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8 PHARMACOKINTICS AND BIODISTRIBUTION STUDIES

8.1 Introduction
Assessment of biodistribution of drugs and drug delivery system is very important to 

understand the fate of delivery system in-vivo. In last few years, radiolabelling has also been 

used to recognize the biodistribution of various delivery systems. Reports from the literature 

indicated the usefulness of radiolabeled formulation to study biodistribution and scintigraphy 

imaging in animals. The surface properties of particular carriers greatly define their in vivo 

fate. The extent and nature of opsonin adsoption at the surface of colloidal particles and their 

simultaneous blood clearance depend on the physicochemical properties of the particles such 

as size, surface charge and surface hydrophobicity (Jaeghere et al., 1999).

8.2 Methods
8.2.1 Animals

All experiments conducted on animals were approved by the Social Justice and 

Empowerment Committee, for the purpose of control and supervision on animals and 

experiments, Ministry of Government of India. The tissue biodistribution study was carried 

out in healthy swiss mice weighing between 25 to 30 g.

8.2.2 Pharmacokinetics and Biodistribution Studies of Nanoparticles

Three mice were used at each time point for each nanoparticles (NPs) formulation. The mice 

were divided into four groups for each drug, Tramadol (TMD) and Lamotrigine (LTG). 
Group I, group II, group m and group IV were administered 99mTc-TMDS, "mTc-TMD-NPs, 

"mTc-Tf-TMD-NPs and "mTc-Lf-TMD-NPs respectively. Similarly for LTG, Group I, group 

II, group HI and group IV were administered 99mTc-TMDS, "mTc-LTG-NPs, 99mTc-Tf-LTG- 

NPs and 99mTc-Lf-LTG-NPs respectively. Solutions (TMDS and LTGS) were used for 

comparative evaluation. All groups received 74-88.8 MBq/kg of radioactivity administered 

intravenously (lOOpl) via tail vein. The mice were sacrificed at different time intervals of 

0.17, 0.5, 1, 2, 4, 24 and 48 h and blood was collected via cardiac puncture. Different organs 

including brain, liver, spleen, kidney, lungs and heart were dissected, washed twice with 

normal saline, made free from any adhering tissues, dried between adsorbent paper-folds, 

placed in pre-weighed plastic tubes, and weighed. The radioactivity present in each 

tissue/organ was determined using shielded well-type gamma scintillation counter along with 

3 samples of standard solution representing 100% of the administered dose. The radioactivity
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in each organ/tissue was determined as fraction of administered dose per gram of the tissue 

(%A/g).
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%A/g
Sample count

Sample weight x Sandard count
x 100

The radioactivities determined included the delivery system in the vascular space as well as 

in the tissue parenchyma. Hence a correction was made for the radioactivity in the vascular 

space using the following formula as reported (Hatakeyama K et al., 2004).

^tissue = Xorgan — Vq C(t)

Where Vo denotes the total volume of the vascular space and interstitial fluid, as determined 

by the radioactivites in the whole organ samples divided by the blood concentration 10 min 

after iv injection.

The results of radioactivity measured for TMD formulations administered by intravenous 

route at various time points in different organs are recorded in Table 8.1, 8.2, 8.3 and 8.4 for
99m 99m 99m 99m

Tc-TMDS, Tc-TMD-NPs, Tc-Tf-TMD-NPs and Tc-Lf-TMD-NPs respectively. 

The blood concentration of TMD formulations vs. time are plotted in Fig. 8.1. Fig. 8.2 

represents the brain concentrations of TMD formulations vs. time profile. TMD concentration 

in different organ at various time points is plotted in Fig. 8.3. The results of radioactivity 

measured for LTG formulations at various time points in different organs are recorded in
99m 99m 99m

Table 8.9, 8.10, 8.11 and 8.12 for Tc-LTGS, Tc-LTG-NPs, Tc-Tf-LTG-NPs and
99m

Tc-Lf-LTG-NPs respectively. The blood concentrations of LTG formulations vs. time (h) 

are plotted in Fig. 8.4. Fig. 8.5 represents the brain concentrations of LTG formulations vs. 

time profile. LTG concentration in different organ at various time points is plotted in Fig. 8.6.

Gamma Scintigraphy Studies
Gamma Scintigraphy was done in mice after administering intravenously, lOOpl of 99mTc- 

labeled complexes of TMDS, TMD-NPs and Tf-TMD-NPs containing 5.55 to 6.66 MBq of 
99m rj,c -j>ke mice were partially anesthetized with diethyl ether and were mount on a wooden 

board. The imaging was performed on single photon emission computerized tomography 

(SPECT, LC 75-005, Diacam, Siemens, Hoffman Estates, IL, USA) after 2 h. The gamma 

scintigraphic image is shown in Fig. 8.7
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8.2.3 Pharmacokinetics and Biodistribution Studies of Micro and Nanoemulsion

Three mice were used at each time point for each formulation. The mice were divided into 

three groups for each drug, TMD and LTG. Group I, group II and group III were 
administered "mTc-TS, "mTc-TME and "mTc-TNE respectively. Similarly for LTG, Group I, 

group II and group in were administered "mTc-LS, "mTc-LME and "mTc- LNE respectively. 

Solutions (TS and LS) were used for comparative evaluation. All groups received 44.4-53.28 

MBq/kg of radioactivity incorporated in 10 pL of "mTc-TS, "mTc-LS, 99mTc-TNE and 99mTc- 

LNE and 8 pL of 99mTc-TME and "mTc-LME, administered via intranasal route. Before nasal 

administration of the formulations., the mice were partially anesthetized with diethyl ether. 

4/5 [iL of formulation was administered in the each nostril using micropipette (10 pi) fixed 

with low density polyethylene tube having 0.10 mm internal diameter at the delivery site. The 

rats were held from the back in slanted position during nasal administration (Jogani VV et al., 

2008).

The mice were sacrificed at different time intervals of 0.5, 1, 2, 4, 24 and 48 h and blood was 

collected via cardiac puncture. Different organs including brain, liver, spleen, kidney, lungs, 

stomach and intestine were dissected, washed twice with normal saline, made free from any 

adhering tissues, dried between adsorbent paper-folds, placed in pre-weighed plastic tubes, 

and weighed. The radioactivity present in each tissue/organ was determined using shielded 

well-type gamma scintillation counter along with 3 samples of standard solution representing 

100% of the administered dose. The radioactivity in each organ/tissue was determined as 

fraction of administered dose per gram of the tissue (%A/g). The radioactivities determined 

included the delivery system in the vascular space as well as in the tissue parenchyma. Hence 

a correction was made for the radioactivity in the vascular space using the following formula 

as reported (Hatakeyama K et al., 2004).

Xtissue = Xorgan — Vo C(t)

Where Vo denotes the total volume of the vascular space and interstitial fluid, as determined 

by the radioaetivites in the whole organ samples divided by the blood concentration 10 min 

after iv injection.

The nasal bioavailability of the drugs from the formulations was calculated using equation 

(Zhao Y etal., 2007).

AUCin
% Nasal bioavailability = -77777- x 100

AUCiv
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To evaluate the brain targeting efficiency, 2 indices [Drug targeting efficiency (DTE) (%) 

and direct nose-to-brain transport (DTP)(%) ] were adopted as mentioned below. (Jung BH et 

al., 2000; Zhang Q et al.,2004)
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Brain targeting efficiency was calculated using two equations mentioned below. Drug 

targeting efficiency (DTE%) represents time average partitioning ratio.

DTE
AUCbrain

AUCboold x 100

Where, AUC indicates area under the curve.

Brain drug-direct-transport percentage [DTP%] was calculated using equations:

Bin- Bx
DTP = —------x 100Bin

Where,

Bx
BiIV

rIv
X Pu

Bx = Brain AUC fraction contributed by systemic circulation through the blood-brain- 

barrier (BBB) following intranasal administration.

Biv = AUC0-> 24 (brain) following intravenous administration.

Piv = AUCo-> 24 (blood) following intravenous administration.

