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The aim of the study is to determine and compare the pharmacokinetics and tissue distribution of Doxorubicin 
(Dox) delivered as solution or through nanoparticles after intravenous (i.v.) and intraperitoneal (i.p.) injection. Doxo-
rubicin loaded poly(butyl cyanoacrylate) nanoparticles were synthesized by dispersion polymerization (DP) and 
emulsion polymerization (EP) techniques. The drug loaded DP and EP nanoparticles were administered by i.v. or 
i.p. routes and the respective pharmacokinetics and tissue distribution were determined. Both types of nanoparticles 
significantly enhanced the elimination half-life (T1/2

), mean residence time (MRT) AUC0–8, AUC0–∞ and AUMC0–8 of 
Dox in blood after i.v. injection. Dox delivered through DP nanoparticles rapidly disappeared from blood and distrib-
uted to the organs of reticuloendothelial system (RES). But, the clearance of Dox delivered through EP nanoparticles 
from blood was slower than this of the DP nanoparticles and Dox solution. After i.p. injection, the Dox loaded into 
DP nanoparticles quickly appeared in blood and undergone rapid distribution to the organs of RES, while the Dox 
loaded into EP nanoparticles absorbed slowly into blood and remained in the circulation for longer time. The absorp-
tion into blood of Dox delivered through DP and EP nanoparticles after i.p. injection was relatively rapid and higher 
than Dox solution. The T1/2

, MRT, AUC0–8, AUC0–∞ and AUMC0–8 of Dox in blood were significantly higher and the 
clearance (Cl) was lower than for the Dox solution after i.p. injection. The tissue concentrations of Dox delivered 
through nanoparticles after i.p. injection were significantly lower than after i.v. injection. The bioavailability (F) of 
Dox was greatly enhanced by DP (∼1.9 fold) and EP nanoparticles (∼2.12 fold) compared to Dox solution after i.p. 
injection. EP nanoparticles significantly enhanced the bioavailability, MRT, T1/2

, AUC0–8, AUC0–∞ and AUMC0–8 of 
Dox than DP nanoparticles. This signifies the advantage of EP nanoparticles in increasing the elimination half-life 
of Dox both after i.v. and i.p. injection and enhanced bioavailability after i.p. injection, which is expected to improve 
the therapeutic efficacy of Dox and reduce the Dox-associated systemic toxicity. Importantly, both DP and EP nano-
particles greatly reduced the distribution of Dox to heart both after i.v. and i.p. injection, suggesting their potential in 
reducing Dox-associated cardiotoxicity.

INTRODUCTION

Development of efficient drug delivery systems has 
attracted great attention during the last two decades. The 
delivery of drug molecules through the carrier systems 
is assumed to avoid their unwanted effects because of 
controlled biodistribution1. A considerable attention has 
been observed in the recent years in the use of nanopar-
ticles as drug carriers due to their stability, biodegrad-
ability and ease of preparation.2 Polybutyl cyanoacrylate 
(PBC) nanoparticles have gained increasing interest in 
the drug delivery for pharmaceutical and medical appli-
cations. These nanoparticles alter the body distribution 
of incorporated drugs3, protect the drugs against enzy-
matic degradation4, and reduce the toxic effects of drug 
molecules.5 Majority of the earlier studies reported the 
dispersion polymerization technique for the synthesis of 

PBC nanoparticles.6–8 We have recently reported the syn-
thesis of PBC nanoparticles of smaller size by emulsion 
polymerization technique.9

A major limiting factor to the systemic use of particu-
late delivery systems is the rapid clearance of carrier from 
the blood circulation by reticuloendothelial system (RES). 
Various techniques such as suppression of RES10 and 
modification of surface characteristics of drug carriers by 
coating with block copolymers11 were attempted to reduce 
the RES uptake. The second approach has been shown 
to be highly effective in altering the biodistribution pat-
tern of colloidal drug carriers.12 Recently long circulating 
nanoparticles were obtained by surface modification with 
dysopsonic polymers such as poly(ethylene glycol).13 

