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ABSTRACT

Objectives: This study aimed to formulate and e
drug efficacy in the management of hemorrhoids.
Materials and Methods: Supositories we a i lycerin and gelatin. The prepared suppositories were

and in vitro drug release.
Results: Hardness, weight variati
4.00+0.50 to 7.50+0.50 kg/cm?
respectively. The SB3 gave
12 h. Drug release from all

except for SB4. The meehani

0701 g, 11.00 to 19.05 min, and 66.98+0.86 to 80.76+3.6%,

% drug release in 6 h, whereas the SB1 gave 99.08+3.40% drug release in
suppositories was supported by zero-order, first-order, and Higuchi plots,
drug release from all suppositories was fickian diffusion-based. The SB2 results
an those of the other batches.

Conclusion: Thesg irm that the prepared formulation has a future scope and should be further explored

in i i d ani studies.

positories, hemorrhoids, texture analysis.

own as piles, indicate bulging veins in the lower part of the rectum and anus that resemble

. Hemorrhoids grow on the inner side of the rectum, which is recognized as interior or internal
yWhereas beneath the skin surface around or surrounding the anus, which is recognized as exterior or

hemorrhoids.! The internal hemorrhoids occur above the dentate line and are covered by columnar

, whereas the external hemorrhoids occur under the dentate line and are covered by squamous

e lium.?® It commonly occurs as an inflammatory process of the hemorrhoidal plexus.!” Hemorrhoids may be

mptomatic or symptomatic. The common symptoms associated with hemorrhoids are pain, passage of bleeding

n stool, itching around the anus, swelling, discomfort, lumps inside or around the anus, incomplete bowl emptying,

and mucus discharge from the anus."*” Long-term constipation, extreme pressure on the rectum, diarrhea, obesity,

aging, pregnancy, and excessive use of laxatives contribute to the development of hemorrhoids owing to the irritates

and enlarge blood vessels inside and around the anus.!® Although hemorrhoids have low morbidity, they have a
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significant negative influence on quality of life. Available treatments for the management of symptomatic
hemorrhoids include non-surgical medical procedures (like lifestyle modification and medications) and surgery.
Patients try to avoid surgery, which is also expensive; however, this is also preferred by physicians as a last option
for treatment. Lifestyle changes are recommended in the primary stage, which includes diet control and regular
exercise.” Medications are preferred in the primary stage if diet control and regular exercise do not work well.
Medicine-based treatment is associated with pain relief, control of inflammation, reduction of swelling, control of
excessive blood loss, and reduction of diarrhea and constipation.

In intolerable pain conditions, patients expect immediate pain relief is expected before other treatments. To tac
this problem, ointments, creams, and suppositories with non-steroidal anti-inflammatory drugs (NSAIDs) with
without antibiotics and anesthetic agents are available.!®!! The suppositories are ideal for internal hemorrhgidal

inhibitors have gastrointestinal (GI) side effects after oral administration :
extend from mild GI tract irritation to severe GI bleeding and perforation. < iatedyside effects include
peptic ulcers, heartburn, dyspepsia, and nausea. The side effects of upper j
upper GI intolerance can be alleviated by avoiding contact with the gas
Etoricoxib is a selectlve COX 2 1nh1b1tor that i is used as an antl—lnﬂam }

in a dose- dependent manner without blockmg COX-1 over the e ¢ range. Etoricoxib exhibits 106-fold
COX-2 selectivity. Etoricoxib has fewer cardiovasculaiysi S ed to the coxib with a sulfone moiety,
i.e., rofecoxib.!®!7
By considering the intriguing and pertinent characteristics forics and identifying the upper GI intolerance
to COX inhibitors, this study aimed to prepare an icoxib suppositories for pain relief and an anti-
inflammatory response in hemorrhoids. In this s positories were prepared using gelatin and
glycerin as the bases, and the formulated supposi valuated for homogeneity, weight variation, content
uniformity, hardness, texture analysis, an
MATERIALS AND METHODS
Chemicals