Bin = AUCo_>24 (brain) following intranasal administration.

Pin = AUCo-> 24 (blood) following intranasal administration.

AUC = Area under the curve.

The results of radioactivity measured for TMD formulations administered by intranasal route
99m

at various time points in different organs are recorded in Table 8.17, 8.18 and 8.19 for Tc-
99m 99m

TS, Tc-TME and Tc-TNE respectively. The blood concentrations of TMD formulations 

vs. time (h) are plotted in Fig. 8.8. Fig. 8.9 represents the brain concentrations of TMD 

formulations vs. time profile. TMD concentration in different organ at various time points is 

plotted in Fig. 8.10.

The results of radioactivity measured for LTG formulations administered by intranasal route
99m

at various time points in different organs are recorded in Table 8.23, 8.24, and 8.25 for Tc-
99m 99m

LS, Tc-LME and Tc-LNE respectively. The blood concentrations of LTG formulations
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vs. time (h) are plotted in Fig. 8.11. Fig. 8.12 represents the brain concentrations of LTG 

formulations vs. time profile. LTG concentration in different organ at various time points is 

plotted in Fig. 8.13.
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8.2.4 Statistical Analysis
All data are reported as mean ± SD (standard deviation). Pharmacokinetic parameters were 

calculated using Kinetica (version 4.40, Innaphase, Philadelphia, PA, USA) applying non 

eompartmental kinetics for iv bolus for NPs and extra-vascular for ME and NE. Statistical 

evaluations were compared using ANOVA and differences greater at p<0.05 were considered 

significant.

8.3 Result and Discussion

8.3.1 Pharmacokinetics and Biodistribution studies of Nanoparticles

The radiolabeled complexes of TMDS, TMD-NPs, Tf-TMD-NPs and Lf-TMD-NPs were 

evaluated for biodistribution in healthy swiss mice for 48 h after intravenous administration. 

The results of biodistribution for various radiolabelled complexed formulations are tabulated 

in table 8.1, 8.2, 8.3, and 8.4. The radiolabeled complexes of LTGS, LTG-NPs, Tf-LTG-NPs 

and Lf-LTG-NPs were evaluated for biodistribution in healthy swiss mice for 48 h after 

intravenous administration. The results of biodistribution for various radiolabelled complexed 

formulations are tabulated in Table 8.9, 8.10, 8.11, and 8.12.

Table 8.1: Tissue / Organ distribution of "mTC labelled TMDS

Organ/
Tissue

%A/g
0.5h lh 2h 4h 24h 48h

Blood* 4.35 + 0.28 3.11 ±0.08 2.12 ±0.08 1.31 ±0.12 0.13 + 0.01 ND
Brain 0.07 ± 0.01 0.06 ±0.004 0.05 ±0.002 0:04 ±0.003 ND ND
Liver 56.57 ±2.96 48.28 ±3.94 28.88 ± 2.09 10,46 ±0.71 1.05 ±0.17 0.16 ±0.03
Spleen 29.51 ±2.22 20.78 ± 1.63 15.44 + 0.53 5.20 + 0.47 0.22 + 0.03 0.07 ± 0.03
Kidney 10.92 ±1.19 9.93 ±0.31 7.76 + 0.56 3.52 ±0.17 0.16 ±0.04 0.04 ± 0.02
Heart 4.13 ±0.61 2.36 ±0.18 1.35 ±0.15 1.36 ±0.10 0.14 ±0.06 0.07 ± 0:03
Lungs 8.75 ± 1.53 4.89 ±1.36 2.55 + 0.16 1.45 ±0.07 0.18 ± 0.02 0.02 ±0.01
Stomach 0.12 ±0.01 0.07 ±0.01 0.04 ±0.003 0.01 ± 0.001 ND ND
Intestine 0.15 ±0.02 0.09 ±0.02 0.05 ± 0.002 0.03 ±0.001 ND ND

Values are represented as mean ± SD, n=3. ND-Not Detected; *0.17h time point for blood was not tabulated
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Table 8.2: Tissue / Organ distribution of"mTC labelled TMD-NPs

Organ/
Tissue

%AJg
0.5h Ih 2h 4h 24h 48h

Blood* 5.67 + 0.30 4.50 + 0.34 3.39 + 0.21 2.08 + 0.22 0.75 + 0.04 0.30 + 0.01
Brain 0.07 + 0.01 0.12 + 0.02 0.07 + 0.01 0.06 ± 0.003 0.02 + 0.01 0.01 + 0.001
Liver 15.01 ± 1.24 14.42 + 1.09 10.75 ± 1.58 6.12 + 0.25 1.04 + 0.12 0.25 + 0.05
Spleen 9.69 + 0.99 14.04 + 1.00 9.22 + 0.88 4.02 + 0.21 1.50 + 0.06 0.38 + 0.09
Kidney 6.59 + 0.60 6.94 + 0.21 5.48 ±0.60 3.05 + 0.39 0.31 + 0.02 0.05 + 0.02
Heart 1.69 + 0.17 1.07 + 0.15 0.72 + 0.12 0.45 + 0.06 0.19 + 0.02 0.08 ± 0.02
Lungs 3.93 + 0.77 2.47 + 0.25 1.38 + 0.10 0.72 + 0.06 0.35 + 0.10 0.11 + 0.07

Values are represented as mean ±SD, n-3; *0.17h time point for blood was not tabulated

- Table 8.3: Tissue / Organ distribution of "mTC labelled Tf-TMD-NPs

Organ/
Tissue

%A/g
0.5h lh 2h 4h 24h 48h

Blood* 5.54 + 0.21 4.27 ± 0.21 3.43 ±0.14 2.09 ±0.14 0.72 ± 0.04 0.25 ± 0.02
Brain 0.08 +0.01 0.15 ±0.04 0.22 ±0.03 0.13 ±0.01 0.06 ±0.01 0.02 ± 0.001
Liver 17.28 + 2.06 18.59 ±1.72 13.92 ±1.55 6.92 ± 0.40 1.83 ±0.13 0.39 ±0.10
Spleen 12.78 + 1.58 20.88 ± 2.07 11.73 ± 1.00 6.99 ± 0.80 2.12 ±0.21 0.52 ± 0.08
Kidney 6.56 + 0.73 9.59 ±0.49 8.24 ±0.31 4.14 ±0.22 0.45 ±0.11 0.11 ±0.03
Heart 1.27 + 0.23 0.71 ±0.15 0.55 ± 0.06 0.32 ±0.11 0.14 ±0.05 0.04 ± 0.02
Lungs 2.72 ± 0.30 1.57 ±0.33 0.95 ± 0.12 0.40 ± 0.08 0.27 ± 0.04 0.06 ± 0.01

Values are represented as mean + SD, n=3; *0.17h time point for blood was not tabulated

Table 8.4: Tissue / Organ distribution of "mTC labelled Lf-TMD-NPs

Organ/ %A/g
Tissue 0.5h lh 2h 4h 24h 48h
Blood* 5.38 ± 0.30 4.13 ±0.09 3.36 ±0.25 1.90 ±0.23 0.68 ± 0.03 0.19 ±0.03
Brain 0.20 + 0.03 0.23 ±0.04 0.41 ± 0.07 0.20 ±0.01 0.08 ±0.01 0.03 + 0.001
Liver 17.28 ± 0.49 21.58 ±1.87 15.27 ± 1.56 9.75 ± 0.56 2.25 ±0.12 0.44 ± 0.01
Spleen 11.47 + 0.70 19.29 ± 1.38 10.25 ±0.68 5.76 ±0.23 2.01 ± 0.09 0.50 ±0.03
Kidney 7.35 ± 0.65 9.12 ±0.30 8.02 ±0.64 4.93 ± 0.52 0.37 ± 0.02 0.09 ±0.02
Heart 1.06 ±0.08 0.51 ±0.10 0.42 ±0.07 0.37 ±0.09 0.09 ± 0.02 ND
Lungs 2.58 ±0.66 1.41 ±0.23 0.93 ±0.06 0.52 ± 0.07 0.25 ± 0.04 0.07 ± 0.02

