


6. Pharmacokinetic study

1 INTRODUCTION:

Reports from the literature indicated the usefulness of radiolabeling techniques
for pharmacokinetic and biodistribution studies. The radiolabeled formulations were
better traced out in the biological system for their fate rather than conventional tissue
extraction followed by instrumental analytical studies. Technetium-99m is a
radionuclide of choice because of its unique properties like visualization of coupled
complex in organs, sensitivity in detection even in extreme low levels in the organs.
6.2 MATERIALS:-

‘Stannous chloride dihydrate (SnCl.2H,O0) was purchased from Sigma
Chemical Co.(St. Louis, MO), sodium pertechnetate, separated from molybdenom-99
(99m) by solvent extraction method, was provided by Regional Center for
Radiopharmaceutical Division (Northern Region) Board of Radiation and Isotope
Technology (BRIT, Delhi, India)

Preparation and characterization of formulations:-

The formulations (solution S, microemulsion ME and mucoadhesive
microemulsion MME) of clobazam (CZ) and' clopidogrel bisulphate (CS) were
prepared as described in section 4.4 and characterized as described in section 4.5. The
formulations listed in the Table 5.5 & 5.6 and nasal gel of insulin like growth factor-1

were taken for the biodistribution study.

6.3 RADIOLABELING OF FORMULATIONS AND OPTIMIZATION:-

The formulations were radiolabeled using technetium-99m ™Tc) by direct-
labeling method (Eckelman et al 1995; Babbar et al 2000). Radiolabeled technetium
in sodium pertechnetate was reduced in the acidic medium in the presence of stannous
chloride.

For carrying out the radiolabelling of the formulations, the required volume of
formulation was treated with stannous chloride in 0.1Nhydrochloric acid and the pH
was adjusted with sodium bicarbonate solution. Sterile sodium per M-
pertechnetate (35 to 40 mCi/ml) was added with continuous mixing such that the
resultant solution has the required radioactivity for the animal studies. The mixture
was incubated at 30°C + 5°C for 10 minutes. The final required volume was made up

with 0.9 %w/v sterile sodium chloride solution.
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6. Pharmacokinetic study

Generally technetium is reduced in the presence of formulations, which enable
the formulations tagged with technetium. In certain case, the previously reduced
technetium is used for tagging of the formulations as like in the case of clopidogrel
bisulphate formulations.

The radiochemical purity of the formulations was detérmined using ascending
instant thin layer chromatography (TLC). Silica gel-coated fiberglass sheets (Gelman
Sciences Inc, Ann Arbor, MI) were used as statignary phase while dual solvent
systems consisting of acetone and pyridine: acetic acid: water (3:5:1.5 v/v) were used
as mobile phases (Saha1993, Saha 2005). Since the free technetium is having Ry value
of nearly 1 in acetone mobile phase, the ratio of radioactivity in the top 1/3™ to lower
2/3" of the ITLC plates were used as the index of the percentage labeled. The
contaminants redued/ hydrolysed (**™Tc) collectively were called as colloids which
‘were identified by their lower Ry values in pyridine: acetic acid: water (3:5:1.5 viv)
mobile phase.

The effect of incubation time, pH, and stannous chloride concentration on
labeling were studied to achieve optimum labeling of the formulations and were
tabulated. The in-vitro stability of radiolabeled formulations was evaluated in
0.9%w/v sodium chloride (normal saline) and mice serum by ascending ITLC (Garron
et al 1991).

To evaluate stability and bonding strength of the labeled complex, the radio
labeld formulations were challenged against various concentrations (1,2,3 and 4mM)
of Diethylene Triamine Penta acetic-acid (DTPA). Since 99mTc- DTPA complex
have higher Ry values in pyridine: acetic acid: water (3:5:1.5 v/v) mobile phase, where
the radiolabeled formulations retained at point of application. The effect of different
molar concentrations and percent transchelation on radiolabeled formulations was
tabulated. The optimized radiolabelled formulations were assessed for in vitro
stability in normal saline and in mice serum (Theobald 1990). Consequently, the

optimized stable radiolabeled formulations were used for in vivo studies.
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6.4 BIODISTRIBUTION STUDIES:

