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Abstract

We know that the drugs are used in the combination have great importance as combination therapy. It
has been well recognized in the treatment of hypertension. Clinically when we used combination
therapy in the management of hypertension it will be produce better efficacy than the single drug. In
the management of hypertension, B-adrenergic blockers and calcium channel blockers are widely used.
From both classes we select Amlodipine and Atenolol drugs for our antioxidants activity. Here, we
investigated the protective capacity of both drugs in combination against high glucose (HG) elicited
oxidative. The activity of lactate dehydrogenase (LDH), NADPH oxidase (NOX), superoxide
dismutase (SOD), catalase (CAT) as well as the levels of malondialdehyde (MDA), glutathione (GSH),
intracellular reactive oxygen species (ROS), and all other in-vitro & in-vivo antioxidant experimental
models. In these findings we found that amlodipine and Atenoolol in combination has protective
effects on Management of Hypertension Keywords: Antioxidant; DPPH; SOD; Amlodipine; Atenolol.

Introduction

We know that the drugs are used in the combination have great importance as combination therapy. It
has been well recognized in the treatment of hypertension. Clinically when we used combination
therapy in the management of hypertension it will be produce better efficacy than the single drug. In
the management of hypertension, 3-adrenergic blockers and calcium channel blockers are widely used.

From both classes we select Amlodipine and Atenolol drugs for our antioxidants activity.?
The free radical theory of aging was given by Denham Harman in 1956.% It has been since well
established that old age is associated with increased generation of free radicals, mostly from

mitochondria, and with increased markers of oxidative injury, such as lipoperoxides, carbonylated
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proteins, and oxidized DNA. The use of antioxidant is most effective to cure age related oxidative
stress.*® Oxidative stress and vascular inflammation are closely interrelated to endothelial
dysfunction and vascular damage. Type 2 diabetes mellitus is characterized by a state of glycative and
oxidative stress. Overproduction of the reactive oxygen species in diabetic patients may be due to
chronic hyperglycemia, hyper-insulinemia, elevated free fatty acids (FFAs), and dyslipidemia, typical
of this condition. Oxidative stress and mild chronic vascular inflammation also play a role in the
pathophysiology of hypertension and atherosclerosis.’

In the review of literature, many studies reported that the increased oxidized low-density lipoprotein
(LDL) in type 2 diabetes mellitus is correlated with an increased risk of cardiovascular complications®.
Amlodipin is the third generation calcium antagonist, 1, 4-dihydropyridine (1, 4-DHP) compound with
prolonged action. It has expressed properties of Ca®* channel (especially L-type and T-type) blockers
(CCB). Besides, it exerts multi-sided (pleiotropic, namely, when a drug has actions other than those for
which the compound was specifically indicated or developed effects on other metabolic processes. It is
the basis for the beneficial therapeutic action at heart and vasculature diseases and delays the
development of atherosclerosis.” This drug is well tolerated by patients. It has no significant side
effects. It could be used in the monotherapy, as well in combination with other drugs-diuretics,
angiotensine-converting enzyme (ACE) inhibitors, antagonists of the angiotensine Il receptors,
statins™. Atenolol is one of several drugs classified as a beta-blocker.™ It is traditionally used to treat
hypertension, angina pectoris, cardiac arrhythmia, post-myocardial infarction, and thyrotoxicosis.*? It
is notable that Atenolol has selectivity to Beta receptor and it has better efficacy and minimum side

effect as compared to other beta blockers.

Material & Methods
Collection of drug
Amlodipine and Atenolol drugs were collected from Crinova Healthcare Pvt Ltd. All the chemicals

were collected from the department of Pharmacy, Dr. APJ Abdul Kalam University Indore.

Selection of animals
Two groups of each six rats were used in the present investigation for each activity. The basal
concentration of blood glucose level of all the animals was recorded and 6 animals were separated to

serve as normal control. The remaining animals received a single injection of drugs in water for
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injection at a dose of 150-mg/kg body weight given by intra-peritoneal route.

In-vitro Antioxidant activity

DPPH radical scavenging assay
Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging method™
The stable free radical DPPH' will dissolve in ethanol to give a 0.1 mM solution.
Test solution is prepared by diluting the stock solution with ethanol to the desired concentration.
For each test solution different concentrations will be tested.
A Tris HCI buffer (pH 7.4) is used in the reaction mixture to stabilise the pH of the test solutions. The
reaction mixture will be added sequentially, consisted of 1 ml 0.1 mM DPPH, 1 ml Tris HCI buffer
(pH 7.4) diluted to 0.05M and 1 ml test solution or ethanol/water at the same ethanol concentration as
the test sample (control), mixed in a cuvette and shaken.
The decrease in DPPH absorption will be measured at 517 nm using a spectrophotometer exactly 30
seconds after adding the test solution and every 60 seconds for 30 minutes.
Readings taken at 30 seconds showed the immediate reducing ability of the test solutions. At 2
minutes absorbance readings is stabilized.
To measure the absorbance of the drug alone as a blank, DPPH is omitted from the reaction mixture
and replaced by ethanol.
All tests are run in triplicate and the mean values obtained will be used to calculate the "Free Radical

Scavenging Activity" (FRSA) of the test solution.