Values are represented as mean ± SD, n~3; *0J7h time point for blood was not tabulated

220



Chapter 8: Pharmacokinetic and Biodistribution Studies

Figure 8.1 Pharmacokinetic profiles of w,"Tc labelled TMDS and TMD NPs formulations in 

blood

Blood
8.00

0.17 0.5 1 2 4 24 48

Time (h)

Figure 8.2 Distribution of "mTc labelled TMDS and TMD NPs formulations in brain

Brain

Time (h)

TMDS
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Figure 8.3 Distribution of WmTc labelled TMDS and TMD NPs formulations in (A) Liver (B) 

Spleen (C) Kidney (D) Heart (E) Lung

Liver Spleen
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Table 8.5: Pharmacokinetic parameters of blood for TMDS and TMD NPs formulations

Parameter
Formulation

TMDS TMD-NPs Tf-TMD-NPs Lf-TMD-NPs ’
Cmax (%A/g) 7.16 ±0.40 7.29 + 0.24 7.38 + 0.19 7.21+0.24
Tmax (h) 0.17 0.17 0.17 0.17
AUC (%A/g h) 25.31 + 1.03 56.10 + 3.41* 55.01 + 0.90* 51.14 ± 2.17*
Ti/2 (h) 5.67 + 0.22 15.78 + 0.63* 14.32 + 0.39* 13.18 ±0.38*
MRT (h) 5.06 +0.28 18.32 + 0.83* 16.33 ±0.55* 14.81 ±0.71*
Cl(mL/h) 3.79 + 0.14 1.59 + 0.09* 1.67 ±0.03* 1.82 ±0.13*

Values are represented as mean ±SD, n=3; *significantly different from TMDS, P<0.05 .

Table 8.6: Pharmacokinetic parameters of brain for TMDS and TMD NPs formulations

Parameter
Formulation

TMDS TMD-NPs Tf-TMD-NPs Lf-TMD-NPs
Cmax (%A/g) 0.07 ±0.01 0.12 ±0.02 0.22 ±0.03* 0.41 ± 0.07*#

Tmax (h) 0.5 TO 2 2
AUC (%A/g h) 0.59 ±0.04 1.49 ±0.11 3.48 + 0.16* 5.24 ± 0.24*#

TiaCh) 6.72 ±0.60 12.01 ±0.61 15.56 ±0.95* 16.76 ±0.18*

MRT 7^01 ±0.80 15.13 ±0.94 20.65 ±1.20* 21.22 ± 0.64*

Values are represented as mean +SD, n~3; *Significantly different from TMDS and TMD-NPs, P<0.05; 
*Significantly different from Tf-TMD-NPs, P<0.05

Table 8.7: Relative Targeting Ratio of TMD formulations

Comparison mode Formulations Ratio value
TMD-NPs/TMDS 1.14

Targeting with respect to 
drug solution

Tf-TMD-NPs/TMDS 2.72
Lf-TMD-NPs/TMDS 4.40

Targeting with respect to Tf-TMD-NPs / TMD-NPs 2.38
plain NPs Lf-TMD-NPs / TMD-NPs 3.85
Lf Conjugated NPs with 
respect to Tf conjugated NPs

Lf-TMD-NPs / Tf-TMD-NPs 1.62
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Table 8.8: AUQ0-.48) values of different organs for TMDS and TMD NPs formulations

Organ
Formulation

TMDS TMD-NPs Tf-TMD-NPs Lf-TMD-NPs

Liver 248.01 ± 10.65 127.71 ±7.51 164.55 ± 4.64 209.87 + 12.22
Spleen 116.39 + 5.25 111.10 ±5.27 169.38 ± 6.93 149.20 + 2.39
Kidney 66.85 ± 2.70 57.61.8 + 5.77 79.51+5.57 86.15+5.36
Lungs 32.02 + 1.68 22.87 + 2.05 14.92 + 1.99 15.80+1.02
Heart 13.78 ±0.65 12.85 +1.22 9.15 + 0.85 6.49 + 0.73

Stomach 0.24 + 0.02 — — -
Intestine 0.31 + 0.04 ~ — —

Values are represented as mean ±SD, n=3.

Table 8.9: Tissue / Organ distribution of "mTC labelled LTGS

Organ/
Tissue

%A/g
0.5h lb 2h 4h 24h 48h

Blood* 5.66 + 0.15 4.18 ±0.18 2.45 ±0.13 1.27 ±0.07 0.43 ± 0.03 0.09 ± 0.01
Brain 0.24 ±0.03 0.14 ±0.01 0.09 ± 0.01 0.05 ± 0.002 0.01 ± 0.001 ND
Liver 39.67 ± 1.78 37.52 ±2.21 25.68 ± 2.05 10.12 ±0.88 1.39 ±0.23 0.27 ±0.04
Spleen 24.34 ± 1.43 19.45 ±2.00 14.68 ±0.87 5.26 ± 0.82 0.47 ± 0.02 0.11 ±0.01
Kidney 12.85 ±1.16 11.86 ±1.23 9.37 ± 0.72 6.32 ± 0.46 0.92 ± 0.06 0.20 ± 0.01
Heart 4.51 ±0.21 3.75 ± 0.34 2.68 ± 0.27 1.03 ±0.07 0.26 ± 0.01 0.03 ± 0.001
Lungs 8.66 ±0.67 5.31 ±0.91 2.07 ±0.14 0.88 ± 0.06 0.22 ± 0.03 0.02 ± 0.001
Stomach 0.10 ±0.01 0.07 ±0.01 0.05 ± 0.001 0.02 ± 0.001 ND ND
Intestine 0.13 ±0.01 0.08 ± 0.01 0.05 ± 0.002 0.03 ± 0.001 ND ND

Values are represented as mean ± SD, n-3; *0.17h time point for blood was not tabulated

Table 8.10: Tissue / Organ distribution of "mTC labelled LTG-NPs

Organ/ %A/g
Tissue 0.5h 111 2h 4h 24h 48h
Blood* 6.58 ± 0.29 4.98 ± 0.39 3.68 ±0.35 2.11+0.19 0.78 ± 0.06 0.39 ±0.03
Brain 0.09 ± 0.01 0.17 ±0.01 0.11 ±0.001 0.08 ± 0.004 0.04 ± 0.001 0.01 ± 0.001
Liver 11.29 ±1.33 10.43 ± 1.62 8.77 ±0.84 6.42 ± 0.26 1.43 ±0.11 0.34 ± 0.02
Spleen 7.21 ±0.71 10.43 ± 0.85 8.38 ± 0.69 4.15 ± 0.32 1.83 ±0.03 0.44 ±0.03
Kidney 7.12 ±0.68 6.34 ± 0.39 5.45 ± 0.42 3.62 ±0.34 0.73 ± 0.05 0.18 ±0.02
Heart 3.45 ±0.38 2.17 + 0.15 1.04 ±0.15 0.87 ± 0.07 0.14 ±0.01 0.02 ± 0.001
Lungs 5.21 ±0.36 2.39 ±0.17 1.25 ±0.09 0.81 ±0.10 0.27 ±0.02 0.03 ±0.001

Values are represented as mean ± SD, n=3; *0.17h time point for blood was not tabulated
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Table 8.11: Tissue / Organ distribution of "mTC labelled Tf-LTG-NPs

Organ/
Tissue

%A/g
0.5h lh 2h 4h 24h 48h

Blood* 6.05 ±0.24 4.79 ±0.23 3.72 ±0.11 2.08 ±0.12 0.75 ±0.04 0.33 ±0.02
Brain 0.13 + 0.01 0..26 ± 0.01 0.24 ±0.01 0.15 ±0.01 0.08 ±0.002 0.03 ±0.001
Liver 12.56 + 0.76 11.79 + 1.18 9.93 ±0.53 7.25 ±0.61 1.94 ±0.15 0.41 ±0.04
Spleen 10.42 +1.33 13.21 ± 1.05 9.45 ±0.52 6.82 ±0.61 2.42 ±0.29 0.72 ±0.04
Kidney 8.10 ±0.45 7.93 ±0.52 6.04 ±0.65 4.15 ±0.24 1.04 ±0.06 0.23 ±0.01
Heart 3.10 ± 0.24 2.03 ±0.27 0.91 ±0.08 0.62 ±0.09 0.11 ±0.01 0.02 ±0.001
Lungs 2.97 ±0.19 1.65 ±0.21 0.83 ±0.05 0.61 ±0.07 0.16 ±0.01 0.02 ±0.001

