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The compound rh-IFNa-2a-NGR can inhibit tumor angiogenesis and could be used for targeted therapy. In
the present study, double antibody sandwich ELISA analysis was used to determine the concentration of rh-
IFNa-2a-NGR in serum after intramuscular administration of various dosages to mice, rats and monkeys.
The results showed that the pharmacokinetic properties of rh-IFNa2a-NGR after i.m. administration to
mice, rats and monkeys were consistent with a one-compartment open model. The main pharmacokinetic
parameters in mice (9.36 wg/kg), rats (4.68 ng/kg) and monkeys (2.34 pg/kg) after i.m. rh-IFNa2a-NGR
were as follows: Tpeak Was 0.49, 1.65 and 3.60 h, Cnax Was 3030.20, 654.49 and 268.13 ng/L, ti» was
0.39, 4.52 and 2.70 h, and AUC o) was 4197.65, 5784.58 and 2622.06 ng/L-h, respectively. Also, mice,
rats and monkeys had their own distinct metabolic characteristics. These data would provide references

for further clinical pharmacokinetic study of rh-IFNa2a-NGR.

1. Introduction

Interferons (IFNs) are groups of cytokines, possessing broad
and potent antiviral, antiproliferative and immunoregulatory
activity. Since the 1980s, when IFNs were successfully man-
ufactured by genetic engineering and used clinically on a large
scale, they have been regarded as the most promising antitumor
and antivirus agents rh-IFNa2a, produced by DNA recombi-
nant technology, is a single strand polypeptide consisting 165
amino acids. Its theoretical molecular weight is 19,219 Dalton,
its isoelectric point is 5—6, and it is stable to acid and heat while
being sensitive to various proteinases. rh-IFNa2a can promote T
lymphocyte differentiation, enhance macrophage activity, reg-
ulate NK cell activity and suppress cell division, and has been
successfully applied clinically as therapy for chronic active hep-
atits, renal cell carcinoma, melanoma, lymphoma, breast cancer
and so on (Chiarion-Sileni et al. 2002; Maellaro et al. 2003;
Koskinas et al. 2009).

The growth and metabasis of primary tumors rely on angiogen-
esis. Researchers (Curnis et al. 2008) have found that the NGR
(aspartic acid-glycine-arginine) motif acts selectively on tumor
vessel systems. Drugs combined with the NGR motif have a
more potent anti-tumor activity and a lower toxicity. Aminopep-
tidasse N (APN,CD13) is a receptor of NGR (Pasqualini et al.
2000) that is abundant in tumor vessels in mice and humans
but not in normal blood vessels in mice and humans. There is
increasing evidence that APN plays an important role the neo-
vascularization process. As a ligand of APN, the NGR motif has
properties of tumor vessel selectivity and targeting (Curnis et al.
2000, 2001). Drugs containing the NGR motif can be used for
targeted therapy of tumor anti-angiogenesis.
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Table 1: Stability of rh-IFN«2a-NGR in rat serum

Concentration (pg/ml) (n=5)

Freshly prepared After three freeze/thaw cycles Decrease (%)

628.87 £35.47 603.98 £35.52 3.96
176.28 £1.51 175.10£5.75 0.67
39.29+2.79 38.71+1.31 1.48

Storage temperature: —20 °C

Previous studies reported the manufacturing process of
rh-IFNa-2a-NGR and its anti-angiogenesis activity in vivo and
in vitro (Meng et al. 2007). In this study, the pharmacokinetic
characteristics of rh-IFNa-2a-NGR after i.m. administration to
mice, rats and monkeys are reported.

