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PEGylation was found to be a promising approach to improve the anti-myocardial ischemic activity of
Radix Ophiopogonis polysaccharide (ROP) by prolonging its retention in plasma. To fully evaluate the
effectiveness and safety of this strategy, the tissue distribution of PEGylated ROP was investigated in this
study. A long-circulating and bioactive PEGylated ROP with 1.04 mol 20-kDa mPEG per mol ROP (1 g4P20k-
R) was prepared by a moderate coupling reaction between the hydroxyl-activated ROP and the amino-
terminated mPEG. Its tissue distribution in mice with normal and ischemic myocardium was studied
and compared with ROP. The results show that the descending order of tissue distribution of 1 g4P20x-R
ranked by AUC was kidney, lung, heart, liver, and brain in normal mice and kidney ~ lung =~ heart, liver
and brain in mice with myocardial ischemia. With the exception of the heart, myocardial ischemia did not
cause obvious changes in the distribution of 1 04P>0x-R in the other tissues studied. Owing to the enhanced
permeability and retention effect caused by ischemia, the AUC of ;04P20-R in ischemic hearts was
approximately 1.6-fold greater than in normal hearts. Compared with ROP in rats, the distribution
tendency of ;1 04P20k-R in mouse kidney, brain, and lung was reduced by approximately 42, 1.6, and 1.3
times, respectively, whereas it was increased by approximately 1.3-fold in the liver. The results of this

study are highly instructive for the further pharmaceutical development of PEGylated ROP.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Covalent attachment of polyethylene glycol (PEG) polymer
chain(s) to a medicinal agent (a process known as ‘PEGylation’)
represents a promising approach that may significantly improve
drug pharmacokinetics and, in turn, pharmacodynamics [1,2]. After
PEGylation, the drug may achieve a prolonged body residence,
optimized tissue distribution, decreased adverse effects, and an in-
creased resistance to degradation [3,4]. These advantages generally
improve patient compliance. Compared with PEGylation of pep-
tides and proteins, which has already led to approximately ten
marketed products [5], PEGylation of carbohydrate-based drugs
is relatively new and rarely reported, although there are some re-
ports regarding the application of PEGylated polysaccharides as
drug carrier [6-8] or surfactant [9].

Radix Ophiopogonis polysaccharide (ROP), a natural graminan-
type fructan with a molecular weight of approximately 5 kDa, had
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been found to have an anti-myocardial ischemic activity [10,11].
However, its rapid renal excretion following intravenous adminis-
tration significantly limits its efficacy and clinical application [12].
In a previous study [13], it was found that with proper design,
PEGylated ROP that is both bioactive and long circulating in the
blood could be obtained. For example, the one with a PEG
(20 kDa) grafting degree of approximately 1 was found to have a
47-fold increase in elimination half-life while preserving approxi-
mately 74% of ROP bioactivity. In another study, it was found that
the accumulation of ROP (~2 nm) in the hearts of rats with exper-
imental myocardial ischemia was approximately 2.2-fold higher
than that in normal rat hearts [14], suggesting that the enhanced
permeability and retention (EPR) effect caused by ischemia
[15,16] can surpass the negative effect of the decreased blood flow
on drug distribution during ischemia. However, the use of the EPR
effect is, to a large extent, limited by the rapid renal excretion of
ROP, making the increase far from ideal. Could PEGylated ROP that
is long circulating in the blood, has well-preserved bioactivity and
is much smaller (~10 nm) than colloidal drug delivery systems,
such as the one mentioned above, still effectively use the EPR effect
to passively target ischemic myocardia? Will PEGylation and myo-
cardial ischemia lead to changes in drug distribution in important
non-targeting tissues? This study was carried out to answer these
questions, with the aim of providing useful information for the
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comprehensive evaluation of the effectiveness and safety of PEGy-
lating ROP in this manner.

2. Materials and methods
2.1. Materials and animals

ROP was prepared according to the method used in a previous
report [17]. Linear amino-terminated polyethylene glycol methyl
ether (mPEG-NH,), which has a molecular weight of 20 kDa, was
purchased from Jenkem Technology Co., Ltd. (Beijing, China). p-
Nitrophenyl chloroformate and 4-N,N-(dimethylamino) pyridine
(DMAP) were purchased from Fluka (Buchs, Germany). Fluorescein
isothiocyanate (FITC) was purchased from Sigma (St. Louis, MO,
USA). Extra dry dimethyl sulfoxide (DMSO) was purchased from
Acros Organics (Geel, Belgium). Dichloromethane (CH,Cly) and
pyridine from Sinopharm Chemical Reagent Co., Ltd. (Shanghai,
China) were dried over CaH, and KOH, respectively, and distilled
before use. All other chemicals were of reagent grade and pur-
chased from commercial sources.