Values are represented as mean ± SD, n=3; *0.17h time point for blood was not tabulated

Table 8.12: Tissue / Organ distribution of "mTC labelled Lf-LTG-NPs

Organ/
Tissue

%A/g
0.5h lh 2h 4h 24h 48h

Blood* 5.83 ± 0.42 4.50 ±0.13 3.68 ±0.38 1.84 ±0.11 0.70 ±0.02 0.27 ±0.02
Brain 0.17 ±0.02 0.29 ± 0.01 0.26 ± 0.01 0.21 ±0.01 0.13 ±0.01 0.04 ± 0.002
Liver 13.42 ±1.41 12.15 ± 0.95 10.61 ± 1.17 8.78 ±0.69 2.65 ±0.23 0.52 ±0.04
Spleen 9.45 ±0.71 11.89 ±1.28 8.67 ±1.02 6.13 ± 0.05 2.28 ±0.03 0.61 ±0.04
Kidney 8.23 ± 1.02 8.14 ±0.59 6.54 ± 0.42. 4.96 ±0.32 1.23 ±0.14 0.28 ±0.04
Heart 2.05 ±0.18 1.70 ±0.19 0.64 ±0.04 0.41 ±0.02 0.07 ±0.01 0,01 ±0.001
Lungs 3.01 ±0.28 1.63 ±0.21 0.85 ±0.07 0.60 ±0.08 0.17 ±0.02 0.02 ±0.001

Values are represented as mean ± SD, n=3; *0.17h time point for blood was not tabulated
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Figure 8.4 Pharmacokinetic profiles of WmTc labelled LTGS and LTG NPs formulations in 

blood
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Figure 8.5 Distribution of "mTc labelled LTGS and LTG NPs formulations in brain
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Figure 8.6 Distribution of w'"Tc labelled LTGS and LTG NPs formulations in (A) Liver (B) 

Spleen (C) Kidney (D) Heart (E) Lung

Liver Spleen
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Table 8.13: Pharmacokinetic parameters of blood for LTGS and LTG NPs formulations

Parameter
Formulation

TMDS LTG-NPs Tf-LTG-NPs Lf-LTG-NPs
Cmax (%A/g) 7.30 ±0.25 8.47 ±0.58 7.95 ±0.28 8.08 ±0.48
Tmax (h) 0.17 0.17 0.17 0.17
AUC (%A/g h) 36.03 ± 0.44 59.48 ± 1.02* 57.83 ± 1.56* 52.81 ±2.09*
Tl/2 (h) 11.34 ±0.48 18.82 ±0.58* 16.80 ±0.40* 15.83 ±0.62*
MRT(h) 11.60 ±0.60 22.27 ±0.89* 19.50 ±0.48* 17.83 ±0.86*
Cl (mL/h) 2.67 ±0.04 1.42 ±0.03* 1.51 ±0.03* 1.70 ±0.07*

Values are represented as mean ±SD, n=3; *Significantly different from LTGS, P<0.05

Table 8.14: Pharmacokinetic parameters of brain for LTGS and LTG NPs formulations

Parameter
Formulation

LTGS LTG-NPs Tf-LTG-NPs Lf-LTG-NPs
Cmax (%A/g) 0.24 ±0.03 0.17 ±0.01 0.26 ±0.01* 0.29 ±0.01*
Tmax (h) 0.5 1.0 1.0 1.0
AUC (%A/g h) 1.26 ±0.01 2.34 ±0.03 4.32 ± 0.11* 6.37 ± 0.18*#

T,/2(h) 10.09 ±0.06 15.01 ± 0.54 18.10 ±0.80* 18.60 ±0.39*
MRT 10.67 ±0.22 19.31 ±0.41 23.26 ±1.11* 25.51 ±0.59*

Values are represented as mean +SD, n-3; *Significantly different from LTGS and LTG-NPs, P<0.05; 
*Significantly different from Tf-LTG-NPs, P<0.05

Table 8.15: Relative Targeting Ratio of LTG formulations

Comparison mode Formulations Ratio value
LTG-NPs/LTGS 1.12

Targeting with respect to 
drug solution

Tf-LTG-NPs/LTGS 2.14
Lf-LTG-NPs/LTGS 3.45

Targeting with respect to Tf-LTG-NPs / LTG-NPs 1.90
plain NPs Lf-LTG-NPs / LTG-NPs 3.07
Lf Conjugated NPs with 
respect to Tf conjugated NPs

Lf-LTG-NPs / Tf-LTG-NPs 1.61
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Table 8.16: AUC(o-,48) values of different organs for LTGS and LTG NPs formulations

Organ
Formulation

LTGS LTG-NPs Tf-LTG-NPs Lf-LTG-NPs

Liver 231.72 ± 13.45 132.83 + 6.48 157.33 ±7.11 193.93 + 8.34

Spleen 118.39 + 7.65 115.16 + 8.11 166.10 + 8.59 151.63 ±4.15

Kidney 121.58 ±4.78 74.50 + 5.34 90.48 + 5.28 104.97 + 6.21

Lungs 26.18 + 1.31 21.42 + 2.02 14.38+ 1.37 14.49+ 1.21

Heart 26.50 ±3.12 17.87+1.02 13.92 + 0.96 9.38 + 0.65

Stomach 0.34 + 0.05 — — —
Intestine 0.44 + 0.02 — — —

Values are represented as mean ±SD, n=3.

Figure 8.7 Gamma Scintigraphy image of mice after 2 h of iv administration of (A) TMDS 

(B) Tf-TMD-NPs (C) Lf-TMD-NPs.

The results of biodistribution for various radiolabeled formulations of TMD in different 

organs are shown in Table 8.1, 8.2, 8.3, 8.4 and Fig. 8.3. The %A/g versus time profile of 

TMDS and NPs in blood and brain, obtained after intravenous administration in mice is 

shown in Fig. 8.1 and 8.2 respectively while, pharmacokinetic parameters are recorded in 

Table 8.5 and 8.6 respectively. The results of biodistribution for various radiolabelled
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formulations of LTG in different organs are shown in Table 8,9, 8.10, 8.11, 8.12 and Figure 

8.6. The %A/g versus time profile of LTGS and NPs in blood and brain, obtained after 

intravenous administration in mice is shown in Fig. 8.4 and 8.5 respectively while, 

pharmacokinetic parameters are recorded in Table 8.13 and 8.14 respectively.

As observed from Fig. 8.1 and 8.4, concentration of TMDS, LTGS and NPs in blood declined 

rapidly after intravenous administration. TMD and LTG blood circulation time gets 

significantly enhanced after its incorporation in PLGA NPs. The plasma AUC Mean 

Residence Time (MRT), and T\a values shown by respective NPs are similar and 

significantly higher than TMD and LTG. The Tl/2 and MRT of TMD after incorporation in 

NPs improves more than two folds. Also, clearance (Cl) of NPs was significantly lesser than 

TMDS. Similarly, T|/2and MRT of LTG after incorporation in NPs improves by around 1.5 

and 1.6 folds respectively. Also, clearance (Cl) of NPs was significantly lesser than LTGS.

The finding shows extended residence time and lower blood clearance of drug from NPs. 

Better pharmacokinetic profile of NPs may be attributed to slow opsonisation from blood due 

to smaller size of NPs (<200 nm) (Moghimi SM et al„ 1993) and presence of PVA on the 

NPs surface providing hydrophilic covering around the particles. (Sahoo SK and Labhasetwar 

V, 2005). Nano-sized PLGA NPs have easy accessibility in the body and transported to 

different parts of body via systemic circulation, while hydrophilic surface of PVA provide 

prolonged circulation time for tissue distribution. The internalisation of unconjugated NPs 

occurs probably by non-specific process.

