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Abstract
We investigated a persimmon tannin-Aloe vera composite powder (PT-A) for its capacity to protect
against ionizing radiation. L02 cells and HepG2 cells were pretreated with PT-A (the mass ratio of
persimmon tannin and Aloe vera is 2:1) or the single compounds at various concentrations, radiated with
X-rays, and cell viability, apoptosis, and ROS production were analyzed by CCK-8, DCFH-DA staining, and
Hoechst 33258 staining/�ow cytometry, respectively. The optimal radiation dose and post-radiation
incubation period were determined to be 8 Gy and 12 h, respectively. The PT-A composite provided the
best protection against ionizing radiation in both cell types. The apoptotic rate was the lowest at a PT-A
concentration of 200 mg/mL in L02 cells (4.32%, P < 0.05), and at 100 mg/mL in HepG2 cells (9.8%, P <
0.05). The activity of CCK-8 showed that the optimal radiation dose of L02 was 8 Gy, and the cell activity
was 71.72% (IC50=412.1 mg/mL). For HepG2, the optimal radiation dose was 8 Gy, and the irradiation
was 12 h. The post cell activity was 62.372% (IC50=213.0 mg/mL). ROS production induced by radiation
was the most effectively suppressed by 200 mg/mL PT-A in L02 cells, and by 100 mg/mL in HepG2 cells. 

Introduction
With the progressively rapid research and societal developments, humans are increasingly exposed to
ionizing radiation, and this trend is expected to continue and increase in future. Accordingly, the risk of
diseases caused by ionizing radiation is increasing. Therefore, ionizing radiation treatment and protection
programs have to be explored and developed [1].

The ionizing radiation pollution faced by Chinese residents mainly arises from natural and arti�cial
ionizing radiation sources. Natural radiation mainly includes cosmic rays, terrestrial gamma rays, and
helium, and accounts for 94% of the total annual radiation dose received by Chinese residents. According
to the Nuclear and Radiation Safety report of the United Nations Scienti�c Committee on the Effects of
Atomic Radiation, the global and individual average effective natural ionizing radiation doses for Chinese
residents are 2.4 mSv and 3.1 mSv, respectively [2]. In addition, radiation from arti�cial sources is
growing rapidly, mainly because of developments in technology and nuclear science. In China, ionizing
radiation technology and nuclear science began in the early days of the founding of the People’s Republic
of China and have since penetrated into medical, military, energy, and other industrial �elds, and even into
daily life, for example, in subway security and alarm systems [3, 4]. The effective dose of personal
radiation caused by arti�cial ionizing radiation and the average effective dose in Chinese residents are
approximately 0.6 mSv and 0.2 mSv, respectively. Medical diagnostic tests are the number one source of
effective radiation in humans, and many advanced medical detection and treatment methods rely on
ionizing radiation. In future, the use of ionizing radiation technology in the medical �eld is expected to
increase, which will lead to an increase in ionizing radiation pollution. While natural radiation has existed
forever, arti�cial radiation doses currently are on par with or even exceed natural radiation doses. Given
the severity of ionizing radiation pollution and the related health risks, it is urgent to explore and develop
methods to protect against ionizing radiation pollution.
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Anti-radiation agents are divided into non-natural and natural agents. Non-natural agents, including
sulfhydryl compounds, nitroxide, dibenzimidazole, and superoxide dismutase, can have signi�cant side
effects and unstable treatment effects, and are relatively expensive. Natural radioprotective agents
include vitamins, melatonin, �avonoids, and herbaceous and medicinal plants [5]. They reduce or
eliminate the harm of ionizing radiation by blocking the harmful reactions caused by free radicals
generated by radiation, reducing DNA damage, and inhibiting apoptosis .

Tannin is a polyphenolic compound widely found in plant materials such as persimmon fruits, tea leaves,
ginkgo leaves, and grape seeds. It has a complex polyphenolic hydroxyl structure and is soluble in water
and some organic solutions. Tannin has proven useful for the prevention and treatment of ionizing
radiation pollution [6, 7]. Sunan et al. reported that tannin effectively improved the survival of human
megakaryocytes exposed to 10 Gy of 60Co γ-rays by decreasing the production of reactive oxygen
species (ROS) and suppressing apoptosis [8]. China is the largest persimmon producer globally, and
Guangxi produces the most persimmons in China [9, 10]. To ensure that most persimmons can mature
normally, some green persimmons are removed; however, this results in substantial losses for persimmon
farmers. Green persimmons are rich in tannin [11], and therefore, could be used as a source of tannin.
Tannin has proven useful for the prevention and treatment of ionizing radiation pollution [12].

