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Abstract

This paper introduces a drug delivery system candidate for the treatment of rheumatoid 
arthritis (RA). It was designed as a conjugate between prednisolone (PD) and chondroitin 
sulfate (CS) via a glycine linker. The obtained conjugate, named CS-GP was examined for the 
property and feasibility as the DDS for the treatment of RA. First, the release characteristics 
were investigated under different pH conditions. PD was released directly from CS-GP, it was 
gradually released at physiological pH (pH 7.4), and more slowly regenerated at acidic RA 
conditions (pH 6 – 7.3). The efficacy was evaluated using rats with adjuvant-induced arthritis. 
CS-GP suppressed the swelling of the joints more than PD alone and the mixture of PD and 
CS, which indicated that the conjugate improved the efficacy of PD. The pharmacokinetic 
analysis using normal rats exhibited the well-retained manner of CS in blood circulation, 
and organ distribution was small with i.v. injection of CS-GP. Furthermore, CS-GP showed 
higher localization to the inflammatory joints than normal ones, which supported that CS-GP 
should have a targeting potential to the inflammatory sites. These resultant physicochemical 
characteristics, biological functions and pharmacokinetic features of CS-GP demonstrated 
the possible usefulness of CS-GP as an anti-arthritic delivery system.

INTRODUCTION
One of the most common autoimmune diseases is rheumatoid 

arthritis (RA). Population of RA is reported to be about 70 million 
in the world [1]. As it causes various complications andreduces 
healthy life-span, its treatment is the most important medical 
problem [2-4].

The etiology of RA has been studied by many researchers, 
and now both genetic background and environmental factors 
have been associated with the disorder of immune tolerance and 
rising autoimmunity [5,6]. Namely, arthritis-generating antigens 
or immune complexes are caused around synovium from 
genetic risk conditions and disordered environments related 
to bacteria or virus [7]. As a result, the synovial inflammation 
develops; that is, immunological cells, synoviocytes and neo 
vasculatures proliferate, leading to persistent pain, stiffness and 
joint swelling,which caused deterioration of the quality of life 
(QOL) [8-10]. Furthermore, chronic diseased conditions activate 
inflammatory cells via cytokines and other chemical mediators. 
Finally, RA causes destruction of cartilage and bone [11,12]. The 
onset and progressive pathway of RA are described in Figure (1).

There are several approaches in the treatment of RA.Surgery 
improves joint function, and physiotherapy is performed to 

recover motor function. Pharmacotherapy is important to 
ameliorate inflammation and joint destruction.As to the medical 
therapy, non-steroidal anti-inflammatory drugs (NSAIDs) 

[13,14], disease-modifying anti-rheumatic drugs (DMARDs) 

[15] and glucocorticoids [13,14,16] have been used to manage 
various disease states.Recently, biologics (antibody drugs) have 
been developed actively, and their use is spreading progressively 
because of their high potency and low toxicity [17,18]. Since 
biologics are high costly and can cause serious toxic side effects 
in rare cases [19], conventional small molecular drugs still play 
an important role in the RA medication. 

Recently, in order to improve the therapeutic activity 
of conventional drugs, drug delivery systems (DDS) have 
been developed.As to the treatment of rheumatoid arthritis 
(RA), various drug delivery systems have been developed for 
conventional anti-inflammatory agents [20-24]. In particular, 
a targeted delivery system is one of the best ways in order to 
improve the therapeutic effect because it enables high drug 
concentration at the target site and reduces the drug distribution 
in other parts [24-26]. Such a delivery system is expected to 
display a high potency at low dosage or less administration 
frequency, leading to the reduction of the toxic side effects. As 
to the RA histological features, the synovial membrane located 
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inside the articular capsule are inflamed, inflammatory cells were 
infiltrated into the joint cavity and neo vascular vessels grow 
abnormally [16,27]. In these inflammatory conditions with the 
development of neo vascular vessels [28, 29], passive targeting 
based on enhanced permeability and retention (EPR) effect is 
feasible. The several targeting systems for the treatment of RA 
have been investigated; liposomes, nanoparticles and polymer-
drug conjugates have been developed [16,20,30,31]. These 
systems can deliver the drug to the target site efficiently because 
of the EPR effect by the higher plasma systemic retention.

Glucocorticoids are very highly potent and fast-acting agents 
in the treatment of inflammatory diseases [13] however, their 
chronic use often causes severe systemic side effects such as 
diabetes, osteoporosis and adrenal failure, resulting in their 
limited use [24, 32-34]. The DDSs to improve glucocorticoid 
drugs are suggested to be highly useful, and the DDSs related to 
glucocorticoids should be expected for the medicationof RA. In 
our research, prednisolone (PD), often used for the RA therapy 
[35-37], was focused on in the development of the DDS for the 
RA therapy.

Design of CS-GP conjugate 

The present DDS was produced as a macromolecular prodrug 
of PD, in which an ester linkage was used to achieve the adequate 
drug release rate. As chondroitin sulfate (CS) is a very safe 
macromolecule [38,39], allowed to be injected parenterally [40], 
it was chosen as a drug carrier. The production pathway of the 
present DDS was performed as shown in Figure (2). The design 
concept was constructed based on the CS biological features 
and conversion properties of the ester chemical bond. The 
background of the concept is described as follows.

Although CS, injected intravenously, is excreted into urine 
to a large extent, some of the excreted CS-related molecules 
exhibit a high molecular weight similar to that of the original 
polymer, and some of them appear in the degradation form of 
oligosaccharides or inorganic sulfate ions [41,42]. From these 
pharmacokinetic features, CS is considered to behave as a 
polymer to a certain extent in the systemic circulation. Namely, 
CS is expected to complete the systemic retention. In fact, 

prolonged systemic circulation and elevation of the area under 
the plasma concentration–time curve (AUC) were reported in the 
CS–cisplatin conjugate [43] .The safety and pharmacokinetics of 
CS suggest that CS should be anappropriate drug carrier for the 
DDS of RA treatment.

