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ABSTRACT 

 

Persistent worry and fear are common in today’s era which can lead to anxiety and sleeplessness. Alprazolam 

is given for treatment of anxiety and panic disorders but when administered in combination with alcohol it 

can lead to severe problems like difficulty in breathing, liver damage and shows some toxic effects. This 

paper focuses on analytical method validation of ALP (alprazolam) in combination with alcohol for forensic 

analysis by using HPLC and spectrophotometry so that their detection can lead to identification and purity of 

ALP and its determination in combination to alcohol. 
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1. INTRODUCTION 

Alprazolam is a benzodiazepine derivative of appearance of like white powder and is amorphous in 

nature. These are aromatic compounds containing a 1,4-benzodiazepine fused to and sharing a 

nitrogen atom with a 1,2,4-triazole ring. Chemically alprazolam is 8-chloro-1-methyl-6-phenyl-4H-

s-triazolo [4,3-α] [1,4] benzodiazepine It binds to benzodiazepine receptors BNZ-1 which facilitate 

sleep and BNZ-2 which affects muscle relaxation, anticonvulsants etc. They produce symptomatic 

relief from anxiety and tension. It is soluble in water and alcohol. Prescribed dosage is 0.5-10mg/day 

(DAWN, 2011) 

 

Alprazolam is only found in individuals that have used or taken this drug. It is a 

triazolobenzodiazepine compound with antianxiety and sedative-hypnotic actions that is efficacious 

in the treatment of panic disorders, with or without agoraphobia, and in generalized anxiety 

disorders. (From AMA Drug Evaluations Annual, 1994, p238) Benzodiazepines bind non 

specifically to benzodiazepine receptors BNZ1, which mediates sleep, and BNZ2, which affects 

muscle relaxation, anticonvulsant activity, motor coordination, and memory. As benzodiazepine 

receptors are thought to be coupled to gamma-aminobutyric acid-A (GABAA) receptors, this 

enhances the effects of GABA by increasing GABA affinity for the GABA receptor. Binding of the 

inhibitory neurotransmitter GABA to the site opens the chloride channel, resulting in a 

hyperpolarized cell membrane that prevents further excitation of the cell. 
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Fig: 2D and 3D structure of alprazolam downloaded from pubchem. 

 

 

Chemical and Physical properties of alprazolam 

 

Table 1: Chemical properties 

Property Name Property Value 

Molecular Weight 308.769 g/mol 

XLogP3 2.1 

Hydrogen Bond Acceptor Count 3 

Rotatable Bond Count 1 

Exact Mass 308.083 g/mol 

Monoisotopic Mass 308.083 g/mol 

Topological Polar Surface Area 43.1 A^2 

Heavy Atom Count 22 

Formal Charge 0 

Complexity 434 

Covalently-Bonded Unit Count 1 

Compound Is Canonicalized Yes 
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Table 2: Physical properties: 

 

Property Value 

State Solid 

Melting Point 228 - 228.5 °C 

Water Solubility 0.032 g/L 

LogP 4.9 

Water Solubility 0.032 g/L 

logP 2.23 

logP 2.37 

Logs -4 

pKa (Strongest Acidic) 18.3 

pKa (Strongest Basic) 5.08 

Hydrogen Acceptor Count 3 

Polar Surface Area 43.07 Å² 

Rotatable Bond Count 1 

Refractivity 98.88 m³·mol⁻¹ 

Polarizability 32.22 Å³ 

Number of Rings 4 

Bioavailability 1 

Rule of Five Yes 

Ghose Filter Yes 

Veber's Rule Yes 

MDDR-like Rule Yes 

 

Pharmacological significance: 

 

Alprazolam drug is taken basically for anxiety disorder for their short term relief and for treatment of 

panic disorder. A triazolobenzodiazepine compound with antianxiety and sedative-hypnotic actions, 

that is efficacious in the treatment of panic disorders, with or without agoraphobia, and in 

generalized anxiety disorders. (From AMA Drug Evaluations Annual, 1994, p238) 

Unlike chlordiazepoxide, clorazepate, and prazepam, alprazolam has a shorter half-life and 

metabolites with minimal activity. Like other triazolo benzodiazepines such as triazolam, alprazolam 

may have significant drug interactions involving the hepatic cytochrome P-450 3A4 isoenzyme. 

