International Journal of Pharmaceutical Applications
ISSN 0976-2639.Online ISSN 2278 – 6023
Vol 4, Issue 1, 2013, pp 1-10
http://www.bipublication.com

AMORPHOUS SILICA MEDIATED CONCENTRATION AND DURATION
INDEPENDENT MODULATIONS IN LIVER FUNCTIONS
Bhagyashree R. Patil, Hussein M. Ageely and Aruna A. Kanase*
Faculty of Medicine, Jazan University, Jazan, Kingdom of Saudi Arabia
*National Toxicology Center, APT Research Center, Pune, India
Author for correspondence: Dr. Bhagyashree R. Patil
Contact e-mail: bhagyashreerpatil@gmail.com
[Received-10/02/2013, Accepted-17/03/2013]

ABSTRACT:
Role of silica in humans and animals is being discussed for a good number of years in the past however silica recalls
extensive research over its bioactivity after its use and essentiality being established from animal development to
cell culture media. In the present work male albino rats were treated with 10, 20, 30, 40, 60 and 80 mg/kg BW of
silica in the form of SiO2 for acute and chronic study. The animals were given above-mentioned doses for one,
seven, fourteen and twenty one days. The serum parameters of liver functions were assessed viz aspartate
aminotransferase, alanine aminotransferase, and alkaline phosphatase.

INTRODUCTION:
There is requirement of some ions in very little
amount and are called as trace elements viz. iron,
copper, manganese, molybdenum, zinc selenium,
vanadium [1] while many of them are being
realized in recent years as the cell specific
demands are being established [2]. Silica is one of
such elements which being studied for its role in
animals.
Silica
There is continuing debate as to whether there
should be an RDI for silica in humans. Silica is
omnipresent in drinking water and is found in
surface and well water in the range of 1 - 100
mg/L. However, silica is not listed in the Primary

