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8.1 BIODISTRIBUTION STUDY

8.1.1 Materials

Sodium pertechnetate (Tc-99m) freshly eluted from 99Mo by solvent extraction 

method was procured from the Regional Center for Radiopharmaceuticals, Board of 

Radiation and Isotope Technology (BRIT), Department of Atomic Energy, India. 

Stannous chloride dehydrate (SnCl2-2H20) was purchased from Sigma Aldrich, 

Mumbai. Instant thin layer chromatography (ITLC) plates were purchased from 

Gelman Science Inc (Ann Arbor, MI).

8.1.2 Animals

Balb/C mice of age group between 6-8 weeks were used for biodistribution studies. 

The animals were maintained in a room (23 ± 2 °C and 60 ± 10 % humidity) under 12 

h light/dark cycle. Food and water were given ad libitum. All animal studies were 

carried out under the guidelines compiled by Committee for the Purpose of Control 

and Supervision of Experiments on Animals, Ministry of Culture, Government of 

India (CPCSEA), and all the study protocols were approved by the Animal Ethics 

Committee of the INMAS, New Delhi.

8.1.3 Radiolabeling of ETO and micellar formulations

ETO and ETO loaded micellar formulations were radiolabeled with Technetium-99m 
(99mTc) by direct labeling method using SnCl2-2H20 as the reducing agents as reported 

earlier (Snehalatha et ah, 2008). Briefly, 1 ml of ETO solution and ETO loaded 

micellar formulations (equivalent to 1 mg/ml of ETO) were individually mixed with 

50 pi of SnCl2.2H20 (2 mg/ml) and the pH of formulations was adjusted to 6.5 with 

0.5 M sodium bicarbonate solution. Then, 0.1 ml of freshly eluted Tc-99m 

pertechnetate solution (2 mCi) was added to each preparation, mixed well, and 

incubated for 15 min at room temperature. Final radioactivity present in the 

preparation was checked using dose calibrator (Gamma ray scintillation counter, 

Capintec, CAPRAC-R). The effect of the amount of SnCl2.2H20 on radiolabeling 

efficacy was optimized based on quality control tests for the labeled complex as 

described earlier (Theobald, 1990).
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8.1.4 Determination of labeling efficiency

The labeling efficiency of ETO and ETO loaded micellar formulations were 

performed as reported earlier (Babbar et al., 1991) by developing ascending thin layer 

chromatography (TLC) using instant thin-layer chromatography strips coated with 

silica gel (ITLCSG). ITLC strips were used to determine free technetium and 

percentage of radio colloids in the preparation. Based on these two parameters, the 

labeling efficiency of the preparation was calculated (Mishra et al., 1991).

ITLC strips were spotted with tiny drop (2-3 ftl) of radiolabeled formulations at 1 cm 

from one end and developed using acetone as mobile phase. The solvent front was 

allowed to reach up to a height of approximately 6 to 8 cm from the origin and the 

strip was cut horizontally into two halves. Radioactivity in each half was determined 

by well-type gamma ray spectrometer (Gamma ray scintillation counter, Capintec, 

CAPRAC-R). The free pertechnetate present in the preparation migrates to the top 

portion (Rf value = 0.9-1.0) of the ITLC strip, while radiolabeled formulations along 

with the radio colloids (reduced/hydrolyzed technetium) remained at the point of 

application. The presence of radio colloids was determined by developing ITLC strip 

using pyridine: acetic acid: water in ratio of 3:5:1.5. Reduced/hydrolyzed Tc- 99m 

present in the preparation will remain at the point of application, while both the free 

Tc-99m-pertechnetate as well as labeled complex migrates with the solvent front. By 

subtracting the migrated activity with the solvent front using acetone from that using 

pyridine: acetic acid: water mixtures, the net amount of 99mTc-ETO or 99mTc-ETO 

loaded micelles were calculated.

8.1.5 In vitro stability of labeled complexes
Stability of the "mTc labeled complexes of ETO and ETO loaded micellar 

formulations was determined invitro in normal saline by ascending TLC technique. 

The labeled complex (0.1 ml) was incubated with normal saline (0.4 ml) at 37 °C up 

to 24 h. The samples were withdrawn at regular intervals up to 24 h and spotted on 

ITLCSG paper and TLC was performed as reported above. These strips were counted 

for radioactivity in gamma ray spectrometer and percentage labeling efficiency at 

different time interval was calculated for ETO and micellar formulations.
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8.1.6 Tumor implantation

Ehrlich ascites tumor (EAT) cells were grown in the ascites fluid of mice by injecting 
1 X 107 cells intraperitoneally. The cells in exponential state were harvested and 

1.8 X 106 cells per mouse was injected subcutaneously in thigh of the right hind leg. 

After 8-10 days, a palpable tumor in the volume range of 0.9 ±0.1 cm3 was observed 

and used for further studies.

8.1.7 Biodistribution study
Biodistribution study of "mTc labeled ETO and ETO loaded micellar formulations 

(0.2 mg (ETO)/O.l ml) was studied in EAT tumor bearing mice (Snehalatha et al., 

2008; Yadav et al., 2008). The mice were divided into seven groups of 20 animals 

each (total 140 mice; five mice per formulation per time point). All animals were 

fasted overnight before the experiment but allowed free access to water ad libitum. 

Each mouse injected a 100 pCi (100 pi) dose of the labeled formulations (plain ETO 

and ETO loaded micelles) by intravenous route through tail vein. The mice were 

humanly killed by cervical dislocation at 1 h, 2 h, 4 h and 24 h post-injection. At these 

time intervals, the blood was collected by cardiac puncture and animals were 

sacrificed and the organs such as heart, lung, liver, kidney, spleen, stomach, intestine 

and tumor were isolated. All organs/tissue collected were washed thoroughly with 

Ringer’s solution, dried using tissue paper and were taken in pre weighed tubes that 

were weighed again to calculate the weight of the organ/tissue. The radioactivity was 

measured using well-type gamma scintillation counter (Gamma ray scintillation 

counter, Capintec, CAPRAC-R) along with three aliquots of the diluted standard 

representing 100 % of injected radioactivity. The results were expressed as percentage 

of injected dose (ID) per gram of an organ.

