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ABSTRACT

The aim of this work was to investigate the potential of solid lipid microparticles (SLM) to offer
gastroprotection and improve piroxicam’s anti-inflammatory property. The effects of NaCl and
cabosil® on the properties of the SLM were also evaluated. The SLM were prepared by the hot
homogenization technique using Ultra turrax (T25 Basic digital). Phospholipon® 90G and Capra
hircus fat constituted the lipid matrix. The particle size, drug content, encapsulation efficiency,
in vitro drug release, anti-inflammatory and ulcerogenic studies were carried out on the
formulations. Results showed that carbosil® significantly (p<0.05) contributed to increase in
particle size of the SLM. Drug-load caused significant (p<0.05) decrease in EE % whereas
significant (p<0.05) increase in EE % was associated with carbosil®. Significant (p<0.05)
reduction in drug release rate was occasioned by carbosil®. SLM batches did not show any
presence of ulcer lesions and indicated satisfactory antiinflammatory property of piroxicam. In
conclusion piroxicam SLM promoted gastroprotection and satisfactory antiinflammatiory
activity of piroxicam.
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INTRODUCTION

Some known approaches to improve the aqueous solubility of some poorly soluble drugs include
liquisolid compacts, solid dispersions, micronization and salt formation. Amongst these, solid
dispersion has been deemed a robust approach in the improvement of the solubility of piroxicam®
and indomethacin®. However, lipid carriers may be advantageous in improving the solubility,
dissolution and pharmacodynamic properties of these drugs **. Solid lipid microparticles (SLM)
are lipid-based micro-scale drug carriers possessing matrix made from fatty acid, glyceride, fatty
alcohol, and solid wax with high melting points °. It is believed that SLM combine the
advantages of many colloidal carriers while overcoming some of their disadvantages °. Besides
being well tolerated in living systems the encapsulation efficiency can be as high as 80% for
lipophilic compounds. The solid matrix protects loaded labile substances against degradation and
they offer the possibility of targeting or controlled drug release °. The solid core structure averts
or mitigates the mobility of incorporated drug and drug leakage from the carriers.
Gastro-duodenal ulceration and bleeding are the major limitations to the use of non-steroidal
anti-inflammatory drugs (NSAIDs). They can cause damage to the gastro-duodenal mucosa via
several mechanisms, including the topical irritant effect of these drugs on the epithelium,
impairment of the barrier properties of the mucosa, suppression of gastric prostaglandin
synthesis, reduction of gastric mucosal blood flow and interference with the repair of superficial
injury ’. Piroxicam (P, 4-hydroxy-2-methyl-N-(2-piridyl) 2H-1, 2-benzothiazine-3-carboxamide-
1, 1-dioxide) is a potent non-steroidal anti-inflammatory and analgesic drug which is insoluble in
water »8 and has gastrointestinal adverse effects. After oral ingestion more than 2 h are required
to attain maximum concentration, which implies slow absorption rate °. Piroxicam enteric-coated
pellets using nonpareil seeds by powder layering technique have been prepared to minimize
gastrointestinal adverse effects *°. On the other hand attempts to resolve the poor water solubility
have been documented, including microparticles, solid dispersion and microemulsion ** 2. All
these techniques as good as they are may not compare with SLM vis-a-viz the functionality of
phospholipids used in the latter. Since phospholipids uniquely possess gastroprotective property
our present investigation was therefore aimed at evaluating the potential of SLM to offer
gastroprotection to piroxicam while improving anti-inflammatory characteristic.

MATERIALS AND METHOD

The following materials were used as procured from their local suppliers without further