Aloe vera is comprises more than 70 components, including anthraquinones, vitamins, nonessential and
essential amino acids, and inorganic compounds [13]. It is thought that Aloe vera can ameliorate
radiation events on the epidermis and dermis owing to its ability to promote wound healing by increasing
wound oxygenation and thus, minimize the amount of dead tissue. Thus, it might be useful to counteract
the adverse effects of radiation therapy.

Persimmon tannin and Aloe vera are found as anti-radiation agents to protect against ionizing radiation.
However, radiation resistance of the persimmon tannin-Aloe vera composite remains inconclusive. In this
paper, a persimmon tannin- Aloe vera composite powder (PT-A) for its capacity to protect against ionizing
radiation was investigated. Human hepatic cells (L02) and Human hepatoma cells (HepG2) are
commonly used in in-vitro studies on radiation and to determine radioprotective effects of anti-ionizing
radiation materials [14, 15]. Use these two cells as model cells to protect against ionizing radiation, cell
viability, apoptosis, and ROS production were analyzed by CCK-8, DCFH-DA staining, and Hoechst 33258
staining/�ow cytometry and cell viability, apoptosis.

Materials And Methods

Experimental reagents, and instruments
 Persimmons were provided by Guangxi Huikun Company (Guangxi, China). Freeze-dried Aloe vera
powder was provided by Guangdong Yuanlv Biological Engineering (Guangdong, China). Low-endotoxin
fetal bovine serum (FBS) was provided by Zhejiang Tianhang Biotechnology (Zhejiang, China), high-
glucose DMEM was purchased from Thermo Fisher Scienti�c (Waltham, MA), trypsin from Beijing
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Solarbio Science & Technology, and 2′,7′-dichlor�uorescein diacetate (DCFH-DA) from Sigma-Aldrich (St.
Louis, MO). All other chemical reagents were biochemical grade. The TU-1901 UV-visible
spectrophotometer was from Beijing Persee General Instrument (Beijing, China), and the �ow cytometer
was from Beckman Coulter (Brea, CA, USA)

Human hepatic cells (L02) and Human hepatoma cells (HepG2) were purchased from the cell bank of the
Chinese Academy of Sciences and that of Central South University, respectively.

Cell culture
Cell culture was synthesized according to the glutaraldehyde crosslinking method described by our
previous work with minor modi�cations Frozen L02 and HepG2 cells were quickly thawed in warm water
bath at 37°C, collected by centrifugation, and resuspended in fresh medium [16, 17, 18]. The thawed
culture solution was aspirated (dropped into the thawed culture solution) into a 15 mL tube; the prepared
fetal bovine serum content was 10%. 2 mL of fresh high-sugar DMEM medium, the frozen stock solution
remaining in the L02 and HepG2 cells, was removed by centrifugation. The old medium in the centrifuge
tube was removed after centrifugation, and the cells in the bottom of the centrifuge tube were blown
upward by fresh medium to prevent further gathering. After the cell suspension was added to a 25 cm2

cell culture �ask, the �ask was placed in a thermostatic cell culture incubator at a constant temperature
of 37°C and a constant carbon dioxide content of 5%. The cells were cultured until the cell growth area
accounted for 80-90% of the bottom of the cell bottle; Afterward, the old medium was removed and
trypsin-digested cells were added, and then the cells were blown downward by adding fresh medium,
followed by centrifugation. The subsequent steps were the same as those described previously, and a
heavy cell culture will result. The suspended cell �uid was added to two new cell culture �asks to
complete the cell passage, and the cells were cultured repeatedly until the cell volume reached 80-90%
[19].