Hitherto, very few conjugates between CS and glucocorticoids 
for the treatment of RA have been reported. Regarding CS–drug 
conjugates for anti-inflammatory therapy, Peng et al. reported 
conjugates of CS and NSAIDs, which were tested for their effect 
on carrageen-induced edema [44]. The conjugates were found 
to exhibit a prolonged effect. In the present study, prednisolone 
(PD), used often for the treatment of RA, was chosen as the 
glucocorticoid agent. The design of the conjugate of PD with CS 
was performed by taking into account the following matters. In 
order to enable the hydrolysis at the inflammatory acidic pH, the 
chemical bond such as hydrazone [16,21,46,47] and cis acotinyl 
group [48] could be proposed as an adequate linker because they 
are susceptible to hydrolysis at acidic pH with the fairly high 
stability at physiological pH. Otherwise, a peptide linker is another 
choice because they can be hydrolyzed by various peptidases in 
the tissues or cells after the localization there [49]. In the case 
of PD, being one of the glucocorticoid drugs, the ester linkage is 
the most simple because it possesses hydroxyl groups [50-52]. In 
other reports, ester prodrugs for glucocorticoid drugs, including 
macromolecule–glucocorticoid conjugates, have been examined 
by many researchers [53-56]. In the design of macromolecule–
glucocorticoid conjugates, it is required that they are stable to a 
fair extent at the systemic physiological condition and that they 
can release the active drug at an adequate rate at the target site. 
Although an ester bond is generally more susceptible to hydrolysis 
at higher pH, such requirements are considered to be achieved 
to a fair extent with the ester linkage of the macromolecular 
prodrugs. Namely, the ester bond is generally fairly stable at the 
systemic pH of 7.4, though it depends on the chemical structure 
[52]. Furthermore, the ester linkage in the macromolecular 
prodrugs is generally stable against enzymatic hydrolysis due 
to the steric hindrance to the esterase [57]. These features of 
the ester bond in the macromolecular prodrugs suggest that 
the pH-dependent drug release might be caused simply at the 
tissues, which enables in vivo release to be more predictable 
as compared to other designs of prodrugs. In addition, the pH 
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value tends to be acidic at the arthritic inflammatory site, being 
reported to vary from pH 7.4 to 6.0, dependent on the diseased 
states [58]. As the ester bond is subjected to hydrolysis widely at 
weakly basic, neutral and weakly acidic pH, it might be adequate 
as a linker for the activation. In the case of design of the ester 
prodrug of PD with CS as a carrier, a bi-functional linker with a 
carboxy group and an amino group is considered to be useful for 
the combination with the hydroxyl group of PD and the carboxy 
group of CS. Therefore, amino acids and peptides are proposed as 
an available linker. A simple amino acid, glycine, is suggested as 
a candidate for the linker. Conover et al. produced the conjugate 
of polyethylene glycol and camptothecin using a glycine linker, 
and investigated the pharmacokinetics and antitumor effect; 
the conjugate showed the gradual release in the conditions 
of physiological pH and rat plasma and achieved the fairly fast 
delivery to the diseased site, resulting in high antitumor effect 
[59]. Considering these chemical and biological conditions on 
the arthritis pharmacotherapy, glycine was employed as a linker 
in the present study. Thus, the preparation of the conjugate was 
attempted as shown in Figure (2). Namely, in the first step, PD 
was derivatized to a glycine ester of PD, named GP, and then 
CS and GP were combined to obtain the conjugate of GP with 
CS, called CS-GP. The chemical structures of GP and CS-GP were 
checked by using 1H-NMR spectra, [60] which are shown in 
Figure (3), in which GP and CS-GP were dissolved in DMSO-d6 and 
D2O, respectively. For GP, the protons at the C21of PD showed the 
low field shift as compared with original PD (PD: 4.04–4.09 and 
4.47–4.51 ppm, GP: 4.84-4.87, 4.97-5.00 ppm. This change in the 
chemical shifts indicated ester formation between the carboxy 
group the hydroxyl group at the C21 position of PD. The 13C-NMR 
and mass spectra also indicated the mono glycine ester formation 
of PD at the C21 position. Furthermore, the conjugation of GP with 
CS was observed from the bottom spectrum of Figure (3) [60]. 
The PD content calculated from the integrated intensities such 
as the protons, a–e, was consistent with that obtained from the 
UV absorption at PD moiety (246 nm).CS-GP was evaluated from 
the in vitro release analysis [60], comparison of effectiveness and 
pharmacokinetic studies [61,62]. 

In vitro characteristics of CS-GP

The stability characteristics of the intermediate compound 
GP are essential to predict and utilize of the polymer conjugates 
with GP. GP was dissolved in a mixture of methanol and aqueous 
buffer (1: 3, v/v) and incubated at 37°C under horizontal 
shaking at 60 rpm. At appropriate time points, aliquot samples 
(50 μL) were withdrawn. Both GP and PD were analyzed by 
HPLC in order to examine the stability of GP.The stability of 
the ester of GP depended on pH. The decomposition rate of GP 
was promoted with the increase in pH (Figure 4-A1). The PD 
release was increased with the degradation of GP. However, at 
pH 8, the regeneration of PD was smaller than expected from 
the degraded GP (Figure 4-A2); GP degraded quickly at pH 8, but 
PD appeared to a slight extent, indicating abnormality in mass 
balance. In HPLC analyses at pH 8, other peaks except GP and 
PD were observed, suggesting that the glycine moiety appeared 
to promote the decomposition of GP at the parts other than the 
ester bond, though the detailed mechanism was unknown. This 
phenomenon reflected the kinetic parameter h2 at pH 8. These 
results suggested that GP could be utilized as an intermediate for 

macromolecular prodrugs. The conjugate between CS and GP, 
named CS-GP, was examined for the release characteristics under 
the conditions similar to those in GP. The release patterns were 
obtained pH-dependently as shown in Figure (4B).

The stabilities of GP and CS-GP were analyzed using the 
pseudo-first order kinetics (Figure 5). The conversion rate 
constants were calculated by fitting the calculated profile to 
the observed one. Since GP is combined with CS via an amide 
bond, the glycine is not hydrolyzed in the present incubation 
conditions. These features were observed from HPLC analysis; no 
GP was observed in the incubation studies. From the results, PD 
was released gradually at the physiological pH (pH 7.4), and more 
slowly at the acidic conditions. After CS-GP has been targeted 
to RA joints through the EPR effect, the accumulated conjugate 
is exposed to arthritic joint pH conditions. The synovial pH in 
humans with RA was reported by Goldie and Nachemson the 
synovial fluid depends on the diseased states, ranging from 6.0 – 
7.3. It is suggested that CS-GP should act in the prolonged manner 
due to the slow drug release of PD after it has been localized to 
the RA joints. Although the enzymes in the biological fluids could 
influence the release rate of PD, such effects were investigated 

Figure 3. 1H-NMR spectra of GP(A) AND CS-GP(B).
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in the conditions of CS-GP solution with rat plasma (23 %, v/v), 
which indicated that the addition of plasma was affected the 
release rate only to a small extent.

In vivo evaluation of CS-GP efficacy

The therapeutic effects of CS-GP were investigated using RA 
animal models. Namely, CS-GP was investigated for effectiveness 
by comparison with PD alone, CS alone and the mixture of PD and 
CS usingr at models with adjuvant-induced arthritis was made by 
the known method [63]. The in vivo experiment procedure was 
performed as in Figure (6); heat-killed M. tuberculosis M37Ra 
was suspended in liquid paraffin at 5 mg/mL. The suspension 
(adjuvant) (100 μL) was injected intracutaneously into the pad 
of the right hind paw of each Lewis rat. The volume of the hind 
paws reached a plateau around 14 and 15 days after adjuvant 
injection. PD solution (2.5 mg/mL) was made using 50% (w/v) 
PEG400 saline as a solvent. CS-GP was dissolved in saline at 
2.5 mg PD equiv/mL. CS was dissolved in saline at the same 
concentration as that of CS-GP. The mixture of CS and PD in saline 
contained the same concentrations of PD and CS as those in CS-
GP, respectively. The preparations were injected intravenously 
via the jugular vein at 2.5 mg PD equiv./kg 14 and 15 days after 
injection of the adjuvant, that is, the total dose = 2.5 × 2 mg PD 
equiv./kg. As to PD, the treatment was additionally conducted in 
a similar manner at twice the dose (total dose = 5 × 2 mg/kg). CS 
alone was administered similarly with the same volume of CS–
GP preparation. No treatment was done for the control group. On 
appropriate days after adjuvant injection, the rats were weighed 
and the volume of each hind paw was measured by immersing it 
in water and reading the buoyancy.

PD (2.5 mg/kg), CS-GP (2.5 mg PD equiv./kg), CS, PD (2.5 
mg/kg)/CS and PD (5 mg/kg) were expressed as PD (2.5), CS-
GP (2.5), CS, PD (2.5)/CS and PD (5) (Figure 7), and the control 
(no treatment) was expressed as control. For each group, the 
body weight changed in a similar pattern. Even after injection 
on the 14th and15th days, a decrease in body weight was hardly 
observed in each preparation, indicating that all the preparations 
had low toxicity under the present dosing conditions. 