The distribution of drug in brain is key focus of the present study. Fig. 8.2 shows the brain 

distribution of TMDS, TMD-NPs, Tf-TMD-NPs and Lf-TMD-NPs. Fig. 8.5 shows the brain 

distribution of LTGS, LTG-NPs, Tf-LTG-NPs and Lf-LTG-NPs. It is evident from figures 

that the conjugated and unconjugated NPs demonstrated higher brain deposition than TMDS 

and LTGS. The overall brain uptake demonstrated by AUC (o—48) for TMD and LTG 

formulations are recorded in Table 8.6 and 8.14. The AUC (o-*48> brain for Tf-TMD-NPs and 

Lf-TMD-NPs was found to be 5.90 folds and 8.88 folds higher than TMDS after intravenous 

administration. Similarly, The AUC <o_48> brain for Tf-LTG-NPs and Lf-LTG-NPs were 

found to be 3.43 folds and 5.05 folds higher than LTGS after intravenous administration.

Higher brain concentrations of NPs can be attributed to prolonged systemic circulation and 

superior brain transport. Tia and MRT, indicative parameters for the retention of the drug 

delivery system in the brain revealed more than 2 folds higher values for conjugated TMD

230



NPs against TMDS. Similarly, T1/2 and MRT of conjugated LTG NPs in the brain revealed 

more than 1.8 folds higher values than LTGS.

The AUC (o—>4g) brain/AUC (0^4s} blood for TMDS, TMD-NPs, Tf-TMD-NPs and Lf-TMD- 

NPs were found to be 0.0233, 0.0266, 0.0633 and 0.1025 respectively. The relative targeting 

ratio for TMDS and different NPs are recorded in Table 8.7. TMD-NPs show marginally 

higher targeting than TMDS. Tf-TMD-NPs and Lf-TMD NPs were found to have 2.72 and 

4.40 folds higher brain targeting than TMDS and, 2.38 and 3.85 folds higher brain targeting 

than TMD-NPs. Thus, Tf and Lf ligand conjugation confer preferential uptake by brain 

endothelial cells and suggest enhanced brain transport. Moreover targeting achieved with Lf 

conjugation was 1.62 folds higher than Tf conjugation.

The AUC (o—>4g) brain/AUC (o->48) blood for LTGS, LTG-NPs, Tf-LTG-NPs and Lf-LTG-NPs 

were found to be 0.0350, 0.0393, 0.0747 and 0.1206 respectively. The relative targeting ratio 

for LTGS and different NPs are recorded in Table 8.15. LTG-NPs show marginally higher 

targeting than LTGS. Tf-LTG-NPs and Lf-LTG-NPs were found to have 2.14 and 3.45 folds 

higher brain targeting than LTGS and, 1.90 and 3.07 folds higher brain targeting than LTG- 

NPs. Thus, Tf and Lf ligand conjugation confer preferential uptake by brain endothelial cells 

and suggest enhanced brain transport. Moreover targeting achieved with Lf conjugation was 

1.61 folds higher than Tf conjugation.

The Tf and Lf conjugated NPs could have gained an access across the BBB through receptor 

mediated endocytosis/transcytosis on the membrane (Broadwell RD et al., 1996) The superior 

uptake of Lf conjugated NPs against Tf conjugated NPs could be primarily because of low 

circulating concentration of endogenous Lf, approximately 5 nM (Talukder MJ et al., 2003) 

against higher Kd for brain affinity, thereby avoiding the competitive uptake of endogenous 

Lf to Lf-conjugated NPs. The membrane preparations of mice brain have high affinity 

binding site with Kd of about 10.61 nM and the low affinity binding site is with a Kd of about 

2228 nM (Huang RQ et al., 2007).

Second, the relatively cationic nature of Lf imparts higher affinity towards the negatively 

charged cellular membranes. Third, Lf exhibit unidirectional transport across the BBB from 

the apical to the basolateral side, which leads to higher accumulation of Lf-conjugated drug 

delivery system formulation in the neuron, compared to Tf counterpart. (Changa J et al., 

2009; Broadwell RD et al., 1996) It was demonstrated that Lf receptors exhibited at least two 

classes of binding sites, with high or low affinity to Lf, in the BBB and brain tissues (Huang 

RQ et al., 2010). One of the published report showed that exogenous gene expression of Lf-
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modified NPs in brains was about 2.3 folds higher than that of Tf-modified NPs (Huang RQ 

et al., 2008).

The major amount of injected dose was distributed to organs of the RES, such as liver, 

spleen, and lung. The AUC(0->48) values of different organs for TMD and LTG formulations 

are shown in Table 8.8 and 8.16 respectively. TMDS, LTGS and NPs exhibited significant

hepatic and spleenic uptake. The hepatic accumulations ascertained by AUQo..48) indicate

1.51 and 1.18 folds higher deposition for TMDS than Tf-TMD-NPs and Lf-TMD-NPs 

respectively. Similarly, the hepatic accumulations of LTGS demonstrated 1.47 and 1.19 folds 

higher deposition than Tf-LTG-NPs and Lf-LTG-NPs respectively.

In liver, the major reason for distribution could be opsonisation and filtration barrier formed 

by splenic and hepatic cord. Small sterically stabilized particles can distribute mainly to the 

parenchymal cells of the liver after intravenous administration. (Stolnik S et al., 2001). The 

low accumulation of unconjugated NPs (TMD-NPs and LTG-NPs) compared to drug solution 

(TMDS and LTGS) may be due to the hydrophilicity associated with the surface of NPs, as 

mentioned earlier (Litzinger DC et al., 1994) and higher accumulation of ligand conjugated 

NPs against unconjugated NPs could be because of presence of Tf (Kawabata H et al., 2001) 

and Lf receptors in liver (Fillebeen C et al., 1999).

The AUC(o—>48) as shown in Table 8.8 and Table 8.16 displayed significant spleenic uptakes 

of TMDS, LTGS and NPs, however Lf and Tf conjugated NPs revealed higher spleen 

deposition than their respective drug solutions. The Tf conjugated NPs displayed slightly 

higher accumulation than their Lf counterpart possibly because of modest presence of LfR 

against TfR. The phagocytes present in the red pulp of spleen engulf and remove the NPs 

from systemic circulation. (Litzinger DC et al., 1994) The radioactivity measured indicates 

higher accumulation of TMDS and LTGS in the lungs than NPs formulation. The conjugated 

NPs of TMD and LTG shows approx. 1.7 folds lower AUQo-*^) values (Table 8.8) than 

TMDS and LTGS respectively for lung. Also the values of radioactivity distribution in heart 

indicate significantly higher values for TMDS and LTGS than the NPs at all time points. In 

case of kidney, conjugated NPs demonstrated relatively higher deposition than unconjugated 

NPs and drug solutions. The moderately higher uptake of conjugated NPs was in agreement 

with higher uptake observed for Lf distribution in mouse (Huang RQ et al., 2007).

Receptor-mediated endocytosis/transcytosis was considered as the main mechanism of uptake 

of Lf by organs/cells. The biodistribution data of Tf conjugated NPs are in agreement with 

the earlier published reports that that mouse TfR are expressed in liver, spleen and kidney
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(Kawabata H et al., 2001; Fleming RE et al., 2000). Similarly LfR has been identified in 

many tissues, including monocytes, lymphocytes and liver (Suzuki YA and Lonnerdal B, 

2002). In addition, preferential uptake of Lf by liver paranchymal cells is well reported (Ziere 

GJ et al., 1992; Debanne MT et al., 1985). The expression of LfR in lymphocyte, monocytes 

and liver is in accordance with the high accumulation of Lf conjugated NPs in spleen and 

liver observed in the present study.

