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ABSTRACT

Objective: The objective of our current work is to formulate, optimize and evaluate new combination rectal suppositories as a treatment for rheumatoid
arthritis that contains both lornoxicam and aloin. Both are strong anti-inflammatory agents, and a combination of both may have synergistic effect as
an anti-inflammatory treatment.

Methods: Rectal suppositories containing 8 mg lornoxicam and 200 mg aloin were formulated by heat fusion method. Different combinations of
different molecular weights of polyethylene glycol (PEG) were used for the formulated suppositories. The formulated suppositories were evaluated
for their visual appearance, weight variation, hardness, friability, disintegration time, melting temperature, and drug content uniformity.

Results: All the formulations prepared were within the required limits for USP. When the release study was performed, both drugs were released
from all the formulations prepared. However, formulation F7 which is composed of PEG 400 30.88% (w/w): PEG 4000 46.32% (w/w) was superior
to other formulations in which more than 80% of both drugs loaded were released after 35 min. The presence of both drugs in the same suppository
did not affect their release.

Conclusion: A new combination suppositories have been obtained where the two combined drugs were released fast without interference with each
other release. The proposed new combination has the potential to be used as a strong analgesic and anti-inflammatory treatment compared to using

lornoxicam or aloin alone.
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INTRODUCTION

One of the most common autoimmune diseases in populations around the
world is rheumatoid arthritis (RA). RA is characterized by inflammation
of the synovial membrane lining the joints which result in pain, swelling,
cartilage destruction, and eventually bone erosion. Patients with RA
have a low quality of life due to their restricted movement and inability
to function properly. It is estimated that the prevalence of RA in general
population is 0.8% mostly at the age group 30-50 years old [1-4]. There
is no cure for RA, and the treatment is based on relieving the pain and
symptoms of the disease to improve the quality of life for the patients.
The available treatments in the clinic are based on the severity of the
condition such as corticosteroids, nonsteroidal anti-inflammatory drugs
(NSAIDs), and disease-modifying antirheumatic drugs; however, NSAID
is commonly used especially at early stages of the disease [5,6].

NSAID such as diclofenac sodium, naproxen, piroxicam, ketoprofen, and
indomethacin is used to control and lower the pain and inflammation
associated with the disease. Although NSAID is widely prescribed and
used in the clinic, their use is compromised by their high risk of gastric
side effects that ranges from simple nausea and abdominal discomfort
to the probability of developing ulcer with long-term treatment [7-9].
There are several NSAID available in the clinic, and new generations are
constantly developed to reduce the side effect and improve the potency
of the old generations; for example, lornoxicam. The use of lornoxicam
is increasing in the clinic due to its potent anti-inflammatory, analgesic,
antipyretic, and lower incidence of side effect compared to other NSAIDs
such as naproxen. Furthermore, the analgesic effect of lornoxicam and
opioids is comparable [10,11].

Recently, several plants have emerged as potential anti-inflammatory
agents for anti-inflammatory diseases such as RA [12,13]. One of
the promising plants is Aloe vera. Aloin vera has been traditionally

used worldwide for centuries as a medicinal agent for the treatment
of gastric diseases, skin conditions and wound healing [14-16]. On
chemical analysis of the plant gel extract, more than 70 active biological
ingredients were identified including aloin. Aloin is an anthraquinone
glycoside that is currently used as a laxative and widely investigated
for its pharmacological activity as anti-inflammatory, anticancer, and
antibacterial properties [17,18]. Due to the chronic nature of the disease
combination therapy is used to improve the efficacy of the treatment.
The use of both lornoxicam and aloin will have the potential to improve
the efficacy of the treatment.Another factor to be considered in the
treatment of RA is the route of administration. Systemic administration
through the gastrointestinal tract or injection is often associated with
high risk of side effect [6]. To offer an alternative that is minimally
invasive with a low incidence of side effects, high potency and rapid
onset of action rectal route is preferred.

The aim of this work was to prepare and characterize a combination
suppository of aloin and lornoxicam as potential combination treatment
of RA. Different suppository bases will be investigated, and the
suppositories will be characterized regarding their visual appearance,
weight variation, melting point, drug content, and disintegration. In
vitro release studies will also be performed.