or the secondary Drinking Water Standards. There
are number of studies with compelling results
suggesting the essentiality of silicon, delivered as
silica, for humans [3].
As reviewed from Martin [3] a functional role for
silicon has yet to be identified but clearly it is
feasible and likely. Silicon is known to be required
by chicks and rats for growth and skeletal
development. For example, inducing silicon
deficiency produces profound results including
deformities in skull and peripheral bones, poorly
formed joints, reduced mineral contents of
cartilage, collagen, and disruption of mineral
balance in the femur and vertebrae. The obvious
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effect of silicon deficiency on bone supports the
notion that it is critical for bone formation as
shown in studies with chickens and rats [4,5,6,7].
Chicks fed silicon-deficient diets also showed
structural abnormalities in the skull and long
bones such as the femur [8]. More in depth studies
using rats deprived of silicon showed decreased
bone hydroxyproline levels and inhibited alkaline
and acid phosphatases [9]. Regarding the former,
silicon has been shown to contribute to
prolylhydrolase activity necessary for normal
collagen formation [8]. Silica enhances and
maintains articular cartilage and connective tissue
due
to
interaction
of
silicon
with
glycosaminoglycan formation, a structural
building block of these tissues. Silicon is also a
constituent of enzyme(s) involved in bone matrix
formation suggesting a role in bone calcification.
Clearly, silicon is localized in sites of active bone
growth supporting a role for dietary silica. Silicon
has also been suggested to exert a protective role
in atherosclerosis, in part, due to maintenance of
blood vessels may because the increased silica
consumption reduces the incidence and severity of
atherosclerosis presumably through its effects on
blood vessel-associated glycosaminoglycan and
collagen integrity and function.[10] . Silica which
is food grade is also reported to be
hypocholesterolemic [11] and hepatoprotective
against hepatotoxin CCl4 [12,13] . Silica is also
thought to be beneficial in Alzheimer's disease
because silicon can interact with aluminum and
prevent aluminum toxicity often associated with
Alzhemier's disease [14] . This protective effect
has also been noted in humans where dietary
silicon protected against aluminum accumulation
and presumably neurodegenerative effects [15].
Collectively, evidence supports a protective role
for silicon in maintaining bone health, cartilage
and connective tissue structure, prevention of
toxicity to the brain, and maintenance of blood
vessel integrity [3].
Liver
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Any injury to liver that results in cytolysis and
necrosis causes the liberation of various enzymes.
The measurement of these hepatic enzymes in the
serum is used to assess the extent of liver damage
and to differentiate hepatocellualr (functional)
from obstructive (mechanical) disease. The most
common enzymes assayed in hepatobiliary disease
include ALP and the aminotransferases. In the
following text, enzymes which are considered as
the markers of hepatocyte damage or liver
functions are reviewed [16,17,18,19]
Aminotransferases
Among the most sensitive and widely used of
these liver enzymes are the aminotransferases
(AST or SGOT). These enzymes are normally
contained within liver cells. If the liver is injured,
the liver cells spill the enzymes into blood, raising
the enzyme levels in the blood and signaling the
liver damage.
Aspartate Aminotransferase (AST) is classified
under transferases. It transfers amino group
between aspartate and ά-ketoglutarate and ά-keto
acids where Pyridoxal phosphate functions as coenzyme. The transamination reaction is important
intermediary metabolism and is involved in the
synthesis and degradation of amino acids.
The keto acids formed are oxidized by TCA cycle
to provide source of energy [18] reviewed the
functional and clinical significance of AST.
The clinical use of AST is confined mainly to the
evaluation of myocardial infarcation, hepato
cellular disorders and skeletal muscle movement.
The enzyme activity is frequently seen in
pulmonary embolism. Following congestive heart
failure, AST levels are increased probably
reflecting liver involvement due to inadequate
blood supply to that organ. AST levels are highest
in acute hepatocellular disorders. In viral hepatitis
the enzyme levels may reach 100 times. In
Cirrhosis may be only 4 times. In skeletal muscle
disorders such as the muscular dystrophies and
inflammatory conditions the levels are also
increased. AST in humans exists as two isozymes
one in cytosol and another in mitochondria.
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Cytosolic form is predominantly found in serum.
In disorders like cirrhosis the mitochondrial form
may be markedly increased. Isozyme analysis of
AST is not routinely performed in the clinical
laboratory.
Alanine aminotransferase (ALT) is a transferase
with enzymatic activity similar to that of AST.
Specifically it catalyses transfer of an amino group
from alanine to ά-Ketoglutarate, forming
glutamate and pyruvate. Though it is present in
many tissues it is rich in liver and is considered as
