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Abstract: In the context of anxiety treatment, beta-blockers and benzodiazepines are distinct classes of 

medications with different pharmacological profiles. Beta-blockers, like propranolol, primarily act by 

blocking beta-adrenergic receptors, affecting physical symptoms of anxiety like palpitations and tremor. 

Benzodiazepines, on the other hand, like alprazolam, work by enhancing GABAergic neurotransmission, 

leading to sedation and anxiolysis. While both can be effective in reducing anxiety symptoms, their 

pharmacokinetic and pharmacodynamic properties differ significantly, influencing their suitability for 

different patients and anxiety presentations.. 
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I. INTRODUCTION 

In the context of anxiety treatment, beta-blockers and benzodiazepines are distinct classes of medications with different 

pharmacological profiles. Beta-blockers, like propranolol, primarily act by blocking beta-adrenergic receptors, affecting 

physical symptoms of anxiety like palpitations and tremor. Benzodiazepines, on the other hand, like alprazolam, work 

by enhancing GABAergic neurotransmission, leading to sedation and anxiolysis. While both can be effective in 

reducing anxiety symptoms, their pharmacokinetic and pharmacodynamic properties differ significantly, influencing 

their suitability for different patients and anxiety presentations. 
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Method 

This review details the present knowledge about BZD mechanisms of action, drug profiles, clinical actions, and 

potential side effects. In addition, this review describes numerous types of BZD-mediated central nervous system 

effects. 

 

Conclusion 

For any patient taking a BZD, the prescribing physician must carefully evaluate the risks and benefits, and higher-risk 

patients require careful considerations. Clinically appropriate use of BZDs requires prudence and the understanding of 

pharmacology. 

  

Introduction  

Benzodiazepines (BZDs) are one of the most widely prescribed pharmacologic agents in the United States (more than 

112 million prescriptions in 2007).1 BZDs are used for numerous indications, including anxiety, insomnia, muscle 

relaxation, relief from spasticity caused by central nervous system pathology, and epilepsy. BZDs are also used 

intraoperatively because of their amnesic and anxiolytic properties. However, these properties become undesired side 

effects in nearly all other clinical instances. 

The severity of BZD-induced adverse effects forces physicians to exercise caution and pay attention to side effects 

when prescribing this class of agents. Tolerance, dependence, age-related physiological changes, and drug-drug 

interactions are all important considerations. This review explains the mechanisms of action of BZDs, compares and 

contrasts popular BZDs on the market today, and describes specific BZD-mediated effects and side effects. 

 

General/Pharmacodynamics 

BZDs act as positive allosteric modulators on the gamma amino butyric acid (GABA)-A receptor. The GABA-A 

receptor is a ligand-gated chloride-selective ion channel. 

GABA is the most common neurotransmitter in the central nervous system, found in high concentrations in the cortex 

and limbic system. GABA is inhibitory in nature and thus reduces the excitability of neurons. GABA produces a 

calming effect on the brain.2 The 3 GABA receptors are designated A, B, and C. This article focuses primarily on the 

GABA-A receptor, with which BZDs interact. 

The GABA-A receptor complex is composed of 5 glycoprotein subunits, each with multiple isoforms (Figure 1). 

GABA-A receptors contain 2 α subunits, 2 β subunits, and 1 γ subunit. Each receptor complex has 2 GABA-binding 

sites but only 1 BZD-binding site. The benzodiazepine binding site is in a specific pocket at the pairing (intersection) of 

the α and γ subunits. Within the α subunit of isoforms 1, 2, 3, and 5 resides a histidine residue (H101, H101, H126, and 

H105, respectively) that possesses a high affinity for BZDs.3 Isoforms 4 and 6 of the α subunit contain an arginine 

residue and do not have an affinity for BZDs.3 BZDs bind to the pocket created by the α and γ subunits and induce a 

conformational change in the GABA-A receptor, allowing GABA to bind. BZDs bind to the pocket created by α and γ 

subunits and induce a conformational change in the GABA-A receptor. This alteration, in turn, induces a 

conformational change in the GABA-A receptor's chloride channel that hyperpolarizes the cell and accounts for 

GABA's inhibitory effect throughout the central nervous system.3 

 

