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CHAPTER IV 

 

Effect of cationic dendrimer on the physicohemistry of solvent spread and adsorbed 

membrane mimetic lipid monolayer. 

ABSTRACT: The mutual miscibility and stability of the mixed monolayers of zwitterionic 

phospholipid, dipalmitoylphosphatidylcholine (DPPC) with negatively charged phospholipids 

(dihexadecyl phosphate (DHP), 1,2-dimyristoyl-sn-glycero-3-phosphoglycerol (DMPG), 1,2-

dipalmitoyl-sn-glycero-3-phosphate (DPP) and 1,2-dipalmitoyl-sn-glycero-3-phospho ethanol 

(DPPEth) were investigated at the air-buffer interface. Interaction between the positively charged 

dendrimer with the monolayers have been studied in detail using surface pressure-area isotherms. 

Thermodynamic analysis indicate miscibility of the binary mixtures when spread at the air/buffer 

interface with synergistic interaction between the components. The surface pressure-area 

isotherms the binary monolayers of DPPC and negatively charged lipids at the air-water interface 

showed maximum deviation for DPPC : anionic lipid at 7:3 M/M ratio mixed monolayer was 

more stable than the monolayers individual components. Based on the regular solution theory, 

the miscibility and stability of the two components in the monolayer were analyzed in terms of 

compression modulus (Cs
-1

) and excess Gibbs free energy (G
0
) and these physiochemical 

parameters dependent on phospholipids composition. Stable liposomes were formulated by the 

binary mixture in 7:3 molar ratio of DPPC with negatively charged phospholipids. Subsequently 

adsorbed monolayers were generated through vesicles disruption technique. Effect of 

polyamidoamine (cationic) dendrimers on the adsorbtion kinetics at the vesicles were followed. 

Bylayer disintegration and subsequent interfacial adsorbtion of lipids were followed up through 

the surface pressure. Time analysis bylayer disintegration kinetics was govern by tht lipid head 

groups, chainlength as well as the dendrimer generation an concentratio 

1. Introduction: 

Pseudo-physiological Langmuir monolayers are frequently used to establish the necessity to 

mimic their counterpart of a single leaflet in cell membranes.
1
 Langmuir monolayers at the air-

water interface have been extensively used to elucidate the interfacial and elastic properties of 

natural cell membranes under a simplified and controlled physicochemical environment. 
2
 This 

simple technique has many advantages when compared with the methods employed in spherical 

structure such as liposomess, emulsions and micelles. Many interfacial structure of the 



129 

monolayer and phases at the micro and nano scale can be visualized by various optical 

techniques such as fluorescence microscopy (FM), brewster angle microscopy (BAM), 

ellipsometm, infrared spectroscopy and atomic force microscopy (AFM) e.t.c. . 
3
 Such studies 

can help in understanding the different physicochemical phenomenon at the sub-cellular level. 

Besides the different interaction that take place between the lipidic components and proteins, 

peptides and others stimulu etc. Phospholipids are widely found in nature either in plants or 

animals. Pure forms of these compounds and/ or their mixtures have important biological 

functions. 
4
 Furthermore, the physical mixtures of these compounds at definite combinations bear 

in its nature a rich variety of phases which are closely related to the molecular packing and the 

structure of cell membrane. Studies on the lipid monolayer at the air-water interface is very 

informative in subjects such as chain packing and lipid head group interactions prevalent in the 

cellular systems. The structural properties of monomolecular films have been thoroughly studied 

by Langmuir monolayers technique to gain insights about their natural membrane counterpart. 

The present work ende vors in underst nding the effe t of pol r he d group‘s moiety, lipid  h in 

length
5
 and the hydrophobic interactions between the monolayer components. Besides the 

monolayer elasticity and miscibility such studies help in judiciously choosing a simulated 

combination of mixed phosoholipids that can form a stable liposome. A mixture of lipids 

possesses higher hydrophobicity to be incorporated into the hydrophobic core of plasma cell 

membrane in higher eukaryotic organisms. 
6
 Studies on the mixed lipid monolayers are essential 

in understanding their roles on membrane properties at the air-water interface. 
7
 Owing to the 

fact that these mixed monolayers are too simple to mimic the real cell membrane, but 

nevertheless it gives an over simplified idea about the molecular interactions and/or organization 

of these molecules at cellular level. The DPPC lipid is a zwitterionic amphiphilic molecule with 

two saturated hydro carbon chains, containing 16 carbon atoms each, with a well-known phase 

