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ABSTRACT 

The purpose of this study is to evaluate Alprazolam effects on blood metabolites, Red Blood Cell (RBC) 

membrane and Nitric Oxide (NO) levels on long term use by human volunteers. A total of 16 subjects from 

Anantapur District of Andhrapradesh State were taken and divided into two groups of eight subjects each. 

Group I served as control (non APZ users) and group II served as test sample (long term APZ users). 

Biochemical studies were conducted with plasma and RBC membrane of two groups. Result of this study 

revealed that the concentrations of glucose, cholesterol and a lipoprotein LDL-C were decreased, and in 

contrast the concentrations of tri-glycerides, lipoproteins (HDL-C & VLDL-C) and nitrates were increased in 

plasma of group II when compared with group I. Very slight increased and decreased concentrations of HbA1c 

and nitrites were detected in plasma of group II, respectively. Similarly, Studies on RBC membrane were evident 

that significant depletion of cholesterol and phospholipids in group II. 
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1. INTRODUCTION 

Stress is one of the main route causes for many 

diseases in human populations. It is generally 

considered to be immunosuppressive and to 

increase susceptibility to infections and cancer [1, 

2]. Many anxiolytic drugs are now commercially 

available and widely using in treatment for control 

of stress and its associated disorders. One of such 

drug is alprazolam (APZ) and is a benzodiazepine 

(BZD) anti-anxiety agent frequently used for the 

treatment of generalized anxiety, panic attacks with 

or without agoraphobia and depression in humans 

as well as in dogs [3-5]. Almost 20% of the global 

populations in the world are intermittently using 

BDZs. Among which APZ tops the list with highest 

consumption [6]. APZ is easily absorbed and 

extensively metabolized in humans after oral 

administration. In order to get desirable effects 

APZ widely using for recreational purposes [7], 

and also with drinks [8a, 8b] and fruit juices [9]. 

Despite the record of safety of this short term 

acting drug, its higher consumption, long term and 

lavish use without prescription shows adverse 

effects. Many studies were conducted to know the 

effect of APZ on human subjects. In one such 

study, some long term, high-dosage users of APZ 

developed reversible depression [10]. The use of 

APZ in pregnancy is believed to be associated with 

congenital abnormalities. Evidence is also available 

that the APZ decreases the levels of female 

hormones such as FSH and LH in humans (authors 

unpublished data). Overdose symptoms may 

include extreme drowsiness, confusion, muscle 

weakness, loss of balance or coordination, feeling 

light-headed, and fainting, coma and death. 

 

Though India ranks top in APZ manufacture (5.1 

tons) as well as consumption [6], research 

contribution towards APZ is negligible. So far, no 

information is available on its long term use and 

their consequences at blood metabolites and RBC 

membrane. Hence, the study is undertaken with a 

view to evaluate the changes induced by the long 

term use of APZ in human volunteers for past few 

years.  

 

2. MATERIALS AND METHODS  
2.1. Subjects for the Study  

A total of 16 male human volunteers (subjects) of 

34-45 years old residing in Anantapur town of 

Andhrapradesh State were taken for this study. 

Among the all subjects, 8 were free of sedatives 

and any other anti-depressants or tranquilizers and 

were considered as group I and remaining were 

taken under group II who consumed Alprazolam 

(APZ) for the past six months to three years daily 

0.25-0.5 mg twice a day (Table 1). Both the groups 

were free from any other chronic disease or illness, 
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smoking habit and other psychoactive drugs. All 

the volunteers were well explained about the 

experimentation and their written consent was 

obtained.  

 

2.2. Blood Collection 

Blood samples from overnight fasted subjects were 

colleted, stored at -4°C in refrigerator and finally 

used for conducting this study. Blood was drawn 

from each subject (from both the groups) by vein 

puncture between 7 to 10 AM into heparinized test 

tubes and immediately chilled to 4
o
C later plasma 

and red blood cells were separated for biochemical 

analysis.  

 

2.2.1. Plasma Analysis  

Plasma was analyzed to determine the biochemical 

parameters such as concentration of glucose, 

triglycerides, cholesterol, lipoproteins (High 

Density Lipids-HDL, Low Density Lipids-LDL and 

Very Low Density Lipids-VLDL), nitrites and 

nitrates. 

 

Table 1: Characteristic Features of Subjects. 

