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Abstract Gamma irradiation is widely used in herbal medicine industries as an
efficient preservative method in reducing microorganism contaminants. The aim
of this study was to evaluate the effect of gamma irradiation at the doses of 5; 7.5;
and 10 kGy on H. sabdariffa ethanolic extract (HS-EE). The Co-60 was used for
irradiation the samples. The phytochemical content of HS-EE was carried out by
total microorganism analysis using dilution method, TPC by Follin-Cicalteu
method, TFC by aluminium chloride colorimetric method, antioxidant activity using
DPPH method, TLC profiling on silica gel F254, in vitro anticancer activity using A-
549, HUT-78, and MCF-7 cancer cell lines. The irradiation at 10 kGy caused the
total bacteria decreased, while dose of 5 kGy could eliminate the total mold.
Irradiation at 5 kGy caused TPC, TFC, and antioxidant activity decreased by 5-11%.
TLC chromatograms analysis confirmed that one of the compounds contained in
HS-EE was quercetin. The HS-EE has the strongest anticancer property against
HUT-78 (IC50 10.51 ug/mL) followed by against MCF-7 (IC50 13.39 ug/mL), and A-
549 (IC50 14.19 ug/mL). It can be concluded that irradiation at a dose of 10 kGy
could remove total bacteria and molds, decreasing the phytochemical content and
anticancer activities of HS-EE. It is recommended to increase the active ingredient

level in the formulation.

INTRODUCTION

One of the herbal medicines that have
been widely used for its medicinal properties in
Indonesia is roselle flower (Hibiscus sabdariffa
Linn) which contains flavonol as quercetin. It has
high antioxidant properties and hypolipidemic
effect (1) Clinical trials conducted on cancer
patients who were given three grams of H.
sabdariffa boiled water three times a day for
seven consecutive days showed an increased
anti-inflammatory. In addition, testing on mice
after being given methanol extract helped
maintain the IL-1B ratio, excess IL-1B in blood
plasma indicated inflammation in the body, one
of which could be caused by cancer (2,3). Several
studies revealed that H. sabdariffa was able to
inhibit cancer cells without being toxic to normal
cells such as K-562, HepG2, HT-29 (4) breast
cancer (MCF-7) (5) lung (A-549) (6), myeloma (7)
nasopharyngeal (8) and ovary (9)

As one of the secondary metabolites in
H. sabdariffa, quercetin is a class of flavonoids

that are widely available in plants and fruits and
usually available as quercetin glycoside having
higher antioxidant activity than vitamins C and E
as well as the ability to influence immunity and
inflammation (10). In addition, testing on mice
after being fed H. sabdariffa methanol extract
helped maintain the IL-1B ratio, excess IL-1B in
blood plasma indicated inflammation in the body,
one of which could be caused by cancer (2,3).

The quality of the anticancer properties
of H. sabdariffa ethanolic extract needs to be
maintained before being marketed to consumers.
Several methods of preservation are used by the
industry to maintain the quality of traditional
medicines is gamma irradiation technique (11)
Preservation using the gamma irradiation
technique has been widely used because of its
ability to inactivate pathogens through the
destruction of nucleic acids that will extend the
shelf life of irradiated products with doses under
10 kGy (12,13)
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The current study intends to investigate
the influence of gamma irradiation on the
sterilization of H. sabdariffa ethanolic extract, in
addition to evaluating the secondary metabolites
content such as total phenolic, flavonoids,
quercetin, and antioxidants, as well as anticancer
properties against A-549, HUT-78, and MCF-7
from irradiated and unirradiated samples. To our
knowledge, there has not been any study on the
effect of gamma irradiation on H. sabdariffa
ethanolic extract and its anticancer properties (A-
549, HUT-78, and MCF-7), hence it is considered
an update of this study.

EXPERIMENTAL
Material and sample preparation

H. sabdariffa Linn (HS) obtained from PT.
Sari Alam Sukabumi was dried in a room at 19°C
for £ 2 weeks. The dried HS was then powdered
with a size of 80 mesh, followed by measurement
of water content using the gravimetric method at
a temperature of 105°C until the weight was
constant(14).