8.2 EXPERIMENTAL METASTASIS STUDY 

8.2.1 Animals

Experimental metastasis study was performed using pathogen free female C57BL/6 

mice of age 6-8 weeks procured from Animal house, Advanced Centre for Treatment, 

Research and Education in Cancer (ACTREC), Navi Mumbai. All animal studies 

were earned out under the guidelines compiled by Committee for the Purpose of
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Control and Supervision of Experiments on Animals, Ministry of Culture, 

Government of India (CPCSEA), and all the study protocols were approved by the 

Institutional Animal Ethics Committee of the ACTREC, Navi Mumbai. The animals 

were maintained in a room (23 ± 2°C and 60 ± 10 % humidity) under 12 h light/dark 

cycle. Food and water were given ad libitum.

8.2.2 In vitro treatment of B16F10 melanoma cells with formulations and its 

effect on inhibition of lung metastasis (Pre-treatment method)

The in vitro drug treated B16F10 cell induced metastasis was performed as reported 

earlier (Gude et al., 1996, Ratheesh et al., 2007). The B16F10 cells were seeded in to 

60 mm tissue culture plates at cell density of 2 X 104 cells/ml in complete media. On 

next day, cells were treated with plain ETO and ETO loaded micellar formulations 

prepared in complete media at subtoxic dose (half IC50 value, 48 h) and incubated for 

48 h at 37 °C. Cells were washed with PBS twice and harvested using saline EDTA 
and final count of cells was made to 1 X 106 cells/ml in PBS. The drug treated cells 

were inoculated (1 X 105 cells/0.1 ml of PBS) to C57BL/6 mice via tail vein. The 

mice were randomly assigned to eight group (5 mice/group) in which one group was 

assigned as control which received untreated B16F10 cells. All mice were sacrificed 

on day 21st day of cell inoculation by cervical dislocation, their lungs excised and the 

number of pulmonary metastatic nodules (lung colonies) on the surface was counted 

under a dissecting microscope. The percent inhibition in formation of pulmonary 

metastatic nodules in mice due to inoculation of ETO and micellar formulations 

treated B16F10 cells was calculated with respect to the number of nodules present in 

the untreated control group.

8.2.3 In vivo treatment of B16FIO melanoma and its effect on inhibition of lung 

metastasis with formulations (Post-treatment method)

C57BL/6 mice were injected with 0.1 million B16F10 cells in 0.1 ml of PBS through 

intravenous route by tail vein (Sant et al, 2000, Gude et al., 1999). Mice were 

randomly assigned to eight groups (5 mice/group) in which one group were assigned 

as control which received only B16F10 cells. On next day of cell inoculation, plain 

ETO and ETO loaded micellar formulations were injected at dose of drug 2 mg/kg 

intravenously by tail vein. The animals were sacrificed by cervical dislocation on 21st

195



Chapter 8 • In vivo Studies

day of cell inoculation and lungs were excised. The further procedure followed was 

similar as reported above in section 8.2.2.

8.2.4 Histopathology study

After counting pulmonary metastatic nodules, lungs were fixed in 10 % buffered 

formaldehyde. The tissue was processed through a histological routine with a Shandon 

Pathcentre Tissue Processor. Paraffin sections were cut at 5 pm thickness, stained 

with haematoxilin and eosin to study tissue morphology. Microscopic images were 

taken using Zeiss Axiolmager Z-l (Germany) microscope.

8.3 RESULTS AND DISCUSSION

8.3.1 Biodistribution study

8.3.1.1 Radiolabeling efficiency of ETO and micellar formulations

In this study, "'"TcOf (Technetium-99m) was used as radiolabeling compound 

because of easy availability, cost-effectiveness, and low radiation dose. Since the half- 
life of99mTc04' is 6 h when compared with 60 days for 125I, it presents less radiation 

burden. "mTc has been used to directly label preformed nanoparticles using SnCL as a 

reducing agent (Yadav et al., 2008). Chemically, 99mTc04' is a non-reactive species 

and does not label any compound by direct addition. In "mTc labeling of many 

compounds, prior reduction of "'"Tci’L from the 7 + state to a lower oxidation state 

(4+) is required and was achieved using SnCl2.2H20 and pH was adjusted to 6.5 

before addition of ETO and micellar formulations. The effect of pH on radiolabeling 

was well reported by Haider et al. (2008). They observed that at pH 6.5, maximum 

labeling with minimum amount of free and radiocolloid formation occurred. 

Incubation time of 15 min gave maximum labeling as per previous report and was 

kept 15 min in present studies (Haider et al., 2008).The amount of stannous chloride 

used for reducing the pertechnetate played an important role in the labeling process. 

Lower amounts of SnCl2.2H20 led to poor labeling efficiency while higher amounts 

led to the greater formation of undesirable radiocolloids (Reddy et al., 2005). Table

8.1 to 8.3 represents the influence of SnC.l2.2H2O on labeling efficiency and formation 

of radiocolloids. The optimum amount of S11CI2.2H2O required for high labeling 

efficiency with least formation of radiocolloids was found to be 75 pg for ETO and 

100 ug for micellar formulations.
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SnCl2.2H2

O

(fig)

ETO

% labeled % colloids % free

25 78.89 ± 1.58 1.86 ±0.06 19.25 ±1.70

50 87.79 ±1.94 1.62 ±0.09 10.59 ± 1.65

75 98.08 ±1.67 0.64 ± 0.08 1.28 ±0.29

100 90.21 ±1.01 8.18 ±2.07 1.61 ±0.82

150 80.92 ±0.76 17.56 ±3.20 1.52 ±0.73

Table 8.1 Influence of the amount of SnCl2.2H20 on the labeling efficiency of 

free ETO (Values are mean ± S.D. of three individual experiments)