 

Parameter 

Group 

Group I 

(Control) 

Group II 

Chronic APZ 

users 

Number (n) 8 8 

Age (years) & 

gender 

43 ± 2 

(male) 

43 ± 2 (male) 

APZ (mg/day) -- 0.25-0.5 

 

2.2.1.1. Estimation of plasma glucose  

Plasma glucose was estimated by using Monozyme 

diagnostic kit, which is based on the method of 

Tinder [11].  

 

2.2.1.2. Estimation of plasma HbA1c 

Using TRBA diagnostic kit (which was developed 

based on the method of Trivelli et. al., [12]) plasma 

HbA1c (hemoglobin A1 protein) was determined.  

 

2.2.1.3. Estimation of plasma total cholesterol  

Plasma total cholesterol and HDL-Cholesterol were 

estimated by the enzymatic kit method of Allian 

et.al., [13]. LDL and VLDL cholesterol were 

determined by the formula of Friedward et. al., 

[14].  

 

2.2.1.4. Estimation of tri-glycerides  

Plasma tri-glycerides were estimated by using 

Qualigens diagnostic kit, which developed based 

on the adaptation of the method Fossati and 

Priciple [15].  

 

2.2.1.5. Estimation of nitrites and Nitrates  

Nitrite and nitrate levels in plasma were estimated 

as described by the method of Sastry et. al., [16].  

2.3 Biochemical Analysis of Erythrocyte 

Membrane   

2.3.1. Isolation of erythrocytes 

To isolate erythrocytes, blood was diluted with 

saline and then passed through a cellulose column 

[17]. The filtrate collected was centrifuged at 1000 

rpm for 10 min. The erythrocytes settled as pellet 

were separated by removing the upper supernatant 

carefully. This washing step was repeated and the 

finally obtained erythrocytes were used for 

estimating the lipid peroxidation and preparation of 

erythrocyte ghosts.  

 

2.3.2. Preparation of erythrocyte membrane 

(ghost preparation) 

The erythrocyte membranes (or) ghosts were 

prepared by using the method Dodge et. al., [18].  

 

2.3.3. Membrane analysis  

Total lipid was extracted from different cellular 

fractions and was done by the method Ways and 

Hanahan [19]. The phospholipids and cholesterols 

of the membrane were respectively estimated by 

Connerty et. al., [20] and Zlatkis et. al., [21] 

methods.  

 

2.4. Osmotic Fragility of Erythrocytes 

The test of osmotic fragility was attempted to 

determine the concentration of solute inside the red 

cells by placing the cells in different concentrations 

of NaCl i.e., 0.9 % to 0.1% and also to determine 

the hemolysis in hypotonic solution. The 

intracellular solute concentration as reflected by the 

red cell fragility can be helpful in establishing the 

pathologic state of the red cells. NaCl in the 

concentration range of 0.1% to 0.9% was taken in 

‘9’ different centrifuge tubes with a volume of 10 

ml. 1 ml of 50 % 1:1 diluted red cells suspension 

was added to each tube and mixed immediately by 

gentle swirling, allowed to stand at room 

temperature for 30 min. After 30 min of incubation, 

tubes were remixed and centrifuged at 2000 Xg for 

5 min. and absorbance of the supernatant was read 

at 540 nm against blank (Tube containing 0.9% 

NaCl with no hemolysis).  

The percentage of hemolysis of the each tube is 

calculated as follows.  
             O.D. of individual tube X 100 

Percentage of hemolysis = ------------------------------------     

                          O.D of 100% hemolysis (0.1%) 

STATISTICAL ANALYSIS  

Data was analyzed for significant difference 

(P≤0.05) among values of controls and chronic 

APZ users using STUDENT ‘t’ test. 

 

3. RESULTS AND DISCUSSION 

The actual mechanism underlying in the long term 

use of Alprazolam are not clear yet. In the present 

study, an attempt has been made to evaluate the 
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biochemical changes induced in blood and 

erythrocyte membrane of long term use of APZ in 

human volunteers. The results of this study 

presented in table 2 and 3. A significant decrease in 

the plasma glucose (92.95 Vs 79.89 mg/dl, 13%) 

and HbA1c (5.64 Vs 5.06, 0.5 %) concentrations 

were observed in group II when compared to group 

I. Observed decrease in plasma glucose and 

glycosilated Hb (HbA1c) suggesting that the  

glucose lowering effect by APZ. HbA1c is a 

precise index on long term glucose homeostasis 

reflecting the average blood glucose concentration. 

