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ABSTRACT

Since Singer and Nicolson's flutd mosaic model was introduced, our understanding of membrane organization has evolved. Rather than
being homogeneous bilayers of lipids dispersed uniformly, plasma membranes are actually lipid complexes with laterally separated
membrane domains, such as caveolae and lipid rafts. The pharmacokinetic features of medications, including their transport, distribution,
and accumulation, ultimately tmpact their efficacy. Research conducted in both in vivo and cell culture settings has demonstrated the
critical role that drug-lipid interactions play in these processes. Drug effectiveness can be estimated using liposome model membrane
systems in a vartety of ways. Estimating the quantity of drug carried into cells as well as its route of transport is also possible with lipid
model membranes.

The aim of the experiment s to study molecular mechanism of drug lipid interaction

Fig 1 : Liposome

REVIEW OF LITERATURE

1. AM Seddon, D Casey(1) The field of drug-membrane interactions is one that spans a wide range of scientific disciplines, from
synthetic chemistry, through biophysics to pharmacology. Cell membranes are complex dynamic systems whose structures can be
affected by drug molecules and in turn can affect the pharmacological properties of the drugs being administered. In this tutorial
review we aim to provide a guide for those new to the area of drug—membrane interactions and present an introduction to areas of
this topic which need to be considered ...

2. Jumper, R Evans, A Pritzel, T Green, M Figurnov(2) Proteins are essential to life, and understanding their structure can facilitate
a mechanistic understanding of their function. Through an enormous experimental effort 1, 2, 3, 4, the structures of around 100,000
unique proteins have been determined 5, but this represents a small fraction of the billions of known protein sequences 6, 7.
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Structural coverage is bottlenecked by the months to years of painstaking effort required to determine a single protein structure.
Accurate computational approaches are needed to address this gap.

3. A Kusumi, TK Fujiwara, R Chadda(3) The recent rapid accumulation of knowledge on the dynamics and structure of the plasma
membrane has prompted major modifications of the textbook fluid-mosaic model. However, because the new data have been
obtained in a variety of research contexts using various biological paradigms, the impact of the critical conceptual modifications on
biomedical research and development has been limited.

4. LJ Pike - Journal of lipid research, 2006 — ASBMB(4) The recent Keystone
Symposium on Lipid Rafts and Cell Function (March 23-28, 2006 in Steamboat Springs, CO) brought together biophysicists,
biochemists, and cell biologists to discuss the structure and function of lipid rafts. What emerged from the meeting was a consensus
definition of a membrane raft:" Membrane rafts are small (10— 200 nm), heterogeneous, highly dynamic, sterol-and sphingolipid-
enriched domains that compartmentalize cellular processes. Small rafts can sometimes be stabilized.

5. TPW McMullen, RNAH Lewis(5) The existence of relatively large and longlived detergent-insoluble, sphingolipid-and
cholesterol-enriched, liquid-ordered lipid raft domains in the plasma membranes of eukaryotic cells has become widely accepted.
However, we believe that the evidence for their existence is not compelling despite extensive work on both lipid bilayer model and
biological membranes. We review here the results of recent studies, which in our view call into question the existence of lipid rafts
in membranes, at least in the form commonly

