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ABSTRACT

An alternative osteo-healing formulation with osteo-healing properties was formulated
by combining gentamicin and Nigella sativa oil (NSO) in a form of gentamicin-N.
sativa fusion emulsion (GNFE). This work aims to formulate a stable emulsion and to
study the effects of GNFE on UMR-106 osteoblast-like rat osteosarcoma cell line in
vitro and its related mechanisms of bone healing and regeneration. Emulsion A, B, C
and D had been formulated, with final concentration of gentamicin was made constant
at 0.1%, whereas NSO concentration was varied at 32.5%, 35.0%, 40.2% and 46.4%
in all formulations respectively. Stability studies of emulsion A, B, C and D were
performed at different storage conditions (8°C, 25°C and 50°C), followed by in vitro
study of MTT assay, Alizarin Red S (ARS) staining, von Kossa staining and
quantification, alkaline phosphatase (ALP) quantification and quantitation of collagen
type-1 and osteocalcin (qPCR). Results showed that all emulsions were stable at
storage temperature of 8°C. In vitro results showed that emulsion D produced the
highest cell viability (97.1%) at 72 hours of post-incubation. The highest mineral
deposits (2.64 £ 0.05) and ALP activity (2.19 £ 0.3 nmol) was produced by emulsion
D at day 21. Lastly, the highest expression of collagen type-1 (29.4 + 1.01 folds) and
osteocalcin (1.8 + 0.51 folds) were expressed by the cells treated with emulsion C.
Thus, stable GNFE may have the ability to promote bone formation.
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ABSTRAK

Suatu formulasi alternatif untuk rawatan ortopedik dengan ciri-ciri penyembuhan
tulang telah dihasilkan dengan menggabungkan gentamicin dan minyak dari Nigella
sativa (NSO) dalam bentuk emulsi gentamicin-N. sativa (GNFE). Kajian ini bertujuan
untuk menghasilkan emulsi yang stabil dan untuk mengkaji kesan GNFE pada sel
osteoblast UMR-106 secara in vitro serta mekanisme berkaitan penyembuhan tulang.
Emulsi A, B, C dan D telah dihasilkan dengan kepekatan akhir gentamicin ialah 0.1%,
manakala kepekatan NSO telah dimanipulasi pada 32.5%, 35.0%, 40.2% dan 46.4%
dalam setiap rumusan. Kajian kestabilan emulsi A, B, C dan D telah dijalankan pada
keadaan penyimpanan yang berbeza (8°C, 25°C dan 50°C), diikuti dengan kajian in
vitro iaitu MTT assay, pewarnaan Alizarin Red S (ARS), pewarnaan dan kuantifikasi
von Kossa, kuantifikasi alkaline phosphatase (ALP), dan kuantitatasi gen collagen
type-1 dan osteocalcin (qPCR). Hasil kajian menunjukkan bahawa semua emulsi
adalah stabil pada suhu penyimpanan 8°C. Keputusan in vitro menunjukkan bahawa
emulsi D menghasilkan daya maju sel tertinggi (97.1%) pada 72 jam selepas inkubasi.
Penghasilan tertinggi deposit mineral (2.64 + 0.05) dan aktiviti ALP (2.19 +
0.31nmol) telah dihasilkan oleh emulsi D, pada hari ke-21. Akhir sekali, penghasilam
tertinggi collagen type-1 (29.4 + 1.01 folds) dan osteocalcin (1.8 + 0.51 folds) telah
dihasilkan oleh sel-sel yang dirawat dengan emulsi C. Oleh itu, GNFE yang stabil
telah dihasilkan dan berkemungkinan mempunyai keupayaan untuk menggalakkan
pembentukan tulang.
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single cuboidal shape cell in a cluster of cells. Most of the
cells formed monolayer arrangement and clustered
dispersion.

3.8 86

Morphology of UMR-106 osteoblast-like rat osteosarcoma
cells treated with NSO B for 24 hours. Arrow indicates
single cuboidal shape cell in a cluster of cells. Most of the
cells formed monolayer arrangement and clustered
dispersion.
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3.9 87

Morphology of UMR-106 osteoblast-like rat osteosarcoma
cells treated with NSO C for 24 hours. Arrows indicate
combination of flat epithelial and cuboidal shape cell in a
cluster of cells. Most of the cells formed monolayer
arrangement and clustered dispersion.