8.3.1.2 In vitro stability of labeled complexes

The in vitro stability studies of radiolabeled complex were carried out in normal saline 

upto 24 h and the results obtained are represented in Table 8.4 and 8.5. It was 

observed that all formulations were remained stable for 24 h of incubation and the 

change in percent labeling observed was negligible compared to initial data. The 

stability of the labeled complexes in normal saline indicates the usefulness of the label 

as a marker for the biodistribution studies.
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Time (h)
% Radiolabeling

ETO MPCL235 YPCL235 EPCL235

Initial 99.18 ±1.67 98.11 ±1.20 97.20 ± 1.39 98.12 ± 1.01

0.5 99.16 ±1.35 98.23 ± 2.45 97.22 ± 1.88 98.01 ±1.35

1 99.04 ±1.42 98.15 ±1.64 97.17 ±1.92 97.80 ± 1.85

2 99.06 ±1.35 98.10 ± 1.22 97.01 ±1.77 97.76 ±2.35

4 98.17 ±2.67 98.02 ±2.08 96.47 ±1.63 97.61 ± 1.77

8 98.09 ±1.47 98.04 ± 1.68 96.51 ± 1.98 97.77 ± 1.51

24 98.12 ±1.91 97.99 ± 1.57 96.50 ±2.12 97.69 ±1.08

Table 8.4 Stability of "“Te labeled ETO, MPCL235, YPCL235 and EPCL235 

micelles in normal saline (Values are mean ± S. D. of three individual 

experiments)

Time (h)
% Radiolabeling

MPCL570 YPCL570 EPCL570

Initial 98.43 ± 1.22 98.56 ±2.27 98.98 ± 1.60

0.5 98.39 ±1.41 99.01 ±1.22 98.26 ±1.87

1 98.45 ± 1.35 98.49 ± 1.33 98.34 ± 1.40

2 98.33 ± 1.63 98.32 ±1.47 97.78 ± 1.23

4 98.20 ±1.25 98.36 ± 1.60 98.12 ±2.01

8 98.14 ± 1.98 98.13 ±2.08 98.23 ± 1.33

24 98.16 ±2.03 98.22 ± 1.42 98.05 ±2.56

Table 8.5 Stability of "mTc labeled etoposide, MPCL570, YPCL570 and 

EPCL570 micelles in normal saline (Values are mean ± S. D. of three individual 

experiments)

8.3.1.3 Biodistribution study
The biodistribution study of "mTc labeled ETO and micellar formulations were 

performed after intravenous injection to EAT tumor bearing mice model. It is believed 

that compare to normal animal, the biodistribution pattern in tumor bearing animal 

will be different. The probable reason behind these might be due to the EPR (enhance 

permeation and retention) effect and receptor based endocytosis which results in to
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higher tumor uptake of nanoparticles by means of passive and active targeting 

respectively. The most important criteria for radiolabeled complexes are their in vivo 

stability and the complex should not break down in the body after injection. This in 

vivo stability can be assessed by measuring radioactivity of labeled complex in 

stomach. It is reported that if the complex is not stable, the dissociated free "mTc 

accumulates at elevated level in stomach resulting in to greater radioactivity 

(Taylor et al., 1986). In the present study, as shown in Table 8.6 to 8.12, the stomach 

showed very less radioactivity (< 1%) in all the formulations, implies that the labeled 

complex was stable and results obtained were in accordance with earlier study carried 

out (Reddy et al., 2005).

Organs
% Injected dose per gram of tissue

lh 2 h 4 h 24 h

Blood 1.32 ±0.21 0.89 ±0.25 0.55 ±0.11 0.29 ± 0.05
Heart 1.96 ±0.20 0.91 ±0.06 0.57 ±0.08 0.29 ± 0.03
Lung 4.36 ±0.35 3.76 ±0.20 2.92 ± 0.65 1.03 ±0.10
Liver 7.96 ± 1.68 5.69 ±1.04 4.16 ±0.59 2.87 ±0.17
Spleen 7.25 ± 0.68 5.70 ± 0.68 4.62 ± 0.22 2.05 ± 0.06
Kidney 6.63 ± 0.86 6.47 ± 0.98 4.95 ± 0.31 3.43 ± 0.05

Stomach 0.31 ±0.08 0.26 ± 0.04 0.23 ± 0.10 0.15 ±0.02
Intestine 0.51 ±0.07 0.43 ± 0.06 0.35 ± 0.07 0.21 ± 0.02
Tumor 0.38 ±0.07 0.26 ± 0.04 0.21 ± 0.02 0.08 ±0.01

Table 8.6 Biodistribution of "mTc-labeIed ETO after intravenous injection in 

EAT bearing Balb/c mice. Radioactivity was counted in each organ and 

expressed as percent injected dose per gm of organ/tissue. Each value is the mean 

± S. D. of 5 mice.
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MEfyL x 

, ; . . ^ .

Organs
% Injected dose per gram of tissue | *

1 h 2 h 4 h Mjfe-.................

^ 'Jt\<

Blood 3.91 ±0.20 3.50 ± 0.30 3.18 ± 0.20 1.67±TL17^«

Heart 0.83 ± 0.06 0.69 ± 0.10 0.72 ±0.09 0.36 ± 0.04

Lung 2.38 ±0.15 1.99 ± 0.07 0.97 ±0.08 0.37 ±0.04

Liver 14.78 ±2.03 11.19 ± 0.51 7.21 ±0.64 4.21 ±0.77

Spleen 5.52 ±0.51 4.83 ± 0.45 4.78 ± 0.35 2.37 ± 0.05

Kidney 3.43 ± 0.05 3.56 ± 0.10 3.23 ± 0.30 1.10 ± 0.10

Stomach 0.59 ± 0.08 0.58 ±0.06 0.67 ± 0.27 0.32 ± 0.02

Intestine 0.34 ±0.07 0.54 ± 0.06 0.53 ± 0.06 0.14 ±0.01

Tumor 0.98 ±0.14 1.53 ± 0.33 1.78 ±0.10 0.71 ± 0.04

Table 8.7 Biodistribution of "mTc-labeled MPCL235 after intravenous injection 

in EAT bearing Balb/c mice. Radioactivity was counted in each organ and 

expressed as percent injected dose per gm of organ/tissue. Each value is the mean 

± S. D. of 5 mice.