Superoxide scavenging activity

The assay was based on the capacity of the samples to inhibit blue formazan formation by scavenging
the superoxide radicals generated in riboflavin-light-NBT system. The reaction mixture contains 50
mM phosphate buffer, pH 7.6, 20ug riboflavin, 12 mM EDTA, 0.1 mg/3 ml NBT, added in that
sequence. The reaction was started by illumination the reaction mixture with different concentrations
(5-100 pg/ml) of samples for 15, 30 and 45 min. immediately after illumination the absorbance was
measured at 590 nm. Ascorbic acid was used as standard drug. Percentage inhibition and ICso were

calculated.

http://annalsofrscb.ro 1346



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 24, Issue 2, 2020, Pages. 1344 - 1362

Received 24 October 2020; Accepted 15 December 2020
ABTS radical scavenging assay

The ABTS" solution was prepared by the reaction of 7 mM ABTS (5 mL) and 2.45mM (88

pL) potassium persulphate after incubation at room temperature in the dark for 16 h. It was then
diluted with 80 % ethanol to obtain an absorbance of 0.700+0.005 at 734 nm. The ABTS" solution
(2.7 mL) was thoroughly mixed with 0.3mL of the test sample. The reaction mixture was allowed to
stand at 30 "C for 30 min and the absorbance at 734nm was immediately recorded. Samples of BHT
and Vitamin C with the same concentrations were used as references. The level of radical scavenging

was calculated using the aforementioned equation for DPPH.

Reducing power assay

Reducing power is associated with antioxidant activity and may serve as a significant reflection of the
antioxidant activity. Compounds with reducing power indicate that they are electron donors and can
reduce the oxidized intermediates of lipid peroxidation processes, so that they can act as primary and
secondary antioxidants. 1 ml extract is mixed with 2.5 ml of phosphate buffer (200 mM, pH 6.6) and
2.5 ml of potassium ferricyanide (30 mM) and incubated at 50°C for 20 min. Thereafter, 2.5 ml of
trichloroacetic acid (600 mM) is added to the reaction mixture, centrifuged for 10 min at 3000 rpm.
The upper layer of solution (2.5 ml) is mixed with 2.5 ml of distilled water and 0.5 ml of FeCl; (6
mM) and absorbance is measured at 700 nm. Ascorbic acid and butylated hydroxytoluene (BHT)

used as for comparative purpose.

Nitric oxide radical scavenging (NO) assay

NO" is generated in biological tissues by specific nitric oxide synthases, which metabolizes arginine
to citrulline with the formation of NO™ via a five electron oxidative reaction. The compound sodium
nitroprusside is known to decompose in aqueous solution at physiological pH (7.2) producing NO".
Under aerobic conditions, NO™ reacts with oxygen to produce stable products (nitrate and nitrite), the
quantities of which can be determined using Griess reagent.

. Two (2) mL of 10 mM sodium nitroprusside dissolved in 0.5 mL phosphate buffer saline (pH 7.4) is
mixed with 0.5 mL of sample at various concentrations (0.2-0.8 mg/mL).

. The mixture is then incubated at 25 °C. After 150 min of incubation.

. 0.5 mL of the incubated solution is withdrawn and mixed with 0.5 mL of Griess reagent [(1.0 mL

sulfanilic acid reagent (0.33% in 20% glacial acetic acid at room temperature for 5 min with 1 mL of
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naphthylethylenediamine dichloride (0.1% wi/V)].
. The mixture is then incubated at room temperature for 30 min and its absorbance pouring into a

cuvette is measured at 546 nm.**

Hydroxyl radical scavenging (HO) assay

Hydroxyl radical is one of the potent reactive oxygen species in the biological system. It reacts with
polyunsaturated fatty acid moieties of cell membrane phospholipids and causes damage to cell.® The
model used is ascorbic acid-iron- EDTA model of HO™ generating system. This is a totally aqueous
system in which ascorbic acid, iron and EDTA conspire with each other to generate hydroxyl
radicals. The reaction mixture (1.0 ml) consist of 100 pl of 2-deoxy-Dribose (28 mM in 20 mM
KH2PO4 -KOH buffer, pH 7.4), 500 ul of the extract, 200 ul EDTA (1.04 mM) and 200 uM FeCls
(1:1 v/v), 100 pl of HO2 (1.0 mM) and 100 pl ascorbic acid (1.0 mM) which is incubated at 37°C for
1 h. 1.0 ml of thiobarbituric acid (1 %) and 1.0 ml of trichloroacetic acid (2.8 %) are added and
incubated at 100°C for 20 min. After cooling, absorbance is measured at 532 nm, against a blank
sample. Gallic acid, mannitol, catechin, vitamin, quercetin, BHA, tocopherol, rutin or ascorbic acid

can be used as a positive control.

Ferric reducing antioxidant power (FRAP) assay

FRAP assay is based on the ability of antioxidants to reduce Fe3+ to Fe2+ in the presence of 2,4,6-
tri(2-pyridyl)- s-triazine (TPTZ), forming an intense blue Fe2+-TPTZ complex with an absorption
maximum at 593 nm. This reaction is pH-dependent (optimum pH 3.6). 0.2 ml of the extract is added
to 3.8 ml of FRAP reagent (10 parts of 300 mM sodium acetate buffer at pH 3.6, 1 part of 10.0 mM
TPTZ solution and 1 part of 20.0 mM FeCl3. 6H20 solution) and the reaction mixture is incubated at
37°C for 30 min and the increase in absorbance at 593 nm is measured. FeSO4 is used for calibration.
The antioxidant capacity based on the ability to reduce ferric ions of sample is calculated from the
linear calibration curve and expressed as mmol FeSO, equivalents per gram of sample. BHT, BHA,

ascorbic acid, quercetin, catechin or trolox can be used as a positive control.*®

Oxygen radical absorbance capacity (ORAC) assay

The capacity of a compound to scavenge peroxyl radicals, generated by spontaneous decomposition

of 2, 2’- azo-bis, 2- amidinopropane dihydrochloride (AAPH), was estimated in terms of standard

http://annalsofrscb.ro 1348



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 24, Issue 2, 2020, Pages. 1344 - 1362

Received 24 October 2020; Accepted 15 December 2020
equivalents, using the ORAC assay. The reaction mixture (4.0 ml) consist of 0.5 ml extract in
phosphate buffer (75 mM, pH 7.2) and 3.0 ml of fluorescein solution both are mixed and pre-
incubated for 10 min at 37°C. Then, 0.5 ml of 2, 2’-azo-bis, 2- amidinopropane (AAPH)
dihydrochloride solution is added and immediately the loss of fluorescence (FL) is observed at 1 min

intervals for 35 min.