Clinically, all benzodiazepines cause a dose-related central nervous system depressant activity 

varying from mild impairment of task performance to hypnosis. Unlike other benzodiazepines, 

alprazolam may also have some antidepressant activity, although clinical evidence of this is lacking. 
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Mechanism of action: 

 

Benzodiazepines bind non-specifically to benzodiazepine receptors BNZ1, which mediates sleep, 

and BNZ2, which affects muscle relaxation, anticonvulsant activity, motor coordination, and 

memory. As benzodiazepine receptors are thought to be coupled to gamma-aminobutyric acid-A 

(GABAA) receptors, this enhances the effects of GABA by increasing GABA affinity for the GABA 

receptor. Binding of the inhibitory neurotransmitter GABA to the site opens the chloride channel, 

resulting in a hyperpolarized cell membrane that prevents further excitation of the cell.  

Alprazolam are readily absorbed from gastrointestinal tract and its metabolites are excreted primarily 

in the urine. 

 

Interactions:  

 

Alprazolam can interact with number of other drugs. Any drug that is potent inhibitor of CYP3A 

increases alprazolam concentration for example ketoconazole (3.98 fold), itraconazole (2.70 fold), 

nefazodone (1.98 fold), fluvoxamine (1.96 fold), erythromycin (1.61 fold). A potent inducer of 

CYP3A is found to decrease alprazolam concentration for example carbamazepine. Alprazolam is 

found to interact with number of food items like alcohol, coffee or tea, grapefruit and other food. 

Consumption of alprazolam should be avoided with all of these above stated food. There are few 

reports showing the adverse or lethal effect of alprazolam consumption with alcohol.   

Alcohol, chemically ethanol is a psychoactive substance that is active ingredients in beer wines and 

distilled spirits. alcohol intoxication is common in people now days and effects include mood lift, 

euphoria, decreased anxiety, impairment of memory, coordination with body and generalised 

depression of CNS. Long term effects include liver damage, brain damage and increased risk of 

cancer. Alcohol is fully absorbed in the body as it enters the blood stream and causes impairment of 

sensory organs and euphoria etc. It is detectable in the body up to 6-16 hrs. After this time its 

excreted in the form of CO 2 and water. IARC (International Agency for Research on Cancer) lists 

ethanol in alcoholic beverage as group1 carcinogens. Death from ethanol is possible when blood 

alcohol level reaches 0.4% and blood level of 0.5% is severely fatal. Alcohol and medications can 

interact harmfully even if they are not taken at same time. So a time gap must be needed. Many OTC 

medications can react with alcohol and make it toxic. 3Blood alcohol level and its affects %V/V 

0.05% 0.1% >0.14 0.3% 0.4% >0.5% Effects euphoria, relaxation CNS depression, nausea, vomiting 

decreased blood flow to brain stupefaction, unconsciousness possible death. Mixing alcohol with 

certain medications like ALP can cause nausea, vomiting, headache, fainting and loss of 

coordination with brain. Risk of internal bleeding, heart problems and difficulty in breathing also 

occurs. 

Objective: 

 

The study was designed with following objectives: 

✓ Analysis of synergistic effect caused by drug Alprazolam and alcohol 

✓ Determination of LoD of ALP with and without alcohol 

✓ Determination of LoQ of ALP with and without alcohol 
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2. LITERATURE REVIEW 

 

ALP is not only commonly prescribed benzodiazepine nut also psychotropic medication accounting 

more than 48 million prescriptions in 2013 (Grohol, 2016). Benzodiazepines are given in approx. 

one third of intentional overdoses or suicide attempts (Henderson et al., 1993). Alprazolam is 

scheduled as a psychotropic substance by the WHO and is also reported to be the most used 

benzodiazepine with alcohol for abuse purposes in Drug Abuse Warning Network (DAWN) report 

((DAWN), 2011).Literature review reveals various methods for determination of ALP by using UV-

spectrophotometry, RP-HPLC(S. Bais, M. Bhavsar,2014) & HPTLC, whether ALP is used in 

combination or individually alone. These methods are highly sophisticated, time consuming, costly 

and require special skills. HPLC is a good alternative and is commonly used in routine drug  

analysis. Present study involves development of HPLC (Rele Rajan V.,2016, G. 

