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Abstract: The aims of this study were to induce calli from the seeds of three rice varieties (Hom-
mali 105, Munpu, and Niawdum) and investigate their anti-aging potential. First, rice seeds
were cultured on a Murashige and Skoog medium (MS medium) supplemented with 2 mg/L of
2,4-Dichlorophenoxyacetic acid (2,4-D), 1 mg/L of 1-Naphthalene acetic acid (NAA), and 1 mg/L of
6-Benzylaminopurine (BAP). After three weeks, the calli were extracted with ethanol. Then, their
phenolic contents were determined by spectrophotometer and the amino acids were identified by
ultra-performance liquid chromatography (UPLC). Their cytotoxicity, anti-oxidant (potassium ferri-
cyanide reducing power assay (PFRAP), DPPH radical scavenging assay (DPPH), lipid peroxidation
inhibition (LPO), and superoxide dismutase activity (SOD)), and anti-aging (keratinocyte prolif-
eration, anti-collagenase, anti-inflammation, and anti-tyrosinase) activities were also investigated.
Munpu callus (385%) was obtained with a higher yield than Hommali (322%) and Niawdum (297%)
calli. The results revealed that the phenolic and amino acid contents were enhanced in the calli.
Moreover, the calli were rich in glutamic acid, alanine, and gamma aminobutyric acid (GABA). The
callus extracts showed no cytotoxic effects at a concentration of equal to or lower than 0.25 mg/mL.
The highest anti-oxidant activities (PFRAP (0.81 mg AAE/mL), DPPH (68.22%), LPO (52.21%), and
SOD (67.16%)) was found in Munpu callus extract. This extract also had the highest keratinocyte
proliferation (43.32%), anti-collagenase (53.83%), anti-inflammation (85.40%), and anti-tyrosinase
(64.77%) activities. The experimental results suggest that the amounts of bioactive compounds and
anti-aging activities of rice seeds can be enhanced by the induction of callus formation.

Keywords: anti-aging; anti-oxidant; callus; pigmented rice; plant stem cell; rice stem cell

1. Introduction

During a lifetime, the aging process involves gradual and ongoing physiological
changes that ultimately result in senescence. Skin aging occurs as the result of intrinsic
aging (natural consequences and genetics) and extrinsic aging (skin’s response to external
damage). Aging skin is related to many physiological changes, such as histology, biochem-
istry, neurosensory perception, barrier function, wound healing, and benign and cancerous
diseases [1]. Hyperpigmentation, the loss of elasticity and laxity, fine lines and wrinkles,
telangiectasia, uneven texture, increased pores, puffy eyes, and keratosis are some of the
clinical indicators of skin aging [2]. Worldwide interest in assuaging the aging process has
been increasing, and this has resulted in developing cosmetic products with antioxidants
to restore skin elasticity and slow down the formation of skin wrinkles through scavenging
free radicals occurring in skin cells. Plant extracts are popularly used in anti-aging cosmetics
because of their wide variety of purposes, including radical scavenging, UV protection, and
their possession of anti-oxidants, depigments, immunostimulants, moisturizers, etc. [3].

Plant cell culture technique is based on the propagation of plant tissue under sterile
conditions to produce a whole new plant that is independent of seasonal and environmental
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restraints [4]. In this technique, plant cells generate clumps of undifferentiated cells known
as calli, or plant stem cells with the genetic ability to form an entire mature plant, significant
proliferation power, and high differentiation potential, allowing a new plant to be grown
from a single plant callus [5]. Moreover, this technique is an alternative way to harvest
certain classes of specific metabolites from plant calli. The accumulation of metabolites in
plant calli is dependent on culture conditions such as elicitation, the optimization of media
and culture environments, the feeding of nutrients and precursors, biotransformation, and
immobilization methods. The cosmetic industry is interested in the use of plant calli as
sources of ingredients such as phenolics, sugars, lipids, proteins, and other undefined
fractions of compounds for replenishing skin aging [3,6]. Numerous studies on plant callus
extracts have demonstrated their anti-oxidant and anti-aging efficacy by providing general
rejuvenation, imparting skin protection abilities against UV damage [7], inhibiting inflam-
matory activity [8], protecting skin cells against heavy metal toxicity [9], and increasing
collagen synthesis in fibroblasts and dermatopontin expression in keratinocytes [10].

