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Abstract 
Previously, we developed a novel siRNA transfer method to the liver by sequential intravenous in-
jection of poly-L-glutamic acid (PGA) and cationic liposome/siRNA complex (cationic lipoplex). In 
this study, we examined the effects of the charge ratio (+/−) of cationic liposome/siRNA, molecular 
weight of PGA and cationic lipid of cationic liposome on the biodistribution of siRNA after sequen-
tial injection of PGA plus cationic lipoplex. When 1,2-dioleoyl-3-trimethylammonium-propane 
(DOTAP)/cholesterol (Chol) lipoplex was intravenously injected into mice, the accumulation of 
siRNA was mainly observed in the lungs. In contrast, when DOTAP/Chol lipoplex was intrave-
nously injected at 1 min after intravenous injection of PGA, siRNA was largely accumulated in the 
liver. The charge ratio (+/−) of DOTAP/Chol liposome/siRNA did not affect the biodistribution of 
siRNA after sequential injection. As regards the molecular weight of PGA, the accumulation of 
siRNA was observed mainly in the liver after the sequential injection of PGA of 20.5, 38, 64 or 200 
kDa plus DOTAP/Chol lipoplex. Furthermore, to examine the effect of cationic lipid of cationic li-
posome on the biodistribution of siRNA, we prepared other cationic liposomes composed of 1,2-di- 
O-octadecenyl-3-trimethylammonium propane chloride (DOTMA)/Chol, dimethyldioctadecylam-
monium bromide (DDAB)/Chol and O,O’-ditetradecanoyl-N-(α-trimethylammonioacetyl)di-etha- 
nolamine chloride (DC-6-14)/Chol. For the cationic liposomes, the accumulation of siRNA was ob-
served mainly in the liver when their cationic lipoplexes were sequentially injected after injection 
of PGA into mice. From these findings, sequential injection of PGA plus cationic lipoplex could de-
liver siRNA efficiently into the liver regardless of the charge ratio (+/−) of lipoplex, lengths of PGA 
and cationic lipid of liposome. 
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1. Introduction 
RNA interference (RNAi) is a powerful gene-silencing process that holds great promise in the field of gene 
therapy [1]. The liver is an important organ with a number of potential therapeutic siRNA targets, including 
cholesterol biosynthesis, fibrosis, hepatitis and hepatocellular carcinoma. Although none of the currently availa-
ble methods of siRNA delivery is optimal for liver siRNA therapy, concerted effort from researchers has pro-
vided a wide range of choices for siRNA transfer to the liver. Generally, siRNAs fail to cross biological mem-
branes by passive diffusion owing to their high molecular weight and anionic nature. Therefore, carriers of 
siRNA are required to deliver siRNA into the cytoplasm of target cells. In siRNA delivery, non-viral vectors 
such as cationic liposomes and cationic polymers have been more commonly used than viral vectors [2] [3]. 
Among all of the carriers, lipid-based formulations such as cationic liposomes are currently the most widely va-
lidated means for the systemic delivery of siRNA to the liver [4].  

For efficient siRNA delivery to the liver by cationic liposomes, the cationic liposome/siRNA complex (catio-
nic lipoplex) must be stabilized in the blood by avoiding its agglutination with blood components, and the 
pharmacokinetics of lipoplex after intravenous injection must be controlled because electrostatic interactions 
between positively charged lipoplexes and negatively charged erythrocytes cause agglutination [5], and the ag-
glutinates contribute to high entrapment of lipoplex in the highly extended lung capillaries [6].  

Poly-L-glutamic acid (PGA) is a polyamino acid having one carboxylic acid per glutamic acid unit. Previous-
ly, we developed PGA-coated lipoplex of siRNA (ternary complex of PGA, siRNA and cationic liposomes) and 
found that PGA coatings for cationic lipoplex prevented the accumulation of lipoplex in the lungs by inhibiting 
interaction with erythrocytes and could deliver siRNA to the liver [7]. Thereafter, we found that pre-treatment of 
erythrocytes with PGA could prevent agglutination in vitro after addition of cationic lipoplex [8]. Therefore, we 
revisited a previously reported gene transfer method [7] and developed sequential injection of PGA and cationic 
lipoplex for systemic gene delivery of siRNA into the liver efficiently without accumulation in the lung [8]. 
However, it was not clear whether siRNA delivery into the liver by sequential injection of PGA plus cationic li-
poplex was affected by the molecular weight of PGA, the charge ratio (+/−) of cationic liposome/siRNA and the 
cationic lipid of cationic liposome. Therefore, in this study, we examined the optimal conditions of siRNA deli-
very into the liver by sequential injection of PGA and cationic lipoplex. 

