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locomotor activity of mice on IN administration of 
both formulations in comparison to drug solution (fi g. 
4). Histopathology revealed minor damage to nasal 
tissues after 5 days of exposure (fi g. 5). 

The weakly basic GP prevents precipitation of 
chitosan on increase in pH and facilitates hydrophobic 
interactions on slight elevation of temperature 
resulting in thermoreversible systems. The sols 
showed good mucoadhesion but gelling reduced 
this effect due to stronger bonding within polymeric 
chains rather than with mucin. The pronounced and 
prolonged depression in locomotor activity of mice 
strengthens the hypothesis of direct delivery to brain. 
Preliminary studies also indicate a good safety profi le. 
In conclusion, the developed biogel formulations 

could prove to be promising alternative therapy 
with RB. The formulations offer convenience of 
administration and prolong nasal residence time and 
thereby nasal absorption of RB.
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Hazare and Menon: Improvement of DPI Formulations by Treatment with Magnesium Stearate 

In the present study, the applicability of magnesium stearate-treated lactose carrier particles was evaluated to 
improve the inhalation performance of catalase microspheres. Bovine liver catalase microspheres with different 
stabilizers were prepared by spray drying. For the surface modifi cation, lactose products were treated with 1 and 
2% magnesium stearate by manual mixing and gently passed through a # 60 size mesh. The results revealed that 
magnesium stearate can be applied as a performance improver for catalase microsphere based DPI formulations.    
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Dry powder inhalations (DPI) have become a core 
area of respiratory drug delivery in which the 
carrier particles play a critical role in preventing 
the agglomeration of fi ne drug particles. To achieve 
high deposition in deep lungs to satisfy the required 
bioavailability, the fi ne drug particles should detach 
from the coarse carrier particles through inhalation 
process[1]. A decrease in surface roughness and the 
surface free energy of carrier particles can improve 

the aerosol inhalation effi ciency of the drug-carrier 
blend. The  use of various agents like L-leucine, 
magnesium stearate as performance modifiers are 
important to improve flow, reduce inter-particulate 
adhesion and reduce moisture effects, and thereby 
achieve improved particle deposition in lungs[2]. In 
the present study, the applicability of magnesium 
stearate-treated lactose carrier particles was evaluated 
to improve the inhalation performance of catalase 
microspheres, for the treatment of oxidative stress-
induced lung disorders. 
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TABLE 1: TSI PROFILE OF PLAIN MS AND DPI FORMULATIONS
Batches Plain MS Intact Carrier Mg-stearate treated carrier

1% 2%

A (1:6)
% FPF
% Dispersibility
B (1:6)
% FPF
% Dispersibility
C (1:6)
% FPF
% Dispersibility
C (1:8)
% FPF
% Dispersibility

25.78±0.41
53.19±0.84

15.74±0.89
37.43±2.11

x
x

x
x

27.86±0.6
36.36±0.78

25.89±0.95
37.36±1.37

19.4±0.31
36.15±0.57

21.54±0.25
  25.33±0.45

30.63±0.91
44.03±1.33

x
x

x
x

x
x

36.1±0.74
47.06±0.26

30.68±0.46
38.52±0.59

19.71±0.51
23.73±0.62

30.84±0.82
37.97±1.01

Data presented are mean±SD, n=3. %FPF = FPD/RD ×100, Fine Particle Dose (FPD) -Deposition in stage II, RD- Recovered Dose.  %Dispersibility = (FPD/ED)×100,  
ED- Emitted Dose

TABLE 2: ACI PROFILE OF BATCH A DPI FORMULATION
Batch A MMAD±GSD (µm) % FPF

Intact carrier
Treated carrier

3.98±1.33
4.03±1.32

32.175
38.42

Fig. 1: SEM of Microspheres
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Fig. 2: ACI performance of Batch A (1:6)

