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ABSTRACT 

Inhibition of hepatic stellate cell (HSC) proliferation is a relevant strategy to 

inhibit liver fibrosis. Coupling of antiproliferative drugs to the HSC-selective drug 

carrier mannose-6-phosphate-modified human serum albumin (M6PHSA) may 

lead to selective inhibition of HSC proliferation, while avoiding systemic side 

effects. We coupled the antiproliferative drug doxorubicin (DOX) to this drug 

carrier and in the present study we investigated plasma disappearance, hepatic 

uptake and intrahepatic distribution of this construct in a rat model of liver fibrosis. 

In addition, drug release from the construct was studied in vitro.  M6PHSA-DOX 

was cleared from the plasma in a biphasic manner. Upon i.v. injection of 4 µg/kg 

(tracer), 2 and 20 mg/kg, the clearance in the distribution phase of drug disposition 

(CLd) significantly decreased in a dose dependent manner from 9.7±0.7 to 4.7±2.3 

and 1.0±0.1 ml.kg-1.min-1. This indicates that saturation of clearance mechanisms 

occurs in this phase of drug disposition, likely reflecting saturable receptor-

mediated uptake in the target cells. Gamma-camera studies revealed that the 

conjugate was rapidly and almost completely taken up by the liver, and 

immunohistochemical double-staining of liver sections demonstrated co-

localization of the construct with HSC-markers. Simulation of the release of DOX 

from the carrier, after cellular uptake by HSC and routing to the lysosomes, 

showed that a gradual release of the drug takes place over a 9 hour period. 

Moreover, fluorescence microscopy studies in cultured HSC illustrated that after 

24h incubation with the conjugate, DOX was associated with the cell nucleus, 

indicating that drug release also takes place within HSC. In conclusion, the rapid 

distribution of M6PHSA-DOX from the blood to HSC in the fibrotic liver, in 

combination with the expected gradual release of DOX within lysosomes of HSC, 

make this construct a promising tool for achieving a sustained and selective 

inhibition of HSC proliferation during liver fibrosis. 
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INTRODUCTION 

Liver fibrosis is characterized by the excessive accumulation of collagen and 

other extracellular matrix proteins (ECM) as a result of chronic liver injury. The 

activated hepatic stellate cell (HSC) has been identified as the principal producer of 

these proteins in the fibrotic liver and therefore this cell type is considered a 

primary target for the development of new pharmacological treatments for this 

disease. Because HSC proliferation is a key event during fibrogenesis, the 

application of antiproliferative drugs for the treatment of this disease is a relevant 

option (1-3). 

In previous work, we have identified doxorubicin (DOX) as a very potent 

inhibitor of HSC proliferation in vitro (4). Furthermore, we have shown that 

treatment of rats with experimental liver fibrosis with this antiproliferative drug 

reduced the number of activated HSC in the livers and also reduced collagen 

deposition (4). However, serious adverse effects preclude its clinical use for the 

treatment of this chronic liver disease. Coupling of DOX to the HSC-selective drug 

carrier mannose-6-phosphate-modified human serum albumin (M6PHSA) may 

reduce the toxicity in non-target tissues. 

M6PHSA has been designed to interact with Mannose-6-Phosphate/Insulin-like 

Growth Factor-II receptors (M6P/IGF-II receptors) (5;6), which are upregulated on 

activated HSC (7-9). After receptor binding, ligands are internalized and routed to 

the lysosomal compartment, in which the degradation of the receptor-bound 

proteins takes place (10). By coupling drugs to M6PHSA, this route can be used for 

the selective delivery of drugs to M6P/IGF-II receptor bearing cells. 

Immunohistochemical studies that investigated the M6P/IGF-II receptor expression 

in experimental liver fibrosis secondary to bile duct ligation, revealed that the 

receptor is expressed on fibrogenic cells of the liver already during the early stages 

of experimental liver fibrosis (Greupink et al, manuscript submitted). Indeed, in 

vivo studies in rats with bile duct ligation (BDL)-induced liver fibrosis showed 
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extensive co-localization of an M6PHSA-DOX conjugate with HSC markers, but 

detailed information on the pharmacokinetics of this conjugate is still lacking. Such 

data are very important when employing HSC-targeted cytostatic drugs during liver 

disease.  