2. Materials and Methods 
2.1. Materials  
1,2-Dioleoyl-3-trimethylammonium-propane methyl sulfate salt (DOTAP) was obtained from Avanti Polar Li-
pids Inc. (Alabaster, AL, USA). 1,2-Di-O-octadecenyl-3-trimethylammonium propane chloride (DOTMA) was 
purchased from Tokyo Kasei Co., Ltd. (Tokyo, Japan). Dimethyldioctadecylammonium bromide (DDAB, 
product name DC-1-18) and O,O’-ditetradecanoyl-N-(α-trimethylammonioacetyl)diethanolamine chloride (DC- 
6-14) were obtained from Sogo Pharmaceutical Co., Ltd. (Tokyo, Japan). Poly-α-L-glutamic acid sodium salt 
(PGA, 20.5 kDa), poly-α-L-glutamic acid sodium salt (64 kDa) and poly-α-D-glutamic acid sodium salt (38 kDa) 
were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). Poly-γ-L-glutamic acid sodium salt (200 kDa) 
and cholesterol (Chol) were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). All other 
chemicals were of the finest grade available.  

2.2. siRNA  
Firefly pGL3 luciferase siRNA (siRNA) and Cy5.5-labeled Luc siRNA (Cy5.5-siRNA) were synthesized by 
Sigma Genosys (Tokyo, Japan). The siRNA sequences of the pGL3 luciferase siRNA were as follows: sense 
strand: 5'-GUGGAUUUCGAGUCGUCUUAA-3', and antisense strand: 5'-AAGACGACUCGAAAUCCACAU-3'. 
In Cy5.5-siRNA, Cy5.5 dye was conjugated at the 5'-end of the sense strand.  
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2.3. Preparation of Liposome and Lipoplex  
For the preparation of cationic liposomes, we used four kinds of cationic lipid, DOTAP, DOTMA, DDAB and 
DC-6-14 (Figure 1). Cationic liposomes were prepared from DOTAP/Chol, DOTMA/Chol, DDAB/Chol and 
DC-6-14/Chol at a molar ratio of 1/1 by a thin-film hydration method, as previously reported [7]. To prepare ca-
tionic liposome/siRNA complex (cationic lipoplex), cationic liposome suspension was mixed with siRNA by 
vortexing for 10 s at charge ratios (+/−) of 4/1, 6/1 and 8/1, and left for 15 min at room temperature. The theo-
retical charge ratio (+/−) of cationic liposome to siRNA was calculated as the molar ratio of DOTAP, DOTMA, 
DDAB or DC-6-14 nitrogen to siRNA phosphate.  

The particle size distributions of lipoplex were measured by the cumulant method using a light-scattering 
photometer (ELS-Z2, Otsuka Electronics Co., Ltd., Osaka, Japan) at 25˚C, after diluting the dispersion to an ap-
propriate volume with water. The ζ-potentials were measured by electrophoresis light-scattering methods using 
ELS-Z2 at 25˚C, after diluting the dispersion to an appropriate volume with water. When DOTAP, DOTMA, 
DDAB and DC-6-14 liposomes were mixed with siRNA at a charge ratio (+/−) of 4/1, their lipoplex sizes were 
about 340 nm, 203 nm, 418 nm and 307 nm, and their ζ-potentials were about 41 mV, 40 mV, 43 mV and 34 
mV, respectively. 

2.4. Biodistribution of siRNA After Intravenous Injection of Cationic Lipoplex to Mice  
All animal experiments were performed with approval from the Institutional Animal Care and Use Committee of 
Hoshi University. At 1 min after intravenous injection of solution of 1 mg of PGA, cationic lipoplexes of 50 μg 
of Cy5.5-siRNA were intravenously administered via lateral tail veins into female BALB/c mice (8 weeks of age; 
Sankyo Lab. Service Corp., Tokyo, Japan). One hour after the injection of cationic lipoplex, the mice were sa-
crificed, and Cy5.5 fluorescent imaging of the tissues was performed using a NightOWL LB981 NC100 system 
(Berthold Technologies, Bad Wildbad, Germany). The excitation and emission filters were set at 630/20 and 
680/30 nm, respectively. The exposure time for fluorescence was 5 seconds. A grayscale body-surface reference 
image was collected using a NightOWL LB981 CCD camera. The images were analyzed using the IndiGo2 
software provided with the in vivo imaging system (Berthold Technologies). The tissues after fluorescent imag-
ing were frozen on dry ice and sliced at 16 μm. The localization of Cy5.5-siRNA was examined using an Eclipse 
TS100-F microscope (Nikon, Tokyo, Japan). 
 