Specific Benzodiazepine Receptors 

The BZD receptor has been classified into several types, based on α subunit isoforms and clinical effects related to each 

type. The BZ1 receptor contains the α1 isoform. The BZ1 receptor is highly concentrated in the cortex, thalamus, and 

cerebellum;4,5 it is responsible for the BZDs' sedative effects6 and anterograde amnesia and for some of the 

anticonvulsive effects of diazepam.7 Sixty percent of GABA-A receptors contain the α1 subunit. Therefore, amnesia is 

a common side effect of BZD use because the majority of GABA-A receptors contain the BZ1 receptor responsible for 

amnesia.8 A major factor in predicting amnesia risk is lipid solubility; the greater the lipid solubility, the greater the risk 

of amnesia. BZDs with high lipid solubility have higher absorption rates and faster onset of clinical effects than BZDs 

with low lipid solubility.2 
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BZ2 receptors contain the α2 isoform4 and mediate the anxiolytic and, to a large extent, the myorelaxant effects of 

BZDs.6 BZ2 receptors are highly concentrated in areas such as the limbic system, motor neurons, and the dorsal horn of 

the spinal cord.7 The anxiolytic effects of BZDs are believed to be mediated through BZ2 receptors located in the 

limbic system, and myorelaxant properties are mediated via α2-containing receptors in the spinal cord and motor 

neurons.7 Not all BZDs interact with the same type of BZ receptor or with equal affinity to a specific receptor. These 

differences in α subunit isoforms, BZ receptor type affinity, and location within the central nervous system account for 

the different effects of the various BZDs.7 

 

Benzodiazepine Pharmacokinetics 

The pharmacokinetic properties of a drug determine its onset of action and the duration of its effect. Specifically, 

pharmacokinetics describes the absorption, distribution, metabolism, and excretion of a drug (ie, what the body does to 

the drug). Pharmacodynamics describes the responsiveness of receptors to a drug and the mechanism by which these 

effects occur (ie, what the drug does to the body). Individuals respond differently to the same drug, and often these 

different responses reflect the pharmacokinetics and/or pharmacodynamics among different patients. 

Pharmacokinetics (determination of the onset of action and the duration of drug effect) is affected by route of 

administration, absorption, and volume of distribution. BZDs can be administered via intramuscular, intravenous, oral, 

sublingual, intranasal, or rectal gel forms. Characteristics of the drug—including lipid solubility, binding to plasma 

proteins, and molecular size—influence the volume of distribution. Pharmacodynamics and pharmacologic drug effects 

are described in terms of dose-response curves that depict the relationship between the dose and the resulting 

pharmacologic effect. Dose-response curves predict the effect of the drug on the patient as doses increase. Titration of a 

drug should  proceed based on the expected pharmacodynamics. Key considerations during titration of medications 

include making the appropriate choice for the patient's condition (eg, renal failure, liver failure, previous drug 

exposure), appropriate choice of incremental dosing (ie, time and quantity), and periodic monitoring.9 

Preexisting disease processes and age-related changes affect elimination half-life, an especially important consideration 

when administering BZDs. Elimination half-life is the time necessary for plasma concentration of a drug to decrease to 

50% during the elimination phase. Because elimination half-life is directly proportional to the volume of distribution 

and inversely proportional to its clearance, renal and hepatic disease (altered volume of distribution and/or clearance) 

affect elimination half-life. 

Elimination half-life does not reflect time to recovery from drug effects. Elimination half-life is an estimate of the time 

needed to reduce the drug concentration in the plasma by half. After about 5 elimination half-lives, a drug is nearly 

totally eliminated from the body. Therefore, drug accumulation is likely if dosing intervals are less than this period of 

time. 

From a pharmacological perspective, BZDs are usually well absorbed by the gastrointestinal tract after oral 

administration. After intravenous administration, BZDs quickly distribute to the brain and central nervous system. BZD 

activity is terminated by redistribution similar to that of the lipid-soluble barbiturates. Following intramuscular 

injection, absorption of diazepam or chlordiazepoxide is slow and erratic, whereas absorption of intramuscular 

administration of lorazepam or midazolam appears to be rapid and complete. Lorazepam is well absorbed after 

sublingual administration, reaching peak levels in 60 minutes.2 

 

BENZODIAZEPINES IN CLINICAL PRACTICE 

BZDs are classified in terms of their elimination half-life. Short-acting BZDs have a median elimination half-life of 1-