The therapeutic effect of each preparation was examined from 
suppression of the swelling of the hind paws. The inflammation 
extent was evaluated from swelling ratio of paw volume to the 

initial one. As to a right hind paw, CS-GP exhibited a significant 
reduction of paw volume against the control for a long period, 
while other preparations did not. PD alone, CS alone and the PD/
CS mixture tended to decrease swelling but the significant effect 
was obtained only at some time points; PD (2.5 mg/kg) exhibited 
a significant reduction against the control on the 15th day (p 
< 0.05), and the swelling was significantly lower in PD (5 mg/
kg) than the control on the 15th, 17th–19th day (p < 0.05). CS is 
known to exhibit anti-inflammatory actions on adjuvant arthritis 
in rats, although the effect appears to be low, particularly in 
therapeutic use [64-68]. In the present experiment, the tendency 
to suppressswelling was observed with CS, but the effect was not 
significant except for on the 19th day. The mixture of CS and PD 
was also not significantly effective against swelling; CS and PD 
appeared not to act synergistically.The suppressive effect of each 
preparation on the swelling of the left hind paw was observed to 
a less extent. Only CS-GP suppressed the swelling of the left hind 
paw significantly against the control (p < 0.05 on the 17th and 
18th day). Although PD alone, CS alone and the PD/CS mixture 
tended to decrease the swelling of the left hind paw as compared 
with the control, none of them was significantly effective.

Pharmacokinetic evaluation of CS-GP 

First, CS-GP was examined for plasma concentration and body 
distribution after i.v. injection at 2.5 mg PD eq./kg using normal 
rats. The distributed PD and CS-GP were determined according to 
the extraction method [61]. Namely, free PD in plasma or tissue 
homogenate was extracted using the mixture of t-tributylmethyl 
ether and pentane (3:2, v/v) after the addition of saturated NaCl 

61
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aqueous solution and phosphoric acid.Then, PD concentration 
was analyzed by HPLC.Total (conjugated + free) PD concentration 
was determined similarly after the alkaline hydrolysis of the 
carboxy ester of CS-GP. The drug recovery ratios were good in 
the determinations of both free and total PDs. Conjugated PD was 
calculated by the subtraction of free PD from the total PD. After i.v. 
injection of PD alone, the plasma concentration declined rapidly 
until 1 h, and then, it was eliminated slowly (Figure 8-A). As to 
CS-GP, both free and total (free + conjugated) PD concentrations 
were pursued after i.v. administration at 2.5 mg PD eq./kg. The 
conjugated PD concentration is shown in the broken line (Figure 
8-B). The total PD concentrations were 20.2, 19.2, 14.2 and 3.9 
µg/ml at 0.25, 0.5, 1 and 3 h, respectively, after the injection, 
which were approximately 10 times larger than the free PD 
concentrations, respectively. CS-GP enhanced the systemic 
retention of PD extensively, which was due to the much higher 
localization of CS-GP in the blood circulation. Although CS-GP did 
not prolong the systemic retention of PD so much, the area under 
the plasma concentration curve (AUC) value increased to a great 
extent. The high localization of CS-GP in the systemic circulation 
was expected to facilitate the accumulation of the drug at the 
inflammatory site based on the EPR effect [69,70]. As CS is not 
so retentive in the blood circulation, CS-GP was considered not to 
maintain the plasma PD level so long.

The drug distribution was investigated for several organs at 
24 h after i.v. injection. The distribution profiles were obtained 
as described in Figure (9). For PD alone, PD was detected in only 
kidney and liver. The kidney concentration was lower than 0.4 
µg/g, and the concentration was less in the liver. As to CS-GP, 
free and total concentrations were examined. PD and CS-PD were 
detected in only liver and lung. The total PD concentrations in 
liver and lung were 2.2 and 0.2µg/g, respectively, which were 
larger than the PD concentrations observed in PD alone. In the 
liver, conjugated PD was observed more than free PD. However, 
the drug distribution extent was very low in each organ; even in 
liver, being a largest tissue, the total distributed amount for CS-GP 
was 20.3µg PD eq. (less than 5 % of dose) per rat. Probably, these 
low organ distributions were due to the biological features of CS, 
which is metabolized and excreted moderately. These properties 
of non-accumulation in organs suggested that CS should be a 
suitable carrier of the drug delivery system.

In addition, the pharmacokinetic studies were performed by 
the i.v. injection of CS-GP using rats with adjuvant-induced arthritis, 

and also, the targeting potential of CS-GP to the inflammatory 
joint were investigated using the diseased rats. These animal 
experiments were conducted according to the schedules shown 
in Figure (10). As to the pharmacokinetic experiment, 14 d after 
adjuvant injection, the rats were administered with CS-GP or PD 
solution at 2.5 mg PD eq./kg/mL via the jugular vein (Figure 10-
A). Blood sampling (each, 0.3 mL) was performed immediately 
before dosing and 0.25 h, 0.5 h, 1 h, 3 h and 7 h after drug 
administration.For CS-GP, the plasma concentration of free PD 
and that of total (free + conjugated) PD were measured.After PD 
alone and CS-GP were intravenously administered to rats with 
adjuvant-induced arthritis, the plasma levels were investigated 
from 0.25–7 h. The conjugated PD concentration was calculated 
by subtraction of the free PD level from the total level. For both 
administrations, the results were basically similar to those 
in normal rats (Figures 8 and 11). For PD alone, the plasma 
concentration was eliminated in a bi-phasic manner, in which 
rapid elimination at 0–0.5 h and slow decline at 0.5–7 h were 
observed. For CS-GP, the total concentration was eliminated in 
a mono-exponential manner from 0.25 h to 7 h. At 0.25–3 h after 
administration, the total concentration was more than 10 times 
greater in CS-GP than in PD alone; a significant difference was 
observed from 0 h to 3 h in comparison of PD alone with both 
total and conjugated PDs (p <0.05 or 0.01). The concentration 
of free PD was much less than the total concentration from 0 h 
to 7 h after administration of CS-GP, and not so different from 
that given by PD alone. CS-GP was considered to be concentrated 
well in the systemic circulation. Thus, it could be proposed that 
the high distribution of CS-GP in the systemic circulation should 
promote the localization of PD at the inflamed tissue due to the 
enhanced permeability and retention (EPR) effect [16,69,70].

Biodisposition of CS-GP to inflammatory joints

The targeting abilities of CS-GP were examined in the 
schedules shown in Figure (10-B), which was performed 
separately from the pharmacokinetic studies. The drug 
concentrations in the inflammatory joints were examined at 1, 7 
and 24 h after i.v. injections of PD alone and CS-GP at 2.5 mg PD 
eq./kg to the diseased rats. For CS-GP, the tissue concentration 
of free PD and that of total (free + conjugated) PD were 
measured; the distribution of conjugated PD was calculated by 
subtracting the free PD amount from the total PD amount. The 
determination methods of the joint concentrations of free and 
total PDs were similar to those in the above studies of plasma 
or tissue drug concentration [61,62]. The drug distribution 
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Figure 12: Drug distribution I the right (A) and left (B) hind paws after i.v. injection of PD alone and CS-GP 
at the doses of 2.5mg PD eg./kg to rats with adjuvant-induced arthritis.
Mean± S.E. (n=3 for 1 and 7h, 4hr for 24h). *p< 0.05, # p< 0.01 vs. PD alone (Dunnett’s test)

profiles were obtained as shown in Figure (12).At 1 h after i.v. 
administration, PD alone exhibited a higher PD level than the 
total PD level given by CS-GP, but the drug concentration was 
eliminated fairly rapidly. At 7 h after i.v. administration, the 
total and conjugated PD concentrations by CS-GP were higher 
than the PD concentration by PD alone; a significant difference 
was observed for the left hind paw joint (p <0.01). At 24 h, the 
total and conjugated PD levels were significantly higher than 
that by PD alone (p <0.05 for the right hind paw joint, p <0.01 
for the left hind paw joint). These total and conjugated PD levels 

