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Abstract

The aim of this study was the improvement of rutin solubility along with targeting its release to colon for effective treatment
of colon cancer. Five formulations of compression-coated tablets were prepared with the same core composition including
rutin-polyvinyl pyrrolidone K30 solid dispersion (rutin-PVP K30 SD) but differ in being coated with either frankincense
alone or different combinations of frankincense with gelatin. The superior formula was selected based on the in vitro drug
release then further evaluated in terms of physical properties and in vivo performance in dogs using X-ray. Moreover, in
vitro cytotoxicity of rutin, rutin-PVP K30 SD, frankincense, and a mixture of rutin-PVP K30 SD with frankincense in a
ratio representing their concentrations in the selected formula was assessed against human colon cancer (HCT-116) cell
lines using sulforhodamine B assay. The formula (F4) with the coat consisted of 65%w/w frankincense and 35%w/w gelatin
achieved acceptable in vitro controlled drug release. In vivo X-ray in dogs confirmed that F4 tablet could remain intact in
the stomach and small intestine until reaching the colon. In vitro cytotoxicity revealed that mixture of rutin-PVP K30 SD
with frankincense was more effective in arresting cancer cell growth than rutin or frankincense alone. Moreover, stability
studies revealed that F4 tablets were physically and chemically stable. Thus, improving rutin solubility using solid disper-
sion technique and formulating it into frankincense-based compression-coated (F4) tablets would be a successful approach
for colonic delivery of rutin with potential of improving therapeutic efficacy.
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Introduction

Colon cancer is ranked the third among the most common
cancers globally and the second type of cancer causing mor-
tality worldwide[1]. This disease is predicted to strike 3.2
million people in 2040 all over the world [2]. The major
limitations of conventional chemotherapies used in treat-
ment of colon cancer are low efficacy, toxicity, and high cost
[3]. Rutin is a dietary flavonoid found in buckwheat seed,
fruits, and fruit rinds, especially in citrus fruits like orange,
grapefruit, and lemon [4]. Several in vitro studies on human
cancer cell lines revealed that rutin could be a potential
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candidate for treatment of colon cancer through arresting
cell cycle, and triggering apoptosis, as well as inhibiting pro-
liferation, angiogenesis, and/or metastasis [5—10]. Moreover,
rutin has anti-inflammatory and anti-oxidant effects [11].
However, the poor aqueous solubility of rutin (0.125 mg/ml)
affects the drug in vivo performance [12]. Various systems
have been developed and studied for rutin delivery including
nanocrystals [13], nanostructured liquisolid systems [14],
phytosomes [15], prenanoemulsion [16], solid lipid nanopar-
ticles [17], metallic nanoparticles [18], polymeric nanopar-
ticles [19], pH-sensitive nanospheres [20], and cyclodextrin
inclusion complexes [21-23]. However, the incorporation
of rutin into a solid dispersion with a hydrophilic polymer
could be a simpler approach compared to the previously
mentioned ones and was reported to be greatly success-
ful in increasing rutin solubility and dissolution rate [24].
Moreover, the adaptation of colon targeted drug delivery
approach is useful in directing drugs to cancer cells in colon,
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which enhances therapeutic efficacy. Currently, polymers of
natural origin have been adopted in pharmaceutical research
and used for modulated drug release delivery systems [25].
The resinous matter from the trees of the genus Boswellia
(frankincense) is a natural lipophilic polymer [26]. Boswellia
carterii is one of four species of the genus Boswellia and it
is found in east Africa and China. Modern studies reported
various pharmacological activities (e.g., anti-inflammatory,
anti-microbial, and anti-tumor) for the extracts and isolated
compounds of Boswellia carterii [27]. The chemical com-
position of frankincense is 60-85% resins, 6-30% gums,
and 5-9% essential oil [28]. Resin portion is composed of
various triterpenes among which boswellic acids are the
key ingredients for the pharmacological activity. The most
important boswellic acid is acetyl-11-keto-p-boswellic acid
[26, 29]. Some reported studies revealed the ability of Frank-
incense to retard drug release in controlled drug delivery
systems [26, 30, 31]. In addition, Frankincense was found
to possess antitumor activity against human colon cancer
[32-34]. Hence, this study aimed to maximize the therapeu-
tic efficacy of rutin through both improving its solubility and
targeting its release to colon. Thus, frankincense was used
as a compression coat for rutin-PVP K30 solid dispersion
core tablets and evaluated for its potential in colonic targeted
delivery and enhancing cytotoxic efficacy of rutin.

Materials and Methods
Materials
Chemicals

Rutin Tri hydrate was purchased from Oxford Lab Fine
Chem. Llp, India. Frankincense (Boswellia carterii) resin
was purchased from Harraz Herbs Company Cairo, Egypt,
and was kindly authenticated as the resin of Boswellia cart-
erii Birdwood (Somalia), Family Burseraceae, by Prof. Dr.
Mohammed El Gebally, Professor of botanic plants, National
Research Center, Egypt, and Al-Orman Botanical Garden
Herbarium, Egypt. Polyvinylpyrrolidone (PVP K30) and
barium sulfate were obtained from Sigma-Aldrich com-
pany, Germany. Avicel®PH 101 powder was purchased from
Fluka Biochemika Company, Swizerland. Gelatin powder
type A was obtained from Alpha Chemika Company, India.
Sodium starch glycolate (SSG) was kindly donated as a gift
by Epico Company, Egypt. Magnesium stearate, monoba-
sic sodium phosphate, and dibasic sodium phosphate were
obtained from El-Nasr Pharmaceutical Chemicals Company,
Egypt. Skimmed milk (Miro skimmed powder milk) was
manufactured by Arab Cultivators El-Tanbouli & Co, Sadat
City, Egypt. All other chemicals are of analytical grade.
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Cell Culture

Human colon carcinoma cell lines (HCT-116) used in this
study were obtained from the American Type Culture Col-
lection (ATCC, USA). The tumor cell lines were maintained
at the cancer cell line special unit, National Cancer Institute,
Cairo, Egypt.