the liver specific enzyme. Therefore it is used to
evaluate the hepatic disorders/acute inflammation
in liver. High levels of elevations are noted in
hepatocyte disorders than in extra or intrahepatic
obstructive disorders. In acute inflammatory
conditions of the liver, ALT elevations will
frequently be higher than observed in AST. The
elevations tend to remain longer since ALT’s halflife in serum is high. Cardiac tissue contains small
amount of ALT, but it does not affect serum levels
in cardiac failures, unless sufficient liver damage
has occurred. AST and ALT both are required for
the diagnosis of liver involvement with myocardial
injury in case of human.
Alkaline phosphatase (ALP) Alkaline phosphatase in serum is a group of nonspecific enzymes that hydrolyzes aliphatic,
aromatic and heterocyclic phosphoric acid esters
with pH optima between 9 to 10. It is derived from
several different tissues that include; liver,
intestine, bones, placenta, etc. Liver clears serum
alkaline phosphatase. Both hepatocellular disease
and bile duct abnormalities, therefore affects the
serum ALP activity in the early obstructive disease
and its levels may increase even before bilirubin
increases. It is increased considerably in
inflammatory diseases and metastasis carcinoma
of the liver, biliary cirrhosis cholangiolytic
hepatitis. Their isoenzymes help to describe the
origin of tissues, e.g. in human increase in αisoenzyme points to liver damage, β-isoenzyme
points to increase in osteoblastic activity γ-
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isoenzyme to intestinal lesions. In hepatobiliary
disorders ALP bands have been identified in
regions of α1 and α2 globulins. α2-isoenzyme is
derived directly from liver cells and α1 band
represents the regulation of bile alkaline
phosphatase, which is markedly elevated in
metastatic carcinoma of liver, obstuctive jaundice
and cholangitis. α1 band is specific to viral
hepatitis. In rat serum ossesous and intestinal
isoenzyme are dominant and the food intake
affects the proportion of intestinal alkaline
phosphatase in plasma [20]. However in rat it can
be used to evaluate the clearance of alkaline
phosphatase since in normal liver alkaline
phosphatase is not present [21] and appears in
pathological conditions may be for clearance.
Animals
For the present project only male animals were
used to avoid any hormonal changes that occur in
female rats since the experiment was designed for
chronic studies as well.
Dose selection:
A dose equivalent to 2,500 mg/kg bw/day silicon
dioxide, or 1,165 mg silicon/kg BW/day was
regarded as a NOAEL (No Adversse Effect Level)
[22, 23] . Besides there are no recommended
intakes or toxicity levels set for the silica in either
humans or animals, wide dose range from 10
mg/kg BW to 80 mg/kg BW was selected with 10,
20, 30, 40, 60 and 80 mg/kg BW.
Duration selection
Single dose associated immediate responses are
helpful in deciding the doses and analyzing the
toxicity. Silica toxicity that had been studied so
far [24, 25, 26] has shown to accumulate silica.
Hence an acute study to understand immediate
responses and prolonged treatments for
understanding of chronic effects resulting from
accumulation of silica and associated toxicity were
carried in the present project. For the same the
selected doses were given for one, seven, fourteen
and twenty one days.
Selection of oral route to deliver silica:
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Silica related toxicity studies are associated with
exposure to particulate matter leading to silicosis.
Therefore there is need to study oral treatment
associated toxicity. Many authors have stated that
with very large doses there is no apparent toxicity
[27] or some of them who have observed the
toxicity they have mentioned that there are lesions
in different organs [28] however there is no
analysis of such lesions therefore oral toxicity
associated alterations needed to be studied.
Additionally as stated before, the study also aimed
to study toxicity associated with dietary silica.
Hence the oral route was selected for these studies.
MATERIAL AND METHODS:
Animals
Male albino rats used in the experiments were bred
in the Departmental animal house (Reg. No.
233/CPCSEA for breeding and maintenance of
rats and mice) of Zoology Department, Shivaji
University, Kolhapur, India. The animals were
selected of age 90-100 days and weighed 130-140
gm were maintained in standard of conditions of
temperature, humidity and 12 hr light/dark cycles.
The animals were fed with standard laboratory
feed (Amrit feeds, Sangli, MS, India) and water ad
libitum. The experimental protocol was approved
by departmental animal ethics committee and the
experiments were carried out according to
guideline of ‘Committee for prevention and
control of scientific experimentation on animals
(CPCSEA)
Chemicals:
SiO2 in the form of amorphous powder was
purchased from local trader (Nilkanth Minechem)
at Kolhapur. The same samples were used
throughout the experiment.
The Best Quality chemicals were used to carry the
present work. Pathological diagnostic kits were
purchased from AGAPPE Diagnostics, India.
Other chemicals used were of Analytical grades.
Experimental Protocol :
The animals were divided into 7 different groups
and were given the silica in following manner.