Rice (Oryza sativa L.) contains γ-oryzanols, vitamin E homologues, phenolic acids,
anthocyanins, and procyanidins [11–14], which produce beneficial health properties such
as a reduction in atherosclerotic plaque formation [15], the inhibition of aldose reduc-
tase activity [13], a reduction in hyperlipidemia [16], and the suppression of cancer cell
proliferation [17]. Moreover, skin health benefits and the safety of using powerful anti-
oxidants from the chemical constituents of rice (γ-oryzanol, tocopherols, tocotrienols, and
phenolic compounds) to obtain some interesting bioactivities involving anti-aging strate-
gies have been demonstrated [18]. Pigmented rice appears as light brown, reddish, or
black depending on the bioactive pigments present in the aleurone layer of the seed grain.
Cyanidin-3-glucoside is the major bioactive compound in black rice [19] and procyanidin,
catechin, and tannin have been reported as the main phenolics in red rice [20,21]. Usually,
pigmented rice extract is superior to non-pigmented rice extract in its anti-oxidant activity
and nutritional quality, due to the higher amounts of phenolics along with the pigment
compounds [14,21,22]. In Thailand, several rice varieties are cultivated and consumed.
Hommali rice is the most popular white rice due to its sweet characteristic odor, and it is
recognized as the world’s best fragrant rice by The World Rice Conference. Munpu rice
(red Hommali) and Niawdum rice are well-known red and black local rice varieties of
Northern Thailand. They are interesting because of their robust anti-oxidant activity [22].
Calli derived from rice embryonic cells have previously been shown to exhibit anti-aging
properties [5,23,24]. In our previous study, rice (Oryza sativa) callus was induced from
rice seed and tested for its anti-aging abilities on 28 volunteers ranging in age from 30 to
55 years. Creams with or without rice callus extract were applied twice a day on the facial
skin for 12 weeks. The treated group had a greater increase in skin lightening (38.57%),
hydration (74.62%), and elasticity (88.41%) than the placebo group [23]. In addition, the
plasma treatment of Japonica rice (variety Dongjin) stem cells can be beneficial in improving
the antioxidant and cell functions in skin regeneration, such as cell viability, proliferation,
and collagen synthesis in human fibroblasts [5]. The transgenic resveratrol rice DJ526
alleviated age-related symptoms in D. melanogaster, such as locomotor impairment, body
weight gain, ocular degeneration, and neurodegeneration [24]. However, there has not
been a comparison reported of the anti-aging efficiency of rice calli derived from different
rice varieties. This research aimed to explore the anti-aging capabilities of the induced calli
derived from the seeds of Thai non-pigmented (Hommali rice) and pigmented (Munpu
and Niawdum rice) rice. The present work is the first report on a comparison study
of the bioactive compounds, anti-oxidant activity (PFRAP, DPPH, LPO, and SOD) and
anti-aging activity (keratinocyte proliferation, anti-collagenase, anti-inflammation, and
anti-tyrosinase) of calli from non-pigmented and pigmented rice seeds.
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2. Materials and Methods
2.1. Materials

In this study, healthy seeds of three rice (Oryza sativa) varieties, Hommali 105 (non-
pigmented), Munpu (red rice), and Niawdum (black rice), were collected in Chiang Rai,
Thailand. MS medium, 2,4-D, NAA, gallant gum, and BAP were purchased from Phyto
Technology Laboratories, Lenexa, KS, USA. Sodium hypochlorite was derived from Clorox
household bleach solution (5.25% NaOCl; Clorox, Oakland, CA, USA), which is widely
used in plant-tissue culture laboratories. Ethanol, sulfuric acid, and trichloroacetic acid
were acquired from Merck, Darmstadt, Germany. Catechin, 1,1-Diphenyl-2-picrylhydrazyl
(DPPH), Folin–Ciocalteu reagent, gallic acid, lipopolysaccharide (LPS), phenylmethanesul-
fonyl fluoride, sodium carbonate, SOD assay Kit, Tris/HCl, triton x-100 and vanillin were
purchased from Sigma-Aldrich Co., St. Louis, MO, USA. Ferric chloride and potassium
ferricyanide were purchased from Fisher scientific, Waltham, MA, USA. Dimethyl sulfoxide
(DMSO) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were
purchased from Bio Basic Inc., Toronto, Canada. Fetal bovine serum, medium 154, normal
adult human primary epidermal keratinocyte cells (NHEK), penicillin streptomycin solu-
tion, phosphate buffered saline (PBS), and typsin/EDTA solution were purchased from
Gibco, Grand Island, NY, USA.

2.2. Callus Induction

Excessive sterilization times and doses may lower callus development and its biologi-
cal activity. A preliminary experiment was conducted to determine the lowest concentration
of surface sterilizing agent and the shortest incubation time required to achieve complete
sterilization. Dehusked Munpu rice seeds (30 g) were sterilized with Clorox at various
concentrations (10, 20, 30, and 40%) for 30 min. Then, rice seeds were rinsed three times
with autoclaved distilled water and dried on autoclaved tissue paper. The sterilized rice
seeds were then cultured on medium for callus induction. Next, the optimal concentration
was selected based on a high callus induction yield without contamination to determine
the optimal incubation time. The rice seeds were immersed in 30% Clorox at various
incubation times including 10, 20, 30, and 40 min. Afterward, they were rinsed three times
with autoclaved distilled water and dried on autoclaved tissue paper. Later, rice seeds that
had been surface sterilized were cultivated on a medium to induce calli. After 2 weeks of
incubation, the contamination (%) and callus formation (%) were monitored and calculated
using these equations.

Contamination (%) = (Number of contaminated seeds/Total number of cultivated seeds) × 100

Callus formation (%) = (Number of callus-forming seeds/Total number of cultivated seeds) × 100

After 3 weeks, only uncontaminated calli were collected, and their total phenolic
content was determined. The optimal concentration and incubation period from which an
uncontaminated high yield of callus induction with a high phenolic content was selected
for further experimentation.

Dehusked rice seeds (Hommali 105, Munpu, and Niawdum) were sterilized with 30%
sodium hyperchlorite solution for 30 min and then rinsed 3 times for 5 min with sterile
distilled water and dried on sterile tissue paper for 20 min. Next, the sterilized seeds were
planted on agar solidified basal MS medium enriched with sucrose (30 g/L), gallant gum
(2 g/L), 2,4-D (2 mg/L), NAA (1 mg/L), and BAP (1 mg/L) at pH 5.8 on glass plate to
induct calli. The rice calli were incubated at 25 ± 2 ◦C for a period of 3 weeks before
being collected, extracted and analyzed for their antioxidant and anti-aging activities.
Each rice variety was cultured on a petri dish, which was considered as 1 replication,
and this experiment was performed 2 times and replicated 3 times per treatment. The
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growth percentage of callus was calculated based on the explant rice seed weight using the
following equation.