tended to be rather higher at 24 h than at 7 h. This might be 
due to the following reasons; although the plasma level of CS-
GP decreased to the fairly low level at 7 h after administration, 
CS-GP still remained in the systemic circulation to some extent. 
Therefore, CS-GP was considered to be possibly delivered to the 
inflammatory site even after 7 h. In addition, CS-GP seemed to 
be well-retained in the joint tissues once delivered there; CS-
GP might interact with the joint tissue components, which was 
found from the preliminary studies in the mixing of CS-GP and 
the tissues. Also, as the release of PD from CS-GP was slow at 
the acidic joint pH, CS-GP was kept long in the conjugate form 
at the joint. These features were presumed to contribute to the 
high localization of CS-GP in the inflammatory joint at 24 h. After 
administration of CS-GP, free PD was observed at low but almost 
constant levels, which were 0.09–0.14 µg/mL for the right hind 
paw joint and 0.06–0.11 µg/mL for the left hind paw joint. At 24 h 
after i.v. administration, the free PD concentrations were similar 
for both CS-GP and PD alone. Since the pH of an inflammatory 
joint tends to be weakly acidic, the drug release was considered 
to be caused slowly. As CS-GP remained in inflammatory joints 
at much higher level at 24 h, the free PD level was expected to be 
retained longer because of the drug supply from the conjugate 
distributed in the inflammatory tissue. On the other hand, the 
drug was eliminated faster for PD alone. Reportedly, the effective 
concentration of PD for immunological suppression was shown 
to be several dozen – nearly one hundred ng/mL [71,72]. When 
considering the concentration of free PD in the inflamed joints 
based on this information, CS-GP appeared appeared to fulfill the 
PD effective levels, which obviously supported the relevance of 
CS-GP as a RA therapeutic system. CS-GP showed adequately the 
localization to inflammatory joint, prolonged retention there and 
sustained release of free PD, leading to higher efficacy of CS-GP 
than PD alone. In order to evaluate the passive targeting ability 
of CS-GP, the concentrations of the total (conjugated + free) PD 
distributed into the joint tissue at 24 h after i.v. administration 
of CS-GP were compared between AIA and healthy rats. The total 
PD concentration in the joint tissue was found to be higher in AIA 
rats than healthy rats (Figure 13). The total PD concentration 
of the left hind paw was significantly greater in AIA rats than in 
healthy rats (p < 0.05). As to the right hind paw, the mean total PD 
level was more than twice greater in AIA rats than in healthy rats, 
though the significant difference was not found (p> 0.05), which 
was probably due to the large variation of the data in AIA rats. 
These results suggested that CS-GP could give better localization 
of the drug in the arthritic tissue than in the normal one, which 
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supported that CS-GP should exhibit a good passive targeting 
ability based on EPR effect. 

CONCLUSION
There are many effective drugs in clinical usage, but some 

are restricted for dosage or dosing period due to several adverse 
effects. Drug targeting therapy is a technique in which a drug is 
delivered to target tissues and remaining for appropriate time 
periods to maximize the efficacy and minimize the side effect. 
This concept is true in the treatment of rheumatoid arthritis. 
Nano-carrier systems or macromolecular prodrugs are possibly 
useful delivery systems as a strategy to such arthritis. Considering 
the clinical approaches, the safety, biological fate and theoretical 
adequacy of the delivery systems are critical points. CS-GP can 
fulfill those conditions, in particular, pharmacokinetic studies and 
joint distributions demonstrated the adequate characteristics of 
retention and release of the drug; though the systemic retention 
is less than stealth liposomes or nano-micelles. Although the 
latter nano-carrier systems are reported to display much higher 
retention, they sometimes show long-term or unexpected tissue 
distributions. Considering these aspects, CS is a most simple 
carrier and well-known for biological features, which are the 
strong points of the CS-GP system. This approach is considered 
to be applicable for other anti-inflammatory or anti-rheumatoid 
drugs such as non-steroidal anti-inflammatory drugs (NSAIDs) 
or disease-modifying anti-rheumatic drugs (DMARDs).In the 
present review, CS-GP was introduced as a strategy toward to the 
targeting system for the therapy of rheumatoid arthritis (RA).The 
resultant physicochemical characteristics, biological functions 
and pharmacokinetic features suggest the possible usefulness of 
CS-GP as an anti-arthritic delivery system.

REFERENCES
1.	 World Health Organization. Chronic rheumatic conditions. 2013. 

2.	 Lawrence RC, Felson DT, Helmick CG, Arnold LM, Choi H, Deyo RA, 
et al. Estimates of the prevalence of arthritis and other rheumatic 
conditions in the United States. Part II. Arthritis Rheum. 2008; 58: 26-
35.

3.	 Ozkul A, Yılmaz A, Akyol A, Kiylioglu N. Cerebral vasculitis as a major 
manifestation of rheumatoid arthritis. Acta Clin Belg. 2015; 70: 359-
63.

4.	 Kochi M, Kohagura K, Shiohira Y, Iseki K, et al. Inflammation as a Risk 
of Developing Chronic Kidney Disease in Rheumatoid Arthritis. PLoS 
One. 2016; 11: 0160225. 

5.	 Bellucci E, Terenzi R, La Paglia GM, Gentileschi S, Tripoli A, Tani C, et 
al. One year in review 2016: pathogenesis of rheumatoid arthritis. Clin 
Exp Rheumatol. 2016; 34: 793-801.

6.	 Luckey D, Gomez A, Murray J, White B, Taneja V1. Bugs & us: the role of 
the gut in autoimmunity. Indian J Med Res. 2013; 138: 732-743.

7.	 Kouri T. Etiology of rheumatoid arthritis. Experientia. 1985; 41: 434-
441.

8.	 Yang X, Yang J, Zou H. Baicalin inhibits IL-17-mediated joint 
inflammation in murine adjuvant-induced arthritis. Clin Dev Immunol. 
2013; 2013:268065.

9.	 Aizman E, Blacher E, Ben-Moshe O, Kogan T, Kloog Y, Mor A. 
Therapeutic effect of farnesylthiosalicylic acid on adjuvant-induced 
arthritis through suppressed release of inflammatory cytokines. Clin 
Exp Immunol. 2014; 175: 458-467.

10.	Boechat AL, de Oliveira CP, Tarragô AM, da Costa AG, Malheiro A, 
Guterres SS, et al. Methotrexate-loaded lipid-core nanocapsules are 
highly effective in the control of inflammation in synovial cells and 
a chronic arthritis model. Int J Nanomedicine. 2015; 10: 6603-6614.

11.	Konda VR, Desai A, Darland G, Bland JS, Tripp ML. META060 inhibits 
osteoclastogenesis and matrix metalloproteinases in vitro and reduces 
bone and cartilage degradation in a mouse model of rheumatoid 
arthritis. Arthritis Rheum. 2010; 62:1683-1692.

12.	Xue M, McKelvey K, Shen K, Minhas N, March L, Park SY, et al. 
Endogenous MMP-9 and not MMP-2 promotes rheumatoid synovial 
fibroblast survival, inflammation and cartilage degradation. 
Rheumatology (Oxford). 2014; 2270-2279.

13.	Ward JR, Cloud RS. Comparative effect of antirheumatic drugs on 
adjuvant-induced polyarthritis in rats. J Pharmacol Exp Ther. 1966; 
152: 116-121.

14.	Walz DT, DiMartino MJ, Misher A. Adjuvant-induced arthritis in 
rats. II. Drug effects on physiologic, biochemical and immunologic 
parameters. J Pharmacol Exp Ther. 1971; 178: 223-231.

15.	Fiehn C, Neumann E, Wunder A, Krienke S, Gay S, Müller-Ladner U. 
Methotrexate (MTX) and albumin coupled with MTX (MTX-HSA) 
suppress synovial fibroblast invasion and cartilage degradation in 
vivo. Ann Rheum Dis. 2004; 63: 884-886.

16.	Quan LD, Purdue PE, Liu XM, Boska MD, Lele SM, Thiele GM, et al. 
Development of a macromolecular prodrug for the treatment of 
inflammatory arthritis: mechanisms involved in arthrotropism and 
sustained therapeutic efficacy. Arthritis Res Ther. 2010; 12: 170.