Bhagyashree R. Patil, et al.

Group 1: The animals were not given any
treatment
Group 2: The animals received 10 mg/kg body
weight silica
Group 3: The animals received 20 mg/kg body
weight silica
Group 4: The animals received 30 mg/kg body
weight silica
Group 5: The animals received 40 mg/kg body
weight silica
Group 6: The animals received 60 mg/kg body
weight silica
Group 7: The animals received 80 mg/kg body
weight silica
The above schedule was repeated for one, seven,
fourteen and twenty one days to understand the
acute as well as chronic effects. All treatments
during the experiment were given between 08.00
a.m. to 10.00 a.m. and the animals were also
sacrificed between the same times on the next day.
The doses were given using gastric tube to ensure
the desired quantity.
Collection of serum At the end of the experimental schedules described
above, the animals were sacrificed giving deep
ether anesthesia. Immediately after killing the
blood was aspirated from the left ventricle with the
sterile syringes and was allowed to clot at room
temperature in Test-Tubes. On clotting the Tubes
were centrifuged using simple table-top centrifuge
to obtain the serum samples. The colorless serum
samples were stored at 100 C until use.
RESULTS:
1. Serum Aspartate Aminotransferases:
The results of Serum Aspartate Aminotransferases
are given in the Table1
One day treatment The control group exhibited 30.38 ± 1.96 units/dl
AST activity. The silica treatment of 10 to 30 mg
doses elevated the levels by 1.67, 3.33 and 1.33
folds respectively. The 40 mg dose normalized the
levels, but again there was decrease by 33.33%
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with 60 mg and 1.33fold increase with 80 mg dose
of SiO2.
As far as single dose effect within 24 hours is
considered, these alterations may be having an
immediate impact on release of the enzyme
molecules from some of the hepatocytes. It is
known that Ca+ influx by silica activation leads to
cell injury which is affected through calcium
channels of plasma membrane [29]. In present
case SiO2 has altered it significantly indicating the
hepatocytes may have damaged their plasma
membrane to release AST activities in serum by
Ca+ influx. Silica crystals are absorbed through
gastrointestinal tract and reach hepatocytes/liver as
orthosilicic acid. Hence it may be possible that it is
reaching liver through blood where it exists as
silicic acid [30] . AST is mainly confined to the
evaluation of the myocardial infarction,
hepatocellular
disorders,
skeletal
muscle
movement and pulmonary embolism [18]. In
present case the silica is orally administered and
possibility of reaching it on absorption in liver
than in any other tissue is high therefore influence
or shifts in metabolism seems to be influenced in
different doses must be taken as impact on liver
metabolism. SiO2, where 10, 20 and 30 mg
elevated AST activity while, but 40 mg/kg BW
did not influenced the activity and 60 mg inhibited
the activity while 80 mg again elevated the activity
exhibits concentration independent influence, may
be involving some unknown mechanism of action.
However for the reason given above [18] the
activities are indicators of liver alterations rather
than any other organ.
Seven days Treatment The normal rats exhibited 31.01 ± 1.74 units of
AST activity per dl of the serum. All the doses of
silica resulted in decreases in the levels of AST.
The 10 to 80 mg doses exhibited respectively
40.00, 37.50, 50.00, 75.00, 71.25 and 73.75 %
decrease.
While a week prolong treatment (seven doses, one
per day) of SiO2 showed different responses, than
were observed with single dose. Seven doses given
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are dose per day inhibited the activity (highly
significantly) with 40, 60 and 80 mg /kg BW
doses.
Fourteen days Treatment The normal rats exhibited 33.76 ± 2.17 units of
AST activity per dl of the serum. With the silica
treatment the lower doses, of 10 and 20 mg/kg BW
elevated AST levels by 1.3 and 1.2 folds
respectively. With the 30 mg dose the levels were
normalized. Further doses of 40 and 60 mg /kg
BW silica decreased the AST levels by 10 and 20
%. Eighty mg dose exhibited an increase of 1.2
fold.
This trend was different from the trend observed
with single dose or 7 days treatment, which
showed instead of inhibition, stimulation
(marginal) of AST activities with lower doses (10
and 20 mg/kg BW).
Twenty-One days Treatment The normal rats serum reported 38.82 ± 2.50 units
of AST activity per dl. Ten , 20 and 30 mg/kg BW
silica doses resulted in the increases by 1.09, 1.09,
and 1.13 folds respectively. The 40 mg/kg BW
dose showed a slight decrease by 4.35% but again
the levels were raised by 1.04 and 1.13 folds with
60 and 80 mg silica respectively.
The stimulation of AST activities by 10 and 20 mg
SiO2 was shown by all the treatments of SiO2
except 7 days treatment. Inhibition of AST
activities on seven days treatment is not observed
in any of the durations studied. SiO2 had
activated the calcium influx through dmaged
plasma membrane leading to release of AST in
serum [29] .
2. Serum Alanine Aminotransferases:
The
Observations
of
Serum
Alanine
Aminotransferases are given in the Table 2.
One day treatment The control group exhibited 30.26±1.31 units of
ALT activity. With 10 and 20 mg silica, there
wasn’t any deviation observed. However 30, 40
and 60 mg/kg BW doses decreased the levels by
33.37, 66.68, and 50.00%, which were again
raised with 80 mg/kg BW dose by 1.33 fold.
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Acute SiO2 treatment showed a different trend in
ALT than AST, where 30 mg to 60 mg /kg BW
single doses showed inhibition but 60 and 80 mg
Vajrabhrak maintained normal activity, while in
case of SiO2 10 and 20 mg maintained ALT
activity. The single doses of SiO2 may have
inhibited the release of ALT in serum or rapid
clearance of ALT from serum altering the half life
of ALT in serum or inhibiting their activity
partially. However highest doses of 80 mg/kg BW
of SiO2 seem to release ALT in serum indicating
stress. Acute SiO2 treatment showed a different
trend in ALT than AST, where 30 mg to 60 mg /kg
BW single doses showed inhibition but 60 and 80
mg Vajrabhrak maintained normal activity, while
in case of SiO2 10 and 20 mg maintained ALT
activity. SiO2 (7 doses of all the doses used)
inhibited the activity. However 10 and 20 mg/kg
BW doses did not alter the ALT activities showing
no harm. This is immediate response and chances
of immediate stress with high doses are possible.
Seven days Treatment The normal rat serum exhibited 34.44 ± 2.22 units
of ALT activity. The SiO2 treatment maintained
the levels below the normal with all the given
doses. Thus 10 to 80 mg doses exhibited a
decrease by 21.58, 8.84, 21.58, 50.99, 78.43, 49.03
% respectively.
SiO2 (7 doses of all the doses used) inhibited or
depleted ALT activity. The reductions in the levels
of ALT were nearly the same with 10, 20 and 30
mg/kg BW doses. However all higher doses
inhibited the release of ALT from hepatocytes or
inflammatory activities or conjugatedly inhibiting
the activities in serum by its metabolic products or
by accelerating the clearance of the ALT
molecules. These results are indicators of