Peroxynitrite radical scavenging activity

Peroxynitrite is a cytotoxicant with strong oxidizing properties toward various cellular constituents,
including sulfhydryls, lipids, amino acids and nucleotides and can cause cell death, lipid
peroxidation, carcinogenesis and aging. It is generated in vivo by endothelial cells, Kupffer cells,
neutrophils and macrophages. Peroxynitrite radical is a relatively stable species compared with other
free radicals but once protonated gives highly reactive peroxynitrous acid (ONOOH), decomposing
with a very short half-life (1.9 s) at 37 °C to form various cytotoxicants and that can induce the
oxidation of thiol (—SH) groups on proteins, nitration of tyrosine, lipid peroxidation and also
nitrosation reactions, affecting cell metabolism and signal transduction. It can ultimately contribute to
cellular and tissue injury with DNA strand breakage and apoptotic cell death, e.g. in thymocytes,
cortical cells and HL-60 leukemia cells. Its excessive formation may also be involved in several
human diseases such as Alzheimer’s disease, rheumatoid arthritis, cancer and atherosclerosis. Due to
the lack of endogenous enzymes responsible for inactivation, developing specific scavengers is of
considerable importance. The method involves the use of a stock solution of dihydroxyrhodamine
123 (DHR 123, 5 mM) in dimethylformamide that is purged with nitrogen and stored at —80 °C.
Working solution with DHR 123 (final concentration 5 uM) is diluted from the stock solution and is
placed on ice in the dark immediately prior to the experiment. Buffer solution, 50 mM sodium
phosphate (pH 7.4), containing 90 mM sodium chloride and 5 mM potassium chloride with
100 uM diethylene triamine penta acetic acid (DTPA) are purged with nitrogen and placed on ice
before use. Scavenging activity of by the oxidation of DHR 123 is measured on a microplate
fluorescence spectrophotometer with excitation and emission wavelengths of 485 nm and 530 nm at
room temperature, respectively. The background and final fluorescent intensities are measured 5 min
after treatment without 3-morpholino- sydnonimine (SIN-1) or authentic. Oxidation of DHR 123 by
decomposition of SIN-1 gradually increased whereas authenti rapidly oxidized DHR 123 with its

final fluorescent intensity being stable over time.

http://annalsofrscb.ro 1349


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/peroxynitrite
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/thiol-derivative
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/nucleotide
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/peroxynitrous-acid
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/tyrosine
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/rheumatoid-arthritis
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/atherosclerosis
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/n-n-dimethylformamide
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/dihydrorhodamine-123
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/sodium-dihydrogen-phosphate
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/sodium-dihydrogen-phosphate
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/potassium-chloride
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/pentetic-acid

Annals of R.S.C.B., ISSN: 1583-6258, Vol. 24, Issue 2, 2020, Pages. 1344 - 1362

Received 24 October 2020; Accepted 15 December 2020
Phosphomolybdenum method
Total antioxidant capacity assay is a spectroscopic method for the quantitative determination of
antioxidant capacity, through the formation of phosphomolybdenum complex. The assay is based on
the reduction of Mo (V1) to Mo (V) by the sample analyte and subsequent formation of a green
phosphate Mo (V) complex at acidic pH. Total antioxidant capacity can be calculated by the method
described by Prieto et al. (1999). 0.1 mL of sample (100 Ig) solution is combined with 1 mL of
reagent (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tube
is capped and incubated in a boiling water bath at 95 °C for 90 min. After cooling the sample to room
temperature, the absorbance of the aqueous solution is measured at 695 nm against blank in UV
spectrophotometer. A typical blank solution contained 1 mL of reagent solution and the appropriate
volume of the same solvent used for the sample and it is incubated under same conditions as rest of
the sample. For samples of unknown composition, antioxidant capacity can be expressed as

equivalents of a-tocopherol.

DMPD (N,N-dimethyl-p-phenylene diamine

dihydrochloride) method DMPD radical cation decolorization method has been developed for the
measurement of the antioxidant activity in food and biological samples. This assay is based on the
reduction of buffered solution of colored DMPD in acetate buffer and ferric chloride. The procedure
involves measurement of decrease in absorbance of DMPD in the presence of scavengers at its
absorption maximum of 505 nm. The activity was expressed as percentage reduction of DMPD. The
radical by mixing 1 mL of DMPD solution (200 mM), 0.4 mL of ferric chloride (111) (0.05 M), and
100 mL of sodium acetate buffer solution at 0.1 M, modifying the pH to 5.25. The reactive mixture
has to be kept in darkness, under refrigeration, and at a low temperature (4—5 °C) .The reaction takes
place when 50 | L of the sample (a dilution of 1:10 in water) is added to 950 | L of the DMPD A&+
solution. Absorbance is measured after 10 min of continuous stirring, which is the time taken to reach
constant decolorization values. The results are quantified in mM Troloxon the relevant calibration

curve.