The experiments described in this paper therefore serve to gain a further 

understanding of the pharmacokinetics of M6PHSA-DOX in rats with 

experimental liver fibrosis. Secondly, the paper investigates the release of DOX 

from its carrier by in vitro techniques. It may form the basis of HSC-selective 

antiproliferative therapies aimed at reducing liver fibrosis. 

MATERIALS AND METHODS 

Experimental animals and experimental model of fibrosis 

Male Wistar rats (Harlan, Horst, The Netherlands) of 220-240g were housed 

under a 12-hour dark/light cycle, at constant humidity and temperature. Animals 

had free access to tap water and standard lab chow (Harlan). All experiments were 

approved by the local committee for care and use of laboratory animals and were 

performed according to strict governmental and international guidelines for the use 

of experimental animals. Liver fibrosis was induced by ligation of the common bile 

duct (BDL) under O2/N2O/Isoflurane anaesthesia as described previously (11). 

Synthesis of M6PHSA-DOX 

M6PHSA was synthesized and characterized as described by Beljaars et al. (6). 

DOX (Pfizer, Capelle a/d IJssel, The Netherlands) was coupled to M6PHSA 

according to the method of Shen and Ryser as described previously (12). 

Subsequently, M6PHSA-DOX was purified by extensive dialysis against PBS and 

size exclusion chromatography on a HiLoad Superdex column (GE healthcare, Den 

Bosch, The Netherlands) with PBS. After dialysis against water, the product was 
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lyophilized and stored at –20 °C until use. The total amount of DOX and the 

amount of free DOX present in the preparation were quantitated by 

spectrophotometric analysis and HPLC analysis, respectively (4).  

Radioactive labeling of HSA and M6PHSA-DOX 

HSA and M6PHSA-DOX were labeled with 123I for gamma-camera studies or 

with 125I for plasma disappearance experiments, via a chloramine T method. 

Protein precipitation with trichloroacetic acid was performed to assess the 

percentage of free 123I or 125I in the preparations. To investigate whether the 

labeling procedure resulted in the formation of protein aggregates, we performed 

size exclusion chromatography on the constructs before administration to the 

animals. To this end, preparations were injected onto an HPLC system, fitted with 

a HR 16/300 Superdex 200 column (GE Healthcare), employing isocratic elution 

with PBS as a mobile phase at a flow of 1 ml/min. Samples were detected online 

spectrophotometrically at 280 nm and via a gamma-counter. 

Plasma disappearance 

Ten days after BDL, when plasma bilirubin levels are high and hepatic fibrosis 

is evident (13), animals were anaesthetized as described above and the carotid 

artery was cannulated to allow rapid blood sampling. A single dose of 4 µg/kg 

(tracer, n=2), 2 mg/kg (n=3) or 20 mg/kg (n=3) of M6PHSA-DOX was 

administered i.v. via the penis vein. To estimate the rate of plasma disappearance, 

unlabeled dosages of M6PHSA-DOX were supplemented with a tracer dose of 106 

cpm of 125I-labeled conjugate.  

Blood samples of 0.5 ml were collected in heparinized tubes at 2, 5, 7, 10, 15, 

30 and 60, 90 and 120 minutes after administration. During the experiments, the 

body temperature of the animals was maintained at 37 °C by placing them on 

thermostatic pads. Blood samples were centrifuged at 7000g for 5 minutes to 

obtain plasma and subsequently, 100 µl of plasma was treated with an equal 
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volume of 20% trichloroacetic acid to precipitate proteins. After centrifugation, the 

radioactivity in the pellet was counted with a γ-counter (Riastar, Packard 

instruments, Palo Alto, USA). Based on the amount of radioactivity in the pellet 

and the administered dosages of both radioactive as well as unlabeled material we 

calculated the total concentration of protein present in the plasma at the various 

time points after injection. Pharmacokinetic parameters were then derived from the 

data of individual animals, using the non-linear curvefitting program Multifit (Dr. 

J.H. Proost, Department of Pharmacokinetics and Drug Delivery, University of 

Groningen, The Netherlands).  