influence of Silica compounds on ALT. When it is
in free form seven doses inhibit ALT activity in
serum
Fourteen days Treatment The normal rat serum exhibited 33.76±2.18 units
of ALT activity. Ten, 20 and 30 mg silica
treatments showed increases of 1.3, 1.2 and 1.1
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folds respectively. There was a decrease of 10%
with 40 mg/ kg BW of silica. The 60 mg dose of
silica normalized the levels but further dose of 80
mg increased the levels of ALT by 1.3 folds. This
2 weeks treatment of
SiO2 showed the
maintenance or marginal increase in ALT activity.
At this interval/doses of treatment received, seems
to equilibrate SiO2 influenced metabolic
conditions which are responsible for serum ALT
levels where marginally high ALT levels with 10,
20 and 80 mg/kg BW doses were observed
Twenty-One days Treatment The untreated group of animals exhibited 40.23 ±
2.85 units of serum ALT.
The SiO2 doses of 10 and 20 mg/kg BW
maintained the levels below the control showing
decreased levels by 36.33, 87.76 % respectively ,
and 30 as well as 40 mg doses exhibited a slight
decrease by 2.05 and 4.05 % respectively. The
higher doses caused the remarkable increases by
2.01 and 3.16 folds. Silica as oxide inhibited the
ALT activity in early all doses may be the
metabolites of SiO2 inhibited release of ALT in
serum or rapid clearance of ALT in serum. Steady
increase in ALT activities in serum indicated the
possible accumulation of ALT. Therefore the
inhibition may be because of any other reason than
the clearance of ALT.
Since ALT levels in serum are indicators of
hepatic disorders/inflammatory processes [18] in
present condition both of these possibilities exist
since oral route allows the accumulation of silica
in liver primarily [31] and metabolize it. Silica
associated inflammations are known. Prolonged
treatments of SiO2 may be accumulating Silica in
various regions as silica is known to be
accumulated in different compartments of cells
[31] and possibility of associated inflammatory
activities can’t be eliminated. Besides slow
clearance of serum ALT [18] also exists.
3. Serum Alkaline phosphatase:
The Results of Serum Alanine Aminotransferases
are given in the Table III:03 and Figure III:03.
One day treatment -
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Alkaline phosphatase activity in the serum of
normal rat was observed to be 157.5± 10.16
units/dl. Ten and 40 mg silica treatment enhanced
ALP by 1.19, 1.43, 1.43 and 1.67 folds
respectively. The two higher doses of 60 and 80
mg showed a marginal decrease by 4.76 and 6.03
% respectively.
The results indicated that SiO2 stimulated ALP
activity with 10 to 40 mg/kg BW doses but not
with higher doses where ALP activity except 10
mg dose which did not alter the activity. The
results obtained are the immediate effects of single
dose. ALP is contributed by other organs like
bone and also by liver disorders [18]. In present
condition treatment is in single dose and route is
of liver therefore it is primarily concentrated in
liver in distribution since ALP is cleared through
liver [20] stimulation observed may be inhibition
of ALP clearance through bile may have
conjugatedly hindered by high concentration of
SiO2.
Seven days Treatment The levels of ALP activity in the serum of normal
rat were observed to be 120±7.74 units/dl. All
doses of silica exhibited decreases in the levels
(except 20 mg dose where it was unchanged). Ten
to 80 mg doses reported 66.67, 33.33, 66.67, 83.33
and 66.67 % decreases respectively.
Seven days SiO2 treatment indicated cyclic
reactions which were stimulated with 10 mg/kg
BW and maintained with 20 mg /kg BW and
though appear depleted by 80 mg/kg BW as
compared to trend it should have been continued
to deplete but it initiated stimulation again. This
was not true with SiO2 all doses inhibited ALP.
These results indicated that SiO2 may be
influencing production of ALP rather than rapid
clearance through liver as SiO2 is known to affect
heart [32] and bone marrow cells [33]
Fourteen days Treatment Normal rat exhibited 105 ± 6.77 units/dl of serum
ALP. All doses of Silica exhibited decreases in the
levels. The designed doses of 10 to 80 mg/kg BW
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Silica reported 14.29, 7.14, 14.29, 21.43, 14.29
and 28.57 % decreases respectively.
SiO2 treatment of all the doses of SiO2 inhibited
marginally the activities of ALP. The inhibition
was highest with 20 mg/kg BW dose and lowest
with 80 mg/kg BW dose.
Twenty-One days Treatment The ALP activity in normal rat was 150.0±10.16
units/dl. Ten to 80 mg/kg BW silica doses showed
1.31, 1.22, 1.13, 1.22, 1.05 and 1.39 fold increases
respectively. Results indicated that during twenty
one doses SiO2 might have accumulated in organs
that is/are source/s of ALP and concentrations of
SiO2 may be in such condition where free silica
ions are available to influence ALP release in
serum.
The results obtained are of varying type and a
clear dose or time dependent trend is absent.
Wherein there are evidences of silica deficiency
related abnormalities stressing its need as a trace
element, [22] and supposed to be used as
biomaterials Biomedicine [34] there are evidence
of using silica nano-particles as hepatotoxins [35].
However the research postulating probable use of
silica nano-particles as hepatotoxins also provided
varying results with varying concentrations and
particle sizes [35]. Recently many researchers
have worked with the silica particles and reported
interesting findings that are contradictory to each
other. In one form (as hydride) silica has protected
hepatocytes against CCl4 mediated hepatotoxicity
[12] however silica as nano-particles is referred as
a hepatotoxin [35]. Wang et al (2011) [34]
reported that exposure of SiO2 nanoparticles
leaded to cellular morphological modifications,
mitochondrial dysfunction, and oxidative stress as
indicated by elevation of intracellular ROS and
TBARS, as well as depletion of GSH, which
triggers cell death in a dose-dependent manner in
PC12 cells [34] . It is suggested that the size of
silica particles contributes to the effects exerted by
SiO2. [36]. The investigations carried to
understand intercellular localization of silica NPs
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[37, 36, 38, 39, 40] are not conclusive, rather
contrasting. Hence the varying bioactivity of silica
particles (in the form of SiO2 or NPs) may be a
result of particle size, shape, chemical composition
and possibly also depends upon cell and organ
type being primarily exposed and distantly
affected.
CONCLUSION:
Notwithstanding its limitations, this study
indicates that there is a more specific need of
understanding of nature and form of silica, before
establishing RDI or requirement in the body. The
work provides toxicological data on the effect of
amorphous silica on liver functions of male albino
rats. Liver being the first site for the
biotransformation of xenobiotics, effect of any
form of biomedicine or dietary supplement must
be seen on the liver. A detail chemical and
bioactivity study of the silica forms involving
chemistry and biochemistry and probably
biophysics is required to interpret and link all the
sporadic results obtained from various research
groups.