The Social Justice and Empowerment Committee, Ministry of Government of
W R N,

e

In@proved all animal experi'n_{ents were conducted for the purpose of control and

gy e

supervision on animals and experimfggg. Balb/c mice (aged 4 to 5 months), weighing
beﬁmaghwfor the study. Three mice for each formulation per
time point were used in the study. Radiolabeled complex of #MTe-formulations was
administered (10 pL) in each nostril. The mice were anaesthetiied using chloroform
inhalation from cholorform soaked cotton. Formulations were instilled into nostrils
with the help of micropipette (10 to100 L) attached with low-density polyethylene
(LDPE) tubing, having 0.1 mm internal diameter at the delivery site. Similarly, 100
pL of radiolabeled complex of ®mTe-solution was injected through tail vein of the
mice. The animals were killed humanely at different time intervals and the blood
collected using cardiac puncture. Subsequently, brain and other tissues (liver, spleen,
kidney, stomach and tail) were dissected, washed twice using normal saline, made
free from adhering tissue/fluid, and weighed. Radioactivity ' present in each
tissue/organ was measured using shielded well-type gamma scintillation counter.
Radiopharmaceutical uptake per gram in each tissue/organ was calculated as a

fraction of administered dose using equation:

counts in sample x 100

% Radioactivity /gm of tissue =
wt of sampie x total counts injected
The pharmacokinetic parameters, like Cpax, Tmax, AUC, brain /blood ratio in all time
points were calculated. The area under the % radio activity per gram of tissue vs. time
curve from zero to 24 hour (AUC) was calculated by standard trapezoidal rule.
Terminal elimination rate constant (f) for drug followihg intranasal and intravenous
administration was obtained by linear regression analysis of the terminal log-linear
portion of % radio activity per gram of tissue vs. time curve. The corresponding half
life of drug was calculated using the relationship 0.693 / B. The 0™ time concentration
followed by IV route was calculated by interpolation of terminal elimination curve to
the Y axis. The nasal bioavailability of the drugs from the formulations was calculated

using equation (Zhao Y 2007).
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AUCw
% Nasal bioavailability = ------en=cmemeamr x 100
AUCy
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 2004). Bréin targeting efficiency was calculated using
two equations mentioned below. Drug targeting efficiency (DTE %) represents time
average partitioning ratio.

| AUCiyain

DTE =
AUCbiood
Where, AUC indicates area under the curve.

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

B —-Bx
DTP% = x 100
B

Where,

Bx = (Bv/Pwv) XPiv

Bx = Brain AUC fraction contributed by systemic circulation through the blood—
brain-barrier (BBB) following intranasal administration.

Bry = AUC4_, 24 (brain) following intravenous administration.

Prv = AUC,_, 24 (blood) following intravenous administration.

Bn = AUC._,34 (brain) following intranasal administration.

Py = AUCq, 4 (blood) following intranasal administration.

AUC = Area under the curve.

6.5 GAMMA SCINTIGRAPHY IMAGING:-

The NewZealand rabbits (2.0 — 2.5 kg) were selected for the study. The
radiolabeled complex of solutions was injected through the ear vein of the rabbits.
Similarly, radiolabeled formulations *™Tc- S, ®™Tc- ME, *™Tc- MME, *™Te- IGF1
Gel were administered (50 pL) in each nostril (Eckelman 1995). The animals were
anaesthetized using diazepam subcutaneous injection prior to administration of
formulations. The animals were placed on board and images were captured using

single positron emission computerized tomography (SPECT, LC 75-005, Diacam,
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Siemens AG, Erlanger, Germany) gamma camera (Capala et al.1997; Babbar et al
2000). The scintigraphy images following intravenous and intranasal administration

of formulations were shown in Fig.6.1, Fig. 6.2. and Fig. 6.3

6.6. STATISTICAL ANALYSIS:-
All data are reported as mean + SD and the difference between the groups were

tested using Student’s t test at the level of P<(0.05.
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6.7 RESULTS