Determination of the active ingredient in persimmon
powder
A 10% Lowry solution and 7.5% sodium carbonate solution were prepared. Zero, 1, 2, 3, 4, or 5 mL of a of
1000 mg/mL gallic acid standard solution was added to a 100-mL �ask. Persimmon powder (0.1 g) was
dissolved in 100 mL of ultrapure water and 2.5 mL of this solution was pipetted into a 50-mL �ask, and
ultrapure water was added up to the mark line to prepare the test solution. The absorbance was
measured using an UV spectrophotometer to obtain a standard curve . The tannin content in the
persimmon powder was calculated to be 25.00% based on the prepared gallic acid standard curve (y =
0.01194x + 0.0033, R2 = 0.9996). The content of persimmon tannin can be calculated according to the
standard linear equation of gallic acid. According to the calculation, the persimmon tannin content in the
persimmon freeze-dried powder used in the experiment was 25.00%.
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Determination of the active ingredient in aloe freeze-dried
powder
The content of the active ingredient in the aloe lyophilized powder was determined by measuring the O-
acetyl content by spectrophotometry and preparing a standard curve, as described previously [20, 21].
The standard curve equation was as follows: y = 2.2633x + 0.0125, R2 = 0.9995. Using this equation, the
O-acetyl content in the aloe freeze-dried powder was calculated to be 0.60%.

Preparation of persimmon tannin-Aloe vera composite (PT-
A)
The PT-A composite material was prepared considering the active ingredient contents in the two source
material. First, composite PT-A with a mass ratio of the O-acetyl group in persimmon powder to Aloe vera
powder of 2:1 was produced through crosslinking. The precipitated PT-composite material was collected,
completely dried in an oven at 50°C for 6 h, and pulverized to obtain a powder.

CCK-8 assay of the effect of PT-A
The metabolic activity of cells after irradiation was measured by a CCK-8 assay [22, 23]. After
synchronization of L02 cells, the medium was removed, and 90 mL of fresh high-glucose medium
containing 10% FBS and 10 mL of PT-A (PT, Aloe vera) at 0, 50, 100, 200, 400, and 800 mg/mL was
added. Subgroups with concentrations of 0, 50, 100, 200, 400, and 800 mg/mL were created. In addition,
the blank group was set to medium only and no cells were seeded. After 24 h of culture, cells in all
experimental groups were exposed to X-ray doses of 0 (control), 4, 8, 12, 16, and 20 Gy. At 12 or 24 h after
irradiation, the medium was removed and the cells were gently washed thrice with PBS. Then, 10 mL of
CCK-8 assay solution and 90 mL of high-glucose medium containing 10% fetal calf serum were added to
each well. When the CCK-8 solution was completely activated after 3 h, the absorbance at 490 nm was
measured in each well. Cell viability was calculated using equation (1).

Hoechst 33258 staining for apoptosis detection
Apoptosis was assayed by staining cells with the �uorescent dye Hoechst 33258 as reported [24, 25].
Synchronized L02 cells were treated with PT-A (PT, Aloe vera) at 0, 50, 100, 200, 400, or 800 mg/mL. In
addition, a blank control group with medium only was prepared. After 24 h of culture, the cells were
exposed to 0 Gy or the optimal X-ray radiation dose. After 12 h of culture, the cell �xative solution was
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removed, and the cells were washed twice with PBS for 3 min. Finally, the cells were stained with 500 mL
of Hoechst 33258 dye for 5 min. The dye was removed and the cells washed twice with PBS for 3 min.
One drop of �uorescence quenching solution was added to each well, and the staining intensity was
observed using an inverted �uorescence microscope at a magni�cation of 200´, and images were
acquired.

Flow cytometry for apoptosis detection
Apoptosis or cell death commonly occurs in the body [26]. Moreover, apoptosis was evaluated using an
Annexin V/FITC-PI apoptosis assay kit [27]. Synchronized L02 cells were treated with PT-A (PT, Aloe vera)
at 0, 50, 100, 200, 400, or 800 mg/mL. In addition, a blank group with medium only was established. After
24 h of culture, the cells were exposed to 0 Gy or the optimal X-ray radiation dose. Then, PBS and 0.4 mL
of Annexin V binding buffer was added to the cells (1 × 10 6 cells/mL). Then, 5 mL of Annexin V-FITC was
added to the cell suspension, the cells were removed and added to a �ow tube, and apoptosis was
detected by �ow cytometry.