INTRODUCTION

The primary components of the cell membrane, which are a wide range of distinct lipids, proteins, and polysaccharides, make it an
extremely complex and diversified system. Amphipathic phospholipids make up the majority of the continuous lipid bilayer matrix
found in cell membranes. The cell membrane, which acts as a cell's border, is crucial to a drug's absorption, distribution, metabolism,
and excretion (ADME).! With the solution to the sequence problem, the general structure for a single protein domain has been found,
marking the most spectacular enormous leap forward in life science since the identification of the double helix structure of DNA.? The
idea of membrane organization has evolved gradually since Singer and Nicolson proposed a fluid mosaic model; in this model, lipid
complexes with laterally separated membrane domains, such as lipid rafts and caveolae, constitute plasma membranes rather than
homogeneous bilayers of uniformly distributed lipids.® Lipid rafts are membrane domains that are different from other membrane
structures, being tiny (10-200 nm), diverse, dynamic, and high in sphingolipids and cholesterol.* Because they divide membranes into
functional sections and give membrane proteins a place to reside, lipid raft membrane domains are crucial for cellular signal transduction
and trafficking.>® Membrane lipid rafts and caveolae are localized or host clusters of pharmacologically significant receptors, ion
channels, and enzymes.*!?> The route of pharmacological action can first be understood in terms of the straightforward
receptor/channel/enzyme and ligand interaction described in the classic mechanistic theory, given the placement of receptors, ion
channels, and enzymes in membrane lipid rafts. The second idea is that medications could alter the organizational integrity of lipid rafts
by acting on membrane lipids, which would modify the activity of ion channels, enzymes, and receptors that are embedded in membrane
domains. If medications interact more favorably with lipid rafts than with non-raft overall membrane lipid bilayers, it would be
interesting to find out if this interaction at the membrane lipid level is connected to the pharmacological and cytotoxic effects of drugs.
Although cholesterol is necessary for the creation of rafts and caveolas, the regulating effects of membrane domains on ion channels
and receptors were verified by lowering the amount of cholesterol in plasma membranes.13-16

General mechanisms of Drug-Membrane Interactions

Passive Diffusion

According to Fick's law, passive diffusion is the net transfer of chemicals from a high concentration area to a low concentration area. It
is a major route for the penetration and absorption of drugs. Drug molecules can contact their binding sites contained in the lipid bilayer
by either directly crossing the membrane or diffusing laterally through the membrane.!”"'® A drug's concentration gradient or its
difference in saturation degree, or equilibrium solubility, between the two sides of the membrane can be the driving force behind passive
diffusion. ' Because of their capacity to interact with the hydrophobic tail of the lipid bilayer, small hydrophobic drug molecules can
diffuse across the plasma membrane quickly. In contrast, unless they are very small and have an ideal net charge, hydrophilic or ionized
molecules do not readily diffuse across the bilayer.22! Conversely, high hydrophobicity hinders the bioavailability of the active
medicinal components since it may cause them to be stuck in the lipid membrane due to strong hydrophobic bonding. The integrity of
the membrane as a protective barrier is discovered to be destroyed by this unwanted drug-membrane binding. 2> Consequently, the
medicine must have the best possible affinity—or lipophilicity—for the lipophilic membrane environment.
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Fig 2 : Passive diffusion

Protein- Mediated Transport

This form of transport is facilitated by certain membrane proteins that offer continuous protein-lined routes through lipid bilayers,
allowing some drug molecules to enter or exit cells more easily. The two primary protein types implicated in this kind of transport are
typically classified as carriers or channels. In facilitated diffusion, channel proteins create pores in the membrane that permit water-
soluble molecules—those that are charged or have polar groups—to flow through, whereas carrier proteins literally alter their structure
to facilitate the passage of particular molecules across membranes in a process known as active transport. Interactions Of Model Lipid

Membrane With Drug :

It is unavoidable for drug-lipid interactions to occur since many drug molecules have intracellular targets, which means they must cross
one or more phospholipid bilayers in order to reach the intracellular targets and cause a reaction. Research in both in vivo and cell
culture settings has demonstrated the importance of drug-lipid interactions in the pharmacokinetic (transport, distribution, and
accumulation) aspects of drug action, which in turn affect the medications' overall effectiveness. Therefore, in order to produce powerful

medications, it is essential to comprehend how these interactions affect the pharmacokinetic features of drugs. Drug :

Antibiotics :

Better explanations for the findings from in vivo and cell culture experiments have been offered by biophysical research. In
J774 macrophage cells, for example, Michot et al.?* found appreciable variations in the cellular accumulation and intracellular
activity of four closely similar fluoroquinolone derivatives, in the following order: ciprofloxacin < levofloxacin < garenoxacin
< moxifloxacin. Ciprofloxacin efflux in J774 macrophages was found to be the cause of the lower ciprofloxacin accumulation
as compared to moxifloxacin acquisition.?* It was unknown, meanwhile, why the ciprofloxacin transporter showed varying
susceptibilities to efflux. The contrasts between the two medications' cellular accumulation and intracellular activity were
explained by biophysical studies of the interactions of fluoroquinolone derivatives (moxifloxacin and ciprofloxacin) with lipid
model membranes.?>?’