behavior at the air-water interface. It is one of the most commonly used lipids in monolayer 

studies due to its occurrence in the mammalian cell membranes. 1, 2-dipalmitoyl-sn-glycero-3-

phosphatidylcholine (DPPC) is   n tur lly o  urring zwitterioni  phospholipid found in 

pulmon ry surf  t nt (PS)  It h s the   p bility to   hieve high surf  e pressure; however, being 

solid in n ture, it is un ble to get fluidized by its own  In order to m int in p rity in terms of 

 h rge, 3  mol% of phosph ditylgly erol is present in pulmon ry surf  t nt  Su h    ombin tion 

of lipids mixtures is   p ble of forming monol yer  nd bil yer with net neg tive  h rge 
8
With 

the intention to mimi  these  ombin tions, we h ve formul ted   v riety of lipid mixture  The 
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 nioni  lipids used herein in lude dihexadecyl phosphate (DHP), 1, 2-dimyristoyl-sn-glycero-3-

phosphoglycerol (DMPG), 1, 2-dipalmitoyl-sn-glycero-3-phosphate (DPP) and 1, 2-dipalmitoyl-

sn-glycero-3-phospho ethanol (DPPEth). Among them DHP, DPP, DPPEth and DPPC molecules 

have essentially the same hydrophobic chain length with 16C (except DMPG, 14C). Dihexadecyl 

phosphate lipid is different from other phospholipids even though it can form stable monolayer.  

Phosphatidyl alcohols have special effects on their membrane properties. Phosphatidyl alcohols 

are highly potent promoters of membrane curvature, and their trans bilayer movement is three 

times higher than any naturally occurring phospholipid at physiological pH.
9-10

 The  head groups 

of DHP, DMPG, DPP and DPPEth molecules possess dipole moment with an overall orientation 

greatly contributes to electrostatic interactions with the DPPC molecule head groups across the 

interface at which they are partially immersed in water. On the other hand, cholesterol as well as 

other sterols are known to influence the conformational order of the lipid acyl carbon chains and 

membrane fluidity. Cholesterol is also the main sterol component with a maximum of 30 mol% 

of the biological membranes composition. Although the aforementioned anionic lipids (except 

DMPG) are not directly relevant to biological cell membranes, however, it is expected that such 

combination of lipids in the term of monolayer/bilayer can be explored as drug delivery systems 

against the microbial membrane. 
9
 It is known that the most active compounds (drug molecule) 

cannot attain therapeutically efficacy because of their inability to reach the target side by 

crossing the cell membrane barrier. 
11

The present set of lipid combinations with negative charge 

are expected to be biocompatible when formulating liposome. Here, the liposomes are expected 

to act as drug carrier or, more generally, as platform for theranostic.  

The aims of this study are to clarify the interfacial behavior of mixture of phospholipids of DPPC 

with different kinds of negatively charged lipids (DHP, DMPG, DPP and DPPEth).  With the 

attempt to find out how these liquid-condensed micro domains are achieved in these binary 

mixtures, the DPPC is mixed with the negatively charged phospholipids which may structurally 

mimic the driving potency to produce these LC-phases at the air-water interface. 
8
 Interfacial 

pressure-mole ul r  re  ( -A) isotherms and the corresponding thermodynamic assets of the 

mixing processes were evaluated at the pure air-water interface. Elastic properties of the binary 

mixtures were assessed by evaluating compressibility modulus extr  ted from  -A isotherms. 
12-

13
 The phase behavior was examined using the Gibbs additivity rule as well as the Gibbs free 

energy of mixing.
14
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On the other hand, the bilayer disintegration induced by positively charged 

polyamidoamine PAMAM dendrimer studied understand well defined features of liposome. For 

the medical therapeutics, numbers of nanoparticles have been utilized as drug delivery vehicle. 

Understanding the type of interaction between nanoparticles and cell or plasma membrane is still 

a fundamental challenge as the mechanism of their interaction remains poorly understood. 
15

 

Before employing one should judicially design nanoparticles having least cytotoxicity, 

biodegradability with better efficiency in transporting the drug or gene to the target tissue 

through the survival under the physiological conditions. For decades liposomes comprising 

phospholipids in different forms have been utilized in the field of drug delivery because of its 

fascinating hydrophilic-lipophilic nature.
16

 It mimics with biological cell membranes often help 

to understand or predict the interaction of drug or other molecules such as dendrimers.
17

 

However limitation such as stability issue for the liposomes initiates researchers to develop a 

new class of hyper branched three dimensional polymeric macro molecules having lipophilic 

core and functional surface groups.  