17.	Carter CT, Changolkar AK, Scott McKenzie R. Adalimumab, etanercept, 
and infliximab utilization patterns and drug costs among rheumatoid 
arthritis patients. J Med Econ. 2012; 15: 332-339.

18.	Ash Z, Emery P. The role of tocilizumab in the management of 
rheumatoid arthritis. Expert Opin Biol Ther. 2012; 12: 1277-1289.

19.	Brown PM, Isaacs JD. Rheumatoid arthritis: an evolutionary force in 
biologics. Curr Pharm Des. 2015; 21: 2170-2178.

20.	Higaki M, Ishihara T, Izumo N, Takatsu M, Mizushima Y. Treatment 
of experimental arthritis with poly(D, L-lactic/glycolic acid) 
nanoparticles encapsulating betamethasone sodium phosphate. Ann 
Rheum Dis 2005; 6: 1132-1136.

21.	Wang D, Miller SC, Liu XM, Anderson B, Wang XS, Goldring SR. 
Novel dexamethasone-HPMA copolymer conjugate and its potential 
application in treatment of rheumatoid arthritis. Arthritis Res Ther. 
2007; 9:2.

22.	Hwang J, Rodgers K, Oliver JC, Schluep T. Alpha-methylprednisolone 
conjugated cyclodextrin polymer-based nanoparticles for rheumatoid 
arthritis therapy. Int J Nanomedicine. 359-371.

23.	Rauchhaus U, Schwaiger FW, Panzner S. Separating therapeutic 
efficacy from glucocorticoid side-effects in rodent arthritis using 
novel, liposomal delivery of dexamethasone phosphate: long-term 
suppression of arthritis facilitates interval treatment. Arthritis Res. 
Ther.2009; 1:190.

24.	van den Hoven JM, Hofkens W, Wauben MH, Wagenaar-Hilbers 
JP, Beijnen JH, Nuijen B, et al. Optimizing the therapeutic index of 
liposomal glucocorticoids in experimental arthritis. Int J Pharm. 2011; 
416: 471-477.

25.	Wang Q, Jiang J, Chen W, Jiang H, Zhang Z, Sun X. Targeted delivery 
of low-dose dexamethasone using PCL-PEG micelles for effective 
treatment of rheumatoid arthritis. J Control Release. 2016; 230: 64-72.

26.	Li C, Li H, Wang Q, Zhou M, Li M, Gong T, et al. pH-sensitive polymeric 
micelles for targeted delivery to inflamed joints. J Control Release. 

http://www.who.int/chp/topics/rheumatic/en/
http://www.ncbi.nlm.nih.gov/pubmed/18163497
http://www.ncbi.nlm.nih.gov/pubmed/18163497
http://www.ncbi.nlm.nih.gov/pubmed/18163497
http://www.ncbi.nlm.nih.gov/pubmed/18163497
http://www.ncbi.nlm.nih.gov/pubmed/26743575
http://www.ncbi.nlm.nih.gov/pubmed/26743575
http://www.ncbi.nlm.nih.gov/pubmed/26743575
http://www.ncbi.nlm.nih.gov/pubmed/27537204
http://www.ncbi.nlm.nih.gov/pubmed/27537204
http://www.ncbi.nlm.nih.gov/pubmed/27537204
http://www.ncbi.nlm.nih.gov/pubmed/27716458
http://www.ncbi.nlm.nih.gov/pubmed/27716458
http://www.ncbi.nlm.nih.gov/pubmed/27716458
http://www.ncbi.nlm.nih.gov/pubmed/24434325
http://www.ncbi.nlm.nih.gov/pubmed/24434325
http://www.ncbi.nlm.nih.gov/pubmed/2985424
http://www.ncbi.nlm.nih.gov/pubmed/2985424
http://www.ncbi.nlm.nih.gov/pubmed/23840239
http://www.ncbi.nlm.nih.gov/pubmed/23840239
http://www.ncbi.nlm.nih.gov/pubmed/23840239
https://www.ncbi.nlm.nih.gov/pubmed/24215151
https://www.ncbi.nlm.nih.gov/pubmed/24215151
https://www.ncbi.nlm.nih.gov/pubmed/24215151
https://www.ncbi.nlm.nih.gov/pubmed/24215151
http://www.ncbi.nlm.nih.gov/pubmed/26543364
http://www.ncbi.nlm.nih.gov/pubmed/26543364
http://www.ncbi.nlm.nih.gov/pubmed/26543364
http://www.ncbi.nlm.nih.gov/pubmed/26543364
https://www.ncbi.nlm.nih.gov/pubmed/20201075
https://www.ncbi.nlm.nih.gov/pubmed/20201075
https://www.ncbi.nlm.nih.gov/pubmed/20201075
https://www.ncbi.nlm.nih.gov/pubmed/20201075
http://www.ncbi.nlm.nih.gov/pubmed/24982240
http://www.ncbi.nlm.nih.gov/pubmed/24982240
http://www.ncbi.nlm.nih.gov/pubmed/24982240
http://www.ncbi.nlm.nih.gov/pubmed/24982240
http://www.ncbi.nlm.nih.gov/pubmed/5937395
http://www.ncbi.nlm.nih.gov/pubmed/5937395
http://www.ncbi.nlm.nih.gov/pubmed/5937395
http://www.ncbi.nlm.nih.gov/pubmed/5087400
http://www.ncbi.nlm.nih.gov/pubmed/5087400
http://www.ncbi.nlm.nih.gov/pubmed/5087400
http://www.ncbi.nlm.nih.gov/pubmed/15194591
http://www.ncbi.nlm.nih.gov/pubmed/15194591
http://www.ncbi.nlm.nih.gov/pubmed/15194591
http://www.ncbi.nlm.nih.gov/pubmed/15194591
https://www.ncbi.nlm.nih.gov/pubmed/20836843
https://www.ncbi.nlm.nih.gov/pubmed/20836843
https://www.ncbi.nlm.nih.gov/pubmed/20836843
https://www.ncbi.nlm.nih.gov/pubmed/20836843
https://www.ncbi.nlm.nih.gov/pubmed/22168788
https://www.ncbi.nlm.nih.gov/pubmed/22168788
https://www.ncbi.nlm.nih.gov/pubmed/22168788
http://www.ncbi.nlm.nih.gov/pubmed/22849354
http://www.ncbi.nlm.nih.gov/pubmed/22849354
http://www.ncbi.nlm.nih.gov/pubmed/25760301
http://www.ncbi.nlm.nih.gov/pubmed/25760301
https://www.ncbi.nlm.nih.gov/pubmed/15695536
https://www.ncbi.nlm.nih.gov/pubmed/15695536
https://www.ncbi.nlm.nih.gov/pubmed/15695536
https://www.ncbi.nlm.nih.gov/pubmed/15695536
http://www.ncbi.nlm.nih.gov/pubmed/17233911
http://www.ncbi.nlm.nih.gov/pubmed/17233911
http://www.ncbi.nlm.nih.gov/pubmed/17233911
http://www.ncbi.nlm.nih.gov/pubmed/17233911
https://www.ncbi.nlm.nih.gov/pubmed/18990945
https://www.ncbi.nlm.nih.gov/pubmed/18990945
https://www.ncbi.nlm.nih.gov/pubmed/18990945
https://www.ncbi.nlm.nih.gov/pubmed/20003498
https://www.ncbi.nlm.nih.gov/pubmed/20003498
https://www.ncbi.nlm.nih.gov/pubmed/20003498
https://www.ncbi.nlm.nih.gov/pubmed/20003498
https://www.ncbi.nlm.nih.gov/pubmed/20003498
http://www.ncbi.nlm.nih.gov/pubmed/21440612
http://www.ncbi.nlm.nih.gov/pubmed/21440612
http://www.ncbi.nlm.nih.gov/pubmed/21440612
http://www.ncbi.nlm.nih.gov/pubmed/21440612
http://www.ncbi.nlm.nih.gov/pubmed/27057749
http://www.ncbi.nlm.nih.gov/pubmed/27057749
http://www.ncbi.nlm.nih.gov/pubmed/27057749
http://www.ncbi.nlm.nih.gov/pubmed/28038947
http://www.ncbi.nlm.nih.gov/pubmed/28038947


Central
Bringing Excellence in Open Access





Onishi (2017)
Email: 

J Autoimmun Res 4(1): 1016 (2017) 8/9

2017; 246: 133-141.

