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Abstract: Tn this mutagenic study, different doses of gamma rays (10, 20, 30, 40 and 50 Grays) have been used
to induce mutations by physical means to Orthosiphon stamineus callus. No obvious changes were observed
in terms of colour and morphology of the callus. After three weeks of irradiation, various biochemical studies
such as the chlorophyll content, total soluble protein and rosmarinic acid content as well as the specific
peroxidase activity of the callus were conducted. Results showed a steady decrement of total soluble protein
content with the mcrement of wradiation strength, with the non-wrradiated sample demonstrated the highest total
soluble protein content (6.31+1.64 mg/g FW). Similar trend was observed for specific peroxidase activity where
the non-wrradiated samples recorded the highest value of 1652.68+1160.78 units/mg soluble protein. Total
chlorophyll content of gamma uradiated callus was also found to be lower compared to the non-uradiated
callus. Nevertheless, there was an exception for callus wrradiated at 30Gy which was found to be 15.62% higher
mn the total chlorophyll content compared to the non-wradiated callus. With higher iradiation doses, the
production of rosmarinic acid was found to be higher where samples irradiated at 530Gy demonstrated the

highest rosmarinic acid concentration (132.64427.03 mg/g FW).
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INTRODUCTION

In vitro mutagenesis or also known as directed
mutagenesis 1s defined as the process of generation of
changes

several procedures, mcluding site-specific and random

nucleotide m cloned genes by any one of
mutagenesis [1]. Mutagenesis 15 a vital process m the
mnprovement of food crops to enhance yields and
facilitate cultvation which has been
development in all societies [2]. Mutagenesis can be

central to

achieved via chemical, physical or biological means.
Gamma irradiation is a kind of physical means which has
been widely applied in medicine and biology in terms
of biological effects induced by a counter-intuitive
switch-over from low-dose stimulation to high-dose
mhibition. Previous studies have shown that relatively
low-dose 1omzing radiation on plants and photosynthetic
M1CTOOIZ AT SIS

are manifested as accelerated cell

proliferation, germination rate, cell growth, enzyme
activity, stress resistance and crop yields [3-8]. In a recent
study, there have been a number of reports on the use of
UV, low-energy ultrasound, hormone and feeding of
precursors to regulate the production of secondary
metabolites such as shikomn, anthraquinone, saponms,
silymarin, anthocyanin in suspension culture system
[9-12]. However there 1s very limited information on the
enhancement of production of secondary metabolites
induced by gamma radiation, especially rosmarinic acid,
even though a variety of biclogical effects of gamma
radiation have received considerable attention [3-4].

In recent times, plants are still an important source
for the discovery of novel pharmacologically active
compounds, with many blockbuster drugs being
derived directly or mdirectly from plants. Controlled
growth systems (e.g. callus culture) will make 1t feasible
to contemplate manipulation of phenotypic variation
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(via gamma irradiation) in the concentration of medicinally
important compounds present at harvest where the aim 1s
to increase potency, reduce toxin levels and increase
uniformity and predictability of extracts. It 1s believed that
O. stamineus available in Malaysia are unable to meet
the market demand for the preparation of the herbal
product [13]. Hence, there 1s an urgent need to apply non
conventional methods for future commercial supply
of this plant to meet the market demand. In view of
O. stamineus is widely used for the treatments of various
kidney and liver ailments, aiding with promising results
done by previous studies on phytochemicals activities,
this study was conducted to determine the effects of
gamma wradiation at different doses on the morphological
and several important physiological changes such
as total soluble protein, specific activity of peroxidase,
chlorophyll and rosmarinic acid content in the callus
cultures of O. stamineus.

MATERIALS AND METHODS

Plant Materials: Six-week old in vitre plantlet of
Orthosiphon stamineus was used as the plant material
for the induction of callus. The in vitre plantlet was
maintained in full strength MS medium supplemented with
3% (w/v) sucrose.