Sanofi India Ltd., Verna, Goa, Indi@y’gi oricoXib for research work. Gelatin powder was purchased from SRL
Lab Pvt. Ltd. (MIDC, Taloja, purchased from Merck Life Science Pvt. Ltd., Mumbali, India.
Milli Q water was freshly p;
Instrumentation and appar.
UV-vis spectrophotomete 001, Shimadzu Corporation, Kyoto, Japan), Dissolution apparatus (DS 14000
Smart, LABINDIA e, M tra, India), Disintegration Tester (DT 1000, LABINDIA, Thane, Maharashtra,
India), Hardness T to), Texture Analyzer (XCTX0000000S00, Ametek Brookfield, USA), Magnetic
Stirrer (10 ta, India), and electronic weighing balance (Valency Lab, Kolkata, India).

Drug-exci

ance-fourier transform infrared spectroscopy (FTIR) (Spectrum Two, PerkinElmer, UK) was
n and gelatin as well as to assess the drug-excipient compatibility. The drug and excipients

f 1:1 as a physical mixture. The FTIR spectra were logged in the IR range of 4000 and 400 cm”
ple results obtained in the form of IR spectra using the perkin elmer spectrum IR v10.7.2 software
with standard drug IR spectra.'®

or preparing etoricoxib suppositories

beaker, glycerin was added to the required volume, and heating was applied to maintain the temperature at
. Then, an exactly weighed amount of gelatin was added, followed by continuous stirring until the gelatin was
pletely solubilized in glycerin. A constant temperature was maintained during the preparation. Then, the
alculated amount of drug and water was continuously added until a homogeneous mixture. The obtained mixture
was decanted in pre-cleaned and greased (with glycerin) suppository molds. The molds containing the formulations
were then stored in a refrigerator at 4+0.5°C. After 2 h, the prepared suppositories were collected, wrapped in




parchment paper, and stored in a cool dry place.'® The compositions of the different batches of suppositories are
shown in Table 1.

Physical appearance

The color and shape of the formulated etoricoxib suppositories were assessed with the naked eye against a clear
background, and observations were recorded.'®!?

Homogeneity test

The prepared suppositories were assessed using the naked eye to determine the drug distribution pattern. The
dryness and/or roughness of the suppositories were also confirmed. Three suppositories from each batch were
collected and cut longitudinally. The observations were recorded against a clear background.'®2°

Weight variation

Twelve etoricoxib suppositories were randomly selected from each batch, and the suppository weight ed:
Average weight and weight variations were calculated to compare with official limits.!319-2!
Content uniformity

The suppository was dissolved in 10 mL of methanol under mild heating. The final volume w.

drug was estlmated in the filtrate after appropriate dilutions with phosphate buffer atp
spectrophotometer (UV-1900i, Shimadzu Corporation, Kyoto, Japan) at a wavelengt
repeated three times, and the average drug content was reported.
Hardness

The Monsanto tester was used to determine the hardness of the etoricoxib
were selected from each batch, and the hardness was measured at room tes
Disintegration time

Six suppositories were randomly selected from each batch and placed i :
States Pharmacopeia (USP) type A basket with 10 mesh] of the UsS oftation tester (DT 1000,
LABINDIA, Thane, Maharashtra). Suppositories holding glas e, allowed to be immersed in 900 mL of
phosphate buffer (pH 7.4) and taken ina 1000 mL bea T aitaining a dip speed of 301 DPM. Phosphate

Texture analysis
The adhesiveness, adhesive force, and stringines
properties were analyzed using a texture analyze

etoricoxib suppositories as mechanical
000S00, Ametek Brookfield, USA), which was