KM mice (approximately 4-5 weeks old) were supplied by the
Lab Animal Center of Shanghai University of TCM. They were kept
in an environmentally controlled breeding room for 4 days before
starting the experiments and fed with standard laboratory food
and given water ad libitum. The Animal Ethical Experimentation
Committee of Shanghai University of TCM, according to the
requirements of the National Act on the Use of Experimental Ani-
mals (PR China), approved all procedures of the animal
experiments.

2.2. Preparation of FITC-labeled PEGylated ROP

A PEGylated ROP was synthesized through a coupling reaction
between hydroxyl-activated ROP and amino-terminated mPEG
[13]. The reaction’s molar ratio of hydroxyl-activated ROP (degree
of activation: 13%) to 20-kDa mPEG-NH, was set at 5:1 in this
study, so that a conjugate with a PEG grafting number approaching
1.0 was prepared. Characterization of the conjugate was carried
out by high-performance gel permeation chromatography (HPGPC)
in conjunction with anthrone-sulfuric acid colorimetry [13]. The
HPLC system consisted of a Waters liquid chromatograph and a
Waters 2414 refractive index detector (Milford, USA). After charac-
terization, the conjugate was labeled with FITC according to a
method previously used [13].

2.3. Analytical conditions and sample pretreatment procedure

The assay system consisted of an Agilent 1200 series HPLC with
a fluorescence detector set at Zex 495 nm and e, 515 nm. Samples
were separated by HPGPC using an 8.0 x 300-mm Shodex OHpak
SB-803 HQ column. The eluent was 0.1 M phosphate buffer (pH
7.4), delivered at a flow rate of 0.5 ml/min. The chromatographic
procedures were performed at 30 °C.

To a 100-pu portion of each tissue homogenate, 40 ul of 1 M per-
chloric acid was added. The mixture was vortexed and then centri-
fuged at 10,000 rpm for 1 min to precipitate denatured proteins.
The heart samples were left to stand for 2 h before centrifugation.
The supernatant was neutralized by the addition of 30 pl of 1M
NaOH. After centrifugation at 10,000 rpm for 1 min again, the
supernatant was assayed by the method described above.

2.4. Preparation of standard and quality control samples

Stock solution of the FITC-labeled conjugate in phosphate buffer
(pH 7.4) at a concentration of 10 mg/ml was prepared. A series of

standard solutions with a concentration range of 10-1000 pg/ml
were then obtained by further dilution of stock solution with phos-
phate buffer (pH 7.4).

To prepare the standard calibration samples, an aliquot of each
standard solution placed in a 1.5-ml centrifuge tube was blown dry
with nitrogen gas followed by the addition of 100 pl blank tissue
homogenates. After being thoroughly homogenized by vortexing,
the mixture was then treated according to the sample pretreat-
ment procedure described above. The final standard tissue concen-
trations were 2-486 pig/ml for the conjugate. The quality control
(QC) samples, which were used in method validation, were pre-
pared in the same way as the standard calibration samples.

2.5. Tissue distribution study

Mice with acute myocardial ischemia induced by isoprenaline
(20 mg/kg daily by intraperitoneal injection for three consecutive
days), and normal mice, were given a single intravenous dose
(170 mg/kg) of the FITC-labeled conjugate via the tail vein and
killed at predefined times (0.5, 1, 4, 12, and 24 h postdose). Various
tissues (heart, kidney, liver, brain, and lung) were immediately
harvested, kept in saline solution to remove the blood and con-
tents, blotted on filter paper, and then weighed for wet weight.
After homogenization using a 3-fold volume of 0.1 M phosphate
buffer (pH 7.4), tissue samples were stored at —20 °C until assay.

2.6. Data analysis

Data were expressed as means + SD. Statistical analyses were
assessed using Student’s t-test. Statistically significant differences
were indicated by p values of <0.05.