purification: hydrochloric acid, sodium hydroxide, potassium dihydrogen phosphate, Tween 80,
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Sorbitol (Merck, Germany), piroxicam (Pfizer, Nigeria), Phospholipon® 90G (Phospholipid
GmbH, Kdln, Germany), activated Charcoal (Bio—Lab. (UK) limited, London), Distilled water
(Lion water, Nsukka, Nigeria). Goat fat was obtained from a batch processed in our laboratory.
All other reagents and solvents were of analytical grade and used as such.
Extraction and purification of Capra hircus fat
Capra hircus fat was extracted from the adipose tissue by wet rendering *3. The adipose tissue was
grated and subjected to moist heat by boiling with about half its weight of water in water bath for
45 min. The molten fat was separated from the aqueous phase after filtering with a muslin cloth.
Further purification was effected by heating a 2% w/w suspension of a 1:9 ratio blend of activated
charcoal and bentonite in the lipid at 80-90° C for 1h. Subsequently vacuum-filtration was carried
out to recover the purified fat .
Preparation of the lipid matrix (LIM)
A 30:70 ratio blend of Phospholipon® 90G (a purified soy lecithin) and Capra hircus fat were
melted and stirred at 70° C using a magnetic stirrer, until a homogenous melt was obtained. The
resultant homogenous mixture was continuously stirred until it solidified *.
Preparation of SLM
Piroxicam SLMs were prepared by hot emulsion-homogenization technique using an Ultra-turrax
homogenizer (T25 Basic digital, Ika/Staufen, Germany). Cabosil® was dispersed in the LIM of
some batches as presented in Table 1) prior to melting at 70° C; this was followed by the addition
of piroxicam. On the other hand sorbitol, Tween 80, with or without NaCl was dissolved in a hot
(70° C) aqueous phase. Subsequently the hot agueous phase was introduced into the lipid phase
and immediately homogenized (Ultra turrax, T25 Basic digital, Ika/Staufen, Germany) at 5000
rpm for 10 min *°.
Particle size determination
A small dispersion of the SLM was placed on a microscope slide and covered with a cover slip.
This was imaged under a Hund® binocular microscope (Weltzlar, Germany) attached with a motic
image analyzer (Multicam, China) at x 40 magnification.
Encapsulation efficiency
The SLM was centrifuged at 3000 rpm for 30 min and the supernatant decanted. A 0.5 g quantity
of each batch of the SLMs was triturated with 50 ml of phosphate buffer and later transferred to a
100 ml volumetric flask. The flask was made up to volume with the medium, shaken, filtered
(Whatman No. 1) and content of piroxicam determined spectrophotometrically (Model SP6 - 450
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UV/Vis Pye Unicam) at a predetermined wavelength of 252 nm. This was repeated in triplicates
for all the batches. From the drug content values the encapsulation efficiency was calculated thus:

Table 1: Quantities of materials for producing the various SLM batches

Batch LM Piroxicam Tween Sorbitol Thiomersal Sodium Cabosil Water
@ (9 80 (ml) (9) (ml) chloride (9) (9) a.s
S1 50 05 25 4.0 0.0025 - - 100
S2 50 1.0 25 4.0 0.0025 - - 100
S3 50 15 25 4.0 0.0025 - - 100
S4 50 2.0 25 4.0 0.0025 - - 100
S5 50 05 25 4.0 0.0025 0.9 - 100
S6 50 1.0 25 4.0 0.0025 1.2 - 100
S7 50 15 2.5 4.0 0.0025 1.5 - 100
S8 50 2.0 25 4.0 0.0025 2.0 - 100
S9 50 05 2.5 4.0 0.0025 - 0.1 100
S10 50 1.0 2.5 4.0 0.0025 - 0.2 100
S11 50 15 2.5 4.0 0.0025 - 0.5 100
S12 50 2.0 2.5 4.0 0.0025 - 1.0 100
S13 50 05 2.5 4.0 0.0025 0.9 0.1 100
S14 50 1.0 2.5 4.0 0.0025 1.2 0.2 100
S15 50 15 2.5 4.0 0.0025 1.5 0.5 100
S16 50 2.0 2.5 4.0 0.0025 2.0 1.0 100
S17 50 - 25 4.0 0.0025 - 0.1 100
S18 50 - 2.5 4.0 0.0025 0.9 - 100

A — D: various formulations of piroxicam-loaded SLM; LM: lipid matrix; S17: Placebo
containing carbosil® without sodium chloride; S18: Placebo containing NaCl without
carbosil®

Amount of drug encapsulated

Encapsulation efficiency = 100 . v s e e (D)