F fixture were used in the analysis. The trigger load,
distance, and holding time were 50.00 g
until the surface of the suppositorie

b suppositories were performed using a USP Type 2 Dissolution
apparatus (DS 14000 Sma , Thane, India) in 250 mL of phosphate buffer (pH 7.4) by maintaining 25
rpm paddle speed. The diss mperature was maintained at 37+0.5°C using a thermostat. The 4.0 mL
of sample was collectedsa ed time points, and the equivalent volume of the replacement buffer was

propriate dilutions with pH 7.4 phosphate buffer using the UV-vis spectrophotometer
ion, Kyoto, Japan) at 283 nm wavelength. The study was repeated in triplicate, and
clease was reported.?* The drug release data were further assessed for in vitro drug
ease mechanisms. Zero-order kinetics, first-order kinetics, and the Higuchi plot were applied
ease kinetics, whereas the Korsmeyer-Peppas model was applied to evaluate the release

estimated in the filtra
(UV-19001,

anning calorimetry

ical modifications in the polymeric structure, temperature transition changes, and stability of the

ons at 4°C to 120°C to 4°C, 30°C to 120°C to 30°C, and 30°C to 150°C to 30°C were ensured by

ential scanning calorimetry (DSC) studies. The study was performed using a DSC 2500, Discovery Series (TA
truments Division, Waters (India) Private Limited, Bangalore) connected to a refrigerated cooling system 90. The
-6 mg of drug containing suppositories were weighed, crimped in an aluminum pan, and analyzed with a heating
rate of 10°C/min and a nitrogen flow of 50 mL/min.?®

Physical Stability Studies



The physical stability of the prepared suppositories was evaluated by storing them at 4+1°C. The stability of the
formulations was assessed by analyzing their homogeneity and color.

RESULTS

Drug excipient compatibility

The FTIR spectra of etoricoxib, glycerin, gelatin, and PM (etoricoxib + both gelatin and glycerin in a 1:1 ratio) are
shown in Figures 1a, 1b, 1¢ and 1d, respectively. Figure 1a shows the etoricoxib spectra with the characteristic
absorbance bands at 3050.8 cm™!, 1594 cm!, 1428.7 cm’!, 1390 cm’!, 1292.7 cm’!, 1139.9 cm™', 1090 cm™', 1008
!'(in-plane: C-H bend), 955.7 cm’! (in-plane: C-H bend), and 769.42 cm™! for aromatic C-H stretching, stretchin
C=C, aliphatic bending (asymmetric) of C-H, aliphatic bending (symmetric) of C-H, stretching vibration
(asymmetric) of O=S=O0, stretching vibration (symmetric) of O=S=0, aromatic stretching of C-Cl, in-plan

obtained spectra confirm that the present sample is etoricoxib.
Figure 1b depicts the glycerin spectra with absorbance bands of 3283.1 cm™! for OH stretching,
2821.3 cm! for C-H stretching, 1414 cm™! for C-O-H bending, 1108 cm™ and 1035.2 cm! for

sample is glycerin.
Figure 1c illustrates the IR spectra of gelatin with characteristic absorbance bands of 23
amide A, 1600 cm™ to 1620 cm! for amide 1 (C=0) stretching, 1560 cm™ to 1300 cm
1240 cm™ t0 2929.4 cm™ and 670 cm! for amide 3 (C-N stretching).>? The
sample is gelatin.
Figure 1d shows the physical mixture of etoricoxib with both glycerin and
excipients. The presence of characteristic absorbance bands at 1595 cm,
0=S=0 stretching vibration (asymmetric), 1139 cm™! for O=S=0 stretch! n)symmetric) of etoricoxib, for
glycerin bands at 3297.8 cm™! for OH stretching, 2929.4 cm™! and 28 1 stretching, and for gelatin
absorbance bands are observed. FTIR studies confirm the absedee cractions between etoricoxib and excipients.
Physical appearance

Table 2 lists the physical characteristics of the prepare i
suppositories among the batches. Suppositories were sli vish”and opaque. All the suppositories were
conical with no breakage.
Homogeneity test

As shown in Table 2, the SB2 suppositories were found to omogeneous, smooth, and free from dryness. The
remaining batches of suppositories were b omogeneous, smooth, and free from dryness.