27.	Taylor PC, Sivakumar B. Hypoxia and angiogenesis in rheumatoid 
arthritis. Curr Opin Rheumatol. 2005; 17: 293-298.

28.	Taylor PC, Sivakumar B. Hypoxia and angiogenesis in rheumatoid 
arthritis. Curr Opin Rheumatol. 2005; 17: 293-298.

29.	Pandya NM, Dhalla NS, Santani DD. Angiogenesis--a new target for 
future therapy. Vascul Pharmacol. 2006; 44: 265-274.

30.	Metselaar JM, Wauben MH, Wagenaar-Hilbers JP, Boerman OC, Storm 
G. Complete remission of experimental arthritis by joint targeting of 
glucocorticoids with long-circulating liposomes. Arthritis Rheum. 
2003; 48, 2059-2066.

31.	Quan LD, Yuan F, Liu XM, Huang G, Alnouti Y, Wang D. Pharmacokinetic 
and biodistribution studies of N-(2-hydroxypropyl)methacrylamide 
copolymer-dexamethasone conjugates in adjuvant-induced arthritis 
rat model. Mol. Pharm. 2010; 7: 1041-1049.

32.	Yano H, Hirayama F, Kamada M, Arima H, Uekama K. Colon-specific 
delivery of prednisolone-appended alpha-cyclodextrin conjugate: 
alleviation of systemic side effect after oral administration. J Control 
Release. 2002; 79: 103-112.

33.	Onishi H, Oosegi T, Machida Y. Efficacy and toxicity of Eudragit-coated 
chitosan-succinyl-prednisolone conjugate microspheres using rats 
with ,,6-trinitrobenzenesulfonic acid-i... Int J Pharm. 2008; 358: 296-
302.

34.	Kong H, Lee Y, Hong S, Han J, Choi B, Jung Y, et al. Sulfate-conjugated 
methylprednisolone as a colon-targeted methylprednisolone prodrug 
with improved therapeutic properties against rat colitis. J Drug Target. 
2009; 17:450-458.

35.	Buttgereit F, Doering G, Schaeffler A, Witte S, Sierakowski S, Gromnica-
Ihle E, et al. Efficacy of modified-release versus standard prednisone 
to reduce duration of morning stiffness of the joints in rheumatoid 
arthritis (CAPRA-1): a double-blind, randomised controlled trial. 
Lancet. 2008; 371:205-214.

36.	Buttgereit F, Doering G, Schaeffler A, Witte S, Sierakowski S, Gromnica-
Ihle E, et al. Targeting pathophysiological rhythms: prednisone 
chronotherapy shows sustained efficacy in rheumatoid arthritis. Ann 
Rheum Dis. 2010; 69: 1275-1280.

37.	Buttgereit F, Mehta D, Kirwan J, Szechinski J, Boers M, Alten RE, et 
al. Low-dose prednisone chronotherapy for rheumatoid arthritis: a 
randomised clinical trial (CAPRA-2). Ann Rheum Dis. 2013; 72: 204-
210.

38.	Hathcock JN, Shao A. Risk assessment for glucosamine and chondroitin 
sulfate. Regul Toxicol Pharmacol. 2007; 47: 78-83.

39.	Volpi N. Analytical aspects of pharmaceutical grade chondroitin 
sulfates. J Pharm Sci. 2007; 96: 3168-3180.

40.	Henrotin Y, Hauzeur JP, Bruel P, Appelboom T. Intra-articular use of a 
medical device composed of hyaluronic acid and chondroitin sulfate 
(Structovial CS): effects on clinical, ultrasonographic and biological 
parameters. BMC Res Notes. 2012; 5: 407.

41.	Conte A, de Bernardi M, Palmieri L, Lualdi P, Mautone G, Ronca 
G. Metabolic fate of exogenous chondroitin sulfate in man. 
Arzneimittelforschung. 1991; 41: 768-772.

42.	Wood KM, Wusteman FS, Curtis CG. The degradation of intravenously 
injected chondroitin 4-sulphate in the rat. Biochem J. 1973; 134: 
1009-1013.

43.	Zhang JS, Imai T, Suenaga A, Otagiri M. Molecular-weight-dependent 
pharmacokinetics and cytotoxic properties of cisplatin complexes 
prepared with chondroitin sulfate A and C. Int J Pharm. 2002; 240: 
23-31.

44.	Peng YS, Lin SC, Huang SJ, Wang YM, Lin YJ, Wang LF, et al. Chondroitin 
sulfate-based anti-inflammatory macromolecular prodrugs. Eur J 
Pharm Sci. 2006; 29: 60-69.

45.	Ríhová B, Etrych T, Pechar M, Jelínková M, Stastný M, Hovorka O, et al. 
Doxorubicin bound to a HPMA copolymer carrier through hydrazone 
bond is effective also in a cancer cell line with a limited content of 
lysosomes. J Control Release. 2001; 74: 225-232.

46.	Wang D, Miller SC, Sima M, Parker D, Buswell H, Goodrich KC, et al. 
The arthrotropism of macromolecules in adjuvant-induced arthritis 
rat model: a preliminary study. Pharm Res. 2004; 21: 1741-1749.

47.	Liu XM, Quan LD, Tian J, Alnouti Y, Fu K, Thiele GM, et al. Synthesis 
and evaluation of a well-defined HPMA copolymer-dexamethasone 
conjugate for effective treatment of rheumatoid arthritis. Pharm Res. 
2008; 25: 2910-2919.

48.	Ulbrich K, Etrych T, Chytil P, Jelínková M, Ríhová B. HPMA copolymers 
with pH-controlled release of doxorubicin: in vitro cytotoxicity and in 
vivo antitumor activity. J Control Release. 2003; 87: 33-47.

49.	Loadman PM, Bibby MC, Double JA, Al-Shakhaa WM, Duncan R. 
Pharmacokinetics of PK and doxorubicin in experimental colon tumor 
models with differing responses to PK1. Clin Cancer Res. 1999; 5: 
3682-3688.

50.	Anderson BD, Taphouse V. Initial rate studies of hydrolysis and 
acyl migration in methylprednisolone 21-hemisuccinate and 
17-hemisuccinate. J Pharm Sci. 1981; 70: 181-186.

51.	Anderson BD, Conradi RA, Johnson K. Influence of premicellar 
and micellar association on the reactivity of methylprednisolone 
21-hemiesters in aqueous solution. J Pharm Sci. 1983; 72: 448-454.

52.	Anderson BD, Conradi RA, Lambert WJ. Carboxyl group catalysis of 
acyl transfer reactions in corticosteroid 17- and 21-monoesters. J 
Pharm Sci. 1984; 73: 604-611.

53.	McLeod AD, Friend DR, Tozera TN. Synthesis and chemical stability 
of glucocorticoid-dextran esters: potential prodrugs for colon-specific 
delivery. Int J Pharm. 1993; 9: 105-114.

54.	Mehvar R, Dann RO, Hoganson DA. Kinetics of hydrolysis of dextran-
methylprednisolone succinate, a macromolecular prodrug of 
methylprednisolone, in rat blood and liver lysosomes. J Control 
Release. 2000; 68: 53-61.

55.	Oosegi T, Onishi H, Machida Y. Gastrointestinal distribution and 
absorption behavior of Eudragit-coated chitosan-prednisolone 
conjugate microspheres in rats with TNBS-induced col... Int J Pharm. 
2008; 348: 80-88.