To ascertain the organ deposition following intravenous administration of TMDS and 99mrc 
TMD loaded NPs, gamma scintigraphy was performed and scintigrams after 2 h post 

intravenous injection are shown in Fig. 8.7. The major radioactivity deposition was seen in 

liver and spleen for all TMD formulations, in confirmation to the Tissue /Organ distribution 

studies.
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8.3.2 Pharmacokinetics and Biodistribution studies of Microemuision and 

Nanoemulsion

The radiolabeled complexes of TSjn, TME and TNE were evaluated for biodistribution in 

healthy swiss mice for 24 h after intravenous administration. The results of biodistribution for 

various radiolabelled complexed formulations are tabulated in Table 8.17, 8.18 and 8.19. The 

radiolabeled complexes of LS;n, LME and LNE were evaluated for biodistribution in healthy 

swiss mice for 48 h after intravenous administration. The results of biodistribution for various 

radiolabelled complexed formulations are tabulated in Table 8.23, 8.24 and 8.25.

Table 8.17: Tissue / Organ distribution of "mTC labelled TSin

Organ/
Tissue

%A/g
0.5h lh 2h 4h 8h 24h

Blood* 0.12 + 0.02 0.23 + 0.04 0,16 + 0.02 0.11+0.001 0.05 ± 0.002 0.01 ± 0.001
Brain 0.07 + 0.01 0.05 + 0.001 0.04 ±0.001 0.03 + 0.001 0.02 + 0.001 ND
Liver 0.61 ± 0.05 0.78 ±0.10 0.67 ±0.06 0.48 ± 0.04 0.17 ±0.02 0.02 ± 0.001
Spleen 0.26 + 0.03 0.36 + 0.02 0.32 ± 0.02 0.17 ±0.01 0.09 ±0.01 0.01 + 0.001
Kidney 0.11+0.01 0.17 + 0.01 0.14 ± 0.02 0.11 ±0.01 0.09 + 0.01 0.01 ± 0.001
Lungs 0.14 + 0.01 0.17 + 0.02 0.13 ±0.01 0.09 ± 0.01 0.03 ±0.001 ND
Stomach 0.31+0.02 0.28 + 0.03 0.21+0.02 0.13 ±0.01 0.04 ± 0.001 0.01 ± 0.001
Intestine 0.04 + 0.01 0.13 + 0.01 0.20 ± 0.02 0.14 ±0.01 0.09 ± 0.01 0.01 ± 0.001

Values are represented as mean ±SD, n=3; *0.17h time point for blood was not tabulated
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Table 8.18: Tissue / Organ distribution of "mTC labelled TME

Organ/
Tissue

%A/g
0.5h lh 2h 4h 8h 24h

Blood* 0.13 + 0.02 0.26 ± 0.02 0.17 ±0.01 0.12 ±0.01 0.07 ±0.01 0.01 ± 0.001
Brain 0.36 ± 0.02 0.34 ± 0.03 0.22 ± 0.02 0.12 ±0.01 0.07 ± 0.001 0.02 ±0.001
Liver 0.81+0.07 1.11 ±0.06 0.96 ± 0.08 0.67 ± 0.05 0.27 ± 0.02 0.03 ±0.002
Spleen 0.35 + 0.04 0.54 ± 0.03 0.43 ± 0.05 0.28 ± 0.02 0.18 ±0.01 0.01 ± 0.001
Kidney 0.19 ±0.02 0.27 ± 0.03 0.20 ± 0.01 0.14 ±0.01 0.10 ±0.01 0.01 ± 0.001
Lungs 0.14 ±0.01 0.19 ±0.02 0.16 ±0.01 0.13 ±0.01 0.04 ± 0.002 0.05 ±0.004
Stomach 0.28 ± 0.03 0.22 ± 0.02 0.16 ±0.01 0.09 ± 0.01 0.04 ± 0.001 ND
Intestine 0.02 ±0.001 0.09 ±0.01 0.16 ±0.01 0.09 ± 0.01 0.05 ± 0.003 0.01 ± 0.001

Values are represented as mean ± SD, n=3. ND-Not Detected; *0.17h time point for blood was not tabulated

Table 8.19: Tissue / Organ distribution of "mTC labelled TNE

Organ/ %Alg

Tissue 0.5h lh 2h 4h 8h 24h
Blood* 0.12 ±0.01 0.23 ± 0.02 0.15 ±0.02 0.12 ±0.01 0.07 ±0.01 0.01 ±0.001
Brain 0.32 ±0.02 0.29 ±0.01 0.20 ± 0.01 0.12 ±0.01 0.06 ± 0.004 0.01 ± 0.001
Liver 0.73 ± 0.06 1.01 ±0.08 0.88 ± 0.07 0.59 ± 0.02 0.22 ±0.02 0.03 ±0,002
Spleen 0.33 ±0.02 0.45 ±0.06 0.39 ± 0.02 0.22 ±0.03 0.16 ±0.01 0.01 ± 0.001
Kidney 0.17 ±0.02 0.22 ± 0.01 0.20 ± 0.02 0.12 ±0.01 0.09 ± 0.01 0.01 ± 0.001
Lungs 0.13 ±0.01 0.19 ±0.02 0.14 ±0.01 0.12 ±0.01 0.04 ± 0.002 0.01 ± 0.001
Stomach 0.28 ± 0.03 0.22 ± 0.02 0.16 ±0.01 0.09 ± 0.01 0.04 ± 0.002 ND
Intestine 0.03 ± 0.002 0.09 ± 0.01 0.17 ±0.02 0.10 ±0.01 0.06 ± 0.003 0.01 ± 0.001

Values are represented as mean ± SD, n—3; *0.17h time point for blood was not tabulated
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Figure 8.8 Pharmacokinetic profiles of "mTc labelled TS. TME and TNE in blood

Figure 8.9 Distribution of "mTc labelled TS, TME and TNE in brain

Brain
■ TS

Time (h)
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Figure 8.10 Distribution of "mTc labelled TS, TME and TNE in (A) Liver (B) Spleen (C) 

Kidney (D) Lung (E) Stomach (F) Intestine

A Liver B Spleen

C Kidney

E Stomach

D Lung
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Table 8.20: Pharmacokinetic parameters of blood and brain for TSiV, TSj„, TME and TNE

Parameter Organ TSiv TSjn TME- TNE

Cmax (%A/g)
Blood
Brain

7.16 + 0.40
0.07 ± 0.01

0.23 + 0.04
. 0.07 + 0.01*

0.26 ± 0.02
0.36 ± 0.02

0.23 ± 0.02
0.32 ±0.01*

Tmax (h)
Blood 0.17 1.0 1.0 1.0
Brain 0.5 0.5 0.5 0.5

AUC (0—48) Blood 25.10+1.14 1.38 + 0.07 1.66 ±0.05* 1.48 ±0.04
(%A/g h) Brain 0.57 + 0.02 0.43 ±0.02 1.90 ±0.04* 1.73 ±0.04*

Tl/2 (h)
Blood 5.64 ±0.23 5.20 ±0.28 5.56 ± 0.28 5.46 ±0.44
Brain 6.62 + 0.53 5.57 ±0.19 6.91 ±0.22 6.59 ±0.10

MRT (h)
Blood 6.47 + 0.30 6.46 ± 0.05 7.04 ± 0.37 7.09 ±0.51
Brain 8.58 ± 0.65 8.24 ± 0.14 7.82 ±0.49 7.57 ± 0.24

% Nasal Blood — 5.50 6.61 5.90
bioavailability Brain — 74.74 333.33* 303.51*

Values are represented as mean ± SD, n=3; * significantly different from TS,n, P<0.05

Table 8.21 Brain targeting efficiency and direct nose to brain transport percentage following 
i.n. administration of "mTc labelled TSiv, TSin, TS, TME and TNE

Formulation
Brain targeting 

efficiency (DTE (%))
Direct nose to brain transport 

percentage (DTP (%))

TSiv 2.27 --
TSin 31.16 92.71
TME 114.46* 98.02
TNE 116.89* 98.06

*.Significantly different from TSiv> and TSint P<0.05.
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Table 8.22: AUQo^s) values of different organs for TSiv, TSin, TME, and TNE

Organ
Formulation

TSiv TSin TME TNE

Liver 248.42 ± 10.59 5.20 ± 0.61 7.55 ± 0.32 6.69 ± 0.41

Spleen 114.14 ±5.24 2.33 ±0.12 3.93 ± 0.41 3.46 ± 0.24

Kidney 65.81+2.66 1.67 ± 0.09 2.12 ±0.16 1.90 ±0.13

Lungs 31.19 + 1.64 1.04 ±0.11 1.28 ±0.06 1.16 ±0.08

Stomach 0.24 ±0.02 1.57 ±0.07 0.95 ±0.08 1.24 ±0.04

Intestine 0.31 ±0.04 1.85 ±0.14 1.20 ±0.06 1.28 ±0.10

Values are represented as mean ± SD, n-3.