2. Investigations and results

The ELISA method is widely used in pharmacokinetics research
due to its high sensitivity, reproducibility and efficiency. In our
study, a typical equation of the calibration curve was as fol-
lows: y=0.0049x + 0.0299, 2 = 0.9976, while the lower limit
of quantification (LLOQ) was 8 pg/ml, as shown in Fig. 1. Serum
samples of rh-IFNa2a-NGR stored at —20 °C showed good sta-
bility, ranging from 96.14% to 99.37% after three freeze/thaw
cycles. The stability data are summarized in Table 1. The recov-
eries of rh-IFNa2a-NGR ranged from 78.08% to 98.12%, and
the intra- and inter-day precisions were less than 11% for con-
centrations from 32 pg/ml to 500 pg/ml and less than 19% at
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Table 2: Recovery, accuracy and precision of rh-IFN«a2a-NGR assay in serum (n =5)

Nominal concentration

Intra-day Inter-day
(pg/ml)
Measured concentration (pg/ml) Recovery (%) CV (%) Measured concentration (pg/ml) CV (%)
500 452.39+£19.92 90.48 +3.98 4.40 482.24 £50.41 10.45
125 122.66 £4.76 98.12 £3.81 3.88 114.46 £10.26 8.97
32 27.254+2.10 85.17£6.56 7.71 23.60 +2.08 8.82
8 6.25+£1.07 78.08 £13.33 17.07 4.77£0.90 18.96
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Fig. 1: Calibration curve of rh-IFNa2a-NGR in serum

8 pg/ml. All the values are shown in Table 2. Therefore, the
method was proved to be accurate and validated.

In this study, the pharmacokinetic properties of rh-IFNa2a-NGR
administered i.m. were evaluated in mice, rats and monkeys,
which are typically used to assess the in vivo activity of this
drug owing to their ability to respond to IFNa. The pharma-
cokinetic profiles of rh-IFNa2a-NGR after i.m. administration
to mice, rats and monkeys were reasonably well described using
a linear one-compartment open model, subject to first-order
elimination kinetics, within the given drug dose range. The
concentration-time profiles of rh-IFNa2a-NGR are shown in
Figs. 2—4, and the mean parameters from the analysis are listed
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Fig. 2: Pharmacokinetic profile of rh-IFNa2a-NGR following i.m. injection to mice.
The observed concentrations were represented by symbols. Every 5 mice at
each point as one sample
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Fig. 3: Pharmacokinetic profile of rh-IFNa2a-NGR following i.m. injection to rats.
The observed concentrations were represented by symbols. n=3

in Tables 3-5. rh-IFNa2a-NGR was rapidly absorbed in mice
with peak concentrations occurring around 0.38 to 0.49 h after
i.m. administration of 3.12, 9.36 and 28.08 wg/kg of the drug.
The maximum serum concentration (Cp,,x) was increased pro-
portionally to the dose. A prolonged half life (t;/,) was observed
at a dose of 28.08 pwg/kg. The area under the curve showed a
linear correlation to dose (r=0.999, P<0.05). In rats, after i.m.
administration of 1.56, 4.68 or 14.04 wg/kg of rth-IFNa2a-NGR,
tip and Tpeac values were not statistically significant different
among groups (P>0.05). The AUC (. linearly correlated to
the dose (r=0.9993, P<0.05) as it also did in monkeys.
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Fig. 4: Pharmacokinetic profile of rh-IFNa2a-NGR following i.m. injection to
monkeys. The observed concentrations were represented by symbols. n=3
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Table 3: Calculated pharmacokinetic parameters of rh-IFNa
2a-NGR after i.m. administration to mice

Parameter rh-IFNa2a-NGR

Dosage 3.12 pg/kg 9.36 ng/kg 28.08 pg/kg
T2 (h) 0.33 0.39 0.79

Vd/F (ml/kg) 5.21 12.63 73.09

CL/F (ml/kg-h) 10.42 22.63 103.09

Tpeax (h) 0.48 0.49 0.38

Chnax (ng/L) 1104.36 3030.20 9007.46

AUC p-) 1346.72 4197.65 14271.87

(ng/L-h)

Values were means + SD. Every 5 mice at one time point taken as one sample. T!/2
half-life; Vd/F, volume of distribution/absolutely bioavailability; CL/F, clearance/absolutely bioavail-
ability, Tpeak, time to reach peak concentration; Cmax, peak concentration; AUC, area under serum

concentration-time curve.