Polycyanoacrylate nanoparticles were recently used 
for drug targeting to brain14, spleen15 and intestinal 
epithelium.16 Majority of the above targeting approaches 
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utilized surface modification mechanisms. Gulyaev et 
al.14 coated doxorubicin loaded poly(butyl cyanoacrylate 
nanoparticles with polysorbate 80 to enhance the brain 
transport, while Peracchia et al.15 performed PEGylation 
of cyanoacrylate for splenic targeting. For targeting of 
particulate systems to cancers, recently an important 
mechanism called enhanced permeability and retention 
(EPR) effect was used.17 The particles injected into blood 
enter tumor vasculature and reaches cancer cells via the 
distribution through vascular compartment, transport 
across microvascular wall and transport through the in-
terstitial compartment.18 Majority of tumors possess leaky 
vasculature through which the macromolecular carrier 
systems can penetrate and concentrate in the tumors.19 
Enhancement of drug transport to tumors by this mech-
anism necessitates the prolonged circulation of carrier 
in blood. Thus prolongation of circulation time of PBC 
nanoparticles in blood would facilitate controlled tissue 
distribution, limit the drug associated toxicity and high 
tumor drug transport by EPR effect.

Doxorubicin hydrochloride is a cytotoxic anthracycline 
antibiotic widely used in the treatment of non-Hodgkin’s 
lymphoma, acute lymphoblastic leukemia, breast carci-
noma and several others types of cancers. The mechanism 
of cytotoxicity involves the specific intercalation of planar 
anthracycline nucleus of DH to the DNA double helix 
resulting in the prevention of further DNA replication.20 

In the present study, Doxorubicin-loaded Poly(butyl 
cyanoacrylate) nanoparticles were prepared by disper-
sion polymerization and emulsion polymerization tech-
niques. The nanoparticles were injected into albino rats 
by i.v. or i.p. route and their pharmacokinetics and tissue 
distribution were determined. The paper also describes 
the influence of type of nanoparticles and of the route 
of administration on the pharmacokinetics and tissue 
distribution.

EXPERIMENTAL

Materials
n-butyl cyanoacrylate monomer was obtained from 

Sun Pharmaceutical Industries Limited (India). Doxoru-
bicin HCl was a kind gift by Claris Life Science, India. 
Dextran 70 (molecular mass 70,000) was kindly supplied 
by Claris Life Sciences Limited (India). Poloxamer 188 
was purchased from Sigma (USA). All other chemicals 
used in the study were of analytical grade. Water used in 
all the studies was distilled and filtered through 0.22 µm 
nylon filter before use.

Synthesis of Poly(butyl cyanoacrylate) (PBC) 
nanoparticles

PBC nanoparticles containing Doxorubicin HCl 
(Dox) were synthesized by both dispersion polymeriza-
tion (DP) and emulsion polymerization (EP) techniques. 
In DP technique, the cyanoacrylate monomer was added 
dropwise into the polymerization medium containing Dox 
and Dextran 70 (0.1% m/V) under stirring at 700 rpm. 

Stirring was continued after monomer addition for 3 h, 
and then the dispersion was neutralized to pH 7.0 with 
phosphate buffer containing NaOH pH 7.4.

Dox loaded PBC nanoparticles were prepared by EP 
technique as reported earlier.9 Briefly, the monomer was 
added dropwise into the polymerization medium contain-
ing Dox and Poloxamer 188 (0.5% m/V) and proceeded 
as for the dispersion polymerization.

Determination of drug content in nanoparticles
Nanoparticulate dispersion was centrifuged at 15000 

RPM for 30 min in a cooling centrifuge (Remi C24, Remi, 
India). The supernatant was decanted and the sediment 
was washed thrice with distilled water to separate the 
free drug from nanoparticles, and freeze-dried. The dried 
sample was weighed and dissolved in methanol, and esti-
mated for drug content in UV-Visible spectrophotometer 
(Hitachi U 2000, Japan) at 495 nm.