Methods

Preparation of Rutin Solid Dispersions Using Solvent
Evaporation Method

Solid dispersions (SDs) of rutin with a hydrophilic carrier
either skimmed milk or PVP K30 were prepared in a weight
ratio 1:1 using solvent evaporation method. A weighed
amount of rutin was dissolved in 10 ml methanol, then an
equal amount of skimmed milk or PVP K30 was added and
the mixture was stirred using a magnetic stirrer for 30 min.
The mixture was exposed to air to allow methanol evapo-
ration until complete dryness. The powder residue was
scratched to obtain SD then stored in dissector for further
use [35].

Determination of Saturation Solubility of Pure Rutin
and the Prepared SDs of Rutin

The solubility of pure rutin, rutin:skimmed milk SD
(1:1w/w), and rutin:PVP K30 SD (1:1w/w) in 0.1 N HCI
(pH 1.2) (simulated gastric fluid) and phosphate buffer (pH
7.4) (simulated colonic fluid) was determined by adding a
known excess amount of drug (20 mg pure drug form or SD
equivalent to 20 mg drug) to 5 ml of 0.1 N HCI (pH 1.2) or
phosphate buffer pH 7.4 in capped glass test tubes. The tubes
were equilibrated at 37 +0.5°C for 24 h in a thermostatically
controlled water bath shaker (AHAAM Shaker Incubator
with heating and light, Model 25, Egypt). The suspensions
were filtered using 0.45-um syringe filter. One milliliter of
the filtrate was diluted appropriately and measured against
blank for the determination of rutin concentration spectro-
photometrically in 0.1 N HCI (pH 1.2) and phosphate buffer
(pH 7.4) at A, 255and 268 nm, respectively.

‘max

Determination of Swelling Percent of Frankincense Powder

The swelling percent was determined in water, 0.1 N HCI,
and phosphate buffer pH 7.4. An accurately weighed 1 g of
frankincense powder was placed in 100 ml glass-stoppered
measuring cylinders then 25 ml of either water, 0.1 N HCl,
and phosphate buffer pH 7.4 was added in each measur-
ing cylinder and the mixture was vigorously shaken every
10 min for 1 h and allowed to stand for 3 h at room tempera-
ture. The experiment was done in triplicates for each liquid.
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Then frankincense powder was collected from each cylinder
and weighed. Excess liquid was removed gently with a filter
paper and the swelling ratio was estimated according to the
following Eq. [36].

W2 - Wi

Swell; ¢7=(
welling % Wi

) x 100 1)
where w, is the weight of the swollen material and w; is
the initial weight of the dry material.

Differential Scanning Calorimetry

The differential scanning calorimetry (DSC) analysis was
carried out on pure drug, pure excipients, rutin-PVP K30
sd, and the physical mixture of equal weights of rutin-PVP
K30 SD and all the other used ingredients. The analysis was
performed using (Shimadzu DSC-50, Tokyo, Japan) instru-
ment equipped with a computerized data station to detect
any interaction. Samples (4 mg) were weighed accurately,
inserted in standard aluminum pan, and heated at a constant
heating rate of 10 °C/min from 25 to 300°C under nitrogen
gas flow rate of 25 ml/min.

Fourier Transform Infrared Spectroscopy

The presence of any interaction of rutin with frankincense,
PVP K30, Avicel® PH101, and gelatin was detected by
infrared spectroscopy (JASCO 6100, Tokyo, Japan). The
FTIR analysis was carried out on pure drug, pure excipi-
ents, rutin-PVP K30 SD, and the physical mixture of equal
weights of rutin-PVP K30 SD and all the other used ingre-
dients. Samples were grinded with about 100 mg dry KBr
powder and compressed into transparent disc. The Fou-
rier transform infrared spectroscopy (FT-IR) spectra were
recorded for pure drug, pure excipients, drug—excipient
physical mixtures (1:1w/w), solid dispersion of rutin with
PVP K30, and the physical mixture of equal weights of rutin
and all the used ingredients.

Preparation of Rutin Compression-Coated Tablets

Preparation of Core Tablets The core tablets of rutin SD
were prepared by direct compression of 100 mg rutin-PVP
K30 SD (equivalent to a dose of 50 mg rutin) with Avicel®
PHI101 as a filler, SSG as a disintegrant, and magnesium
stearate as a lubricant according to the amounts shown in
Table I. The powders were homogenously mixed then the
mixture was fed manually into 6-mm round die equipped
with concave faced punch and compressed into tablets at
constant compression force of 40 bar using a hydraulic press
(PerkinElmer, Waltham, MA, USA).

Preparation of Coated Tablets Half the amount of the coat-
ing materials was manually fed in 10-mm die cavity. Then,
the core tablet was inserted in the center of the die cav-
ity, followed by adding the remaining amount of the coat
preparation. Finally the coated tablets were compressed by
a concave-faced punch at constant applied force of 80 bar
using a hydraulic press (PerkinElmer, Waltham, MA, USA).
The total coat weight was 220 mg and the total weight for
core and coat tablet was 350 mg for all the prepared for-
mulae (F1-F5). The prepared compression-coated tablets
were cylindrical in shape. The composition of core and coat-
ing materials used in preparation of five tablets formulae is
shown in Table 1.

