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CHAPTER 4. PREFORMULATION STUDIES AND PRELIMINARY OPTIMIZATION

4.1 Introduction

Preformulation study is performed to investigate the physical and chemical characteristics of a
drug candidate alone and in combination with the excipients, which have to be used in
formulating a complete dosage form. Preformulation study is the learning phase about the drug
and excipients separately and combined. The principle behind preformulation studies is that it
can thwart the errors arising in the process of a new product development stages. Thorough
and adequate understanding of physicochemical properties of the drug and the excipients are
needed to be assessed for fabricating an ideal drug delivery system. The drug molecule
characterization is a critical step of preformulation study in the development of a formulation
[1].

A formulation scientist utilizes maximum data from preformulation testing which significantly
increases the ease of pharmaceutical product development. Adequate knowledge about the
physicochemical characters such as drug solubility, stability, permeability and drug-excipient
compatibility is a prerequisite for assessing the processing conditions and evaluation of final
developed formulation. Inadequate preformulation studies may risk the formulation to fail in
mid development stage. The data or information acquired from preformulation studies
contributes to a certain extent in product development and selection of proposed route of
administration [2]. Figure 4.1 shows the number of preformulation testings that can done for a

drug molecule.
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4.2 Materials and Equipment

4.2.1 Materials

Gemcitabine HCI (GCH) was obtained as a gift sample from Sun Pharmaceutical Industries
Ltd., Vadodara, India. Vinorelbine tartrate (VLB) was obtained as a gift sample from Cipla
Ltd. Mumbai, India. Cholesterol, Mannitol and Potassium oleate were purchased
from Sigma Aldrich (St. Louis, MO, USA). Soyabean Phosphatidylcholine (SPC) 95%
(PhospholiponVR 90 G), 1,2-Dimyristoyl-sn-glycero-3-phosphorylcholine  (DMPC),
Dipalmitoylphosphatidylcholine (DPPC) and 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine-N-[amino (polyethylene glycol)-2000] (DSPE-PEG 2000) were
obtained as gift sample from Lipoid GmbH (Ludwigshafen, Germany). Dichloromethane,
Methanol and Chloroform (A. R. grade) were purchased from S.D. Fine-chemicals limited
(Vadodara, India). Distilled water was prepared using in-house distillation assembly. 0.22u
membrane filter was purchased from Pall Life Sciences (Mumbai, India). All other reagents
were purchased from S.D. Fine-chemicals limited, Baroda, India and were of analytical reagent
grade.

4.2.2 Equipments

= Analytical Weighing Balance (ATX 224, Shimadzu, Japan)

= Vortex Mixer (Spinix-Vortex Shaker, Tarsons, India)

= Ultrasonic Bath Sonicator (Ultrasonics Selec, Vetra, Italy)

= Differential Scanning Calorimeter (DSC) (Shimadzu, Japan)

= Fourier-transform infrared (FTIR) spectrometer (Bruker, Germany)

= Rotary evaporator (IKA RV10, Karnataka, India)

= Particle Size Analyzer 3000 HS (Zeta Sizer Nano Series, Malvern Instruments, UK)

= UV-Visible spectrophotometer (UV-1800, Shimadzu, Japan)

= Probe Sonicator (LabsonicM, Sartorius Ltd, Mumbai, India)

= Cooling Centrifuge (Remi Equipment, Mumbai, India)

= Nikon H600L Microscope (Nikon, Japan)

4.3 Preformulation Study

4.3.1 Methods

Identification and authentication of GCH, VLB and the assessment of drug-excipient
compatibility was performed by following methods:

a) Organoleptic characters: Appearance, color and odor were determined by visual observation

and smelling of drugs.
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b) Melting point: Melting point of the drugs was determined using capillary tube method. A

capillary tube with one end sealed was filled with the drug. The capillary was tied to the
thermometer with the help of a thread. A Thiele tube was filled with liquid paraffin and the
thermometer was immersed in it. Arm of Thiele tube was heated using a burner and the
temperature range at which the drug starts to melt and when it gets completely melted were

noted.