6.7.1 CLOBAZAM FORMULATIONS:

Table 6.1 Effect of quantity of SnCl; on radiolabeling of clobazam formulations

S.No. Amount of % Radiolabeled
Stannous Chloride
(pgm) CZ Solution CZME CZ MME

1. 200 81.62+1.08 86.29+1.53 87.64+24

2. 250 92.86 +2.41 .81.87+0.98 95.77+1.35

3. 300 9044 £ 1.32 7834+ 181 91.65+£26
Table 6.2 Invitro stability of labeled clobazam formulations
S. Time In saline In serum
No CZS CZ ME CZIMME CZS CZME CZMME
1. Y hr 92.86+241 8629+1.53 9577+135 91.18+135 9256+08 9736+24
2. 1hr 91424353 89.95+2.17 95.71+£120 9236+231 9435+1.1 9521413
3 Ziphr 90.75+2.62 92.17+1.18 9478157 9L11x141 9571+19 928+1.04
4, diphr 9001134 9167+2.11 9416203 9031+098 91.25+£2.1 93.62+£0.9
5 24hr  89.14+126 9087+198 91.84+168 8987+254 9045+14 91.81+1.1

Table 6.3 Effect of DTPA on radiolabeling of clobazam formulations

S.No. DTPA concentration % Transchelation
(mM)
CZ Solution CZME CZ MME
1. 1.0 1.25+0.29 1.18£0.26 1.36 + 0.81
2. 2.0 2.86+0.35 1.23+0.55 2.19+0.57
3. 3.0 3.44 +£0.34 2.26 +0.81 3.15+0.81
4. 4.0 3.29 +042 3.49 £ 0.63 3.0£0.14
Table 6.4 Radiolabelling summary of clobazam formulations
S.No. CZ Solution CZME CZ MME
L. Method Direct labeling Labeling  with Direct labeling
method reduced method
technetium
2. Amount of 250ugm 200pgm 250pgm
SnCh(4mg/ml)
3. pH/ colour of pH pH 6-7 / yellowish pH 6.5 -7 pH 8.5 /slightly
paper green - green
4, Incubation “Lhr Needs more time, ‘2 hr
duration nearly an hour
5. Labelling 92.86 +2.41 89.95+2.17 95.77+1.35
efficiency (%) '
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6. Pharmacokinetic study

6.7.2 CLOPIDOGREL BISULPHATE FORMULATIONS _
Table 6.12 Effect of quantity of SnCl, on radielabeling of clopidogrel bisulphate

formulations
S.No. Amount of Stannous % Radiolabeled
Chloride (ugm)
CS Solution CSME CS MME
1. 100 75.25+1.21 90.18 £ 1.17 87.36x1.14
. 200 88.86 +2.35 95.23 +0.95 93.79 + 1.87
3. 300 85.44 +1.34 87.26 +£2.07 90.25 +£1.81
Table 6.13 In vitro stability of labeled complex (%) of clopldogrel bisulphate
- formulations
S. Time In saline In serum
No CSS CS ME CSMME CSS CSME CSMME
1. Y% hr 868625 952309 937918 911813 923608 925+04
2. 1% 9776+1.1 967521 9576%15 9625+15 9421+19 91.81+0.8
hr -
3. 3hr 9578 +1.5 95.79+08 953714 9627+14 9521.+£12 9235412
4, Shr 9406+ 0.9 9427+27 9478+18 9264420 9137+13 93.11+1.8
s. 24hr  9255+3.1 901618 930821 8829+1.1 90.17+04 9085+ 0.6
Table 6.14 Effect of DTPA on radiolabeling of clopidogrel bisulphate
formulations
S.No. DTPA % Radiolabeled
concentration
(mM) CS Solution CSME CS MME
1. 1.0 0.95+0.14 1.03+£0.21 1.06 £0.32
2. 2.0 1.98 £ 0.65 1.58+0.23 2.01+0.17
3. 3.0 2.56 +0.31 2.18+0.72 2.15+0.09
4. 4.0 23 £0.22 249+ 0.62 2.5+£0.19

Table 6.15 Radiolabelling summary of clopidogrel bisulphate formulations

S.Noe. CS Solution CSME CS MME

1. Method Reduced method Reduced method  Reduced method

2.. Amount of SnCl, 200pgm 200pgm 200pgm
(4mg/ml)

3. pH/ colour of pH pH6-7 pH 6.5 pH 6.5

' paper

4, Incubation Needs more time, % hr Y% hr
duration nearly an hour

5. Labelling 97.76 + 1.05 95.23 +£0.95 93.79 +1.87
efficiency (%)
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6. Pharmacokinetic xftfZly;,i t

»/«i »

pn

6.7.3 INSULIN LIKE GROWTH FACTOR-1 FORMULATIONS

Table 6.23 Effect of quantity of SnCU on radiolabeling of insulin IiAﬁrowth
factorl