Performance of PT-A in removing intracellular ROS
Synchronized L02 cells were treated with PT-A at 0, 50, 100, 200, 400, or 800 mg/mL. The old medium of
each well was removed, six subgroups for different PT-A concentration with four parallel holes each were
provided. After 24 h of incubation, the L02 cells were irradiated with an optimal dose of X-ray radiation.
Meanwhile, the control group was set only for the medium and was not seeded. After being irradiated, the
L02 cells were placed into the incubator for 12 h of cultivation. Then, the medium was removed and the
cells washed twice with PBS for 3 min. Finally, the �uorescence intensity was measured in a microplate
reader using 480 nm and 525 nm wavelengths, and was used to calculate the ROS content [28, 29].

In the same way, HepG2 cells was prepared according to the above method.

Statistical analysis
Each experiment was performed in triplicates. Data were expressed as the mean ± standard deviation
(SD). All data in this study were analyzed with the SPSS 10.0 software package. And a P-value <0.05 was
considered statistically signi�cant. All experiments were conducted in triplicate unless otherwise noted in
the text.

Results And Discussion

Active ingredient contents in PT-A composite
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The persimmon and aloe powders were mixed at an active ingredient mass ratio of 2:1. The absorbance
of the PT-A solution was determined by UV spectrophotometry at 765 nm and 560 nm. Using standard
curves for gallic acid and O-acetyl, the tannin and O-acetyl contents in the PT-A composite were
calculated as 1.15% and 0.57%, respectively; thus, the ratio was close to 2:1, as expected.

PT-A protect against ionizing radiation by CCK-8 assay
The capacities of pure PT and Aloe vera and the PT-A composite to protect cells against ionizing
radiation were evaluated by CCK-8 assay, using L02 and HepG2 cells. The cells were exposed to X-rays at
a dose of 8 Gy, and were incubated for 12 h after irradiation. As shown in Fig. 1A, the highest L02 cell
activity was observed in the groups pretreated with PT, Aloe vera, or PT-A at 200 µg/mL. Additionally, the
protective effect of the composite was superior to that of the single compounds; when pretreated with PT-
A, the cells exhibited the strongest radiation resistance. In HepG2 cells, PT, Aloe vera, and PT-A showed
the strongest ionizing radiation-protective effect at 100 µg/mL, and the composite again had a better
effect than the single compounds (Fig. 1B). Figure 2 shows the morphology of cells treated or not with
PT, Aloe vera, or PT-A at 200 µg/mL. As we can see in Fig. 2C&F, the lowest amount of cell debris due to
apoptosis was observed, which proved fewer apoptotic cells than the other groups. Therefore, PT-A
composite was selected as the optimal composite material for further investigation.

Determination of the optimal radiation dose and material
concentration
Next, we determined the viability of L02 and HepG2 cells under different X-ray radiation doses and
various PT-A concentrations. The activity of L02 cells continuously decreased with increasing radiation
dose, indicating that the activity of L02 cells was greatly affected by X-ray irradiation (Fig. 3A, B). At a
dose of 20 Gy, the activity of non-treated L02 cells was close to zero. With increasing PT-A concentration,
L02 cell activity after 8-Gy radiation initially increased to reach a plateau at 200 µg/mL, and then
decreased. The viability of cells cultured for 12 h and 24 h after irradiation was compared; the viability of
cells cultured for 12 h after irradiation was generally higher than that of cells cultured for 24 h. The
activity of HepG2 cells decreased with increasing radiation dose (Fig. 3C, D). When the X-ray radiation
dose was 20 Gy, the activity of non-treated HepG2 cells was less than 5%, indicating that X-rays have a
strong inhibitory effect on the activity of HepG2 cells. HepG2 cell activity after 8 Gy irradiation increased
with increasing PT-A concentration from 0 to 100 µg/mL, where it peaked, indicating the latter
concentration was the most effective. Again, the viability of cells cultured for 12 h after irradiation was
higher than that of cells cultured for 24 h. Based on these experiments, a radiation dose of 8 Gy and
irradiation for 12 h were selected as optimal experimental conditions and were used in subsequent
experiments. When the dose of X-ray irradiation was 8 Gy, IC50 was calculated to be 412.1 µg/mL for PT-A
composite with L02 at 12 h incubation after irradiation. And IC50 was calculated to be 213.0 µg/mL for
PT-A composite with HepG2 at 12 h incubation after 8 Gy X-ray irradiation [30].