Callus growth (%) = (weight of collected callus/weight of rice seed explant) × 100

2.3. Rice Seed and Callus Extraction

The harvested calli were rinsed thoroughly with distilled water and dried in a hot air
oven at 40 ◦C for 2 days. It was then ground into powder and a portion (1 g) of each sample
was extracted with 10 mL of ethanol in a sonication bath at 20 MHz at room temperature
for 2 hours. The extract was filtered using Whatman filter paper no. 1 and kept at 4 ◦C
until being analyzed.

2.4. Total Phenolic Content (TPC) Determination

Total phenolic content was analyzed using the Folin–Ciocalteu assay [25]. The extract
(20 µL) was mixed with deionized water (50 µL), Folin–Ciocalteu reagent (20 µL) and 7%
sodium carbonate (125 µL). Then, it was incubated at room temperature for 90 min. The
absorbance was determined at 750 nm using a microplate reader (UVM 340, Biochrom,
Holliston, MA, USA). The sample was analyzed and expressed as gallic acid equivalents
(mg GAE/mL extract) by using regression equation to calculate the calibration curve of the
standard solution of gallic acid (Y = 4.928X + 0.0013, R2 = 0.9990).

2.5. Amino Acids Identification

Amino acids were analyzed by using Waters Acquity Ultra-performance liquid chromatog-
raphy (UPLC) system [26]. An Acquity UPLC AccQTag Ultra Column 2.1 mm × 100 mm
(Waters Corporation, Milford, MA, USA) was used, and the column temperature was set
at 55 ◦C. A Tunable UV detector was linked to Waters EmpowerTM 2 software (Waters
Corporation, Milford, MA, USA) and using a detection wavelength of 260 nm. Before
being injected, the samples were filtered using a 0.22 mm syringe filter (Millipore, MA,
USA). A gradient mobile phase composed of 10 mM ammonium formate in water (A) and
acetonitrile (B) was used in order to separate the samples. The gradient condition was
0–7.75 min, 0.1% B; 7.75–9.00 min, 20.0–24.5% B; 9.00–10.00 min, 0.1% B; and, finally, the
column was reconditioned with 0.1 % B for 1 min. The injection volumes for all samples
and standards were 1.0 µL, and the flow rate was set at 0.70 mL/min.

2.6. Potassium Ferricyanide Reducing Power Assay (PFRAP)

Reduction capability was determined according to the potassium ferricyanide reducing
power method [27,28]. The extract mixture (25 µL) and 1% potassium ferricyanide (50 µL)
were incubated at room temperature for 60 min. Then, 10% trichloroacetic acid (25 µL)
and deionized water (75 µL) were added. Absorbance at 700 nm was measured using a
microplate reader (UVM 340, Biochrom, Holliston, MA, USA) as absorbance 1 (A1). Next,
0.1% ferric chloride (25 µL) was added into the solution and the mixture absorbance at
700 nm was again measured as absorbance 2 (A2). The following equation was used to
calculate the optical density of each sample:

Optical density = (A2 − A1)sample − (A2 − A1)control

Calibration curve of ascorbic acid (Y = 7.3975X + 0.0011; R2 = 0.9998) was used to
determine the reducing power activity of each extract and expressed as ascorbic acid
equivalents (mg AAE/mL extract).

2.7. DPPH Radical Scavenging Assay (DPPH)

DPPH free radicals scavenging activity of the extract was evaluated by the method
of Rangkadilok et al. [29]. Reaction mixtures of extract (5 µL) and 0.1 mM DPPH solution
(195 µL) were incubated at room temperature for 30 min. Absorbance at 515 nm was
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measured using a microplate reader (UVM 340, Biochrom, Holliston, MA, USA). DPPH
scavenging activity was derived as follows:

DPPH scavenging activity (%) = [(Acontrol − Asample)/Acontrol] × 100

where, Acontrol is the absorbance of the control (without extract) and Asample is the ab-
sorbance in the presence of the test sample.

2.8. Lipid Peroxidation Inhibition (LPO)

The thiobarbituric acid-reactive substances method was used to assess the inhibition
level of lipid peroxidation [30]. After mixing the extract (100 µL) with 50% linoleic acid
(900 µL), the mixture was incubated at 95 ◦C for 20 min. Then 0.1% thiobarbituric acid in
10% trichloroacetic acid aqueous solution (1 mL) was added to the mixture and heated
at 95 ◦C for 30 min. The microplate reader (UVM 340, Biochrom, Holliston, MA, USA)
was used to measure the absorbance at 532 nm. The lipid peroxidation inhibition was
determined by the following equation:

Lipid peroxidation inhibition (%) = [(Acontrol − Asample)/Acontrol] × 100

where, Acontrol is the absorbance of the control (without extract) and Asample is the ab-
sorbance in the presence of the test sample.

2.9. Superoxide Dismutase Activity (SOD)

Normal adult human primary epidermal keratinocyte cells (NHEK) were fed with
100 µL of the sample solution and incubated in a 5% CO2 humidified incubator at 37 ◦C
for 24 h. Then, the medium was discarded and cells were rinsed with PBS. Cells were
harvested using the trypsinization method and lysis buffer was used for cell lysis. After
that, the cell solution underwent centrifugation for 15 min at a speed of 3000 rpm. The
supernatants were measured for SOD activity by using the SOD assay Kit [28,31]. The
mixture of supernatant (20 µL), WST working solution (200 µL), and enzyme working
solution (20 µL) were incubated at 37 ◦C for 20 min, and the absorbance at 450 nm was
measured using a microplate reader (Biochrom, Holliston, MA, USA). The SOD activity
was calculated using the following equation:

SOD activity (%) = [(Acontrol − Asample)/Acontrol] × 100

where, Acontrol is the absorbance of the control (without extract) and Asample is the ab-
sorbance in the presence of the test sample.