56.	Onishi H, Saito Y, Sasatsu M, Machida Y. Kinetic analysis of in vitro and 
in vivo release of prednisolone from the conjugate of glycol-chitosan 
and succinyl-prednisolone. Int J Pharm. 2011; 410: 17-22.

57.	Onishi H, Kawaguchi T, Nagai T. In vitro drug release from 
macromolecule-drug conjugates of 3’-(7-carboxyheptanoyl)-5-fluoro-
2’-deoxyuridine with decylenediamine-dextran T70 of po... Chem 
Pharm Bull (Tokyo). 1987; 35: 3370-3374.

58.	Goldie I, Nachemson A. Synovial pH in rheumatoid knee-joints. I. The 
effect of synovectomy. Acta Orthop Scand. 1969; 40: 634-641.

59.	Conover CD, Greenwald RB, Pendri A, Gilbert CW, Shum KL. 
Camptothecin delivery systems: enhanced efficacy and tumor 
accumulation of camptothecin following its conjugation to 
polyethylene glycol via a glycine linker. Cancer ChemotherPharmacol. 
1998; 407-414.

60.	Onishi H, Matsuyama M. Conjugate between chondroitin sulfate 
and prednisolone with a glycine linker: preparation and in vitro 
conversion analysis. Chem Pharm Bull (Tokyo). 2013; 61:902-912.

http://www.ncbi.nlm.nih.gov/pubmed/28038947
http://www.ncbi.nlm.nih.gov/pubmed/15838239
http://www.ncbi.nlm.nih.gov/pubmed/15838239
http://www.ncbi.nlm.nih.gov/pubmed/15838239
http://www.ncbi.nlm.nih.gov/pubmed/15838239
http://www.ncbi.nlm.nih.gov/pubmed/16545987
http://www.ncbi.nlm.nih.gov/pubmed/16545987
https://www.ncbi.nlm.nih.gov/pubmed/12847701
https://www.ncbi.nlm.nih.gov/pubmed/12847701
https://www.ncbi.nlm.nih.gov/pubmed/12847701
https://www.ncbi.nlm.nih.gov/pubmed/12847701
https://www.ncbi.nlm.nih.gov/pubmed/20557133
https://www.ncbi.nlm.nih.gov/pubmed/20557133
https://www.ncbi.nlm.nih.gov/pubmed/20557133
https://www.ncbi.nlm.nih.gov/pubmed/20557133
http://www.ncbi.nlm.nih.gov/pubmed/11853922
http://www.ncbi.nlm.nih.gov/pubmed/11853922
http://www.ncbi.nlm.nih.gov/pubmed/11853922
http://www.ncbi.nlm.nih.gov/pubmed/11853922
http://www.ncbi.nlm.nih.gov/pubmed/18394832
http://www.ncbi.nlm.nih.gov/pubmed/18394832
http://www.ncbi.nlm.nih.gov/pubmed/18394832
http://www.ncbi.nlm.nih.gov/pubmed/18394832
https://www.ncbi.nlm.nih.gov/pubmed/19527116
https://www.ncbi.nlm.nih.gov/pubmed/19527116
https://www.ncbi.nlm.nih.gov/pubmed/19527116
https://www.ncbi.nlm.nih.gov/pubmed/19527116
https://www.ncbi.nlm.nih.gov/pubmed/18207016
https://www.ncbi.nlm.nih.gov/pubmed/18207016
https://www.ncbi.nlm.nih.gov/pubmed/18207016
https://www.ncbi.nlm.nih.gov/pubmed/18207016
https://www.ncbi.nlm.nih.gov/pubmed/18207016
http://www.ncbi.nlm.nih.gov/pubmed/20542963
http://www.ncbi.nlm.nih.gov/pubmed/20542963
http://www.ncbi.nlm.nih.gov/pubmed/20542963
http://www.ncbi.nlm.nih.gov/pubmed/20542963
http://www.ncbi.nlm.nih.gov/pubmed/22562974
http://www.ncbi.nlm.nih.gov/pubmed/22562974
http://www.ncbi.nlm.nih.gov/pubmed/22562974
http://www.ncbi.nlm.nih.gov/pubmed/22562974
http://www.ncbi.nlm.nih.gov/pubmed/16942821
http://www.ncbi.nlm.nih.gov/pubmed/16942821
http://www.ncbi.nlm.nih.gov/pubmed/17630645
http://www.ncbi.nlm.nih.gov/pubmed/17630645
https://www.ncbi.nlm.nih.gov/pubmed/22862789
https://www.ncbi.nlm.nih.gov/pubmed/22862789
https://www.ncbi.nlm.nih.gov/pubmed/22862789
https://www.ncbi.nlm.nih.gov/pubmed/22862789
http://www.ncbi.nlm.nih.gov/pubmed/1772467
http://www.ncbi.nlm.nih.gov/pubmed/1772467
http://www.ncbi.nlm.nih.gov/pubmed/1772467
http://www.ncbi.nlm.nih.gov/pubmed/4762749
http://www.ncbi.nlm.nih.gov/pubmed/4762749
http://www.ncbi.nlm.nih.gov/pubmed/4762749
http://www.ncbi.nlm.nih.gov/pubmed/12062498
http://www.ncbi.nlm.nih.gov/pubmed/12062498
http://www.ncbi.nlm.nih.gov/pubmed/12062498
http://www.ncbi.nlm.nih.gov/pubmed/12062498
http://www.ncbi.nlm.nih.gov/pubmed/11489498
http://www.ncbi.nlm.nih.gov/pubmed/11489498
http://www.ncbi.nlm.nih.gov/pubmed/11489498
http://www.ncbi.nlm.nih.gov/pubmed/11489498
http://www.ncbi.nlm.nih.gov/pubmed/15553217
http://www.ncbi.nlm.nih.gov/pubmed/15553217
http://www.ncbi.nlm.nih.gov/pubmed/15553217
http://www.ncbi.nlm.nih.gov/pubmed/18649124
http://www.ncbi.nlm.nih.gov/pubmed/18649124
http://www.ncbi.nlm.nih.gov/pubmed/18649124
http://www.ncbi.nlm.nih.gov/pubmed/18649124
http://www.ncbi.nlm.nih.gov/pubmed/12618021
http://www.ncbi.nlm.nih.gov/pubmed/12618021
http://www.ncbi.nlm.nih.gov/pubmed/12618021
http://www.ncbi.nlm.nih.gov/pubmed/10589787
http://www.ncbi.nlm.nih.gov/pubmed/10589787
http://www.ncbi.nlm.nih.gov/pubmed/10589787
http://www.ncbi.nlm.nih.gov/pubmed/10589787
http://www.ncbi.nlm.nih.gov/pubmed/7009782
http://www.ncbi.nlm.nih.gov/pubmed/7009782
http://www.ncbi.nlm.nih.gov/pubmed/7009782
http://www.ncbi.nlm.nih.gov/pubmed/6864489
http://www.ncbi.nlm.nih.gov/pubmed/6864489
http://www.ncbi.nlm.nih.gov/pubmed/6864489
http://www.ncbi.nlm.nih.gov/pubmed/6376766
http://www.ncbi.nlm.nih.gov/pubmed/6376766
http://www.ncbi.nlm.nih.gov/pubmed/6376766
http://www.sciencedirect.com/science/article/pii/037851739390269L
http://www.sciencedirect.com/science/article/pii/037851739390269L
http://www.sciencedirect.com/science/article/pii/037851739390269L
http://www.ncbi.nlm.nih.gov/pubmed/10884579
http://www.ncbi.nlm.nih.gov/pubmed/10884579
http://www.ncbi.nlm.nih.gov/pubmed/10884579
http://www.ncbi.nlm.nih.gov/pubmed/10884579
http://www.ncbi.nlm.nih.gov/pubmed/17714892
http://www.ncbi.nlm.nih.gov/pubmed/17714892
http://www.ncbi.nlm.nih.gov/pubmed/17714892
http://www.ncbi.nlm.nih.gov/pubmed/17714892
http://www.ncbi.nlm.nih.gov/pubmed/21397670
http://www.ncbi.nlm.nih.gov/pubmed/21397670
http://www.ncbi.nlm.nih.gov/pubmed/21397670
http://www.ncbi.nlm.nih.gov/pubmed/2448051
http://www.ncbi.nlm.nih.gov/pubmed/2448051
http://www.ncbi.nlm.nih.gov/pubmed/2448051
http://www.ncbi.nlm.nih.gov/pubmed/2448051
http://www.ncbi.nlm.nih.gov/pubmed/5378127
http://www.ncbi.nlm.nih.gov/pubmed/5378127
https://www.ncbi.nlm.nih.gov/pubmed/9771956
https://www.ncbi.nlm.nih.gov/pubmed/9771956
https://www.ncbi.nlm.nih.gov/pubmed/9771956
https://www.ncbi.nlm.nih.gov/pubmed/9771956
https://www.ncbi.nlm.nih.gov/pubmed/9771956
https://www.ncbi.nlm.nih.gov/pubmed/23995354
https://www.ncbi.nlm.nih.gov/pubmed/23995354
https://www.ncbi.nlm.nih.gov/pubmed/23995354