c) Solubility: Solubility of both the drugs in various solvents was determined. Briefly, 1-2 mg

of drug was taken in pre-labeled test tubes and solvents like distilled water, methanol,
dichloromethane and chloroform added drop wise. Visual observation was done to confirm
whether the drug dissolves or leaves any sediments. Addition of solvent was continued upto

the volume when the drug completely dissolves.

d) FTIR Spectroscopy: Drug sample were mixed thoroughly with IR grade anhydrous

Potassium bromide in a ratio of 1:100. Pellets of this mixture were prepared using 10 metric
ton pressure in a hydraulic press. FTIR instrument (Bruker, Germany) was used to scan the
pellets over a range of 4000-400cm™. The obtained FTIR spectra was compared with the
reference spectra. Purity of drug sample was judged by differences in the principle peaks of

working standard and reference standard FTIR spectra.

e) DSC: 3-5 mg of drug was taken in an aluminum pan. Aluminum pan was sealed using an

f)

4.

T

aluminum lid by pressing with the help of a hydraulic press. Sealed aluminum pan was
placed in DSC instrument and thermograms were recorded over a temperature range of 30-
300°C.

Drug-Excipient Compatibility: Presence of any possible incompatibilities between drug and
excipient was also assessed. Drugs with different excipients to be used in formulation
(Mannitol, Cholesterol, Potassium oleate and SPC) were subjected to DSC and FTIR
studies. 1:1 ratio of drug:excipients was used for study. The obtained thermograms and

spectra were compared with standard data of pure drugs.

3.2 Results and Discussion
he purpose of preformulation study was to establish a pathway of formulation development

with maximizing the chances in formulating an acceptable delivery system.

4.

3.2.1 Results of preformulation study of GCH

a) Organoleptic characters: GCH is a white to off white powder, without any odor
b) Melting point: Melting point of GCH was found to be in the range of 269-274°C, which is

in close proximity to the reported value [3].
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c) Solubility: GCH was found to be freely soluble in water, where 1 mg drug required less than
1 m1 of water. Moreover, GCH was slightly soluble in organic solvent such as Methanol
and insoluble in Ethanol. Reported solubility of GCH in water is >10 mg/ml [4].

d) FTIR spectra of GCH is shown in Figure 4.2. Table 4.1 shows the principle functional
groups and their characteristic peaks. FTIR study confirms the drug was pure as it do not
showed any additional peak. The obtained FTIR spectra is in compliance with the reference
spectra of GCH [3, 5].
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Figure 4.2: FTIR Spectra of GCH.

Table 4.1: Principle functional groups and their characteristic peaks in GCH FTIR spectra.

Functional group

Characteristic peak (cm™) (Reference peak [6])

C=0 (Stretching)

1679.68 (1700-1725)

NH: (Stretching)

3393.54, 3115.74 (3300-3500)

NH (Bending)

1622.72 (1600)

Aliphatic C-H (Stretching)

2943.87, 2900.82, 2787.51 (2850-3000)

Aromatic C-H (Stretching)

3079.62 (3000-3100)

Aliphatic C-O (Stretching)

1119.70 (1050-1150)

e) DSC: The obtained DSC thermogram of GCH shown in Figure 4.3 depicts the presence of
a single endothermic peak at its melting point i.e.273.49°C. Single and sharp endothermic
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peak at GCH melting point shows that the drug was pure and authentic. The endotherm

matches with the melting point of GCH.
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Figure 4.3: DSC thermogram of GCH.

f) Drug-Excipient Compatibility: To rule out any incompatibility between drug and excipients
FTIR and DSC analysis were performed. Figure 4.2 and Table 4.1 shows the functional
groups and their characteristic peaks present in pure GCH. Whereas, Figure 4.4 and Table
4.2 showing FTIR spectra of physical mixture of excipients (Mannitol, Potassium oleate,
SPC and Cholesterol) with GCH indicate that the drug retained its principle peaks as shown
in Table 4.1. This revealed that there is no chemical interaction between the drug and

excipients.