Organs
% Injected dose per gram of tissue

1 h 2 h 4 h 24 h

Blood 4.08 ± 0.22 3.78 ± 0.35 3.31 ± 0.20 1.24 ± 0.38

I leart 0.98 ± 0.08 0.80 ±0.07 0.67 ± 0.04 0.21 ± 0.08

Lung 2.04 ±0.16 1.63 ±0.12 1.10 ± 0.08 0.29 ± 0.08

Liver 10.50 ± 1.32 7.98 ± 0.96 5.29 ±0.36 4.12 ± 0.34

Spleen 3.85 ± 0.28 3.21 ±0.34 2.93 ± 0.25 1.87 ±0.04

Kidney 3.52 ± 0.13 3.48 ± 0.09 2.88 ± 0.33 1.33 ± 0.24

Stomach 0.87 ±0.08 0.38 ± 0.08 1.31 ± 0.04 0.21 ± 0.05

Intestine 0.87 ± 0.09 1.04 ± 0.08 0.81 ± 0.08 0.15 ± 0.06

Tumor 1.97 ±0.18 2.41 ±0.17 2.62 ± 0.14 1.53 ± 0.04

Table 8.8 Biodistrilnition of ,,mTc-labeled YPCL235 after intravenous injection 

in EAT bearing Balb/c mice. Radioactivity was counted in each organ and 

expressed as percent injected dose per gm of organ/tissue. Each value is the mean 

± S. 1). of 5 mice.
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Organs
% Injected dose per gram of tissue

lh 2 h 4 h 24 h

Blood 3.90 ±0.12 3.75 ±0.54 3.44 ±0.33 1.27 ±0.14

Heart 1.14 ±0.08 0.76 ±0.11 0.52 ± 0.04 0.31 ±0.13

Lung 2.25 ±0.14 2.01 ± 0.35 1.31 ±0.10 0.67 ±0.02

Liver 12.07 ± 2.03 10.69 ± 1.83 7.52 ± 1.18 4.05 ± 0.69

Spleen 2.93 ±0.10 2.61 ± 0.23 2.07 ± 0.08 0.98 ± 0.06

Kidney 3.67 ±0.18 3.45 ±0.28 2.61 ± 0.31 1.25 ±0.07

Stomach 0.46 ± 0.05 0.37 ± 0.05 0.44 ± 0.04 0.11 ±0.03

Intestine 0.83 ± 0.08 0.76 ± 0.08 0.58 ± 0.07 0.18 ±0.08

Tumor • 2.06 ±0.14 2.64 ±0.26 2.96 ±0.17 1.67 ± 0.07

Table 8.9 Biodistribution of 99n,Tc-Iabeled'EPCL235 after intravenous injection 

in EAT bearing Balb/c mice. Radioactivity was counted in each organ and 

expressed as percent injected dose per gm of organ/tissue. Each value is the mean 

± S. D. of 5 mice.

Organs
% Injected dose per gram of tissue

lh 2 h 4 h 24 h

Blood 3.61 ± 0.27 3.44 ± 0.58 3.06 ± 0.41 1.14± 0.07

Heart 0.83 ± 0.04 0.74 ±0.15 0.42 ± 0.07 0.25 ± 0.04

Lung 2.24 ±0.10 2.06 ±0.34 1.55 ±0.24 0.87 ±0.06

Liver 14.85 ±2.38 9.37 ± 1.02 7.48 ±1.30 3.18 ±0.64

Spleen 4.52 ± 0.97 3.67 ± 0.28 2.83 ± 0.35 1.58 ±0.20

Kidney 2.69 ± 0.27 3.54 ± 0.47 3.76 ± 0.22 1.65 ±0.10

Stomach 0.24 ± 0.02 0.63 ± 0.08 0.42 ± 0.07 0.32 ±0.05

Intestine 0.57 ± 0.06 0.48 ±0.10 0.42 ± 0.09 0.16 ±0.04

Tumor 0.82 ± 0.04 1.63 ±0.12 1.92 ±0.38 0.61 ± 0.08

Table 8.10 Biodistribution of "mTc-labeled MPCL570 after intravenous injection 

in EAT bearing Balb/c mice. Radioactivity was counted in each organ and 

expressed as percent injected dose per gm of organ/tissue. Each value is the mean 

± S. D. of 5 mice.
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Organs
% Injected dose per gram of tissue

lh 2 h 4 h 24 h

Blood 3.47 ±0.21 3.32 ±0.35 3.11 ±0.22 1.01 ±0.19

Heart 0.85 ± 0.07 1.07 ±0.08 0.47 ±0.06 0.37 ±0.10

Lung 2.50 ± 0.22 1.37 ± 0.16 1.01 ±0.08 0.66 ±0.11

Liver 13.59 ±2.34 10.04 ±2.01 8.32 ± 1.94 4.03 ±0.34

Spleen 5.15 ±0.24 4.55 ± 0.28 3.26 ±0.30 1.63 ±0.06

Kidney 3.02 ±0.13 3.33 ±0.19 2.92 ±0.14 1.23 ±0.05

Stomach 1.08 ±0.09 0.71 ± 0.08 0.44 ± 0.04 0.39 ± 0.04

Intestine 0.46 ±0.07 0.67 ±0.10 0.85 ± 0.08 0.23 ± 0.04

Tumor 1.50 ±0.35 2.24 ±0.25 2.70 ±0.61 1.23 ±0.05

Table 8.11 Biodistribution of "mTc-labeled YPCL570 after intravenous injection 

in EAT bearing Balb/c mice. Radioactivity was counted in each organ and 

expressed as percent injected dose per gm of organ/tissue. Each value is the mean 

± S. D. of 5 mice.