Extraction and Gamma Irradiation

Extraction was carried out using 96%
ethanol by soaking 500 g of HS powder with
ethanol (4L). After 24 h, the filtrate was filtered
and concentrated using a rotary evaporator at
35°C to obtain a H. sabdariffa ethanolic extract
(HS-EE). Amount of of HS-EE (10 g) was put into a
sample bottle (volume 50 mL) to gamma
irradiated with a dose of 0 (control); 5; 7.5; and
10 kGy with two replications using a gamma cell
with a ®°Co gamma source at a dose rate of 3.163
kGy/h and a source activity of 4.348 kCi.

Determination of Microbiological
Contamination
Determination of microbiological

contamination was performed for each
irradiation dose of the HS-EE. One mL of HS-EE
(concentration of 1000 pg/mL) with a 10%
dilution then cultivated in nutrient agar medium
and incubated for 24 h at 37°C and the number of
grew colonies was counted. Meanwhile, for the
total number of mold, a 1072 dilution was carried
out and planted on PDA medium then incubated
for three days at room temperature and the
number of grew colonies was counted(15).

Determination of Total Phenolic Content

A total of HS-EE (10 g) was dissolved in
96% ethanol (25 mL). Two mL of the solution was
taken, added with aquabidest (5 mL) and 50%
Folin-Ciocalteau reagent (0.5 mL), then

homogenized on vortex. The solution was
incubated for 5 min at room temperature and
added 5% Na»COs (1 mL). It was incubated again
for 60 min, then the absorbance was measured
using a UV-visible spectrophotometer at Amax 725
nm. The standard used as a comparison was gallic
acid(16).

Determination of Total Flavonoid Content

A 4 mg HS-EE was dissolved in methanol (4
mL), then 250 pl of each sample was added
distilled water (2 mL) and 5% NaNO: (150 uL),
10% AICIz (150 pL), and 1M NaOH (2 mL), then
added distilled water until the total volume was
5 mL, and the absorbance was measured using a
UV-visible spectrophotometer at Amax 510 nm(16).

Determination of Antioxidant Activity

The HS-EE (10 mg) was dissolved in
methanol (10 mL), then the various
concentrations used were 10, 25, 50, and 75
ug/mL. The HS-EE (2 mL) was added with 2,2-
diphenyl-1-picrylhydrazyl (DPPH) solution (0.5
mL), then shaken and incubated for 30 min at
room temperature. The absorbance of each
sample was measured using a UV-Vis
spectrophotometer at Amax 515 nm(16,17).

Densitometric Scanning Pattern of TLC
Chromatogram

The HS-EE from each sample, and
standard quercetin (STD) were analyzed on TLC
plates Fass using the mobile phase
CHCI3:MeOH:H20 (7 : 3.5 : 1) scanned using a
densitometer at Amax 254 nm. The sample spots
were compared to the quercetin spot, then the
RF value of each sample was determined.

In-Vitro Bioassay against Human Cancer Cell
Line

In vitro bioassay was performed on all
samples against human cancer cell lines (A-549
lung carcinoma, HUT-78 cutaneous T-lymphocyte,
and MCF-7 breast cancer) at the concentrations
of 5, 10, 20, 40, and 80 (ug/mL) with dimethyl
sulfoxide as a negative control. The medium used
were Dulbecco's Modified Eagle Medium
(DMEM) containing 10% Fetal Bovine Serum
(FBS), 1% penicillin, and 1% fungizone. The cells
were incubated in 5% CO2 incubator at 37°C for
72 hours, then were counted using an Olympus
microscope at 4000 times magnification(18).

Statistical Analysis
All data are presented as means and
standard deviations for three measurements.
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Statistical analysis of the significance test of
irradiated and unirradiated samples was
performed by SPSS 24 software with a 95%
confidence level (p<0.05) using one way ANOVA.