2.10. Cytotoxicity

The cytotoxicity assessment was performed by MTT assay [21]. Cells were seeded in
a 96-well plate and treated with various extract concentrations (0–2.0 mg/mL) in media
for 24 h. Afterward, the culture medium was removed and 0.1 mg/mL of MTT solution
(50 µL) was added to each well. After being incubated for 4 h, DMSO (100 µL) was added
and the mixture was then incubated at ambient temperature for 30 min. The absorbance of
each sample was determined at 570 nm using the microplate reader (UVM 340, Biochrom,
Holliston, MA, USA). The formula used to compute the percentage of cell viability is
the following:

Viable cell (%) = (Atreated group/Auntreated group) × 100

where Auntreated group is the absorbance of the control (without extract) and Atreated group is
the absorbance in the presence of the test sample.

The cytotoxic activity was calculated and expressed as the 50% cytotoxic concentration
(IC50) of extract.
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2.11. Promoting Keratinocyte Proliferation

The effectiveness in promoting keratinocyte proliferation was established by the
modified MTT method of Takahashi et al. [32]. After adding the extract, the NHEK cells
were incubated at 37 ◦C which were humidified with 5% CO2 and cultured for 72 h. The
medium was discarded and 0.1 mg/mL of filtered, sterilized MTT solution (50 µL) was
added. The mixture was allowed to incubate for 4 h and then dimethylsulfoxide (100 µL)
was added and incubated for 30 min. A microplate reader (UVM 340, Biochrom, Holliston,
MA, USA) was used in order to get an accurate reading of the absorbance at 570 nm. The
percentage of keratinocyte proliferation was calculated as:

Keratinocytes’ proliferation (%) = [(Asample − Acontrol)/Acontrol)] × 100

where, Acontrol is the absorbance of the control (without extract) and Asample is the ab-
sorbance in the presence of the test sample.

2.12. Anti-Collagenase Activity

Matrix metalloproteinase-1 (MMP-1) colorimetric drug discovery kit, which was
designed to screen MMP-1 inhibitors using a thiopeptide as a chromogenic substrate, was
used to determine collagenase inhibition [33]. Volumes of 20 µL of 153 mU/µL MMP-1
and 20 µL of 1.3 µM N-Isobutyl-N-(4-methoxyphenylsulfonyl) glycylhydroxamic acid were
added to the sample. To allow interaction between the inhibitor and the enzyme, they
were incubated at 37 ◦C for 60 min. After adding 100 µM substrate (10 µL) to initiate a
reaction, the absorbance was measured at 412 nm. The collagenase inhibition percentage
was calculated as:

Collagenase inhibition (%) = [(Acontrol − Asample)/Acontrol] × 100

where Acontrol is the absorbance of the control (without extract) and Asample is the ab-
sorbance in the presence of the test sample.

2.13. Anti-Inflammatory Activity

The nitric oxide production in the supernatant of the NHEK cells treated with lipopolysach-
haride (LPS), which is a well-documented response of human keratinocytes after inflamma-
tory stimulation, was performed by using Griess reagent [28,34,35]. The NHEK cells were
supplemented with 100 µL of the sample solution before being stimulated with 1 µg/mL
LPS and then incubated at 37 ◦C in a 5% CO2 humidified incubator for 24 h. The culture
medium (50 µL) was combined with 50 µL of sulfanilamide solution. Then, 50 µL of 0.1%
N-1-napthylethylenediamine dihydrochloride aqueous solution was added and absorbance
was measured at 540 nm. The quantity of nitrite in the sample was quantified using a
standard curve of sodium nitrite. The inhibition percentage of nitric oxide was estimated
using the following equation:

Inhibition of nitric oxide (%) = [(Acontrol − Asample)/Acontrol] × 100

where Acontrol is the absorbance of the control (without extract) and Asample is the ab-
sorbance in the presence of the test sample.

2.14. Anti-Tyrosinase Activity

A tyrosinase inhibitory activity assay was described by Saewan, et al. [36], in which
L-DOPA was used as the substrate in a modified dopachrome method. In a 96-well plate,
the sample (20 µL) was added to 0.1 M phosphate buffer (pH 6.8, 100 µL) and 1 mM
L-DOPA in 0.1 M phosphate buffer (pH 6.8, 40 µL). The samples were incubated at 37 ◦C
for 10 min and then, 200 unit/mL tyrosinase in 0.1 M phosphate buffer (pH 6.5, 40 µL) was
added to the samples. The mixture was incubated at 37 ◦C for 15 min. Absorbance was
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measured at 475 nm. Kojic acid was used as positive controls. Tyrosinase inhibition was
calculated as:

Tyrosinase inhibition (%) = [(Acontrol − Asample)/Acontrol] × 100

where Acontrol is the absorbance of the control (without extract) and Asample is the ab-
sorbance in the presence of the test sample.

2.15. Statistical Analysis

The results of each measurement were recorded three times. Using the SPSS appli-
cation (SPSS Inc., Chicago, IL, USA), version 11.5 for Windows, a statistical analysis of
the data was acquired. One Way Analysis of Variance (ANOVA) was utilized in order to
conduct a comparative analysis on all of the data. The presence of lowercase letters in the
data indicates the existence of statistically significant differences (p < 0.05) between the
extract samples.