Whole-body distribution and kinetics of hepatic uptake  

Ten days after BDL, rats were anaesthetized with 0.4 ml/kg Hypnorm in 

combination with 2 mg/kg diazepam intramuscularly. The rats were placed on the 

low-energy all-purpose collimator of a gamma-camera and were i.v. injected with a 

tracer dose of 123I-M6PHSA-DOX (n=3). Additionally, three animals were injected 

with 123I-HSA in order to be able to correct for blood-derived radioactivity. For 

analysis of the scans, the body area that encompasses the liver was highlighted in 

all rats, and the distribution of radioactivity to this area of interest was dynamically 

monitored from t=0 to t=20 minutes after injection with a frame-rate of one total 

body scan per 30 seconds. At the end of the 20 minute scan-period, a final whole-

body scan of 5 minutes was performed to assess the distribution at this time-point. 

Intrahepatic distribution of M6PHSA-DOX 

To investigate the intrahepatic distribution of the conjugate, fibrotic rats 

received a single i.v. injection of 2 or 20 mg/kg M6PHSA-DOX. Rats were 

sacrificed 20 minutes after injection and the livers were excised. On 4 µm cryostat 

sections of the livers immunohistochemical double-stainings were performed for 

the conjugate and markers for HSC. As a marker for HSC, two monoclonal 

antibodies were combined: a mouse monoclonal IgG directed against desmin 
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(Sigma) and mouse monoclonal IgG anti-GFAP (Neomarkers, Fremont, CA, 

USA), according to standard methods for HSC detection (14). The conjugate itself 

was visualized with an antibody directed against HSA (Cappel, Zoetermeer, The 

Netherlands).  

Drug release in buffer pH=4.5 

To investigate whether DOX could be released from the conjugate in an acidic 

environment such as present in the lysosomal compartment of cells, M6PHSA-

DOX was incubated for 0.75, 2, 3, 9, and 20 hours in a 0.1 M Na2HPO4/citric acid 

buffer, pH=4.5. Release of DOX was monitored by injecting the samples onto an 

HPLC system fitted with a Waters pump (model 510), a µBondapack C18 guard 

column, a Thermoquest 250 x 4.6 mm 5µm Hypersil BDS C8 column and a Waters 

UV detector (model 441) at 254 nm. A solution of 6.7 g trisodiumcitrate in 760 ml 

water and 240 ml acetonitril (pH adjusted to 4 with formic acid) was used for 

elution at a flow of 1 ml/min. The amount of released DOX was then calculated 

from a calibration curve and related to the total amount of coupled DOX.   

In vitro studies with HSC 

HSC were isolated from male Wistar rats and cultured as described by Geerts 

et al. (15). Seven days after isolation of HSC, 10,000 cells/well were plated onto 

glass labteck incubation chambers (Nalge Nunc International, Rochester, NY, 

USA). Subsequently, after 2 days when HSC have a fully activated phenotype, 

HSC were incubated with 10 µg/ml of DOX or 50 µg/ml of M6PHSA-DOX for 24 

hours, at 37 °C. After washing, the doxorubicin-specific fluorescence in the cells 

was evaluated with a fluorescence microscope (Leitz, Wetzlar, Germany) equipped 

with a 450-490 nm excitation / > 515 nm emission filter (16), without embedding 

the samples in mounting medium. 
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Statistical analysis 

Results were expressed as the mean +/- SD. Data were subjected to a one-way 

analysis of variance followed by the LSD post-hoc test and differences were 

considered statistically significant at P<0.05. Statistical analyses were performed 

with the SPSS software package (SPSS Inc, Chicago, IL, USA). 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Size exclusion chromatograms of 123I-labeled HSA (A,B) and 123I-labeled M6PHSA-DOX 

(C,D). Fig A and C: on-line spectrophotometric detection of the proteins at UV280 nm . Fig B and D: 

detection of the 123I label in the same HPLC run. The monomeric protein peak elutes at 30 minutes. 

RESULTS 

Synthesis of M6PHSA-DOX and radioactive labeling  

The M6PHSA-DOX conjugate that was used for the present experiments 

contained 66.7 µg DOX per mg of the construct. HSA, which was used to estimate 

blood-derived radioactivity in the gamma-camera study, and the DOX-containing 

conjugate were both successfully labeled without the formation of significant 

protein aggregates in the preparations (Fig. 1). TCA precipitation of the labeled 

constructs revealed that the samples did not contain relevant amounts of unbound 
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iodine (<10%). Size-exclusion chromatography was performed to investigate 

whether the labeling procedure resulted in the formation of large amounts of 

protein aggregates. In Fig. 1 it can be seen that the injected proteins contained only 

minor amounts of polymeric protein (monomeric peak at 30 minutes).  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 2. Plasma disappearance curves after injection of a 4 µg/kg tracer dose (A, n=2), 2 mg/kg 

(B, n=3) or 20 mg/kg (C, n=3) M6PHSA-DOX in rats with liver fibrosis. Data are expressed as the 

mean ± SD. 