Though the plasma glucose and HbA1c are within 

normal range, significant reduction in the values of 

these parameters in APZ users clearly showed the 

effect and possible consequences. Maintenance of 

constant levels of blood glucose is complex process 

in which various hormones, enzymes, several 

tissues and other factors play a role. Blood glucose 

concentration is regulated chiefly by two processes 

viz., glycogenesis and glycogenolysis in liver [22]. 

In addition, blood glucose levels are regulated by 

hepatic and renal gluconeogenic production of 

glucose on one hand and degradation of peripheral 

glucose on the other [23]. 

 

Circulating levels of VLDL, LDL and HDL are 

considered to be powerful risk factors for 

cardiovascular diseases (CVD) [24]. A significant 

decrease in plasma cholesterol moiety in group II 

(219.5 Vs 197.78) indicated hypocholesterolemic 

effect of APZ in human volunteers using APZ for 

the past few years. Studies of Shiori et. al., [25] 

demonstrated that significant reduction of 

cholesterol by APZ treatment. 

 

Increase in plasma triglycerides (145.5 Vs 171.2), 

HDL-C (49.23 Vs 58.17), VLDL-C (12.42 Vs 

30.63) with a decrease in LDL-C (66.46 Vs 54.72)  

are recorded in  group II of the present study 

suggesting the unique action of the tri azolo-

benzodiazepine, the APZ, on lipids and lipoprotein 

patterns where a mixed effect with a risk and 

benefit was observed. HDL cholesterol is 

considered as anti-atherogenic good cholesterol 

involved in the transport of sterols and lipids [26]. 

The concentrations of HDL-C have inverse 

relationship with Coronary heart disease (CHD) in 

humans. The low concentrations of HDL-C have 

associated with higher risk of CHD and rising 

concentrations are associated with a fall in risk of 

CHD [27]. Based on the epidemiological data 

available, the NCEP ATP III (National cholesterol 

education program, Adult treatment program III, 

2001) [28] the HDL-C levels more than 60 mg/dl 

considered as high while less from 40 mg/dl to 35 

mg/dl was considered as low [29]. The definition of 

“optimal” HDL-C will likely undergo further 

modification [30]. In the present study, group II 

have elevated levels of HDL-C, when compared 

with group I indicating beneficiary effect in 

lowering risk of CHD. In contrary, individuals with 

low HDL-C (<40 mg/dl in men and <50 mg/dl in 

women) are at increased risk of Cardio vascular 

disease (CVD) [31], which leads to restenosis 

followed by coronary balloon angioplasty [32] and 

cardiovascular death [33]. 

 

Hike in VLDL-C and triglyceride (TG) increases 

the susceptibility of the subjects for cardiovascular 

risk. Plasma triglycerides (145.5 Vs171.2) and 

VLDL-C (12.4 Vs 30.63) levels were increased 

significantly in APZ users and this may be due to 

stimulation of VLDL-TG synthesis. Delayed 

clearance of chylomicron-TG or VLDL-TG might 

have contributed for the same decrease. VLDL 

belongs to the common spectrum of triglyceride 

rich particles. Some VLDL synthesized in the small 

intestine, acts as a vehicle for reabsorption of 

endogenous cholesterol and fatty acids of biliary 

origin [34]. Synthesis of VLDL is promoted by an 

increase in influx of free fatty acids in liver and 

ultimately the particles are converted to LDL. The 

increased circulatory VLDL-C and the associated 

triglycerides due to defective clearance [35,36] of 

the particles from circulation is in agreement with 

earlier studies and the changes are attributed to the 

altered activity of lipoprotein lipase [37]. 

 

Low density lipoproteins are cholesterol rich 

particles containing 70% of total plasma cholesterol 

mainly as cholesterol esters and are derived from 

progressive delipidation of VLDL and serve to 

deliver cholesterol to liver and peripheral cells. 

They are bound and taken up by specific high 

affinity receptors, which recognize Apo-protein-B, 

the major Apo-protein of LDL [38] of critical 

importance for the regulation of plasma LDL [39]. 

LDL cholesterol concentrations are strongly and 

positively related to CHD and atherosclerotic 

complications [40]. LDL deposits cholesterol in 

artery wall, forming plaque whereas HDL removes 

cholesterol from plaque and form the blood stream. 