3. Results and discussion

3.1. Characterization of PEGylated ROP and FITC-labeled PEGylated
ROP

Since the '"H NMR or FTIR method was inapplicable for the char-
acterization of the conjugate prepared in this study due to the lack
of anomeric protons and carbamate bonds in its structure, it was
characterized by HPGPC coupled with the carbohydrate-specific
anthrone-sulfuric acid colorimetry. PEGylation was confirmed
mainly by (i) the left-shifted HPGPC peak and increased polydis-
persity index of the conjugate when compared with the mPEG
agent used and, more importantly, (ii) the positive chromogenic
reaction between the anthrone-sulfuric acid reagent and the eluate
corresponding to the HPGPC peak for the conjugate. The calculated
apparent weight-average molecular mass for the conjugate was
23.8 kDa. As the calibrated apparent weight-average molecular
masses for ROP and 20-kDa mPEG were 2.06 and 21.0 kDa, respec-
tively, the grafting number for the conjugate was 1.04 mol 20-kDa
mPEG per mol ROP. For convenience, the conjugate is therefore de-
noted as 104P20x-R in the following description. Owing to the lack
of direct and specific microassay methods for both ROP and PEG,
1.04P20k-R was prelabeled with FITC to study its tissue distribution
in mice. After FITC labeling, no remarkable differences in the
elution position and the peak shape of the conjugate were
observed, indicating that its chain was stable during reaction.
Although the FITC label assumes a negative charge at physiological
pH, the pharmacokinetics and tissue distribution of FITC-labeled
1.04P20k-R were believed to be similar to those of unlabeled
1.04P20k-R in terms of both the less than 0.3% volume of FITC in
the conjugate (approximately 0.17 mol FITC per mol ;g4P501-R)
and the strong hydrophilic shielding effect of the PEG moiety.
Actually, it had been found in previous studies that the



X. Lin et al. /European Journal of Pharmaceutics and Biopharmaceutics 79 (2011) 621-626 623

pharmacokinetics of FITC-labeled ROP following intravenous
administration was similar to that of ROP [12,14].

3.2. Method validation

HPGPC coupled with FITC prelabeling was used in this study to
determine 1 g4P20k-R in various mouse tissues. The method was val-
idated for specificity, linearity, precision, accuracy, sensitivity,
recovery, and stability. The results obtained (see below) demon-
strated that the method was accurate, specific, and stable.

The specificity of the method was assessed by comparing chro-
matograms of blank biosamples from different mice with those of
blank biosamples spiked with standard solutions and the biosam-
ples collected after intravenous administration of FITC-labeled
1.04P20k-R. The results show that the determination was specific
for 1.04P20k-R (Fig. 1). The typical retention times for FITC-labeled
1.04P20k-R and ROP were approximately 15.1 and 19.4 min, respec-
tively. HPGPC separates analytes according to their hydrodynamic
volumes, and thus, a change in the molecular weight of analytes
will lead to a change in their HPGPC peak shape and location. This
makes HPGPC a suitable technique for monitoring possible
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Fig. 1. Representative chromatograms for the determination of FITC-labeled
1.04P201-R in plasma (A) and various tissues (B: kidney; C: lung; D: heart; E: liver;
F: brain) by HPGPC. 1: Blank plasma or tissue; 2: Blank plasma or tissue spiked with
standard FITC-labeled ; g4P20k-R solution; 3: Plasma or tissue sample collected after
intravenous administration of FITC-labeled ;g4P0-R; 4: Blank urine; 5: Urine
sample collected at 12 h after intravenous administration of FITC-labeled 1 04P20k-R;
and 6: Blank plasma spiked with FITC-labeled ROP. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)

Table 1
Linearity and sensitivity of detection for FITC-labeled ; g4P-0x-R in mouse tissues by
HPGPC (n=6).

Tissues Standard curves Correlation Linear DL QL
coefficients ranges (ug/ml) (pg/ml) (pg/ml)
Kidney Y=0.024C—0.019 0.9995 2.0-162.0 1.16 3.87
Lung Y=0.021C+0.001 0.9990 6.0-486.0 2.07 7.14
Heart Y=0.029C - 0.021 0.9995 3.0-243.0 1.06 3.53
Liver Y=0.016C — 0.027 0.9996 5.0-405.0 1.92 6.40
Brain Y=0.024C+0.010 0.9989 2.0-162.0 1.30 4.44

degradation of macromolecular analytes after dosing. In this study,
no obvious breakage of 1 g4P20xk-R was observed postdose.