Abirami*,Dr.T.Vetrichelvan,2014) method for determination of ALP in combination with alcohol for 

pharmaceutical purpose. 4A major advantage of HPLC( Busto U. E.et al ,2000) is its ability to  

analyse several sample simultaneously using small quantity mobile phase. And it reduces time, cost, 

minimum risk of exposure etc. Several other parameters for validation were identified. 

 

3. MATERIAL AND METHOD 

 

Chemicals: standard sample of ALP, alcohol from registered government vendor. Other chemicals 

are of analytical grade. Equipment’s: spectrophotometer, UV, HPLC etc 

Material: Alprazolam drug is purchased from local medical shop. Ethanol is kindly provided by lab. 

Gastric juice is artificially prepared. 

Gastric Lavage 

Composition of Gastric Lavage 

1. Weigh 2g of NaCl and 3.2g of Pepsin derived from stomach mucosa 800 to 1200 units per gram 

2. Add 7ml conc. HCl to dissolve 

3. Transfer into 1000ml vol. Flask 

4. Add deionized water into vol. Flask 

5. Make up to the mark of vol. Flask 

6. Test the pH for 1.199 

 

Standard solution preparation of alprazolam: 

1 mg/ml solution of alprazolam is prepared in methanol.  

Sample preparation for analysis: 

100 µg/ml of standard alprazolam was mixed in 990 µl of gastric lavage. Sample is incubated for 10 

to 15 min. Samples are than purified through SPME column. 

 

4. HIGH PERFORMANCE LIQUID CHROMATPOGRAPHY 

Sample preparation 

Samples are prepared for HPLC. Biological samples are filtered through SPE cartridge and then 

diluted with their solvent.  

The SPE cartridge from Phenomenx USA was preconditioned with 5 mL of methanol and 

equilibrated with 3mL of deionized water. Then 1 mL of the sample extract was poured into the SPE 
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cartridge. The cartridge washed with 10 ml of 15% ethanol. Then eluted with 4 ml of methanol. 

Final fraction were collected and diluted with methanol to a volume 5 ml. Aliquots of 5 μL were 

injected into the HPLC column. 

Preparation of standard solution 

Accurately weighed appropriate amounts of the reference compound is mixed and dissolved in 

suitable solvent to obtain a stock solution. Besides, external standards is established at seven data 

points covering the concentration range of Standard according to the level estimated in the biological 

sample. Working solutions were prepared by stepwise dilution of the stock solution with respective 

solvent. 

Method validation 

In the validation of the analytical method used for the quantification of Standard in biological 

sample, the following parameters is determined: specificity, linearity, sensitivity, accuracy, precision 

and robustness. 

Specificity 

Specificity is the ability of a method to discriminate between the study analyte(s) and other 

components in the sample. The specificity was demonstrated by running a procedural blank. 

Linearity 

The linearity between peak area and concentration was analyzed using calibration curve obtained 

with standard solutions at seven different concentrations of standard RA. The concentrations of the 

compound in the solution that was considered 100% was 51.9 μg/mL. The other concentration levels 

used to construct calibration curves were 10%, 50%, 75%, 100%, 125%, 150 % and 200% of the 

concentration mentioned above. The data for peak area versus drug concentration were treated by 

linear regression analysis. 

Sensitivity 

The limit of detection (LOD) and the limit of quantification (LOQ) were determined from the 

calibration curves of the Standard - 28- Stigmasterol) standards. LOD was calculated according to 

the expression DPx3/IC, where DP is the standard deviation of the response and IC is the slope of 

the calibration curve.  