In Vitro Release Studies of Rutin from the Prepared Tab-
lets The in vitro release of rutin from the prepared com-
pression-coated tablets was performed using USP I appa-
ratus (basket model) at a rotation speed of 100 rpm and a
constant temperature of 37 +0.5°C. The release medium was
750 ml of 0.1 N HCI (pH 1.2) for 2 h followed by 500 ml
phosphate buffer (pH 7.4) until the end of the experiment.
Samples (4 mL) were withdrawn at 1-, 2-, 3-, 4-, 5-, 6-, 8-,
10-, 12-, and 24-h time intervals and replaced with an equal
volume of fresh medium. The samples were filtered using
0.45-pm syringe filter and analyzed spectrophotometrically
for rutin content at A _,,255 nm for 0.1 N HCI (pH 1.2)

max
release medium and at A ., 268 nm for phosphate buffer (pH

max

Tablel Composition of Core

: . Formula code
and Coating Materials in (mg)

Core composition (mg)

Coat composition (mg)

for Different Prepared Formulae )
of Tablets Rutin-PVP  Avicel PH 101 SSG Mg stearate Frankincense Gelatin
k30 SD

F1 100 235 52 1.3 220 (100%) 0 (0%)
F2 100 235 52 1.3 187 (85%) 33 (15%)
F3 100 235 52 1.3 165 (75%) 55 (25%)
F4 100 235 52 1.3 143 (65%) 77 (35%)
F5 100 235 52 1.3 121 (55%) 99 (45%)

(%)* =the w/w percent of coat components in the coat
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7.4) release medium. The release studies were carried out
in triplicate and the mean values were plotted as percentage
cumulative drug released against time.

In vitro Release Kinetics and Mechanisms The obtained in
vitro release data were fitted to zero-order, first-order, and
Higuchi equations to elucidate the kinetics of rutin release
from the prepared compression-coated tablets [37, 38]. The
proper release model was assessed on the basis of the regres-
sion coefficient (R?). Release model having highest R* was
selected as the best fit model.

To study the drug release mechanism, data obtained from
in vitro release were analyzed also according to Korsmeyer—
Peppas release model [39]. Given by the equation:

M,/M_, = kt" 2)

where (M,) is the amount of drug released at time ¢, (M) is
the amount of drug released at infinite time, (K) is the kinetic
constant, and (n) is the diffusional exponent that indicates
the release mechanism. The (n) values used for elucidation
of drug release mechanism from the prepared compression-
coated tablets were determined from the slope of the plot of
log cumulative % of drug release (<60%) versus log time.
The (n) value depends on the release mechanism and the
shape of the drug delivery device [40]. For cylindrical tab-
lets, if (n<0.45), the release mechanism follows “Fickian
diffusion” (case I). Values of (0.45 <n < 0.89) indicate non-
Fickian model (anomalous transport) where release is con-
trolled by a combination of diffusion and polymer relaxation.
If the n value is 0.89, the drug release follows zero-order
drug release (case II transport) where the drug release rate
is independent on time and involves polymer relaxation. For
the values of n higher than 0.89, the mechanism of drug
release is regarded as super case II transport (relaxation)
[41].

Characterization of the Selected (F4) Tablets

Determination of the Flow Properties of the Selected (F4)
Formula The powders of core and coating materials of the
selected (F4) compression-coated tablets were evaluated for
angle of repose, bulk density, tapped density, compressibility
index, and Hausner ratio.

Angle of Repose The angle of repose is the internal angle
between the surface of the powder pile and the horizontal
surface. Angle of repose is related to the coefficient of fric-
tion between the powder particles. The angle of repose was
determined by the funnel method. The powder mixture of
either core or coat of F4 was allowed to flow through the
funnel freely onto the surface. The diameter of the powder

@ Springer

cone was measured and angle of repose was calculated using
the following Eq. [42].

0 =tan"!(h/r) 3)

where “h” and “r” are the height and radius of the cone,
respectively. Three determinations were performed.

Powders that have angle of repose values of 25-30° are
excellent in flow. Angle of repose values of 31-35° indicate
good flow while values that exceed 40° indicate bad flow
[43].

Bulk Density The bulk density of a powder is the ratio of the
mass of an untapped powder sample to its volume including
the interparticle void volume.

For determining the bulk density of the core and coating
powders, 3 g of either core or coat powders in same propor-
tions as in F4 Formula were weighed. Then the powder of
each mixture was poured into a graduated measuring cylin-
der then, the volume was measured.

Then the bulk density in (g/ml) was calculated using this
equation:

Bulk density = % 4)

where m is the mass of the powder and V), is the apparent
volume [43].

Tapped Density The tapped density is obtained by manually
tapping a graduated measuring cylinder containing the pow-
der sample and volume readings are taken until insignificant
further volume change is noticed.

. m
Tapped density = 7 (5)

where m is the mass of the powder and V, is the tapped
volume [43].

Compressibility Index (%) Compressibility index (%) was
determined directly from the following equation:

ptapped — pbulk

Compressibility Index(%) =
ptapped

x 100  (6)
where p ,p5eq 1S the tapped density and p py is the bulk
density.

Powders show an excellent flowability when a compress-
ibility index (%) is less than or equal 10% and a good flowa-
bility when a compressibility index (%) is from 11 to 15%
[43].

Hausner’s Ratio Hausner’s ratio can be calculated by using
following equation:
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tapped
P pp

' P
Hausner's ratio = P @)

Powders show an excellent flowability when Hausner’s
ratio is from 1.00 to 1.11 and a good flowability when Haus-
ner’s ratio is from 1.12 to 1.18[43].

Uniformity of Thickness The thickness of tablets was deter-
mined using a Digital caliper 160 (SOMET, Czech Repub-
lic) and the values were recorded in mm units. The measure-
ments were applied for 10 tablets and the mean values were
recorded. Tablet thickness should be controlled within+ 5%
variation of the mean value [44].