, elimination

3. Discussion

As indicated by the data above, the drug was absorbed fastest
in mice, its Tpex being less than 0.5h, possibly because of
the smaller size of the leg muscle and the relatively abundant
blood flow and large absorption area when the volume of drug
administered is considered. The absorption rate was slowest in
monkeys where Tpe.x Was close to that in human (3.8 h) (Motzer
et al. 2002). Macromolecule drugs migrate to blood circulation
through capillaries or the lymphatic system (Kase et al. 1995),
and it may be that the different absorption route in monkeys com-
pared with mice and rats was a reason why T, was longest
in monkeys. Half-life (t;/) the time required for blood levels
of the drug to drop by half, was shortest in mice, whereas in
rats it was longest and closest to that in humans (5.28 h), while
monkeys showed an intermediate value, implying that the rate of
metabolism in the mouse kidney of th-IFNa2a-NGR was fastest.
Simultaneously, the assay results showed that t;,, in mice was
prolonged at a dosage of 28.08 pg/kg while rats and monkeys
showed no such phenomenon. Jang et al. (1992) reported that
pharmacokinetic parameters for i.v. administered IFN altered in
a dose-dependent manner and t;; w,s €xtended with increased

dosage in rabbits. A prolonged t;,, in mice may be an overall
consequence of the faster absorption rate and changes in the effi-
ciency or route of metabolism at 28.08 wg/kg. A longer ty; in
rats was possibly correlated to the anatomical characteristics of
the rats chosen for the assay. Polypeptide drugs can be readily
hydrolysed by proteinase which is widely distributed in every
part of the body, so the Cyox Was determined both by the absorp-
tion rate and by the elimination rate. The fastest absorption rate
in mice gave the highest Cy,ax. In contrast, the lowest Cp,x seen
in monkeys was partly the result of the slowest absorption and
the relatively faster elimination. Though Cy,.« in rats was lower
than in mice, their AUC values were responding to the rats’
slower rate of metabolism and longer t;/,. The AUC of monkeys
was also lower because of their slower absorption and relatively
faster elimination rate.

As shown above, after i.m. administration of rh-IFN«2a-NGR,
mice, rats and monkeys had their own metabolic characteris-
tics. These data would provide references for further clinical
pharmacokinetic studies.

4. Experimental
4.1. Method validation
4.1.1. Linearity and lower limit of quantification (LLOQ)

Linearity was assessed by assaying five sets of serum to give a calibration
curve, the curves being fitted by the linear weighted least squares regression
method. LLOQ was the lowest standard concentration on the curve.

4.1.2. Stability

rh-IFNa-2a-NGR was added to serum at three different concentrations and
samples were divided into two parts. One was determined immediately, as
the initial concentration of the drug, another was stored at —20 °C. The
freeze/thaw stability was evaluated after three complete freeze/thaw cycles
(=20 to 25 °C) on consecutive days.

4.1.3. Recovery experiments

To avoid the interference of serum components with antigen—antibody inter-
action, a recovery assay was performed by comparing rh-IFNa-2a-NGR
concentrations in serum with the corresponding reference standards pre-
pared at the same concentrations.

Table 4: Calculated pharmacokinetic parameters of rh-IFN«a2a-NGR after i.m. administration to rats

Parameter

rh-IFNa2a-NGR

Dosage 1.56 pg/kg
TV2 (h) 7.08 +£3.27
Vd/F (ml/kg) 36.11 £17.64
CL/F (ml/kg-h) 3.494+1.44
Tpcak (h) 1.324+0.88
Crnax (ng/L) 107.71 +52.39

AUC(0-00) (ng/L-h) 1168.71 £521.68

4.68 pg/kg 14.04 pg/kg
4.52+1.40 3.43+£0.79
12.54 £ 6.44 1.97£1.36
2.40+£0.59 0.34+£0.18
1.65+0.97 240+1.79

