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A B S T R A C T

To investigate the pharmacokinetics of PEGylated recombinant human endostatin (M2ES) in rhesus monkey.
M2ES was administered to rhesus monkeys by intravenous bolus injection, and serum M2ES concentration was
determined by a self-developed ELISA assay. Pharmacokinetic parameters were calculated using a non-com-
partmental model of WinNonlin V2.1A software. The standard curve of self-developed ELISA assay was fitted by
four-parameter method. The limit of detection (LOD) and LOQ were 0.3050 ng/mL and 0.9140 ng/mL, re-
spectively. Following IV infusions of M2ES at 0.3, 1, and 3mg/kg in rhesus monkeys, the serum M2ES con-
centration-time curve was fitted with a non-compartment model. The pharmacokinetic parameters were eval-
uated as follows: Terminal elimination half-life (T1/2) of M2ES were 3.30 ± 0.70, 29.50 ± 18.80 and
24.60 ± 8.90 h. Systemic clearance (CLsys) of M2ES were 339.60 ± 66.30, 161.40 ± 18.20 and
260.10 ± 43.70mL/h/kg. AUC(0-∞) values of M2ES were 909.30 ± 199.60, 6251.00 ± 739.60 and
11758.00 ± 2010.10 ng∙h/mL. The dosage was positively correlated with AUC, and the correlation coefficient
r2=0.9327. Self-developed ELISA assay could meet the requirements of serum M2ES concentration detection.
PEGylation modification substantially expands the circulation time of recombinant human endostatin and ef-
fectively improves its pharmacokinetic behavior.

1. Introduction

Endostatin, a 20-kDa C-terminal fragment of collagen XVIII, is a
potent endogenous angiogenesis inhibitor [1]. Several studies have
demonstrated that endostatin exhibits broad spectrum anti-tumor ac-
tivity via retarding endothelial cell proliferation, migration, and tube
formation [2–6]. Both nucleolin and integrins have been reported to
mediate the anti-tumor effects of endostatin [7]. In 2005, a N-terminus
(MGGSHHHHH) modified human endostatin, expressed by E. coli, was
approved by the China Food and Drug Administration (CFDA) for the
treatment of non-small-cell lung cancer (NSCLC) [8]. In clinical trials,
endostatin monotherapy exerted significant antitumor activity, and
showed a synergic effect with no apparent harmful side-effects in
combination with chemotherapy. However, endostatin exhibits a short

half-life in vivo, and was easily degraded by proteolytic enzymes, and
rapidly cleared by the kidneys [9–12].

Polyethylene glycol (PEG), a biologically safe polyether compound,
has been widely applied for the modifications of peptides and proteins
[13–16]. PEGylation could improve the pharmacokinetic behavior of
the therapeutic proteins through increasing their molecular mass,
shielding them from proteolytic enzymes, and extending their circu-
lating half-lives in vivo [14,17]. Nowadays, several therapeutic drugs,
such as insulin, interferon, granulocyte-colony stimulating, has been
PEGylated [18–20]. To reduce the dosing frequency and prolong the
half-life of endostatin, recombinant human endostatin was modified at
the N-terminus through conjugation with a methoxy polyethylene
glycol aldehyde. Indeed, PEG modification improved the anti-tumor
activity, and prolonged the circulation time of endostatin [21,22].
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However, there were no reports on the evaluation of pharmacokinetics
of M2ES in rhesus monkeys.

The present study attempted to reveal the pharmacokinetics of
M2ES following intravenous injection of M2ES at a dose level of 0.3, 1,
and 3mg/kg in rhesus monkeys, and provide scientific basis for rational
drug use in clinical trials.

2. Materials and methods

2.1. Drugs and reagents

The competitive ELISA Kit used in this study was developed by
Tsinghua University and NCSED, MES Injection (purity: 99.50%; spe-
cification: 2mg/mL) and M2ES Injection (purity: 98.77%; specification:
6mg/mL) were obtained from Protgen Ltd (Beijing, China). All other
reagents were purchased from commercial sources and were of analy-
tical grade.

2.2. Animals

Rhesus monkeys (7 females, 8 males; aging 2–3 years; weighing
3.25 ± 0.31 kg) were provided by the Pingan Animal Breeding
Research Base Co., Ltd. (Sichuan, China). The animals were housed in
an environmentally controlled breeding room and provided with full
price pellet feed, fruit (full price pellet feed and fruit ratio 1:1, daily
150 ± 10 g) and water was available adlibitum.