S.No. Amount of Stannous Chloride IGF 1 Solution
(Pgm)
100 95.49 +2.18
. 200 82.65 +2.1
i 300 90.69 + 1.52

Table 6.24 Effect of pH on radiolabeling of insulin like growth factorl

S.No. pH IGF 1 Solution
1 7 89.73 £2.17
2. 5 78.10 = 2.34
3. 6.2-6.5 92.07 + 1.56
4, 7.5 19.49 +2.35

Table 6.25 In vitro stability of labeled complex (%) of Insulin like growth factor 1

S. Time (hour) In saline In serum

No  Solution  Gel Solution Gel Solution Gel

1. ! hr 12 hr 92.48 + 1.3 90.21 +1.2 9421 +1.98 88.29 + 1.87
2. 112 hr 1 hr 99.52 +2.3 9322+ 1.0 96.27 +1.37 93.86 +2.35
3. 212 hr 2 hr 99.0 + 1.5 91.24+ 11 9527 +27 92.35% 1.37
4, 312 hr 3 hr 98.17 +0.89  91.82 + 0.98 95.84 +1.68 91.01 +0.98
5. 44172 hr 4 hr 95.36 +0.87  90.41 2.0 92.79 +0.78 89.9+ 1.25
6. 24 23,2hr 9111 + 124 8725+ 1.4 86.75 +2.62 88.26 +0.93

Table 6.26 Effect of DTPAonN radiolabeling of IGF-Iformulations

S.No.

S.No.

1.

2
3.
4.
5

W N -

4.

DTPA
concentration
(mM) IGF-1 Solution
1.0 0.5 +0.2
2.0 2.11 +0.5
3.0 243 +0.4
4.0 248 +0.2

Method

Amount of SnCh (1 Omg/ml)
pH/colour of pH paper
Incubation duration

Labelling efficiency (%)

201

% Radiolabeled

IGF-1 gel

0.93
2.81

+0.1
+0.3

311 0.4
2.37 0.5

Table 6.27 Radiolabelling summary of Insulin like growth factor 1 formulations

IGF 1 Solution IGF 1 Gel
Direct method

I00Opgm

pH 6.2-6.5

14 hr *2 hr

92.48 + 1.3 90.21 +1.2
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6. Pharmacokinetic study

6.8 DISCUSSION
6.8.1 CLOBAZAM:

Clobazam formulations (CZS, CZME, CZMME) were radiolabeled by direct
labeling method. The radiolabeling was optimized by taking three factors in
consideration, amount of stannous chloride, incubation time/ invitro stability of the
radiolabeled complex and pH. The pH was adjusted ranging from 6 -8.5 and the -
amount of stannous chloride for optimum labeling (Theobald 1990; Saha 1993 &
Saha 2005) was studied and the results were shown in Table 6.1. The stability studies
of *™T¢-CZS/CZME/CZMME were carried out in vitro using normal saline and mice
serum by ascending ITLC (Garron et al 1991). The stability of the c_omplexes for
24hours was assessed and the results were shown in Table 6.2. The bonding strength
of ®™T¢-CZS/CZME/CZMME was assessed by DTPA (Diethylene triamine penta
acetic acid) challenging test (Babbar et al 2000; Saha 2005). The effect of different
molar concentrations of DTPA on *"Tc¢-CZS/CZME/CZMME and percent
transchelation were studied and given in Table 6.3. The clobazam formulations were
labeled successfully and their radio chemical purity/ labeling efficiency were found to
be more than 90%. The radiolabeled *™Tc-CZS/CZME/CZMME complexes were
found to be stable in normal saline and mice serum only with 10% degradation over
24 hours. The percent transchelation of *"T¢-CZS/CZME/CZMME were found to be
less than 4% with 4mM DTPA. :