Therefore, increased levels of LDL and small dense 

LDL are associated with the risk of coronary artery 

disease [41]. Lower levels of LDL-C have been 

observed in group II when compared to group I 

(66.46 Vs 54.72) indicating favor the group II 

subjects from the risk of above said diseases in this 

study. However, this benefit may not be applicable 

to the subjects who consume APZ more than the 3 

years (subjects of the present study are taken APZ 

from 6 months to 3 years).Adverse effects relay on 

the drug dose, prolonged consumption and age 

factors of the patients. Apart from this 

glycosylation induces compositional and structural 

changes in LDL.  
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When normal human erythrocytes pre-incubated 

with APZ (0.05 mg/ml) with different 

concentrations of NaCl ranging from 0.1-0.9% and 

extent of hemolysis was examined to assess the 

influence of APZ on membrane tolerance/osmotic 

fragility of red cells. The results of the present 

study was presented in the table 2 and revealed the 

decrease in tendency of hemolysis at various 

concentrations of NaCl solutions which indicating 

the protective effect or tolerance related to red cell 

membranes. Significant decrease in red cell 

membrane cholesterol (100.44 Vs 83.01) and 

phospholipids (108.18 Vs 84.90) moieties as well 

as the consequent C: P ratio (0.92 Vs 0.97) in APZ 

users indicated decrease in membrane fluidity 

leading alterations in physicochemical properties in 

APZ users (Table 3).  

 

Table 2: Osmotic fragility in red blood cells. 

 

Nitric oxide (NO) is diffusible free radicals which 

play many roles as an effecter molecule in diverse 

biological systems including neurotransmitter, anti-

microbial and anti- tumor activities [42]. Available 

literature strongly suggests that low (or) moderate 

increase in NO production exerts several 

beneficiary effects and excessive production leads 

to several and pathological consequences. Plasma 

levels of nitrite and nitrate are the reliable 

indicators of NO production in the body.  Increase 

of nitrite (3.05 Vs 3.79) and nitrate (32.45 Vs 

37.79) levels in plasma of group II subjects of this 

study indicates an increase NO production in APZ 

users (Table 3). NO appear to play an important 

role APZ induced events. Nitrosation of lipids and 

proteins is a common process under nitrosative 

stress. NO behaves as antioxidant and pro-oxidant 

depending on oxidative stress [43]. APZ induces to 

increase NO production in cell, blood and other 

tissues [44,45]. In view of versatile role of NO, the 

observed  changes in plasma profile (plasma 

glucose, lipids, lipo-proteins -HDL-C,LDL-

C,VLDL-C, Nitrite, Nitrate), membrane 

constituents and physicochemical properties of  

bio-membranes (membrane fluidity, membrane 

constituents) of the present study cannot be ruled 

out. 

Table 3: Effect of long term use of Alprazolam on 

plasma glucose, HbA1C cholesterol, Tri-glycerides, 

Lipoproteins, Nitrite, Nitrate and RBC membrane 

cholesterol and Phospholipids.  

 

Parameter 

 

 

Group 

Group I 

(Control) 

Group II 

(Chronic APZ 

users) 

Plasma 

Glucose 92.95±2.68 79.895±1.95 

HbA1C 5.642±0.21* 5.0625±0.19* 

Lipids 

Cholesterol 

(mg/dL)  

219.50±4.25 197.78±5.20* 

Triglycerides 

(mg/dL) 

145.50±6.32 171.20 ± 5.26* 

Lipoproteins 

HDL-C (mg/dL) 49.23±2.93 58.17 ±2.46* 

LDL-C (mg/dL) 66.46±3.67 54.72 ± 3.32* 

VLDL-C 

(mg/dL) 

12.42±1.84 30.63 ± 2.14* 

Nitric oxide (NO) 

Nitrite 

(µmoles/L) 

3.05 ± 0.08 3.79 ± 0.05* 

Nitrate 

(µmoles/L) 

32.45 ± 0.11 37.62 ± 0.40* 

RBC membrane 

Cholesterol 

(mg/dl) 

100.44 ±1.29 83.01  ± 1.17* 

Phospholipids 

(mg/dl) 

108.18 ± 1.87 84.90  ± 2.11* 

C/P ratio 0.92 0.97 

Values are Mean ± SEM. Plasma glucose level and 

plasma HbA1C concentration is expressed as mg/dL. 

*Values are significant from control p≤0.05. 