2.3. Experimental design

Rhesus monkeys (7 females, 8 males) were quarantined and do-
mesticated, and were divided into single dose groups (high, medium
and low dose groups; 3 mg/kg, 1mg/kg, 0.3 mg/kg), multiple dose
groups and control groups according to their body weight by stratified
randomization. The single dose group was given M2ES injection. In the
multiple dose group, M2ES was intravenously injected at the same time
for 4 consecutive days. The control group received single intravenous
injection of MES.

2.4. Sample collection and assay

Whole blood samples were collected from the forearm veins of the
animals using a puncture needle. In the single dose group, the samples
were collected at time of 10min before administration and at time in-
tervals of 10, 30min, 1, 2, 4, 8, 12, 24, 48, 72, 96 and 120 h after
administration. In the multiple dose group, the samples were collected
at time of 10min before the first dose and at time intervals of 10, 30min,
1, 2, 4, 8, 12, and 24 h after the first dose, at time of 10min before the
last dose and at time intervals of 10, 30min, 1, 2, 4, 8, 12, 24, 48, 72
and 96 h after the last dose. In the control group, the samples were
collected at time of 10min before administration and at time intervals
of 5, 10, 30min, 1, 2, 4, 8, 12, 24, 48 h after administration. The un-
anticoagulant blood samples were centrifuged at 8000 rpm/min for
5min to separate the serum after placed in an ice box for 30min (the
process should be completed within 2 h). Then take 40 μL serum re-
packaging into eppendorf tubes, serum samples were stored at - 80 °C
until analysis.

The competition ELISA kit was utilized to determine the M2ES in the
serum samples from the animals. Briefly, ELISA plates (Costar,
Cambridge, MA, USA) were coated with 100μL/well of a 2mg/L solu-
tion of anti-MES polyclonal antibody in buffer, at 4 °C overnights. After
washing the coated plates three-times with 150μL/well PBST and one-
time with 150μL/well PBS, blocking was realized with 100μL/well
0.5%(w/v) PBS-BSA at 37 °C during 2 h. After washing the plates,
100μL/well of series calibrators, QCs and samples were added in du-
plicates. The plates were incubated at 37 °C during 1.5 h and were
washed five-times with PBST. 50μL/well of HRP - Avidin (1:1000

dilution in PBST) was added and incubated at room temperature during
1 h. After washing the plate five-times with PBST, 100 μl TMB was
added to each well and the plates were stored for 15min in the dark at
room temperature. In each well, 50 μl of 2M sulfuric acid were added to
stop the reaction, the plates were measured at 450 nm with an ELISA
reader (Spectra Max Plus, Molecular Devices, Sunnyvale, CA, USA).

2.5. Data analysis

The absorbance values at 450 nm and the known concentration of
M2ES (log values) were plotted using SoftMax Pro (V4.8) software
(Molecular Devices, Sunnyvale, CA) by a sigmoid curve defined by a 4-
parameter logistic equation, Y=Bottom+(Top-Bottom)/(1 + 10ˆ
((LogIC50-X) ˆHill Slope). The quantitative range was the highest and
lowest values that can be determined by this equation, and the un-
known concentration of M2ES serum samples that were on the same
plate could be measured was calculated in the range.

The pharmacokinetic analysis of the data was carried out using the
non-compartmental model (Model: NCA 201) methods in WINNONLIN
Version 2.1 to calculate the PK parameters.

All data are represented as mean ± SD, except where otherwise
mentioned. Statistical analysis was performed using GraphPad Prism 5
statistical software (GraphPad Software, Inc. La Jolla, CA). Statistical
significance was set as P < 0.05.

3. Results

3.1. ELISA assay validation for evaluation of serum M2ES in rhesus
monkeys

ELISA assay developed jointly by Tsinghua university and National
institutes for food and drug control was used to detect serum samples
collected from rhesus monkeys prior to administration or limit of
quantification (LOQ) serum sample with 0.914 ng/mL MES standard
protein. Compared with the OD value of LOQ serum sample with
0.914 ng/mL MES standard protein (0.296 ± 0.001, n= 3) and the
upper limit OD value (0.3) of blank serum sample was calculated by the
correction equation obtained from the fitting curve, endogenous MES
background and other non-target proteins in serum did not interfere
with this method for the quantification of serum samples.

The standard curve was fitted by four-parameter method, and the
regression correction equation was y = {(A-D)/[1+(x/C)ˆB]}
3.2 + D,A = 0.370,B = 0.903,C = 57.159,D = 0.066,R2 = 0.9998.
Desired working range had been determined as 2000∼0.914 ng/mL.
The limit of detection (LOD) and LOQ were 0.305 ng/mL and 0.914 ng/
mL, respectively.