Accuracy 

The accuracy was evaluated by means of recovery assays carried out by adding known amounts of 

the RA to the sample, at three different levels (5%, 10% and 15%) of the initial concentration of the 

sample. Each solution was injected in triplicate. Average recoveries were calibrated by the formula 

recovery (%) = {(amount found – original amount)/amount spiked} x 100. 

Precision 

The precision of the method was investigated with respect to repeatability, intermediate precision 

(inter-day variation) and reproducibility by determination of standard solution at 100% of the test 

concentration. To assess the intra-day precision (repeatability) of the method, the sample was 

injected six times within a day. The inter-day precision was determined with the sample assayed on 

http://www.ijcrt.org/


www.ijcspub.org                              © 2022 IJCSPUB | Volume 12, Issue 3 August 2022 | ISSN: 2250-1770 

IJCSP22C1166 International Journal of Current Science (IJCSPUB) www.ijcspub.org 373 
 

different days and by another analyst. Precision was expressed as the relative standard deviations (% 

RSD) of the concentrations of Standard - 28- Stigmasterol). 

Robustness 

Three sample solutions were prepared and analysed under the conditions established and by 

changing the wavelength parameter from 210 nm to 250 nm, by using columns from different 

suppliers and by changing the mobile phase composition. 

Name of Sample: Artificially prepared gastric lavage. 

Instruments: AGILENT 

Methodology:  

HPLC method is carried out by using the following conditions.  

Chromatographic Conditions:  

Column       : C-18, 150mm X 4.6mm, 5μm ,  

Flow rate                  : 1ml /min  

Wavelength                   : 242nm  

Column temperature                             : 30°C  

Injection volume                             : 20 μ L  

Run time                   : 5 minutes  

Diluent                   : Mobile phase  

Elution                   : Isocratic  

Needle wash : W a t e r : Methanol 90:10 (v/v)  

Preparation of Mobile Phase: 

 The content of the Mobile Phase was prepared from filtered and degassed mixture of Phosphate 

buffer (4.5590 gm of Potassium dihydrogen orthophosphate in 1.0 litre Water and pH was adjusted 

to 7.5) and Methanol in the ratio of 60:40v/v.  

Preparation of Biological sample: 

Determination of Lambda max 

UV-Vis-Spectrophotometer has been used for determination of lambda max. It is a wavelength at 

which drug shows maximum absorbance. In process, stock solution is subjected for scanning at 

entire range (190nm -1100nm) of machine. Then, maximum absorbance is noted down against 

heighest peak. Wavelength against maximum absorbance is actual lambda max. 

Solid Phase Extraction (SPE): 

The old observation in the extraction of drugs by adsorption on solid materials viz. Florisil (A 

synthetic magnesium silicate) or activated charcoal and selective elution by solvent thereafter has 

given rise to solid phase extraction method. In this method, siliceous materials with relatively close 

size distribution (15 to 100  ) and various silica bonded phases viz. n-octadecyl (C18, ODS), n-octyl 

(C8), n-hexyl (C6), ethyl (C2), methyl (C1), cyanopropyl (nitrile, CN) aminopropyl (amino, APS 

etc.) have been employed as adsorbent with much greater efficiency of separation. The method is 

based on the use of small tubes or cartridges filled with 100-500 mg. of an appropriate adsorbent as 

stated above. There lies, however, a recently developed type of SPE cartridge in which very small 
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particles of the adsorbent are enriched in a well of PTFE microfibrils having similar efficiency as in a 

packed column but require less pressure drop. The sample is applied to the SPE cartridge either from 

a syringe or sampling manifold by applied pressure or suction at the lower end. Components are 

subsequently recovered by solvent flushing. The method is attractive because of the small amounts of 

the sample and materials are necessary and also much greater speed of the procedure compared to 

classical adsorption method. 

 

Instrumentation: 

The development and validation was carried out by using HPLC (Agilent) separation 1100 series, 

UV-Visual detector module equipped with auto-sampler with injection volume 20 μl,  pump, column 

used was C-18 (150 × 4.6 mm, i.d., 5 μm) column and data recorded using Chemstation software. 