Plasma disappearance and pharmacokinetic parameters 

In Fig. 2A-C, the plasma disappearance curves after i.v. injection of M6PHSA-

DOX are displayed. To investigate how plasma-disappearance data could be best 

described, as a first estimation we fitted the parameters of one-, two- and three-

compartment models to the plasma concentration data. The best fit, as assessed by 

calculation of Akaike’s Information Criterion, was for all dosages obtained with a 

two-compartment model. The calculated pharmacokinetic parameters for a two-

A B

C 
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compartment model, assuming that elimination takes place from the peripheral 

compartment, are listed in table 1. We found that the clearance in the distribution 

phase of disposition (CLd) significantly decreased when the dose was increased. 

Clearance (CL), initial volume of distribution (V1), volume of distribution at steady 

state (Vss) and terminal half-life (t1/2 (2)) did not significantly differ with the dose. 

Table 1. Pharmacokinetic parameters of M6PHSA-DOX administered i.v. to fibrotic 

rats. Plasma concentration data of each animal were analysed separately using a two-

compartment model with elimination from the peripheral compartment. Data are expressed 

as the mean ± SD. † indicates P<0.05 compared to tracer-injected rats, * indicates P< 0.05 

compared to rats injected with 2 mg/kg M6PHSA-DOX. t1/2 (1): initial half-life, t1/2 (2): 

terminal half-life, AUC0-120: area under the curve up to 120 min, CLd: distribution 

clearance, CL: clearance, V1: initial volume of distribution, Vss: volume of distribution at 

steady state. 

 

Parameter 4 µg/kg 2 mg/kg 20 mg/kg Unit 

t½ (1) 2.29 ± 0.03      6.82 ± 3.86     26.0 ± 2.8*† Min 
t½ (2) 362 ± 180       246 ± 107      230 ± 50 Min 
AUC0-120 3.4 ± 0.4     1385 ± 194†  20790 ± 2515*† min.µg.ml-1 
CLd 9.7 ± 0.7        4.7 ± 2.3       1.0 ± 0.1*† ml.kg-1.min-1 
CL 0.28 ± 0.12      0.49 ± 0.18     0.38 ± 0.02 ml.kg-1.min-1 
V1 67 ± 21         75 ± 33        64 ± 4 ml.kg-1 
Vss     131 ± 11       160 ± 18      140 ± 32 ml.kg-1 

Whole-body distribution, kinetics of hepatic uptake and intrahepatic uptake 

Gamma-camera studies were performed to assess the whole-body distribution 

of M6PHSA-DOX in time after i.v. injection (Fig. 3). Studies were performed 10 

days after BDL when fibrosis is rapidly progressing and HSC activation and 

proliferation is eminent (13). First, 123I-HSA was injected in order to estimate 

blood-derived radio-activity. After rapid distribution throughout the circulation 

within 30 seconds after injection, a constant blood-related background signal was 

found to be associated with well perfused organs such as heart,  lungs,  kidneys and 



Pharmacokinetics of M6PHSA-DOX 

119 

A

H
L

A

H
L

C

H
L

I

EE

BB

DD

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3 A. Whole body scan taken with a gamma-camera at the end of the 20 minute test period of 

3 animals that received 123I-labeled HSA. B: Accumulation of 123I-labeled HSA within the designated 

area of interest (the liver), as assessed by image analysis of consecutive γ-camera scans during the 

first 20 minutes after i.v. injection. C: Whole body scan taken at the end of the 20 minute test period 

of 3 animals that received 123I-labeled M6PHSA-DOX. D: Association of radio-activity with the liver 

region during the first 20 minutes after i.v. injection of 123I-labeled M6PHSA-DOX. E: Double-

staining for M6PHSA-DOX (red staining) with HSC markers (blue staining) in liver sections (original 

magnification 200x). Arrows indicate co-localization of the construct with HSC markers. In the whole 

body scans, H indicates heart, L indicates liver, and I indicates the injection site. A full color version 

of this figure can be found in the appendix. 
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the liver (Fig. 3A and B). In contrast, after injection of M6PHSA-DOX, a rapid and 

high distribution to the livers was found, reaching maximum levels already within 

5 minutes after injection. Signals in other organs were reduced as compared to 

HSA (Fig. 3C and D). 