In-vivo Antioxidant activity
Ferric reducing ability of plasma
It is one of the most rapid test and very useful for routine analysis. The antioxidative activity is

estimated by measuring the increase in absorbance caused by the formation of ferrous ions from
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FRAP reagent containing TPTZ (2,4,6-tripyridyl-s-triazine) and FeCl,.6H20. The absorbance is
measured spectrophotometrically at 593 nm. The method illustrated by Benzie and Strain (1996)
involves the use of blood samples that are collected from the rat retro orbital venous plexus into
heparinized glass tubes at 0, 7 and 14 days of treatment. Three mL of freshly prepared and warm (37
°C) FRAP reagent 1 mL (10 mM) of 2,4,6 tripyridyl-s-triazine (TPTZ) solution in 40 mM HCI, 1 mL
20 mM FeCl,.6H,0, 10 mL of 0.3 M acetate buffer (pH 3.6) is mixed with 0.375 mL distilled water
and 0.025 mL of test samples. The absorbance of developed color in organic layer is measured at 593
nm. The temperature is maintained at 37 °C. The readings at 180 s are selected for the calculation of
FRAP values.

Reduced glutathione (GSH) estimation

GSH is an intra-cellular reductant and plays major role in catalysis, metabolism and transport. It
protects cells against free radicals, peroxides and other toxic compounds. Deficiency of GSH in the
lens leads to cataract formation. Glutathione also plays an important role in the kidney and takes part
in a transport system involved in the reabsorption of amino acids. The method illustrated by Ellman
(1959) can be used for determination of antioxidant activity. The tissue homogenate (in 0.1 M
phosphate buffer pH 7.4) is taken and added with equal volume of 20 % trichloroacetic acid (TCA)
containing 1 mM EDTA to precipitate the tissue proteins. The mixture is allowed to stand for 5 min
prior to centrifugation for 10 min at 2000 rpm. The supernatant (200 IL) is then transferred to a new
set of test tubes and added with 1.8 mL of the Ellman’s reagent (5,50-dithiobis-2- nitrobenzoic acid
(0.1 mM) prepared in 0.3 M phosphate buffer with 1% of sodium citrate solution). Then all the test
tubesare made up to the volume of 2 mL. After completion of the total reaction, solutions are
measured at 412 nm against blank. Absorbance values were compared with a standard curve

generated from known GSH.

Glutathione peroxidase (GSHPXx) estimation

GSHPX is a seleno-enzyme two third of which (in liver) is present in the cytosol and one third in the
mitochondria. It catalyzes the reaction of hydroperoxides with reduced glutathione to form
glutathione disulfide (GSSG) and the reduction product of hydroperoxide. GSHPx is found
throughout the tissues, being present as four different isoenzymes, cellular glutathione peroxidase,
extracellular glutathione peroxidase, phospholipid hydroperoxide glutathione peroxidase and

gastrointestinal glutathione peroxidase. GSHPx measurement is considered in particular with patients
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who are under oxidative stress for any reason; low activity of this enzyme is one of the early
consequences of a disturbance of the prooxidant/antioxidant balance. Cytosolic GPx is assayed via a
3-mL cuvette containing 2.0 mL of 75 mM/L phosphate buffer, pH 7.0. The following solutions are
then added: 50 IL of 60 mM/L glutathione reductase solution (30 U/mL), 50 IL of 0.12 M/L NaN3,
0.10 of 0.15 mM/L Na2EDTA, 100 IL of 3.0 mM/L NADPH, and 100 IL of cytosolic fraction
obtained after centrifugation at 20,000 g for 25 min. Water is added to make a total volume of 2.9
mL. The reaction is started by the addition of 100 IL of 7.5 mM/L H202, and the conversion of
NADPH to NADP is monitored by a continuous recording of the change of absorbance at 340 nm at

1 min interval for 5 min. Enzyme activity of GSHPx was expressed in terms of mg of proteins.

Glutathione-S-transferase (GSt)

Glutathione-S-transferase is thought to play a physiological role in initiating the detoxication of
potential alkylating agents, including pharmacologically active compounds. These enzymes catalyze
the reaction of such compounds with the - SH group of glutathione, thereby neutralizing their
electrophilic sites and rendering the products more water-soluble. The reaction mixture (1 mL)
consisted of 0.1 N potassium phosphate (pH 6.5), 1 nM/L GSt, 1 M/L I-chloro-2, 4-dinitrobenzene as
substrate and a suitable amount of cytosol (6 mg protein/mL). The reaction mixture is incubated at 37
OC for 5 min and the reaction is initiated by the addition of the substrate. The increase in absorbance

at 340 nm was measured spectrophotometrically.

Superoxide dismutase (SOD) method

It is estimated in the erythrocyte lysate prepared from the 5 % RBC suspension. To 50 IL of the
lysate, 75 mM of Tris—HCI buffer (pH 8.2), 30 mM EDTA and 2 mM of pyrogallol are added. An
increase in absorbance is recorded at 420 nm for 3 min by spectrophotometer. One unit of enzyme
activity is 50 % inhibition of the rate of autooxidation of pyrogallol as determined by change in

absorbance/min at 420 nm. The activity of SOD is expressed as units/mg protein.

Catalase (CAT)

Catalase activity can be determined in erythrocyte lysate using Aebi’s method (Aebi, 1984). Fifty
microliter of the lysate is added to a cuvette containing 2 mL of phosphate buffer (pH 7.0) and 1 mL
of 30 mM H,0,. Catalase activity is measured at 240 nm for 1 min using spectrophotometer. The

molar extinction coefficient of H202, 43.6M cm™ was used to determine the catalase activity. One
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unit of activity is equal to 1 mmol of H202 degraded per minute and is expressed as units per
milligram of protein.
c-Glutamyl transpeptidase activity (GGT) assay
According to Singhal et al. (1982), the serum sample is added to a substrate solution containing
glycylglycine, MgCl, and g- Glutamyl-p-nitroanilide in 0.05 M tris (free base), pH 8.2. The mixture
is incubated at 37 °C for 1 min and the absorbance read at 405 nm at 1 m interval for 5 m. The

activity of GGT is calculated from the absorbance values.