3. Results and Discussion
3.1. Callus Induction

The process of producing calli involves a considerable risk of infection because there
is a large chance that the plant may be contaminated with environmental microorganisms.
Surface sterilization is required as part of plant tissue culture techniques to decrease
pathogen-related losses when callus germinates. Sodium hypochlorite, a potent oxidant
with broad-spectrum antimicrobial action, is the primary substance to sterilize explant
surfaces. The preliminary investigation consisted of Munpu rice seeds being sterilized with
different concentrations of Clorox (10, 20, 30, and 40%) for 30 min with the purpose of
determining the concentration that would provide a high germination yield. The outcome
demonstrated that the contamination of the rice seeds decreased when the sterilizing agent
was increased (Table 1). Contamination reduced from 25.71 to 2.14% when the sterilizing
agent was raised from 10 to 20%. Complete surface sterilization was achieved with a
sterilizing substance concentration of up to 30%. Surface sterilizing with 30% Clorox was
shown to have the highest callus induction yield (97.86%). The lowest callus induction
(73.57%) was noted to be 10% Clorox with most seeds having been infected by fungi
(25.71%). It was found that increasing the sterilizing agent resulted in a reduction in total
phenolic content (TPC) as shown in Figure 1a. Clorox had a noticeably higher TPC at 10%
compared to other concentrations. The highest TPC and total disinfection were achieved
with a Clorox concentration of 30%. Therefore, this concentration was employed for further
experimentation on the optimal sterilizing time.
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Table 1. Effect of Clorox concentration on rice callus induction.

Clorox Concentration (%)

10 20 30 40

Contamination (%) 25.71 ± 4.04 c 2.14 ± 1.01 b 0.00 ± 0.00 a 0.00 ± 0.00 a

Callus induction (%) 73.57 ± 3.03 b 95.71 ± 2.02 a 97.86 ± 1.01 a 95.71 ± 4.04 a

Values are presented as means ± SD (n = 3). Data with different letters (a, b, and c) indicate significant differences
(p < 0.05) between Clorox concentrations.

The Clorox incubation period for sterilizing the surface of the rice seeds was 10, 20,
30, and 40 min. The rice seed surface that was incubated for up to 30 min was thoroughly
sterilized (Table 2). The lowest callus induction and highest fungal contamination rates
were found at sterilizing times of 10 min. A higher yield of callus formation was achieved
by extending the sterilization period. However, compared to 30 min, 40 min of incubation
produced a lower yield and TPC (Figure 1b). These outcomes could be the result of
Clorox’s ability to damage some plant cells in addition to destroying the cell membranes
of microorganisms. Plant cells that have been harmed by an excess of either the Clorox
concentration or a prolonged incubation produced fewer substances. The results indicated
that 30% Clorox for 30 min provided complete surface sterilization (with no contamination)
and had a high level of total phenolic content. Therefore, this condition was applied to
sterilizing the surface of rice-seed to assess the anti-aging activity of different rice varieties.

Table 2. Effect of Clorox incubation time on rice callus induction.

Clorox Incubation Time (min)

10 20 30 40

Contamination (%) 33.57 ± 5.05 c 4.29 ± 2.02 b 0.00 ± 0.00 a 0.00 ± 0.00 a

Callus induction (%) 65.00 ± 5.05 c 95.00 ± 1.01 a 97.86 ± 1.01 a 89.29 ± 3.03 b

Values are presented as means ±SD (n = 3). Data with different letters (a, b and c) indicate significant differences
(p < 0.05) between incubation times.

After three days of placing the Hommali, Munpu, and Niawdum sterilized rice seeds
on agar solidified MS medium supplemented with sugar, gellan gum, and hormones (2,4-D,
NAA, and BAP), the callus began to form which was a sign of successful induction. At
the end of week 3, large, yellow-colored compact texture calli were observed (Figure 2).
Among the three varieties, Munpu callus was fluffier and softer than that of Hommali and
Niawdum. The growth percentages of calli were 316 ± 8.79, 385 ± 10.13 and 297 ± 9.64%
based on the weight of the original rice seeds for Hommali, Munpu, and Niawdum rice,
respectively.
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3.2. Bioactive Compounds

Anthocyanins, procyanidins, flavonoids, and phenolic acids have been reported as
phenolic compounds in rice seed which provide broad biological activity [13]. In several
plants, callus provided higher amounts of these bioactive compounds over the original
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tissue [37,38]. There are several induction conditions which can produce high amounts
of phenolics in plants. Enhancing phenolics in cocoa (Theobroma and Herrania spices) was
found by using the cell suspension culture technique [39]. Nitrogen and phosphorus
deficiency contribute significantly to an increase in the amounts of anthocyanins in grape
berry skin callus [40]. The ginger (Zingiber officinale Rosc.) rhizome callus that was treated
with 100 mg/L yeast extract showed the most significant increase in the amount of phenolic
and flavonoid compounds [41].

In this study, the phenolic quantity of the callus and seed extracts were determined
by spectrophotometric techniques (Table 3). The total phenolic content was found in the
range of 0.09–0.48 mg GAE/mL for rice seed extracts and 0.31–0.59 mg GAE/mL for the
callus extracts. All rice callus cultures provided significantly (p < 0.05) higher phenolic
compounds than their rice seeds. Among the rice callus extracts, Munpu had significantly
(p < 0.05) higher phenolic content (0.59 mg GAE/mL), followed by Niawdum (0.42 mg
GAE/mL) and Hommali (0.31 mg GAE/mL).

Table 3. Total phenolic contents of rice callus and seed extracts.

Bioactive
Compounds

Hommali Munpu Niawdum

Seed Callus Seed Callus Seed Callus

Total phenolic content
(mg GAE/mL extract) 0.09 ± 0.01 0.31 ± 0.01 * 0.48 ± 0.02 0.59 ± 0.02 * 0.30 ± 0.03 0.42 ± 0.01 *

Values are presented as means ± SD (n = 3). * indicates significant differences (p < 0.05) of callus and its
seed extracts.