Organs
% Injected dose per gram of tissue

lh 2 h 4 h 24 h

Blood 3.50 ±0.23 3.38 ± 0.15 3.01 ± 0.20 1.04 ±0.17

Heart 1.01 ±0.05 0.97 ± 0.09 0.83 ±0.14 0.18 ±0.06

Lung 2.23 ± 0.24 1.71 ±0.14 1.13 ±0.05 0.79 ±0.11

Liver 13.07 ± 1.23 10.34 ± 1.35 6.99 ± 1.35 3.95 ± 0.64

Spleen 4.79 ± 0.36 3.52 ± 0.24 2.71 ±0.18 1.81 ±0.33

Kidney 3.58 ±0.25 3.45 ±0.12 2.53 ± 0.34 1.11 ±0.07

Stomach 0.88 ±0.05 0.62 ±0.07 0.40 ± 0.08 0.19 ±0.08

Intestine 1.31 ±0.21 0.95 ± 0.09 0.65 ±0.16 0.55 ±0.12

Tumor 1.78 ±0.36 2.32 ±0.21 2.43 ±0.16 1.14 ±0.09

Table 8.12 Biodistribution of "mTc-labeled EPCL570 after intravenous injection 

in EAT bearing Balb/c mice. Radioactivity was counted in each organ and 

expressed as percent injected dose per gm of organ/tissue. Each value is the mean 

± S. D. of 5 mice.
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The biodistribution profile of plain ETO and micellar formulations (peptide 

conjugated and non conjugated) are represented in Table 8.6 to 8.12 and was 

expressed as the percent injected dose per gram of tissue or organ (% ID/gm 

tissue/organ). Compared to plain ETO, micellar formulation exhibited a totally 

different distribution pattern. Moreover, the percent uptake and distribution was found 

different for different organs/tissues. In plain ETO after 1 h post injection, the blood 

concentration observed was almost 3 fold lower compared to micellar formulations 

and was reduced quickly to 0.29 % ID after 24 h. This implies that plain ETO 

eliminates quickly from body over a time. In contrast to this, all micellar formulation 

showed longer circulation with significant activity even after 24 h post injection 

(Figure 8.1). The MPCL235, YPCL235 and EPCL235 showed 5.75, 4.27 and 4.37 

fold greater concentrations respectively in blood after 24 h compared to plain ETO. 

While, MPCL570, YPCL570 and EPCL570, the concentration was 3.93, 3.48 and 

3.58 fold higher compared to plain ETO at 24 h post injection. A difference in blood 

concentration was also observed in MPCL570, YPCL570 & EPCL570 to MPCL235, 

YPCL235 & EPCL235. The probable reason behind these might be due to higher 

particle size of MPCL570, YPCL570 and EPCL570 micelles, which might resulted in 

to higher uptake by RES systems. The long circulating effect of micelles was 

attributed due to presence of PEG chain on the surface of micelles and was reported 

well by various authors due to stealth effect provided by PEG (Manosroi et al., 2003; 

Zhang et al., 2004; Forrest et al., 2008)

The largest contribution to total clearance occurred in the liver since it is the principal 

organ for drug metabolism. The liver uptake pattern of micellar formulations was 

totally different compared to plain ETO (Figure 8.2). In ETO, initially after 1 h post 

injection, liver showed 7.96 ± 1.68 % ID and later on it reduced more quickly with 

2.87 ±0.17 percent ID after 24 h post injection. All micellar formulations, after 1 h 

post injection exhibited near to two fold increase in liver uptake compared to plain 

ETO, in addition to this all micellar formulations demonstrated comparable liver 

uptake at all the time point. After 24 h post injection, the liver uptake of all micellar 

formulation was two fold higher compared to plain ETO and it indicates longer 

residence of micellar formulation in liver. Nevertheless, the liver uptake by micellar 

formulations was much lower compared to PLGA and PCL nanoparticles, which
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ImSl ETO 
E3 MPCL235 
B YPCL235 
BD EPCL235 
Wi MPCL570 
B YPCL570 
m EPCL570
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Time (h)

24 h

Figure 8.1 Biodistribution profile of 99raTe labeled ETO and micellar 

formulations in blood of EAT tumor bearing mice after i.v. administration (n=5). 

*, #, $ and @ indicates P<0.001 compared to ETO at 1,2,4 & 24 h respectively.

showed two to three fold higher liver uptake (Snehalatha et al., 2008, Haider et al., 

2008). The higher uptake of reports of PLGA and PCL nanopartieles by liver was 

attributed to larger particle size compared to micelles. In addition, micellar 

formulations showed higher liver uptake compared to plain ETO was due to their 

particulate drug delivery system with particle size smaller than 100 nm. It is assumed 

that micelles distributed mainly to parenchymal cells of the liver after intravenous 

injection and stayed longer time compared to plain drug (Stolnik et al., 2001). 

Therefore, these formulations can be used effectively in the treatment of liver 

carcinomas.
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Figure 8.3 Biodistribution profile of 99mTc labeled ETO and micellar 

formulations in spleen of EAT tumor bearing mice after i.v. administration 

(n=5). *, #, S and @ indicates P<0.001 compared to ETO at 1, 2, 4 & 24 h 

respectively.

1 h 2 h 4 h 24 h
Time (h)

Figure 8.2 Biodistribution profile of 99mTc labeled ETO and micellar 

formulations in liver of EAT tumor bearing mice after i.v. administration (n=5). 