Antifungal Drugs

Using Langmuir model membranes, Corvis et al.?® investigated the behavior of griseofulvin, an antifungal drug, at a biologically
analogous SP of 30 mN/m. It was proposed that the cell membrane's capacity to identify a specific molecule may play a role in
the mechanism of action of griseofulvin.
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Antipsychotic Drugs

Hidalgo et al.?> examined how the antipsychotic medications trifluoperazine and chlorpromazine affected lipid monolayers,
discovering that even minute amounts of these medications cause surface potential and SP to alter. The authors deduced from
this data that the lipids have to respond to these medications cooperatively; yet, the binding of these pharmaceuticals results in
modifications to several lipids that go well beyond the site of drug binding. The method by which these medications exert
relatively nonspecific effects over the lipid membrane may be explained by the cooperative action of the lipid membrane, as
revealed in our work.

Liposome Model Membranes As Prediators Of Drug Efficacy

Drug efficacy evaluations frequently employ liposome model membrane systems. The partition coefficient, a measurement of
the quantity of a drug that will permeate and/or pass across a lipid membrane into a biological system, is typically used to
assess the efficacy of pharmaceuticals. When estimating partition coefficients for pharmaceuticals, an isotropic two-phase
solvent solution, like a combination of octanol and water, is typically used. 3 According to a number of studies, liposome
model membranes are a more accurate substitute for conventional partition coefficient estimation techniques because the latter
are unable to take into consideration potential ionic interactions between medications and lipids, especially when the
pharmaceuticals are charged. In the case of Rodrigues et al.?! rifampicin and dibucaine, which are ionized at physiological pH,
were found to have different partition coefficient values with water-dimyristoyl-L-a-phosphatidylglycerol (DMPG) (anionic
liposome) and water-DMPC (zwitterionic liposome) compared to neutral drugs, which displayed similar partition coefficient
values in both water-DMPG and water-DMPC systems. Electrostatic interactions between the head groups of lipids and ionized
drugs—that is, the interaction between cationic dibucaine and anionic DMPG head groups— were the reason for the variation
in partition coefficient values. The findings indicate that liposomes, as opposed to octanol-water, provide superior systems for
measuring partition coefficients due to their ability to replicate the hydrophobic portion and the externally charged polar surface
of phospholipids found in natural membranes.

Estimating the quantity of drug carried into cells as well as its route of transport is also possible with lipid model membranes.
Using a variety of biophysical methods, Baciu et al. 32 investigated the interactions between cationic amphiphilic drugs (CADs)
and lipid model membranes. The findings demonstrated that active transport and diffusion are not the only mechanisms
underlying CADs. It was demonstrated that CADs caused the double-chain PCs to split into mono-chain PCs and fatty acid via
this process. When monochain PCs are concentrated enough, they can form micelles that can move the medication to other
intracellular membranes by separating from the membrane.

Additionally, model membranes have been employed to study the toxicity process, especially at drug concentrations that have
been shown to be harmful in vivo. Amphotericin B (AmB) is an antibiotic with potent antifungal properties that is very
hazardous to mammalian cells. 334

Interactions Of Plymers And Drug Delivery Systems With Lipid Membrane

It has been demonstrated that the interfacial characteristics of polymeric coatings applied to drug delivery systems or the drug
delivery systems themselves affect how well the systems interact with biological environments and, in turn, how well they
deliver biotherapeutic agents to cells and tissue. Several polymers, such as poly(vinyl alcohol) (PVA)*,poly(ethylene oxide)
(PEO)3,chitosan®’, are utilized as coatings in the creation of drug delivery devices. It has been demonstrated that the size of
drug delivery systems and physical properties of these polymers, such as their hydrophilicity, hydrophobicity, and surface
charge, can greatly affect how efficiently they interact with lipids. The effectiveness of drug delivery systems in delivering
biotherapeutic drugs to cells and tissue can be affected by these polymers in one of two ways. To effectively construct drug
carrier systems and gain a deeper comprehension of the mechanisms underlying drug delivery system absorption or harmful
effects, a more comprehensive understanding of the interactions between lipid-drug delivery systems and polymers is therefore
important. The degree of disruption caused by PAMAM dendrimers in lipid bilayers is dependent on their size and charge, as
demonstrated by a biophysical analysis of the interactions between SLBs and amine-terminated generation 7 and 5 (G7 and
G5) poly(amidoamine) dendrimers. 3840
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CONCLUSION