MATERIALS AND METHODS

Materials

Lornoxicam (Wuhan, Senwayer, Century Chemical Co., Ltd., China), aloin
extracted (Baoji, Guokang, Biotechnology Co., Ltd. Shanghai, China),
polyethylene glycol (PEG) (400, 600, 1000, and 4000) (Sinopharm
Chemical Reagents Co., Ltd, China), PEG 6000 (Yonghua Chemical
Technology Co., Ltd, Jiangsu, China), Tween 80 (HiMedia Laboratories,
Pvt. Ltd, Mumbai, India), and methylparaben and propylparaben
(Interchimiques SA, France) were used.
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Preparation of lornoxicam-aloin suppositories

Heat fusion method was used for the preparation of combination
suppositories. For the preparation of the suppositories, different grades
of PEG (400, 600, 1000, 4000, and 6000) were used as a base. The total
weight of each suppository was 2 g including 8 mg of lornoxicam and
200 mgofaloin. The composition of each formulaisillustrated in Table 1.
Melting method was used for the formulation of the suppositories.
The base composition (PEG) was weighed and melted in a water bath
at 65-70°C. When the base was completely melted, the aloin and
lornoxicam in powder form were incorporated followed by the addition
of Tween 80 as an emulsifying agent with continuous stirring. When a
homogenous mixture was visually observed the mixture was removed
from the water bath and poured into 2 g suppository mold. The molds
were placed in the fridge at 4°C to allow the melted base to harden and
the formation of the suppository [19].

UV method for drug quantification

Analysis of aloin and lornoxicam by UV visible spectrophotometer (UV,
1650PC, Shimadzu, Japan) was performed. The detection wavelength of
both drugs was previously recorded by scanning solutions of each drug
separately using UV. For aloin, the detection wavelength was 266 nm,
and the correlation coefficient of the calibration curve was R*0.999 for
a concentration range of 5-30 pg/ml, indicating acceptable linearity.
The samples for the calibration curve were made using phosphate saline
buffer at pH 7.2 as a solvent. For lornoxicam, the detection wavelength
was 375 nm, and the correlation coefficient of the calibration curve
was R%*0.9993 for a concentration range of 2-20 pg/ml, indicating
acceptable linearity. The samples for the calibration curve were also
made using phosphate saline buffer at pH 7.2 as a solvent.

In vitro evaluation of suppositories
The following tests were performed for the evaluation of the prepared
suppositories.

General appearance

For each batch prepared, 20 suppositories were randomly selected
for physical characterization which includes color and surface
characteristics. Each suppository was longitudinally cut and inspected
for deformities visually with the naked eye. The signs of physical
deformity inspected were fissuring, exudation, fat blooming, and
migration of the active ingredients. The length and width of each
suppository were also measured, and the mean value was calculated.

Weight variation

The weight variation for each batch of suppositories was
calculated. 20 suppositories of each batch were weighted
individually, and the mean was calculated followed by
calculation of the percent of deviation from the mean. No more
than two suppositories should deviate by more than 5% of the
average weight but should not deviate more than 7.5% [20].

Hardness

Hardness was measured using manual hardness tester (Vanguard, USA)
for each batch of suppositories. From each batch three suppositories
were randomly chosen and the average was calculated [21].
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Melting point determination

The melting point for each suppository batch was evaluated. One
suppository from each batch was placed in 5 ml phosphate buffer
(pH 7.2) and placed in a water bath at 37°C. The temperature for the
whole suppository melting was recorded when there were no fragments
of the suppository to be observed [22].

Liquefaction

Liquefaction test indicates the time required for the suppository to
liquefy under pressure similar to the rectal pressure in the presence of
liquid at 37°C. The test was performed using burette. The burette had
a broad opening on one end and a narrow on the other. The burette
was filled with 5 ml phosphate buffer pH 7.2 and placed in a water bath
at 37°C. For each batch a suppository was placed inside the burette
from the broad end and pushed to the narrow end. A thin glass rod was
placed on the top of the suppository and the time for the glass rod to
penetrate the suppository was recorded as liquefaction time [23].

Friability test

Friability test (% F) was conducted using friabilator (Vanguard USA)
was used to study the friability of the prepared suppositories. From
each batch, 20 suppositories were weighed and placed in the friabilator
drum. The drum was rotated at 25 rpm for 4 min. The suppositories
then removed and weighed. The percent of weight loss was calculated
using the following equation [23]:

% F=Loss in weight/Initial weightx100

Drug content uniformity

For each batch prepared drug content test was performed. Each
suppository tested was placed in 200 ml phosphate buffer pH 7.2 at
37°C and allowed to melt completely with stirring. After melting, 1 ml
sample was withdrawn from the mixture and completed to 100 ml with
phosphate buffer pH 7.2 followed by filtration. UV spectrophotometry
was used for determination of drug content [22].