PT-A suppress apoptosis in L02 and HepG2 cells
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L02 and HepG2 cells were pretreated with different concentrations of the three test compounds,
irradiated, and subjected to Hoechst 33258 �uorescence staining (Fig. 4) or �ow cytometry (Fig. 5) for
apoptosis analysis. As for L02 cells, the apoptotic rate was the lowest in the 200 µg/mL treatment groups
(Figs. 4A, 5A). Upon radiation, the apoptotic cells containing apoptotic features such as nuclear shrinkage
and chromatin condensation were observed. Compare with Fig. 4A.a (50 µg/mL) and Fig. 4A.c (800
µg/mL), the number of apoptotic cells kept less when the persimmon tannin concentration was 100
µg/mL (Fig. 4A.b). Cells pretreated with PT-A had the lowest apoptotic rate, compared with cells
pretreated with a single compound (Cells pretreated with PT or with Aloe vera). As we can see in Fig. 5A,
cells pretreated with PT-A also has the lowest apoptosis rate among the groups. These �ndings indicated
that PT-A effectively protected L02 cells from ionizing radiation. The composite provided optimal
protection against ionizing radiation at 200 µg/mL, which was consistent with the CCK-8 assay results.
As for HepG2 cells, the apoptotic rate was the lowest in the 100 µg/mL treatment groups (Figs. 4B, 5B).
From Fig. 4B, nuclear shrinkage and chromatin condensation were observed clearly, compare with
Fig. 4B.a (50 µg/mL) and Fig. 4B.c (800 µg/mL), the number of apoptotic cells kept less when the
persimmon tannin concentration was 200 µg/mL (Fig. 4B.b). Therefore the PT-A composite more
effectively suppressed apoptosis than the single compounds, indicating it has a better anti-ionizing
radiation effect. As we can see in Fig. 5B, cells pretreated with PT-A also has the lowest apoptosis rate
among the groups .The composite had the best effect when used at a concentration of 100 µg/mL, which
was in line with the CCK-8 �ndings.

PT-A suppresses ROS production
ROS production in cells was measured by DCFH-DA �uorescence staining. X-ray irradiation at 8 Gy
resulted in a signi�cant increase in ROS in L02 cells compared to control cells (Fig. 6A). The �uorescence
intensity in L02 cells treated with 50, 100, 200, 400, and 800 µg/mL PT-A was 69%, 60%, 36%, 55%, and
59% that of non-pretreated cells, respectively (P < 0.05 vs. control cells for all treatments). Among the
experimental groups, the �uorescence intensity was the lowest in the 200 µg/mL group, indicating that at
this concentration, PT-A is optimally effective in suppressing ROS production induced by radiation in L02
cells and provides the strongest protection against ionizing radiation.

Excessive intracellular ROS damages not only normal cells, but also cancer cells. Irradiating cancer cells
with X-rays is one of the basic principles of radiotherapy. The ROS content was signi�cantly increased in
irradiated cells when compared with non-irradiated control cells (Fig. 6B). The DCFH-DA �uorescence
intensities in the HepG2 cells treated with 50, 100, 200, 400, and 800 µg/mL PT-A was 69%, 60%, 36%,
55%, and 59% that of non-pretreated cells, respectively (P < 0.05 vs. control cells for all treatments), and
the �uorescence intensity was the lowest in the 100 µg/mL group, indicating that at this concentration,
PT-A is the most effective in suppressing radiation-induced ROS production in HepG2 cells. The results of
this experiment indicated that one of the potential mechanisms of persimmon tannin in protecting
against ionizing radiation is to suppress ROS production in response irradiation. Because of its
polyphenolic hydroxyl structure, tannin can react with ROS. Further, the experimental results showed that
PT-A had the strongest anti-ionizing radiation effect in normal liver cells, and did not eliminate ROS in
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liver cancer cells. Thus, ROS would still cause damage to cancer cells, which makes the composite useful
in practical applications such as chemotherapy, because the therapeutic effect is ensured.