Uniformity of Weight The weights of 20 tablets were
weighed individually using an analytical balance (Setra BL-
410S, China) then the weight of each tablet was compared
with the respective average weight of the tablets. The tablets
met the test if not more than two tablets deviated from the
average weight by more than 5% [44].

Friability Test Twenty tablets were accurately weighed (W)
and placed in the drum of the friability tester (Pharmatest
PTF 10E, Germany) where they were subjected to rolling
and repeated shocks by apparatus’ septa that present inside
the transparent drum. After four minutes of this treatment
at a speed of 25 rpm (100 revolutions), the tablets were
removed from the drum, carefully brushed to remove adher-
ing dust, and then re-weighed (W,). The percentage loss
in weight due to abrasion was the measured parameter for
assessment of tablet friability and was calculated from the
following equation:

W1 -Ww2

% loss = < Wi ) x 100 3

The % loss should not be more than 1.0% of the weight
of the tablets that being tested [44].

Hardness Test The crushing strength (hardness) of ten tab-
lets was determined using hardness tester (AHIBA CH4127
Birsfelden, Type TPG20) and the values were recorded in
(kg/cmz) units. The mean value of ten measurements was
calculated. The prepared tablets met the requirements if all
tablets fall in the acceptable range of hardness (from 4.9 to
6.8 kg/cm?) [45, 46].

Drug Content This test was done by testing the drug con-
tent for ten tablets of the selected formula (F4). Each tablet
was crushed individually and extracted in 20 ml methanol,
then 1 ml was taken and further diluted to 4 ml with metha-
nol then further diluted by the same volumes three times
more. The solution was filtered through a micro pore sterile
syringe filter (0.45 um, Pall Corporation, Michigan, USA)

and the absorption was recorded by UV spectroscopy at A
max 260 nm.

The requirements for content uniformity are met if not
more than one individual content is outside the limits of 85
to 115% of the average content and none is outside the limits
of 75 to 125% of the average content [44].

In Vivo X-ray Studies on Dogs for the Selected (F4) Tablets In
vivo X-ray studies were carried out on dogs to assess the in
vivo performance of the selected compression-coated tablet
formulation (F4). The main purpose of this study was to
monitor the movement, integrity, and disintegration of the
tablet throughout the gastrointestinal tract of dogs. These
studies were carried out at Surgery, Anesthesiology and
Radiology department, Faculty of Veterinary medicine,
Cairo University. The proposal of this experiment was
approved by the Animal Ethics Committee of Faculty of
Pharmacy, Helwan University, no. 15A2021. The core tablet
formula was prepared using the same amounts of the origi-
nal ingredients of F4 except that the amount of rutin was
replaced with 50 mg barium sulfate as a contrasting agent
(X-ray opaque material). The prepared core tablets were
subjected to further coating with 220 mg of coating materi-
als (same to the selected formula F4) to get a total 350 mg
compression-coated barium sulfate tablets using the same
compression force as before. The experiment was conducted
on three mongrel dogs of 1-2 years old and 15-20-kg body
weight. The experimental animals were fasted overnight
before the administration of the tested formula. In the next
morning, the dogs were radiographed before administration
of the tested tablets for exclusion of radiographic abnormali-
ties and radiopacity confusion. Then, the dogs administered
the tablets orally and radiographed, just after administration
and then at 1-, 2-, 3-, 4-, 6-, 7-, 8-, and 10-h time intervals.
The dogs were X-ray examined at lateral position using Fis-
cher X-ray machine (Model (EMERALD-125), EUREKA
TUBE CO., Chicago, IL, USA).The X-ray films were pho-
tographed using digital camera.

In vitro Cytotoxicity Against Human Colon Carcinoma Cell
Lines Using Sulforhodamine B Assay The in vitro cytotox-
icity of pure rutin, rutin-PVP K30 solid dispersion, frankin-
cense, and a mixture of rutin SD and frankincense in a ratio
representing their concentrations in the compression-coated
tablet (F4) was assessed against human colon cancer (HCT-
116) cell lines using sulforhodamine-B (SRB) assay.

Human Tumor Cell Lines
Human colon carcinoma cell lines (HCT-116) used in this
study were obtained from the American Type Culture Col-

lection (ATCC, USA). The tumor cell lines were maintained
by serial sub-culturing at the cancer cell line special unit in
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National Cancer Institute, Cairo, Egypt, The cell lines were
grown in Roswell Park Memorial Institute-1640 medium
supplemented with 10% heat-deactivated fetal bovine serum,
2 mM L-glutamine, and 50 pg/mL gentamicin in a 37°C
humidified incubator and 5% CO, atmosphere. Cell viability
was determined at the beginning of the experiment by trypan
blue dye exclusion method [47]. Cell viability was more than
98%.

Samples Preparation

Samples were prepared by being dissolved in dimethyl sul-
foxide and stored frozen at—20°C prior to use. The poten-
tial cytotoxicity of different samples was tested using SRB
assay according to a method reported previously [48]. SRB is
a bright pink aminoxanthrene dye with two sulfonic groups. It
is a protein stain that binds to the amino groups of intracellular
proteins under mild acidic conditions to provide a sensitive
index of cellular protein content. The SRB colorimetric assay
was used for cytotoxicity screening according to the protocol
of National Cancer Institute (Nat. Protoc.2006: 1, 1112-1116).
Human colon cancer (HCT-116) cells were seeded in 96-well
microtiter plates at a concentration of 4x 10? cells per well in a
200 pl fresh culture medium and incubated for 24 h in 5% CO,
atmosphere at 37°C to attach to the plates. Then, cells were
incubated with concentrations (0, 31.25, 62.5, 125, and 250 pg/
ml) of either pure rutin, rutin-PVP K30 SD, frankincense, or
the mixture of rutin-PVP K30 SD with frankincense. Three
wells were prepared for each individual concentration and the
plates were incubated for 48 h at 37°C and in atmosphere of
5% CO,. Following 48-h treatment, the cells were fixed in
situ by gentle addition of 10 pl cold 50% (w/v) trichloroacetic
acid (TCA) at 10% final concentration TCA and incubated
for 1 h at 4°C. The supernatant was discarded and plates were
washed 5 times with distilled water using (automatic washer
Tecan, Germany) and then dried in air. The plates were stained
by addition of 50 pL 0.4% (w/v) SRB solution dissolved in
1% acetic acid to each of the wells and then the plates were
incubated for 30 min in dark at room temperature. After stain-
ing, unbound stain was removed by washing the plates with
1% acetic acid and air-dried. Then the bound stain was then
solubilized with 200 pl of 10 mMtris base (pH 10.5) per well.
Tris base was prepared by dissolving 121.1 gm of tris base
in 1000 ml distilled water and pH was adjusted by 2 M HCI.
Finally, the optical density of each well was measured spectro-
photometrically at 570 nm with an ELISA microplate reader
(Sunrise Tecan READER, Germany). The percentage of cell
survival was calculated as follows:

Optical density (treated cells)

% Cell Viability = x 100

C))

Optical density (Untreated control cells)
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The concentration of drug required to produce 50% inhi-
bition of cell growth (ICy,) was also calculated using Graph
Pad Prism 5 ®Statistical software (San Diego, CA, USA)
[48].

Statistical Analysis

Statistical analysis of the in vitro cytotoxicity experiment
data was accomplished using two-way ANOVA multiple
comparisons (Graph Pad Prism 5 ®, San Diego, CA, USA),
followed by Tukey’s multiple comparisons test. Data were
expressed as mean =+ standard deviation. A statistically sig-
nificant difference was considered at p value <0.05.

Investigation of Cytomorphological Changes Using
Inverted Microscope

Human colon cancer (HCT-116) cells were seeded in 6-well
microtiter plates at a concentration of 10x 10° cell per well
in 3 ml fresh culture medium and incubated for 24 h in 5%
CO, atmosphere at 37°C to attach to the plates. Then cells
were incubated with 0, 24.5, and 250 pg/ml of the mixture
of rutin-PVP K30 SD with frankincense in the same ratio of
the selected F4-coated tablet. The zero pg/ml concentration
was a control while the concentrations (24.5 and 250 pg/ml)
were the ICs, and the maximum treatment concentration,
respectively. Two wells were prepared for each individual
concentration and the plates were incubated for 48 h at 37°C
under atmosphere of 5% CO,. Then, the cytomorphological
changes in the incubated cells were visualized and photo-
graphed by inverted light microscope from Leica Microsys-
tems (Leica DM IL LED, Germany) at 10 X magnification
power.

Stability Studies for the Selected
Compression-Coated Tablets (F4)

The aim of stability studies is to ensure how the quality of
the prepared tablets varies as function of environmental fac-
tors such as temperature and humidity [49].

The selected compression-coated tablets (F4) were
packed in an amber glass bottle which was then inserted
into a larger sealed glass container filled with saturated
solution of sodium chloride to maintain a particular value
(75%) of relative humidity (RH) around samples upon stor-
ing in a thermostatically controlled incubator chamber (FTC
90E, VELP scientific, Italy) at 40°C. Samples were kept at
40°C/75% RH for a period of 6 months according to ICH
guidelines for accelerated stability studies [50].

Stability of tablets was investigated after storage for 1,
2, 3, and 6 months in terms of physical appearance, hard-
ness, and drug content. The content of rutin in the stored
tablets was determined using a validated HPLC assay with
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slight modifications [51]. The details of HPLC analysis of
rutin were described in supplementary material (Online
Resourcel).

Moreover, the in vitro drug release profile for three tablets
from the batch stored for 6 months was compared with that
for the freshly prepared tablets through calculation of dif-
ference factor (f,) and similarity factor (f,) from Eqss (10)
and (11) respectively[52].

" IR =T
fi= l—[z’ﬂzln — ‘”] x 100 (10)
t=1""1

h= 50.log{ [1 + % Zle (R, — T,)z]_o's.loo} a1

where f, estimates the percent difference between the two
curves at each time point and measures the relative error
between the two curves, n is the number of time points, R,
is the dissolution value of the reference (freshly prepared
tablets) at time ¢, and T, is the dissolution value of the test at
time 7. f, value of less than 15.0 and f, value of more than
50 show that the two profiles are similar.

Results and Discussion

Determination of Saturation Solubility of Pure Rutin
and the Prepared SDs of Rutin

The saturation solubility (mg/ml) of pure rutin, rutin-
skimmed milk SD, and rutin-PVP K30 SD in 0.1N HCI
(pH1.2) was 0.143 +£0.02, 0.145 +0.06, and 0.208 +0.02,
respectively, while the saturation solubility (mg/ml) of pure
rutin, rutin-skimmed milk SD, and rutin-PVP K30 SD in
phosphate buffer (pH7.4) was 0.106 +£0.03, 0.202 +0.06,
and 0.345 +0.04, respectively. Thus, rutin-PVP K30 SD
(1:1 w/w) achieved higher saturation solubility compared
to rutin-skimmed milk SD (1:1 w/w), especially in phos-
phate buffer pH 7.4 which is a simulated medium for colonic
fluids and a target site for rutin release in this study. Thus,
rutin:PVP K30 SD was selected to be incorporated into the
core of rutin colon-targeted tablets.

Determination of Swelling Percent of Frankincense
Powder

The results showed that there was no change in the weight
of frankincense powder after swelling test (w,=w;=1 g)
indicating that frankincense powder had no swelling abil-
ity upon contact with 0.1 N HCI or phosphate buffer pH
7.4. This could be attributed to the hydrophobic nature of

frankincense powder which prevented its possible hydration
by the swelling medium.