Table 8.23: Tissue / Organ distribution of "mTC labelled LS;n

Organ/
Tissue

%A/g
0.5h Ih 2h 4h 8h 24h 48h

Blood* 0.12 + 0.01 0.18 ±0.02 0.13 + 0.01 0.11 ±0.001 0.07 ± 0.01 0.02 ±0.001 0.01 ±0.001
Brain 0.18 ±0.02 0.13 ±0.01 0.09 ±0.01 0.05 ±0.002 0.03 ±0.001 0.01 ±0.001 ND
Liver 0.78 + 0.01 0.86 + 0.06 0.74 ±0.09 0.61 ±0.03 0.39 ±0.04 0.12 ±0.01 0.02 ±0.001
Spleen 0.27 + 0.02 0.38 ± 0.02 0.23 ± 0.02 0.16 ±0.01 0.10 ±0.01 0.02 ±0.001 ND
Kidney 0.09 ±0.01 0.15 ±0.01 0.13 ±0.01 0.11 ±0.01 0.08 ±0.01 0.02 ± 0.001 ND
Lungs 0.13 + 0.01 0.16 + 0.02 0.13 ±0.01 0.09 ±0.01 0.05 ±0.003 0.01 ±0.001 ND
Stomach 0.29 ±0.02 0.27 ± 0.03 0.21 ±0.01 0.14 ±0.01 0.06 ± 0.004 0.01 ±0.001 ND
Intestine 0.04 + 0.01 0.11 +0.02 0.17 ±0.01 0.15 + 0.01 0.10 ±0.01 0.02 ±0.001 ND

Values are represented as mean +SD, n=3. ND-Not Detected; *0.17h time point for blood was not tabulated

Table 8.24: Tissue / Organ distribution of 99mTC labelled LME

Organ/ %A/g
Tissue 0.5h lh 2h 4h 8h 24h 48h
Blood* 0.14 ±0.01 0.22 ±0.03 0.15 ±0.01 0.13 + 0.01 0.07 ±0.01 0.02 ±0.001 0.01 ±0.001
Brain 0.32 ±0.01 0.30 ± 0.01 0.23 ± 0.01 0.16 ±0.01 0.09 ± 0.01 0.03 ±0.001 0.01 ± 0.001
Liver 1.27 ±0.15 1.36 + 0.09 1.13 ±0.12 0.96 ±0.13 0.70 ±0.02 0.20 ±0.02 0.03 ±0.002
Spleen 0.39 ±0.05 0.58 ±0.04 0.34 ±0.02 0.22 ± 0.02 0.15 ±0.01 0.03 ± 0.002 ND
Kidney 0.17 ±0.02 0.22 ±0.01 0.18 ±0.02 0.14 ±0.01 0.11 ±0.01 0.02 ±0.001 ND
Lungs 0.13 ±0.01 0.18 ±0.02 0.14 ±0.02 • 0.12 ±0.01 0.06 ±0.01 0.01 ±0.001 ND
Stomach 0.20 + 0.01 0.17 ±0.02 0.12 ±0.02 0.08 ±0.01 0.03 ±0.001 0.01 ±0.001 ND
Intestine 0.02 ± 0.001 0.08 ±0.01 0.14 ±0.02 0.10 ±0.01 0.06 ±0.01 0.01 ±0.001 ND

Values are represented as mean ±SD, n=3. ND-Not Detected; *0.17h time point for blood was not tabulated
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Table 8.25: Tissue / Organ distribution of "mTC labelled LNE

Organ/
Tissue

%A/g
0.5h lh 2h 4h 8h 24h 48h

Blood* 0.14 + 0.03 0.20 ±0.02 0.13 + 0.01 0.12 + 0.01 0.07 + 0.004 0.02 ±0.001 0.01 ±0.001
Brain 0.27 + 0.01 0.24 + 0.01 0.19 + 0.01 0.14 + 0.01 0.08 +0.01 0.02 ±0.001 0.01 ±0.001
Liver 0.98 + 0.06 1.11+0.07 0.90 + 0.10 0.78 + 0.11 0.54 + 0.02 0.14 ±0.01 0.02 ±0.001
Spleen 0.33+0.04 0.44 + 0.03 0.33+0.02 0.20 + 002 0.12 + 0.01 0.02 ±0.001 ND
Kidney 0.14 + 0.01 0.18 + 0.02 0.15 + 0.01 0.13 + 0.01 0.09 + 0.01 0.02 ±0.001 ND
Lungs 0.12 + 0.01 0.17 + 0.02 0.13+0.01 0.11+0.01 0.05 ±0.003 0.01 ±0.001 ND
Stomach 0.22 + 0.01 0.20 + 0.02 0.16 + 0.01 0.11+0.01 0.05 ±0.01 0.01 ±0.001 ND
Intestine 0.02 + 0.001 0.08 + 0.01 0.15+0.01 0.10 + 0.01 0.07 ±0.003 0.01 ±0.001 ND

Values are represented as mean ± SD, n=3. ND-Not Detected; *0.17h time point for blood was not tabulated
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Figure 8.11 Pharmacokinetic profiles of "mTc labelled LS, LME and LNE in blood

Figure 8.12 Distribution of WmTc labelled LS, LME and LNE in brain
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Figure 8.13 Distribution or '"Tc labelled LS, LME and LNE in various organs (A) Liver (B) 

Spleen (C) Kidney (D) Lung (E) Stomach (F) Intestine

Liver

Kidney

■ LME
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Table 8.26: Pharmacokinetic parameters of blood and brain for l.S,,. LSj„, LME, and LNE

Parameter Organ LS,V LS«„ LME LNE

Cmax (%A/g)
Blood 7.30 ± 0.25 0.18 ±0.02 0.22 ± 0.03 0.20 ± 0.02
Brain 0.24 ± 0.03 0.18 ±0.02 0.32 ±0.01 0.27 ±0.01

Tmax (h)
Blood 0.17 1.0 1.0 1.0
Brain 0.5 0.5 0.5 0.5

AUC (0—*48) Blood 36.03 ± 0.44 1.82 ±0.07 2.14 ±0.23 1.94 ±0.08
(%A/g h) Brain 1.23+0.02 1.05 ±0.02 2.74 ±0.14* 2.31 ±0.09*

Tl/2 (h)
Blood 11.34 ±0.48 11.02 ±0.14 11.57 ±0.66 11.04 ±0.22
Brain 9.91 ±0.23 10.08 ±0.25 10.04 ± 0.25 10.11 ±0.65

MRT (h)
Blood 11.60 ±0.60 13.29 ±0.77 13.33 ±0.88 13.28 ±0.89
Brain 11.78 ±0.44 11.48 ±0.30 11.34 ±0.30 11.52 ±0.56

% Nasal Blood - 5.05 5.94 5.38
bioavailability Brain — 85.37 222.76* 187.80*

Values are represented as mean ± SD, n-3; *Significantly different from LSin, P<0.05

Table 8.27 Brain targeting efficiency and Direct nose to brain transport percentage following 
i.n. administration of <WmTc labeled LSiv, LSin. LME and LNE

Formulation
Brain targeting 

efficiency (DTE (%))
Direct nose to brain transport 

percentage (DTP (%))

LSiv 3.41 -
LSjn 57.96 94.08
LME 128.04 £ 97.33
LNE 119.07 * 97.13

*Significantly different from LSh, and LSjn, P<0.05.

