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ABSTRACT

Aluminium is an important metalloelement and has many medicinal uses likealsenafum as
an antacid. Thus it is interesting to study the effect of Ahismmn on the glutathione (GSHip
vivo conditions. The concentration and time dependent effect of Aluminiunutathgone level
in plasma was studied by using Ellman’s method. A drastic eftectdecreasing the
concentration of glutathione level in plasma was found by increabmgconcentration of
Aluminium sulphate over the time. The reason could probably be due toioniddtGSH to
corresponding disulphide (GSSG). In this paper the effect of Alumimetal on thiol/GSH
level was discussed vitro, which in principal may present a modeliofivo reaction.
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INTRODUCTION:

GSH (g-glutamylcysteinylglycine) is a sulfhydryl (-SHpht@xidant, antitoxin, and enzyme
cofactor. Glutathione is found in animals, plants, and microorganismsdwndo its water
solubility is mainly found in the cell cytosol and other aqueous phafsése living system
(Kosower and Kosower, 1978; Kidd, 1991; Lomaestro and Malone, 1995; Meister, 1976).
Glutathione exists in two forms: the antioxidant "reduced glua#ii tripeptide is
conventionally called glutathione and abbreviated GSH; the oxidized i®ransulfur-sulfur
linked compound, known as glutathione disulfide or GSSG. The GSSG/G®Hnrayi be a
sensitive indicator of oxidative stress.
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GSH has potent electron-donating capacity, as indicated dyghenegative redox potential of
the GSH/GSSH "redox couple” (E'0 =-0.33v) (Lewin, 1976). Its high redoxijpaiteenders

GSH both a potent antioxidant and a convenient cofactor for enzymadtitores that require
readily available electron pairs (Kehrer and lund, 1994). The reducingrpoivGSH is a

measure of its free radical scavenging, electron-donating, and sulfagdigting capacity.

The reduced glutathione molecule consists of three amino acidsamic acid, cysteine, and
glycine - covalently joined end-to-end. The sulfhydryl (-SH) graupich gives the molecule its
electron-donating character, comes from the cysteine residusti@dune is present inside cells
mainly in its reduced (electron-rich, antioxidant) GSH form. Ha healthy cell GSSG, the
oxidized (electron-poor) form, rarely exceeds 10 percent of tolafjlo¢éathione (Kosower and
Kosower, 1978). Intracellular GSH status appears to be a sensdicator of the cell's overall
health, and of its ability to resist toxic challenge. Experimental GSHti@plcan trigger suicide
of the cell by a process known as apoptosis (Dalat., 1996; Slateet al., 1995). Aluminium
compounds are used in many diverse and important industrial applicaticimsas alums in
water-treatment and alumina in abrasives and furnace liningy. ditee found in consumer
products such as antacids, astringents, buffered aspirin, foodvaddiind antiperspirants.
Powdered Aluminium metal is often used in explosives and firewordad$ 2007). The use of
Aluminium cookware, popular because of its corrosion resistancgattlheat conduction, has
not been shown to lead to Aluminium toxicity in general. Excessimsuwuoption of antacids
containing Aluminium compounds and excessive use of Aluminium-containingeesgirants
are more likely causes of toxicity. In research published inJtheenal of Applied Toxicology,
Dr. Philippa D. Darby of the University of Reading has shown #laminium salts increase
estrogen-related gene expression in human breast cancer oells igrthe laboratory. These
salts estrogen-like effects have lead to their classifitaas a metalloestrogen. It has been
suggested that Aluminium is a cause of Alzheimer's diseas®nas brain plagues have been
found to contain the metal. Aluminium metal has affinity for the@aghione present in agueous
phases of blood. This affinity is mainly formed between Aluminiuntatrend sulfhydryl groups
of glutathione (Quig, 1998). This affinity can cause a depletion ofeitieced form glutathione
in the blood, but with the depletion of the glutathione, GSH synthesigsigmss start making
more GSH from cysteine via thyeglutamyl cycle but if GSH is usually not effectively supglie
however, if GSH depletion continues because of chronic metal exp@3uigg 1998; Hultberg
et al., 2001Stohs and Bagchi,1993) then the pharmacological benefits of the Alummeetal
being used for the help of body defenses can be harmful in naturelodhaelefense system .
The following study makes a design to see the effects of illum Sulphate, in respect of
concentration and time, on glutathione level in Plasma.