The transport of pharmaceuticals and drug delivery systems across biological barriers can be better understood by means of
straightforward yet efficient drug lipid interaction investigations conducted with model membranes. Druglipid interaction studies using
model membranes may offer a sensible method for both drug development and discovery, as well as for creating effective drug delivery
systems, with a deeper comprehension of the mechanisms of interactions.

REFERENCE

1.

2.

o

o

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Seddon, A. M.; Casey, D.; Gee, A. D.; Templer, R. H.; Ces, O. Drug Interactions with Lipid Membranes. Chem. Soc. Rev. 2009, 38, 2509~
2519.

Jumper J., Evans R., Pritzel A., Green T., Figurnov M., Ronneberger O., Tunyasuvunakool K., Bates R., Zidek A., Potapenko A., et al.
Highly accurate protein structure prediction with AlphaFold. Nature. 2021;596:583-589. doi: 10.1038/541586-021-03819-2.

Kusumi A, Fujiwara TK, Chadda R, et al. Dynamic organizing principles of the plasma membrane that requlate signal transduction:
commemorating the fortieth anniversary of Singer and Nicolson’s fluid-mosaic model. Annu Rev Cell Dev Biol. 2012;28(1):215-250.
CrossRef Medline

Pike L]. Rafts defined: a report on the Keystone Symposium on Lipid Rafts and Cell Function. | Lipid Res. 2006;47(7):1597-1598. CrossRef
Medline

McMullen T, Lewis R, McElhany R. Cholesterol-phospholipid interactions, the liquid-ordered phase and lipid rafts in model and biological
membranes. Curr Opin Colloid Interface Sci. 2004;8(6):459-468. CrossRef

Simons K, Toomre D. Lipid rafts and signal transduction. Nat Rev Mol Cell Biol. 2000;1(1):31-39. CrossRef Medline

Laude A], Prior IA. Plasma membrane microdomains: organization, function and trafficking. Mol Membr Biol. 2004;21(3):193- 205.
CrossRef Medline

George KS, Wu S. Lipid raft: A floating island of death or survival. Toxicol Appl Pharmacol. 2012;259(3):311-319. CrossRef Medline
O’Connell KM, Martens |R, Tamkun MM. Localization of ion channels to lipid Raft domains within the cardiovascular system. Trends
Cardiovasc Med. 2004;14(2):37-42. CrossRef Medline

Maguy A, Hebert TE, Nattel S. Involvement of lipid rafts and caveolae in Medline cardiac ion channel function. Cardiovasc Res.
2006,69(4):798-807.

Schousboe A, ATPase in discrete microdomain clusters in rat cerebellar CrossRef 11. Dalskov SM, Immerdal L, Niels-Christiansen LL,
Hansen GH, granule cells.

Danielsen EM. Lipid raft localization of GABAA receptor and Na+ , K+ Neurochem Int. 2005;46(6):489- 499. CrossRef Medline components
in membrane raft and caveolae microdomains. Handb Exp

Patel HH, Murray F, Insel PA. G-protein-coupled receptor-signaling Pharmacol. 2008;186(186):167-184. CrossRef Medline

Xiang Y, Rybin VO, Steinberg SF, Kobilka B. Caveolar localization dictates physiologic signaling of p2 -adrenoceptors in neonatal cardiac
myocytes. | Biol Chem. 2002;277(37):34280-34286. CrossRef Medline

Pottosin II, Valencia-Cruz G, Bonales-Alatorre E, Shabala SN, lipid rafts-associated Kv1.3 channels in Jurkat T lymphocytes. Pflugers
Arch. Dobrovinskaya OR. Methyl-p-cyclodextrin reversibly alters the gating of

