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Now a day’s cationic lipid has become an essential and vital tool 
for transferring DNA into the cytocellular membrane [1]; which is 
ultimately helps in gene therapy. In this direction, cationic lipids 
are being mixed with DNA to form cationic lipid DNA complex or 
Lipoplexes [2]. For in vivo applications of Lipoplexes, it is precon-
dition to have excess positive and excess negative charge ratio for 
gene transfer [3]. Although Lipoplexes are good carrier for gene 
therapy, but actual transfection activity is not clear for Lipoplexes 
[4]. For making Lipoplexes a stable formulation, it is necessary to 
have proper lipid and DNA charge ratio in it [5]. The Figure 1 ex-
plaining the morphology and cytocellular behaviour of Lipoplexes.

Figure 1:  Behaviour of Lipoplexes in cellular membrane.

It is very important to understand that the cationic liposomes 
predicament with DNA which forms aggregated vesicles on the 
DNA[6]. When the charge ratio appears 1:1; indicating ideal condi-
tions for liposome to fuse with DNA. After lipid/DNA encapsulation, 
it resembles like a rod shape structure inside of DNA encapsulated 
lipid bilayer membrane [7]. Usually, Lipoplexeses are releases from 
endosomes (endosomes are membrane-bound vesicles, formed via 
a complex family of processes collectively known as endocytosis) 
by flip-flap mechanism. Some fuogenic lipids like 1,2-dioleoyl-sn-
glycero-3-phosphocholine (DOPE) are in effective use to enhance 
transfection efficacy as because it enables Lipoplexes to fuse with 
endosomal membrane [8], which ultimately leads to release of 
DNA 16 polymers and nanocomposites for gene therapy. In the 
year 1995, Gustafsson and co-workers identified Cryotransmission 
electron micrographs forms clustered of aggregated particles when 
added with DNA [9]. As far as Lipoplexes utilization is concerned; 
they are versatilely used in gene therapy as because Lipoplexes 
adsorb more effectively to the anionic plasma membrane of mam-
malian cells via electrostatic interactions [10]. The Lipoplexes has 

the eventual tendency to transfection in numerous cell lines but 
the mechanism in which DNA transform from the Lipoplexes to cell 
nucleus is still unknown [11]. However, various factors are respon-
sible for successful DNA delivery viz. structure of cationic reagent, 
super molecular structure of Lipoplexes, intercellular localization, 
DNA carriers and their release patters, helper lipids in cationic li-
posomes [12].

When we are talking about structure of Lipoplexes in details, 
they form large aggregates surrounded by thin fibers or condensed 
DNA coated by bilayer of lipid; almost like beads on a string [13]. 
From the X-ray diffraction studies it was confirmed that Lipoplex-
es occurs in multilamellar structure with DNA monolayers sand-
wiched between cationic membranes and in hexagonal structure 
or in honeycomb assembly. To understand postulated Transfection 
mechanism of Lipoplexes, kindly referee figure 2.

Figure 2:  Transfection mechanisms of Lipoplexes 
 within Plasma membrane to Nucleas.

Postulated mechanism [14] which involved various steps for Li-
poplexes mediated transfection was reported in Figure 2. The dark 
brown colour ellipse represented as Lipoplexes. In this diagram, red 
colour rod shape objects represent as lipids or polymers and green 
colour coiled objects represents Plasmid DNA. The yellow colour 
numbers represent significates steps involved in the mechanism. 
Number 1, represents in the absence of serum binding of vectors to 
the cells; which involved mainly electrostatic interactions. Number 
2 represents, fixation of Lipoplexes with plasma membrane with-
out entering of DNA into the cytoplasm. The Number 3 signifies the 
initiation of Endocytosis which boost internalization of Lipoplexes 
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Conclusion
Over the decade numerous researches glorifies the progress 

of Lipoplexes as far as cellular pathways and Mechanism is con-
cerned. But actual Mechanism involved in DNA transfer from lipid 
core membrane to nucleus is lucid. The escape of Lipoplexes from 
endosome and DNA entry into the nucleus are not fully tacit. Nev-
ertheless, various vectors presence in the cells has dissimilar trans-
fection efficiencies; depending on the cell type and transfection 
conditions. It is often seen that in the presence of specific vector 
certain Lipoplexes shows higher transfection efficacy in stipulated 
conditions but in the same condition other Lipoplexes are showing 
no results. That means, specific vectors are needed for specific ap-
plications of Lipoplexes unless a universal vector emerge in near 
future. Additionally, more fundamental research is warrant to un-
derstand Lipoplexes cyto cellular behaviour.
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inside of the cell. The Number 4 represents, The DNA degradation 
because of limited presence of endosomes which results in release 
of Lipoplexes in too early stage. In Number 5 upbringing of trans-
fecting materials was explained near to the perinuclear region be-
cause of activating transport of cytoplasmic endosome. The actual 
aspect of transfection represents, DNA must escape from endo-
somes before entering into the nucleus. In Number 6, lipid-lipid in-
teractions or fusion was represented. The Number 6 signifies mem-
brane destabilization and lipid transfer mechanism. The Number 
8 represents osmatic rupture of endosomes, the Number 7 repre-
sents, dissociation of Lipoplexes resulting in separation of DNA and 
vector. In Number 7 the fusion of released Lipoplexes with cyto-
plasmic network such as ER was shown. The Number 9 represents 
the dissociation of Lipoplexes in the cytoplasm by yet unknown 
mechanism. The Number 10 represents, lysosomal degradation of 
Lipoplexes which are unable to escape from endosomes. DNA re-
leased from Lipoplexes or polyplexes into the cytoplasm may enter 
the nucleus via two different, non-mutually exclusive, Mechanism. 
The Number 11 represents energy dependent nuclear transport 
into the nucleus. The presence of specific sequence of plasmid, me-
diates its interactions with proteins such as transcription factors. 
The nuclear signal-mediated transport mechanism helps in DNA-
Lipid/Protein complex transport into the nucleus. Recent findings 
also anticipate that, Lipoplexes-filled endosomes may fuse directly 
with the nuclear membrane, permitting a direct entry of DNA into 
the nucleus.
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