MATERIALS AND METHODS
Materials

Sodium Hydroxide (Fluka AG), L.Glutathione (GSH)(Fluka), DTNBgf8a), Potassium
Dihydrogen Phosphate (Merck), HCI 35% (Kolchlight) Aluminium Sulpligterck,Germany),
Sodium Chloride (Merck), Disodium Edetate (Riedel Dehean AGz8lekannover) Chloroform
(Merck), Ethanol(Merck). Distilled Water (Double DistilledJ.V 1601 spectrophotometer
(Shimadzu). Centrifuge (H-200). PH Meter: Model NOV-210, Nova Sdéier@iompany Ltd.
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Korea, Oven: Memmert Model U-30,854 Schwabach (Germany). Magntatier Shot plate
400(England). Micropipettes 200 ul, 500 ul, 1000 pl were used of Socories Gvinaland),
Sortorius Balance, Disposable Rubber Gloves, were used in this research work.

METHODS (Ellman’s, 1959)
Isolation of Plasma

Sample of 5 ml of human venous blood treated with heparin to prevenhglaitis collected.
The blood was centrifuge on H-200 centrifuge at 10,000 rpm for 2 minutespld$ma was
removed with Pasteur pipette. One ml of plasma was incubated fiaredif concentration and
time interval with | ml of metal, and analyzed for GSH level.

Determination of GSH in Plasma

Theassay of GSH with DTNB was performed followed a standdirda’s method for plasma
of blood. 2.3 ml of potassium phosphate (0.2 M, pH 7.6) buffer was taken irelthend/or
cuvete followed addition of 0.2ml aqueous solution or plasma of blood. To it IOIZThB
(0.001M) in a buffer was added. An absorbance of reaction product in cumestteead after 5
minutes at 412 nm using shamadzo 1601 UV/Visible double bean spectrophotante@sH
level was determined, from standard curve of reduced GSH obtaine®.jt0.4, 0.6, 0.8 and
1mM GSH concentration.

Standard Curve for Glutathione

200ul of 0.2, 0.4, 0.6, 0.8 and 1mM solutions of glutathione was added to 2.3ml of phosphate
buffer pH 7.6, followed by the addition of 0.5ml of 1ImM DTNB Stock solutidme Tixtures

were shaken thoroughly and incubated for 5 minutes %&.38bsorbances were taken after 5
minutes at fixed wavelength of 412nm.
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Figure 1. Standard Curve of Glutathione
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Blank was prepared in which GSH was omitted. Standard curveomasructed by plotting the

change of absorbance versus final concentration of GSH in tharmi$traight line was drawn

by using linear regression analysis. The correlation coefficeplot was 0.999. Standard curve
was obtained as shown in the figure 1.

Effect of Different Concentrations of Aluminium Sulphate on Glutathone (GSH) level in
Plasma of Human Blood

To 1ml (100Qul) of plasma taken in five separate test tubes, 1ml (LQOOf different
concentrations of 0.2, 0.4, 0.6, 0.8 and 1mM solution of Aluminium Sulphate were added
separately and shacked. Five separate test tubes was grepidgwrd.2ml (20@) Aluminium
Sulphate plus plasma mixture from each previously made five tuloésddwith 2.3ml (230(l)

of phosphate Buffer pH 7.6 and added 0.5ml (B06f 1mM DTNB stock solution. A control

for plasma was also prepared by taking 1ml (1M06f plasma in a test tube and diluted with
Iml (100Qul) of phosphate buffer pH 7.6.The effect of Aluminium sulphate on the chémi
status of glutathione in plasma was studied in terms of detdaramra concentration of GSH in
mixtures by a well known Ellman’s method, as mentioned in standarst dor GSH. The
concentrations of GSH were determined from the GSH standard curve.

Table 1-Effect of different concentrations of Aluminium Sulphate onGlutathione (GSH) level
in Plasma.
Absorbance of 5,5-Dithiobis,2-Nitrobenzoic Acid (DTNB) blank Solution Was 0.060 ABS at
412nm

Conc. FUEL Average REE
S Used of Conc. 1st 2nd | 3rd of 3 Real Absorbance
No Alo(Sq)s ofAlx(Say); | ABS | ABS | ABS Readings absorbance*| for Plasma

in Mixture Blank

1 |0.2mM 6.6 M 0.540| 0.525| 0.544 0.536 0.473 0.484
2 | 0.4mM 13.38M 0.520| 0.522| 0.533 0.525 0.462 0.474
3 | 0.6mM 20.00M 0.480| 0.513| 0.509 0.501 0.438 0.463
4 | 0.8mM 26.6iuM 0.460| 0.498| 0.491 0.483 0.420 0.463
5 | ImM 33.33M 0.445| 0.495| 0.482 0.474 0.411 0.472
* Real Absorbance = Absorbance of Mixture - Absorbance of DTNB blank Solution.