As shown in Table 1, inter-day and intra-day recovery ranged be-
tween 100.00%-106.44% and 100.91%–117.30%. Intra-day and inter-
day assay CVs were between 2.70%-11.7% and 1.50%–5.50%. MES
stability in rhesus monkey serum was evaluated, as shown in Table 2,
the accuracy and precision of the measured data could meet the ex-
perimental requirements.

Table 1
Accuracy, precision and recovery results from MES serum drug concentration
determination method.

Reference
Conc.(ng/mL)

Mean ± SD(ng/mL) Recovery% CV%

Inter-day accuracy
and precision
(n=4)

666.67 666.65 ± 50.59 100.00 7.60
74.07 77.38 ± 2.12 104.46 2.70
8.23 8.76 ± 1.02 106.44 11.70

Intra-day accuracy
and precision
(n=6)

666.67 676.73 ± 37.22 101.51 5.50
74.07 74.75 ± 1.50 100.91 2.00
8.23 9.65 ± 0.15 117.30 1.50
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3.2. Serum concentration-time curves of M2ES and MES in rhesus monkeys

After a single iv infusion of M2ES at 0.3 mg/kg, 1mg/kg and 3mg/
kg in rhesus monkeys, the concentration of M2ES at most time points
(0.17–24 h) showed statistically significant differences between the
high and medium dose groups, the high and low dose groups, and the
medium and low dose groups (P < 0.05). The three dose groups
reached the highest blood concentration at the first time point of 10min
after iv injection, and then gradually decreased, and the trend was
consistent (Fig. 1).

After a single iv injection MES at a dose of 1mg/kg in rhesus
monkeys, the maximum blood concentration was reached after 5min,
and then gradually decreased. Compared with the drug concentration at
each time point (M2ES, 1mg/kg), there was statistically significant
difference between the two groups in blood collection points between
10min and 12 h (P < 0.05) (Fig. 2).

After multiple intravenous injection of M2ES (1mg/kg) in rhesus
monkeys, the blood concentration at each time point in last adminis-
tration group was higher than that in first administration group, and the
difference was statistically significant after 4 h (P < 0.05) (Fig. 3).

3.3. Serum pharmacokinetic of M2ES and MES in rhesus monkey

The pharmacokinetic parameters were evaluated as follows:
Terminal elimination half-life (T1/2) of M2ES were 3.30 ± 0.70,
29.50 ± 18.80 and 24.60 ± 8.90 h. Systemic clearance (CLsys) of
M2ES were 339.60 ± 66.30, 161.40 ± 18.20 and
260.10 ± 43.70mL/h/kg. AUC(0-∞) values of M2ES were
909.30 ± 199.60, 6251.00 ± 739.60 and 11758.00 ± 2010.10 ng∙h/
mL.

After a single intravenous infusion of M2ES at 0.3 mg/kg, 1mg/kg
and 3mg/kg in rhesus monkeys, the terminal elimination half-life (T1/

2) of M2ES was 3.30 ± 0.70, 29.50 ± 18.80 and 24.60 ± 8.90 h. The

systemic clearance (CLsys) of M2ES was 339.60 ± 66.30,
161.40 ± 18.20 and 260.10 ± 43.70mL/h/kg. The AUC(0-∞) values
of M2ES was 909.30 ± 199.60, 6251.00 ± 739.60 and
11758.00 ± 2010.10 ng∙h/mL (Table 3). The AUC-dose relationship of
the three doses was shown in Fig. 4.

After a single intravenous infusion of 1mg/kg MES in rhesus mon-
keys, the T1/2 of MES was 2.50 ± 0.30 h, the CLsys of MES was
440.90 ± 69.00, and the AUC (0-∞) of MES was 2306.90 ± 374.90.
Compared with the kinetic parameters of M2ES (1mg/kg), PEG mod-
ification substantially prolonged the half-life of MES and improves its
pharmacokinetic behavior (Table 3).

4. Discussion

The evaluation of the pharmacokinetics profile are the requirement
of new drug registration and clinical application. A competitive ELISA
kit was developed to evaluate the serum concentration of M2ES. In the
GLP-compliant study, for the first time we reported the pharmacoki-
netics of M2ES in rhesus monkey.

Endostatin, a well-documented endogenous inhibitor of angiogen-
esis, was firstly described by Folkman et al. [23]. Although the function,
and molecular mechanisms of endostatin have been extensively docu-
mented, its clinical effects were reported different [24,25]. P. pastoris-
expressed endostatin developed by Entered were failed during phase II
clinical testing [26], whereas the N-terminus modified endostatin ex-
pressed by E. coli, was approved by the CFDA for its good clinical re-
sponses [27,28]. To explore the reason for the difference, both P. pas-
toris-expressed and E. coli-expressed endostatin were analyzed. We
found that almost 93% of P. pastoris-expressed endostatin was trun-
cated, and further study confirmed that this truncated form leads to
reduce stability and lower anti-tumor capacity of endostatin [9].
However, endostatin expressed by E. coli was proved to be an intact
molecule, and showed full anti-angiogenic activity [29].