Amount of drug incorporated X
Release studies

The release of piroxicam from the SLM batches was studied using the USP paddle method. The
dissolution medium consisted of 900 ml of freshly prepared phosphate buffer (pH 7.4) maintained
at 37 + 0.5°C. A polycarbonate dialysis membrane was pretreated by soaking in the medium for
24 h prior to use. Amount of SLM equivalent to 20 mg of piroxicam was placed in the membrane
containing 2 ml of the dissolution medium, securely tied with a thermo-resistant thread and then
placed in the dissolution apparatus. The paddle was rotated at 50 rpm. A 5 ml quantity of the
dissolution medium was sampled at intervals, diluted appropriately and absorbance determined
spectrophotometrically as already described. The volume of the dissolution medium was refreshed
with 5 ml of fresh medium.

Anti-inflammatory studies
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Egg-albumin-induced-rat-paw-oedema method was adopted in this study. All experimental
protocols were approved by the animal ethics committee of the faculty of pharmaceutical sciences,
university of Nigeria, Nsukka. Acute inflammation was measured in terms of change in volume of
the rat hind paw induced by sub planter injection of egg-albumin *" 8, Wistar rats (120 — 185 g) of
both sexes were divided into 4 experimental groups of 5 per group. The rats were fasted for 6 h
with no access to water during experiment. The deprivation of water was to ensure uniform
hydration and to minimize variability in oedematous response *°. Dose of SLM equivalent to 1
mg/kg of piroxicam was administered orally to the rats. The control groups received normal saline
while the reference group received pure sample of piroxicam 10 mg/kg. Thirty minutes post-
treatment, oedema was induced with 0.1 ml fresh undiluted egg-albumin injection into the sub
planter region of the right hind paw of the rats. The volume of distilled water displaced by the
treated paw was measured with plethysmometer before and at 1, 2, 3, 4, and 5 h post induction of
oedema. The anti-inflammatory activity was calculated at each time as percent inhibition of

oedema using the equation:

Vo -Vt

% inhibition =
where, Vt is the volume of oedema at corresponding time and Vo is the volume of oedema in
control rats at the same time 2% 2422,

Ulcerogenic studies

The method described by some workers 2? was used in this study. All experimental protocols were
approved by the animal ethics committee of the faculty of pharmaceutical sciences, university of
Nigeria, Nsukka. Healthy Wistar rats (110 — 150 g) of five rats per group were fasted for 12 h.
SLM equivalent to 10 mg/kg of piroxicam was administered orally to the rats. The control group
received normal saline, while the reference group received piroxicam pure sample (10 mg/kg).
Five hours post treatment, the animals where sacrificed by ether anesthesia, the gastric mucosa
was removed, cut along the lesser curvature and opened up to expose the mucosal surface . The
mucosa was washed with normal saline and observed with magnifying glass (x 10). The number
of ulcers were counted and the ulcer index calculated using the method described by Main and
Whittle %,

Statistics

All statistical analysis was carried out using (Graph pad instat, demo version). Mean values and

standard deviation were tested for their level of significance at (p<0.05).
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RESULTS AND DISCUSSION

Particle size determination

Figures 1-5 show the photomicrographs and Figure 6 the particle sizes of the various SLM
batches. The photomicrographs reveal spherical particles ranging between 37-100 um. In the
absence of carbosil® NaCl did not have impact on particle size variation. However, in the presence
of carbosil® significant (p<0.05) increase in particle size was observed. Drug-load had a
significant (p<0.05) reduction effect on particle size in the absence of carbosil® and NaCl (batches
S1-4). However when carbosil® was introduced the variation followed no regular trend. Contrary
to this observation some workers 2* had reported that increase in drug-load caused a corresponding
increase in particle size. However, the particle sizes of the placebo batches (without drug-load)

were significantly (p<0.05) higher than most of the drug-loaded batches.