Levitt ES, Clark M], Jenkins PM, Martens JR, Traynor JR. Differential effect 2007;454(2):235-244. CrossRef Medline comparison of acute
and chronic signaling to adenylyl cyclase. | Biol Chem. of membrane cholesterol removal on y- and 6-opioid receptors: a parallel

Ding XQ, Fitzgerald JB, Matveev AV, McClellan ME, Elliott MH. Functional 2009;284(33):22108- 22122. CrossRef Medline activity of
photoreceptor cyclic nucleotide-gated channels is dependent on the integrity of cholesterol- and sphingolipid-enriched membrane domains.
Biochemistry. 2008;47(12):3677-3687. CrossRef Medline  S. G.; Mavromoustakos, T. Insights into the Molecular Basis of Action of the
Zervou, M.; Cournia, Z.; Potamitis, C.; Patargias, G.; Durdagi, S.; Grdadolnik, AT 1 Antagonist Losartan Using a Combined NMR
Spectroscopy and ~ Computational Approach. Biochim. Biophys. Acta 2014, 1838, 1031-1046.

Kellici, T. F.; Tzakos, A. G.; Mavromoustakos, T. Rational Drugsign and Synthesis of Molecules Targeting the Angiotensin II type 1 and
type 2 receptors.Molecules 2015, 20, 3868 -3897

Borbas, E.; Sinko, B.; Tsinman, O.; Tsinman, K.; Kiserdei, E.; Demuth, B.; Balogh, A.; Bodak, B.; Domokos, A.; Dargo, G. Investigation and
Mathematical Description of the Real Driving Force of Passive Transport of Drug Molecules from Supersaturated Solutions.Mol. Pharm.
2016, 13, 3816~ the Passive Diffusion of Peptides Across Caco-2 Cell Monolayers via the 3826.

Pauletti, G. M.; Okumu, F.WV.; Borchardt, R. T. Effect of Size and Charge on Templer, R. H.; Plisson, C.; Parker, C. A.; Gee, A. D.
Degradative Transport Paracellular Pathway. Pharm. Res.1997,14, 164-168.

Baciu, M.; Sebai, S. C.; Ces, O.; Mulet, X.; Clarke, ]. A.; Shearman, G. C.; LipidDrug Interaction: Biophysical Effects of Tolmetin on
Membrane of Cationic Amphiphilic Drugs Across Phospholipid Bilayers. Philos. Trans. R. Soc., A 2006, 364, 2597-2614.

Nunes, C.; Brezesinski, G.; Lopes, D.; Lima, ]. L.; Reis, S.; Lucio, M. Mimetic Systems of Different Dimensionality.]. Phys. Chem. B
2011a,115, 12615 -12623.

Michot JM, Seral C, Van Bambeke F, Mingeot-Leclercq MP, Tulkens PM. Influence of efflux transporters on the accumulation and efflux of
four quinolones (ciprofloxacin, levofloxacin, garenoxacin, and moxifloxacin) in [774 macrophages. Antimicrob Agents Chemother.
2005;49:2429-2437.

€ 2024 EPRATJRD | Journal DOI: httpsy/doi.org/10.36713/epra2016 | https;/eprajournals.com/ |685 |



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

FA
e
SJIF Impact Factor (2024): 8.675] ISI L.F. Value: 1.241| Journal DOI: 10.36713 /epra2016 ISSN: 2455-7838(0Online)
EPRA International Journal of Research and Development (IJRD)

Volume: 9 | Issue: 11 | November 2024 - Peer Reviewed Journal

Michot [M, Van Bambeke F, Mingeot-Leclercq MP, Tulkens PM. Active efflux of ciprofloxacin from J774 macrophages through an MRP-
like transporter. Antimicrob Agents Chemother. 2004,48:2673-2682.

Bensikaddour H, Fa N, Burton I, Deleuw M, Lins L, Schanck A, Brasseur R, Dufrene YF, Goormaghtigh E, Mingeot-Leclercq MP.
Characterization of the interactions between fluoroquinolone antibiotics and lipids: A multitechnique approach. Biophys ]. 2008;94:3035-
3046.