7.
8.
9.

10.

11.

12.

13.

REFERENCES:
1.

2.

3.

4.
5.

6.

Ham R.G. and McKeehan Wallace 1979, ‘Media
and growth requirements’, in Methods in
Enzymology, Vol. 58, pp.44-93.
Bottenstein, J., I. Hayashi, S. Hutchings, H. Masui,
J. Mather, D. B. McClure, S. Ohasa, A. Rizzino, G.
Sato, G. Serrero, R.Wolfe, and R. Wu (1979) The
growth of cells in serum-free hormonesupplemented media. Methods Enzymol. 58: 94109.
Martin, K R, (2007) “The chemistry of silica and
its potential health benefits” The journal of
Nutrition, health and ageing, 11.2, (March/April)
2007, 94-7
Carlisle E. (1980) A silicon requirement for normal
skull formation in chicks. J Nutr 110:352-9.
Carlisle E. (1980)Biochemical and morphological
changes associated with long bone abnormalities in
silicon deficiency. J Nutr;110:1046-56.
Carlisle E. (1981) Silicon: a requirement in bone
formation independent of vitamin D1. Calcif
Tissue Int;33:27-34.

Bhagyashree R. Patil, et al.

14.
15.

16.

17.

18.

19.

Schwarz K Milne D. (1972) Growth-promoting
effects of silicon in rats. Nature 1972;239:333-4.
Carlisle EM. Proceedings: Silicon as an essential
element. Fed Proc 1974;33:175866
Seaborn C Nielsen F. Effects of germanium and
silicon on bone mineralization. Biol Trace Elem
Res 1994;42:151-64.
Mancinella A. Silicon, a trace element essential for
living organisms. Recent knowledge on its
preventive role in atherosclerotic process, aging
and neoplasms. Clin Ter 1991;137:343-50.
Peluso MR., Schneeman BO (1994) “Silicon
dioxide is also found to be food grade and is found
as hypocholesterolemic” The Journal of Nutrition,
124, 6, 853-860
Hsu, Yu-Wen; Tsai, Chia-Fang; Chuang, WenChen; Chen, Wen-Kang; Ho, Yung-Chyuan; Lu,
Fung-Jou
(2010)
“Protective
effects
of silica hydride against carbon tetrachlorideinduced hepatotoxicity in mice” Food and chemical
toxicology : an international journal published for
the British Industrial Biological Research
Association, ISSN 0278-6915,
06/2010, Volume 48, Issue 6, pp. 1644 – 1653
Chougule P.B. (2007) ‘Abhrak bhasma mediated
alterations in lysosomal enzyme activities of liver
and kidney in male albino rats against CCl4
induced hepatic injury’ A Ph.D. thesis submitted to
Shivaji University, Kolhapur
Carlisle E 1986. A silicon aluminum relationship in
aged brain. Microbiol Aging. 1986;7:545-6.
Edwardson J, Moore P Ferrier I 1993. Effect of
silicon on gastrointestinal absorption of aluminum.
Lancet. 1993;342:211-2.
Sharma, S. (1977) Rasa Ratna Samuchhaya
Published by Motilal Banrasidas, New Delhi pp.
72-108.
Singh, I. (1980). The Liver and biliary system. In
Textbook of Biochemistry and Human Biology”
Pub. By Prentice-Hall of India Pvt. Ltd, New
Delhi, 225-238.
Henry JB. (1991) Clinical Diagnosis and
Management by Laboratory Methods. Philadelphia,
PA: W. B. Saunders; 1991: 248–284
Stonard, M. and Evans, G. (1995). Clinical
Chemistry, in' General and applied toxicology' Ed
by Ballantyne B, Marrs T and Turner P Pub by
MacMillan Press Ltd. London, 247