Table 8.28: AUC(o_*48) values of different organs for LSiv, LSin, LME and LNE

Formulation

Organ LSi¥ LSi„ LME LNE

Liver 230.20 ± 13.19 10.39 ± 0.98 17.57 ± 1.35 13.56 ±1.08

Spleen 114.81 ±7.43 2.33 ±0.15 3.87 ±0.26 3.36 ±0.21

Kidney 118.28 ±4.65 1.89 ±0.16 2.54 ±0.29 2.15 ±0.26

Lungs 26.08 ± 1.28 1.25 ±0.07 1.48 ±0.09 1.33 ±0.12

Stomach 0.35 ± 0.05 1.88 ±0.14 1.03 ±0.10 1.34 ±0.06

Intestine 0.45 ± 0.02 1.91 ±0.13 1.23 ±0.06 1.43 ±0.08

Values are represented as mean ± SD. n=3.
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Reports in the literature reveal that the drug uptake into the brain from the nasal mucosa 

mainly occurs via three different pathways (Ilium L, 2003; Yyas TK et al., 2005; Thome RG 

et al., 2004). One is the systemic pathway by which some of the drug is absorbed into the 

systemic circulation and subsequently reaches the brain by crossing BBB. The others are the 

olfactory pathway and the trigeminal neural pathway by which partly the drag travels directly 

from the nasal cavity to CSF and brain tissue. We can conclude that the amount of drug 

reaches in the brain tissue after nasal administration is attributed to tljese three pathways. 

Therefore, DTP (%) represents the percentage of drag directly transported to the brain via the 

olfactory pathway and the trigeminal neural pathway.

The pharmacokinetic parameters Cmax, Tmax, AUC(o->48), half life, MRT and nasal 

bioavailability were calculated and given in Table 8.20 and 8.26 for TMD and LTG 

formulations. Cmax and AUC(o-»48>of blood for TSjn are respectively more than 27 and 15 

folds lower than TSjV. However, brain concentration for TME and TNE was significantly 

higher. Similarly, Cmax and AUQ0-+48) of blood for LSjn are respectively more than 33 and 

16 folds lower than LS;V. However, brain concentration for LME and LNE was significantly 

higher. Drug transport from nose to brain, for all i.n formulations, as reflected by DTP values, 

was contributing more 90%. This is attributed to preferential nose to brain transport following 

nasal administration. The brain/blood ratios of drug at all time points were found to be higher 

following i.n. administration of the formulations than i.v. solution. This further confirms 

direct nose to brain transport (Ilium L, 2000; Lianli L et al., 2002).

AUC (0—>48) brain for TME and TNE increased by 2-3 folds as compared to their respective 

solutions after i.n. administration. The enhancement of AUC in brain followed by i.n. ME 

and NE are in congruence with the observations reported by Lianli L et a.l (2002) and Zhang 

et al. (2004) that microemulsion enhances the transport of drug across nasal mucosa. Tmax, 

values observed in brain for solutions, MEs and NEs of TMD and LTG was 0.5 h. It is 

indicative of rapid transport from nose to brain. Half life and MRT ofTSin, TME and TNE for 

both blood and brain are similar to that of TSiV. Similarly, half life and MRT of LS;n, LME 

and LNE for both blood arid brain are similar to that of LSiV.

Targeting efficiency of formulations is reflected by %DTE. As shown in Table 8.21, targeting 

achieved with TME and TNE was around 3.6 times higher than that of solution and 50 times 

higher than TSiv. As shown in Table 8.27, targeting of achieved with LME and LNE was 

around 2 times higher than that of solution and 37 times higher than LSiV, The higher 

concentration of drag in brain following i.n administration of TME, TNE, LME and LNE

Chapter 8: Pharmacokinetic and Biodistribution Studies
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demonstrates the suitability and capability of microemulsion as an effective delivery system 

across the nasal membrane (Lawrence MJ and Rees GD, 2000) and a larger extent of 

selective transport of drug from nose to brain. This is in agreement with published reported 

stating unique connection between the nose and brain and drug transport to brain 

circumventing the BBB after i.n. administration. (Behl CR et al., 1998; Ilium L, 2000) Nasal 

bioavailability of TME and TNE was 6 folds higher than TSjV while nasal bioavailability of 

LME and LNE was 2-3 folds higher than LSjn. Though ME system for TMD and LTG 

demonstrated higher targeting efficiency than their respective solution but difference was 

nonsignificant (P > 0.05).

The AUC(o^.48) values of different organs for TMD and LTG formulations are shown in Table 

8.22 and 8.28 respectively. Organ distribution data shows that only minor amount of ME and 

NE goes to liver, spleen, kidney and lungs compared to their respective solution administered 

intravenously. In case of stomach and kidney, AUQo—48) for ME and NE were higher than 

solution administered intravenously. This may be due to fraction of dose entered GI tract 

from nasal cavity after i.n. administration.

Chapter 8: Pharmacokinetic and Biodistribution Studies

8.4 Conclusion

TMD & LTG exhibited higher brain uptake after incorporation in PLGA nanoparticles as 

compared to solution. Nano-sized PLGA nanoparticles have easy accessibility in the body 

and transported to different parts of body via systemic circulation, while hydrophilic surface 

of PVA provide prolonged circulation time for tissue distribution. The internalisation of 

unconjugated nanoparticles occurs probably by non-specific process.

The Tf and Lf conjugated PLGA nanoparticles showed a promising targeted delivery to the 

brain. Significant improvement in brain uptake was observed following intravenous 

administration of conjugated nanoparticles compared to unconjugated nanoparticles due to 

receptor mediated intracellular endocytosis through Tf and Lf receptors present in the blood 

brain barrier, Functionalization of the NP with Lf was proved to be superior to Tf, for 

facilitating their translocation into the brain tissue after intravenous administration. Though 

Tf and Lf exhibit structural similarity and homology, the distribution of their respective 

receptors being different, it directs the difference in the tissue distribution of Tf and Lf 

conjugated PLGA nanoparticles. Primarily the low endogenous concentration and 

additionally, cationic charge and unidirectional transport as observed with Lf are supposed to 

be the major reason for enhanced uptake of Lf conjugated nanoparticles in brain when
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compared against Tf conjugated nanoparticles. The expression of LfR Varied among different 

animals, hence further, more animal studies followed by extensive toxicological evaluation 

are necessary to confirm the role of Lf conjugated nanoparticles for brain delivery.

Biodistribution studies revealed that intranasal administration of ME and NE of TMD and 

LTG ensures effective and rapid brain delivery executed by direct nose to brain transport. 

Higher DTP value confirms role of direct nasal-brain transport while higher DTE confirm 

role of ME and NE as delivery system for nose to brain transport. Though ME show higher 

transport but was not significantly different from NE. Direct transport of drugs to the brain 

may lead to the administration of lower doses, reduce the toxicity and, avoids systemic 

dilution effect and first pass metabolism.

It would be necessary to consider the anatomical differences between rats and human beings, 

the olfactory and respiratory epithelia of the rat are interspersed throughout the entire nasal 

mucosa, while in humans the olfactory epithelium is present only at the roof of the nasal 

cavity. It seems disadvantageous for the drug transport into CNS via the olfactory pathway 

when applied in human compared with rodents. To overcome this disadvantage, the retention 

time of the drug over the olfactory areas can be prolonged by using Viscous solutions or gels 

for nasal dosing; we can also use certain devices (e.g. insert a soft tube into the human nasal 

cavity to the olfactory areas) to apply the drag to the olfactory areas or let patients keep lying 

on their backs after i.n. administration.

The study conducted in rats clearly demonstrated effectiveness of intranasal delivery of 

tramadol and lamotrigine as antinociceptive agents. However, clinical data is needed to 

evaluate the risk vs. benefit ratio.
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