 Polyamidoamine (PAMAM) dendrimers are such compounds that have drawn 

considerable interest in the field of vaccine carriers, drug and gene delivery etc. 
18-21

 The details 

of dendrimers structure and its synthesis have widely been reported.
22

 Its structure generally 

consists of a core and several units of branching which help to reside number of functional 

moieties on the surface. Molecular shape of dendrimers depends on the generation number. The 

architect of dendrimers is such that its generation number, units of branching and function of the 

surface groups can be tuned. Its unique properties like the well define molecular weight, 

spheri  l morphology,   ge like  r hite t, lipophili  ―dendriti  box‖  nd   tive functional groups 

to the surface marked it as potential candidate for the process of drug delivery.
22-23

 Although, the 

main focus of the present work lies on the studies on the formation of biologicaly simulated 

monolayers of different negatively charged phospholipids with zwitterionic DPPC, yet, 

liposomes with net negatively charges were prepared to study the membrane disintegration 

through the formation of surface adsorbed monolayers subsequently the impact PAMAM 

dendrimer were studied on different processes, whereby the compositions of the liposomes were 

varied together with the anionic lipids (in combination with DPPC). Dependence of the type and 

strength of the interaction between dendrimer and lipid bilayer on the charge and size of the 

liposomes are expected to be evaluated through such studies. Impact of dendrimer concentration 

was investigated to understand the bilayer disintegration into surface adsorbed to monolayer. 
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Although there are different reports on the interaction studies between dendrimers and 

liposomes,
24-25

 however, no comprehensive and systematic studies have been carried out 

previously in order to assess the impact of dendrimer concentration as well as the variation of the 

liposome type for bilayer disintegration kinetics.  

2. Materials and methods 

2.1. Materials.1, 2-dipalmitoyl-sn-glycero-3-phosphatidylcholine (DPPC), dihexadecyl 

phosphate (DHP),1, 2-dimyristoyl-sn-glycero-3-phosphoglycerol (DMPG), 1, 2-dipalmitoyl-sn-

glycero-3-phosphate (DPP) and 1, 2-dipalmitoyl-sn-glycero-3-phospho ethanol (DPPEth), 

PAMAM dendrimers of generation 4 were the products from Sigma-Aldrich Chemicals Pvt. Ltd. 

(USA). AR grade disodium hydrogen phosphate (Na2HPO4.2H2O), sodium dihydrogen 

phosphate (NaH2PO4.2H2O), sodium chloride (NaCl), HPLC grade chloroform and methanol 

were the products of Merck Specialties Pvt. Ltd, India.  Double distilled water with specific 

conductance 2-4 μS ( t 25 
○
C) was used in preparing the solutions. All the chemicals were stated 

to be ≥99 5% pure  nd were used  s re eived  

2.1.1. Cell Culture: The MDA-MB-468 cell line were obtained from American Type Culture 

Collection (Manassas, VA) and were cultured in RPMI-1640 supplemented with 10% FBS, 

penicillin (100 U ml
-1

), and streptomycin (100 mg ml
-1

) in a humidified atmosphere of 5% CO2 

at 37°C. All cells were cultured in a humidified incubator containing 5% CO2 at 37°C.  

2.2. Methods. 

2.2.1. Surface pressure( ) -area(A) measurement: 

Surface pressure measurement using Langmuir surface balance. 

Surf  e pressure ( )-area (A) isotherms of pure as well as mixed monolayers (solvent spread) 

were obtained using a Langmuir surface balance (Micro Trough X, Kibron, Helsinki, Finland). A 

monolayer was generated by gently spreading the appropriate amount of a lipid solution 

dissolved in a 3:1 (V/V) chloroform/methanol mixture onto the air-buffer (pH 7.4) interface 

using a Hamilton micro syringe, allowed to stabilize for 20 minutes to achieve solvent 

evaporation and film equilibration. After that, isotherms were recorded continuously under 

symmetric compression, at a constant barrier speed of 5 mm
2
/min, using Film Ware X software. 
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2.2.2. Liposomal formulation:  

For adsorption kinetics study, liposomes were prepared by the conventional thin film hydration 

technique. Quantitative amount of phospholipid and cholesterol were dissolved in chloroform 

and methanol (3:1, V/V) in a round bottom flask. The solvent was removed using a rotary 

evaporator at 40°C. The resultant thin film was further maintained under vacuum for 6 h. It was 

then hydrated with 10 mM phosphate buffer saline (PBS) for 1 h at 70 °C (temperature above 

chain melting temperature of all lipids). Ionic strength was maintained at 100mM using sodium 

chloride. Then the systems were frozen at -20 °C and thawed followed by sonication at 45 °C. 