FACULTY OF PHARMACY, THE MAHARAJA SAYAJIRAO UNIVERSITY OF BARODA 107



CHAPTER 4. PREFORMULATION STUDIES AND PRELIMINARY OPTIMIZATION

Transmittance [%)]
60 80 100

40

20

B&BK(QR
Q)

3397.10
3267.44
3116.27 ———
3083.22
2947.32
2902.14 —
278261 ——

3500 3000 2500

QODOOMT=NT DD N
DONODOD T
DOOANN-—+~0O0 O
rrrrrrrrrrrr

1569.74 ——
1539.37
1430.

0.

2

8.

5.

3.

5.

9.

2

1

0.

4

1

168219 ——
1622.72 —

2000
Wavenumber cm-1

Table 4.2: Principle functional groups and their characteristic peaks in physical mixture of

Figure 4.4: FTIR Spectra of physical mixture of GCH and excipients.

GCH and excipients FTIR spectra.

Functional group Characteristic peak (cm™)
C=0 (Stretching) 1682.19
NH; (Stretching) 3397.10, 3116.27
NH (Bending) 1622.72
Aliphatic C-H (Stretching) 2947.32, 2902.14, 2782.61
Aromatic C-H (Stretching) 3083.22
Aliphatic C-O (Stretching) 1121.04

Similarly, DSC of physical mixture of GCH and excipients showed that drug retained its
endothermic peak at its characteristic melting point i.e. 273.46°C (Figure 4.5). This indicates

that there was no incompatibility between drug and excipients.
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4.3.2.2 Results of preformulation study of VLB
a) Organoleptic characters: VLB is a yellow amorphous powder, without any odor.

b) Melting point: Melting point of VLB was found to be in the range of 218-223°C, which is

in close proximity to the reported value [7].
c) Solubility: VLB was found to be freely soluble in water, where 1 mg drug required less than

1 m1l of water. Also, it was freely soluble in Ethanol, Methanol and DMSO. Reported

aqueous solubility of VLB is >1,000 mg/ml [8].
d) FTIR spectraof VLB is shown in Figure 4.6. Table 4.3 shows the principle functional groups

and their characteristic peaks. FTIR study confirms the drug was pure as it do not showed

Figure 4.5: DSC thermogram of physical mixture of GCH and excipients.

any additional peak. The obtained FTIR spectra is in compliance with the reference spectra

of VLB [7].
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Figure 4.6: FTIR Spectra of VLB.

Table 4.3: Principle functional groups and their characteristic peaks in VLB FTIR spectra.

Functional group Characteristic peak (cm™) (Reference peak [6])
OH (Stretching) 3425.06 (3200-3600)

2° NH (Stretching) 3321.86 (3300-3500)

C=0 (Stretching) 1740.54 (1670-1820)

C=C (Stretching) 1618.24 (1400-1600)

e) DSC: DSC analysis of VLB shown in Figure 4.7 depicts that the drugs thermogram
exhibited a single exothermic peak at 221.08°C. Presence of single exothermic peak at
drug’s characteristic melting point suggests that the VLB was pure and authentic. The
exotherm matches with the melting point of VLB.
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Figure 4.7: DSC thermogram of VLB.

f) Drug-Excipient Compatibility: Any possible incompatibility between drug and excipient
(Mannitol, Potassium oleate, SPC and Cholesterol) was assessed by performing FTIR and
DSC. Physical mixture of VLB and excipients was subjected to FTIR analysis and the
resulting spectra shown in Figure 4.8 and Table 4.4 was compared with pure VLB spectra
(Figure 4.6 and Table 4.3). It was observed that the characteristic peaks of VLB were
retained in the spectra, indicating that there was no incompatibility between the drug and

excipients.
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Figure 4.8: FTIR Spectra of physical mixture of VLB and excipients.
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Table 4.4: Principle functional groups and their characteristic peaks in physical mixture of

VLB and excipients FTIR spectra.