MATERIALS AND METHODS 

Bovine liver Catalase (2950 units/mg, Sigma Aldrich) 
microspheres with different stabilizers (Batches A, 
B, C) were prepared by spray drying (Labultima 
LU-222 Advanced laboratory spray drier, India). 
Particle size distribution of microspheres was 
estimated by laser diffraction (Malvern, UK- master 
sizer 2000). For the surface modification, lactose 
products (Lactohale 200, a gift from Friesland Foods 
Domo, Netherlands) were treated with 1% and 2% 
magnesium stearate (S. D. Fine Chem) by manual 
mixing and gently passed through mesh (60 #). For 
the preparation of DPI formulation, treated lactose 
carrier and catalase microspheres (1:6, 1:8)  were 
gently mixed in geometric manner, passed through 
mesh (60 #) and then filled  into Number 3 hard 
gelatin capsules (Associated Capsules, India). The 
ability of formulations to aerosolize using  Rotahaler® 

(Cipla Ltd., India) was determined by twin stage 
impinger (British Pharmacopoeia, 2004) using air at 
60 l/min for 5 sec. The inhalation properties of the 
DPI formulations were evaluated using an Anderson 
Cascade Impactor (ACI, Copley, U.K.) with an 
inhalation device Rotahaler® using air fl ow rate at 60 
l/min for 5 sec at 20±2°/40% relative humidity.

RESULTS AND DISCUSSION

Microspheres were obtained as buff colored, near 
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Pradhan et al.: Almotriptan Malate Nasal Drops 

Nasal solutions of almotriptan malate were prepared in phosphate buffer containing different proportions of 
HPMC E15. In vitro permeation studies were performed using Franz diffusion cell with dialysis membrane and ex 
vivo permeation studies were carried out using sheep nasal mucosal layer. The formulations were radiolabeled with 
99mTc and the nasal residence time was studied in rabbits. Nasal irritation was evaluated in rats. Formulations 
prepared with HPMC E15 5% w/v did not retard the release of almotriptan. Gamma scintigraphy studies showed 
increased residence time as compared to plain drug solution. No nasal irritation was observed and the formulations 
were found stable for 3 months.    
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Migraine is a chronic debilitating disorder which 
has been rated by WHO amongst the world’s top 20 
leading causes of disability. Almotriptan malate (AM) 
is a second generation triptan which has been shown 
to have effi cacy comparable to sumatriptan with an 
improved tolerability profile[1]. Since migraine is 

spherical particles with corrugated surface (fig. 
1). Particle size was found to be 4-5 μm (D50). 
In case of batches A and B TSI data revealed 
higher fi ne particle fraction (FPF) and dispersibility 
with the carrier treated with magnesium stearate 
compared to that obtained with intact carrier 
and plain microspheres. Carrier treated with 2% 
magnesium stearate showed better performance 
than carrier treated with 1% magnesium stearate. 
With batch C, 1:6 microspheres:carrier ratio did not 
show any improvement in FPF but with increase 
in microspheres:carrier ratio to 1:8, significant 
improvement in FPF was seen (Table 1). Based 
on TSI study data batch A (intact carrier and 2 
% treated carrier), was further taken up for ACI 
study. Carrier treated with magnesium stearate was 
observed to decrease the deposition of microspheres 
on the upper part, especially on the preseperator, and 
increased deposition was seen on the lower stages 
compared to the intact carrier (fi g. 2, Table 2). The 

study reveals the applicability of magnesium stearate 
as performance improver for catalase microsphere 
based DPI formulations by covering the high energy 
binding sites on carrier particles and increasing the 
dispersibility of microspheres on carrier surface.
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very often associated with nausea and vomiting there 
is a need for alternate form of delivery to tablets. 
Nasal drug delivery is attractive since the large 
surface area of nasal mucosa affords a rapid onset 
of therapeutic effect and the potential for direct nose 
to brain delivery. Liquid delivery either as drops or 
sprays are very popular with patients due to ease of 
administration. However the mucociliary clearance 
results in low bioavailability of the drug via nasal 
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