Medium Preparation: Full strength of Murashige
and Skoog medium [14] was used in this study. The
medium was prepared from each stock solution (x100)
consisting of all the macronutrients, micronutrients,
vitamins, FeNaEDTA and plant growth regulators. For
callus induction purposes, 2,4-D (Sigma, USA) at the
concentration of 3 mg/T, was added into the medium.
Sucrose at 3% (w/v) (Sigma, USA) was used as carbon
source. Medium pH was then adjusted with pH meter
to pH 5.72£0.1 with 0.1M of HC1 (Sigma,USA) or NaOH
(Sigma, USA). The medium was autoclaved at 121°C, 15
psi for 15 minutes. Then, the autoclaved medium was left
to cool to 60°C to 70°C before the medium was distributed
with a volume of 25 ml to each petri dish and sealed
properly prior to the experiment.

The
six-week old healthy in vitro plantlet was chosen for the
induction of callus culture. Approximately ten i vitro leaf

Induction and Maintenance of Callus Culture:

explants were cut to the size of 5mm * 5mm and cultured
in the petri dish containing MS medium supplemented
with 3.0 mg/T. 2,4-D. The cultures were then incubated at
the photoperiod of 16 hours light and 8 hours dark
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under fluorescent lighting at the temperature of 25£1°C.
Meanwhile, the maintenance of the callus was imitiated by
separating the callus from the explant. Only the healthy
callus (friable and yellowish m colour) were transferred
into the new fresh full strength MS medium containing
3.0 mg/L 2,4-D and regular subculturing process was
conducted at two weeks interval. The third passage callus
was used to initiate the gamma irradiation studies.

Gamma Irradiation: Gamma irradiation was done at
Malaysian Nuclear Agency, located at Bangi, Selangor
using Ceasium-137 as radiation source at a dosage rate of
4.640 kGy/hour. For the irradiation purposes, a total of
0.5g or 1.0g of two weeks old callus was exposed to
gamma irradiation at the doses of 0, 10, 20, 30, 40 and
50Gy. The callus was transferred to fresh medium with the
same composition directly after irradiation and further
incubated at the photoperiod of 16 hours lLght and
8 hours dark under fluorescent lighting at the temperature
of 2541 °C. Morphological and physiological responses of
the callus towards gamma nradiation were observed after
three weeks of irradiation.

Morphological Responses: Approximately 0.5g of callus
was exposed to 0, 10, 20, 30, 40 and 50 Gy doses of
uradiation. The morphological responses of the wradiated
and non-irradiated calli of O. stamineus were observed
continuously for three weeks. The observation made was
based on three parameters; changes in fresh weight,
morphology and colour.

Enzyme Extraction: Irradiated and non-irradiated callus
were ground with protemn extraction buffer at a ratio of
lg of callus to 3ml of extraction buffer using pestle
and mortar pre-chilled m an ice bath. The enzyme extracts
were then transferred into 15 ml. centrifuge tube and
centrifuged at 12,000 rpm, 4°C for 20 minutes. The
supernatant was used to determine the total soluble
protein content and specific activity of peroxidase of
irradiated and nen-irradiated callus of O. stamineus.

Determination of Total Soluble Protein Content: Total
soluble protein content in wradiated and non-wradiated
callus  of O. stamineus was determined according to
Bradford method [15] using bovine serum albumin (BSA)
(Sigma, USA) as a standard A total of 20ul. of extracts
and 80uL of protem extraction buffer together with SpL of
protein reagent were mixed and absorbance was measured
using spectrophotometer (Bio-Rad, USA) at 595nm. A
standard calibration curve was constructed by using
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a known series of BSA concentrations at 0, 50, 100, 150,
200, 250, 300, 350 and 450pg/mL. The total soluble
proteing present in the samples were estimated by
comparing the absorbance with the standard curve and
were further expressed in milligram per gram fresh
welght (mg/g FW).