Differential Scanning Calorimetry

Figure 1 illustrates the DSC thermograms of pure rutin, PVP
K30, rutin-PVP K30 SD, SSG, Avicel® PH 101, frankin-
cense, gelatin, and the physical mixture of equal weights of
rutin/PVP K30 SD and all the used ingredients.

The DSC thermogram of rutin showed three characteristic
endothermic peaks at 121.71, 167.45, and 179.23°C. The
endothermic peaks at 121.71 and 167.45°C could be attrib-
uted to the consecutive stages of dehydration of crystalline
water [53, 54].

The endothermic peak at179.23°C was corresponding to
the melting point of rutin [20].

The disappearance of rutin endothermic peaks in the ther-
mogram of rutin-PVP K30 SD rutin could be attributed to
the formation of amorphous solid dispersion as rutin was
molecularly dispersed in PVP K30 [55].

Fourier Transform Infrared Spectroscopy

Figure 2 shows the FT-IR spectra for pure rutin, PVP K30,
rutin-PVP K30 SD, SSG, Avicel® PH 101, frankincense, gel-
atin, and the physical mixture of equal weights of rutin/PVP
K30 SD and all the used ingredients. The FT-IR spectrum
of rutin showed characteristic peaks at 3417.86 cm™~'(OH
stretching), 2986.81 cm™Y(C-H stretching), 1668.78 cm™!
(C=0 stretching), and aromatic structure [56].

The spectrum of the total physical mixture of rutin drug

with overall ingredients recorded peaks at 3417.86 cm™!,

DSC |
(mW) \/'/——’_—-/M

Endo

100 200 300
Temperature (°C)

Fig.1 The DSC thermograms of (A) pure rutin, (B) PVP K30, (C)
rutin/PVP K30 solid dispersion, (D) SSG, (E) avicel, (F) frankin-
cense, (G) gelatin, and (H) the total physical mixture (1:1w/w) of
rutin/PVP K30 SD with all ingredients
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Fig.2 The FT-IR spectra for 1
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Fig.3 In vitro release profiles of rutin from the prepared compres-
sion-coated tablets (F1-F5) in 0.1 N HCI for 2 h then in phosphate
buffer pH 7.4 until the end of 24 h

2985.66 cm™!, and 1668.78 cm™!. Thus, there were no con-
siderable changes in the FT-IR peaks of total physical mixture
of rutin drug with overall ingredients in comparison with the
pure drug FT-IR peaks. This indicated that there was no chem-
ical interaction between rutin and the other used excipients.

In Vitro Release Studies of Rutin from the Prepared
Tablets

Figure 3 showed in vitro release profiles of rutin from the

prepared five formulae of tablets (F1-F5). The results indi-
cated that F1 tablets in which the coating material composed

@ Springer

Wave number (1/cm)

of 100% frankincense showed no release of the drug and
the tablets remained intact up to 24 h. This might be due to
the hydrophobic nature and the strong binding properties
of frankincense that led to formation of highly imperme-
able coat able to prevent drug release. Therefore, gelatin
was incorporated in coat composition with frankincense to
act as a channeling agent which by its dissolution, pores are
formed in the coat layer facilitating rutin release throughout
the impermeable frankincense coating materials [57, 58].

Gelatin was used at four different concentrations (15%,
25%, 35%, and 45% weight per total coat weight) in the tab-
lets’ formulae (F2, F3, F4, and F5), respectively.

Since a lag time of 5 h is sufficient for targeted colonic
release [45, 59], the potential of formulae to provide a
targeted colonic drug release was evaluated based on the
cumulative percentage of rutin released at 5 h. Moreover,
most drug dose included in the formulae must be released
after reaching the targeted release site. Thus, the formulae
were compared also based on the cumulative percentage of
rutin released at 24 h. The % rutin released after 5 h was
2.75+0.28%, 6.18+0.97%, 8.42 +0.80%, and 25.73 +5.82%
for F2, F3, F4, and F5 respectively, while at 24 h, the %
rutin released from F2, F3, F4, and F5 was 41.04+5.23%,
56.81 £5.55%, 82.05+1.78%, and 84.68 + 1.45%, respec-
tively. From release data, it could be observed that the drug
release increased with increasing gelatin content in the coat
layer. This was due to increased porosity in the tablet coat
as result of gelatin dissolution. Among the tested formulae,
both tablets F4 and F5 revealed highest % rutin released at
24 h. There was no significant difference (p ~ 0.05) between
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% rutin released at 24 h from F4 and F5. However, F4 pro-
vided significantly ( p <0.05) less % drug released compared
to F5 at 5 h. Thus, the formula F4 was selected as a promis-
ing device for colon targeted delivery of rutin.

In Vitro Release Kinetics and Mechanisms

The data of rutin release from the prepared coated tablets
(F2, F3, F4, and F5) were fitted to zero order and first order
as well as Higuchi’s models. As indicated from Table II, the
formula F2 followed zero-order kinetics while all the other
formulae followed Higuchi kinetics. Moreover, fitting the
obtained data of the drug release to Korsmeyer-Peppas model
showed n values for all formulae higher than 0.89, indicating
that the release mechanism is super case II release. Super
case II release involves the simultaneous occurrence of dif-
fusion, polymer relaxation (due to reduced attractive forces
between polymer chains and increased chains mobility), and
erosion (due to dissolution of gelatin) [20, 60, 61].

Characterization of the Selected (F4) Tablets

The results of flow properties in terms of angle of repose,
bulk density, tapped density, compressibility index, and
Hausner ratio of the powders of core and coating materials
of the selected (F4) compression-coated tablets are shown in
Table II1.The results revealed the acceptable flow properties
of core and coating materials.