Analysis of the intrahepatic distribution of the conjugate, 20 minutes after 

injection of 2 or 20 mg/kg indicated that the conjugate clearly co-localized with 

hepatic stellate cell markers (Fig. 3E), although also uptake could be observed in 

non-parenchymal cells that were not positive for HSC markers. In addition to this, 

we observed that after injection of a 2 mg/kg dose, this co-localization with HSC 

markers was confined to HSC in zone 2 and 3 of the liver, whereas after 

administration of the 20 mg/kg dose also distribution to the severely fibrotic portal 

areas could be observed. 

Drug release from the carrier 

To investigate the rate of drug release from the carrier in an acidic 

environment, M6PHSA-DOX was incubated in buffer pH=4.5. We found that drug 

release takes place over a period of approximately 9 hours, amounting to a 

maximum release of approximately 30% of the total amount of coupled DOX, 

under the present test conditions (Fig. 4A). In vitro studies with rat HSC on the 

cellular handling M6PHSA-DOX revealed that after exposure to the conjugate, 

DOX-specific fluorescence could be observed in the nucleus as well as in the 

cytoplasm (Fig. 4B). The cytoplasmic localization very likely reflects the presence 

of the conjugate in the lysosomal compartment of the cell after receptor-mediated 

uptake, whereas the observed association of DOX with the nucleus indicates that 

DOX is also being released from its carrier and is able to translocate to the cell 

nucleus. In contrast, cells incubated with unconjugated DOX mainly showed 

association of DOX with the nuclei (Fig. 4B). 
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Fig. 4. A: Typical example of an experiment investigating the release of DOX from the 

conjugate in buffer pH=4.5. B: Fluorescence microscopy study of the binding and uptake of 

M6PHSA-DOX in activated rat HSC. The red fluorescent pattern (excitation wavelength 450-490 nm 

emission wavelength > 515 nm) reflects DOX itself. Uncoupled DOX accumulates only in the nuclei 

of HSC, whereas in the M6PHSA-DOX-treated cells, DOX-specific fluorescence is located in the 

cytoplasm as well as in the nuclei. Arrows in figure B indicate the nuclei in M6PHSA-DOX-treated 

cells. The micrographs are representative for data obtained with HSC from three different isolations 

(original magnification 200x). A full color version of this figure can be found in the appendix. 

DISCUSSION 

Inhibition of HSC proliferation poses a relevant strategy to inhibit liver 

fibrosis. However, selective delivery of antiproliferative drugs will be essential to 

avoid systemic side effects and allow these drugs to be used in a clinical setting 

(1;3). Although tumour-specific delivery of cytostatics is a well established 

A

B 
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strategy, the targeted delivery of antiproliferative drugs to the principal fibrogenic 

cell type in the liver is a new field of research. This study describes the 

pharmacokinetic profile of an HSC-targeted construct containing doxorubicin. We 

found that M6PHSA-DOX is cleared in a biphasic pattern from the circulation, 

distributes rapidly to the liver and accumulates in HSC. Moreover, the present in 

vitro studies revealed that after this rapid initial distribution to the target cells, a 

relatively slow release of drug can be expected within HSC. 

From in vitro studies it is known that M6P-modified proteins are taken up by 

HSC via receptor-mediated endocytosis (5;6;17). Since the disappearance rate in 

the initial phase of the curves decreased dose-dependently in the studied dosage 

range, a saturable transport step that likely reflects receptor-mediated hepatic 

uptake should be assumed. Based on our current findings, the dose-dependent 

plasma disappearance pattern should be analyzed according to a model including a 

Michaelis-Menten type of kinetics in the initial phase of the curve, describing the 

receptor-mediated transfer from the plasma compartment to the second 

compartment (liver). Using a population-based approach, as described earlier (18), 

which includes such a Michaelis-Menten transport process from the central to the 

peripheral compartment in the two-compartment pharmacokinetic model with 

elimination from the peripheral compartment, a Vmax of 400 µg.min-1.kg-1 and Km 

of 50 µg/ml could be roughly estimated. Since V1 is approximately 70 ml/kg in the 

studied population, this implies that at dosages exceeding 3.5 mg/kg, initial plasma 

decay and hepatic uptake will be significantly slower than at linear conditions (Cpl 