Standard curves of the peak height (Y) to the concentration (C)
were constructed using the 1/C or 1/CC weighted linear least
squares regression model. Linearity was evident over the concen-
tration range studied in various tissues, with correlation coeffi-
cients larger than 0.998 (Table 1). The detection limit (DL) and
quantification limit (QL) of the method calculated from the sig-
nal-to-noise ratio (DL and QL correspond to the 3- and 10-fold of
the noise level, respectively) were approximately 1-2 pg/ml and
3-7 pg/ml, respectively (Table 1).

The precision and accuracy of the method were examined by
adding known amounts of FITC-labeled ;g4P20k-R to blank mouse
tissues. The results show that the interday and intraday precisions
of analysis were not more than 11.1%, and assay accuracy ranged
from 93.3% to 114.3% (Table 2). The absolute recoveries of FITC-la-
beled 104P20k-R were tested at three QC levels by comparing the
calculated concentrations from pretreated tissue samples with
those found by direct injection of standard solutions at the same
concentration, which were found to be between 57.9% and 78.1%
(Table 2). Analysis of biosamples tested for storage and freeze/
thaw stability consistently produced results that were nearly iden-
tical to those of freshly prepared biosamples (the relative error was
within +15%).

A notable phenomenon was observed when the pretreatment
procedure was established for heart tissues. FITC-labeled 1 g4P20k-
R was undetectable by this method if heart homogenates were cen-
trifuged immediately after the addition of perchloric acid. This was
believed to be attributable to specific endogenous macromole-
cule(s) in heart tissues. Further study revealed that a satisfactory
solution to this problem was to leave the samples to stand for a

Table 2
Recovery, precision, and accuracy for the assay of FITC-labeled 1 04P20k-R in mouse
tissues by HPGPC (n = 5).

Tissues Added Recovery  Accuracy Precision R.S.D. (%)
concentration (%) (%)
Intrada; Interda
(ng/ml) Y Y
Kidney 5 73.7+4.0 107.5%59 5.39 7.36
50 67.0+2.6 949+3.7 3.92 4.69
100 62.5+3.0 95.8+4.6 4.76 4.87
Lung 10 68.7+3.3 104.2+3.6 3.46 6.52
50 66.3+4.4 99.5+2.8 2.85 5.72
100 69454 101.2+x1.6 1.58 6.91
Heart 3 579+63 1143+64 5.75 8.06
10 64.8+3.7 1075+119 11.1 10.1
20 584+2.7 98.2+9.2 9.39 7.55
Liver 10 779%5.2 98.0+3.0 6.65 7.91
20 781+15 112.0+£2.1 1.88 1.97
50 78.0+1.9 102.0+2.5 2.46 3.61
Brain 5 67256 100.0+59 6.00 7.71
10 62.1+4.1 93.3+4.8 5.14 497
50 65.6+14 1058+6.7 6.29 6.09
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certain period of time after the addition of perchloric acid and be-
fore centrifugation. Standing for 0.5 h and 2 h improved the recov-
ery to 50% and 60%, respectively, but no further improvement was
observed with increasing standing time from 2 h up to 48 h. There-
fore, at least 2 h standing after the addition of perchloric acid was
necessary for heart samples. For other tissues studied, no meaning-
ful differences in recovery were observed between samples left to
stand and those centrifuged immediately; thus, standing before
centrifugation was unnecessary for those tissues. FITC-labeled
1.04P20k-R was shown to be stable under the ultimately established
pretreatment conditions.