Determination of Specific Activity of Peroxidase:
The same samples extracts used to determine total soluble
protein content were used to determine the specific
activity of peroxidase. The blank consisted of 2.6mL 0.1M
sodium phosphate buffer (pH 6.1), 0.3mL 1% (v/)
guaiacol (Fisher, USA), 0.3mlL 30% (v/v) hydrogen
peroxide (Fisher, USA), together with 50uL of protein
extraction buffer. A total of 50ul. of sample extract
together with 2.6mL 0.1M sodiumn phosphate buffer
(pH 6.1), 0.3mL 1% (v/v) guaiacol (Fisher, USA) and 0.3mT.
30% (v/v) hydrogen peroxide (Fisher, USA) were
subjected to vortex. Absorbance was measured for 3
minutes using a spectrophotometer (Bio-Rad, USA) at
420nm. The mtial absorbance and the maxunum
absorbance value were recorded. One unit of specific
activity of peroxidase (U) 1s equivalent to the amount of
enzyme used to reduce hydrogen peroxide in one mimute
per mg of soluble protein. The specific activity of
peroxidise was calculated using the formula below [16]:

AAbs x dilution factar x1000
Volume of enzyme used in the assay

Total activities =

Where, AAbs = Meximum absorbance value — Initicl absorbance vaite

total activities

ecific activity of peroxidase (units / =
Specif el p ( ") protein content af the sample (mg)

Determination of Chlorophyll Content: The chlorophyll
was extracted according to Harborme Method [17].
Irradiated and non-wradiated callus were ground with
calcium carbonate, CaCO, (Spectrum, UUSA) at the ratio of
1g: 3mL and 10mL of 80% (v/v) acetone was added for
the extraction. The extract was then filtered with filter
paper and washed with SmL of 80% (v/v) acetone. The
extraction volume was then made up to 50 mL using 80%
(vA7) acetone. Absorbance of chlorophyll extract was
measured using spectrophotometer (Bio-Rad, USA)
at 645nm and 663nm. The chlorophyll content was
determined using the Lichtenthaler method [18] expressed
in milligram per liter and further expressed in milligram
per gram fresh weight of plant material according to the
formulae below:

&0

Chiorophyil a, C, (mg / LY=12.25 4, — 2.79 4,
Chlorophyll b, C, (mg /LY =21.5045 — 5.1044;
Total Chlorophyll Content, C_,, (mg /L)=T.1545; +18.714g

Effects of Gamma Irradiation on Rosmarinic Acid
Production: Approximately 1.0g of the wradiated and
non-irradiated callus was extracted with 10 mL of 99.5%
methanol (Mallinckrodt, TTSA) using mortar and pestle.
The extracts were kept in dark and agitated on rotary
shaker (PROTECH Model 721, Malaysia) at 80-100 rpm.
After 7 days, the extracts were filtered and dried.
Approximately 5ml, of methanol was then added to the
crude extract. Absorbance of the extracts was measured
using a spectrophotometer (Bio-Rad, USA) at 327nm. A
standard calibration curve of OD,,; against concentration
was constructed using rosmarinic acid (Sigma, USA) at
0-15pg/mT.. The amount of rosmarinic acid present in the
samples was then further expressed mn milligram per gram
fresh weight of callus.

Statistical Analysis: Each study was repeated twice
with three replicates each and was subjected to statistical
analysis. One way ANOVA and Tukey’s Honestly
Significant Difference test (p<0.05) were used to determine
the differences between means of all tested parameters
between uradiated and non-irradiated callus. Statistical
analysis was performed using SPSS software (Release
15.0) (SPSS Inc., USA).