RESULTS AND DISCUSSION
Water Content and Extraction

Determination of water content is
performed before irradiation, the value of water
content provides a minimum limit that is still
allowed for simplicia. The water content of HS
powder is 6.57%. HS extraction using 96%
ethanol appeared as viscous extract with a yield
of 33.66%. The water content obtained is less
than 10% and related to the quality of traditional
medicines. The higher water content will be
easily contaminated by microbes and fungi. They
do not have a longer shelf life due to enzymatic
reactions that cause decay in simplicia (11,19,20).

Microbiological Contamination

The total of bacteria and molds was
counted as colony forming units (CFU). The effect
of gamma irradiation on microbial
decontamination can be seen in Table 1. The
irradiation dose at 5-10 kGy has reduced the
number of bacteria and mold in the samples
significantly. The total of bacteria and mold
decreased as the irradiation dose increased.
Total aerobic plate count (TAPC) decreased
significantly at the irradiation dose of 7.5 and 10
kGy no bacteria at all, while total mold count
(TMC) at dose 5 kGy was able to kill all the molds
in the sample.

The quality of herbal medicine may drop
because of bacteria, fungi, and insects. Bacteria
and fungi can produce a mycotoxin that will
contaminate the product. Gamma irradiation
treatment can reduce the amount of microbial
and mold contamination in HS-EE. Several studies
revealed which irradiation at a dose of 0.2 kGy
was able to inhibit mold and at dose of 1 kGy was
able to kill all molds. The decrease in bacteria and
mold is due to structural changes in the
microorganism cells. Gamma irradiation can
inhibit the growth of bacteria and mold which will
directly damage cell membranes and cause the
death of cells. The damage will cause a loss of

osmotic balance and loss of ions in cells such as
loss of protein and ribonucleic acid (21-25).

Total Phenolic Content (TPC)

TPC of unirradiated HS-EE had the highest
value compared to irradiated HS-EE, based on
one-way ANOVA analysis significantly different
between irradiated HS-EE and unirradiated HS-EE
(control) with a confidence level of 95% (p<0.05 ).
TPC of irradiated and unirradiated HS-EE can be
seen in Table 2. At a dose of 5 kGy, the TPC
decreased and had the smallest value compared
to the other samples. It is known which gamma
irradiation reduces the TPC at 5 kGy (26). It was
caused by the degradation of secondary
metabolites and the breaking of chemical bonds
into a low molecular weight, as well as loss of the
aromatic ring in the phenolic compound or
sample due to gamma irradiation (24). Different
conditions occurred at doses of 7.5 and 10 kGy,
there was an increase in TPC from the previous
dose caused by the release of dissolved phenolic
compounds from the glycosidic component due
to the breaking of covalent bonds, therefore it
would increase the total of phenolic dissolved in
the HS-EE (24). In addition, carbonyl bonds and
glycosidic bonds are very susceptible to gamma
irradiation. Consequently, they will produce
radiolysis products (27).

Total Flavonoid Content (TFC)

TFC of HS-EE was expressed as mg
quercetin/g extract. Statistically, TFC at the dose
of 5 kGy decreased significantly, on the other
hand at doses 7.5 and 10 kGy increased (Table 2).
There were significant differences (p<0.05)
between irradiated HS-EE and unirradiated HS-EE
(control). The decrease of TPC will affect of TFC in
extract directly. The data on TPC and TFC were in
accordance with several studies obtained by
Yusuf et al, Adhitia et al, and Mun’im et al who
revealed at the dose of 5 kGy the TPC and TFC
decreased due to gamma irradiation, however
increased at the dose of 7.5 kGy (23,28,29). The
decrease in TPC and TFC after gamma irradiation
also occurred in the extract of Cuscuta chinensis
(26), Plucea indica (30), and Peperomia pellucida
(28).

Table 1. The effect of gamma irradiation on microbial decontamination

Irradiation dose (kGy) TAPC (CFU/g) TMC (CFU/g)
0 5.9x10% 1.3x102
5 3.6x10° 0
7.5 3.0x10? 0
10 0 0
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Antioxidant Activity

The antioxidant activity analysis are
presented as IC50 values. The IC50 value is the
concentration required to inhibit 50% of a DPPH
radical. A sample with the lowest IC50 value
indicates  high antioxidant activity (20).
Statistically, the results showed a significant
different after 5 kGy gamma irradiation. However,
there was no significant different after 10 kGy
gamma irradiation compared to 7.5 kGy dose
(Table 2).