The competitive ELISA assay is a common method in pharmacoki-
netic studies of protein drugs. We developed a competitive ELISA kit to
determine the M2ES concentration in the serum. Since endogenous MES
background and other non-target proteins in serum was excluded, the
results of ELISA assay could reflect the concentration of profile of M2ES.
PEGylation could protect protein drugs against enzymatic degradation,

Table 2
Stability and recoveries of MES in serum of rhesus monkey.

Tested conditions Reference
Conc.(ng/
mL)

Mean ± SD(ng/mL) Recovery% CV %

Freeze/Thaw stability
at -80 °C (n=6)

82.31 96.21 ± 1.92 116.89 2.00
740.74 825.22 ± 39.61 111.40 4.80
6666.67 7571.71 ± 310.44 113.58 4.10

Short-term stability at
room
temperature
(6.5Hours, n= 8)

82.31 79.40 ± 2.30 96.47 2.90
740.74 698.65 ± 21.66 94.32 3.10
6666.67 6584.06 ± 342.37 98.76 5.20

Short-term stability at
4 °C (20Hours,
n=8)

82.31 74.16 ± 2.00 90.11 2.70
740.74 697.30 ± 19.52 94.13 2.80
6666.67 7645.69 ± 145.27 114.69 1.90

Long-term stability at
-80 °C (50Days,
n=5)

82.31 86.07 ± 1.98 104.57 2.30
740.74 764.53 ± 9.94 103.21 1.30
6666.67 7070.24 ± 537.34 106.05 7.60

Fig. 1. Concentration-time curves of M2ES after a single intravenous injection
at different dosages in rhesus monkey.

Fig. 2. AUC-Dosage curve of M2ES after a single intravenous injection at three
dosages in rhesus monkey.

Fig. 3. Concentration-time curves of MES and M2ES after a single intravenous
dose of 1mg/kg in rhesus monkey.
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slow their glomerular filtration, therefore increasing the retention of
the drugs in the blood [10,14,17]. Previous study reported that the half-
lives of rh-endostatins (4.5 mg/kg) in rats and in rhesus monkeys were
3.91 and 3.10 h, respectively [11,30]. PEGylation significantly ex-
tended the half-life of rh-endostatin to 24.60 h at a dose of 3mg/kg
(Table 3). In our study, statistically significant differences were also
observed in Cl and AUC(0–∞) among pharmacokinetics parameters be-
tween M2ES and rh-endostatin in rhesus monkeys (Table 3). The CLsys
of rh-endostatin (1 mg/kg) was 440.90mL·h−1·kg−1, while the CLsys of
M2ES (1mg/kg) was 161.40mL·h−1·kg−1, which was much slower than
those of rh-endostatin in rhesus monkeys. The slower degradation of
M2ES in the blood resulted in greater values for the area under the
serum concentration-time curve, with an AUC (0-∞) value of
6251.00 ng·equ·h·mL−1 at the dose of 1mg/kg, compared to those of rh-
endostatin (1 mg/kg) in rhesus monkeys, which was 2306.90 ng∙hr/mL
(Table 3). Above mentioned results demonstrated that PEGylation in-
deed improved rh-endostatin pharmacokinetics profiles and prolonged
its retention time in bodies.

Based on our results, we compared the main pharmacokinetic
parameters of M2ES with those of YH-16 in rhesus monkeys. After single
dose of M2ES or YH-16, the half-life (T1/2) of M2ES (3mg/kg) was
significantly longer than that of YH-16 (4.5 mg/kg) (24.60 ± 8.90 h vs.
0.04 ± 0.03 h) [11]. Previous reported that both M2ES and Yh-16 had
a tendency to accumulate in the animal body after successive IV ad-
ministrations [9]. Of note, endostatin may cause side effects in the
cardiovascular system and kidney, especially a dose-dependent toxicity
in the heart [21,31]. It is best to avoid the excessive accumulation of
endostatin in the body by adjusting the intervals between each IV in-
fusions.

5. Conclusions

We developed and validated a sensitive ELISA assay to evaluated the
serum concentration-time curves of M2ES. According to our pharma-
cokinetic parameters, PEGylation significantly extended the circulation
retention of rh-endostatin in rhesus monkeys, manifesting as a longer
T1/2, greater AUC (0-∞), and slower CLsys. The present

pharmacokinetics in rhesus monkeys study provides reference for the
application of M2ES in clinical practice.
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