Particle size measurement
Particle size measurements were carried out by dy-

namic light scattering using Malvern Hydro 2000SM 
particle size analyzer (Malvern instruments, UK). Aque-
ous nanoparticulate dispersions were injected through 
sample injection port, and the laser obscuration range was 
maintained between 10–20 %. The analysis was performed 
thrice and average values were taken.

Pharmacokinetic and biodistribution studies
All the animal studies were approved by the CPCSEA 

and local animal ethics committee. The studies were per-
formed in albino rats weighing about 200–250 gm. The 
rats were fasted overnight before experimentation and 
were accessed to water ad libitum. The aqueous nanopar-
ticulate dispersion equivalent to 5 mg/kg14 Dox HCl in 
saline was administered to rats either by intravenous (i.v.) 
or intraperitoneal (i.p.) injection. After predetermined 
time intervals, the rats were sacrificed and organs such 
as liver, lung, kidney, heart and spleen were isolated. For 
pharmacokinetic studies, blood was collected from the 
retro-orbital plexus of rat eye. Estimation of Dox in blood 
and tissues was performed by fluorimetric estimation21 

using spectrofluorophotometer (Shimadzu RF-540, Shi-
madzu Corporation, Japan). The analytical method de-
velopment is briefed as follows. To 0.1 ml blood or 1 ml 
tissue homogenate was added the corresponding quantity 
of stock solution of Dox ranging from 50–1000 ng/ml 
for blood, and 100–1000 ng/ml for tissues. The contents 
were vortexed for 15 sec and kept aside for 30 min. The 
contents were then treated with 0.5 ml 5% TCA solution 
as protein precipitant and vortexed for 15 sec, followed 
by the addition of 0.3 ml pH 9.2 alkaline borate buffer 
and mixed for 15 sec. The drug was extracted with 1 ml 
dichloromethane (DCM) by vortexing for 3 min, and cen-
trifuged at 6000 RPM for 4 min and the bottom organic 
layer was collected. The extraction was repeated twice for 
aqueous portion with 1 ml DCM every time. Finally, the 
extracts were combined and the volume was made up to 
3 ml with DCM. The fluorescence of extracted drug was 
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measured in spectrofluorophotometer at wavelengths of 
excitation at 480 nm and emission at 558 nm. 

Statistical analysis
All the data are reported as mean ± SD of three ex-

periments. Statistical comparison of the data was done by 
ANOVA at a significance level of P < 0.001, and Student’s 
t-test at a significance level of P < 0.001.

RESULTS

Dox loaded poly(butyl cyanoacrylate) nanoparticles 
were synthesized by dispersion polymerization and emul-
sion polymerization techniques. The EP nanoparticles 
possessed smaller size (175 nm) than DP nanoparticles 
(315 nm). The entrapment efficiencies of DP and EP nan-
oparticles were found to be 66.7 % and 64.5 % respectively 
at 1 % v/v monomer concentration. 

Fig. 1 represents the blood clearance profiles of Dox 
solution and Dox loaded DP and EP nanoparticles after 
i.v. injection in albino rats. The Dox loaded into DP nano-
particles experienced an initial rapid clearance from the 
blood, followed by slow clearance after 2h of injection. 
The concentration of Dox delivered through DP nano-
particles after i.v. injection was significantly higher than 
Dox solution after 2h post injection. This is in agreement 
with the earlier report by Gulyaev at al.14 In contrast, the 
Dox into loaded EP nanoparticles showed higher blood 
concentrations throughout the study. The pharmacoki-
netic parameters were determined by analyzing the data 
by Wagner Nelson method. The parameters after i.v. in-
jection are shown in table 1. The pharmacokinetics of 
Dox solution and Dox delivered through DP and EP 
nanoparticles differed significantly. Both DP and EP na-
noparticles significantly increased the half-life (T1/2

) and 
mean residence time (MRT) of Dox in blood. The area 

under curve (AUC0–8 and AUC0–∞ ) and area under mo-
ment curve (AUMC0–8) were also higher for Dox delivered 
through DP and EP nanoparticles, while the clearance 
(Cl) and elimination rate constant (Kel

) were significantly 
lower. The blood clearance of Dox delivered through EP 
nanoparticles (0.13 ml/min) was significantly lower than 
that delivered through DP nanoparticles (0.21 ml/min), 
and the AUC0–8, AUC0–∞ and AUMC0–8 were significantly 
higher.