3.10 87

Morphology of UMR-106 osteoblast-like rat osteosarcoma
cells treated with NSO D for 24 hours. Arrows indicate
combination of flat epithelial and cuboidal shape cell. Most
of the cells formed monolayer arrangement and clustered
dispersion.

3.11 Morphology of UMR-106 osteoblast-like rat osteosarcoma 88
cells treated with 0.1% (w/v) of gentamicin for 24 hours.
Arrow indicates thin, flattened epithelial and cuboidal shape
cell. The cells were densely packed and formed monolayer
arrangement and clustered dispersion.

3.12 Morphology of UMR-106 osteoblast-like rat osteosarcoma 88
cells treated with 1% (v/v) of DMSO for 24 hours. Arrows
indicate large cuboidal shaped of the cells. Cells formed
monolayer arrangement and clustered dispersion.

3.13 89

Morphology of UMR-106 osteoblast-like rat osteosarcoma
cells treated with 10°M of dexamethasone for 24 hours.
Arrows indicate large cuboidal shaped of the cells. Cells
formed monolayer arrangement and clustered dispersion.

3.14 Morphology of the untreated UMR-106 osteoblast-like rat 89

osteosarcoma cells for 24 hours. Arrows indicate
combination of flat epithelial and cuboidal cell morphology.
The cells were densely packed and form monolayer
arrangement.

3.15 Cell viability was measured using trypan blue staining at 24 92
hours of cell treatment. * showed that there was significant
difference in percentage of cell viability between treated
cells and untreated cells (One-Way ANOVA, post-hoc
Tukey’s test, p< 0. 05). The viability percentage of
untreated cells was assumed as 100%.
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3.16 Cell viability was measured using trypan blue staining at 48 93
hours of cell treatment. * showed that there was significant
difference in percentage of cell viability between treated
cells and untreated cells. The viability percentage of
untreated cells was assumed as 100% (One-way ANOVA,
post-hoc Tukey’s test, p<0.05).

3.17 Cell viability was measured using trypan blue staining at 72 94
hours of cell treatment. * showed that there was significant
difference in percentage of cell viability between treated
cells and untreated cells. The viability percentage of
untreated cells was assumed as 100% (One-way ANOVA,
post-hoc Tukey’s test, p<0.05).

3.18 Cell viability was measured using trypan blue staining at 96 95
hours of cell treatment. * showed that there was significant
difference in percentage of cell viability between treated
cells and untreated cells. The viability percentage of
untreated cells was assumed as 100% (One-way ANOVA,
post-hoc Tukey’s test, p<0.05).

3.19 Cell viability was measured using Trypan blue staining at 96
24, 48, 72 & 96 hours of cell treatment. Data presented in
mean + standard deviation. There was significant difference
in percentage of cell viability between untreated cells and
treated cells (*). Viability of untreated cells was assumed as
100% (One way ANOVA, post-hoc Turkey’s test, p<0.05).

3.20 Cell viability was measured using MTT assay at 24 hours of 99
cell treatment. There was no statistically significant
difference in percentage of cell viability between treated
cells and untreated cells. Viability percentage of untreated
cells was assumed as 100% (One-way ANOVA, post-hoc
Tukey’s test, p<0.05).

3.21 Cell viability was measured using MTT assay at 48 hours of 100
cell treatment. There was no statistically significant
difference in percentage of cell viability between treated
cells and untreated cells. Viability percentage of untreated
cells was assumed as 100% (One-way ANOVA, post-hoc
Tukey’s test, p<0.05).
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3.22 Cell viability was measured using MTT assay at 72 hours of 101
cell treatment. There was no statistically significant
difference in percentage of cell viability between treated
cells and untreated cells. Viability percentage of untreated
cells was assumed as 100% (One-way ANOVA, post-hoc
Tukey’s test, p<0.05).