654.49 £127.49
5784.68 £381.96

2251.70 £464.57
25128.87+£9734.33

Values were means + SD. n =3 at each time point

Table 5: Calculated pharmacokinetic parameters of rh-IFN«2a-NGR after i.m. administration to monkeys

Parameter

rh-IFNa2a-NGR

Dosage 0.78 pg/kg
T2 (h) 2.75£0.20
Vd/F(ml/kg) 0.14£0.07
CL/F (ml/kg-h) 0.04 £0.02
Tpeak (h) 3.90+0.71
Cinax (ng/L) 61.54+13.67

AUC(0-00) (ng/L-h) 573.09+£96.12

2.34 ng/kg 7.02 pg/kg
2.35+0.45 2954+0.27
0.05£0.07 0.04 £0.007
0.02 £0.007 0.01 £0.00
3.60£0.55 4.59+0.39
268.13 +108.46 668.82 +101.22
2348.30£1177.36 6722.09 £593.12

Values were means & SD. n=3 at each time point.
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4.1.4. Intra- and inter-assay coefficients of variation

To evaluate the precision and accuracy of the method, rh-IFNa-2a-NGR
at four concentration levels (500, 125,32 and 8 pg/ml) was analyzed in five
replicates on five validation days. The assay accuracy was expressed in terms
of coefficient of variation (CV%).

4.2. Pharmacokinetic studies

Mice: Three groups of 65 mice received single intramuscular injections of
3.12, 9.36 and 28.08 pg/kg of rh-IFNa-2a-NGR. Following drug adminis-
tration, 500 .l blood samples were collected from the orbital vein at 0, 0.02,
0.05,0.083,0.17,0.25,0.5, 1, 1.5, 2, 4, 6, and 8 h.

Rats: Three conscious rats in each group received single intramuscular injec-
tions of 1.56, 4.68 or 14.04 pg/kg of rh-IFNa-2a-NGR, and 200 w1 blood
samples were collected by heart puncture at 0, 0.083, 0.25,0.5, 1, 3,5,7,9,
12,24 and 36 h.

Monkeys: Three groups of 9 monkeys received single intramuscular injec-
tions of 0.78, 2.34 or 7.07 pg/kg of rh-IFNa-2a-NGR, 1 ml blood samples
were collected from the hind limb vein at 0, 0.5, 1, 2, 4, 6, 8, 12, 16, 24, 30
and 36 h.

The serum was isolated by centrifugation (8000 rpm x 10 min, 4 °C) and
stored at —20 °C. The concentrations of rh-IFNa-2a-NGR were determined
by ELISA analysis.

4.3. ELISA

rh-IFNa2a-NGR levels were measured by ELISA according to the man-
ufacturer’s instructions. Briefly, 100wl of the serum sample or standard
(0-500 pg rh-IFNa/ml) were added to the wells which had been precoated
in duplicate with the capture antibody and incubated for 1 h at room tempera-
ture. After washing, 100 pl/well of streptavidin-HRP was added for another
1 h incubation. Following the last washing, 100 wl/well of substrate was
added using a 1:1 mixture of stabilized peroxide and stabilized chromogen
solutions. The enzymatic reaction was stopped after 15 min by addition of
50 wl/well of 1 M HSO4. The absorbance of the reaction product was mea-
sured by a microplate reader over a time span of less than 15 min at 450 nm.
The concentration of rh-IFNa2a-NGR in the samples was calculated from
the rh-IFNa standard curve by linear regression analysis performed on each
microtiter plate, subtracting the non-specific signal from all values obtained.

4.4. Statistical analysis

Pharmacokinetic parameters were calculated using DAS professional soft-
ware (Mathematical Pharmacological Association, Shanghai, China). All
values were expressed as mean & SD. Pharmacokinetic data were analyzed
statistically using SPSS 10 software (SPSS Inc. Chicago, IL, USA). A P
value less than 0.05 was considered statistically significant
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