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ABSTRACT

The safety of Tinospora cordifolia and its potdrtigprotect against ultraviolet
radiation-induced cytotoxicity and DNA damage inl2Cells were investigated. To evaluate
the safety of T. cordifolia, cell viability, and @®gse gel electrophoresis were carried out using
PC12 cells treated with 0 to 100 pg thaf methanol extract of T. cordifolia. T. cordifali
extracts did not show cytotoxicity ranging 0 to 30§ mL*. In addition, T. cordifolia extracts
significantly increased cell viability at 1 ng, 86, and 1 pg mt concentrations in
serum-deprived medium compared to control. To conthe protective role against
UV-induced damage, PC12 cells alone or in presefit® ng, 100 ng, or 1 pg riflof T.
cordifolia extract were exposed to 250, 270, an@l @& of UV radiation, which corresponded
to doses of 120, 150 and 300 mJ%mespectively. Treatment with T. cordifolia extsac
significantly increased the cell survival rate dicted at 290 nm. In addition, T. cordifolia
extracts significantly reduced cyclobutane pyrimeldimer formation induced by UV
irradiation at all wavelengths. In conclusion, drdifolia is not toxic and safe for cells. Our

findings can support its application as photothgiaghe medical sector.
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INTRODUCTION

The study of human safety related to medicinal tpbextracts has been gaining immense
interest. Plants that have traditionally providedes for various human ailments have been a
major source of medicine. According to the WHO ta@0% of people rely on medicinal
plants for their ailment$! Tinospora cordifolia Miers which belongs to thedipermaceae
family, is a large, glabrous, deciduous, succuleimbing shrub, which is distributed
throughout the tropical regions of Indian subcogninand China. The T. cordifolia extract has
been reported to be rich in several bioactive camepts such as alkaloids; diterpenoid
lactones; glycosides; steroids; sesquiterpenoigngiic, and aliphatic compounds; and
polysaccharide$! Methanol extracts of T. cordifolia leaves are atanmce of phenolic and
flavonoid contents that exhibit anti-oxidant as Ivesl superoxide radical scavenging
activity!*! Antioxidant saponarin, characterizedoaglucosidase inhibitor has been isolated
from T. cordifoliamethanol extracts show anti-diabetic prop&Hyhe therapeutic value of T.
cordifolia is varied. It has been used in severdigenous drug preparations and exhibits
anti-allergic™ anti-inflammatory?® and hepatoprotective activity.Furthermore, alcoholic
extracts of the plants has shown immunomodulatorgtumor, and anti-neoplastic activity,
and has been found to increase bone marrow preaets in tumor-bearing hoss.
However, little information exists on the effectslocordifolia extract on apoptosis or DNA
damage.

Because T. cordifolia contains different kinds mfdeztive components, the evaluation of
its protective effect against photo-induced DNA dgenis of great importance. Exposure to
ultraviolet (UV) radiation present in sunlight isreajor risk factor for the development of skin

diseases such as erythema, edema, sunburn, hypergagion, melanoma, and



non-melanoma forms of skin can&el” UV radiation-subdivided into UVA (315-400 nm),
UVB (280-315 nm), and UVC (200-280 nm)-is direalysorbed by DNA, and damage&it.
The UV-induced damages are associated with cele@rest, cell death, mutation,
neoplastic transformation, immunosuppression, arally, photo aging and
photocarcinogenest¥! Most of the mutagenic and carcinogenic effects\éfradiation have
long been attributed to the shorter wavelengtis\é8 and UVC!™® Many plant products
rich in bioactive molecules capable of protectingAfrom radiation-induced damage have
been investigateld® Identification and development of safe, non-tozied effective
radioprotective compounds are of enormous impogamaenitigating the toxic effect of UV
radiation-induced DNA damage.

Apoptosis is the programmed cell death that ocasra normal developmental response to
a physiological stimulus. Exposure to UV radiatidggers the apoptotic mitochondrial
pathway if damage to the DNA is sevéréA rat pheochromocytoma (PC12) cell line has
been shown to be a useful model for studying thehaeism of induction and inhibition of
apoptosis. Furthermore, apoptosis is induced in2R&ells when they are cultured in a
serum-free medium. The PC12 cell system makessgiple to investigate the effect of trace
amounts of chemical substances on the apoptotitioad™>*”

The first aim of this study was to investigate tiveic effects of different concentrations of
T. cordifolia on cell viability and apoptosis in BZcells. The second aim was to elucidate the
protective effects of T. cordifolia on UV-inducedlictoxicity and DNA damage by using the
cell viability and enzyme-linked immunosorbent asd&alISA) in PC12 cells that had been

irradiated with 3 different UV wavelengths (25002and 290 nm).

MATERIALS AND METHODS



Materials

PC12 cells were purchased from the American Tygeu@uCollection (Manassas, VA). Fetal
bovine serum (FBS) was obtained from Hyclone (Rale&kvMD, USA); Dulbecco’s modified
Eagle medium (DMEM), streptavidin-conjugated pedase, ribonuclease A (RNase),
o-phenylenediamine dihydrochloride (OPD), and etimdbromide were obtained from
Sigma-Aldrich (St. Louis, MO, USA). High Pure PCRriplate Preparation Kit and blocking
reagent were obtained from Roche Applied SciencanfMeim, Germany). Monoclonal
antibody to cyclobutane pyrimidine dimer (CPD) itaisn Cosmo-Bio Co., Ltd. (Tokyo,
Japan). Biotinylated goat anti-mouse immunoglobulas from Amersham Pharmacia
Biotech (Buckinghamshire, England); DNA marker frémomega (Madison, WI, USA); and
Trypan blue stain solution (0.5%) from Nacalai Tes@Kyoto, Japan). Other chemicals were

of analytical reagent grade.