Amino acids are a major component of the natural moisturizing factor (NMF) which
is necessary for proper stratum corneum hydration, barrier homeostasis, desquamation,
and plasticity [42]. Many studies have confirmed the importance of amino acids, especially
the role of arginine and glutamine in maintaining smooth and supple skin, flexible nails
and healthy hair [43,44]. Amino acids in the rice callus and seed extracts were identified by
UPLC (Table 4). The rice callus extracts had a significantly (p < 0.05) higher total amino
acid than its seed extracts of about 6.0, 10.0, and 2.0 times for the Hommali, Munpu,
and Niawdum rice, respectively. The enhancement of several amino acids consisting of
arginine, glycine, glutamic acid, alanine, proline, and lysine were observed in the rice callus
extracts. Results showed that glutamic acid in the callus extracts was 10 times higher than
that of the seed extracts. Moreover, some amino acids such as histidine, serine, aspartic
acid, threonine, tyrosine, and GABA were not found in the seed extracts, whereas they
were detected in the callus extracts. Previous studies also reported that lysine, histidine,
methionine, and tyrosine were higher in the callus inducing from root of rice var. Kinmaze
than the normal tissue [45]. Although rice callus utilizes amino acid, especially arginine to
maintain its growth, it still contains relatively high concentrations when compared to the
original explant [46].

Table 4. Amino acids analysis by UPLC (mM/mL extract).

Amino Acid
Hommali Munpu Niawdum

Seed Callus Seed Callus Seed Callus

HIS n.d. 0.07 ± 0.03 n.d. 0.06 ± 0.05 n.d. 0.02 ± 0.01
SER n.d. 0.52 ± 0.11 n.d. 0.57 ± 0.04 0.45 ± 0.03 0.03 ± 0.01
ARG 0.00 ± 0.01 0.33 ± 0.07 0.00 ± 0.02 0.18 ± 0.02 0.25 ± 0.03 0.26 ± 0.03
GLY 0.06 ± 0.02 0.31 ± 0.06 0.38 ± 0.04 0.41 ± 0.03 0.39 ± 0.02 0.25 ± 0.04
ASP n.d. 0.17 ± 0.06 n.d. 0.18 ± 0.15 n.d. 0.17 ± 0.03
GLU 0.21 ± 0.07 4.13 ± 0.57 0.17 ± 0.03 4.05 ± 0.18 0.13 ± 0.01 3.89 ± 0.07
THR n.d. 0.23 ± 0.07 n.d. 0.32 ± 0.15 n.d. 0.23 ± 0.02
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Table 4. Cont.

Amino Acid
Hommali Munpu Niawdum

Seed Callus Seed Callus Seed Callus

ALA 1.03 ± 0.20 2.79 ± 0.49 0.26 ± 0.01 2.60 ± 0.15 2.86 ± 0.03 2.49 ± 0.04
PRO 0.15 ± 0.01 0.94 ± 0.18 0.09 ± 0.01 0.22 ± 0.08 0.20 ± 0.03 0.13 ± 0.02
Cys n.d. n.d. n.d. n.d. 0.06 ± 0.03 n.d.
LYS 0.01 ± 0.03 0.19 ± 0.06 n.d. 0.06 ± 0.04 n.d. 0.04 ± 0.01
TYR n.d. 0.75 ± 0.14 n.d. 0.81 ± 0.03 n.d. 0.04 ± 0.00
MET n.d. n.d. n.d. n.d. n.d. n.d.
VAL 0.36 ± 0.04 0.34 ± 0.07 0.31 ± 0.03 0.30 ± 0.06 0.45 ± 0.02 0.35 ± 0.04
LLE 0.13 ± 0.01 0.06 ± 0.02 n.d. 0.05 ± 0.01 0.12 ± 0.02 0.14 ± 0.02
LEU 0.27 ± 0.03 0.04 ± 0.02 n.d. 0.07 ± 0.01 0.43 ± 0.01 0.19 ± 0.02
PHE 0.05 ± 0.02 0.04 ± 0.01 n.d. 0.13 ± 0.01 0.12 ± 0.02 0.22 ± 0.04
GABA n.d. 2.32 ± 0.35 n.d. 2.37 ± 0.04 n.d. 2.37 ± 0.04
Total 2.25 ± 0.30 13.20 ± 1.20 * 1.20 ± 0.14 12.36 ± 1.17 * 5.45 ± 0.80 10.81 ± 1.16 *

Values are presented as means ± SD (n = 3). n.d. is not detected. * indicates significant differences (p < 0.05)
between callus and its seed extracts.

The investigation of bioactive compounds contained in the rice callus extracts indicated
that cultivation enhanced the phenolics and amino acids.

3.3. Anti-Oxidant Activities

The anti-oxidant activities of the extracts were evaluated with four different methods:
PFRAP, DPPH, LPO, and SOD activities, and the results are shown in Figure 3. PFRAP
assay measures the capacity in reduction of ferric ion (Fe3+)-ligand complex to ferrous
(Fe2+) complex by antioxidants in the presence of a sample which donate an electron to the
Fe3+/ferricyanide complex and then changed to Fe2+. This transformation can be detected
as the presence of Prussian blue color at 700 nm [47,48]. In comparison to the native rice
seeds, the callus extracts were more effective in PFRAP than that of in the seed extracts
(Figure 3a). Moreover, the pigmented rice calli exhibit higher PFRAP than that of the
non-pigmented rice. The highest PFRAP was found in Munpu callus extract (0.81 mg
AAE/mL), followed by the Niawdum callus extract (0.73 mg AAE/mL), Munpu seed
extract (0.68 mg AAE/mL), and Hommali callus extract (0.64 mg AAE/mL).