12 hours, intermediate-acting BZDs have an average elimination half-life of 12-40 hours, and long-acting BZDs have 

an average elimination half-life of 40-250 hours.2 As noted earlier, 5 half-lives are generally necessary for an agent to 

be eliminated from the body, making the number of hours that a drug is in the body considerably longer. The table lists 

various BZDs and their characteristics.2 
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Benzodiazepines Commonly Prescribed in Clinical Practice 

 
 

REFERENCES 

[1]. Cascade E, Kalali AH. Use of benzodiazepines in the treatment of anxiety. Psychiatry (Edgmont) 2008 

Sep;5(9):21–22. [PMC free article] [PubMed] [Google Scholar] 

[2]. Fox C, Liu H, Kaye AD. Manchikanti L, Trescot AM, Christo PJ, et al, eds. Clinical Aspects of Pain 

Medicine and Interventional Pain Management: A Comprehensive Review. Paducah, KY: ASIP Publishing;; 

2011. Antianxiety agents; pp. 543–552. In. [Google Scholar] 

[3]. Kelly MD, Smith A, Banks G, et al. Role of the histidine residue at position 105 in the human alpha 5 

containing GABA(A) receptor on the affinity and efficacy of benzodiazepine site ligands. Br J Pharmacol. 

2002 Jan;135(1):248–256. doi: 10.1038/sj.bjp.0704459. [DOI] [PMC free article] [PubMed] [Google 

Scholar] 

[4]. Sieghart W. Pharmacology of benzodiazepine receptors: an update. J Psychiatry Neurosci. 1994 

Jan;19(1):24–29. [PMC free article] [PubMed] [Google Scholar] 

[5]. Rudolph U, Crestani F, Benke D, et al. Benzodiazepine actions mediated by specific gamma-aminobutyric 

acid(A) receptor subtypes. Nature. 1999 Oct 21;401(6755):796–800. doi: 10.1038/44579. Erratum in: Nature. 

2000 Apr 6;404(6778):629. [DOI] [PubMed] [Google Scholar] 

[6]. Kaufmann WA, Humpel C, Alheid GF, Marksteiner J. Compartmentation of alpha 1 and alpha 2 GABA(A) 

receptor subunits within rat extended amygdala: implications for benzodiazepine action. Brain Res. 2003 Feb 

21;964(1):91–99. doi: 10.1016/s0006-8993(02)04082-9. [DOI] [PubMed] [Google Scholar] 

[7]. Crestani F, Löw K, Keist R, Mandelli M, Möhler H, Rudolph U. Molecular targets for the myorelaxant action 

of diazepam. Mol Pharmacol. 2001 Mar;59(3):442–445. doi: 10.1124/mol.59.3.442. [DOI] [PubMed] 

[Google Scholar] 

[8]. Mattila-Evenden M, Bergman U, Franck J. A study of benzodiazepine users claiming drug-induced 

psychiatric morbidity. Nord J Psychiatry. 2001;55(4):271–278. doi: 10.1080/080394801681019138. [DOI] 

[PubMed] [Google Scholar] 

[9]. Kaye AD, Gayle K, Kaye AM. Pharmacological agents in moderate and deep sedation. In: Urman RD, Kaye 

AD, editors. Moderate and Deep Sedation. New York, NY: Cambridge University Press;; 2012. pp. 8–32. In. 

eds. [Google Scholar] 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology  

                               International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 5, Issue 6, May 2025 

 Copyright to IJARSCT         DOI: 10.48175/568   642 

    www.ijarsct.co.in  

 
 

ISSN: 2581-9429 Impact Factor: 7.67 

 
[10]. Chouinard G, Annable L, Fontaine R, Solyom L. Alprazolam in the treatment of generalized anxiety and 

panic disorders: a double-blind placebo-controlled study. Psychopharmacology (Berl) 1982;77(3):229–233. 

doi: 10.1007/BF00464571. [DOI] [PubMed] [Google Scholar] 

[11]. Chouinard G, Young SN, Annable L. Antimanic effect of clonazepam. Biol Psychiatry. 1983 Apr;18(4):451–

466. [PubMed] [Google Scholar] 

[12]. Nardi AE, Perna G. Clonazepam in the treatment of psychiatric disorders: an update. Int Clin 

Psychopharmacol. 2006 May;21(3):131–142. doi: 10.1097/01.yic.0000194379.65460.a6. [DOI] [PubMed] 

[Google Scholar] 

[13]. Chouinard G, Labonte A, Fontaine R, Annable L. New concepts in benzodiazepine therapy: rebound anxiety 

and new indications for the more potent benzodiazepines. Prog Neuropsychopharmacol Biol Psychiatry. 