The prepared tablets showed mean thickness of
3.06+0.126 mm and all the tablets were within the
accepted limit. The mean weight of the prepared tablets
was 350.40 £ 1.67 mg, so the accepted range for weight
was 332.88-367.92 mg and all the tablets met the require-
ments concerning the uniformity of weight. The friability

(%) was found to be 0.54% which was within the accepted
limit. The hardness value was found to be 5.6 +0.325 kg/
cm?, and all the prepared tablets met the requirements of
acceptable range of hardness.

The average drug content in the tested 10 tablets was
99.90+2.30% and the content ranged from 96.72 to
104.90%. Thus, the drug content in each of the 10 tablets
was within the range of 85-115%, reflecting a high degree
of drug content uniformity of the prepared tablets.

In Vivo X-ray Studies on Dogs for the Selected (F4)
Tablets

The compression-coated tablets containing barium sulfate
were taken by the dogs and X-ray images were captured at
different time intervals (0, 1, 2, 3, 4, 6, 7, 8, and 10 h).The
three dogs showed the same results. The X-ray images of one
of the three dogs are shown in Fig. 4. It was observed that
the tablets’ cores containing barium sulfate remained intact
in the stomach for 2 h. Also, the cores remained intact in
the small intestine for the following 3 h but once it reached
the colon, a little change appeared in shape or size of cores
after 6 h and 7 h. This could be attributed to the beginning of
barium sulfate release from cores in the colon due to dissolu-
tion of gelatin and creation of channels in the hydrophobic
frankincense coat. Then, a marked reduction in tablet size
appeared at 8 h post administration indicating the increased
release of barium sulfate from the tablets’ cores. Complete
disintegration of cores as very fine discrete opaque particles
was clearly observed in images taken at 10 h post administra-
tion. Based on these results, the coat of formula F4 provided
an efficient protection for the cores in the stomach and the
small intestine until reaching the colon.

Table Il Kinetics and Mechanisms of in vitro Release of Rutin from the Prepared Compression-coated Tablets

Formula no Regression coefficient (R?) Release kinetics Korsemyere-Peppas Release mechanism
- B B release exponent (1)
Zero order First order Higuchi
F2 0.98727 —0.98979 0.95929 Zero 2.1875 Super case II
F3 0.964712 —0.98316 0.969187 Higuchi 2.1530 Super case II
F4 0.932351 —0.97787 0.955356 Higuchi 2.1782 Super case II
F5 0.890053 —0.96417 0.951593 Higuchi 1.6401 Super case II

Table Ill Pre-compression Parameters (mean + Standard Deviation, n=3) of Core and Coating Materials of the Selected Compression-coated

Tablets (F4)

The selected F4 tablet Angle of repose  Bulk density (g/mL) Tapped density (g/mL) Compressibility index (%) Hausner’s ratio
(Degrees)

Core powder mixture 34+1.155 0.3+0.003 0.341+£0.008 11.31+1.357 1.127+0.017

Coat powder mixture 31+£3.055 0.546 +0.03 0.626+£0.03 12.797+1.279 1.146 £0.016
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Fig.4 X-ray images of F4 tablet
and its distribution through gas-
trointestinal tract to one mon-
grel dog at fixed time intervals
(0 h, pre-administration; 1 h, in
the terminal of stomach; 2 h, in
the beginning of small intestine
(especially in the duodenum);

3 h, in the jejunum; 4 h, in distal
small intestine (especially in the
ileum); 6 h, in the beginning

of large intestine; 7 h, 8 h, and
10 h, in the colon)
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—Rutin- PVP K30 SD
80
70 —Frankincense
&
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X
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Fig.5 The cytotoxic activity of pure rutin, rutin- PVP K30 SD (1:1
w/w), frankincense, and a mixture of rutin-PVP K30 SD with frank-
incense in a ratio representing their concentrations in the compres-
sion-coated tablet (F4) against human colon cancer (HCT-116) cell
line as revealed from SRB assay. Each point represents the mean of
data + standard deviation (n=3)

In Vitro Cytotoxicity Against Human Colon
Carcinoma Cell Lines (HCT-116) Using
Sulforhodamine-B Assay

Figures 5 and 6 show the cytotoxic activity of pure rutin,

rutin-PVP K30 SD (1:1 w/w), frankincense, and a mixture of
rutin-PVP K30 SD with frankincense in a ratio representing

@ Springer
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Fig.6 The cytotoxic activity of pure rutin, rutin-PVP K30 SD (1:1
w/w), frankincense, and a mixture of rutin-PVP K30 SD with frank-
incense in a ratio representing their concentrations in the compres-
sion-coated tablet (F4) against human colon cancer (HCT-116) cell
line as revealed from SRB assay. Each point represents the mean of
data (n=3). Each column represents the mean =+ standard deviation
(n=3). ® represents significance (p<0.05) of rutin-PVP K30 SD/
frankincense mixture versus rutin, rutin-PVP K30 SD, and frankin-
cense at the same concentrations. * represents significance (p “0.05)
of rutin-PVP K30 SD/frankincense mixture versus both rutin and
rutin-PVP K30 SD only. * represents significance (p <0.05) of rutin-
PVP K30 SD/frankincense mixture versus frankincense only

their concentrations in the compression-coated tablet (F4)
using SRB assay. After 48-h incubation of different concen-
trations of tested samples with human colon cancer HCT-116
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cell line, the results demonstrated a dose-dependent antican-
cer activity against HCT-116 cell line in all treated cells.
Rutin-PVP K30 SD was more effective in arresting cell
growth than pure rutin. The IC, of rutin-PVP K30 SD was
28.5 pg/ml while the ICs of pure rutin was 31.25 pg/ml. The
8.8% decrease in ICs, of rutin after its incorporation in solid
dispersion with PVP K30 could be attributed to the presence
of rutin in solid dispersion as amorphous molecularly dis-
persed form which enables higher cellular uptake.