3.3. Comparison of tissue distribution

The levels of 1 g4P20x-R in several important tissues from normal
mice and mice with myocardial ischemia at 0.5, 1, 4, 12, and 24 h
after intravenous dosing were determined and listed in Table 3.
The results show that (i) the highest level of 1 g4P20k-R was observed
in all of the tissues studied at 0.5 h postdose (Fig. 2), (ii) 1.04P20k-R
was undetectable in the brain at and beyond 4 h, and, most particu-
larly, (iii) with the exception of the heart, myocardial ischemia did
not cause obvious changes in the distribution of ; g4P50-R in the
other tissues studied (Figs. 2 and 3). The descending order of tissue
distribution of ; g4P20k-R ranked by AUC was kidney, lung, heart, li-
ver, and brain in normal mice and kidney ~ lung =~ heart, liver, and
brain in mice with myocardial ischemia. On the basis of AUC, the dis-
tribution of 1 g4P20k-R in ischemic hearts was approximately 1.6-fold
higher than in normal hearts, indicating that its hydrodynamic vol-
ume was still small enough to ensure that the EPR effect caused by
ischemia [15,16] can surpass the negative effect of the decreased
blood flow on drug distribution during ischemia. The difference
may be underestimated because there may be more residual blood
in normal myocardium than in ischemic myocardium. This might re-
sultin a severe overestimation of 1 g4P»0i-R levels in normal myocar-
dium. The mechanism of the EPR effect in ischemic regions may
involve [15,16,18] (i) increased capillary permeability by the active
production of vascular permeability factors; (ii) the opening of addi-
tional collaterals of myocardial vasculature; (iii) membrane
phospholipid degradation and resultant membrane dysfunction by
cytosolic and mitochondrial Ca?* accumulation and (iv) prolonga-
tion of retention time by a decrease in blood flow (the ratio for blood
flow in the normal to ischemic region was approximately 10:1).
Compared with ROP, the levels of | g4P»0r-R in normal and ischemic
mouse myocardium were increased by approximately 22.2- and
20.5-fold at 1 h after intravenous dosing, respectively (Table 3).

Tissue distribution tendency of ROP in rats [14], calculated as
the ratio of tissue AUCy_, to plasma AUCq_,, was compared with
that of 1 g4P20k-R in normal mice and mice with myocardial ische-
mia (Fig. 3). The significantly higher accumulation of ROP in kidney
than in the other tissues is consistent with its rapid renal excretion,
which reduces its efficacy and duration of activity. Compared with
ROP in rats, the distribution tendency of 1 94P>0k-R in mouse kid-
ney, brain, and lung was reduced by approximately 42, 1.6, and
1.3 times, respectively, whereas it was increased by approximately
1.3-fold in the liver. Significantly decreased distribution tendency
in the kidney, together with slightly changed distribution tendency
in other tissues, increased the mean retention time of ; g4P>or-R in
plasma by approximately 34-fold. As a modifying polymer, PEG has
unique advantages, which are as follows: (i) the lack of immunoge-
nicity, antigenicity, and toxicity; (ii) its high solubility in water and
in many organic solvents; (iii) the high hydration and flexibility of
the chain; and (iv) its approval by the FDA for human use in inject-
able formulations [1,2]. However, it is also important to recognize
that PEG itself may possess antigenic and immunogenic properties.
This has led to decreased effectiveness of treatment with some
PEGylated therapeutics [19] and might be the reason for the
slightly increased distribution tendency of ; g4P>0x-R in mouse liver
when compared with that of ROP in rat liver. In contrast, the de-
creased vascular permeability of | g4P,0r-R caused by its increased
hydrodynamic volume in blood might be the reason for its slightly
decreased distribution tendency in mouse brain and lung. How-
ever, since the distribution results for ROP and ; g4P,0-R were ob-
tained in rats and mice, respectively, it is also possible that the
above-mentioned slight differences in distribution were simply
caused by species differences.

Regardless of molecular weights, PEGs are excreted predomi-
nately unchanged by the kidneys [20], which means that this organ
is likely to be exposed to the highest burden of PEG. Generally,
there is little or no toxicity associated with PEG; however, when
toxicity is observed, it is most frequently associated with the kid-
neys and, more particularly, associated with ultrastructural vacuo-
lation of the proximal renal tubules [21]. Metabolism of the
hydroxyl group on PEG to the corresponding acid or diacid
metabolite does occur; however, this is rapidly reduced as the
molecular weight increases, such that at molecular weights of
6 kDa, less than 4% of the dose was potentially metabolized [20].
Moreover, the use of PEG methyl ethers (mPEGs) in PEGylation is
likely to further lower metabolism and thus toxicity because of
the lack of hydroxyl groups required to initiate this metabolism.
Generally, it is believed that the mechanism by which PEG is