 
Figure 1. Chemical structure of cationic lipids for preparation of cationic lipo-
some. 1,2-Dioleoyl-3-trimethylammonium propane methyl sulfate, DOTAP; 
1,2-di-O-octadecenyl-3-trimethylammonium propane chloride, DOTMA; dime-
thyldioctadecylammonium bromide, DDAB; O,O’-ditetradecanoyl-N-(α-trime- 
thylammonioacetyl)diethanolamine chloride, DC-6-14. 
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2.5. Agglutination Assay  
Agglutination assay was performed according to the method described in a previous report [7]. Briefly, erythro-
cytes were collected from mouse blood at 4˚C by centrifugation at 300 g for 3 min and resuspended in PBS as a 
2% (v/v) stock suspension of erythrocytes. A total of 10 μg of PGA was added to 100 μL of erythrocyte suspen-
sion, and then the mixtures were immediately supplemented with the cationic lipoplexes of 2 μg of siRNA 
formed at a charge ratio (+/−) of 4/1. After incubation for 15 min at 37˚C, the sample was placed on a glass plate 
and agglutination was observed by microscopy. 

3. Results and Discussion 
3.1. Effect of Order of Administration of PGA and Cationic Lipoplex on Biodistribution of 

siRNA 
Previously, we reported that sequential injection of PGA plus cationic lipoplex of siRNA could deliver siRNA 
into the liver [8]. In this study, we examined the effect of charge ratio (+/−) of cationic liposome/siRNA, mole-
cular weight of PGA and cationic lipid of cationic liposome on the biodistribution of siRNA after sequential in-
jection of PGA plus cationic lipoplex. We decided to use DOTAP/Chol liposomes as the cationic liposomes be-
cause they had often been used for in vivo applications for gene delivery [9] [10], and the lipoplex of pDNA en-
coding tumor suppressor gene TUSC2/FUS1 had been exploited in a clinical setting for the treatment of non- 
small cell lung cancer (NSCLC) patients [11]. DOTAP/Chol lipoplex was formed by mixing DOTAP/Chol li-
posome with siRNA at a charge ratio (+/−) of 4/1. In PGA, we used poly-α-L-glutamic acid with a molecular 
weight of 20.5 kDa. With regard to the injected dose (mg) of PGA, 1 mg was intravenously injected because we 
previously found that the sequential injection of this amount plus cationic lipoplex was associated with the 
highest accumulation of siRNA in the liver [8], comparable to those by commercially available transfection rea-
gent Invivofectamine2.0 and hydrodynamic injection, which can efficiently introduce siRNA into the liver by 
intravenous injection.  

First, we evaluated the effect of the order of administration of PGA and cationic lipoplex on the biodistribu-
tion of Cy5.5-siRNA in mice. When naked siRNA was injected, strong accumulation was observed only in the 
kidneys (Figure 2(a) and Figure 2(b)), indicating that naked siRNA was quickly eliminated from the body by 
filtration in the kidneys. When DOTAP/Chol lipoplex was injected, siRNA was largely accumulated in the lungs 
(Figure 2(a) and Figure 2(b)). This suggested that electrostatic interactions between positively charged 
DOTAP/Chol lipoplexes and negatively charged erythrocytes caused agglutination, and their agglutinates were 
entrapped in the highly extended lung capillaries. Upon the injection of DOTAP/Chol liposomes at 1 min after 
the injection of naked siRNA, siRNA was accumulated mainly in the lungs, but weakly in the liver (Figure 2(a) 
and Figure 2(b)), indicating that most of the siRNA interacted with DOTAP/Chol liposomes in blood circula-
tion, and their complexes were entrapped in the lungs. This result is similar to previously reported findings that 
sequential injection of cationic liposome plus plasmid DNA effectively transfects the lung [12]. Upon the injec-
tion of cationic lipoplex at 1 min after the injection of PGA, strong accumulation of siRNA was observed in the 
liver and moderately in the kidneys (Figure 2(a) and Figure 2(b)), suggesting that PGA in blood circulation 
might prevent the agglutination of DOTAP/Chol lipoplex with erythrocytes, and increase the accumulation in 
the liver. We still have no evidence that intravenously injected PGA could interact with DOTAP/Chol lipoplex 
in blood circulation; however, we speculated that PGA injection might prevent the agglutination of DOTAP/ 
Chol lipoplex with erythrocytes by coating of the lipoplex with PGA in blood circulation, and increase the ac-
cumulation in the liver. However, some siRNAs might be dissociated from DOTAP/Chol lipoplexes in blood by 
PGA injection and be excreted by the kidneys.  