 

4. CONCLUSIONS 

Alprazolam, a tri-azolobenzodiazopine is a globally 

used potential drug with anxiolytic, hypnotic and 

anti-depressant actions. This benzodiazepine is 

generally prescribed for short term use. However, 

due to several reasons people have been using this 

drug for long term purposes. So far, no information 

is available on its long term use and their 

consequences. In the present study an attempt was 

made to evaluate its effects on long term use by 

human volunteers. Findings of this study revealed 

APZ induced alterations in blood glucose 

homeostasis, decrease in plasma glucose level as 

well as alterations in plasma lipid, lipoproteins. 

Significant decrease in red cell membrane 

cholesterol and phospholipid moieties as well as 

the consequent C: P ratio in APZ users indicated 

decrease in membrane fluidity leading to alterations 

in physicochemical properties in APZ users. 

Increased NO in the blood and erythrocyte 

membrane of APZ users is an evident for NO 

action. Furthermore APZ appears to be rendering 

tolerance to erythrocyte membrane and thereby 

preventing RBC hemolysis to some extent. The 

actual mechanism of APZ induced alterations and 

 Osmotic fragility 

S.No Concentration  of  

NaCl 

Control APZ 

users 

1 0.1 0.41 0.34 

2 0.2 0.37 0.32 

3 0.3 0.32 0.30 

4 0.4 0.11 0.19 

5 0.5 0.13 0.15 

6 0.6 0.09 0.10 

7 0.7 0.07 0.08 

8 0.8 0.06 0.06 

9 0.9 0.05 0.05 
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in blood and erythrocyte membrane is not known 

and is needed to be elucidated. 

 

5. REFERENCES 
[1]. K. Vishwanathan, C. Daugherty, F. S. 

Dhabhar, (2005) Stress as an endogenous 

advent:augmentation of the immunization 

phase of cell-mediated immunity, int 

immunol ,17:1059-1069. 

[2]. J.L. Salak Johnsone, J.J. McGlone, (2007) 

Making sense of apparently conflicting data: 

stress and immunity in swine and cattle, J 

Anim Sci, 85:81-88. 

[3]. J.Bowen, S.Heath, (2005) Behaviour 

Problems in small Animals.1
st
 ed., Elsevier 

Saunders,E dingburgh, 73-95, 

[4]. S.L.Crowell Davis, T.Murray, (2005) 

Veterinary Psychopharmacology.1
st
 ed., 

Wiley-Black well.Ames, 34-41. 

[5]. R.Goyal, K.Anil, (2007) Protective effect of 

Alprazolam in acute immobilization stress-

induced certain behavioral and biochemical 

alterations in mice, Pharmacology Reports, 

59, 284-290. 

[6]. International Narcotic control Board INCB, 

(2009) Technical-reports psychotropic’s 

publication part, 1-238. 

[7]. R.R. Griffiths Wolf, (b) (1990) Relative abuse 

liability of different benzodizepines in drug 

abuser, Jornal of clinical psycho 

pharmacology, 10(4): 237-243. 

[8]. E. Tanaka, T. Nakamura, M.Terada, K. 

Shinozuka Honda (2005) Preliminary study of 

the Invitro interaction between alcohol, high 

does flunitrazepam and its three metabolites 

using human liver mcrosomes, Basic clin 

pharmacology Toxicol, 96:88-90. 

[9]. N.K.Yasui, H.Furukori, (2000) Effects of 

repeated ingestion of grape fruit juice on 

single and multiple, Oral does pharmacology 

namics of Alprazolam, Psychopharmacology, 

150, 185-190. 

[10]. R.B. Lydiard, M.T. Laraia, J.C. Ballenger, 

E.F. Howell, (1987) Emergence of Depressive 

Symptoms in patients Receiving Alprazolam 

for Panic Disorder, The American Journal of 

psychiatry, 144(5), 664-665. 

[11]. P.Tinder, (1969) Determination of blood 

glucose, Annals of Clinical Biochemistry, 6, 

24. 

[12]. L.A.Trivelli, H.M.Ranney, H.T.Lai, (1971) 

Hemoglobin components in patients 

with  diabetes mellitus, New England 

Journal of Medicine, 284, 353-357. 

[13]. C.C.AllianPoon, L.S. Chan, C.S.G.Richmand, 

W.fulp, (1974) Enzymatic determination of 

total cholesterol, clin chem. 20,470-475. 