Montero MT, Hernandez-Borrell [, ~ Keough KMW. Fluoroquinolonebiomembrane interactions: Monolayer and calorimetric studies.
Langmuir. 1998;14:2451-2454.

Bensikaddour H, Snoussi K, Lins L, Van Bambeke F, Tulkens PM, Brasseur R, Goormaghtigh E, Mingeot-Leclercq MP. Interactions of
ciprofloxacin with DPPC and DPPG: Fluorescence anisotropy, ATR-FTIR and P-31 NMR spectroscopies and conformational analysis.
Biochim Biophys Acta: Biomembranes. 2008;1778:2535-2543.

Corvis Y, Barzyk W, Brezesinski G, Mrabet N, Badis M, Hecht S, Rogalska E. Interactions of a fungistatic antibiotic, griseofulvin, with
phospholipid monolayers used as models of biological membranes. Langmuir. 2006;22:7701-7711.

Hidalgo AA, Caetano W, Tabak M, Oliveira ON. Interaction of two phenothiazine derivatives with phospholipid monolayers. Biophys Chem.
2004;109:85-104.

Klopman G, Zhu H. Recent methodologies for the estimation of noctanol/water partition coefficients and their use in the prediction of
membrane transport properties of drugs. Mini Rev Med Chem. 2005;5:127- 133.

Rodrigues C, Gameiro P, Reis S, Lima JL, de Castro B. Derivative spectrophotometry as a tool for the determination of drug partition
coefficients in water/dimyristoyl-L-alpha-phosphatidylglycerol (DMPG) liposomes. Biophys Chem. 2001;94:97-106.

Baciu M, Sebai SC, Ces O, Mulet X, Clarke JA, Shearman GC, Law RV, Templer RH, Plisson C, Parker CA, Gee A. Degradative transport
of cationic amphiphilic drugs across phospholipid bilayers. Phil Trans R Soc A. 2006,364:2597-2614.

Gruszecki WI, Gagos M, Herec M, Kernen P. Organization of antibiotic amphotericin B in model lipid membranes. A mini review. Cell Mol
Biol Lett. 2003,;8:161-170.

Baginski M, Czub |, Sternal K. Interaction of amphotericin B and its selected derivatives with membranes: molecular modeling studies. Chem
Rec. 2006;6:320-332.

Sahoo SK, Panyam ], Prabha S, Labhasetwar V. Residual polyvinyl alcohol associated with poly (D,L-lactide-co-glycolide) nanoparticles
affects their physical properties and cellular uptake. | Control Release. 2002;82:105-114. 36. Aqil A, Vasseur S, Duguet E, Passirani C,
Benoit JP, Roch A, Muller R, Jerome R, Jerome C. PEO coated magnetic nanoparticles for biomedical application. Eur Poly J. 2008;44:3191-
3199.

Taetz S, Nafee N, Beisner ], Piotrowska K, Baldes C, Murdter TE, Huwer H, Schneider M, Schaefer UF, Klotz U, Lehr CM. The influence
of chitosan content in cationic chitosan/PLGA nanoparticles on the delivery efficiency of antisense 2'-O-methyl-RNA directed against
telomerase in lung cancer cells. Eur | Pharm Biopharm. 2008

Hong S, Bielinska AU, Mecke A, Keszler B, Beals |L, Shi X, Balogh L, Orr BG, Baker |R, Jr, Banaszak Holl MM. Interaction of
poly(amidoamine) dendrimers with supported lipid bilayers and cells: hole formation and the relation to transport. Bioconjug Chem.
2004;15:774-782.

Leroueil PR, Hong S, Mecke A, Baker |R, Jr, Orr BG, Banaszak Holl MM. Nanoparticle interaction with biological membranes: does
nanotechnology present a Janus face? Acc Chem Res. 2007;40:335-342.

Mecke A, Majoros 1], Patri AK, Baker JR, Jr, Holl MM, Orr BG. Lipid bilayer disruption by polycationic polymers: the roles of size and
chemical functional group. Langmuir. 2005,21:10348-10354.

€ 2024 EPRAIJRD | Journal DOI: https;/doi.org/10.36713/epra2016 | https;/eprajournals.com/ | 686 |