Biodistribution of *™Tc-CZS following i.v. and *™T¢-CZS/CZME/CZMME
following i.n. administration in Balb/c mice were performed and the radioactivity was
estimated at predetermined time intervals up to 24hours. The results obtained are
recorded in Table 6.5-6.8. The brain/blood ratio of drug at all time points for different
formulations were calculated and recorded in Table 6.9. The biodistribution of
clobazam in blood and brain following iv of **Tc-CZS and in. of *™Te-
CZS/CZME/CZMME were shown in Graph 6.1. The pharmacokinetic parameters
Cmaxs Tmax, AUC, terminal elimination rate constant, half life and nasal bioavailability
were calculated using standard pharmacokinetic principles and given in Table 6.10.
Lower Ty values were observed for i.n. CZME and CZMME. This may be attributed
by 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
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6. Pharmacokinetic study

of the formulations than i.v solution. This further confirms direct nose to brain
transport (Illum 2000; Lianli et al 2002). The higher Ty,ax and lower C,ya of clobazam
in brain following i.n. CZS can be better explained by the rapid nasal ciliary clearance
of the solution from the site of administration and high lipophilicity of the drug that
renders more bioavailable in brain by iv route of administration. The higher
concentration of clobazam in brain following in administration of CZME and
CZMME demonstrates the suitability/ capability of microemulsion as an effective
delivery system across the nasal membrane (Lawrence and Rees 2000) and a larger
extent of selective transport of clobazam from nose to brain. This is in agreement with
many scientists who believe in this unique connection between the nose and brain and
drug transport to brain circumventing the BBB after i.n. administration (Illum 2000;
Lianli et al 2002; Vyas et al 2006a). The enhancement of AUC in brain followed by
in. CZME and CZMME are in congruence with the observations reported by Lianli et
al 2002 and Zhang et al 2004 that microemulsion enhances the transport of drug
across nasal mucosa. CZMME was shéwn to have significantly higher Cpax and AUC
of CZMME demonstrated the importance of the mucoadhesive agent in prolonging
the contact time of the formulation with the nasal mucosa and thereby enhancing rate
and extent of absorption of drug (Ugwoke et al 2001; Luessen et al 1995). The nasal
bioavailability of clobazam in brain following in. of *™T¢c-CZS /CZME / CZMME
was 51.62 %, 158.93 % and 196.32 % respectively. The brain targeting efficiency of
CZ formulations were calculated by the indices %DTE (Drug targeting efficiency)
and %DTP (Direct nose-to-brain transport) and recorded in Table 6.11. Among all the
three nasally administered formulations, CZMME showed highest %DTE and %DTP
values followed by CZME and CZS. These findings demonstrated the mucoadhesive
microemulsion has higher brain targeting efficiency by the virtue of bioadhesion and
lipophilicity of the delivery system (Vyas et al 2005 and 2006).

Gamma scintigraphy imaging of rabbits administered with i.v of *™Tc-CZS
and in. of ®™Tc-CZS/CZME/CZMME were performed in order to confirm drug
localization in brain. The gamma scintigraphy images of rabbits 30 min post i.v. and
in. administrations were shown in Figure 6.1. The presence of radioactivity in the
esophagus and GIT may be due to possible ingestion of formulation by the animal

while i.n. administration. Accumulation of radioactivity in the rabbit brain following
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6. Pharmacokinetic study

different formulations and route of administration was observed and found that
CZMME showed significantly high radioactivity in the brain. The scintigraphy

images were consistent with the findings of the biodistribution studies.

6.8.2 CLOPIDOGREL BISULPHATE:

Clopidogrel bisulphate formulations (CSS, CSME, CSMME) were
radiolabeled by direct labeling method with reduced technetium. The radiolabeling
wés optimized by taking three factors in consideration, amount of stannous chloride,
‘incubation time/ invitro stability of the radiolabeled complex and pH. The pH was
adjusted ranging from-6 - 7 and the amount of stannous chloride for optimum labeling
(Theobald 1990; Saha 1993 & Saha 2005) was studied and the results were shown in
Table 6.12. The stability studies of *™Tc-CSS/CSME/CSMME were carried out
invitro using normal saline and mice serum by ascending ITLC (Garron et al 1991).
The stability of the complexes for 24 hours was assessed and the results were shown
in Table 6.13. The bonding strength of ™ Tc-CSS/CSME/CSMME was assessed by
DTPA (Diethylene triamine penta acetic acid) challenging test (Babbar et al 2000;
Saha 2005). The effect of different molar concentrations of DTPA on *™Tc-
CSS/CSME/CSMME and percent transchelation were studied and given in Table
6.14. The clopidogrel bisulphate formulations were labeled successfully and their
radio chemical purity/ labeling efficiency were found to be more than 92%. The
radiolabeled *™Tc-CSS/CSME/CSMME complexes were found to be stable in
normal saline and mice serum only with 12% degradation over 24 hours. The percent
transchelation of *™Tc-CSS/CSME/CSMME were found to be less than 3% with
4mM DTPA.