DPPH scavenging indicates the hydrogen-donating ability of the extract. When a
solution of DPPH• radical is mixed with that of an antioxidant compound (AH), which can
donate a hydrogen atom (H•) to DPPH•, then this free radical transforms to the reduced
form (DPPHH) losing its violet color [49]. In Figure 3b, Munpu callus extract showed
68.22% DPPH scavenging activity which was significantly higher than that of Niawdum
and Hommali calli (54.40% and 36.30%, respectively). Furthermore, it was found that
the DPPH levels significantly increased in the callus cultures when compared to their
seed extracts. The optimum concentration range of ascorbic acid to plot the standard
graph of % inhibition of the DPPH conditions was determined and the standard curve was
Y = 317.63X − 0.9685 (R2 = 0.9989). All of the extracts displayed lower DPPH scavenging
than 0.5 mg/mL of ascorbic acid (82.52%), but all the callus extracts were higher than
0.1 mg/mL of ascorbic acid (30.66%).

After lipid hydroperoxide decomposition, malondialdehyde (MDA) formed as a
secondary product of oxidation. Lipid peroxidation inhibition assay measures the results
of the product’s condensation between thiobarbituric acid (TBA) and MDA as a pink
chromophore in an acidic environment [30]. As expected, the significantly highest LPO
was Munpu callus (52.21%), followed by Niawdum callus (34.40%), and Hommali callus
(27.51%) (Figure 3c). The callus culture of all rice varieties increased two times in LPO.
The results were compared with those of butylated hydroxytoluene (BHT) as a reference
antioxidant. Munpu callus extract had a higher LPO than 0.5 mg/mL of BHT (33.90%);
Niawdum callus produced results that were comparable, while other extracts were lower
than that of the standard compound.
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Figure 3. Anti-oxidant activities of rice callus and seed extracts including PFRAP (a), DPPH scaveng-
ing (b), LPO (c), and SOD (d). Values are presented as means ± SD (n = 3). Data with different letters
(a, b, c, d, and e) indicate significant differences (p < 0.05) between samples.

SOD, a primary anti-oxidant enzyme, protects organisms from superoxide radicals
(O2

-) damaging effects by accelerating their dismutation into hydrogen peroxide (H2O2)
and oxygen (O2) [50]. Promotion of SOD activity can enhance the prevention of the
oxidative stress and photo-induced aging skin. SOD anti-oxidant activity of the rice callus
extracts ranged from 57.89 to 67.16%, while the rice seed extracts ranged from 12.40 to
26.17% (Figure 3d). In comparison to the native rice seed extracts, the callus extracts had
significantly effective antioxidant activities, and the pigmented rice callus extract exhibited
significant higher antioxidant activities than that of the non-pigmented rice. Moreover, the
extracts are comparable to ascorbic acid.

There were good correlation coefficients of TPC and antioxidant activities with R2

of 0.892, 0.770, 0.788, and 0.635 for PFRAP, DPPH, LPO, and SOD, respectively. These
results indicated that phenolics were the major compound providing antioxidant activities
resulting in higher antioxidant activities of the callus extract. This result is in accordance
with several reports investigating the phytochemical content and biological potency of
plant callus extracts. Song et al., [51] whose study of Ocimum species indicated that callus
extracts showed significant increases in PFRAP due to a high accumulation of phenolic
in the callus culture. Tadhani et al., [37] reported that Stevia rebaudiana callus showed
higher DPPH than did the leaf explant. Coleus forskohlii callus extract (60 µg/mL) showed
higher LPO antioxidant activity than that of its leaves [52]. Ślesak et al., [53] stated that
Mesembryanthemum crystallinum callus culture increased in SOD activity. Furthermore,
the callus’ culture conditions are crucial for controlling in vitro callus growth and the
production of significant metabolites, such as light conditions favoring phenolic synthesis
and SOD enzyme expression in Cnidium officinale callus [54]. Moreover, salt stress can
increase antioxidant and lipid peroxidation levels in pepper callus tissues [55].

3.4. Anti-Aging Activities
3.4.1. Cytotoxicity

Figure 4 shows the cytotoxicity in the dose-dependent extracts. Less than 0.25 mg/mL
of all rice seed and callus extracts displayed more than a 90% cell survival. The cytotoxic
activity of extracts was calculated and expressed as the IC50, the concentration causing
50% viable cell. The lowest IC50 value was Niawdum callus (0.51 mg/mL), followed by
Munpu callus (0.63 mg/mL) and Hommali callus (0.73 mg/mL). While the IC50 values of
the rice seed extract were 1.40 mg/mL, 1.11 mg/mL, and 1.27 mg/mL for the Hommali,
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Niawdum, and Munpu rice seed, respectively. Thus, higher IC50 values of the rice seed
extracts indicated that they were less cytotoxic to skin cells than the callus extracts.
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Figure 4. Cytotoxicity of the rice callus and seed extracts.