Fig. 2 represents the blood concentration profiles of 
Dox solution and Dox loaded DP and EP nanoparticles 
after i.p. injection in rats. The blood levels of Dox deliv-
ered through nanoparticles was relatively higher than Dox 
solution. The half-life (T1/2

) of Dox was significantly in-
creased by DP and EP nanoparticles. The elimination rate 
constant of Dox delivered through nanoparticles (0.2 h–1 
and 0.16 h–1 for DP and EP nanoparticles respectively) 
was lower than for Dox solution (0.43 h–1). The MRT of 
Dox delivered through DP nanoparticles was lower than 
for the Dox solution, while that for Dox delivered through 
EP nanoparticles was higher than for Dox solution. The 
AUC0–8, AUC0–∞ and AUMC0–8 of Dox delivered through 
nanoparticles were significantly higher than for Dox solu-
tion. The bioavailability of Dox was greatly enhanced by 
DP (1.9 fold) and EP nanoparticles (2.12 fold). The bio-
availability and MRT of Dox was significantly enhanced 
by EP nanoparticles compred to DP nanoparticles. The 
half-life of Dox was higher when delivered in EP nano-
particles (4.31h) than in DP nanoparticles (3.44h). Both 
AUC0–8, AUC0–∞ and AUMC0–8 of Dox were significantly 
higher when delivered in EP nanoparticles (13.06, 20.03 
and 53.78 h.µg/ml respectively) than in DP nanoparticles 
(11.88 and 15.01 and 40.29 h.µg/ml respectively).

Fig. 3 shows the tissue concentrations of DP nanopar-
ticles after i.v. administration in rats. The Dox delivered 
through nanoparticles experienced enhanced distribution 
to the organs of reticuloendothelial system (RES) such as 
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Fig. 1. Blood levels of intravenously injected Dox delivered 
in solution, DP and EP nanoparticles. 

 DS-Dox solution, DP-Dox loaded DP nanoparticles, 
EP-Dox loaded EP nanoparticles, i.v.-intravenous 
injection. The values plotted are mean ± SD of three 
experiments.

Fig. 2.  Blood levels of intraperitoneally injected Dox deliv-
ered in solution, DP and EP nanoparticles.

 DS-Dox solution, DP-Dox loaded DP nanoparticles, 
EP-Dox loaded EP nanoparticles, i.p.-intraperito-
neal injection. The values plotted are mean ± SD 



164 L. H. Reddy, R. S. R. Murthy

spleen, liver and lung than Dox solution alone. The distri-
bution of Dox delivered through DP nanoparticles to the 
organs of RES was significantly higher than that delivered 
through EP nanoparticles. Both types of nanoparticles 
significantly lowered the distribution of Dox to heart and 
resulted in significantly lower concentrations than Dox 
solution at all the time points studied.

The tissue concentrations of Dox solution and Dox 
delivered through nanoparticles after i.p. injection were 
significantly lower than after i.v. injection. After i.p. in-
jection, the distribution of Dox delivered through DP 
nanoparticles was rapid to spleen and liver, while the 
distribution to lung increased after 1h of injection. The 
concentration of Dox delivered through EP nanoparticles 
was lower in organs of RES compared to Dox solution and 
DP nanoparticles. The nanoparticles greatly reduced the 
distribution of Dox to heart. 