Disintegration test

Disintegration test was performed for each batch using disintegration
apparatus (Cooply, Nottingham, UK). Each suppository was placed in
900 ml phosphate buffer pH 7.2 at 37°C and the time required for the
suppository to fragment and pass through the sieve was recorded and
considered as the disintegration time [21].

In vitro dissolution study

The release of lornoxicam and aloin from different suppository
formulations was studied using dissolution apparatus USP Type II
(Paddle) (Pharma Test, 63512 Hainburg Germany). For each batch, a
suppository was placed in 900 ml phosphate buffer (pH 7.2, Temperature
37°C) at a 100 rpm, and the conditions were maintained through the
experiment. Aliquots of 5 ml were collected at predetermined time
intervals, filtered through 0.45 pm filter and used for quantitative
determination of aloin and lornoxicam using UV. Each sample was
replaced with 5 ml fresh buffer. The cumulative percentage of drug
release was calculated and plotted versus time [24].

Table 1: The composition of different solid suppository formulations

Base % (w/w) Formulation code

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
PEG 400 - - 46.32 46.32 30.88 - 30.88 - - -
PEG 600 - - - - - - - - - -
PEG 1000 - - - - - 30.88 - 46.32 46.32 30.88
PEG 4000 77.2 - 30.88 - - - 46.32 30.88 4632
PEG 6000 - 77.2 - 30.88 46.32 46.32 - 30.88 - -

*The final weight of each suppository is 2 g (each suppository contains 10% aloin, 0.4% lornoxicam, 10% Tween 80, 1.4% methylparaben, and 1.4% (w/w)

propylparaben); PEG: polyethylene glycol
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Table 2: The hardness of different suppository formulations

Formulation code F1 F2 F3 F4 F5 Fé6 F7 F8 F9 F10
Hardness (kg/cm?)  3.1+0.2 3.1£0.1 24+0.1 2904 3.9+£0.1  3.01%0.3 2.8+0.2 2.9+0.2  2.8+0.1 2.8+0.1
Friability (%) 0.04+0.01 0.06+0.02 0.1+0.03 0.04+0.04 0.03+0.2 0.03+0.01 0.07+x0.03 0.1x0.01 0.07x0.02 0.08+0.04
Data analysis Table 3: Drug content uniformity percent of both aloin and
All results are presented as the mean and standard deviation of three lornoxicam
samples unless stated otherwise and data were plotted using one-way
ANOVA (GraphPad Prism 7.00, USA). Formulation Drug content (%) Average weight g
code Aloin Lornoxicam
RESULTS AND DISCUSSION
F1 95.01+1.5 98.2+0.4 2.15+0.3
The treatment of RA in the clinic is mainly with the use of anti- F2 99+1.4 97+0.3 2.1+0.6
inflammatory drugs, in particular, NSAIDs [9]. The GI side effects F3 100.9+0.8 96.9+0.2 2.13%0.7
associated with NSAIDs led to the search of alternative pathways F4 95.9+0.8 95.9+0.2 2.21+0.4
for delivery. Rectal route offers the advantage of fewer side effects F5 95.8+0.6 99.8+0.7 1.99+0.5
and ease of administration compared to other routes [25]. As F6 95.8+0.87 95.740.1 2.2+0.4
previously described in the introduction, both lornoxicam and aloin F7 95.120.45 96.10.6 2.15%0.2
have preferable properties compared to other anti-inflammatory gg 32333243 323330322 ;;33%29
drugs. Although lornoxicam and aloin were previously formulated as F10 98:2;0:6 98:2;0:5 2:1;024
suppositories, up to our knowledge, no suppository formulation of aloin
and lornoxicam combined together was previously reported [26-28].
Different suppository batches (F1 to F10) were formulated for the Table 4: Disintegration time and melting temperature for the
combined rectal delivery of aloin and lornoxicam in Table 1. After suppositories formulated
formulation, each batch was visually inspected for different physical
characteristics and longitudinally cut for further inspection. All the Formulation Disintegration  Melting Friability (%)
prepared suppositories were yellowish green in color with smooth code (min) temperature
shiny surfaces, no cracking or fraction was observed. Smoothness of the )
surface is important to ensure ease of administration [29]. Uniformity F1 82404 514518 0.0420.01
of color indicates that proper mixing and lack of migration of the active 2 9;:0"3' 54:6;2:3 0:06;0:02
ingredients. When longitudinally cut all the prepared formulations F3 4.240.3 33.8+1.04 0.1+0.03
demonstrated no signs of pitting, fissuring, exudation, and fat blooming. F4 6+0.7 33.8+1.04 0.04+0.04
All the prepared suppositories were uniform in length and width. F5 7+0.8 36.3+0.2 0.03+0.21
F6 7.8+0.6 49.1+2.4 0.03+0.01
Mechanical strength is important parameter to be considered when F7 5.3+0.2 36.9+1.1 0.07+0.03
formulating suppositories. Suppositories should withstand handling, F8 8.5+0.3 44.6%2.5 0.1+0.003
insertion, packaging, and transportation without cracking [30]. The F9 6.220.7 42.3+0.6 0.07+0.02
F10 6.7+0.4 45.4+2.6 0.08+0.04