Glutathione reductase (GR) assay

The ubiquitous tripeptide glutathione (GSH), which is the most abundant low molecular weight thiol
in almost all cells, is involved in a wide range of enzymatic reactions. A major function of GSH is to
serve as a reductant in oxidation—reduction processes; a function resulting in the formation of
glutathione disulfide (GSSG). A heat labile system capable of reducing GSSG was discovered in
liver. The enzyme directly involved in reduction of GSSG. Livers (about 400 g) are obtained from
killed rats (200-250 g). The livers are cut into small pieces and homogenized in 9 mL of 0.25 M ice-
cold sucrose per g of rat liver in a blender. The homogenate is centrifuged for 45 min at 14,000 rpm.
The pellets are suspended in a small volume of 0.25M sucrose and centrifuged. The supernatants are
combined with the previous centrifugate. The pooled material is adjusted to pH 5.5 with cold 0.2 M
acetic acid and centrifuged again for 45 min at 14,000 rpm. The rate of oxidation of NADPH by
GSSG at 30 °C is used as a standard measure of enzymatic activity. The reaction system of 1 mL
contained: 1.0 mM GSSG, 0.1 mM NADPH, 0.5 mM EDTA, 0.10M sodium phosphate buffer (pH
7.6), and a suitable amount of the glutathione reductase sample to give a change in absorbance of
0.05- 0.03/min. The oxidation of 1 IM of NADPH/min under these conditions is used as a unit of

glutathione reductase activity. The specific activity is expressed as units per mg of protein.

Lipid peroxidation (LPO) assay

LPO is an autocatalytic process, which is a common consequence of cell death. This process may
cause peroxidative tissue damage in inflammation, cancer and toxicity of xenobiotics and aging.
Malondialdehyde (MDA) is one of the end products in the lipid peroxidation process.
Malondialdehyde (MDA) is formed during oxidative degeneration as a product of free oxygen
radicals, which is accepted as an indicator of lipid peroxidation. The tissues are homogenized in 0.1

M buffer pH 7.4 with a Teflonglass homogenizer. LPO in this homogenate is determined by
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measuring the amounts of malondialdehyde (MDA) produced primarily. Tissue homogenate (0.2
mL), 0.2 mL of 8.1 % sodium dodecyl sulfate (SDS), 1.5 mL of 20 % acetic acid and 1.5 mL of 8 %
TBA are added. The volume of the mixture is made up to 4 mL with distilled water and then heated at
95 °C on a water bath for 60 min using glass balls as condenser. After incubation the tubes are cooled
to room temperature and final volume was made to 5 mL in each tube. Five mL of butanol: pyridine
(15:1) mixture is added and the contents are vortexed thoroughly for 2 min. After centrifugation at
3000 rpm for 10 min, the upper organic layer is taken and its OD is taken at 532 nm against an
appropriate blank without the sample. The levels of lipid peroxides can be expressed as n moles of
thiobarbituric acid reactive substances (TBARS)/mg protein using an extinction coefficient of 1.56 -
105 ML cm™.

LDL assay

The isolated LDL is washed and dialyzed against 150 mmol/L NaCl and 1 mmol/L Na2EDTA (pH
7.4) at 4 °C. The LDL is then sterilized by filtration (0.45 IM), kept under nitrogen in the dark at 4 °C.
LDL (100 Ig of protein/mL) is incubated for 10 min at room temperature with samples. Then, 5 Imol/
L of CuSO4 is added, and the tubes are incubated for 2 h at 37 °C. Cu2+-induced oxidation is
terminated by the addition of butylated hydroxytoluene (BHT, 10 IM). At the end of the incubation,
the extent of LDL oxidation is determined by measuring the generated amount of lipid peroxides and
also by the thiobarbituric acid reactive substances (TBARS) assay at 532 nm, using malondialdehyde
(MDA) for the standard curve.
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Result & Discussion

In-vitro Antioxidant activity of Amlodipine
Table 1(A): Antioxidant activity (%) of the Amlodipine

Con. DPPH Nitric Oxide Super Oxide ABTS ORAC FRAP
(“g(/:ml) Control gfj; Control gfj; Control gfj; Control | Test Drug | Control gfj; Control | Test Drug
5 8.6+1.0 | 46.8+0.2 | 6.45+15 | 13.1+0.5 | 21.9+0.4 | 23.240.1 | 22.2+0.4 | 6.45+0.3 |19.8+0.5|20.44+0.2 | 21.1+0.5| 6.4+0.2
10 16.8+0.2 | 77.8+0.7 | 11.5+0.8 | 56.6+0.6 | 23.1+0.3 | 34.3+0.2 | 33.4+0.6 | 33.23+0.2 | 20.9+0.4 | 30.5+0.4 | 30.3+0.2 | 32.50+0.1
50 33.4+0.1 | 91.8+0.2 | 41.6+0.1 | 96.4+0.1 | 25.2+0.1 | 66.2+0.1 | 45.9+0.8 | 52.56+0.5 | 21.6+0.7 | 58.3+0.4 | 41.8+0.3 | 51.21+0.4
100 61.5+0.6 | 95.7+0.2 | 70.4+0.3 | 97.3+0.1 | 31.5+0.3 | 81.5+0.2 | 57.4+1.0 94.1+0.3 |30.7+£0.4| 80.5+0.2 | 57.3+0.9 | 92.15+0.2
500 85.1+0.5 | 96.9+0.1 | 97.3£0.1 | 98.7+0.1 | 71.3+0.1 | 94.3£0.3 | 70.9+2.0 | 96.49+0.1 |71.6+£0.2|93.2+0.4 | 88.2+0.8 | 98.49+0.2
All values are expressed as mean + S.E.M (n=6)
Table 1(B): Antioxidant activity (%) of the Amlodipine
Con. Hydroxyl radical Reducing power Phospho Molybdenum | Peroxynitrite redical DMPD
(ugc/:ml) Control Test Drug Control gfj; Control Test Drug | Control [-)rfj; Control Test Drug
5 8.4+1.0 42.5+0.3 9.4+14 12.5+0.6 20.9+0.5 21.1+04 22.1+0.3 | 8.19+04 20.8£0.5 22.210.1
10 16.7+0.4 72.8+0.7 15.4+0.6 51.5+0.5 24.8+0.4 35.4+0.2 35.2+0.5 | 34.74+0.2 | 25.4+0.4 31.310.1
50 33.5+0.2 90.4+0.2 39.3+0.2 90.1+0.2 29.7+0.9 65.4+0.2 49.6+£0.9 | 58.25+0.4 | 27.8+0.7 62.2+0.2
100 61.6+0.7 94.2+0.2 71.2+0.5 92.9+0.2 31.6+0.4 80.2+0.2 58.4+1.0 | 92.08+0.3 | 33.3+0.4 81.8+0.1
500 86.4+0.6 95.6+0.1 90.1+0.3 98.8+0.3 78.8+0.2 98.2+0.5 90.4+1.0 | 96.59+0.4 | 78.1+0.2 94.2+0.3
All values are expressed as mean + S.E.M (n=6)
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Table 1(C): Antioxidant activity (%) of the Amlodipin and Atenolol combination