1983;7((4-6)):669–673. doi: 10.1016/0278-5846(83)90043-x. [DOI] [PubMed] [Google Scholar] 

[14]. Lenox RH, Modell JG, Weiner S. Acute treatment of manic agitation with lorazepam. Psychosomatics. 1986 

Jan;27((1 Suppl)):28–32. doi: 10.1016/s0033-3182(86)72736-9. [DOI] [PubMed] [Google Scholar] 

[15]. Modell JG, Lenox RH, Weiner S. Inpatient clinical trial of lorazepam for the management of manic agitation. 

J Clin Psychopharmacol. 1985 Apr;5(2):109–113. doi: 10.1097/00004714-198504000-00011. [DOI] 

[PubMed] [Google Scholar] 

[16]. Olkkola KT, Ahonen J. Midazolam and other benzodiazepines. Handb Exp Pharmacol. 2008;(182):335–360. 

doi: 10.1007/978-3-540-74806-9_16. [DOI] [PubMed] [Google Scholar] 

[17]. Reves JG, Fragen RJ, Vinik HR, Greenblatt DJ. Midazolam: pharmacology and uses. Anesthesiology. 1985 

Mar;62(3):310–324. [PubMed] [Google Scholar] 

[18]. Pieri L. Preclinical pharmacology of midazolam. Br J Clin Pharmacol. 1983;16((Suppl 1)):17S–27S. doi: 

10.1111/j.1365-2125.1983.tb02267.x. [DOI] [PMC free article] [PubMed] [Google Scholar] 

[19]. Gerecke M. Chemical structure and properties of midazolam compared with other benzodiazepines. Br J Clin 

Pharmacol. 1983;16((Suppl 1)):11S–16S. doi: 10.1111/j.1365-2125.1983.tb02266.x. [DOI] [PMC free 

article] [PubMed] [Google Scholar] 

[20]. Midtling JI. Midazolam: a new drug for intravenous sedation. Anesth Prog. 1987 May-Jun;34(3):87–

89. [PMC free article] [PubMed] [Google Scholar] 

[21]. Kothary SP, Brown AC, Pandit UA, Samra SK, Pandit SK. Time course of antirecall effect of diazepam and 

lorazepam following oral administration. Anesthesiology. 1981 Dec;55(6):641–644. doi: 10.1097/00000542-

198155060-00007. [DOI] [PubMed] [Google Scholar] 

[22]. van Rijnsoever C, Täuber M, Choulli MK, et al. Requirement of alpha5-GABAA receptors for the 

development of tolerance to the sedative action of diazepam in mice. J Neurosci. 2004 Jul 28;24(30):6785–

6790. doi: 10.1523/JNEUROSCI.1067-04.2004. [DOI] [PMC free article] [PubMed] [Google Scholar] 

[23]. Long DM. Aging in the nervous system. Neurosurgery. 1985 Aug;17(2):348–354. doi: 10.1227/00006123-

198508000-00022. [DOI] [PubMed] [Google Scholar] 

[24]. Coleman PD, Flood DG. Neuron numbers and dendritic extent in normal aging and Alzheimer's disease. 

Neurobiol Aging. 1987 Nov-Dec;8(6):521–545. doi: 10.1016/0197-4580(87)90127-8. [DOI] [PubMed] 

[Google Scholar] 

[25]. Stiff JL. Evaluations of the geriatric patient. In: MC Rogers, Covino BG, Tinker JH., editors. Principles and 

Practice of Anesthesiology. St. Louis, MO: Mosby Year Book;; 1993. pp. 480–492. In. eds. [Google Scholar] 

[26]. Stuart B, Kamal-Bahl S, Briesacher B, et al. Trends in the prescription of inappropriate drugs for the elderly 

between 1995 and 1999. Am J Geriatr Pharmacother. 2003 Dec;1(2):61–74. doi: 10.1016/s1543-

5946(03)90002-x. [DOI] [PubMed] [Google Scholar] 

[27]. Buffett-Jerrott SE, Stewart SH. Cognitive and sedative effects of benzodiazepine use. Curr Pharm Des. 