The cytotoxic outcomes of frankincense on HCT-116 cell
line showed growth inhibitory effect with ICs, of 42.5 pg/
ml, which demonstrates that frankincense has an antitumor
activity against colon cancer. The antitumor activity of
frankincense resin could be attributed to its chemical com-
position that contains boswellic acids which have the ability
to modulate important biological activities. In a previous
study by Liu et al., it was found that boswellic acids pos-
sessed anti-proliferative and apoptotic effects on HT29 colon
cancer cells [33].

As illustrated in Fig. 6, the rutin-PVP K30 SD/frank-
incense mixture showed a significant (p <0.05) higher
cytotoxic activity against HCT-116 cell line compared to
the individual cytotoxic activity of either pure rutin, rutin-
PVP K30 SD, or frankincense at concentrations of 31.25
and 62.50 pg/ml. At 250 pg/ml, the cytotoxic activity of
rutin-PVP K30 SD/frankincense mixture was significantly
(p <0.05) higher than frankincense while it was not signifi-
cantly (p > 0.05) different from rutin or rutin-PVP K30 SD.
At 125 pg/ml, the cytotoxic activity of rutin-PVP K30 SD/
frankincense mixture was significantly (p <0.05) higher than
that of rutin or rutin-PVP K30 SD while it was not signifi-
cantly (p >0.05) different from frankincense.

The ICy of rutin-PVP K30 SD/frankincense mixture was
found to be 24.5 pg/ml. Thus, the presence of frankincense
accounted for 21.60% reduction in the ICs, value of rutin-PVP
K30 SD/frankincense combination compared to pure rutin
and 14.04% reduction in the IC, value of rutin-PVP K30 SD/
frankincense mixture compared to rutin-PVP K30 SD alone.

Thus, these results revealed that a combination of rutin-
PVP K30 SD with frankincense provided a successful

Fig.7 Inverted microscope
images for cytomorphological
changes in HCT-116 cells after
48-h incubation with a control
of zero concentration, b IC50
of 24.5 pg/ml, and ¢ 250 pg/
ml of rutin-PVPK30 SD/frank-
incense combination in a ratio
representing their concentra-
tions in the compression-coated
tablet (F4)

synergistic effect that could have a higher antitumor activity
than pure rutin against human colon cancer.

Investigation of Cytomorphological Changes Using
Inverted Microscope

The cytomorphological changes in HCT-116 cells after 48-h
incubation with 0, 24.5, and 250 pg/ml rutin-PVPK30 SD/
frankincense combination in a ratio representing their con-
centrations in the compression-coated tablet (F4) were inves-
tigated under inverted microscope. Figure 7a shows strongly
adherent control malignant cells in form of multiple irregu-
lar confluences of polygonal-shaped cells with appearance
of few rounded-shaped cells due to cellular polymorphism.
In Fig. 7b, the cells treated with 24.5 pg/ml (IC;, concentra-
tion) showed reduced confluence with losing their defined
morphology and appearance of some dead cells that are
poorly adhered. In Fig. 7c, the cells treated with maximum
concentration (250 pg/ml) appeared as dead, detached cells
with loss of polygonal shape.

The changes observed in the morphology of HCT-116
cells illustrated the cytotoxic effect of rutin-PVPK30 SD/
frankincense combination and confirmed the results obtained
from in vitro cytotoxicity against HCT-116 using SRB assay.

Stability Studies for the Selected
Compression-Coated Tablets (F4)

Accelerated stability studies were carried out for duration of
6 months as per ICH guidelines. As shown in (Table IV), the
results revealed that tablets were stable regarding physical
appearance, drug content, and hardness after a study period of
6 months. Moreover, the calculated difference factor (f;) and
similarity factor (f,) for comparing the release profile of tablets
stored for 6 months that of freshly prepared tablets were 7.54
and 76.74, respectively. Therefore, there was no significant
difference in the release profile of rutin from the prepared (F4)
tablets over the course of 6 months. The overlay of the in vitro
release profiles relevant to the freshly prepared F4 tablets and
F4 tablets stored for 6 months is illustrated in Fig. 8.
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Table IV The Results of

Ti th
Stability Studies for the ime (months)

Parameters (mean + SD, n=23)

Selected (F4) Compression-

Physical Appearance

Drug content (%) Hardness (kg/cmz)

Coated Tablets Stored at

(40 °C/75% RH) for 6 months 0 Smooth light yellow colored 99.902 +2.303% 5.6+0.326

1 No change 99.836+2.155% 5.6+0.404

2 No change 99.598 +1.978% 5.5+0.231

3 No change 99.044 +1.425% 5.5+0.100

6 No change 98.015+2.617% 5.3+0.231
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0 approved the manuscript for publication.
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Fig. 8 In vitro release profiles of rutin from the freshly prepared F4
tablets and F4 tablets stored for 6 months in 0.1 N HCI for 2 h then in
phosphate buffer PH 7.4 until the end of 24 h

Conclusion

The study revealed that tablets consisting of rutin-PVP K30
SD in the core and coated with a mixture of 65% frankin-
cense and 35% gelatin could provide enhanced rutin sol-
ubility with a successful targeted delivery of rutin to the
colon. Moreover, the combination of rutin-PVP K30 SD
with frankincense enhanced the in vitro cytotoxicity of rutin
against human colon cancer (HCT-116) cell line.

Thus, improving rutin solubility using solid dispersion
technique along with employing frankincense as a drug
release controller with cytotoxic activity against human
colon cancer cells could be considered a promising innova-
tive approach for formulation of rutin tablets targeted for
colon cancer treatment.
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tary material available at https://doi.org/10.1208/s12249-023-02518-7.
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