Con. DPPH Nitric Oxide Super Oxide ABTS ORAC FRAP
(ng/:ml) Control gfjg Control I;rfj; Control I;rfj; Control | Test Drug | Control gfj; Control | Test Drug
5 3.7£1.3 41.8+0.3 | 3.95+1.4 | 11.1+05 | 21.9+0.6 | 21.2+0.2 | 20.4+0.2 6.45+0.3 |11.8+0.1|20.4+0.2 | 22.1+0.4| 8.1+0.2
10 11.8+0.1 | 77.8+0.6 | 10.5+0.2 | 56.1+0.3 | 20.1+0.4 | 32.3+0.3 | 31.3+0.4 | 30.23+0.2 | 19.9+0.4 | 31.5+0.1|29.3+0.1 | 34.50+0.1
50 32.3+0.3 | 94.8+0.2 | 42.6+0.3 | 95.6+0.2 | 24.2+0.3 | 65.2+0.1 | 42.9+0.5 | 50.25+0.4 | 23.6+£0.5| 62.3+0.3 | 40.8+0.5 | 50.21+0.4
100 610.2+0.6 | 92.7£0.4 | 70.4+0.3 | 97.1+0.1 | 30.5+0.3 | 88.5+0.2 | 51.1+1.0 | 91.10+0.3 | 30.7+0.4 | 89.5+0.2 | 55.3+0.9 | 90.15+0.2
500 81.2+0.6 | 98.9+0.2 | 95.3+0.4 | 99.2+0.3 | 71.3+0.2 | 99.3+0.4 | 77.9+1.1 | 99.20+0.1 | 71.6+£0.3|99.2+0.6 | 92.2+0.1 | 99.49+0.2
All values are expressed as mean + S.E.M (n=6)
Table 1(D): Antioxidant activity (%) of the Amlodipine and Atenolol combination
Con. Hydroxyl radical Reducing power Phospho Molybdenum | Peroxynitrite redical DMPD
(ug(/:ml) Control Test Drug Control gfj; Control Test Drug | Control gfj; Control Test Drug
5 7.2¢1.1 41.5+0.4 10.1+1.4 10.6+0.4 23.9+0.1 21.1+0.4 23.6+0.2 | 10.11+0.4 | 20.2+0.5 19.2+0.2
10 15.7+0.5 76.9+0.6 11.4+0.4 53.4+0.1 26.8+0.3 35.4+0.6 37.1+0.6 | 35.64+0.2 | 25.6+0.4 39.3+0.1
50 36.5+0.2 88.4+0.2 32.310.3 90.2+0.4 29.7+0.3 67.4+£0.54 | 47.2+0.8 | 59.35x0.4 | 29.1+0.7 69.2+0.3
100 67.310.7 94.2+0.4 78.2+0.5 94.9+0. 37.6£0.4 88.2+0.2 59.4+1.0 | 90.08+0.3 | 40.3x0.4 90.840.1
500 80.4+0.3 99.7+0.1 90.1+0.4 99.4+0.3 80.8+0.5 99.2+0.7 98.3+1.1 | 99.19+0.4 | 99.4+0.2 99.2+0.5
All values are expressed as mean + S.E.M (n=6)
In-Vivo Antioxidant activity of Amlodipine
Table 2(A): Antioxidant activity (%) of the Amlodipine
Con. Ferric reducing GSH GSHPx GSt SOD
1356

http://annalsofrscb.ro



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 7, 2021, Pages. 524 - 542
Received 05 May 2021; Accepted 01 June 2021.