Effect of Aluminium Sulphate on Glutathione (GSH) level in Plasma wh Time

To 1ml (100Qul) of Plasma taken in a test tube, 1ml (1@AP®f 1mM solution of Aluminium
Sulphate was added and shacked. The final concentration of Aluminipimatwas 0.5mM
(50QuM). A test tube with 0.2ml (2Q0) Aluminium sulphate plus plasma mixture was prepared
from previously made test tube diluted with 2.3ml (Q8D®f phosphate buffer pH 7.6 and
added 0.5ml (50@) of 1ImM DTNB stock solution. The final concentration of Aluminium
sulphate was 0.03333mM (33 84).A control for plasma was also prepared by taking 1ml
(100Qul) of plasma in a test tube and diluted with 1ml (40D@f phosphate buffer pH 7.6.The
effect of Aluminium sulphate glutathione level in plasma was stuth terms of determination
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of concentration of GSH in mixtures by a well known Ellman’s methasd,mentioned in
standard curve for GSH. The absorbances were read at 0, 30, 60, 90, 120nuts8 after
preparing mixture (1ml of plasma plus 1ml of Aluminium sulphate) ddreentrations of GSH
in plasma were determined from the glutathione standard curve.

Table 2- Effect of Aluminium Sulphate on Glutathione (GSH) level in Risma with time.
Absorbance of 5,5-Dithiobis,2-Nitrobenzoic Acid (DTNB) blank solution was 0.060 ABS at
412nm
Final Concentration of of Aluminium Sulphate was 33.3@M in Final Mixture
GSH Real
S Time 1st | 2nd 3rd | Average of Real Blank Absorbance
# Interval ABS | ABS | ABS | 3 Readings| absorbance* for GSH
ABS BLank
1 0 min 0.439 0.451 0.433 0.441 0.383 0.550 0.492
2 30 min 0.429 0.445 0.425 0.433 0.375 0.540 0.482
3 60 min 0.419 0.431 0.413 0.421 0.363 0.54p 0.487
4 90 min 0.406| 0.425 0.404 0.412 0.354 0.538 0.480
5 120 min | 0.39§ 0.401 0.387 0.395 0.337 0.543 0.485
6 150 min | 0.379 0.389 0.372 0.380 0.322 0.530D 0.472
* Real Absorbance = Absorbance of Mixture - Absorbance of DTNB blank Solution

RESULTS
Effect of Aluminium Sulphate on Glutathione (GSH) level in Plasma

Effect of Aluminium metal on the chemical status of glutatki present in plasma was studied
in term of determination of concentration of glutathione. Aluminium heatased a decrease in
the concentration of glutathione present in plasma. Different contensgr@f Aluminium cause

a gradual decrease in the concentration of glutathione in plasitha asncentration of metal
increased as shown figure 2 and table 3.

Effect of Aluminium on the chemical status of glutathione wa® asidied for the time
dependency and noted that the concentration of glutathione was gratk@based as the time
passes from Ominute interval of time to 150 minutes as shown figure 3 and table 4.

Statistical Analysis
Statistical Analysis for Effect of Aluminium Sulphate Glutathione (GSH) Level in Plasma

Statistical approach for the effect of Aluminium sulphate on thena status of GSH was also
conducted for the concentration and time dependent effects. The gampdreson T-test (Table
5) of concentration dependent effect of Aluminium sulphate and GSH béargkthe decision

that there is an effect of Aluminium on GSH level in plasniid \Wwmcrease in concentration of
Aluminium sulphate, as compared to GSH blank solution treatment.
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Figure 2- Curvesfor Plasma Thiol Control Level & Al,(Sa)s Effected Plasma Thiol Level

Table 3- Calculation for Concentration of GSH after reaction
with Aluminium Sulphate by Ellman’s Method
S/No. Real Absorbance(ABS) Concentration of GSHuM)
Remained