8

AMORPHOUS SILICA MEDIATED CONCENTRATION AND DURATION INDEPENDENT MODULATIONS IN LIVER FUNCTIONS

20. Pickering, C.E., and Pickering, R.G. (1978).
Studies of rat alkaline phosphatase I. Development
of methods for detecting isoenzymes.
Arch
Toxicol. Feb 14; 39(4): 249 - 66
21. Roullier, C.H. (1963) Experimental toxic injury of
the liver. In The Liver, Ed by C H Roullier
Published by Academic Press New York vol. 2,
pp. 335 - 43
22. http://www.food.gov.uk/science/ouradvisors/vitand
min/evmpapers
23. Takizawa H, Hirasawa F, Noritomo E, Aida
M,Tsunoda H Uesugi S. Oral ingestion of syloid to
mice and rats and its chronic toxicity and
carcinogenicity.
Acta
Medica
Biologica.
1988;36:27-56.
24. McCabe MJ Jr (2003) Mechanisms and
consequences of silicainduced apoptosis. Toxicol
Sci 76:1–2
25. Kolb-Bachofen, V. (1992), ‘Uptake of Toxic silica
particles by isolated rat liver macrophages (Kupffer
cells) is receptor mediated and can be blocked by
competition’ J. Clin invest, Volume 90, 1819-1824
26. Haddad F Kouyoumdjian A. Silica stones in
humans. Urol Int 1986;41:70-6.
27. Kawata, T. et al (1969). Anticaking effect on
powdered foods and acute toxicity of silicon
dioxide. Shikoku Igaku Zasshi, 25, 330-331.
28. Clayton G, Clayton F [1981-1982]. Patty's
industrial hygiene and toxicology. 3rd rev. ed. New
York, NY: John Wiley & Sons.
29. Rojamasakul Y., Wang L., Malanqa CJ., Ma JY.,
Banks DE, MA JK., (1993) Altered calcium
homeostasis and cell injury in silica-exposed
alveolar macrophages J Cell Physiology, Feb
154(2) 310-6
30. Carlisle EM (1984). Silicon. In: Frieden E, ed,
Biochemistry of the Essential Ultratrace Elements.
New York: Plenum Press pp. 257-291.
31. Mehard C W and Volcani B E (1976). Siliconcontaining granules of rat liver, kidney and spleen
mitochondria. Electron probe X-ray microanalysis.
Cell Tissue Res, 174(3): 315-27
32. Chen W, Liu Y, Wang H, Hnizdo E, Sun Y, et al.
(2012) Long-Term Exposure to Silica Dust and
Risk of Total and Cause-Specific Mortality in
Chinese Workers: A Cohort Study. PLoS Med
9(4):
e1001206.
doi:10.1371/journal.pmed.1001206

Bhagyashree R. Patil, et al.

33. Wilson Timothy (2010)Effects of silica based
biomaterials on bone Marrow derived cells—
material aspects of bone regeneration Department
of medical biochemistry and genetics, university of
turku, and Turku clinical biomaterials center, turku,
finland Annales universitatis turkuensis, ser. D,
medica-odontologica, 2010, turku, finland
34. Wang Fen, Changping Jiao, Jianwen Liu, Huihui
Yuan, Minbo Lan, Feng Gao, (2011) “Oxidative
mechanisms contribute to nanosize silican dioxideinduced developmental neurotoxicity in PC12
cells” Toxicology in vitro, 25(2011) 1548-1556
35. Hikaru nishimori, masuo kondoh, katsuhiro isoda,
Shin-ichi Tsunoda, Yasuo Tsutsumi, Kiyohito Yagi
(2009) Silica nanoparticles as hepatotoxins
European Journal of Pharmaceutics and
Biopharmaceutics Volume 72, Issue 3, August
2009, Pages 496–501
36. Chiara Uboldi, Guido Guidetti, Francesca Broggi,
Douglas Gilliland, Jessica Ponti, Francois Rossi,
(2012) “Amorphous silica nanoparticles do not
induce
cytotoxicity,
cell
transformation,
genotoxicity in Balb/3T3 mouse fibroblasts”,
Mutation Research / Genetic Toxicology and
Environmental Mutagenesis I 745 (2012) 11-20
37. Jin Y., S. Kannan, M. Wu, J.X. Zhao, Toxicity of
luminescent silica nanoparticles to living cells,
Chem. Res. Toxicol. 20 (2007) 1126–1133.
38. Stayton I., J. Winiarz, K. Shannon, Y. Ma, Study of
uptake and loss of silica nanoparticles in living
human lung epithelial cells at single cell level,
Anal. Bioanal. Chem. 394 (2009) 1595–1608.
39. Al-Rawi M., S. Diabate, C. Weiss, Uptake and
intracellular localization of submicron and nanosized SiO2 particles in HeLa cells, Arch. Toxicol.
85 (2011), 813–826.
40. Chen M., A. von Mikecz, (2005) Formation of
nucleoplasmic protein aggregates impairs nuclear
function in response to SiO2 nanoparticles, Exp.
Cell Res. 305 (2005) 51–62.