[14]. W.T.Friedewald, R.I. Levy,D.S. Fredrickson, 

(1972) Estimation of the concentration of 

lowdensity lipoprotein cholesterol in plasma, 

without the use of preparative centrifuge, 

Clin. Chem, 18: 499-502. 

[15]. P. Fossati, L.Priciple, (1982) Serum 

triglycerides determined calorimetrically with 

an enzyme that produces hydrogen peroxide, 

Clinical chemistry, 28, 2077-2080. 

[16]. K. V. H. Sastry, R. P. Moudgal, J. Mohan,    

J.S.Tyagi, G.S.Roa, (2002)  Spectro 

photometric determination of serum nitrite 

and nitrate by copper-cadmium alloy,  

Analytical biochemistry, 306, 79-82. 

[17]. E.Beutler, (1975) In red cell metabolism. 

Manual of biochemical methods 2
nd

 edn, 

Grude and Stratton publishers, New York, 8-

18. 

[18]. J.T. Dodge, C.Mitchell, D.J.Hanahan (1963) 

The preparation and chemical characteristics 

of hemoglobin free ghosts of human 

erythrocytes, Archives of Biochemistry and 

Biophysics, 100, 119-130. 

[19]. P.Ways, D.J. Hanahan, (1964) Characteri -

zation and quantification of red cell lipids in 

normal man, Journal of Lipid, 5, 318.  

[20]. H.V. Connerty,A.r. Briggs, E.H Jr.Eaton 

(1961),Simplified determination of the lipid 

components of blood serum, Clinical 

chemistry, 7, 37-53. 

[21]. A. Zlatkis, B. Zak, A.J. Boyle, (1953) A new 

method for the direct determination of serum 

cholesterol, Journal of Laboratory and 

Clinical Medicine, 4: 486-492. 

[22]. V. Bhavana priya, S. Kalpana, S. Govinda 

swamy T. Apparanatham (2001), Biochemical 

studies on hypoglycemic effect of aavirai, 

kudiner, an herbal formulation in alloxan 

diabetic rats, Indian Jornal of Experimental 

Biology, 39, 925-928. 

[23]. P.J. Randle, E. A. Newsholme, and P. B. 

Garland, (1964) Regulation of glucose uptake 

by muscle, Biochemistry Journal, 93, 652-

665. 

[24]. D.J. Baer, J.T. Judd, B.A. Clevidence, (2002) 

Moderate alcohol consumption lowers risk 

factors for cardiovascular disease in 

postmenopausal women fed a controlled diet, 

American Journal of Clinical Nutrition, 75, 

593-599. 

[25]. T. Shiori, K. Fujii ,T. Someya ,S. Takahashi,  

(1996) Effect of pharmacotherapy on serum 

cholesterol levels in patients with Panic 

Disorder, Acta Psychiatrica Scandanavica, 

93, 164-167. 

[26]. G. Rajagopal, V. Suresh, A. Sachan, (2012) 

High-Density Lipoprotein Cholesterol: How 

High, Indian Journal of Endocrinology and 

Metabolism, 16, 236-238. 

[27].  D. Gordon, B.M. Rifkind, (1989) High 

density lipoproteins: the clinical implications 

Indian Journal of Advances in Chemical Science 2 (2) (2014)140-145 

Indian Journal of Advances in Chemical Science 2 (2) (2014)140-145 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Rajagopal%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Suresh%20V%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sachan%20A%5Bauth%5D


145 

 

of recent studies, New England Journal of 

Medicine, 321, 1311-1315. 

[28]. M. Scott Grundy, I. James Cleeman, C. Noel 

Bairey Merz, H. Bryan Brewer, Jr; T. Luther 

Clark, B. Donald Hunninghake, C. Richard 

Pasternak, C. Sidney Smith, Jr; J. Neil Stone, 

(2001) Implications of Recent Clinical Trials 

for the National Cholesterol Education 

Program Adult Treatment Panel III 

Guidelines. 

[29]. S.M.Grundy,J.I.Cleeman,C.N.Merz, (2004) 

Implications of recent clinical trials for the 

National Cholestrol Education Program Adult 

treatment Panel III Guidelines, J Am Coll 

Cardio,44:720-732.  

[30]. K.Nvin Kapur, D.Ashen, S.Roger Blumenthal, 

(2008) High density lipoprotein cholesterol: 

an evolving target of therapy in the 

management of cardiovascular disease, Vasc 

Health Risk Manag, 4: 39–57. 