The freeze-thaw-sonication process was repeated for four cycles in order to obtain small 

unilamellar liposomes. Liposomes were prepared separately using DHP+DPPC, DMPG+DPPC, 

DPP+DPPC and DPPEth+DPPC along with 30 mole% cholesterol at pH 7.4. Dispersions were 

filtered through 0.45 µm cellulose nitrate membrane. Then, PAMAM dendrimer were added to 

liposome and put it for 6 hour for development of dendrimer-liposome complex. 

2.2.3. Bilayer disintegration kinetics studies. The process of disintegration and subsequent 

formation of monolayer at air-water interface was monitored by using Langmuir surface balance 

set up with a multiwell trough (micro trough X, Kibron, Finland). Langmuir adsorption 

isotherms were (  vs  t) obt ined by   refully  dding 5   µL of the liposome/dendrimers mixture 

in the trough. Plexi glass box was used which covered the stage and trough to prevent the entry 

of dust particles. All the  -t isotherms were recorded at. To ensure reliable result, each set of 

experiment was performed twice. 

2.2.4. MTT reduction assay. 

The in-vitro cytotoxicity of the synthesized liposome and liposome-dendrimers complexes 

(LDCs) on MDA-MB 468 cells were determined by the MTT assay described elsewhere.
26

 The 

optical density (OD) at 570 nm was measured with reference at 655 nm on an ELISA reader 

(Bio-Red, Japan) using wells without the sample containing cells as blanks. All experiments 

were performed in triplicate and the % of cell viability using the following formula. 

                                                    (
                  

         
 )                                                     (  ) 

3. Results and discussion. 

The experimental investigation presented in this study was divided into two parts. Part one 

compares the mixture miscibility studies and devaluation of the associated thermodynamic 
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parameters of mixed monolayer. The second part of the work mainly described the formation of 

adsorbed monolayers through the disintegration of bilayer and the subsequent impact of 

PAMAM dendrimer on the adsorption kinetics. 

3.1.  Surface (π)- area (A) isotherm of the solvent spread monolayers:  

The lift-off area for the components in their individual pure forms appeared at 1.04, 0.47, 1.08, 

0.98 and 0.51 nm
2
 molecule

-1 
for DPPC, DHP, DMPG, DPP and DPPEth respectively as shown 

in Fig 1, panel B. The recorded isotherms for pure compound monolayers expose several 

characteristic features which are in line with those previously reported results.
27-29

 All the 

monolayers collapse as liquid-condensed (LC) phases. The state of all the monolayers was 

confirmed by the values of compression moduli. 

 

Figure 1: P nel A, mole ul r stru ture of the phospholipids; p nel B, surf  e pressure ( )-area 

(A) isotherm for the monomolecular films of pure lipids (in the presence of 30 mol % 

cholesterol) at the air-buffer interface at 25 °C 

 

DHP, DMPG, DPP and DPPEth are all negatively charged phospholipids, whereas DPPC is 

zwitterionic with the phosphocholine head group. DMPG differ from other systems in their 

hydrophobic chain length. Although there are of two methylene moiety differences between 

DMPG and other three phospholipids in term of chain length, shape of the isotherm of DMPG 

was significantly different from the others. There was a steep rising portion of the isotherms in 

the high-pressure region, where   of the DPPC, DPP, DPPEth monol yer is lower th n DMPG 

monolayers at the same surface area, which is confined to a smaller molecular area (<1.08 Å
2
). 

Evidently, in this region fewer palmitoyl chain PC molecules were needed to bring about the 
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same surface pressure compare to DMPG monolayers, which can be on the basis of by the 

stronger van der Waals interactions between hydrophobic chains of the lipid with longer 

aliphatic chains. It is also obvious that at the larger molecular area, the longer is the aliphatic 

chain more lipid molecules are needed in obtaining the same rise in surface pressure. The lift-off 

area, where surface pressure begins to deviate from zero, was in the sequence DHP < DPPEth < 

DPP < DPPC < DMPG, which is as expected since longer aliphatic chains would hinder 

rearrangement of the molecules from their initially flat-lying position to a more vertically 

oriented position at the interface. Formation of stable monolayer is highly depends on the head 

group moiety of a phospholipids. In DHP, two hexadecyl groups are directly covalently linked to 

the phosphate group unlike the other phospholipids. Hydrophobic attraction between two acyl 

chains result is lower lift-off area. On the other hand, in case of DPPEth, the phosphate group is 

connected with -CH2CH3, which has greater tendency to come out from water to decrease the 

lift-off area. 