3.23 Cell viability was measured using MTT assay at 96 hours of 102
cell treatment. There was no statistically significant
difference in percentage of cell viability between treated
cells and untreated cells. Viability percentage of untreated
cells was assumed as 100% (One-way ANOVA, post-hoc
Tukey’s test, p<0.05).

3.24 Cell viability was measured using MTT assay at 24, 48, 72 103
& 96 hours of cell treatment. Data presented in mean *
standard deviation. No statistically significant difference in
percentage of cell viability between untreated cells and
treated cells. Viability of untreated cells was assumed as
100% (One-way ANOVA, post-hoc Turkey’s test, p<0.05).

3.25 Alizarin Red S (ARS) staining was performed at day 7, 14 106
and 21 of cell treatment. Red colour staining indicates
calcified mineral deposits. The stained area was more
intense and broader in cell treated with positive control
(Dexamethasone) followed by emulsion A, B, C and D as
compared to untreated cells at day 21.

3.26 von Kossa staining was performed at day 7, 14 and 21 of 107
cell treatment. Black stains indicate calcified mineral
deposits. The stained area was more intense and broader in
cell treated with positive control (Dexamethasone) followed
by emulsion A, B, C and D as compared to untreated cells at
day 21.

3.27 Quantification of mineralization was measured at day 7 of 109
cell treatment. There was significant difference in value of
optical density between treated cells and untreated cells (*)
(One-way ANOVA, post-hoc Tukey’s test, p<0.05).
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3.28 Quantification of mineralization was measured at day 14 of 110
cell treatment. There was significant difference in value of
optical density between treated cells and untreated cells (*)
(One-way ANOVA, post-hoc Tukey’s test, p<0.05).

3.29 Quantification of mineralization was measured at day 21 of 111
cell treatment. There was significant difference in value of
optical density between treated cells and untreated cells (*)
(One-way ANOVA, post-hoc Tukey’s test, p<0.05).

3.30 Quantification of mineralization was measured at day 7, 14 112
& 21 of cell treatment. Data presented in mean * standard
deviation. There was significant difference in value of
optical density between treated cells and untreated cells (*)
(One-way ANOVA, post-hoc Tukey’s test, p<0.05).

3.31 Alkaline phosphatase (ALP) activity was measured by 115
concentration of p-nitrophenol released at day 7 of cell
treatment. There was significant difference in quantity of
released p-nitrophenol between treated cells and untreated
cells (*) (One-way ANOVA, post-hoc Tukey’s test,
p<0.05).

3.32 Alkaline phosphatase (ALP) activity was measured by 116
concentration of p-nitrophenol released at day 14 of cell
treatment. There was significant difference in quantity of
released p-nitrophenol between treated cells and untreated
cells (*) (One-way ANOVA, post-hoc Tukey’s test,
p<0.05).

3.33 Alkaline phosphatase (ALP) activity was measured by 117
concentration of p-nitrophenol released at day 21 of cell
treatment. There was significant difference in quantity of
released p-nitrophenol between treated cells and untreated
cells (*) (One-way ANOVA, post-hoc Tukey’s test,
p<0.05).

3.34 Quantification of ALP activity was measured at day 7, 14 & 118
21 of cell treatment. Data presented in mean + standard
deviation. There was significant difference in quantity of
released p-nitrophenol between treated cells and untreated
cells (*) (One-way ANOVA, post-hoc Tukey’s test,
p<0.05).
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4.1

4.2

Relative collagen type-1 expression normalised to gapdh
and 18S rRNA (fold change). Result showed highest fold
change of emulsion C (29-folds) when compared to
untreated cells. There was significant difference in collagen
type-1 expression between treated cells and untreated cells
(*) (One-way ANOVA, post-hoc Tukey’s test, p<0.05).

Relative osteocalcin expression normalised to gapdh and
18S rRNA (fold change). Result showed highest fold change
of emulsion C (1.8-folds) when compared to untreated cells.
There was significant difference in osteocalcin expression
between treated cells and untreated cells (*) (One-way
ANOVA, post-hoc Tukey’s test, p<0.05).
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