3.4.2. Promoting Keratinocytes’ Proliferation

Keratinocytes are the most common kind of cell found in the epidermis, and they
play an essential part in the intricate process of wound healing [56]. The three phases that
characterize these cells are the inflammatory, cell proliferation, and remodelling. These
phases follow a certain order but overlap with one another [57]. Promoting keratinocytes’
proliferation is associated with the mechanisms that contribute to wound healing and
anti-aging. The effect of the extracts on stimulating the growth of keratinocytes is seen
in Figure 5a. The rice callus extracts showed excellent promotion of keratinocytes when
compared with the rice seed extracts. The rice callus culture (37–43%) promoted about
five times more keratinocytes than the original tissue (5–12%). The findings indicated that
rice calli proliferate keratinocyte cells which can be employed as an active component in
anti-aging cosmetics. Moreover, there was a strong correlation between the promotion of
keratinocytes and TMC (r = 0.900) in which amino acids had a major effect on promoting
cell activity.
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Figure 5. The anti-aging activities of rice callus and seed extracts including keratinocytes’ proliferation
(a), anti-collagenase (b), anti-inflammatory (c), and anti-tyrosinase activities (d). Values are displayed
as means ± SD (n = 3). Data with different letters (a, b, c, d and e) indicate significant differences
(p < 0.05) between samples.
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3.4.3. Anti-Collagenase Activity

Anti-collagenase activity was determined by using thiopeptide as a chromogenic
substrate for MMP-1 inhibitor. MMP-1 is a member of the matrix metalloproteinases
that plays a role as collagenases to cleave interstitial collagens. The highest collagenase
inhibition was found in Munpu callus (53.83 %), followed by Niawdum (45.32%) and
Hommali (35.92%) calli as shown in Figure 5b. The rice callus extracts were observed
to be approximately three times greater than their rice-seed extracts. This finding was
comparable to the studies of Tito et al. [9] who reported that tomato callus extract can
reduce MMP expression in keratinocytes. Furthermore, they also stated that tomato callus
extract effected collagen stability and stimulated new type I and III collagen synthesis
in fibroblasts. As a result of the accumulation of phenolic compounds, pigmented rice
exhibited significantly greater levels of collagenase inhibition than that of non-pigmented
rice. In addition, anti-collagenase activity had a strong correlation with TPC (r = 0.707)
and a very strong one with TMC (r = 0.943), indicating amino acids had more impact on
the anti-collagenase activity of the rice callus culture than that of the phenolic compounds.
Based on these findings, it seems possible to use rice callus extracts in the creation of
cosmetics that delay the signs of aging.

3.4.4. Anti-Inflammatory Activity

Under normal physiological states, nitric oxide (NO) acts as an anti-inflammatory
agent, while under abnormal circumstances, the overproduction of NO is considered a
pro-inflammatory mediator and an inflammatory inducer [58]. In this study, the extracts
were evaluated for their anti-inflammatory activity in human keratinocytes which were
activated by bacterial lipopolysaccharide (LPS) after which inhibition of NO was detected
by using Griess reagent. Figure 5c displays the result of NO inhibition. The highest
NO inhibition was observed in Munpu callus (85.40%), followed by Niawdum callus
(83.13%), and Hommali callus (62.87%). NO inhibition levels of calli increased about
2.5 times more than their seeds. These findings agree with the research conducted by
Daniela et al. [59], who found that callus cultures of edelweiss are a valuable source of
anti-inflammatory substances. These substances have the potential to be useful in treating
chronic inflammatory skin diseases as well as bacterial and atherogenic inflammation. In
addition, the pigmented rice showed a markedly stronger NO inhibition than the non-
pigmented rice. Moreover, the pigmented rice callus extracts appeared to be a potent
anti-inflammatory agent. There is a strong correlation between the results of NO inhibition
and TMC (r = 0.885), which reveals that the anti-inflammatory activity was related to amino
acids. The results correspond with the previous report that amino acids, especially, cysteine,
histidine, and glycine, have an anti-inflammatory effect [60,61]. According to the results,
the rice callus extracts appear to have potent anti-inflammatory activity, especially, the
pigmented rice callus extracts.

3.4.5. Anti-Tyrosinase Activity

Tyrosinase, a copper-containing enzyme, is a key enzyme in melanin production,
which is important in the coloration of mammalian skin and hair [62]. The tyrosinase
enzyme inhibitor is associated with reduction of melanogenesis, which is widely used
as a depigmentation agent. Skin aging, wrinkling, roughness, and dryness occur along
with certain hyperpigmentation such as age spots, solar lentigos, and melasma. In skin
lightening cosmetic products, tyrosinase inhibitors, such as hydroquinone and kojic acid,
are utilized as anti-pigmenting agents. However, synthetic compounds frequently induce
skin irritation; thus, natural compounds are used as alternatives [63]. Callus extracts
(56.85–64.77%) showed a significantly higher inhibition of tyrosinase activity than the
seed extracts (22.59–35.35%) (Figure 5d). The result suggested that the rice callus extracts
produced an active compound which responded to the tyrosinase inhibition. A strong
correlation between the anti-tyrosinase activity and TMC was found (r = 0.887). These
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results suggest that the rice callus extracts contained an effective tyrosinase inhibitor and
can be used as a skin whitening agent in cosmetic products.

4. Conclusions

According to the results of this study, the higher yield of rice calli were successfully
produced when seeds were sterilized in 30% Clorox for 30 min and then grown on solid MS
medium enriched with 2,4-D, NAA, and BAP. The investigation of bioactive compounds
in the rice callus extract indicated that the condition for cultivation enhanced phenolics
and amino acids. Antioxidant (PFRAP, DPPH, and SOD) and anti-aging (keratinocytes’
proliferation, anti-collagenase, anti-inflammatory, and anti-tyrosinase) activities of rice
seeds were greatly enhanced by inducing callus formation. The rice callus extracts appeared
to have potent antioxidant and anti-aging activities, especially Munpu rice. Therefore, the
rice callus extracts, particularly the pigmented rice, are an alternative natural source with
much potential for usage as an antioxidant and anti-aging active components in cosmetics,
functional foods, and medications.
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