Chromatographic conditions : 

Various combinations of mobile phases were screened and finally, the mobile phase consisting of 

0.02 M Phosphate buffer adjusted to pH 2.5 using dilute orthophosphoric acid (solvent A) and 

acetonitrile (solvent B) was set with gradient programming for 18 min was optimized at a flow  

rate of 1 ml/min, 230 nm wavelength, injection volume of 20 μL and ambient temperature was 

maintained during the entire process to obtain symmetric peaks of MET. 

 

Mobile phase A  

2.72 g of potassium dihydrogen orthophosphate (0.02M) dissolved in 1000 ml water, adjusted to pH 

2.5 using dilute orthophosphoric acid and fi ltered through 0.45 μm membrane filter.  

 

Mobile phase B:  

Acetonitrile  

Diluent: Water: acetonitrile (50:50). 

 

Result 

TLC analysis of alprazolam in gastric lavage: 
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Rf of alprazolam:  

Distance travelled by solvent front: 6.5 cm 

Distance travelled by alprazolam: 4.6 cm 

Rf value of alprazolam: 0.70 

 

Spectrophometric scanning of alprazolam: 

  

Lambda max for alprazolam is 263 nm. 

 

Standard curve of alprazolam: 

 

     

Concentration of alprazolam in gastric lavage: 3.7 µg/ml 
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SPME extraction/purification of alprazolam containing gastric lavage: 

 

                                   Fig: SPME column purification 

 

HPLC analysis of alprazolam: 

1st Dilution 

 

2nd Dilution 
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3rd Dilution 

 

 

 

 

 

 

 

 

 

4th Dilution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sr. 

No 

Conc. Of 

alprazolam (μg/ml) 

Retention 

time (min) 

Area (mAU*s) Standard 

Deviation 

LOD (Limit of 

Detection) 

LOQ (Limit of 

Quantification) 

1 10 2.15 319.1356 300.0716 13.27555 44.25182 

2 30 2.18 1059.313 

3 70 2.152 4059.312 

4 100 2.15 6251.622 

min 0 0.5 1 1.5 2 2.5 3 3.5 

mAU 

0 

50 

100 

150 

200 

250 

 MWD1 A, Sig=241,100 Ref=360,100 
(01012017\DEFAULT.D)   

2.152 

min 0 0.5 1 1.5 2 2.5 3 3.5 

mAU 

0 

50 

100 

150 

200 

250 

 MWD1 A, Sig=241,100 Ref=360,100 (01012017\DEFAULT.D) 

  

2.152 
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Sample 1 

 

 

Retention Time (Minute) Peak Area (mAU) 

2.133 4855.62256 

2.611 2712.21333 

 

Recovery of alprazolam: 

 Sample Retention 

time 

Area of 

sample 

Standard 

of 

alprazolam 

(retention 

time) 

Area of 

standard  

alprazol

am 

Injected 

amount 

(µl) 

Respons

e factor 

Concentration 

of  alprazolam 

 (µg/ml) 

Concentration 

of alprazolam 

(ppm) 

1 Sample 

1 

2.166 4855.6

2256 

2.152 6251.6

223 

20 312.581

115 

15.5339601 15.5339601 

 

 

y = 67.814x - 637.88
R² = 0.9909
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ALP would be taken from authorized medical store and alcohol from registered government 

vendor. Samples of ALP would be prepared with and without alcohol and analysed with 

reference to Linearity, Selectivity, Accuracy, Precision, Recovery, Stability, LoD and LoQ etc. 

using HPLC (Res. J. Recent Sci,2017) and UV-Vis spectrophotometer (J Pharm Biomed,2004., 

Kumar Ata Kiran,2011). The varying biochemical, analytical and metabolic activity of these 

combinations would be evaluated using the standard procedures. A spectrophotometer is used 

to measure amount of light absorb by a sample. Spectrophotometer technique are used to 

measure the concentration of solute in solution by measuring the amount of light that is 

absorbed by the solution in a cuvette placed in the photometer. 
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