In contrast, in the sequential injection of PGA at 1 min after the injection of DOTAP/Chol lipoplex, siRNA 
was accumulated mainly in the lungs (data not shown), suggesting that DOTAP/Chol lipoplex after intravenous 
injection might rapidly accumulate in the lungs before PGA injection. Moreover, upon the injection of DOTAP/ 
Chol liposomes at 1 min after the injection of a mixture of PGA and siRNA, marked accumulation of siRNA 
was observed in the kidney (Figure 2(a) and Figure 2(b)), indicating that individual injection of PGA, DOTAP/ 
Chol liposomes and siRNA could not form cationic lipoplex or ternary complex in the blood, and the most of the 
siRNA was rapidly eliminated from the kidneys. From these findings, the injection of PGA, followed by the in-
jection of DOTAP/Chol lipoplex, was needed for siRNA delivery into the liver. 
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Figure 2. Ex vivo images of dissected tissues (a) and tissue section (b) 
at 1 h after the sequential injection of PGA plus DOTAP/Chol lipop-
lex into mice. DOTAP/Chol lipoplex was formed at a charge ratio 
(+/−) of 4/1. In a and b, 50 μg of naked Cy5.5-siRNA and DOTAP/ 
Chol lipoplex of 50 μg of Cy5.5-siRNA were injected into the mice. 
In c, DOTAP/Chol liposomes were injected at 1 min after the injec-
tion of 50 μg of Cy5.5-siRNA. In d, DOTAP/Chol lipoplex of 50 μg 
of Cy5.5-siRNA was injected at 1 min after the injection of 1 mg of 
PGA. In e, DOTAP/Chol liposomes were injected at 1 min after the 
injection of a mixture of 50 μg of Cy5.5-siRNA and 1 mg of PGA. In 
(a), the exposure time for the detection of Cy5.5 fluorescence was 5 
seconds. Fluorescence intensity is illustrated by a color-coded scale 
(red is maximum, purple is minimum). In (b), green signals indicate 
the localization of Cy5.5-siRNA. Scale bar = 100 μm. 

3.2. Effect of Charge Ratio (+/−) of Cationic Lipoplex on the Biodistribution of siRNA  
To investigate the effect of the charge ratio (+/−) of DOTAP/Chol liposomes and siRNA on the biodistribution 
after sequential injection of PGA plus DOTAP/Chol lipoplex, we intravenously injected DOTAP/Chol lipoplex-
es of Cy5.5-siRNA at charge ratios (+/−) of 6/1 and 8/1, after the injection of PGA into mice. The injection of 
DOTAP/Chol lipoplex at a charge ratio (+/−) of 6/1 or 8/1 after the injection of PGA exhibited high accumula-
tion of siRNA in the liver (Figure 3(a) and Figure 3(b)), comparable to that at a charge ratio (+/−) of 4/1 (Fig- 
ure 2(a) and Figure 2(b)). Although we speculated that an increased charge ratio (+/−) could reduce the exclu-
sion of siRNA from the kidneys due to high association between cationic liposomes and siRNA via electrostatic 
interaction, siRNAs were detected in the kidneys. As a result, the charge ratio (+/−) did not largely affect the 
biodistribution of siRNA after the sequential injection of PGA plus DOTAP/Chol lipoplex. 