Table 3
Distribution of FITC-labeled 1 04P20k-R in tissues after a single intravenous dose (170 mg/kg) in mice (n = 4-5).
Tissue Group Concentration (pg/ml) AUC (mg h/l)
0.5h 1h? 4h 12h 24h
Kidney Normal 89.5+19.7 27.7+5.90 18.7+5.42 10.7 £2.60 5.35%0.75 351
Ischemic 96.0 +15.7 26.4+1.78 17.1+0.74 10.3 £3.61 3.80+1.53 332
Lung Normal 929+11.6 26.5+8.87 133 £3.69 10.4+£1.19 5.82+1.40 323
Ischemic 86.1+23.6 25.1+7.16 15.5£6.16 12.0+£1.99 528+1.46 339
Heart Normal 36.5+6.76 24.0+2.16 13.2+£223 6.08 £1.26 2.78 £0.58 210
Ischemic 65.7 +9.59** 35.9+0.83" 20.9 +2.48* 10.2£2.11™ 3.98 +0.59* 337
Liver Normal 24.5+4.64 5.46 + 0.85 3.72+0.40 9.10+1.59 6.29+1.44 175
Ischemic 26.0 +4.67 4.93+0.20 3.16 +0.41 9.70 £2.08 5.62 +0.44 174
Brain Normal 4.59 £0.80 1.16 £ 0.09 ND ND ND 7.36
Ischemic 4.00+0.37 1.00+0.14 ND ND ND 6.96
Plasma Normal 1872 +19.7 780 + 146 330+83.6 162 +14.3 429+159 6417
Ischemic 1827 £55.7 812+121 350+50.1 180+ 38.0 423 +16.7 6730

ND, undetectable; AUC, area under the curve; *P < 0.05, **P < 0.01, compared with hearts taken from normal mice.
¢ The levels of ROP in normal and ischemic mouse hearts at 1 h after intravenous dosing of 170 mg/kg of FITC-labeled ROP were 1.08 + 0.15 pg/ml and 1.75 + 0.51 pg/ml,

respectively.
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released from PEGylated proteins is probably by the degradation of
the protein portion of the conjugates by proteases and similar en-
zymes, which was primarily occurred in the liver as well as in the
kidney following the reabsorption of conjugates in the kidney tu-
bules [22,23]. In this study, no obvious breakage of | g4P>0k-R was
observed in plasma and in the tissues studied. The sparse distribu-
tion of 1 94P20k-R in the liver and kidney also suggests little, if any,
toxicity.

Ischemic heart disease is a serious health issue. Although there
are many kinds of anti-ischemic drugs, most of them lack in tissue
specificity, which, together with a markedly reduced blood circula-
tion in ischemic regions, often leads to quite low drug distribution
in the targets. Myocardial ischemia can cause many pathophysio-
logical changes, including the enhanced permeability of endothe-
lial cell membranes, upregulation of various cell adhesion
molecules on the endothelium, exposure of intracellular antigenic
components, and decreased pH in ischemic areas [24-26]. To date,
some of these changes have been exploited, with limited success,
to allow the passive, active, and physicochemical targeting of diag-
nostic or therapeutic drugs to myocardial ischemic areas [24-26].
However, more effective delivery strategies are still eagerly
needed. In this study, a strategy based on PEGylation and the EPR
effect was confirmed to be effective in increasing the distribution
of ROP in ischemic hearts by approximately 30-fold. Further
improvement could be achieved if this strategy is combined with
active targeting. In addition, it was found that after being adminis-
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Fig. 3. Tissue distribution tendency of ROP and 104P20r-R after intravenous
administration. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

tered intravenously at a dose of 80 mg/kg to rats with acute
myocardial ischemia caused by coronary artery ligation, 1 04P20k-
R could effectively reduce the serum level of lactate dehydrogenase
in group with the acute myocardial ischemia from 11,324 + 1432
U/L to 5612 +1069 U/L (n=5, P< 0.01), which approaches the
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normal levels of 4905 + 1135 U/L for the sham group (n=6, P>
0.05). These results, together with those obtained in a previous
study [13], indicate that PEGylation is a promising approach for
improving the clinical efficacy of ROP and patient compliance by
prolonging its retention in plasma and increasing its distribution
in targets.

4. Conclusion

The descending order of tissue distribution of ; g4P»x-R ranked
by AUC was kidney, lung, heart, liver and brain in normal mice
and kidney ~ lung ~ heart, liver, and brain in mice with myocardial
ischemia. With the exception of heart, myocardial ischemia did not
cause obvious changes in the distribution of | g4P>0,-R in the other
tissues studied. The AUC of | g4P20k-R in ischemic hearts was approx-
imately 1.6-fold larger than that in normal hearts. The results of this
study provide useful information for the comprehensive evaluation
of the effectiveness and safety of PEGylated ROP.
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