C Test Test Test Test
(ug/ml) Control Drug Control Drug Control Drug Control | Test Drug | Control Drug
5 15.2+9.42 | 41.4+0.4 | 0.69+1.1 | 0.71+0.5 | 0.4+0.6 0.24¢0.5 | 20.2+0.4 | 12.35+0.2 | 16.1+0.6 | 25.4+0.1
10 26.3+8.6 | 63.5+0.5 | 0.42+0.5 | 0.72+0.6 | 0.6+0.1 0.3+0.3 | 32.2+0.6 | 30.85+0.1 |18.4+0.1|50.2+0.3
50 35.645.1 | 72.2+0.2 | 0.45+0.3 | 0.83+0.3 | 0.16+0.2 | 0.5+0.2 | 40.3+0.7 | 41.57+0.3 | 21.6+0.2 | 66.7+0.4
100 42.2+3.2 | 83.5+0.4 | 0.51+0.4 | 0.89+0.4 | 0.11+0.4 | 0.740.1 | 52.5+1.0 | 53.39+0.2 | 37.4+0.3 | 85.9+0.2
500 564+5.53 | 95.3+0.2 | 0.75+0.2 | 0.96+0.6 | 0.65+0.1 | 0.8+0.3 | 95.1+1.0 | 79.89+0.2 | 70.7+0.2 | 95.1+0.5
All values are expressed as mean + S.E.M (n=6)
Table 2(B): Antioxidant activity (%) of the Amlodipine
Con. Catalase GGT Glutathione LPO LDL
reductase
C Test Test Test Test
(ng/ml) Control Drug Control Drug Control Drug Control | Test Drug | Control Drug
5 0.5+0.3 0.7404 | 6.1+15 | 12.2+0.5 | 11.7+0.4 | 20.4+0.7 | 22.1+0.5 | 7.35+0.2 |16.3+0.5|21.4+0.2
10 0.7£0.4 0.8+0.6 | 8.3+0.8 | 47.4+0.6 | 20.3+0.1 | 32.3+0.3 | 30.6+0.6 | 30.21+0.1 | 18.6+0.4 | 38.6+0.3
50 0.4+0.2 0.7#0.5 | 30.2+0.2 | 66.4+0.3 | 27.7+0.6 | 54.4+0.6 | 42.4+0.8 | 42.77+0.3 | 21.1+£0.7 | 52.2+£0.5
100 0.8+0.5 1.3+0.3 | 44.2405 | 78.3+0.4 | 31.6+0.2 | 61.3+0.1 | 55.2+4.0 | 66.29+0.4 |23.5+0.4| 71.7£0.3
500 0.4+0.4 1.6£0.4 | 72.5+0.4 | 85.5+0.2 | 52.4+0.2 | 79.9+0.4 | 90.5+7.0 | 71.79+£0.2 | 41.8+0.2 | 85.2+0.5
All values are expressed as mean + S.E.M (n=6)
Table 2(C): In-Vivo Antioxidant activity (%) of the Amlodipine and Atenolol combination
Con. Ferric reducing GSH GSHPx GSt SOD
C Test Test Test Test Test
(ng/ml) Control Drug Control Drug Control Drug Control Drug Control Drug
5 14.248.22 | 44.46+0.4 | 0.82+1.2 | 0.61+0.5 | 0.5+0.6 | 0.25+0.6 | 21.2+0.5 | 12.45+0.3 | 18.1+0.6 | 24.4+0.2
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10 24.3+£8.6 62.5£0.1 | 0.41+0.4 | 0.62+0.6 | 0.5+£0.1 | 0.32+0.4 | 34.2+0.6 | 39.85+0.1 |19.4+0.1|51.2+0.3
50 34.6£3.1 74.2£0.2 | 0.45+0.3 | 0.83£0.4 | 0.51+£0.2 | 0.44+0.2 | 41.3+0.8 | 40.47+0.4 | 22.6x0.2 | 60.7£0.5
100 41.2+1.2 | 81.3t0.2 | 0.55x0.4 | 0.88+0.4 | 0.87+0.4 | 0.78+0.2 | 52.5£1.3 | 51.39+0.1 | 39.4+0.3 | 84.9+0.2
500 44443 | 98.3x0.1 | 0.71x0.1 | 0.91+0.6 | 0.96x0.1 | 0.80x0.4 | 99.1+1.3 | 88.29+0.3 | 79.7£0.2 | 94.1+0.6
All values are expressed as mean + S.E.M (n=6)
Table 2(D): In-Vivo Antioxidant activity (%) of the Amlodipine and Atenolol combination
Con. Catalase GGT Glutathione LPO LbL
reductase
(ugc/:ml) Control gfj; Control gfzg Control gfj; Control | Test Drug | Control gfj;

5 0.4+0.1 0.2+0.3 6.711.6 11.2+0.4 | 13.7£0.6 | 22.4+0.7 | 21.1£0.5 7.54+£05 |11.3x0.5|25.4+0.1
10 0.8+0.3 0.7£0.6 8.3x0.9 454405 | 21.3+0.1 | 31.3+0.3 | 31.6+1.6 | 31.21+0.1 |15.6+0.4 | 31.6+£0.3
50 0.5+0.2 0.9+04 | 30.2+0.4 | 63.4+x0.3 | 26.7£0.5 | 55.4+0.6 | 42.4+0.8 | 46.27+0.2 | 23.1+0.7 | 51.2+0.4
100 0.8+0.5 1.240.3 | 45.2+05 | 79.1£0.2 | 30.6+0.3 | 60.3£0.1 | 55.2£5.0 | 56.29+0.4 |23.5+0.4| 78.7£0.3
500 0.9+0.3 1.9+04 | 78.5+0.5 | 89.5+0.2 | 59.4+0.2 | 79.9+0.5 | 99.5+7.0 | 78.39+0.5 |49.84+0.2 | 89.2+0.5