RESULTS AND DISCUSSION

Morphological Studies: The effects of gamma irradiation
on the morphology of the callus have been described
by many researchers. Investigation on the morphology
changes of the for the
determination of the relationship between callus growth
and gamma doses. According to the study conducted by
Ahloowalia & Maluszynska [19], the limited number of
available reports suggested that callus cultures are much

uradiated callus  allows

more sensitive to radiation treatment and require
much lower doses (2 to 5Gy) than stem cuttings or seeds
(15 to 20Gy). The calluses will turn necrotic or lose
their regenerative capacity with relatively higher doses
(15 to 20Gy). The growth of Arabidopsis seedlings
exposed to low-dose gamma rays (1 or 2Gy) was slightly
increased compared with that of the control, while the
seedling growth was noticeably decreased by the high-
dose irradiation of 50Gy [20]. Although no conclusive
explanations for the stimulatory effects of low-dose
gamma radiation are available until now, papers support
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a hypothesis that the low dose irradiation will induce the
growth stimulation by changing the hormonal signaling
network in plant cells or by increasing the antioxidative
capacity of the cells to easily overcome daily stress
factors such as fluctuations of light intensity and
temperature in the growth condition [21].

However, this was not the case for thus study as
there was no significant difference in the fresh weight
of gamma wradiated calluses. Callus exposed to 10Gy
showed the highest increase in fresh weight (202.01%)
while callus exposed to 205y extubited the lowest increase
in fresh weight (141.82%) (Figure 1). Similarly, there were
no significant morphological aberrations observed in the
phenotype of the irradiated and non-irradiated calli. All
calli were found to be of non-embryogenic, friable, with a
vellow-brown colouration with a wet, rough crystalline,
unorganized appearance. Similar results were reported by
Rao [22], whereby low doses (10 to 50Gy) did not affect
the growth rate; differences in fresh and dry weights of
Pharbitis il being negligible. However, doses above
100Gy caused a steady decline m the growth rate.
Likewise, the results in this study were supported by
Anonymous [23] who reported that the fresh weight of
the callus of Kars and safflower only showed significant
difference at 600Gy and above.
Determination of Total Soluble Protein Content:
The total soluble protein content of wuradiated and
non-irradiated callus was determined after three weeks of
culture. The results obtained revealed that the increase in
gamma uradiation doses caused a reduction in total
soluble protein content (Figure 2). All irradiated calluses
exhibited a lower amount of total soluble protemn as
compared to the non-irradiated calluses. Calluses exposed
to 10Gy of gamma wradiation exhibited a total soluble
protein content of 6.08+1.66 mg/g FW which was 3.57%
lower than that of the non-irradiated calluses, 6.3141.64
mg/g FW. Likewise, calluses wradiated at 20, 30, 40 and
50Gy recorded a gradual decrease in total soluble protein
content of 5.74+1.33 mg/g FW (8.99%), 4.98+1.12 mg/g
FW (21.10%), 4.84£1.74 mg/g FW (23.18%) and
4.3141.63 mg/g FW (31.63%) respectively. The effects of
gamma wuradiation on soluble protemn content of bean
callus culture was also analysed in an experiment by
Bajaj[24]. It was reported that at low doses of wradiation
(20 to 30Gy), there was no significant difference in soluble
protein content.

Gamma irradiation causes an irreversible change
to protein conformations at the molecular level by
breakage of covalent bonds of the polypeptide chains

&1

[25]. According to Bajaj [24], gamma irradiation causes
damage and failure to RNA which causes failure to
protein synthesis leading to a decrease in total soluble
protein content. Constantin and Love [26] observed a
slight decrease in protein in gamma-irradiated Vigna
sinensis seedlings. They quoted Pollard [27], who
postulated that mradiation stops DNA transcription and
leads to a decrease in protein synthesis and growth.

Determination of Specific Activity of Peroxidase:
Peroxidase plays an important role in a variety of cellular
functions such as lignification, cell wall biosynthesis and
plasticity. Thus, it is important to analyse the changes n
peroxidase activity upon exposure to gamma uradiation
which may alter cellular functions. In the present study,
all iradiated calluses
specific activity of peroxidase as compared to the non-

exhibited a lower amount of

uradiated calluses (Figure 3). Calluses exposed to 10Gy of
wrradiation showed a slight decrease in specific activity
of peroxidase, 1579.75£836.25 units/mg soluble protein
which was 4.41% lower than the non-irradiated calluses
(1652.68+1160.78 units/mg soluble protein). Calluses
subjected to 20, 40 and 50Gy recorded a decrease in
peroxidase activity to 1234.73+1134.34 units/mg soluble
protein (25.29%), 491.10+£416.12 units/mg soluble protein
(70.28%) and 522.37+463.56 units/mg soluble protein
(68.39%), respectively. Calluses irradiated at 30Gy
extibited peroxidase activity of 347.67+190.58 units/mg
soluble protein (78.96%) which was the lowest and the
only wrradiation which shows sigmficant difference with
the non-irradiated calluses according to Tukey’s HSD
(p=0.05).