Figure 1: Photomicrograph of batch S1

Figure 2: Photomicrograph of batch S7

o, *

Figure 3: Photomicrograph of batch S9
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Sphericity of particles may be attributed to high shear force of the homogenizer. Typically, an
important functional role of carbosil® may have impelled the observed particle size variation in
some of the batches. Owing to its lipophilicity, carbosil® dispersion in the lipid matrix may have
enhanced particle adhesion and size increase during the homogenization phase. The placebo
batches recorded high particle sizes because of drug absence. Certainly the presence of
piroxicam, a hydrophobic drug was expected to be entrapped within the hydrophobic
hydrocarbon tail of the phospholipid amphiphile. Drug entrapment may have actuated bending
and tilting of the hydrocarbon chain with consequent size reduction 2%, Therefore without drug
entrapment, little or no stress impinged on the amphiphilic particle. Hence the observed larger
particle sizes.

Encapsulation efficiency (EE%b)

Drug-load was basically responsible for significant (p<0.05) decrease in EE % in some of the
formulations. This may be attributed to saturation effect. The hydrophobic tail of the amphiphile
may have a limit to its drug entrapment capacity; once it was overshot the remaining drug
probably escaped into the aqueous phase. Obviously from our results increase in drug load was
unnecessary and potentially uneconomical. However the presence of carbosil® significantly
(p<0.05) increased the EE%. Particle adhesion and impedance of drug migration into the
aqueous phase may explain this behavior.

Release studies

Figures 7 and 8 represent the release profiles of piroxicam from the SLM batches. Figure 7
constitutes batches (S1-S8) with or without NaCl while Figure 8 consists of batches (S9-S16)
with carbosil® or carbosil® and NaCl. Carbosil-containing batches remarkably recorded higher
T50 and T85 than batches without it. Whereas T50/T85 was within 3-10/11-39 min for S1-S8
batches, S9-S12 batches recorded T50/T85 values that were within 42-56/50-92 min. S1-8

WWW.ajptr.com 330




Obitte et. al., Am. J. PharmTech Res. 2013; 3(3) ISSN: 2249-3387

batches witnessed burst release (40-60%) within 5 min, with the rest of drug release taking place
within 15-50 min. On the other hand S9-13 batches had a biphasic release, with the first phase
involving 25-50 % drug release within 40-60 min and the second phase 25-100 % drug release
within 40-110 min.
S1-S8 batches are likely to have quicker in vivo onset of action than the rest batches based on the
T50 values. Apparently sodium chloride and drug-load did not minimize drug release rate as
carbosil® did. Carbosil® disperses in oils and lipids to form gels. This gel network may have
restricted permeation of aqueous medium during dissolution studies. Hence the observed
reduction in drug release rate in carbosil-containing batches.
Figures 7 and 8 represent the release profiles of piroxicam from the SLM batches. Figure 7
constitutes batches (S1-S8) with or without NaCl while Figure 8 consists of batches (S9-S16)
with carbosil® or carbosil® and NaCl. Carbosil-containing batches remarkably recorded higher
T50 and T85 than batches without it. Whereas T50/T85 was within 3-10/11-39 min for S1-S8
batches, S9-S12 batches recorded T50/T85 values that were within 42-56/50-92 min. S1-8
batches witnessed burst release (40-60%) within 5 min, with the rest of drug release taking place
within 15-50 min. On the other hand S9-13 batches had a biphasic release, with the first phase
involving 25-50 % drug release within 40-60 min and the second phase 25-100
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Figure 7:Release profile of piroxocam from SLM prepared with or without NaCl
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Figure 8:Release profile of piroxocam from SLM prepared with carbosil and NaCl
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Figure 9: T50 and T85 values of S1-S16

Response:S1-S8 batches are likely to have quicker in vivo onset of action than the rest batches
based on the observed T50 values. The T85 values additionally portray their immediate release
characteristics. For immediate release formulations about 85% of drug should be released within
30 min. In contrast S1-S9 batches had values that fell outside this bench mark. Apparently
sodium chloride and drug-load did not minimize drug release rate as carbosil® did. Sodium
chloride did not exert any effect on drug release probably because it was only a constituent of the
aqueous phase. Carbosil® on the other hand disperses in oils and lipids to form gels. During
preparation of the SLMs while sodium chloride was dissolved in water carbosil® was dispersed
in the lipid matrix. This gel network created by carbosil® may have restricted permeation of
aqueous medium during dissolution studies. Hence the observed reduction in drug release rate in
carbosil-containing batches.