2002;8(1):45–58. doi: 10.2174/1381612023396654. [DOI] [PubMed] [Google Scholar] 

[28]. Negrusz A, Juhascik M, Gaensslen RE. Estimate of the incidence of drug-facilitated sexual assault in the U.S. 

Final Report. 2005 Washington, DC. https://www.ncjrs.gov/pdffiles1/nij/grants/212000.pdf. Accessed March 

5, 2013. [Google Scholar] 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology  

                               International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 5, Issue 6, May 2025 

 Copyright to IJARSCT         DOI: 10.48175/568   643 

    www.ijarsct.co.in  

 
 

ISSN: 2581-9429 Impact Factor: 7.67 

 
[29]. Ohshima T. A case of drug-facilitated sexual assault by the use of flunitrazepam. J Clin Forensic Med. 2006 

Jan;13(1):44–45. doi: 10.1016/j.jcfm.2005.05.006. Epub 2005 Aug 8. [DOI] [PubMed] [Google Scholar] 

[30]. Thomas RE. Benzodiazepine use and motor vehicle accidents. Systematic review of reported association. Can 

Fam Physician. 1998 Apr;44:799–808. [PMC free article] [PubMed] [Google Scholar] 

[31]. Verster JC, Veldhuijzen DS, Volkerts ER. Is it safe to drive a car when treated with anxiolytics? Evidence 

from on-the-road driving studies during normal traffic. Curr Psychiatry Rev. 2005 Jun;1(2):215–225. [Google 

Scholar] 

[32]. Pisani MA, Murphy TE, Araujo KL, Slattum P, Van Ness PH, Inouye SK. Benzodiazepine and opioid use 

and the duration of intensive care unit delirium in an older population. Crit Care Med. 2009 Jan;37(1):177–

183. doi: 10.1097/CCM.0b013e318192fcf9. [DOI] [PMC free article] [PubMed] [Google Scholar] 

[33]. Ely EW, Inouye SK, Bernard GR, et al. Delirium in mechanically ventilated patients: validity and reliability 

of the confusion assessment method for the intensive care unit (CAM-ICU) JAMA. 2001 Dec ;286(21):2703–

2710. doi: 10.1001/jama.286.21.2703. [DOI] [PubMed] [Google Scholar] 

[34]. McNicoll L, Pisani MA, Zhang Y, Ely EW, Siegel MD, Inouye SK. Delirium in the intensive care unit: 

occurrence and clinical course in older patients. J Am Geriatr Soc. 2003 May;51(5):591–598. doi: 

10.1034/j.1600-0579.2003.00201.x. [DOI] [PubMed] [Google Scholar] 

[35]. Bergeron N, Dubois MJ, Dumont M, Dial S, Skrobik Y. Intensive Care Delirium Screening Checklist: 

evaluation of a new screening tool. Intensive Care Med. 2001 May;27(5):859–864. doi: 

10.1007/s001340100909. [DOI] [PubMed] [Google Scholar] 

[36]. Pisani MA, Araujo KL, Van Ness PH, Zhang Y, Ely EW, Inouye SK. A research algorithm to improve 

detection of delirium in the intensive care unit. Crit Care. 2006;10(4):R121. doi: 10.1186/cc5027. [DOI] 

[PMC free article] [PubMed] [Google Scholar] 

[37]. Balas MC, Deutschman CS, Sullivan-Marx EM, Strumpf NE, Alston RP, Richmond TS. Delirium in older 

patients in surgical intensive care units. J Nurs Scholarsh. 2007;39(2):147–154. doi: 10.1111/j.1547-

5069.2007.00160.x. [DOI] [PubMed] [Google Scholar] 

[38]. Pisani MA, Murphy TE, Van Ness PH, Araujo KL, Inouye SK. Characteristics associated with delirium in 

older patients in a medical intensive care unit. Arch Intern Med. 2007 Aug 13-27;167(15):1629–1634. doi: 

10.1001/archinte.167.15.1629. [DOI] [PubMed] [Google Scholar] 

[39]. Articles from The Ochsner Journal are provided here courtesy of Ochsner Clinic Foundation  

 