Gamma wrradiation was reported to induce oxidative
stress with overproduction of reactive oxygen species
(ROS) such as superoxide radicals (O, ), hydroxyl radicals
(OH") and hydrogen peroxides (H,0;) [28], which react
rapidly with almost all structural and functional organic
molecules, including proteins, lipids and nucleic acids
causing disturbance of cellular metabolism [29]. To avoid
oxidative damage, plants have evolved various protective
mechanisms to counteract the effects of reactive oxygen
species in cellular compartments. In this study, it was
discovered that the peroxidase activity of O. stamineus
callus was in a decreasing trend with higher irradiation
doses. This contradicted with the data obtained by
Byun et al. [30] who showed that gamma irradiation as
high as 10kGy, did not induce significant loss m water
soluble components such as minerals, nitrogenous
sugars and peroxidase. According to
Variyar et al. [31], gamma wradiation creates oxidative

constituents,
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Fig. 1. Effects of gamma uradiation on the increase in fresh weight of O. stamineus callus after three weeks of
irradiation. Mean with different letter(s) are significantly different between treatments by the Tukey’s HSD
(p<0.05). Error bars indicate the mean + standard error
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Fig. 2. Effects of gamma irradiation on the total soluble protein content in callus of O. stamineus after 3 weeks of

uradiation. Mean with different letter(s) are significantly different between treatments by the Tukey’s HSD
(p=0.05). Error bars indicate the mean =+ standard error
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Fig. 3:  Effects of gamma irradiation on the specific activity of peroxidase of O. stamineus callus after 3 weeks of
uradiation. Mean with different letter(s) are significantly different between treatments by the Tukey’s HSD
(p<0.05). Error bars indicate the mean =+ standard error
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(p<0.05). Error bars indicate the mean =+ standard error
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Fig. 5: Effects of gamma irradiation on the rosmarinic acid content of O. stamineus at 3 weeks of irradiation. Mean with
different letter(s) are significantly different between treatments by the Tukey’s HSD (p<0.05). Error bars indicate

the mean + standard error

stress and  affects biomolecules by  causmng
conformational changes, oxidation, rupture of covalent
bonds and formation of free radicals such as hydroxyl
and superoxide amon that were generated by radiation.
Radiation causes oxidative injury by accelerating free
radical generation m living systems. The primary damage
induced by ionizing radiation is modified in enzymatic

repair processes [32].

Determination of Chlorophyll Content: The chlorophyll
content of three-week old mradiated and nen-irradiated
calluses revealed that exposure to gamma doses caused
a reduction in chlorophyll @ and chlorophyll b (Figure 4).
Exposure of calluses to 30Gy however displayed an
exception where there was increment of chlorophyll ¢ and
chlorophyll & content to 0.76+1.23 mg/g FW which was a
15.62% increase as compared to the non-irradiated
calluses (0.66+0.98 mg/g FW). Calluses exposed to 10Gy
irradiation exhibited a chlorophyll ¢ and chlorophyll &
content of 0.56+0.67 mg/g FW which was 15.04% lower
than  that of the non-wradiated calluses. Calluses
irradiated at 20, 40 and 50 Gy, 0.2320.16 mg/g FW
(64.66%), 0.2240.20 mg/g FW (66.26%) and 0.2440.26 mg/g
FW (63.64%) respectively, displayed remarkable decline
of more than 60% as compared to the non-irradiated
calluses. However, according to Tukey’s HSD (p<0.03),
changes in chlorophyll ¢ and chlorophyll b content for
the calluses were not significantly different from each

&4

other. The concentration of chlorophyll 5 (0.36 mg/g FW)
was found to be higher than chlorophyll @ (0.31 mg/g FW)
in non-irradiated calluses. However, as illustrated in
Figure 4, the concentration of chlorophyll @ was found to
be higher than chlorophyll 4 in irradiated calluses.