The results of the antioxidant analysis
showed a correlation with the total phenolic and
flavonoids. The presence of hydroxyl groups in
phenolic compounds related to free radical
scavenging activity by DPPH. In contrast to other
studies, El-Beltagi et al. reported that irradiated
dates fruits at a dose of 5 kGy increases the
antioxidant activity (31). The effect of gamma

irradiation on the activity and  secondary
metabolites content whether decrease or
increase is caused by variations and types of
plants, environmental conditions, geography,
solid or powder samples, the composition of
secondary metabolites, solvents used during
extraction, extraction procedures and irradiation
doses (32). In addition, gamma irradiation will
produce a free radical that will reduce its
antioxidant activity due to a decrease of phenolic
compounds, hence it will affect the antioxidant
activity of the extract (30,33). The relationship
between total phenolics, antioxidants, and
flavonoids depends on their molecular structure
where the number of OH groups and the position
of the OH groups on the benzene ring will allow
electrons delocalization in the double bond. In
general, the number of OH groups influences the
antioxidant activity and flavonoids (34).

Table 2. The effect of gamma irradiation on TPC, TFC, and antioxidant of HS-EE

Irradiation dose TPC TFC ICs0 of Antioxidant
(kGy) (mg GAE/g Extract) (mg QE/g Extract) Activity (ug/mL)
0 5.17+0.09 3.11+0.09 26.67+0.16
5 4.60+0.01" 2.20+0.04" 28,54+0.11"
7.5 4.90+0.02" 2.89+0.20 27.23+0.81"
10 4.93+0.05 2.61+0.22" 27.46+0.19"

* Significantly different (p<0.05) compare to 0 kGy, Each value is median + standard deviation (n=3)
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Figure 1. Densitometric scanning pattern of TLC-chromatogram of HS-EE at A 254 nm: (A) control ,
(B) 7.5 kGy, and (C) quercetin



Susanto / Jurnal Sains dan Teknologi Nuklir Indonesia

(Indonesian Journal of Nuclear Science and Technology)

Vol 24, No. 1 (2023)1-9

Densitometric
Chromatogram

The analysis using a densitometer of each
sample contained quercetin (peak No. 5) as
compared with the quercetin standard (Figure
1C) and was suspected to be responsible for the
activity of HS-EE. The control sample contained
seven peaks detected on the TLC plate with the
main peak being No. 5. However, in the
chromatogram pattens of the irradiated sample,
the area and height of the quercetin peak
decreased. In addition, in the 7.5 and 10 kGy
irradiated samples, some peaks (No. 3&4 Figur
1A) were lost and new peaks (No. 8, 9,10 and 11
Figur 1B) appeared.

Among flavonoid compounds, quercetin is
one of the flavonoid group that have the
potential as an antioxidant. The study was carried
out according to Zhen et al, the main flavonol
compound in H. sabdariffa extract was 26%
quercetin, while the other content was a
kaempferol compound of 6% (35). Marfak et al.
revealed that at a dose between 2 to 14 kGy
would degrade the quercetin compounds
significantly (36).

Scanning Pattern of TLC

In-Vitro Bioassay Against Cancer Cells

In vitro bioassay against cancer cells was
carried out to determine whether the quercetin
in HS-EE has potential as an anticancer agent.
Inhibition activity on cancer cells is expressed by
the value of IC50 (inhibition concentration
capable of killing 50% of cancer cells) (37). Figure
4 showed the relationship between the percent
of cell viability of each cancer cells (A-549, HUT-
78, and MCF-7).

The higher sample concentration will
decrease the cell viability. Based on the cell
viability value of each cancer cells, it could be
stated which HS-EE can inhibit cancer cells. The
concentration of about 20 pg/mL from each
sample was able to decrease cell viability by 50%.
Table 4 showed that the R value obtained from
each sample is closed to 1. It can be concluded
which the R value is almost linear and good
correlation between sample concentration and
anticancer activity of samples against cancer cell
lines (A-549, HUT-78, and MCF-7) (6,38,39).