3.3. Effect of Molecular Weight of PGA on Biodistribution of siRNA  
Sequential injection of poly-α-L-glutamic acid of 20.5 kDa plus cationic lipoplex could deliver siRNA mainly in 
the liver (Figure 2(a) and Figure 2(b)). Next, we examined whether the molecular weight and isomer of PGA  
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Figure 3. Effect of the charge ratio (+/−) of DOTAP/Chol lipoplex on 
the biodistribution of siRNA in mice after sequential injection of 
PGA plus DOTAP/Chol lipoplex of Cy5.5-siRNA. DOTAP/Chol li-
poplexes were formed at charge ratios (+/−) of 6/1 and 8/1, and ex 
vivo images of dissected tissues (a) and tissue section (b) were ob-
tained at 1 h after the sequential injection of 1 mg of PGA (20.5 kDa) 
plus DOTAP/Chol lipoplex of 50 μg of Cy5.5-siRNA into mice. In 
(a), the exposure time for the detection of Cy5.5 fluorescence was 5 
seconds. Fluorescence intensity is illustrated by a color-coded scale 
(red is maximum, purple is minimum). In (b), green signals indicate 
the localization of Cy5.5-siRNA. Scale bar = 100 μm. 

 
affected the biodistribution of siRNA after the sequential injection of PGA plus DOTAP/Chol lipoplex (Figure 
4(a) and Figure 4(b)). In the sequential injection of poly-α-L-glutamic acid of 64 kDa, poly-α-D-glutamic acid 
of 38 kDa or poly-γ-L-glutamic acid of 200 kDa plus cationic lipoplex, siRNA was detected mainly in the liver 
(Figure 4(b)). However, the sequential injection of poly-γ-L-glutamic acid of 200 kDa plus DOTAP/Chol li-
poplex exhibited lower accumulation of siRNA in the liver than those by other types of PGA (Figure 4(a)). This 
might indicate that large PGA (~200 kDa) could not strongly interact with DOTAP/Chol lipoplex in the blood.  

3.4. Effect of Cationic Lipid of Cationic Lipoplex on Biodistribution of siRNA  
Next, we examined whether cationic lipid of cationic liposome affected the biodistribution of siRNA after the 
sequential injection of PGA (20.5 kDa) plus cationic lipoplex. We prepared DOTMA/Chol, DDAB/Chol and 
DC-6-14/Chol liposomes as cationic liposomes because DOTMA, DDAB and DC-6-14 have often been used as 
cationic lipids in liposomal formulations for gene delivery [13]-[15]. When DOTMA lipoplex was injected into 
mice, siRNA was largely accumulated in the lung and liver (Figure 5(a)). In contrast, when DDAB/Chol and 
DC-6-14/Chol lipoplexes were injected, the accumulation of siRNA was observed largely in the lung. However, 
pre-injection of PGA could decrease the accumulation of siRNA in the lung by the injection of DOTMA/Chol, 
DDAB/Chol or DC-6-14/Chol lipoplex, and increased it in the liver (Figure 5(a)). Among the cationic lipo-
somes, DOTAP/Chol liposomes efficiently delivered siRNA in the liver after sequential injection (Figure 2 and 
Figure 5(a)). 

Previously, we reported that the addition of PGA into erythrocyte suspension could prevent agglutination by 
DOTAP/Chol lipoplex [8]. Therefore, we evaluated the effect of agglutination with erythrocytes by DOTMA/ 
Chol, DDAB/Chol and DC-6-14/Chol lipoplexes after the treatment of erythrocytes with PGA. In terms of the 
results, the addition of PGA into erythrocyte suspension could prevent agglutination induced by the addition of 
their lipoplexes (Figure 5(b)), indicating that PGA might interact with their lipoplexes in the blood and decrease 
accumulation in the lungs by preventing association with blood components.  

PEGylation on the surface of cationic lipoplex (PEG-modified lipoplex) can also decrease accumulation in the 
lungs by preventing association with blood components; however, PEGylation abolishes the effect of gene sup-
pression by siRNA owing to the high stability of the lipoplex. Electrostatic encapsulation of cationic lipoplex  
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Figure 4. Effect of molecular weight of PGA on the biodistribution of siRNA in mice after the sequential injection of PGA 
plus DOTAP/Chol lipoplex. Ex vivo images of dissected tissues (a) and tissue section (b) were obtained at 1 h after sequen-
tial injection of 1 mg of PGA plus DOTAP/Chol lipoplex of 50 μg of Cy5.5-siRNA into mice. Poly-α-L-glutamic acid of 64 
kDa, poly-α-D-glutamic acid of 38 kDa and poly-γ-L-glutamic acid of 200 kDa were used as a PGA. In (a), the exposure 
time for the detection of Cy5.5 fluorescence was 5 seconds. Fluorescence intensity is illustrated by a color-coded scale (red 
is maximum, purple is minimum). In (b), green signals indicate the localization of Cy5.5-siRNA. Scale bar = 100 μm. 