All values are expressed as mean + S.E.M (n=6)
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Antioxidants (free radical scavengers) are chemicals that interact with and neutralize free radicals,
thus preventing them from causing cellular damage in the biological system.'” The body makes some
of the antioxidants it uses to neutralize free radicals. These antioxidants are called endogenous
antioxidants. However, the body also relies on external (exogenous) sources, primarily the diet, to
obtain the rest of the antioxidants it needs. These exogenous antioxidants are commonly called
dietary antioxidants. Fruits, vegetables, and grains are rich sources of dietary antioxidants. The in
vitro antioxidant potential of amlodipine and its combination were assayed using DPPH photometric
assay, while the in vivo antioxidant potential were evaluated using serum superoxide dismutase,
catalase activity, and malondialdehyde level assay etc. The in vitro antioxidant assay of amlodipine
revealed that it has a potent antioxidant activity comparable to vitamin C which was used as a
reference standard. 2, 2-diphenyl-1- picrylhydrazyl (DPPH) is a dark-coloured crystalline powder
composed of stable free radical molecules. Amlodipin and Combination drugs were more efficient in
scavenging DPPH radical at very low concentration of 50 pg/mL. In laboratory, it is used to monitor
chemical reactions involving radicals, most notably antioxidant assay. The antioxidant compounds
neutralize the free radical character of DPPH by transferring either electrons or hydrogen atoms to
DPPH, thereby changing the colour from purple to the yellow coloured stable diamagnetic molecule
diphenylpicrylhydrazine. The degree of discoloration indicates the scavenging potential of the extract
or antioxidant in terms of hydrogen donating ability.*®
Nitric oxide scavenging effect of Amlodipin, Amlodipin and Atenolol combination is shown in
below Figures . The inhibition of nitric oxide generation by the extracts were found to be 99.7 %,
99.2 at 500 pg/mL of Amlodipin, Amlodipin and Atenolol combination. The inhibition of nitric oxide
generation attained saturation with further increase in the concentration of the drugs.
The inhibition of superoxide generation by the extracts was found to be 95.3%, 99.9% respectively at
the concentration of 500 pg/mL.
The scavenging activity of ABTS radical by the drugs Amlodipin and Amlodipin and Atenolol
combination were found to be  95.19%, 99.20% at 500 pug/mL of concentration. All the extracts
attained saturation in the scavenging activity with further increase in the concentration. Amlodipin
and Atenolol combination were found to be potent scavengers of the ABTS free radical compared to
other drugs. Among all the drugs, Amlodipin and Atenolol combination was more efficient in
scavenging ABTS radical at very low concentration of 40 ug/mL.
The results of FRAP assay revealed that the total antioxidant potential of Amlodipin and Atenolol

combination was found to be highest. Amlodipin and Atenolol combination was found to be

http://annalsofrscb.ro 1359



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 7, 2021, Pages. 524 - 542
Received 05 May 2021; Accepted 01 June 2021.
equivalent to 120 mg of ascorbic acid and amlodipin was found to be equivalent to 70 mg of ascorbic
acid in terms of antioxidant activity. The antioxidant principles present in Amlodipin and Atenolol
may be responsible for the reduction of Fe3+ / ferricyanide complex to the ferrous form thus proving
the reducing power.
The drugs attained saturation in the scavenging activity with further increase in concentration.
Amlodipin and Atenolol combination were found to be potent scavengers of hydroxyl radical
compared to Amlodipin drug, highest percentage scavenging of 99.9 % was observed in Amlodipin
and Atenolol combination at a concentration of 500 ug/mL.
About 400 pg of Amlodipin and Atenolol were shown to have maximum reducing power (absorbance
~1.09), which was comparable to that of gallic acid and tannic acid which were used as positive
control which gave maximum absorbance at a concentration of 50 pg.
In the DMPD method Amlodipin and Atenolol were showed the maximum inhibition 99.2 % when
compared to Amlodipin.
The in vivo antioxidant assay showed that the extract increased the activity of serum superoxide
dismutase (SOD) and catalase and decreased the serum level of TBARS. Catalase is a ubiquitous
enzyme that catalyzes the decomposition of hydrogen peroxide, a reactive oxygen species, which is a
toxic product of both normal aerobic metabolism and pathogenic ROS production. The SOD
catalyzes the dismutation of superoxide to hydrogen peroxide and oxygen, thereby reducing the
likelihood of superoxide anion reacting with nitric oxide to form reactive peroxynitrite. The increased
serum activities of catalase and SOD as observed in this study suggest that the extract has an in vivo
antioxidant activity and is capable of ameliorating the effect of ROS in biologic system. Also, ROS
react with all biological substance; however, the most susceptible ones are polyunsaturated fatty
acids. Reactions with these cell membrane constituents lead to lipid peroxidation (LPO).* Increased
LPO impairs membrane
function by decreasing membrane fluidity and changing the activity of membrane-bound enzymes
and receptor®. Thiobarbituric acid reactive substance (TBARS) levels were measured as a marker of
LPO and malondialdehyde (MDA) production. Malondialdehyde is an endogenous genotoxic product
of enzymatic and ROS-induced LPO whose adducts are known to exist in DNA isolated from healthy
human being.?’ In our study, the level of TBARS in the extract treated groups decreased in a dose
dependent manner when compared to control. This decrease in the TBARS levels may indicate
increase in the activities of glutathione peroxidase and hence inactivation of LPO reactions.”* Some
of the phytochemical constituents of the extract may be

http://annalsofrscb.ro
1360



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 7, 2021, Pages. 524 - 542
Received 05 May 2021; Accepted 01 June 2021.

responsible for the antioxidant activity as demonstrated in our study. Flavonoids or bioflavonoids are

a ubiquitous group of polyphenolic substances which are present in most plants, concentrated in

seeds, fruit skin or peel, bark, and flowers.?? Numerous studies have shown that flavonoids possess

potent antioxidant activities capable of scavenging hydroxyl radicals, superoxide anions, and lipid

peroxy radicals.

Conclusion

In conclusion, the demonstrated in-vitro and in-vivo antioxidant effects of amlodipine may be the

rationale behind some of its medical uses and also may be responsible for some of its

pharmacological effects.
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