Functional group Characteristic peak (cm™)
OH (Stretching) 3422.31

2° NH (Stretching) 3318.23

C=0 (Stretching) 1739.83

C=C (Stretching) 1621.34

Subsequently, DSC analysis of physical mixture of VLB and excipients was performed,
thermogram shown in Figure 4.9. It was found that drug retained its exothermic peak at

220.47°C. This showed that there was no incompatibility between drug and excipients.
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Figure 4.9: DSC thermogram of physical mixture of VLB and excipients.

4.4 Preliminary Optimization

Preliminary optimization was performed in order to identify the formulation and process
variables in the course of development of an acceptable drug loaded spherulites formulation.
Formulation variables assessed were screening of lipids, SPC concentration, cholesterol
concentration which are critical to formulate a good vesicle system. DSPE-PEG 2000
concentration to be added for PEGylation of spherulites was also optimized. Process
parameters chosen were type of homogenization assembly, homogenization time and speed,
extrusion cycle.

Initially blank (i.e. without drug) spherulites were prepared using a modified method [9].

Briefly, a lipid phase comprising of cholesterol, SPC and potassium oleate was taken in a round

FACULTY OF PHARMACY, THE MAHARAJA SAYAJIRAO UNIVERSITY OF BARODA

112



CHAPTER 4. PREFORMULATION STUDIES AND PRELIMINARY OPTIMIZATION

bottom flask (RBF) and 2-3ml of chloroform: methanol mixture (9:1 v/v) (as lipid phase had
maximum solubility in this solvent mixture) was added. The solvent was evaporated under
negative pressure using a rotary evaporator to obtain a thin lipid film adhered to the walls of
RBF. Aqueous phase comprising mannitol was added in the RBF and shaken vigorously to
hydrate the lipid film. The obtained lamellar phase was homogenized using a teflon probe and
glass cylinder followed by extrusion. PEGylated formulation was prepared by incorporation of
a PEGylating agent in the lipid phase and the rest of the method was kept same as described
above. The preliminary optimization of formulation and process parameters was carried out
step by step.

4.4.1 Preliminary Optimization of formulation variables

4.4.1.1 Screening of Lipids

Spherulites are mainly comprised of a phospholipid and cholesterol. Phospholipids are
amphiphillic in nature comprising of a polar head and lipophilic tail. They have the tendency
to form vesicular structure when hydrated with aqueous media. For developing spherulites
three commonly used phospholipids DMPC, DPPC and SPC were screened to choose a lipid
of choice. Maximum % Entrapment Efficiency (%EE) and minimum size of spherulites were

the criteria to choose a lipid amongst the screened lipids.

Table 4.5: Screening of lipids (Lipid:Cholesterol ratio kept constant as 1:0.5 M).

Concentration of | GCH loaded Spherulites VLB loaded Spherulites
Cholesterol
% EE Size (nm) % EE Size (nm)
DMPC 53.37+£1.54 323+2.23 65.29+1.97 282+1.49
DPPC 54.12+2.07 331+1.74 66.36+2.15 287+2.15
SPC 59.39+1.92 282+1.8 68.37+2.49 252+2.76

*Experiment was performed in triplicate (Data represents meanSD).

Table 4.5 shows the batches prepared using three lipids DMPC, DPPC and SPC. The results
indicate that SPC exhibited better %EE with minimum size of spherulites than DMPC and
DPPC. DMPC and DPPC both are semi synthetic lipids, whereas, SPC is a natural lipid which
is produced at low cost using less solvents and chemicals. Moreover, it is recommended by
regulatory authorities to use a natural phospholipid. Furthermore, SPC is cost effective when
compared with other two lipids [10], which makes it a choice of lipid for development of

spherulites formulation.
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4.4.1.2 SPC concentration

Amphiphilic phospholipids have the tendency to form vesicular structure when hydrated with
aqueous media. SPC was used to formulate spherulites. Various concentrations of SPC ranging
from 30-62% of total formulation was used in preliminary optimization. Results suggested that
spherulites were not able to form from concentration 30-46% as evidenced by observing the
dispersion under an optical microscope (Figure 4.10A) and by performing size analysis.
However, formulation batches containing SPC concentration from 48-62% were observed to
have a vesicular structures under an optical microscope (Figure 4.10B) and size analysis

confirmed the formation of spherulites.