Cyclosporin A incorporated in a lecithin formulation had improved bioavailability that was
bioequivalent to Sandimmun Neoral® (a microemulsion formulation of it) 2> %. Response: The
above mentioned works were not done by us. They were done by workers in References 25 and
26.

Anti-inflammatory studies

Table 2 shows the anti-inflammatory studies results. Compared to the control S9 caused
significant (p<0.05) reduction in edema from the 2" h while S1 and Reference did so from the
3 h. S9 largely performed best, in view of highest % edema inhibition from the 2" h. The
phospholipid component of the SLM was responsible for improved anti-inflammatory activity.
Cyclosporin A incorporated in a lecithin formulation had improved bioavailability that was
bioequivalent to Sandimmun Neoral® (a microemulsion formulation of it) > ?°. The phospholipid
constituent (lecithin) was believed to facilitate drug absorption via lymph circulation. Lipids
from lymph lipid precursor pool (LLPP) are known to assemble into lipoproteins which are

transported from the enterocyte via the lymphatic system into the systemic circulation.
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Phospholipids increase the mass of LLPP and significantly increase the chances of co-
administered lipophilic drug to be transported through the lymphatic system 2’. This may explain
the superior anti-inflammatory activity of S9. In addition the nanoparticulate size of carbosil®
may have enhanced rapid enterocyte absorption and subsequent lymphatic transport.

Table 2. Anti-inflammatory results

Paw volume oedema (ml + SD)® and percentage inhibition of oedema (%)

Batch 05h 1h 2h 3h 4h 5h

s1 130+0.12 1.30+£0.07 120+0.05 150+0.09% 1.03+0.24* 0.93+0.07*
() (0) (7.6) (37) (38) (44)

S9 128+006 1.25+0.09 1.03+0.07* 1.0+0.05* 0.93+0.11* 0.93+0.12*
(1.5) (3.8) (20) (40) (44) (44)

P (Reference) 1.30+0.17 130+0.12 120+021 1.05+0.03* 1.04+0.07* 0.98+0.05*
(0) (0) (7.6) (37) (38) (41)

Control 130006 1.30+0.21 1.30+0.07 167+0.12 1.66+0.03 1.66+0.05

*Reduction in oedema significant at p < 0.05 compared to control. Values of oedema shown are
mean + SD, ®n = 5; Values in parenthesis are percent inhibition of oedema calculated relative to
control. S1 and S9: piroxicam-loaded SLMs.

Ulcerogenic studies

The ulcerogenic results presented in Table 3 shows that the piroxicam SLM completely inhibited
the ulcerogenic potential of the NSAID, evidenced by total absence of lesions on the gastric
mucosa of the animals. In contrast several lesions were observed on the animals that received the
reference drug (piroxicam pure sample). Non-selective NSAIDS, including piroxicam inhibit
COX-2 to exert anti-inflammatory effect and inhibit COX-1 responsible for prostaglandin
synthesis *%. Typically, phospholipid produced by gastric mucosa stimulates prostaglandin
release which imparts hydrophobic characteristic to mucosal surface . It is important to note
that both endogenous and exogenous phospholipids are capable of stimulating prostaglandin
release. Therefore the simultaneous counter process of inhibition of prostaglandin by COX-1and
its synthesis by phosphatidylcholine seemed to have favored gastroprotection in our present
investigation. Hence the absence of lesions in the SLM formulations evaluated.

Table 3. Ulcerogenic results

Batch Ulcer index (Mean + SD)a
S1 0.00 + 0.00*

S9 0.00 £ 0.00*

P (Reference) 15.00£1.17*

Control 0.00 £ 0.00

* Significant at p < 0.05 compared to control. °n = 5; B;: piroxicam-loaded SLMs; P:

pure piroxicam sample.
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CONCLUSION

The anti-inflammatory enhancement and gastroprotective potential of piroxicam SLM were
evaluated in this study. In vitro findings showed that drug load impinged on some of the
properties of the SLMs. Cabosil® imparted higher encapsulation efficiency and delayed drug
release. Evident gastroprotection and improved anti-inflammatory effect were observed in the
SLM formulations. Therefore SLM is an ideal gastroprotective formulation for the delivery of

piroxicam considering the drug’s gastric irritation potential.
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