*, # and $ indicates P<0.001 with compared to ETO at 1,2 & 4 h respectively.
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Spleen is the second organ, where higher uptake of plain ETO and micellar 

formulation observed. However, the overall uptake of micellar formulations by spleen 

was found to lesser extent than plain ETO (Figure 8.3). The spleen uptake of 

MPCL235, YPCL235 & EPCL235 exhibited was 5.52 ± 0.51, 3.85 ± 0.28 & 2.93 ± 

0.10 percent respectively after 1 h post injection. At the same time point, MPCL570, 

YPCL570 & EPCL 570 exhibited spleen uptake of 4.52 ± 0.97, 5.15 ± 0.24 & 4.79 ± 

0.36 percent respectively. In both plain ETO and micellar formulation, the spleen 

uptake was decreased with increase in time. The splenic and liver uptake of micellar 

formulation was found higher due to the filtration effect these organs. According to 

Stolnik et al (1995), when particle size was greater than 200 nm, the accumulation of 

micelles in liver was higher and when the size was below 200 mn, the spleen was 

more powerful to catch the micelles because of its tighter structure. However, in 

present study, contrary results were observed and spleen showed lower uptake 

compared to liver. These could be due to smaller size of micelles below 100 nm which 

can penetrate more in liver compared to particle size of nanocarrier above 100 nm 

(Avgoustakis et al., 2003). Moreover, Zhang et al. (2004) has observed that 

camptothecin loaded PEG-PCL nanoparticles of particle size of 80 nm avoided spleen 

uptake more effectively than PEG-PCL nanoparticle of particle size about 180 mn.

The lung uptake of plain ETO and micellar formulation is represented in Figure 8.4. 

The plain ETO showed lung uptake of 4.36 ± 0.35 percent at 1 h post injection, which 

was near to two fold higher compared to micellar formulations. All micellar 

formulation showed comparable lung activity and uptake at different time point. A 

lower lung uptake was observed in micellar formulation might be due to their smaller 

size, which helped in escaping of micelles from lungs (Zhang et al., 2004). A higher 

radioactivity in kidney was exhibited by plain ETO to that of micellar formulation 

(Figure 8.5). After 1 h post injection, the kidney uptake of plain ETO was 6.63 ± 2.36 

percent, while MPCL235, YPCL 235 and EPCL exhibited 1.93, 1.88 & 1.80 fold 

lower uptakes compared to plain ETO. MPCL570, YPCL570 and EPCL570 showed 

2.46, 2.19 and 1.85 fold lower accumulations in kidney compared to plain ETO at 

same time point. The result obtained indicates slow excretion rate of micellar 

formulations and lower renal toxicity.
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Figure 8.4 Biodistribution profile of 99mTc labeled ETO and. micellar 

formulations in lung of EAT tumor bearing mice after i.v. administration (n=5). , 

*, #, $ and @ indicates P<0.001 compared to ETO at 1,2,4 & 24 h respectively.

1 h 2 h 4 h
Time (h)

24 h

Figure 8.5 Biodistribution profile of 99mTc labeled ETO and micellar 

formulations in kidney of EAT tumor bearing mice after i.v. administration 

(n=5). *, #, $ and @ indicates P<0.001 compared to ETO at 1, 2, 4 & 24 h 

respectively.
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Radioactivity of micellar formulations in heart was lower compared to plain ETO 

after 1 h post injection, suggesting lower cardiac toxicity of micellar formulations 

(Figure 8.6). In all micellar formulations i.e. peptide conjugated and non conjugated, 

almost similar pattern of biodistribution was observed in organs like lung, liver, 

spleen, kidney, heart, stomach, intestine except blood. A minor difference in percent 

uptake by various organs was observed in peptide conjugated micelles to non 

conjugated micelles. However, the obtained data did not reflect the major 

differentiation in biodistribution study. The similarity in biodistribution pattern of 

peptide conjugated micelles to non conjugated micelles might be attributed to a low 

level of receptor expression in normal organ cells.

A prominent difference in tumor uptake of micellar formulation was observed 

compared to plain ETO (Figure 8.7). Plain ETO showed very poor tumor penetration 

and hence lower uptake at all the time point compared to micellar formulations. Plain 

ETO after 1 h post injection showed 0.38 percent tumor uptake and it reduced to 0.08 

percent after 24 h post injection. The reduction in tumor uptake of plain ETO was 

observed as time lengthened while tumor uptake of micellar formulation increased 

upto certain time point. The stealth micelles i.e. MPCL235 and MPCL570 showed a 

2.57 and 2.15 fold higher tumor uptake to plain ETO at 1 h post injection and 

exhibited maximum tumor uptake of 1.78 ± 0.10 & 1.92 ± 0.38 percent respectively 

after 4 h post injection (Figure 8.7). A higher tumor uptake was seen in MPCL235 and 

MPCL570, which was attributed to passive targeting by means of their smaller size 

(Shai et ah, 2005). Peptide YIGSR-NH2 conjugated micelles, YPCL235 and 

YPCL570 exhibited maximum tumor uptake of 2.62 ± 0.14 & 2.70 ± 0.61 percent 

respectively after 4 h post injection which was almost 12 to 13 fold higher compared 

to plain ETO (Figure 8.7). EILDV-NH2 conjugated micelles, EPCL235 and EPCL570 

showed the maximum tumor uptake of 2.43 ± 0.16 & 2.96 ±0.17 percent at 4 h, 

which was 11.97 & 14.89 fold higher compared to plain ETO (Figure 8.7). These 

results suggest that the tumor uptake can be significantly increased by surface 

decoration of micelles with ligand which can interact with surface cell receptors and 

resulting into receptor medicated endocytosis. The findings obtained was in 

accordance of Hyaluronic acid conjugated PEG-PCL micelles which showed 

enhanced tumor uptake in EAT tumor induced mice (Yadav et ah, 2008).
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Figure 8.6 Biodistribution profile of 99mTc labeled ETO and micellar 

formulations in heart of EAT tumor bearing mice after i.v. administration (n=5). 
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8.3.2 Experimental metastasis

Experimental metastasis study was conducted using highly metastatic B16F10 cells 

which were reported to produce pulmonary metastatic nodules in lungs after 

intravenous injection of cells (Gude et al., 1996; Cameron et ah, 2000). In actual 

metastatic process which is observed in subcutaneously developed tumor, several 

processes such as primary invasion, transport into circulation, survival in circulation, 

arrest in the capillary bed of an organ, extravasation into the parenchyma and several 

other steps are involved. Compared to these, many of these steps are not seen in the 

experimental metastasis model. Although, this model is very useful in investigating 

the process of organ specificity of tumor cells involving homing to lung and the 

subsequent cell-cell interaction. As metastatic cells need to attach themselves to lung 

basement membrane before they grow into nodules, cell adhesion plays a vital part in 

the metastatic spreading of B16 melanoma (Gude et al., 1996).