Figure 4.10: Microscopic images of preliminary optimization batches of spherulites prepared
by varying concentration of SPC; A) 30-46%, B) 48-62%.

Optical microscopy in confirmation of spherulites formation provides helpful information as
the formed vesicles have multilamellar structure which gave them a birefringent property [11]
as observed in Figure 4.10B. Figure 4.10A shows no significant structure of spherulites, the
visible black particle is phospholipid mass unable to form a vesicular structure due to
insufficient concentration of lipid. This preliminary optimization for determining the optimum
SPC concentration range suggested that 48-62% was found to be useful for development of
drug loaded spherulites.

4.4.1.3 SPC:Cholesterol ratio

Cholesterol is well known for its rigidity imparting function in a vesicular system. It prevents
premature leaching of hydrophilic drug molecule from the vesicle. In the present investigation
cholesterol was used at 3 different levels i.e. 0.25, 0.5 and 1 M with the lipid i.e. SPC. Results
shown in Table 4.6 clearly indicated that use of 0.25 and 0.5 M of cholesterol in the formulation
resulted in less encapsulation. Whereas, 1:1 M ratio of cholesterol with SPC gave high % EE.

Moreover, it was evident that 1:1 M ratio between lipid and cholesterol is ideal to obtain a
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better vesicular system, as it imparts better stability to the formulation. Reason being,
cholesterol immobilizes the phospholipids hydrocarbon chains by occupying the half area of a
SPC molecule. This helps in stabilization of spherulites by inhibiting the leakage of
encapsulated hydrophilic molecule [12, 13].

Table 4.6: Different levels of cholesterol concentration in spherulites (SPC kept constant 1 M).

Concentration of | GCH loaded Spherulites VLB loaded Spherulites
Cholesterol (M)
% EE Size (nm) % EE Size (nm)
0.25 37.18+1.68 294+1.2 49.38+1.34 238+1.6
0.5 57.46+2.47 307+3.4 64.27+2.95 257+2.1
1 70.29+2.19 276+2.2 89.65+2.23 245+1.5

*Experiment was performed in triplicate (Data represents meanSD)

4.4.1.4 SPC:DSPE-PEG 2000 ratio (mol %)

PEGylated spherulites were also formulated in order to prolong the circulation time of the
vesicles in in vivo conditions by avoiding Reticuloendothelial System (RES) uptake. DSPE-
PEG 2000 was used as PEGylating agent. VVarious mol% ratios of SPC:DSPE-PEG 2000 were
used to optimize the PEGylating agents concentration in the formulation.

Table 4.7: Different levels of SPC:DSPE-PEG 2000 concentration in spherulites for
PEGylation.

Concentration of GCH loaded Spherulites VLB loaded Spherulites

DSPI(Er;]Zi%ZOOO % EE Size (nm) % EE Size (nm)
1 67.32+2.18 269+1.8 84.74+1.59 252+2.1
2 69.19+1.83 281+2.4 87.33+2.74 243+1.5
3 64.40+£1.57 294+1.9 82.61+2.15 268+2.4
4 62.07+2.64 309+2.7 79.46x2.07 276+1.9
5 59.52+2.37 324+1.9 75.27+£1.93 284+2.2

*Experiment was performed in triplicate (Data represents meanSD).

DSPE-PEG 2000 was incorporated in the spherulites lipid phase from 1-5 mol%. The results
shown in Table 4.7 clearly indicate that 2 mol% was found to be appropriate as spherulites
obtained exhibited highest entrapment and lower size as compared to other concentrations.
Moreover, incorporation of PEG beyond 2 mol% showed changes in morphology of
spherulites, where excessive concentration can result into disc shaped spherulites [14].
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4.4.2 Preliminary Optimization of process variables

4.4.2.1 Hydration time

Phospholipid hydration is an important step in preparation of Spherulites. The amphilipic lipid
used in this case SPC has the tendency to form vesicular structure in presence of water. Due to
its polar head and non-polar tail structure the polar head projects outwards i.e. towards water
and non-polar tail inwards. The sufficient time provided to the lipid film to hydrate makes the
downsizing process easier and improves the homogeneity of the size distribution. However,
insufficient hydration of lipid film results into low encapsulation of drug and uneven size
distribution of vesicles [15, 16]. Table 4.8 shows the spherulites prepared by different hydration
time.