1 0.473 40.664

2 0.462 39.762

3 0.438 37.795
4 0.420 36.320
0.411 35.582

Table 4- Calculation for Concentration of GSH after reaction with
Aluminium Sulphate by Ellman’s Method

S/No. Real Absorbance(ABS) Concentration of GSHuM)
Remained in plasma.
1 0.383 33.287
2 0.375 32.631
3 0.363 31.648
4 0.354 30.910
5 0.337 29.516
6 0.322 28.287
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Figure-3 Time Dependent Curves for Plasma Thiol Control Level & Alx(Sa)s Effected

Plasma Thiol Leve

Table 5 -Paired comparison t-test for concentration dependent effeof
Alx(SOy)3
Affect of concentrations Of
Aluminium on Plasma GSH control
Glutathione solution (Blank)
Mean 0.441 0.4712
Variance 0.0008 7.67E-05
Observations 5 5
Pearson Correlation 0.690
Hypothesized Mean
Difference 0
Df 4
t Stat -3.171
P(T<=t) one-tall 0.017
t Critical one-tail 2.139
P(T<=t) two-tail 0.0339
t Critical two-tail 2.777

Similarly the paired comparison T-test (Table 6) of time depereféatdt of Aluminium sulphate
and GSH blank gave the decision that there is an effect of Alumisulphate on the chemical
status of GSH in plasma as the passage of time is iectegish a specific concentration of
Aluminium sulphate as compared to GSH blank solution treatment.
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Table 6- t-Test: Paired comparison t-test for time dependent effeof Aly(SOy)3
Aluminium Affect Plasma GSH control
Glutathione with time solution (Blank)

Mean 0.356 0.483

Variance 0.0005 4.64E-05

Observations 6 6

Pearson Correlation 0.757

Hypothesized Mean

Difference 0

Df 5

t Stat -16.899

P(T<=t) one-tail 6.636E-06

t Critical one-tail 2.016

P(T<=t) two-tall 1.328E-05

t Critical two-tail 2.571

DISCUSSION

There is increasing interest in glutathione due to its variggiglogical and pharmacological
properties including detoxification through participation in the redotesysactivation of SH-
Enzymes, co-enzymatic action and conjugation. Aluminium has been foundyt@ pble in
apoptosis (gene-directed cell death), a critical cellulgulegory process with implications for
growth and development, as well as a number of chronic diseasesinCékssalivary gland,
prostate, immune system and intestine can secrete Aluminium. fTivas iof interest to study
the interaction of this metal in vivo to establish further sdierdata. This scientific data about
the interaction and the effect of Aluminium sulphate on the chemriodulation of GSH will
enable us to understand further the role of, Aluminium sulphate and @&tr@ngthen our
knowledge about their therapeutic uses in many diseases. Differex@ntrations of Aluminium
caused decrease of concentration of glutathione and play important rible conversion of
GSH to either GS Al or GS-Al of reduced form SG in plasma.eéffext of Aluminium Sulphate
was studied for the concentration and time dependent effects otutathigne level and was
found that the concentration of reduced glutathione was decreasedev@hsing concentration
of Aluminium metal in solution and with the passage of time resm@bgt The following
sequences of reactions are suggested to be happened in the experiment.

Equation
GSH + Aluminium (Al) > Al (GS}

The results also suggested that there was a possibility oftftomd intermediate or conjugate
between Aluminium and GSH. However it was not possible to estiorateetermined those
conjugates under those conditions .Since both GSH and Aluminium, is biol@gteae
compounds. It was of interest to study the possible interaction ah#ia invitro as a model of
in vivo interaction.
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CONCLUSION

The tripeptide thiole glutathione has facile electron-donatingasy linked to it sulfhydryl
(_SH) group. Glutathione is important water phase antioxidant and es$seofactor for
antioxidant enzyme. It provides protection also for the mitochondrianstg@indogenous
radicals. Its high electron donating capacity combined witthig molecular concentration
endows (GSH) with great reducing power, which is used to regauledeplex thiole- exchange
system

Different concentration of Aluminium metal caused a gradual dserkin the concentration of
glutathione in plasma. Effect of Aluminium on the chemical stafuglutathione was also
studied for the time dependency and noted that the concentration of ghatpadually
decreased as the time passes from 0 minute interval of time to 150minutes in plasma
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