 

Figure 2: Surf  e pressure ( )-area (A) isotherm of the monomolecular films of DPPC with 

Anionic lipids (in the presence of 30 mol % cholesterol) at the air-buffer interface at 25 °C. 

Legends of DPPC, anionic lipids and their different mole ratio (DPPC:anionic lipids) are shown 

in bellow the figure. 



136 

The surf  e pressure versus  re  per mole ule ( -A) isotherms of the mixed monolayers of 

different combinations of negatively charged phospholipids and DPPC along with 30 mol% 

cholesterol are presented in Figure 2. Measurement and analysis of the surface pressure versus 

molecular area curves of the mixed monolayers of DPPC and negatively charged phospholipids 

under various molar ratio showed that they occur associative and repulsive interaction between 

the components at the air-water interface. The nature and extent of deviation depend largely on 

the composition as well as the surface pressure. With increasing the mole ratio of DPPC the lift-

off area increases for DHP:DPPC mixed monolayers. But pure DHP collapsed at higher pressure, 

shown in Figure 2, panel A. As the lift-off area of DPPC is higher than that of DHP, the lift-off 

area increases with increase the mole ratio of DPPC. But for the binary mixture of DPPC and 

DHP (7:3, M/M), it show moderate lift-off area with the value 0.68 nm
2
/molecule. Other systems 

followed the same sequence. 

3.2. Mutual miscibility of the lipid mixtures at the air-buffer interface:  

When the two components were mixed in an organic solvent and then spread over the air-water 

interface to form a monolayer, it is not possible to find as whether the components miscible exist 

existed as a homogeneous surface phase, or whether there occur phase separation due to limited 

solubility of one component in the other had occurred. By  n lysis the  -area isotherm of the 

pure as well as of mixed monolayers, there are two ways to determine the miscibility of the two 

components at the interface. The first one is analyzed by the measuring of collapse pressures of 

the mixed monolayers. Each of the pure component monolayer has its own collapse pressure 

upon compression. If the two components are immiscible, the mixed monolayer should start to 

collapse at the lower one. If the mixed monolayer is further compressed, the surface pressure 

should rise again until the higher collapse pressure is reached. Instead, the mixed monolayer of 

two miscible components shows only a single collapse, probably at a pressure which is different 

from either of the collapse pressures of the pure component monolayers. The collapse pressure of 

pure  omponents w s found  s DPPC, 48 1  mNm
-1
; DHP, 62 1  mNm

-1
; DMPG, 57 1  mNm

-1
; 

DPP, 54 2  mNm
-1

  nd DPPEth, 61  mNm
-1

. 

Film functionality was found to be dependent on the composition of the lipid mixture. Isotherms 

of the pure components lead to calculate ideal isotherms for the mixed systems according to the 

additivity rule.
30
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          Aid = x1A1 + x2A2                                          (2) 

where, Aid is the average theoretical area per molecule, x1 and x2 being mole fractions of the 

components 1 (DPPC+ 30 mol % cholesterol) and 2 (anionic lipid + 30 mol % cholesterol), 

respectively. A1 and A2 are the corresponding experimental area per molecule of the individual 

components. Deviation of the experimental value (Aex) from the ideal one can be obtained 

through the calculation of the excess area per molecule as.
30

 

Aex=A12-Aid                                                                    (3) 

where A12 is the experimental area per molecule of the mixed monolayer. Any deviation from 

linearity or any incidence of the appearance of maximum or minimum with varying composition 

would produce the extent of deviation from ideality. In case of an ideal mixture, the calculated 

value (Aid) should be equal to that of the measured value (A12) and should vary linearly with 

mole fraction of any components. A negative deviation from the ideal behavior signifies 

associative interaction between lipidic hydrocarbon chains of DPPC and anionic lipid, while a 

positive deviation signifies repulsive interaction. Representative plots for the variation of Aex/Aid 

with composition are shown in the Figure 3. Initial positive deviation (for 20, 40, 50, 60 and 80 

mol % of DPPC) from the linearity was the outcome of repulsive interaction between DPPC and 

the anionic lipid. Columbic repulsion, prevailing at this particular combination, causes the 

system to deviate positively from the ideality. However, associative interactions were validating 

for the systems with 70 mol % of DPPC for all the anionic lipids ( except DMPG). Strong van 

der Waals force of interaction along with hydrogen bonding results in associative interaction 

which prevail the Columbic repulsion for these systems. In case of DPP lipid significant 

divergence from the trend line was observed for 40 mol % DPPC, suggesting some anomalous 

interactions than the other.  Variation in mean molecular area and composition mole fraction was 

non systematic; for most of the systems and surface pressures positive deviation were noticed at 

two distinct values of xDPPC which were due to the formation of  3D aggregated species. 