Central
Bringing Excellence in Open Access





Onishi (2017)
Email: 

J Autoimmun Res 4(1): 1016 (2017) 9/9

Onishi H (2017) Macromolecular Ester Prodrug of Prednisolone with Chondroitin Sulfate for the Treatment of Rheumatoid Arthritis. J Autoimmun Res 4(1): 1016.

Cite this article

61.	Onishi H, Isoda Y, Matsuyama M. In vivo evaluation of chondroitin 
sulfate-glycyl-prednisolone for anti-arthritic effectiveness and 
pharmacokinetic characteristics. Int J Pharm. 2013; 456:113-120.

62.	Onishi H, Yoshida R, Matsuyama M. Chondroitin sulfate-glycyl-
prednisolone conjugate as arthritis targeting system: localization and 
drug release in inflammatory joints. Biol Pharm Bull. 2014; 37: 1641-
1649.

63.	Hirano S, Wakazono K, Agata N, Mase T, Yamamoto R, Matsufuji M, et 
al. Effects of cytogenin, a novel anti-arthritic agent, on type II collagen-
induced arthritis in DBA/1J mice and adjuvant arthritis in Lewis rats. 
Int J Tissue React. 1994; 16: 155-162.

64.	Bucsi L, Poór G. Efficacy and tolerability of oral chondroitin sulfate as 
a symptomatic slow-acting drug for osteoarthritis (SYSADOA) in the 
treatment of knee osteoarthritis. Osteoarthritis Cartilage. 1998; 6:31-
36.

65.	Ha BJ, Lee JY. The effect of chondroitin sulfate against CCl4-induced 
hepatotoxicity. Biol Pharm Bull. 2003; 26: 622-626.

66.	Clegg DO, Reda DJ, Harris CL, Klein MA, O’Dell JR, Hooper MM, et al. 
Glucosamine, chondroitin sulfate, and the two in combination for 
painful knee osteoarthritis. N Engl J Med. 2006; 354: 795-808.

67.	Sawitzke AD, Shi H, Finco MF, Dunlop DD, Bingham CO 3rd, Harris 
CL, et al. The effect of glucosamine and/or chondroitin sulfate on the 
progression of knee osteoarthritis: a report from the glucosamine/
chondroitin arthritis... Arthritis Rheum. 2008; 58: 3183-3191.

68.	Volpi N1. Anti-inflammatory activity of chondroitin sulphate: new 
functions from an old natural macromolecule. Inflammopharmacology. 
2011; 19: 299-306.

69.	Matsumura Y, Maeda H. A new concept for macromolecular 
therapeutics in cancer chemotherapy: mechanism of tumoritropic 
accumulation of proteins and the antitumor agent smancs. Cancer Res. 
1986; 46: 6387-6392.

70.	Maeda H1. SMANCS and polymer-conjugated macromolecular drugs: 
advantages in cancer chemotherapy. Adv Drug Deliv Rev. 2001; 46: 
169-185.

71.	Briggs WA, Gao ZH, Scheel PJ Jr, Burdick JF, Gimenez LF, Choi MJ. 
Differential glucocorticoid responsiveness of dialysis patients’ 
lymphocytes. Perit Dial Int. 1996; 16: 406-411.

72.	Czock D, Keller F, Rasche FM, Häussler U. Pharmacokinetics and 
pharmacodynamics of systemically administered glucocorticoids. Clin 
Pharmacokinet. 2005; 44: 61-98.

https://www.ncbi.nlm.nih.gov/pubmed/23954236
https://www.ncbi.nlm.nih.gov/pubmed/23954236
https://www.ncbi.nlm.nih.gov/pubmed/23954236
http://www.ncbi.nlm.nih.gov/pubmed/25273387
http://www.ncbi.nlm.nih.gov/pubmed/25273387
http://www.ncbi.nlm.nih.gov/pubmed/25273387
http://www.ncbi.nlm.nih.gov/pubmed/25273387
http://www.ncbi.nlm.nih.gov/pubmed/7797401
http://www.ncbi.nlm.nih.gov/pubmed/7797401
http://www.ncbi.nlm.nih.gov/pubmed/7797401
http://www.ncbi.nlm.nih.gov/pubmed/7797401
https://www.ncbi.nlm.nih.gov/pubmed/9743817
https://www.ncbi.nlm.nih.gov/pubmed/9743817
https://www.ncbi.nlm.nih.gov/pubmed/9743817
https://www.ncbi.nlm.nih.gov/pubmed/9743817
http://www.ncbi.nlm.nih.gov/pubmed/12736501
http://www.ncbi.nlm.nih.gov/pubmed/12736501
http://www.ncbi.nlm.nih.gov/pubmed/16495392
http://www.ncbi.nlm.nih.gov/pubmed/16495392
http://www.ncbi.nlm.nih.gov/pubmed/16495392
http://www.ncbi.nlm.nih.gov/pubmed/18821708
http://www.ncbi.nlm.nih.gov/pubmed/18821708
http://www.ncbi.nlm.nih.gov/pubmed/18821708
http://www.ncbi.nlm.nih.gov/pubmed/18821708
http://www.ncbi.nlm.nih.gov/pubmed/22042237
http://www.ncbi.nlm.nih.gov/pubmed/22042237
http://www.ncbi.nlm.nih.gov/pubmed/22042237
https://www.ncbi.nlm.nih.gov/pubmed/2946403
https://www.ncbi.nlm.nih.gov/pubmed/2946403
https://www.ncbi.nlm.nih.gov/pubmed/2946403
https://www.ncbi.nlm.nih.gov/pubmed/2946403
http://www.ncbi.nlm.nih.gov/pubmed/11259839
http://www.ncbi.nlm.nih.gov/pubmed/11259839
http://www.ncbi.nlm.nih.gov/pubmed/11259839
http://www.ncbi.nlm.nih.gov/pubmed/8863335
http://www.ncbi.nlm.nih.gov/pubmed/8863335
http://www.ncbi.nlm.nih.gov/pubmed/8863335
http://www.ncbi.nlm.nih.gov/pubmed/15634032
http://www.ncbi.nlm.nih.gov/pubmed/15634032
http://www.ncbi.nlm.nih.gov/pubmed/15634032

	Macromolecular Ester Prodrug of Prednisolone with Chondroitin Sulfate for the Treatment of Rheumatoi
	Abstract
	Introduction
	Design of CS-GP conjugate 
	In vitro characteristics of CS-GP
	In vivo evaluation of CS-GP efficacy
	Pharmacokinetic evaluation of CS-GP 

	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12