Hardness

Different hardness values were recozrde ferent batches of suppositories. Batch SB1 suppositories showed the
lowest hardness values, i.e., 4.00 S uppositories showed the highest hardness values, i.e., 7.50+0.50

kg/cm3, whereas SB3 and SB
kg/cm3 (results are reported,i
higher concentration of ge
Weight variation

The weight variatig e
between 0.00 and . exhibited the highest content uniformity, i.e., 80.76£3.6%.
Content unifQuisi,

e same hardness values, i.e., between 5.9+0.36 and 5.5+0.50
The SB2 sample had the highest hardness, which may be attributed to the

s are depicted in Table 2) for all batches was found to be between 66.98 and 80.76%
d deviation. As reported in Table 2, the disintegration time was noticed in the following
SB3. SB2 exhibited a longer disintegration time, which may be due to the presence of a
tration in this batch. SB3 showed the least disintegration time, which may be due to the lowest
of gelatin in these suppositories.

dhesive forces, i.c., 4.70+£1.20 and 3.90+2.80 g, respectively, compared with the other batches of
sitories, which may be due to the presence of a higher glycerin-to-gelatin ratio, i.e., 3.00 and 3.25,
pectively. These two batches of suppositories also gave higher standard deviation values than the SB2 and SB4
uppositories. The SB2 suppositories showed the least adhesive force, i.e., 3.73+0.90 g) among all remaining
batches. The standard deviation values of SB2 and SB4 were also lower.



The SB1 and SB3 suppositories (with adhesiveness values of 0.07+0.04 and 0.14+0.01 mJ, respectively) also
showed the highest adhesiveness compared with the SB2 and SB4 suppositories (with adhesiveness values of
0.06+0.01 and 0.0940.01 mJ, respectively).

Stringiness was found to decrease with increasing glycerin concentration but to increase with increasing gelatin
concentration. SB2 showed the highest stringiness (1.36+0.24 mm), whereas SB3 showed the lowest stinginess
(0.20+0.15 mm).

Dissolution studies and drug release kinetics

Figure 2 shows the in vitro drug release profile of the drug from the prepared batches of suppositories in phosph
buffer (pH 7.4) to mimic the physiological condition of the rectal. SB3 gave the fastest drug release (i.e.,
91.47+17.74% in 6 h) because it had a gelatin-to-glycerin ratio of 0.31. SB1 induced complete drug releasg witl

97.124+26.66%, respectively) within 10 h.
The obtained drug release data was assessed for drug release kinetics and mechanisms (the data i

The release of drugs from the suppositories was also supported by the Higuchi plot.
Differential scanning calorimetry

To confirm the changes in the polymeric structure of gelatin between 30°C and 120° d suppositories
underwent DSC analysis. The study was executed by scanning the samplg 9°C and then
reversing the thermal cycle from 120°C to 30°C at a rate of 10°C/min. Th ations was recorded in
the thermogram during the study, as reported in Figure 3a, confirming th i
the mentioned temperature range.
To assess the stability of the prepared suppositories at 4°C, the DSC run§u d in the thermal cycle from 30
to 120°C and then reversed from 120 to 4°C. The absence of modificati ermogram was observed (data
presented in Figure 3b), indicating the stability of the prepared i een 4°C and 120°C.

The DSC thermogram shown in Figure 3c confirms théstabilit e active molecule over the temperature range of
30°C to 150°C.

Physical Stability Studies

The prepared suppositories exhibited good homo iod of 21 days (Figure 4. No observable
differences in homogeneity or physical appearan uring storage at 4°C. However, a slight color
change was observed in the formulated supposito

DISCUSSION

eability, with a log P of approximately 2.8. However, its
and 0.0785 mg/mL in water, acetate buffer pH 1.2, phosphate

As reported in the literature,33 etorico
solubility was reported to be 0.0245
buffer pH 6.8, and phosphate bu
i.e., between pH 7 and 8, com egions. Another reason is that because the drug has a pKa value of