DISCUSSION

Dox loaded poly(butylcyanoacrylate) nanoparticles 
were prepared by dispersion polymerization and emulsion 
polymerization technique. The EP technique resulted in 
nanoparticles with smaller size than DP, due to the high 
degree of compartmentalization of polymerization of 
polymerization locus by the added surfactant Poloxamer 
188.9 The influence of polymerization factors on particle 
properties and drug release of EP nanoparticles were re-
ported earlier.9 The experimental results reveal that the 
biodistribution of Dox is greatly altered when delivered 
through nanoparticles. The nanoparticles significantly 
enhanced the circulation half-life of Dox in blood. The 
initial rapid clearance of Dox loaded into DP nanoparti-
cles is due to their ingestion by macrophages. This is fur-

ther supported by the initial high concentrations of Dox 
delivered through DP nanoparticles in organs of RES. 
The EP nanoparticles resulted in higher Dox concentra-
tions in blood than DP nanoparticles, demonstrating their 
long circulating characteristics. EP nanoparticles were 
prepared by using Poloxamer 188 as stabilizer. During 
the polymerization of monomer, the primary particles 
formed were stabilized by the surfactant Poloxamer 188 
and prevents the particle coagulation by the steric re-
pulsion mechanism.9 Polymerization in the presence of 
Poloxamer 188 has significantly reduced the zeta potential 
of nanoparticles formed, than the nanoparticles synthe-
sized through dispersion polymerization using Dextran 70 
as stabilizer.22 This is probably due to the masking of sur-
face charge of nanoparticles by the adsorbed Poloxamer 
188. The creation of hydrophilic surface at the particle-
water interface by Poloxamer 188 may be a probable rea-
son for the enhanced half-life of Dox observed with EP 
nanoparticles. The significantly higher AUC0–8, AUC0–∞ 

and AUMC0–8 of Dox delivered through EP nanoparticles 
clearly demonstrate the long circulation property of EP 
nanoparticles. This is further supported by the low distri-
bution of Dox delivered through EP nanoparticles to the 
tissues studied. A very important aspect is the significant 
reduction in distribution of Dox to heart by both DP and 
EP nanoparticles indicating their potential in reducing the 
cardiotoxicity associated with Doxorubicin therapy.

After i.p. injection, the Dox delivered through nano-
particles showed rapid appearance in blood. From blood, 
the DP nanoparticles were rapidly distributed to organs of 
RES due to their opsonization and subsequent clearance 
by macrophages. Interestingly, the disappearance of Dox 
loaded into EP nanoparticles from peritoneal cavity was 
slower than Dox in DP nanoparticles. Both DP and EP 
nanoparticles significantly increased the bioavailability of 

Fig. 3.  Tissue distribution of Dox after intravenous injec-
tion in solution, DP nanoparticle and EP nanopar-
ticle form. 

 DS-Dox solution, DP-Dox loaded DP nanoparticles, 
EP-Dox loaded EP nanoparticles.

 The values plotted are mean ± SD of three experi-
ments.

Fig. 4.  Tissue distribution of Dox after intraperitoneal in-
jection in solution, DP nanoparticle and EP nano-
particle form.

 DS-Dox solution, DP-Dox loaded DP nanoparticles, 
EP-Dox loaded EP nanoparticles.

 The values plotted are mean ± SD of three experi-
ments.
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Dox administered intraperitoneally. However, the bioavail-
ability enhancement of Dox was more pronounced by EP 
nanoparticles than DP nanoparticles. The rapid appear-
ance of nanoparticle delivered Dox in blood is probably 
due to the smaller size of nanoparticles facilitating quick 
absorption into blood vessels. The lower bioavailability 
of DP nanoparticle its delivered Dox may be due to their 
uptake in small amounts by peritoneal macrophages. The 
lower Kel

 of Dox delivered through nanoparticles com-
pared to Dox solution indicates their slow clearance from 
the body, which is supported by the enhanced half-life 
and AUC0–8, AUC0–∞ and AUMC0–8. The pharmacoki-
netic data clearly signifies the advantageous role of EP 
nanoparticles in enhancing the circulation time of Dox 
in blood. The nanoparticles decreased the distribution of 
Dox to heart suggesting their advantage in reducing the 
cardiotoxicity associated with Dox therapy. The slow and 
prolonged clearance of EP nanoparticles from peritoneal 
cavity into blood can be useful in local chemotherapy of 
peritoneal tumors, wherein the tumor cells are exposed 
to the nanoparticles containing Dox for longer time and 
are expected to result in greater antitumor activity than 
with the therapy by i.v. administration.