Biodistribution of *™Tc-CSS following i.v. and *™Tc-CSS/CSME/CSMME
following i.n. administration in Balb/c mice were performed and the radioactivity was
estimated at predetermined time intervals up to 24hours. The results obtained are
recorded in Table 6.16 - 6.19. The brain/blood ratio of drug at all time points for
different formulations were calculated and recorded in Table 6.20. The biodistribution
of clopidogrel in blood and brain following i.v of ®™Tc-CSS and in. of *™Tec-
CSS/CSME /CSMME were shown in Graph 6.2. The pharmacokinetic parameters

Cnax Tmax, AUC, terminal elimination rate constant, half life and nasal bioavailabi‘lity
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6. Pharmacokinetic study

were calculated using standard pharmacokinetic principles and given in Table 6.21.
Lower Ty« values were observed for i.n. CSME and CSMME. This may be 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 (Illum 2000; Lianli et al 2002). The higher Tmax and lower Cpax of -

clopidogrel bisulphate in brain following i.n. CSS can be better explained by the rapid
nasal ciliary clearance of the solution from the site of administration and dissociation
of drug at nasal pH. The higher concentration of clopidogrel in brain following i.n
administration of CSME and CSMME demonstrates the suitability/ capability of
microemulsion as an effective delivery system across the nasal membrane (Lawrence
and Rees 2000) and a larger extent of seléctive transport of drug from nose to brain.
This is in agreement with many scientists who believe in this unique connection
between the nose and brain and drug transport to brain circumventing the BBB after
i.n. administration (Illum 2000; Lianli et al 2002; Vyas et al 2006a). The enhancement
of AUC in brain followed by in. CSME and CSMME are in congruence with the
observations reported by Lianli et al 2002 and Zhang et al 2004 that microemulsion
enhances the transport of drug across nasal mucosa. CSMME was shown to have
significantly higher Cpax and AUC of CSMME demonstrated the importance of the
mucoadhesive agent in prolonging the contact time of the formulation with the nasal
mucosa and thereby enhancing rate and extent of absorption of drug (Luessen et al
1995; Ugwoke et al 2001). The nasal bioavailability of clopidogrel in brain following
in. of ®™Tc-CSS /CSME / CSMME was 47.75%, 117.77% and 170.31%
respectively. The brain targeting efficiency of CS formulations were calculated by the
indices %DTE (Drug targeting efficiency) and %DTP (Direct nose-to-brain transport)
and recorded in Table 6.22. Among all the three nasally administered formulations,
CSMME showed highest %DTE and %DTP values followed by CSME and CSS.

These findings demonstrated the mucoadhesive microemulsion has higher bram
M

targeting_efficiency by the virtue of bxoadhes;on and lipophilicity of the dehvery
system system (Vyas et al 2005 and 2006).

—— e
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Gamma scintigraphy imaging of rabbits administered with i.v of *™Tc-CSS
and in.of *™Tc-CSS/CSME/CSMME were performed in order to confirm drug
localization in brain. The gamma scintigraphy images of rabbits 30 min post i.v. and
i.n. administrations were shown in Figure 6.2. The presence of radioactivity in the
esophagus and GIT may be due to possible ingestion of formulation by the animal
while i.n. administration. Accumulation of radioactivity in the rabbit brain following
different formulations and route of administration was observed and found that
CSMME showed significantly high radioactivity in the brain. The scintigraphy
_ e _scmtug )

images were consistent with the findings of the biodistribution studies.
6.8.3 INSULIN LIKE GROWTH FACTOR -1:

Insulin like growth factor -1 was radiolabeled by direct labeling method. The
radiolabeling was optimized by taking three factors in consideration, amount of
stannous chloride, incubation time/ invitro stability of the radiolabeled complex and
pH. The pH was adjusted ranging from 3 -7.5 and the amount of stannous chloride for
optimum labeling (Theobald 1990; Saha 1993 & Saha 2005) and pH was studied and
the results were shown in Table 6.23 and 6.24. Radiolabeled IGF-1 was incubated
with the gel and the stability of IGF1 in solution and gel was studied. The stability
studies of *™Tc-IGF1S/ IGF1G were carried out in vitro using normal saline and mice
serum by ascending ITLC (Garron et al 1991). The stability of the complexes for
24hours was assessed and the results were shown in Table 6.25. The bonding strength
of P Tc-IGF1S/ IGF1G was assessed by DTPA (Diethylene triamine penta acetic
acid) challenging test (Babbar et al 2000; Saha 2005). The effect of different molar
concentrations of DTPA on *™Tc-IGF1S/ IGF1G and percent transchelation were
studied and given in Table 6.26. The formulations were labeled successfully and their
radio chemical purity/ labeling efficiency were found tobe more than 90%. The
radiolabeled *™Tc- IGF1S/ IGF1G complexes were found tobe stable in normal saline
and mice serum only with 15% degradation over 24 hours. The percent transchelation
of ®™Tc- IGF1S/ IGF1G were found to be less than 3% with 4mM DTPA.

Biodistribution of *®™Tc-IGF1S following iv. and *™Tc¢- IGF1S/ IGF1G
following i.n. administration in Balb/c mice were performed and the radioactivity was

estimated at predetermined time intervals up to 24hours. The results obtained are
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recorded in Table 6.28-6.30. The brain/blood ratio of drug at all time points for
different formulations were calculated and recorded in Table 6.31. The biodistribution
of clobazam in blood and brain following i.v of *™Tc- IGF1S and in. of *™Tc-
IGF1S/ IGF1G were shown in Graph 6.3. The pharmacokinetic parameters Cpax,
Thmax» AUC, terminal elimination rate constant, half life and nasal bioavailability were
calculated using standard pharmacokinetic principles and given in Table 6.32.

The brain/blood ratios of drug at all time points were found tobe higher
following i.n. administration of the formulations than i.v solution. This confirms
direct nose to brain transport of IGF-1. (Xin-Feng Liu et al 2001a, 2001b, Throne et al
2004). The low bioavailability of IGF-I in brain following i.v. was due to the
limitation of IGF-1 to pass through BBB (Loddick‘ et al 1998). The lower Cpax of
IGF-1 solution can be better explained by the rapid nasal ciliary clearance of the
solution from the site of administration. The higher concentration of IGF-1 following
1.n administration of IGF1S / IGF1G demonstrates the effective delivery across the
nasal membrane (Xin-Feng Liu et al 2001a, 2004 and Abdolhossein
Rouholamini2004 ) and a larger extent of selective transport of drug from nose to
brain. This is in agreement with many scientists who believe in this unique connection
between the nose and brain and drug transport to brain circumventing the BBB after
in. administration (Ilum 2000; Lianli et al 2002; Vyas et al 2006a). The
enhancement of AUC in brain followed by i.n. of IGF1S / IGF1G is in congruence
with the observations reported by Xin-Feng Liu et al 2004 and Vig et al 2006. The
‘substantial increment in C,x and brain com;,entrations following IGF-1G
demonstrated the importance of the mucoadhesive agent in the delivery systetri. The
muco adhesive polymer carbopol and HPMC were shown to prolong the contact time
of the formulation with the nasal mucosa and thereby enhancing rate and extent of
absorption of drug (Luessen et al 1995; Ugwoke et al 2001). The nasal bioavailability
of IGF-1 in brain followirig i.n. of ®™Tc- IGF1S / IGF1G were 114.38% and 170.75
% respectively. The brain targeting efficiency of IGF-1 formulations were calculated
by the indices %DTE (Drug targeting efficiency) and %DTP (Direct nose-to-brain
transport) and recorded in Table 6.33. Among the solution and nasal gel, IGF-1 Gel
showed higher %DTE and %DTP values than IGF-1 solution. These findings
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demonstrated the mucoadhesive nasal gels are suitable delivery system for high
molecular weight candidate drugs like peptides.

Gamma scintigraphy imaging of rabbits administered with i.v of #mTc-1GF-1S
and inof *™Tc- IGF-18 /. IGF-1G were performed in order to confirm drug
localization in brain. The gamma scintigraphy images of rabbits 30 min post i.v. and
i.n. administrations were shown in Figure 6.3. The presence of radioactivity in the
esophagus and GIT may be due to possible ingestion of formulation by the animal
while i.n. administration. Accumulation of radioactivity in the rabbit brain following
different formulations and route of administration was observed and found that IGF-
1G showed significantly high radioactivity in the brain. The scintigraphy images were

consistent with the findings of the biodistribution studies.
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