Long-term constipation co
enlarged blood vesselsdisi

erable. Another reason is that the addition of glycerin to the suppositories enhances
em moisturizing properties, which further, in contact with the minimal amount of
sue, enhances the dissolution of the suppositories.3*4° On the other hand, the presence
itories dissolves slowly and maintains long-term drug release at the site.3® The combination
is complementary to each other to maintain sustained drug release.

at are not completely soluble and have been dispersed in suppositories with opposing

ourage the drug to leave the fluid.%4%42 Considering this useful fact, lipophilic drugs (such as

of gelatin
of glyceri

recommends a glycerin: gelatin: water ratio of 70:20:10 for suppositories. However, this study was
plaamed with slight modifications to the abovementioned ratio to obtain a suitable sustained-release formulation. The

dy used glycerin: gelatin: water in the ratios of 60 to 65:20 to 25:7 to 17. The study was planned to sustain the
elease of the drug from the formulated suppositories for a period of 8-10 h, as this is preferred during bedtime.
FTIR spectroscopy was conducted to confirm etoricoxib and its compatibility with excipients planned in the study.
The study showed all characteristic absorbance bands positioned as per the literature?’-32 in the obtained spectra,



which confirms that the present sample is etoricoxib and also ensures its compatibility with the selected polymers.
This study is in line with the earlier findings reported? for other molecules such as gelatin and glycerin.

The formulated suppositories were wrapped in parchment paper, which is a cellulose-based paper with properties
such as non-stickiness, grease resistance, humidity resistance, and heat resistance. This paper was used to wrap the
suppositories to prevent moisture loss during storage at 4°C.

Although color, size, and shape have negligible effects on the effectiveness of the suppositories,® They are
considered parameters for their attractive appearance. This study demonstrated that the use of glycerin and gelati
the suppositories not only maintains their shape but also helps in the homogeneous distribution of the drug.
The hardness of the suppositories has been given the least importance in the literature; however, this paramete
assumed to be important as it may influence drug release, therapeutic response, and packaging and transportati
hazards. It is assumed that as the hardness of the material increases, drug release and response decreasg

hardness, least weight variation, and sufficient disintegration time. This combination is consider
anticipated to be useful for sustaining the release of the formulation due to the slightly higher
gelatin (Ham and Buckheit Jr., 2017).

The highest adhesive force was noted with a higher glycerin-to-gelatin ratio. The finding
research in this area, in which researchers showed an increase in bio-adhesive force v

suppositories compared with the other batches. On the other hand, these st
release with an increase in its concentration owing to its wetting properticsgh®

According to the reported n-value (release exponent), all batches of the sUppositories showed the fickian
diffusion mechanism, 242543
, which may contribute to
pility studies (especially for the
estimation of drug content) are preferred for these form
CONCLUSION

This study was initiated with the objective of deve
providing instant pain relief and anti-inflammato
formulated using glycerin and gelatin as a suitabl

orrhoids. Drug-containing suppositories were
the evaluation studies of the formulated suppositories,
sical appearance with optimum hardness,

rectal leakage and entry of the d ]
also found to be suitable. The i cleasc as an important study to predict the fate of formulated

release pattern with etoricoxib release of 98.14+13.50% in 10 h, and this
drug release was diffusion- expected to be suitable for this type of formulation. Therefore, based on

the in vitro evaluatio ulated suppositories, we conclude that the present work has future scope and

K., Literature Search: B.S.,Writing: B.S., L.K.
of Interest: The authors have no conflicts of interest to declare.

Co
Disclosure: The authors declared that this study received no financial support.
FERENCES
1. Bartels DA, Johnson R, Bayor MT, Ainooson GK, Ossei PPS, Etuaful RK, Buamah R. Formulation of

suppositories of alum produced from bauxite waste in ghana for the treatment of hemorrhoid.
ScientificWorldJournal. 2021;2021:6667562.



10.

11.

12.

13.

14.

15.

16.

17.

21.

Yng HK. Anal anatomy. In: Hyung Kyu Yng; editor. Hemorrhoids. Berlin Heidelberg: Springer -
Verlag: 2014. pp. 5-14.