It is also observed for many years that metastasis is inherently an inefficient process. 

In large number of experiments, in which tumor cells have been introduced directly in 

the circulation of mice or rats, around 0.01% of these cells form metastatic foci. 

Similarly, large numbers of cancer cells might be detected in the blood in cancer 

patients, and yet very few of these develop into overt metastases (Luzzi et al., 1998; 

Duchosal et al., 2001). The experimental metastasis study was conducted by two 

different methods to find out the potential of B16F10 cells for the induction of 

metastasis i.e. by pre-treatment and post-treatment method.

8.3.2.1 In vitro treatment of B16F10 melanoma cells with formulations and its 

effect on inhibition of lung metastasis (Pre-treatment method)

In this study, B16F10 cells were treated with subtoxic concentration of ETO and ETO 

loaded micellar formulations (IC25, 48 h) and then injected to mice via tail vein to 

examine the effect formulations on inhibition of pulmonary metastatic nodules 

formation. The total number of nodules formation in untreated control group found 

was 154.4 ± 26.8 and the percent inhibition in lung nodule formation calculated is 

represented Table 8.13 & Figure 8.8.
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Formulations
Number of

metastatic nodules

% Inhibition in pulmonary

metastatic nodule formation

UC 154.4 ±26.8 —

ETO 80.4 ±18.1 47.92 ±11.78

MPCL235 69.6 ± 19.7 54.91 ± 12.77

YPCL235 33.2 ±8.0 78.49 ± 5.22

EPCL235 24.8 ± 4.7 83.93 ± 3.05

MPCL570 63.6 ±5.4 58.80 ±3.50

YPCL570 27.4 ±11.1 82.24 ±7.19

EPCL570 19.2 ±4.1 87.55 ±2.68

Table 8.13 Effect of in vitro ETO and ETO loaded micelles treated B16F10 cells 

on inhibition of nodule formation in C57BL/6 mice (Pre-treatment). The results 

are mean ± S.D. and n= 5 animals.

Figure 8.8 Effect of in vitro ETO and ETO loaded micelles treated B16F10 cells 

on inhibition of nodule formation in C57BL/6 mice (Pre-treatment). (*** 

represents P<0.001 compared to ETO)
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The in vitro treated B16F10 cells with plain ETO and ETO loaded micellar 

formulations exhibited reduction in formation of pulmonary metastatic nodules with 

maximum effect seen in peptide conjugated micelles with P<0.001. Compared to plain 

ETO which showed 47.92 ± 11.78 percent inhibitions in metastatic nodules, micellar 

formulation showed higher inhibition (Table 8.13). The possible reason attributed to 

this might be due to intracellular uptake and controlled release of drug over a longer 

period of time. MPCL235, YPCL235 and EPCL235 micellar formulations showed 

54.91 ± 12.77, 78.49 ± 5.22 & 83.93 ± 3.05 percent inhibition in pulmonary 

metastatic nodules formation respectively while MPCL570, YPCL570 and EPCL570 

showed 58.80 ± 3.50, 82.24 ± 7.19 & 87.55 ± 2.68 percent inhibition respectively. 

The results obtained implies that ETO and ETO loaded micellar formulations might 

have interacted directly or indirectly with tumor cell (B16F10 cell) surface receptors 

involved in adhesion to lung basement membrane (Gude et al, 1996). It is also 

assumed that after in vitro incubation of B16F10 cells with ETO and ETO loaded 

micellar formulations, the change in morphology of B16F10 cells observed in 

cytophathic study might be affected the adhesion of B16F10 cells to lung basement 

membrane. Peptide tagged micelles as compared to non conjugated micelles showed 

near to 1.5 fold higher efficacies in prevention of metastasis, which might be due to 

higher intracellular uptake as well altered receptor configuration required for adhesion 

to lung membrane. This method has an advantage that it represents the identical 

situation, where the cancer affected patient receiving anticancer drug therapy and 

during this treatment, metastasis is under process. Figure 8.9 shows the lung images, 

in which it is clearly seen that as compared to untreated control, B16F10 cells treated 

with ETO and ETO loaded micellar formulations groups have lesser number of 

metastatic nodules formation which appeared as black spot in figure.
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Figure 8.9 Appearance of lungs after 21st day of in vitro treated B16F10 cells 

inoculation (Pre-treatment).

8.3.2.2 In vivo treatment of B16FIO melanoma and its effect on inhibition of lung 

metastasis with formulations (Post-treatment)

In post-treatment method, ETO and ETO loaded micellar formulations were injected 

by intravenous route on second day of B16F10 cells inoculation to C57BL/6 mice. 