According to the previous report the miscibility between the different molecule at the air-water 

interface depends strongly on their acyl chain length, composition and degree of packing.  

Associative interaction occurs between the components through the formation of condensed 

monolayer at 70 mol% DPPC.  
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Figure 3: Aex/Aid vs xDPPC profile at different surface pressure for the mixed monolayer over 0.1 

mM PBS buffer at pH 7.4. Panel A, DHP+DPPC; panel B, DMPG+DPPC; panel C, DPP+DPPC 

and panel D, DPPEth+DPPC. Surface pressure are indicated inside the figure. 

3.3. Film stability analysis: 

Condensation of mixed monolayer (area contraction) at higher DPPC mole ratio (70%) was 

revealed from Figure 4, and the subtle structure of the monolayer could further be scrutinized 

from various factors such as ordering of chain, tilting of polar head, and molecular packing. To 

obtain the state of the investigated films and the consequent molecular ordering, compression 

moduli were calculated for different mixed monolayers. Film compressibility (Cs) is a measure 

of the resistance of the monolayer against compression; in other words, it can be defined as the 

amount of pressure needed to cause a change in the molecular area. The reciprocal of 

compressibility, Cs 
−1

 known as compression modulus, is also another route to demonstrate the 

phase transition variation in the Cs
-1

 with the surface pressure for different combination of lipid 
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mixtures are summarized in Figure 4. 
30

 Results suggest that the molecular packing at the 

interface somehow depends on the head group and hydrophobic chain length of the anionic  

 

                                                        
   = -A (

  

  
)                                                                          (4) 

 

 

Figure 4: Variation in the compressibility moduli (Cs 
−1

) with the surface pressure for pseudo 

binary monomolecular films of DPPC + anionic lipids with 30 mol % cholesterol at 25 °C. Panel 

A, DHP+DPPC; panel B, DMPG+DPPC; panel C, DPP+DPPC and panel D, DPPEth+DPPC. 

Lipids composition are maintain inside the figure. 

 

phospholipids. It has also been found that DMPG+DPPC monolayer was more than the other 

systems as the lift-off area is higher in case of pure DMPG. Shorter hydrocarbon chains leads to 

the formation of less condense monolayer in case of DMPG comprising systems as also reported 

earlier. A quantitative analysis of the interactions between molecules in the mixed DPPC/anionic 
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lipid   n be obt ined on the b sis of ex ess free energy of mixing (ΔGex) which can be 

determined dire tly by  n lyzing the  -A isotherms.  

Mixed monolayer study and subsequent analysis help in formulating stable liposomal dispersions 

by considering. The spontaneity associated with hydrophobic interactions between the 

hydrocarbons chains of lipids can also be viewed by evaluating the excess free energy change. 

Quantitative assessment of the magnitude of the mutual interaction between DPPC with the 

anionic lipids could be best studied by considering ΔGex
0
 values. 

30
 

 

 

Figure 5: Variation of excess free energy (ΔGex
0
 ) for the DPPC + anionic lipid monolayer 

systems (with 30 mol % cholesterol) with the mole fraction of DPPC(xDPPC) lipid at different 

surface pressure  at 25 °C. Panel A, DHP+DPPC; panel B, DMPG+DPPC; panel C, DPP+DPPC 

and panel D, DPPEth+DPPC. Surface pressure are indicated inside the figure. 
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 -    )                                                      (5) 

where, Aid is the average theoretical area per molecule and A12 is the experimental area per 

molecule of the mixed monolayer. Figure 5 describe the variation in the excess free 

energyG
0

ex with the composition of mixed binary phospholipids. Non-ideal mixing behavior 

between DPPC and anionic lipids was confirmed from the run of the curves; positive deviation 

from the ideal behavior was observed for the system comprising different mol % of DPPC. 