Kibret AA, Oumer M, Moges AM. Prevalence and associated factors of hemorrhoids among adult
patients visiting the surgical outpatient department in the University of Gondar Comprehensive
Specialized Hospital, Northwest Ethiopia. PLoS One. 2021;16:¢0249736.

Trompetto M, Clerico G, Cocorullo GF, Giordano P, Marino F, Martellucci J, Milito G, Mistrangelo M,
Ratto C. Evaluation and management of hemorrhoids: Italian society of colorectal surgery (SICCR)
consensus statement. Tech Coloproctol. 2015;19:567-575.

Sun Z, Migaly J. Review of hemorrhoid disease: presentation and management. Clin Colon
Surg. 2016;29:22-29.
Rubbini M, Ascanelli S. Classification and guidelines of hemorrhoidal disease: Present
World J Gastrointest Surg. 2019;11:117-121.

Riss S, Weiser FA, Schwameis K, Riss T, Mittlbock M, Steiner G, Stift A. The pr
hemorrhoids in adults. Int J Colorectal Dis. 2012;27:215-220.

Nassa YG, Danjuma A, Ayuba SB, Yahaya SA, Inusa B, Yakubu 1. Prevales
hemorrhoids among commercial motorcyclists in Kaduna state, Nigeria gV
2016;4:1-4.
Alonso-Coello P, Mills E, Heels-Ansdell D, Lopez-Yarto hou Q, Joha
the treatment of hemorrhoids complications: a systematic re and meta-ana
Gastroenterol. 2006;101:181-188.
Davids JS, Ridolfi TJ. Hemorrhoids. In: Beck DE, Roberts ides TJ, Senagore AJ, Stamos
MJ, Wexner SD. (editors). The ASCRS textbook of colon 4 suggery. Springer Cham. 2011. pp.

209-229.

Tjandra JJ, Tan JJ, Lim JF, Murray-Green C, Ke [[”) Lubowski DZ. Rectogesic (glyceryl
trinitrate 0.2%) ointment relieves sympt 2 idstassociated with high resting anal canal
pressures. Colorectal Dis. 2007;9:457-46

Yamazaki R, Kawai S, Matsuzaki T, Kaneda 1tmoto S, Yokokura T, Okamoto R, Koshino T,

duction following its intracellular conversion
;329:181-187.

velopment and characterization of enteric-coated
sion/spheronization technique using kappa-
armSciTech. 2010;11:336-343.

lverse effects of non-steroidal antiinflammatory drugs: an

ar and renal complications. J Pharm Pharm Sci. 2013;16:821-

into cyclooxygenase inhibitors. Eur
Kilor VA, Sapkal NP, Awari JG, Sh
immediate-release pellets o
carrageenan as a pelletizi
Harirforoosh S, AsgharW.

is, ankylosing spondylitis and acute gouty arthritis. Drugs. 2009;69:1513-1532.
val MD, Brideau C, Charleson S, Dub¢ D, Ethier D, Falgueyret JP, Friesen RW,
2 G, Guay J, Mancini J, Ouellet M, Wong E, Xu L, Boyce S, Visco D, Girard Y, Prasit
ni R, Rodger IW, Gresser M, Ford-Hutchinson AW, Young RN, Chan CC. Etoricoxib (MK-
eclinical profile and comparison with other agents that selectively inhibit cyclooxygenase-2. J
col Exp Ther. 2001;296:558-566.
eddy RS, Kumar L, Pydi CR, Reddy MS, Verma R. Development of fluconazole suppositories for the
eatment of candida infection of genitourinary tract. Indian J Pharmaceut Edu Res. 2018;52;S16-S22.
Sah ML, Saini TR. Formulation development and release studies of indomethacin suppositories. Indian
J Pharm Sci. 2008;70:498-501.
Jawahar N, Jayaprakash S, Maria N, Rajan G, Nagarajan M, Moorthi DD, Jubie S, Manivannan R.
Design and evaluation of sustained release suppositories of nimesulide. Indian J Pharmaceut Sci.
2005;67:558-561.
Mahjabeen S, Hatipoglu MK, Chandra V, Benbrook DM, Garcia-Contreras L. optimization of a vaginal
suppository formulation to deliver sheta2 as a novel treatment for cervical dysplasia. J Pharm Sci.
2018;107:638-646.


https://www.ncbi.nlm.nih.gov/books/NBK549795/

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

39.