CONCLUSION

Incorporation of Dox into nanoparticles has greatly 
altered its biodistribution. DP nanoparticles resulted in 
rapid clearance of Dox from blood and facilitated distri-
bution to the organs of RES. EP nanoparticles enhanced 
the circulation half-life of Dox in blood and also reduced 
its tissue distribution. The long circulation property of 
EP nanoparticles due to their smaller size could be dox 
delivering explained to tumors by EPR (enhanced per-
meability and retention) effect. The slow and prolonged 
clearance of Dox delivered through EP nanoparticles 
from peritoneal cavity may be advantageous in the local 
chemotherapy of peritoneal tumors. Both DP and EP na-
noparticles showed significant enhancement of bioavaila-
bility of Dox compared to Dox solution after i.p. injection 
indicating the advantage of nanoparticles in improving 
the blood concentrations after i.p. injection. The study 
demonstrates the potential use of EP nanoparticle loaded 
Dox in improving the therapy with Dox and reduce the 
dox-associated systemic toxicity.
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Table 1. Comparative pharmacokinetic parameters of Dox 
delivered in solution or through DP and EP nanoparticles 

after intravenous injection.

Parameters DS (i.v.)
DP 

(i.v.)
EP (i.v.)

K
el
, elimination 

rate constant, h–1 0.41  0.25*  0.26*

T
1/2

, h 1.68  2.74*  2.56*, a

V
d, 

ml/gm 0.71  0.84*  0.50*, a

Cl, clearance, ml/min 0.29  0.21*  0.13*, a

MRT, h 1.95  2.64*  2.41*, a

AUC0–8, h.µg/ml 3.08  3.54*  6.16*, a

AUC0–∞, h.µg/ml 3.23  4.41  7.23

AUMC0–8, h.µg/ml 6.04  9.39*  14.89*, a

*extremely significant difference between DS (i.v.) vs DP 
(i.v.) and EP (i.v.). *indication is given to the respective data. 
(Significance level P < 0.001)
aextremely significant difference between DP (i.v.) and EP 
(i.v.). (Significance level P < 0.001)
DS-Dox solution, DP-Dox loaded DP nanoparticles, EP-Dox 
loaded EP nanoparticles, i.v.-intravenous injection.

Table 2. Comparative pharmacokinetic parameters of Dox 
delivered in solution or through DP and EP nanoparticles 

after intraperitoneal injection.

Parameters
DS 

(i.p.)
DP 

(i.p.)
EP (i.p.)

K
el
, elimination rate 

constant, h–1  0.43  0.20*  0.16*, a

T
1/2

, h  1.60  3.44*  4.31*, a

F, h.µg/ml  1.99  3.84*  4.22*, a

V
d, 

ml/gm  0.74  1.61*  2.01*, a

Cl, clearance, ml/min  0.32  0.32  0.32

MRT, h  4.00  3.39*  4.11*, a

AUC0–8, h.µg/ml  6.15  11.88*  13.06*, a

AUC0–∞, h.µg/ml  6.68  15.01  20.03

AUMC0–8, h.µg/ml  24.69  40.29*  53.78*, a

*extremely significant difference between DS (i.p.) vs DP 
(i.p.) and EP (i.p.). *indication is given to the respective 
data. (Significance level P < 0.001)
aextremely significant difference between DP (i.p.) and EP 
(i.p.). (Significance level P < 0.001)
DS-Dox solution, DP-Dox loaded DP nanoparticles, EP-Dox 
loaded EP nanoparticles, i.p.-intraperitoneal injection.
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