 

 
Figure 5. Effect of cationic liposomes on the biodistribution of siRNA in mice after sequential injection of PGA plus catio-
nic lipoplex. DOTMA/Chol, DDAB/Chol and DC-6-14/Chol liposomes were used as cationic liposomes. Their cationic li-
poplexes were formed by mixing with siRNA at a charge ratio (+/−) of 4/1. In (a), image of tissue section was obtained at 1 
h after the sequential injection of 1 mg of PGA (20.5 kDa) plus cationic lipoplex of 50 μg of Cy5.5-siRNA into mice. Green 
signals indicate the localization of Cy5.5-siRNA. Scale bar = 100 μm. In (b), the agglutination of cationic lipoplexes with 
erythrocytes in the presence or absence of PGA (20.5 kDa) is shown. Immediately after the mixing of 10 μg of PGA with 
erythrocytes, cationic lipoplex of 2 μg of siRNA was added to them, and agglutination was observed by phase contrast mi-
croscopy. Scale bar = 100 μm. 
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with anionic biodegradable polymers such as chondroitin sulfate and PGA can also prevent the agglutination 
with blood components [7] [16] [17]. However, in the coating of cationic lipoplex with anionic polymer (ternary 
complex), the size and ζ-potential of the lipoplex were markedly affected by changing the charge ratio (+/−) of 
cationic lipoplex to anionic polymer [7]; therefore, this charge ratio (+/−) must be precisely controlled for the 
preparation of anionic polymer-coating lipoplex before intravenous injection. In contrast, sequential injection 
has an advantage in that cationic lipoplex can be delivered into the liver without directly coating the lipoplex 
with anionic polymer before injection. 

Resident macrophages in the liver called Kupffer cells comprise the major population of the reticuloendo-
thelial system (RES). Intravenously injected liposomes were shown to be generally taken up by RES [18]. 
Therefore, there was a possibility that most of the cationic lipoplexes accumulated in the liver might be captured 
by Kupffer cells. Intravenous injections of bisphosphonate such as clodronic acid or zoledronic acid (ZOL) can 
significantly deplete macrophages in the liver of mice [19]. Therefore, we sequentially injected PGA plus 
DOTAP/Chol lipoplex into the mice treated with ZOL. However, the decrease of macrophages in the liver by 
ZOL did not affect the biodistribution of siRNA after the sequential injection of PGA plus DOTAP/Chol lipop-
lex (data not shown). These findings indicated that siRNA after the sequential injection of PGA plus cationic li-
poplex might not be accumulated in the liver through the uptake by Kupffer cells. However, we have no infor-
mation about regions in which siRNA was localized in the liver after the sequential injection of PGA plus catio-
nic lipoplex, but most of the siRNA in the liver was co-localized with DOTAP/Chol liposomes there (data not 
shown). 

Previously, we reported that the sequential injection of PGA plus DOTAP/Chol lipoplex of cholesterol-con- 
jugated ApoB siRNA could induce suppression of the ApoB mRNA level in the liver [8]. However, in unconju-
gated siRNA, sequential injection of PGA plus DOTAP/Chol lipoplex of ApoB siRNA did not reduce ApoB 
expression in the liver (unpublished data). It has also been reported that lipid conjugates of siRNAs enhance 
cellular uptake and gene silencing in liver cells [20]. In hepatocyte targeting by sequential injection, lipid mod-
ification of siRNA might facilitate the uptake of siRNA into hepatocytes and be able to induce a gene silencing 
effect. Furthermore, modification of siRNA with N-acetylgalactosamine ligands that target asialoglycoprotein 
receptors on hepatocytes is also used for targeting to hepatocytes [21]. Further study must be performed to in-
vestigate the optimal siRNA modification for the gene silencing effect in the liver after sequential injection.  

4. Conclusion  
In this study, we found that sequential injection of PGA plus cationic liposomes could deliver siRNA into the 
liver, but the charge ratio (+/−) of cationic lipoplex, molecular weight of PGA and cationic lipid of cationic li-
posomes did not largely affect the biodistribution of siRNA after sequential injection. Sequential injection of 
PGA and cationic lipoplex might produce a systemic vector of siRNA to the liver. 
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