42.

Ghorab D, Refai H, Tag R. Preparation and evaluation of fenoterol hydrobromide suppositories. Drug
Discov Ther. 2011;5:311-318.
El-Majri MA, Sharma RK. Formulation and evaluation of piroxicam suppositories. Int J Drug Deliver.
2010;2:108-112.
Kumar L, Reddy MS, Shirodkar RK, Pai GK, Krishna VT, Verma R. Preparation and characterisation
of fluconazole vaginal films for the treatment of vaginal candidiasis. Indian J Pharm Sci. 2013;75:585-
590.
Chatterjee A, Kumar L, Bhowmik BB, Gupta A. Microparticulated anti-HIV vaginal gel: in vitro-i
vivo drug release and vaginal irritation study. Pharmaceut Dev Technol. 2011;16:466-473.
Chevala NT, Dsouza JA, Saini H, Kumar L. Design and development of tranexamic acid loaded fi
forming gel to alleviate melasma. J Cosmet Dermatol. 2022;21:6863-6874.
Silverstein RM, Webster FX. Infrared Spectroscopy. In: Silverstein RM, Webster FX (Eg
Spectrometric identification of organic compounds. John Wiley & Sons, Inc. Auth
Wiley India (P.), Ltd, Daryaganj, New Delhi. Printed at: Pashupati Printers Pvt.
Edition. Sixth reprint, 2008. pp. 71-143.
Srinivasan S, Elhassan GO, Janakiraman AK, Kayarohanam S, Dey T, Na
Mohamed JMM. Preparation and characterization of etoricoxib ternary
of solubility. J] Pharmaceut Negative Result. 2023;14:1703-1712.
Guimarées JL, Trindade Cursino AC, Ketzer Saul C, Sierral
Evaluation of castor oil cake starch and recovered glycerol ar
based on those with plant fibers. Materials. 2016;9:76.
Dixit V, Tewari JC, Cho BK, Irudayaraj JM. Identification cation of industrial grade
glycerol adulteration in red wine with fourier transform in scopy using chemometrics and
artificial neural networks. Appl Spectrosc. 2005;59;
Gomez-Siurana A, Marcilla A, Beltran M, Bereng @ FartincZ-Castellanos I, Menargues S.
migttressThermochimica Acta. 2013;573:146-157.
Irfanita N, Jaswir I, Mirghani ME, Sukma i estari W. Rapid detection of gelatin in

70 A, Gonzalez-Alvarez M, Hens B, Garcia-
redictive Dissolution Methodology (iPD

Gonzalez-Alvarez I, Bermejo M, T
Arieta A, Amidon GE, Amidon GL.
Methodology) with a BCS
products. Pharmaceutics. 2
Ifrah S, Porat D, Deut:

alum produced from bauxite waste in ghana for the treatment of hemorrhoid.
‘WorldJournal. 2021;2021:6667562.
Buckheit RW Jr. Designing and developing suppository formulations for anti-HIV drug
. Ther Deliv. 2017;8:805-817.
urosawa IN, Owada IE, Ito K. Bioavailability of nifedipine suppository in healthy subjects. Int J

arm. 1985;27:81-88.
Shende S, Meshram B, Karemore H, Gaikwad P, More H, Devhare L, Srivastava A. Development and
characterization of glycerol-gelatin suppositories for enhanced efficacy. European J Pharma Medical
Res. 2023;10:522-528.
Jannin V, Lemagnen G, Gueroult P, Larrouture D, Tuleu C. Rectal route in the 21st Century to treat
children. Adv Drug Deliv Rev. 2014;73:34-49.
Hua S. physiological and pharmaceutical considerations for rectal drug formulations. Front Pharmacol.
2019;10:1196.



