onoyama K, Motomura K, Osato S,
Hori K, et al. Effect of different doses of aluminium
hydroxide on renal deterioration and nutritional state in
experimental chronic renal failure. Miner Electrolyte
Metab. 1991;17(3):160-5.

11-Mohammed B. Investigation on the effect of different
concentrations of chlorine drinking water on mice livers.
Biochem Cell Arch. 2018;18(suppl 1):1096-73.

12-Suzuki H, Takasawal H, Kobayashi K, Yukari T, Shimada
Y, Ogawa |, et al. Evaluation of a liver micronucleus assay
with 12 chemicals using young rats (II): a study by the
Collaborative Study Group for the Micronucleus
Test/Japanese Environmental Mutagen Society-
Mammalian Mutagenicity Study Group. Mutagenesis.
2009;24(1):9-16.

13- Noordin MM, Hakim A. The effects of different types of
honey on tensile strength evaluation of burn wound tissue

Iranian Journal of War and Public Health

Taher T.A. etal.
healing. ] Appl Res Vet Med. 2004;4:290-6.
14- Mohamed BJ, AL-Hussain R and AL-Thwani A. Study
the inhibitory effect of Lactobacillus acidophilus isolated
from yoghurt as probiotics on Candida albicans growth in
vitro and in vivo. Iraqi ] Biotechnol. 2010;9(2):167-79.
15-Halatek T, Trzcinka-Ochocka M, Matczak W, Gruchala |J.
Serum Clara cell protein as an indicator of pulmonary
impairment in occupational exposure at aluminum
foundry. Int ] Occup Med Environ Health. 2006;19(4):211-
23.
16-Krewski D, Yokel R, Nieboer E, Borchelt D, Cohen ],
Harry ], et al. Human health risk assessment for aluminum,
aluminum Oxide, and aluminum hydroxide. ] Toxicol
Environ Health B Crit Rev. 2007;10(suppl 1):1-269.
17-Abubakar M, Taylor A, Ferns G. Aluminum
administration is associated with enhanced hepatic
oxidant stress that may be offset by dietary vitamin E in
the rat. Int ] Exp Pathol. 2003;84(1):49-54.
18-Abubakar M, Taylor A, Ferns G. Regional accumulation
of aluminum in the rat brain is affected by dietary vitamin.
Eur ] Trace Elem Med Biol. 2004;18:53-5.

Volume 14, Issue 2, Spring 2022



	2161
	2161-IJWPH-Or-Mohammed_(1009)-txt