9

AMORPHOUS SILICA MEDIATED CONCENTRATION AND DURATION INDEPENDENT MODULATIONS IN LIVER FUNCTIONS

Table 01: Silica (SiO2) influenced alterations in serum
aspartate aminotransferase activity of male albino rats
(Values are expressed as units/dl
Normal
SiO210
SiO2 20
SiO2 30
SiO2 40
SiO2 60
SiO2 80

One Day
30.38
±
50.64
±
101.28 ±
40.51
±
30.38
±
20.256 ±
40.512 ±

Seven Days
31.01
±
16.20
±
16.88
±
13.50
±
6.75
±
7.76
±
7.08
±

1.96
2.78 c
5.16 c
2.45 c
1.73
1.15 c
2.03 c

Values are mean ± SE of 6 animals
< 0.05, b < 0.01, c < 0.001 vs. normal

1.74
0.94 c
0.99 c
0.71 c
0.40 c
0.41 c
0.37 c

Fourteen Days
33.76
±
43.88
±
40.51
±
33.76
±
30.38
±
27.00
±
40.51
±

2.17
2.55 c
2.39 c
1.79
1.80 a
1.45 c
2.13 c

Twenty-One Days
38.82
± 2.50
42.0
± 2.39
42.2
± 2.35
43.88
± 2.38 a
37.13
± 1.87
40.51
± 2.03
43.88
± 2.25 a

p – values : a

Table 2. Silica (SiO2) influenced alterations in serum
alanine aminotransferase activity of male albino rats
(Values are expressed as units/dl)

Normal
SiO210
SiO2 20
SiO2 30
SiO2 40
SiO2 60
SiO2 80

One Day
30.26 ±
29.90 ±
30.25 ±
20.17 ±
10.08 ±
15.13 ±
40.34 ±

1.31
1.15
1.07
0.69 c
0.35 c
0.53 c
1.39 c

Seven Days
34.44
27.01
31.40
27.01
16.88
17.43
17.56

Values are mean ± SE of 6 animals
a < 0.05, b < 0.01, c < 0.001 vs. normal

±
±
±
±
±
±
±

2.22
1.66 c
1.99
1.52 c
0.99 c
0.39 c
0.93 c

Fourteen Days
33.76
± 2.18
43.89
± 2.69 c
40.51
± 2.56 c
37.14
± 2.09 a
30.38
± 1.79 a
33.76
± 1.79
43.89
± 2.32 c

Twenty-One Days
40.23
± 2.85
25.61
± 1.73 c
23.13
± 0.34 c
39.41
± 2.43
38.42
± 2.48
80.78
± 4.70 c
127.08
± 7.39 c

p – values :

Table 3. Silica (SiO2) influenced alterations in serum
alkaline phosphatase of male albino rats (Values are
expressed as units/dl)

Normal
SiO210
SiO2 20
SiO2 30
SiO2 40
SiO2 60
SiO2 80

One Day
157.50
187.50
224.00
226.00
262.50
150.00
148.00

±
±
±
±
±
±
±

10.16
10.65 b
12.57 c
11.01 c
13.26 c
7.54
7.69

Values are mean ± SE of 6 animals
< 0.05, b < 0.01, c < 0.001 vs. normal
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Seven Days
120.00
±
40.00
±
120.00
±
80.00
±
40.00
±
20.00
±
40.00
±

7.74
2.27 c
6.70
4.35 c
2.02 c
1.08 c
2.05 c

Fourteen Days
105.00
±
107.14
±
116.07
±
107.14
±
98.21
±
107.14
±
89.29
±

6.77
5.11
5.45 a
4.89
4.17
4.52
38.46 b

Twenty-One Days
150.00
± 10.16
196.25
± 9.59 c
183.17
± 8.80 c
170.08
± 7.95 a
183.17
± 7.95 c
157.00
± 6.78
209.33
± 9.23 c

p – values : a

10