<< Km). However, studies that investigate the pharmacokinetics of M6PHSA-DOX 

in BDL rats across a wider dosage range will be needed to determine these 

parameters more accurately. Nevertheless, our observations imply that in multiple 

dosing schemes, at relatively high dosages, the dosing frequency of M6PHSA-

DOX may be reduced, which can be considered favourable for the administration 

of drugs via the intravenous route. 
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Data from the γ-camera studies indicated that the vast majority of injected 

construct accumulated in the liver. This is in line with results from an earlier study 

in which the organ distribution of M6PHSA-DOX was studied in rats with liver 

fibrosis only at one fixed time-point, 20 minutes after injection. The main novelty 

of this study therefore is that it also describes the time-course of this hepatic 

uptake, which revealed that major hepatic uptake already takes place within the 

first minutes after injection and plateau levels are reached within 5 minutes. It 

should be realized however that many modified proteins are taken-up by the liver, 

by virtue of clearance by the mononuclear phagocyte system (19;20). Indeed, as 

also the case for tumour-targeted proteins, intrahepatic uptake of M6PHSA-DOX 

by macrophages was observed. However, a clear co-localization of the HSC-

targeted DOX construct with HSC-markers was found in our studies, indicative of 

substantial uptake by these target cells. 

Although techniques to study the disposition of HSC-targeted constructs at the 

body and organ level are readily available, investigation of drug disposition after 

release from the carrier within HSC in vivo is still technically cumbersome. We 

therefore studied the release of DOX from the conjugate in vitro and found that 

drug release from the carrier occurs relatively slow. Studies in isolated HSC 

showed that after 24 hour incubation with M6PHSA-DOX, the cytostatic drug was 

associated with the nuclei of the cells. Because direct translocation of intact 

albumin-based constructs is very unlikely, this indicates that drug release from the 

carrier takes place in these cells. Previous studies from our lab (4) showed that 

M6PHSA-DOX successfully inhibited HSC proliferation in vitro, which also 

indicates that pharmacologically active DOX is released from the carrier in these 

cells. Yet, drug release in acidic buffer was not complete. This may be explained 

by the fact that upon conjugation of DOX to the drug carrier an acid-stable stereo-

isomer between DOX and the cis-aconityl linker is formed besides the formation of 

the desired acid-sensitive stereo-isomer (12). In future studies, the percentage of 

DOX that is released from the conjugate should therefore be optimized by the 
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insertion of different linkers between the drug and the protein. Of note, it is also 

possible that in vivo, proteases degrade the carrier and additionally contribute to the 

release of DOX. 

The slow rate of drug release may prove an advantage since this may result in a 

sustained antiproliferative effect within cells even after a single i.v. injection. 

However, intracellular levels will also depend on the rate of elimination of DOX 

from HSC. One major elimination pathway for this type of drugs from cells in 

general, is via active transport by membrane proteins belonging to the ATP binding 

cassette (ABC) transporter family. In the rat, DOX efflux from cells is mainly 

mediated by the drug transporters mdr1a and mdr1b, the rodent homologues of 

human P-glycoprotein (Pgp) (21). Interestingly, Hannivoort et al. demonstrated the 

presence of mRNA transcripts encoding mdr1a and mdr1b in cultures of activated 

HSC (22). Yet, to our knowledge there are no studies that have investigated 

whether the presence of these mRNAs also translates into the presence of a 

functional drug efflux system in HSC. However, the possible presence of relevant 

drug efflux pumps with respect to DOX, emphasizes the need for more detailed 

studies concerning the mechanisms of drug elimination by this particular cell type. 

In conclusion, the rapid distribution of M6PHSA-DOX from the blood to the 

liver in combination with the sustained release of DOX that is expected to take 

place in the target cells, make this construct a promising tool for achieving a 

selective inhibition of HSC proliferation during liver fibrosis. Since proliferation of 

HSC is a key event during fibrogenesis, attenuation of this process may be highly 

relevant. Studies on the efficacy of this drug delivery construct in experimental 

liver fibrosis in rats are in progress. 
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