After 2E' day of cell inoculation, the numbers of pulmonary metastatic nodules were 

counted and the results obtained are represented in Table. 8.14 & Figure 8.10. It was 

observed that all formulations showed their potential towards inhibition in metastatic 

nodule formations
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Figure 8.10 Effect of intravenous treatment of ETO and ETO loaded micellar 

formulations on inhibition of pulmonary metastatic nodule formation of B16F10 

cells inoculated mice (Post-treatment). (*** and * represents P< 0.001 and P<0.05 

compared to ETO)

Formulations
Number of

metastatic nodules

% Inhibition in pulmonary

metastatic nodule formation

Untreated control 152.6 ±31.3

ETO 96.8 ±11.7 36.72 ±7.85

MPCL 235 78.4 ±15.2 48.60 ± 10.04

YPCL 235 52.2 ±7.8 65.77 ±5.16

EPCL 235 57.0 ±17.5 62.64 ±11.52

MPCL 570 70.2 ±8.9 53.99 ± 9.42

YPCL 570 54.2 ±12.7 64.47 ±8.33

EPCL 570 46.4 ±6.4 69.58 ± 4.23

Table 8.14 Effect of intravenous treatment of ETO and ETO loaded micellar 

formulations on inhibition of pulmonary metastatic nodule formation of B16F10 

cells inoculated C57BL/6 mice (Post-treatment). The results are mean ± S.D. and 

the n= 5 animals.
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The plain ETO showed 36.72 ± 7.85 percent inhibitions in nodule formation while 

MPCL235, YPCL235 and EPCL235 showed 48.60 ± 10.04, 65.77 ± 5.16 & 62.64 ± 

11.52 percent inhibitions in metastatic pulmonary nodules formation respectively. 

Similarly, MPCL570, YPCL570 and EPCL570 showed 53.99 ± 9.42, 64.47 ± 8.33 & 

69.58 ± 4.23 percent inhibitions in lung nodule formation respectively. Peptide 

(YIGSR-NH2/EILDV-NH2) conjugated micelles compared to plain ETO and non 

conjugated micelles showed near to 1.75 and 1.40 fold higher inhibitions in metastatic 

nodules formation respectively. The results obtained signifies the worth potential of 

peptide conjugated micellar drug delivery for effective prevention and treatment of 

metastasis. The higher inhibition observed in YIGSR-NH2 and EILDV-NH2 

conjugated micelles was assumed to be due to its interactions with surface cell 

receptor present on B16F10 cells circulating in blood stream. Since, before adhesion 

to secondary site like lung for metastasis, the tumor cell circulates in body and 

interacts with various components present in blood including any drug earner. 

However, deep investigations are still necessary to prove the interactions of 

nanocarrier with tumor cells circulating in blood; This method represents the identical 

situation where cancer detected in secondary stage in which metastasis has already 

been in progress.

Pentoxifylline loaded liposomes exhibited higher antimetastatic activity compared to 

plain pentoxifylline solution and showed the usefulness of nanocarrier in treatment of 

metastasis as reported earlier (Sant et al., 2000). Moreover, Jantscheff et al. (2009) 

reported that gemcitabine liposomal formulation was potentially efficient in 

prevention of metastasis using LNCaP prostate cancer xenograft model. The market 
available DOXIL® (pegylated doxorubicin liposomes) which is used in metastasis was 

not that much defined by clinical trials due to poor understanding of its role in 

prevention of metastasis. It is believed that the antimetastasis effect was rather due to 

inhibition in growth of primary tumor (Zhang et al., 2008). They also suggested that 

for complete eradication of pulmonary metastasis, surgical removal of primary tumor 

plus multiple injections of pegylated doxorubicin liposomes are needed. In this 

situation, antimetastatic peptide like YIGSR-NH2 and EILDV-NH2 which can 

recognize and adhere on the surface of circulating tumor cell detached from primary 

tumor. Peptide conjugated micellar formulations might be useful in such
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circumstances and able to internalize into tumor cell and interferes with metastasis 

cascade. Earlier reports with niosomal cisplatin at dose of 1 mg/kg showed percent 

inhibition in lung nodule formation near to 71.91 percent compared to free cisplatin 

(38.47 %) using B16F10 cell line (Gude et al., 2002). However it is required to 

mention that the efficacy of different anticancer drug will vary based on dose. The 

appearance of lungs after metastatic melanoma nodules formations can be seen in 

Figure 8.11.

Pre-treatment method exhibited higher inhibition in pulmonary metastatic nodule 

formation compared to post-treatment method. However, it is difficult to correlate 

each other due to difference in treatment and dose of drug given by intravenous route.

it*
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Figure 8.11 Appearance of lungs after 21st day of B16F10 cells inoculations 

followed by intravenous treatment of formulations (Post-treatment).
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8.3.2.1 Histopathology studies

Histopathology studies were carried out in both the groups i.e. pre-treatment and post

treatment experimental metastasis model to examine any changes in the nature of 

metastatic pattern of lung. The lung of untreated group was considered as control.

In pretreatment model, the histological examinations are shown in Figure 8.12. The 

untreated control exhibited small to large size tumor islands which covered entire lung 

parenchyma and also blocked the lumen of medium and large blood vessels. 

Moreover, tumor cells penetrated the middle coat of blood vessels and lodged in 

several blood vessels. In case of ETO, smaller size of tumor islands with lesser extent 

of multiplicity was observed compared to control. MPCL235 and MPCL570 treated 

groups showed reduction in number of tumor islands with smaller size compared to 

control. A greater extent of reduction in size as well as number of tumor islands was 

observed in peptide tagged formulations. Compared to YPCL235 & YPCL570, a 

smaller size of tumor islands was observed in EPCL235 and EPCL570. In addition to 

this, the blood vessels were found unblocked in peptide conjugated micelles treated 

groups.

MPCL570 YPCL570 EPCL570

Figure 8.12 Histopathological studies of lung tissues showing reduction in tumor 

islands by in vitro treated B16F10 cells with various formulations 

(Pre treatment).
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Figure 8.13 Histopathological studies of lung tissues showing reduction in tumor 

islands by in vivo treatment with various formulations (Post-treatment).

In post treatment method, similar findings were seen but the size of tumor islands in 

all formulations was larger to some extent compared to pretreatment method (Figure 

8.13). Peptide conjugated micellar formulations showed reduction in tumor island size 

and numbers identical to non conjugated micelles and plain ETO.
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