Coulombic force of repulsive interaction between the polar head groups and the dissociation of 

lipids could be associated in the pro ess of mixing  Neg tive v lues of ΔGex
0
 for 70 mol % of 

DPPC indicate that the formation of stable monolayer at their favorable arrangement was found 

on that compositions of associative manner. 

3.4. Bilayer disintegration kinetics: 

Liposomes in bulk condition can transform to monolayer at air-water interface, which motivate 

us to study the bilayer disintegration kinetics by monitoring the increase in surface pressure with 

respect to time. Due to the formation of interfacially adsorbed monolayer, one can expect rise in 

the surface pressure if a vesicle dispersion is allowed to adsorb. However surrounding 

environment and addiditives can greatly control the process of adsorbtion. The time dependent 

surf  e pressure ( )  h nges, eonsequen e of monol yer form tion at air-water interface are 

shown in Figure 6. Four different liposomes in the absence of dendrimers were initially checked. 

The aggregate constituting lipids leave the bilayer region to some extent and preferred its 

orientation towards air-water interface (scheme I). Dendrimers molecules tend to adsorb on the 

surface of the liposomes dendrimer can preferentially bind to the liposomes surface and hence 

can reduce the process of disintegration which eventually reduced the monolayer formation at 

air-buffer interface and endorse higher time in attention equilibrium the surface pressure. It has 

been found that due to progressive addition of dendrimer, the rate of disintegration decreases. In 

the dendrimer concentration range of 0.001µM to 0.01 µM, the dendrimer get adsorbed on 

liposome surface; that effectively retards the disintegration of liposome. After a certain 

concentration, (>0.01) the rate of disintegration increased. At higher concentration of dendrimer 

structure get subsequently disrupted the bilayer. The bilayer disintegration also depends on the 

liposome constituents.  In case of DMPG, it has greater tendency to disintegrate from bilayer to 

monolayer in absence of dendrimer due to presence highly polar phosphate head group.  
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By suitable analysing the  -t isotherm one can obtain kinetics of the formation of the adsorption 

process that eventually help to understand the process of interaction between dendrimers and 

liposomes. The rate constant (k) of liposomes disintegration or monolayer formation kinetics for 

the same liposomes were calculated. Figure 6 follow Langmuir like adsorption isotherms where  
 

 

Figure 6. Surface pressure-time set of liposomes at air-buffer interface, with time. Dendrimer 

concentrations (µM) are indicated inside the figure. Panel, DPPC+DHP; panel B, DPPC+DMPG, 

panel C, DPPC+DPP and panel D, DPPC+DPPEth.  

 

the process of monolayer formation registered constancy after some time as there were no 

changes in surface pressure. Hence considering the equation 1, one could easily calculate the rate 

constant of first order kinetics of monolayer formation from the following equation: 

     
     

     
 

  

     
  ( ) 

where, t = time, k = first order rate constant,  i = initial surface pressure,  t = surface pressure at 

time t and    =  final surface pressure. Lines are linear and passing through the origin. From 

slope of the plot, one could easily find out the value of first order rate constant. 
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Figure 7. Kinetic of disintegration and subsequent formation adsorb monolayer kinetics for four 

different liposomes (panel A, DPPC+DHP; B, DPPC+DMPG, C, DPPC+DPP and D, 

DPPC+DPPEth) at different dendrimers concentrations  ((□,     1; ○, 0.01 , 0.1µM and , 

pure systems).  

 

As reflected from the Figure 6 for every set of formulations, blank liposome holds higher 

disintegration as compared to in the presence of dendrimer systems. The kinetic of disintegration 

slowed down from     1 to    1 μM dendrimers  on entr tion signify modifi  tion on the 

surface of the bilayer that holds oppositely charged dendrimers, which restrict the lipidic tail to 

le ve the bil yer w ll  On the  ontr ry presen e of   1 μM dendrimers enh n es the 

disintegration which could be viewed as bilayer disruption as described earlier. Liposome-

dendrimer aggregates undergo variant architectural forms based on their stoichiometric ratio. 

However, the slow r te  onst nt for the liposomes in the r nge of of     1 to    1 μM 

dendrimers concentration specify the point of interaction as a consequence of ionic interaction. 

Fourth generation PAMAM dendrimer is bulky molecule with positively charged head groups. 

Hen e  t f irly low  on entr tion,     1 μM, it gets e sily  dsorbed onto the liposome surf  e 

facilitates by ionic interaction. The liposomes carrying the overall negative charges can easily 
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undergo electrostatics interaction whereby the dendrimer can act as a glue to the 

liposome/vesicle. 