In this study, the total chlorophyll content was found
to be the highest in the 30Gy irradiated callus. This
contradicted with the by
Alikamanoglu et al. [32] who reported that a gradual
decrease in total chlorophyll content from non-irradiated

however studies done

sample of P. fomentosa callus to 25Gy of wradiation.
Koh and Davies [33] also claimed that the wild type plant
had greater chlorophyll a, b and total chlorophyll content
than the mutant phenotypes. According to Wi et al. [20],
chloroplasts were extremely sensitive to gamma irradiation
as compared to other cell organelles wiich may give
rise to dilation of thylakoid membranes, alteration in
photosynthesis, modulation of the antioxidative system
and accumulation of phenolic compounds.

Effects of Gamma Irradiation on Rosmarinic Acid
Production: Trradiated and non-irradiated calluses were
subjected to estimation of rosmarinic acid content after
3 weeks of culture. Figure 5 illustrates that increase in
gamma  nradiaton doses caused an increase of
rosmarinic acid content. Calluses irradiated at 40Gy
(130.22426.60 mg/g FW) and 50Gy (132.64£27.03 mg/g

FW) showed a sharp increase as compared to the
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non-irradiated calluses (83.86+10.60 mg/g FW). According
to Tukey’s HSD (p<0.05), the 55.28% and 58.17% mcrease
of 40 and 50Gy, respectively showed a significant
mcrease of rosmarimic acid concentration. Calluses
which were subjected to iradiation at 10, 20 and
30Gy exhibited rosmarinic acid concentration of
103.054£20.89 mg/g FW (22.88%), 111.23+£30.75 mg/g
FW (32.63%) and 111.54£24.08 mg/g FW (33.01%)
respectively, which were all lngher than the non-irradiated
calluses but there was no significant difference
between these gamma iradiation doses according to
Tukey’s HSD (p<0.05).

As mentioned by Berezina and Kaushanskin [34],
some physical agents like low doses of gamma irradiation,
may induce physiological and biochemical changes. As
shown in Figure 5, the accumulation of rosmarinic acid
was the highest for the callus irradiated with 50Gy.
It was reported by Beaulieu et al.[35] that a radiolysis
of phenolic acids mm an aqueous solution led to
their degradation and to a notable hydroxylation.
Oufedjikh et al. [36] reported that gamma irradiation
increases the activity of phenylalanine ammonia lyase,
which 1s responsible for the synthesis of phenolic acids.
Variyar et al. [31] observed the ability of gamma
irradiation in increasing polyphenolic acids in soybeans.
This was referred to an mradiation induced breakdown
of tannins. Neither qualitative nor major quantitative
changes of phenolic acids were, however, observed for
example in cinnamon and cardamom [37]. Free radicals
generated by plants exposed to uradiation may act as
stress signals which triggers stress responses in plants,
resulting in an increased phenolic acid synthesis which

have notable antioxidative properties [38].
CONCLUSIONS

O. stamineus has a very high value in the commercial
and pharmaceutical industty due to its medicinal
properties. Future studies on protein identification on
gamma uradiated samples as well as gene sequencing in
order to identify the specific mutation sites on protein
transcription and translation will enable the production of
a superior mutant with qualities suitable for commercial
use. Further investigation on higher dose of gamma
wrrachation on both plantlets and callus to compare the
profile of biochemical studies as well as production of
secondary metabolites 1s also vital i order to gain better
understanding on the effects of irradiation and the
possibility of increasing the production of medicinally
umportant metabolites found in O. stamineus. Effects of

65

other types of physical irradiation can also be conducted
on O. stamineus as plants react differently to different
means of wrradiation.
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