Table 4.8: Effect of hydration time on %EE and size of spherulites.

Time (Hrs)

0 12 24

% EE Size (nm) % EE Size (nm) % EE Size (nm)

GCH quded 34.51+1.43 | 734.7£1.6 | 51.27+1.93 | 594.5+2.3 | 42.27+1.57 | 542.1+2.4
Spherulites

VLB loaded | 39.37+2.18 | 759.1+2.1 | 57.51+2.01 | 605.9+1.6 | 46.19+1.84 | 556.3+1.9

Spherulites

*Experiment was performed in triplicate (Data represents meanSD)

Table 4.8 shows the effect of hydration time of lipid phase on %EE and size of spherulites. It
was observed that lipid film with no hydration time exhibited low entrapment and high
vesicular size. Moreover, upon standing some settlement was observed in the batch with no
hydration time indicating self-aggregation of poorly hydrated lipid. Subsequently, 12 hour and
24 hour hydration time yielded spherulites with less %EE and high size. However, at 24 hours
entrapment decreased this could be due to over hydration of lipid film. Over hydrated lipid film
leach out the drug encapsulated within the vesicles [17].

4.4.2.2 Type of Homogenization assembly

Homogenization assembly was chosen by observing its effects on % entrapment efficiency and
spherulites size. Lipid film upon hydration was subjected to homogenization using a custom
fabricated assembly which consisted of a Teflon probe with a glass tube. A homogenization
assembly consists of two parts, a rotor and a stator, in this case teflon probe is a rotor and glass
tube is a stator. Two different type of glass tubes shown in Figure 4.11 were used one with

serrated inner surface and other with smooth inner surface.
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Table 4.9: Effect of Homogenization assembly.

H - GCH loaded Spherulites VLB loaded Spherulites
omogenization
assembly % EE Size (nm) % EE Size (nm)
Serrated inner | 709244219 234+2.1* 88.49+1.94 229+2 2%
surface
Smooth inner 69.47+1.76 265+3.4 85.25+2.37 250+2.7
surface

*Experiment was performed in triplicate (Data represents mean£SD) (Statistically analyzed
by t test;* p<0.0002 (t value = 13.43), * p<0.0005 (t value = 10.44)).

Results shown in Table 4.9 indicate that the homogenizer tube with serrated inner surface
showed significantly (for GCH loaded Spherulites p<0.0002 and for VLB loaded Spherulites
p<0.0002) lower size values as compared to other homogenizer with smooth inner surface.
However, there was not much difference in % entrapment efficiency using both the
homogenizers. Hydrated lipid phase is also regarded as lamellar phase. Homogenization in
other words means grinding of lamellar phase to control the size of spherulites. It was observed
that the serrated inner surface of the glass contributed positively in size reduction of vesicles.
Another purpose for using homogenization technique was to obtain vesicles with spherical
morphology [18]. Along with the inner surface of the glass tube, the clearance or gap between
the teflon probe and glass tube also affects the % entrapment efficiency and size of the
spherulites. For preliminary investigation conventional homogenizer tube with teflon probe
was used which had a gap of 1 mm. The gap between the glass tube and teflon probe is crucial
as it helps in maintaining the constant shear rate while homogenization of the lamellar phase.
This assembly grinds the lamellar phase in one direction at constant shear rate without

disrupting its structure [19, 20].
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Figure 4.11: Homogenizer tube; A) with smooth inner surface, B) with serrated inner surface

and C) Teflon probe.