 

Table 1: Rate constant for liposomes in presence and absence of dendrimer. 

Dendrimer concentration (µM) 

Liposomes 

Rate constant  X 10
-4

 (s
-1

) 

Only liposome 0.001 0.01 0.1 

DHP+DPPC 12.11 6.96 5.24 9.22 

DMPG+DPPC 10.71 7.33 5.98 8.13 

DPP+DPPC 15.29 11.16 9.29 12.34 

DPPEth+DPPC 8.99 7.38 7.12 7.78 

 

Results  re summ rized in T ble 1  V lues of k dropped down  t     1  nd    1 μM dendrimers 

 on entr tion ( s  omp red to dendrimers free systems)  At higher  on entr tion (  1 μM) k 

values increased further. At higher concentration of dendrimers the extent of ionic interaction 

gets predominant which subsequently facilitates the disintegration by rupturing the liposome 

bilayer. The rate constant values were also dependent on liposome compositions and follow the 

order DPP+DPPC> DHP+DPPC> DMPG+DPPC> DPPEth+DPPC.  

In-vitro cytotoxicity by MTT assay: The in-vitro cytotoxicity of only liposomes (with various 

phospholipids), dendrimers and Liposome-Dendrimers Complexes (LDCs), (G1-G4) on breast 

cancer cell line (triple negative) were found to have no significant cytotoxicity in comparison to 

the doxorubicin treated MDA-MB-468 cell line (P>0.05). However, DMPG with G4 dendrimer-

liposome complexes have 9.291% cell killing ability which is the highest among all tested LDCs. 

More to the point, DHP with G4 dendrimer-liposome complexes poses only 1.115% of cell 

killing ability and we found it the lowest among all tested LDCs (Figure 8). Drug delivery 

through a vehicle provides great advantages. 
31

 In past few years in the field of cancer therapeutic 

research, liposome-mediated drug delivery widely accepted as the model system for drug 

delivery. Liposome as a vehicle, independently capable of modulated released of the target 

drug.
31

 However, liposome-dendrimer complexes combine offers betters therapeutics advantages 

than the conventional liposome-mediated drug delivery.
19

 The modulated released of the drug is 

of with paramount important in cancer therapeutic research.
32

 In our study, the low cytotoxicity 
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of the LDCs has wide applicability because it could be a novel drug delivery vehicle in cancer 

therapeutics.
33

 However, it needs to be further confirmation by a detailed cytotoxicity study with 

drug encapsulated in LDCs. 

 

 

Figure 8. Radar plot depicting the dose response of various dendrimer-liposome complexes on 

breast cancer cell line (MDA-MB-468). Greene line indicates cell viability (%). 

4. Conclusions: 

DPPC and negatively charged lipids in different sets of combination were used to prepare stable 

liposome dispersions. Through the comprehensive investigation on the impact of negatively 

charged lipid on the zwitterionic DPPC were evaluated from monolayer studies where it was 

concluded that anionic lipids exerts prominent influence on DPPC monolayer. Associative 

interactions were found for some specific composition; however, the system with 30 mol % 

anionic lipids did respond to produce stable liposome dispersions. Other lipid combinations were 
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unable to form stable monolayer. This was further scrutinized by measuring as reflected through 

the existence of positive deviation the Gibbs free energy, found relatively less stable monolayer 

other than the 30 mole% comprising anionic lipids. Binary monolayer formation was also 

dependent on lipid composition. In case DMPG, it forms more stable mixed monolayer than the 

other anionic lipids. The lift-off area of DHP and DPPEth is lower than that of other lipids due 

directly connected with phosphate group.  Also the bilayer disintegration kinetics were explored 

for stable liposomal systems DPPC and anionic lipids in molar ratio (7:3). Disintegration of 

bilayer to the interracially adsorbed monolayer also depended on lipid composition. In case of 

DMPG, due to presence of hydroxyl group it form intra or inter molecular hydrogen bonding. 

Thus DMPG lipid takes more time to disintegrate. However two shed further lights on the 

structure on the adsorbed monolayer, investigations like the Brewster angle microscopy (BAM) 

and polarization modulation infrared reflection-adsorption spectroscopy (PMIRRAS) and atomic 

force microscopy (AFM) studies are important. This would eventually shed lights on the 

structure of aggregates at the microscopic level as well as the molecular structures in these 

aggregates. These are considered to be the future perspectives. 

 

 

  