mechanical strength of the formulated suppositories can be estimated
using hardness and friability tests. The hardness of the prepared
suppositories was evaluated, and the results were demonstrated in
Table 2. From the results, it was clear that all the prepared formulations
were hard and able to withstand pressure higher than 2 kg/cm? The
friability of the formulated suppositories was evaluated in Table 2.
The friability % of all the prepared formulas was within the required
limits [20].

Weight variation for each batch was calculated according to US
Pharmacopeia. All the suppositories prepared for each formulation were
within the required limits of pharmacopeia in Table 3. Furthermore,
drug content uniformity was evaluated for both lornoxicam and aloin
according to pharmacopeia [20]. All the formulations tested met the
required limits in which the drug content must be above 95% in Table 3.

The disintegration and melting temperature of the formulations were
measured and compared to study the effect of the base used on both
properties, and the results are demonstrated in Table 4. Formulations
made with PEG 6000 demonstrated higher disintegration time and
melting temperature compared to other formulations. When the
PEG 6000 (F2) was completely replaced with PEG 4000 (F1), both
disintegration time and melting temperature were reduced. The
disintegration time was reduced from 9 to 8.2 min, and the melting
temperature was reduced from 54.6 to 51.4°C. Similar behavior was
observed when PEG 6000 was mixed in different proportions with
PEG 400 (F4 and F5) and PEG 1000 (F6 and F8). It was noticed that
when the ratio of PEG 6000 was high compared to PEG 400, the melting
temperature and disintegration time were also high. Furthermore,
replacing PEG 400 with PEG 1000 demonstrated also an increase in

melting points and disintegration time. The results are consistent with
what was previously reported in the literature that when the molecular
weight of PEG used increased, the disintegration time and melting
temperature will also increase. The same behavior was observed when
PEG 4000 was mixed with PEG 400 (F3 and F7) and PEG 1000 (F9 and
F10).

In vitro drug release

Drug release from suppositories is affected by several factors such as
type of base used, the compatibility between the drug and the base and
the chemical nature of the additives used. If combination suppository
was formulated there is also a possibility that the release of one drug
will be compromised by the presence of another drug. For each batch
formulated, the release of aloin and lornoxicam was studied. The release
of aloin was compared for all the formulations prepared. After 10 min
of the release around 40% of the drug-loaded was released from all the
formulas. However, further into the release studies differences were
observed between different formulations. Around 80% of the aloin was
released from F9 to F7 after 35 min compared to around 65-70% for
the other formulas (Fig. 1).

For lornoxicam, 50% of the drug was released from F1 to F2 after
10 min compared to around 40% for the other formulas. However, with
the continuation of the release studies, there was a clear difference in
release between the formulas. After 35 min 90% of lornoxicam was
released from F7 compared to other formulas where the release range
was 75-85% (Fig. 2).
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Fig. 1: Aloin release studies from different suppository
formulations (n=3)
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Fig. 2: Lornoxicam release studies from different suppository
formulations (n=3)

There was a possibility that lornoxicam release will be affected by the
presence of aloin. However, the release of lornoxicam was not affected
and was consistent with what was previously reported by Landged
et al. Landged et al. reported that around 80% of lornoxicam were
released from PEG combination suppositories after 35 min [26] which
is consistent with release studies from the combined suppositories
prepared.

CONCLUSION

A combination rectal suppository of lornoxicam and aloin was
successfully prepared using different PEG base combinations. When
evaluated, all the formulated suppository batches met the USP
requirements regarding weight variation, hardness, drug content,
friability, disintegration, and melting time. When the in vitro release
study was performed, both drugs were released from the suppository.
Although all the formulations prepared were successful in terms of
general suppository requirements and release, F7 was superior to
the other formulations. The highest percentage of drug release for
both drugs (80%) was from F7 formula, which is composed of PEG
400 30.88% (w/w): PEG 4000 46.32% (w/w). Our current work has
proposed a combined rectal suppository of aloin and lornoxicam.
The proposed new combination has the potential to be used as a
strong analgesic and anti-inflammatory treatment compared to using
lornoxicam or aloin alone.
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