4.4.2.3 Homogenization time and speed

Homogenization time and speed are two critical parameters to be monitored closely as they
directly affect the % entrapment efficiency and size of spherulites. Desirable % entrapment
was maximum and size of spherulites were needed in the range of 100-750 nm [21]. Various
batches were prepared with varying homogenization time and speed. Homogenization mean
shearing, where shearing is defined as the ratio between the velocity of the outer cylinder to
the gap size. Shearing of the lamellar phase was done at three levels i.e. 65, 100 and 150 mint
for a period of 15, 30 and 60 minutes (min.) (Table 4.10 and 4.11). Observation from these
preliminary trials suggested that 65 min™ of shear rate for 60 min. yielded spherulites with

desired size range and % entrapment efficiency.
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Table 4.10: Effect of Homogenization time and speed on %EE spherulites.

Shear rate
65 mint 100 min-t 150 min-t
%EE - - - - - -
Time (min) Time (min) Time (min)
15 30 60 15 30 60 15 30 60
GCH loaded

64.19 | 66.54 | 69.34 | 61.25 | 56.73 | 51.82 | 59.28 | 52.43 | 47.34
Spherulites | +1.37 | £1.41 | £1.73 | £2.34 | £2.18 | £1.57 | +2.49 | +2.21 | £1.84

VLB loaded | 79 06 | 8249 | 86.95 | 72.19 | 66.51 | 61.61 | 69.32 | 63.58 | 57.64
Spherulites | +2.03 | +1.49 | +1.87 | +1.96 | +2.76 | +2.05 | +157 | +1.34 | +1.76

*Experiment was performed in triplicate (Data represents meanSD).

Table 4.11: Effect of Homogenization time and speed on size (nm) of spherulites.

Shear rate
_ 65 min-t 100 mint 150 min!
Size (nm) i i : : i i
Time (min) Time (min) Time (min)
15 30 60 15 30 60 15 30 60
GCH loaded

284 267 254 261 243 227 252 234 | 213
Spherulites | *1.7 | #23 | 1.8 | 16 | *21 | *19 | *1.8 | +23 | £2.2

VLBloaded | 77 | 260 | 242 | 264 | 249 | 219 | 247 | 229 | 204
Spherulites | *2.4 | 27 | £19 | £21 | %16 | ¥23 | *14 | ¥14 | £2.1

*Experiment was performed in triplicate (Data represents meanSD).

Results shown in Table 4.10 and 4.11 suggests that effect of homogenization time and speed
affected both the parameters i.e. % EE and size of spherulites. Size of spherulites decreased as
the speed and time of homogenization increased which is desirable. However, at the same time
%EE was observed to be decreasing which is unacceptable. Grinding of lamellar phase for
longer period time affected the % EE, this could be because of the rupturing of the vesicles
resulting into drug leakage [22].

4.4.2.4 Extrusion

Further size reduction of spherulites was performed by extrusion. A custom made stainless
steel syringe filter assembly fitted with 0.221 membrane filter was used. The dispersion was
subjected to extrusion various times viz. 5, 10 and 15 times. %EE and spherulites size were

monitored to understand the effect of number of extrusion cycles.
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Table 4.12: Effect of number of extrusion cycles on %EE and size of Spherulites.

Extrusion cycle

5 times 10 times 15 times
Y%EE Size %EE Size Y%EE Size
(nm) (nm) (nm)
GCH loaded
. 71.19+2.13 | 228+1.4 | 65.39+1.76 | 198+2.3 | 59.47+2.34 | 173+1.9
Spherulites
VLB loaded
. 89.67+1.97 | 164+1.9 | 80.34+2.15 | 142+1.8 | 69.03+2.21 | 129+1.8
Spherulites

*Experiment was performed in triplicate (Data represents meanSD).

Results given in Table 4.12 shows that 5 times extrusion of the dispersion effectively reduced

the size of the spherulites while the %EE remained unaffected. However, further extrusion of

the dispersion exhibited reduced size but compromised the %EE. Consequently, 5 time

extrusion was selected for size reduction of the spherulites.
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