[31]. N.E. Miller,O.H. Forde, D.S.Thelle, and 

O.D.Mjos, (1977) The Tromso heart study, 

High-density lipoprotein and coronary heart 

disease: a prospective case-control study, 

Lancet, 1: 965-968. 

[32]. P.K. Shah, (1992) Low high density 

lipoprotein level is associated with increased 

restenosis rate after coronary angioplasty, 

Amin J., 85(4): 1279-85. 

[33]. P. W. Wilson, R. D. Abbott, W. P. Castelli 

(1988), High density lipoprotein cholesterol 

and mortality, The Framingham Heart Study,  

Arteriosclerosis, 8(6): 737-741. 

[34]. M.Ashour,  S.salem,H.Hassaneen,E.L. 

Gadban, N.Helwan,A.Awad, T.K. Basu, 

(1999) Antioxidant status in insulin dependat 

diabetes mellitus(IDDM), J Clin Biochem 

Nutr, 26: 99-107. 

[35]. N. J. Mann, D. Li, A.J. Sinclair, N.P. 

Dudman,  X.W. Guo, G.R. Elsworth,  A. K. 

Wilson, F.D. Kelly, (1999),The effect of diet 

on plasma homocysteine concentrations in 

healthy male subjects, European Journal of 

Clinical Nutrition, 53, 895-899. 

[36]. M.C.Garge, S. Ojha, D.D. Bansal, (1996) Anti 

oxidant status of streptozotocin diabetic rats, 

Indian J Exp Biol, 34:264-266.  

[37]. M.V. Garge, D.D. Bansal, (1997) Effect of 

Vitamin C supplementation on oxidative 

stress in experimental diabetes, Indian Jornal 

of Experimental Biology, 35, 264-260.  

[38]. M.V. Garge, D.D Bansal, (2000) protective 

antioxidant effect of vitamin C in 

streptozotocin induced diabetic rats, Indian 

Jornal of Experimental Biology, 38, 101-

104. 

[39]. H.L. Pahl, P.A. Baeuerle, (1994) Oxygen and 

the control of gene expression, Bioessays, 16, 

497-502. 

[40]. Expert panel on Detection, Evaluation, and 

Treatment of High Blood Cholesterol in 

Aduls. Executive summery of the 3
rd

 report of 

the National Cholesterol Education Program 

(NCEB) Expert Panel on 

Detection,Evaluation, and Treatment of High 

Blood Cholesterol in Adults (Adult Treatment 

Panel III) JAMA. (2001), 285:2486- 2497.  

[41]. R.M.Krauss, (1987) Relationship of 

intermediate and low-density lipoprotein 

subspecies to risk of coronary artery disease, 

American Heart Journal, 113, 578-582. 

[42]. A.E.Hagerman, K.M. Riedl, G.A. Jones, K.N. 

Sovik, N.T. Ritchard, P.W. Hartzfeld, T.L. 

Riechel, (1998) High molecular weight plant 

polyphenolics (tannins) as biological 

antioxidants, J. Agric. Food Chem. 46, 1887-

1892. 

[43]. G.Andican, R.gelisgen, O.B. unal, 

karahasanoglu, T.Burcak, (2007) Oxidative 

stress and nitric oxide in rats with alcohol 

induced acute pancreatitis, World Jornal of 

Gasteroenterology, 13 (43), 5750-5783. 

[44]. O.Taiko,U.Atsuhisa,S.Noriaki,H.Hirosh,K.Ta

dashi, (2002) Suppression of monocyte chemo 

attractant protein 1,But not IL-8 by 

alprazolam:Effect of alprozolam on C-

Re1?p65 and C-Re1/50 binding to the 

monocyte chemo attractant protein 1 promoter 

region, The Journal of Immunology,169: 

3329-3335. 

[45]. A.Singh and A.Kumar, (2008) Protective 

effect of Alprazolam against sleep deprivation 

–induced behavior alterations and oxidative 

damage in mice, Neuro Science Research, 

60(4), 372-379. 

 

 

 

Indian Journal of Advances in Chemical Science 2 (2) (2014)140-145 

http://www.ncbi.nlm.nih.gov/pubmed?term=Amin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=1555271
http://www.ncbi.nlm.nih.gov/pubmed?term=Krauss%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=3544774