Radioprotective mechanism of PT-A
The PT-A composite contains reducing phenolic hydroxyl groups, which can react with ROS. Therefore,
from the ROS removal experiment, it can be concluded that one potential mechanism underlying the anti-
ionizing radiation effect of the composite is to remove excess ROS generated in response to irradiation,
thus preventing a series of cellular events induced by the ROS and consequently avoiding damage
caused by ROS peroxidation.

The above experiments showed that the radioprotective effect of the composite was stronger in normal
cells than in cancer cells, and the PT-A concentration required for protecting normal cells from ionizing
radiation (200 µg/mL) was higher than that required for protecting cancer cells (100 µg/mL). In addition,
the ROS clearance rate was lower in cancer cells than in normal cells. The optimal PT-A concentration for
ROS production suppression in normal cells was 200 µg/mL, which was lower than that needed in cancer
cells (100 µg/mL). In conclusion, the PT-A composite might protect normal cells from ionizing radiation in
practical applications, and would not favor cancer cell growth. Therefore, it might be useful as a natural,
harmless anti-ionizing radiation agent, and has various application prospects.

Conclusions
This study examined the ionizing radiation-protective effects of a PT-A composite (the mass ratio of
persimmon tannin and Aloe vera was 2:1) in comparison with the single compounds (persimmon tannin
or Aloe vera) in L02 and HepG2 cells. Cell viability, cell apoptosis, and radiation-induced intracellular ROS
generation were analyzed by CCK-8, Hoechst 33258 staining/�ow cytometry, and DCFH-DA assay,
respectively for 12 h or 24 h incubation after radiation. X-ray irradiation at 8 Gy and a 12 h incubation
after irradiation were deemed optimal experimental conditions. PT-A, was the most effective in
suppressing apoptosis and ROS production when used at 200 µg/mL in L02 cells and at 100 µg/mL in
HepG2 cells. By comparing normal cells with liver cancer cells, we can see that the persimmon tannin-
Aloe vera composite has a good effect on ionizing radiation. The persimmon tannin-Aloe vera composite
exertes its radiation protective action through increasing cell viability, reducing cell apoptosis and
decreasing the ROS levels of X-ray exposure in cells. This study serves as a preliminary pre-clinical
evaluation of persimmon tannin-Aloe vera composite for use for radiation protection in humans.
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Figures

Figure 1

CCK-8 assay the capacity against ionizing radiation of different component materials (A for L02 cells, B
for HepG2 cells). The cells were exposed to X-rays at a dose of 8 Gy, and were incubated for 12 h after
irradiation.
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Figure 2

L02 & HepG2 cells morphology at a concentration of 200 µg/mL after 8 Gy radiation pretreatment for 12
h incubation (400×).
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Figure 3

Cellular viability (%) of PT-A with different concentrations of and different radiation doses 12 hours after
radiation towards L02 cells or HepG2 cells (A & C); Cellular viability (%) of PT-A with different
concentrations and different radiation doses 24 hours after irradiation towards L02 cells or HepG2 cells
(B & D). All above values are presented as the median from analysis of three independent experiments
and the error bars indicate standard deviation (n = 3, p< 0.05). Symbol* represents P < 0.05 vs. blank
group (Concentration of 0 µg/mL).
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Figure 4

Hoechst 33258 �uorescent dyeing of L02 & HepG2 cells pretreated with PT-A, PT, and Aloe vera materials
for 12 h incubation after 8 Gy X-ray irradiation (A for L02 cells, B for HepG2 cells) (200×).
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Figure 5

Flow cytometry to detect apoptosis rate of three materials in radiation experiments (A for L02 cells, B for
HepG2 cells). All above values are presented as the median from analysis of three independent
experiments and the error bars indicate standard deviation (n = 3), Symbol* represents P < 0.05 vs.
Control group.

Figure 6

Scavenging effect of pretreatment of PT-A on ROS production in L02 & HepG2 cells prior to 8 Gy
irradiation (A for L02 cells, B for HepG2 cells). All above values are presented as the median from
analysis of three independent experiments and the error bars indicate standard deviation (n = 3), Symbol*
represents P < 0.05 vs. Control group.