W1

43, Sultan T, Hamid S, Hassan S, Hussain K, Ahmed A, Bashir L, Naz S, Magbool T. Development and
evaluation of immediate release diclofenac sodium suppositories. Pak J Pharm Sci. 2018;31:1791-
1795.

44. Choi H, Lee M, Kim M, Kim C. Effect of additives on the physicochemical properties of liquid
suppository bases. Int J Pharm. 1999;190:13-19.

45. Bhaskaran NA, Salwa, Fernandes AV, Volfova G, Pydi CR, Kumar L, Verma R, Marques SM,
Shirodkar RK. Development of cream to enhance the antifungal activity and reduce the side effects
fluconazole for the treatment of Candida albicans. Tenside Surfact Det. 2011;59:231-239.

— ———

gHE3SRRs 8 & 8 8

~

72
70

8

0 3500 3000 2500 2000 1500 1000 500400
cm-1

e 1. FTIR spectra: (A) Etoricoxib; (B) Glycerin; (C) Gelatin; (D) PM.
FTIR: fourier transform infrared spectroscopy, PM:
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Figure 2. In vitro drug release profile of formulated suppositories.
* Above data are presented as Mean + SD, n=3
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Figure 3b. DSC thermogram of suppositories from 30°C to 12
DSC: differential scanning calorimetry
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Figure 4. Appearance of formulated suppositories at 4°C for a period of 21 days.

Table 1. Composition of Etoricoxib rectal suppositories
Drug/Excipients Formulation composition (%ow/w)

SBI SB2 SB3
Etoricoxib 3.00 3.00 3.00
Glycerin 60.00 60.00
Gelatin 20.00 25.00
Purified water 17.00 12.00

homogeneous

ith no

homogeneous and
smooth with no

Physical Formulation Batch

characteristics SB1 SB2 S SB4

Color and opacity Slight yellowish and igh Slight yellowish Slight yellowish and
opaque. and opaque. opaque.

Shape” Conical Conical Conical

Homogeneity” Almost Almost Almost homogeneous

and smooth with no
dryness

Disintegration ti

dryness
Hardness” (Kg/cm?) ) 7.50+0.50 5.90+0.36 5.50+0.50
Weight variation (g)* | 1. 1.30+0.02 1.31+0.01 1.25+0.02
Content uniformity 6.9 80.76+3.60 74.34+5.70 78.66+1.48
=
4 19.05 11.00 18.00
min

D, n=3; #Results present as Mean+SD, n=12.

esent as Me8
ture analysis of etoricoxib suppositories
ati Adhesive force (g) Adhesiveness (mJ)

0 Stringiness (mm)
4.70+1.20 0.07+0.04 1.10+1.30
3.73+0.90 0.06+0.01 1.36+£0.24
3.90+2.80 0.14+0.01 0.20+0.15
4.20+0.20 0.09+0.01 0.25+0.05

All results represent as Mean+SD, n=3

| Table 4. Drug release kinetics




Formulation Zero order First order Higuchi Plot Korsmeyer Peppas
code r? K r? K r? r? N

SB1 0.924+0.05 | 13.50+0.98 | 0.92+0.03 | 0.24+0.03 | 0.92+0.03 0.77+0.14 0.20+0.04
SB2 0.85+0.14 | 9.44+1.61 | 0.89+0.12 | 0.16+0.02 | 0.934+0.08 0.87+0.08 0.10+0.01
SB3 0.88+£0.07 | 7.85+£3.20 | 0.83%0.13 | 0.12+0.05 | 0.88+0.07 0.93+0.05 0.12+0.03
SB4 0.574£0.26 | 3.53+0.99 | 0.84+0.13 | 0.13+£0.01 | 0.85+0.09 0.82+0.06 0.065+0.01

*Above data are presented as Mean=SD (n=3)
r’=Correlation coefficient, and K=reflecting rate constant.
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