100
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Figure 4. Cell viability of cancer cell line (A-549, HUT-78, MCF-7) of HS-EE under various irradiation

dose
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Table 4. The linier regression equation and R value of HS-EE under various irradiation dose

Irradiation dose A-549 HUT-78 MCF-7
(kGy)
Control (-) y =0.671x + 4.227 y =0.744x + 4.239 y =0.575x +4.382
R =0.9969 R =0.9841 R =0.9769
5 y =0.581x +4.235 y =0.575x + 4.382 y =0.757x + 4.060
R =0.9925 R =0.9769 R=0.9917
7.5 y =0.604x +4.259 y =0.575x +4.382 y =0.770x + 4.035
R=0.9737 R =0.9769 R =0,9888
10 y =0.508x + 4.387 y =0.611x +4.335 y =0.664x +4.187
R=0.9736 R =0.9810 R =0.9986
IC50 Values Ethanol Extract of H. sabdariffa
m0 75 10
oy
§° .
= * * *
S e ™
= X *
(0
>
o
wn
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*Significantly different (p<0.05) compared to 0 kGy

Figure 5. The ICso values of HS-EE under various irradiation dose against cancer cell lines

The in vitro bioassay against human
cancer cell lines were in accordance with the
several studies obtained by Beltagi et al, Winarno
et al, and Susanto et al who revealed that gamma
irradiation could decrease the anticancer activity
(18,40,41). Based on Figure 5 and the categories
from the NCI, the ICso value of each sample of
cancer cells (A-549, HUT-78, and MCF-7) has an
ICso value < 21 pg/mL (high cytotoxic activity).
The 1Cso of HUT-78 had the lowest ICso value
followed by MCF-7, and A-549. It can be
concluded which HS-EE after gamma irradiation
still has anticancer activity against cancer cell
lines (A-549, HUT-78, and MCF-7). Statistically, at
a 95% confidence level (p<0.05) the ICso value of
irradiated HS-EE had a significant different
compared to the unirradiated HS-EE (control)
with the decrease its antiproliferative activity
was range 13-45%.

The anticancer properties of HS comes
from its quercetin content. The quercetin
compound in the HS can inhibit the proliferative
of cancer cells but it will not damage to normal
cells (9), as well as can inhibit several enzymes
that are carcinogenic by 36% (10). HS has high
antioxidant properties that can increase

apoptosis or programmed cell death of cancer
cells by reducing cell proliferation, inducing
apoptosis, and mitochondrial depolarization
through upregulation of Bax and p53. Therefore,
it will down-regulate BCI-2 by activating several
caspase enzymes and cytochrome-c (5,42).
Caspase activity is responsible both directly and
indirectly for protein breakdown by proteolysis
during the process of apoptosis (43).

The quercetin content, TPC, TFC, and
antioxidant activity in HS-EE each irradiation dose
correlated positively with in vitro analysis on
cancer cell lines with IC50 values greater than
unirradiated HS-EE. In other words, the
anticancer properties of HS are influenced by the
concentration of the phenolic compounds and
secondary metabolites, i.e. quercetin. Gamma
irradiation treatment of HS resulted in
degradation of the quercetin content which
caused decreased anticancer and antioxidants
properties.

CONCLUSION

Gamma irradiation at a dose of 5 kGy could
reduce microbiological contamination of both
bacteria and mold in H. sabdariffa ethanolic
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extract. However, total phenolic, flavonoid,
antioxidant, and quercetin levels in its ethanolic
extract decreased after gamma irradiation
compared to the unirradiated ethanolic extract.
The cytotoxic effect of its ethanolic extract on
human cancer cell lines (A-549, HUT-78, and
MCF-7) was still very strong to inhibit cancer cells
with the IC50 value were 10.51, 13.39, and 14.19
pg/mL for HUT78, MCF-7, and A- 549,
respectively.
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