Collection and Preparation of T. cordifolia Methha&xtract

Dry powdered T. cordifolia was collected from Baadgsh. After air-drying, 10 gm of the
material was extracted by macerating it for 248d4with continuous stirring in 100 mL of
70% methanol. The macerate was centrifuged at If@Cfor 5 min, and the supernatant

filtered using Whatman No. 1 filter paper. Afteetbolvent was evaporated at room



temperature, a solid, dark, reddish-brown resigiedd 2.2%) was obtained. It was
reconstituted with distilled water at concentrasiarfi 1, 10, and 100 ng riftand 1, 10, and

100 pg mL, and these solutions were stored under refrigerati

Cell Culture

The PC12 cells were maintained in DMEM in a hunmdifincubator at 37°C under 5% €O
After incubation in 25-ciflasks overnight, the medium was replaced witeramm-rich or
serum-deprived medium containing 0—-100 pg of Tdiéolia methanol extract (TCME).
Before transferring cells to the serum-deprived iomad they were washed twice with

serum-free DMEM.

Cell Viability

Trypan blue exclusion assay was used to evaludteiability. After incubation with 0-100
pHg TCME in serum-rich or serum-deprived mediumd®m, the PC12 cells were stained
with trypan blue 0.25% in phosphate-buffered salirree total cells and trypan blue-stained
cells were counted with using a hemocytometer (T Hutomated cell counter, Bio-Rad,
Hercules, CA). Cell viability was expressed as i@at ratio of total viable cells (unstained)

against total cells (stained and unstained), ant e&periment was carried out 3 times.



Isolation and Electrophoresis of Genomic DNA fro@1R cells

After treatment with 0-100 pg of TCME in serum-riahd serum-free medium for 48 h, the
cells were washed with 10 mM Tris-HCI buffer (pH)/containing 150 mM NaCl and
harvested using a scraper. The genomic DNA fronh#meested PC12 cells was isolated
using High Pure PCR Template Preparation Kit.

The pattern of genomic DNA was analyzed by agageselectrophoresis by using 5 pg of
the isolated DNA on 1.5% agarose gel. The separatgdrial was visualized with ethidium

bromide stain under UV illumination.

UV-irradiation

PC12 cells from 35-mm tissue culture dishes weltied for 24 h in serum media
containing 0, 10 ng, 100 ng, or 1 pg thaf TCME. The cells were washed twice with 2 mL
of phosphate buffer saline, and the medium wasgdtby adding 2 mL of the same buffer
solution. A xenon-lamp light source (MAX-301, As@pectra, Tokyo, Japan), equipped with
bandpass filters that isolate specific wavelengtiians, was used for the UV irradiation.
Before exposure to each wavelength, the dose ofddiation was measured at the
position of the target cells by using a radioméiied 400 A, International Light Technologies,

Peabody, MA) connected to a silicon-photodiode et SELO33, International Light



Technologies). The doses were determined accotditige following formula: dose (mJ

cm®) = exposure time (s) x irradiance (MW &mnThe cells in the dish were exposed to UV
radiation in bandwidths of approximately 10 nm alifierent wavelengths: 250, 270, and 290
nm at their corresponding median lethal doses (120, and 300 mJ cf)as previously
reported’® Immediately after UV irradiation, the medium wasnged with 10% FBS at

different concentrations of TCME and incubatedZém.

Quantification of the Formation of CPD by using EA

Genomic DNA was extracted from the UV-irradiatedlR@ell (described above), and then
1x TBE was added to adjust the DNA concentratioh g DNA pL*. DNA was denatured
at 100°C for 10 min and then chilled immediatelyi@afor 15 min. After denaturation, 4 puL
of the DNA and 46 pL of 1x TBE were added to eaeli im a titer plate (2 wells for each
sample), and the DNA solutions were dried compjyedekernight at 37°C.

The CPDs were quantified using ELISA as previoasgcribed'® In briefly, after the
overnight incubation, the titer plate was washéin&s with a 40 mM Tris-HCI buffer (pH
7.4) containing 150 mM NacCl. To block unboundechari the wells, 100 pL of 2% blocking
reagent in the same buffer was added and the solutas incubated for 30 min at 37°C. First
antibody to the CPDs (diluted 1:1000 in the sanféebuwas immobilized by incubating
them for 1 h at 37°C. The second antibody, a bytdied anti-mouse immunoglobulin
(diluted 1:500 in the same buffer) was added, aedotate was incubated for 1 h at 37°C.
Finally, after washing of wells streptavidin-congugd peroxidase (diluted 1:400 with the

same buffer) was added. The plate was incubate80fonin at 37°C. To detect the activity of



binding enzyme, 0.1% OPD in 50 mM phosphate-citbatiter (pH 5.0) containing 0.03%
sodium perborate was added. Five to 10 min lalti€l was added to stop the enzyme
reaction. The absorbance at 495 nm was measurkagWwiicroplate Reader (model 450;

Bio-Rad).

Statistical Analysis

Each value is expressed as mean + SEM. The statiatialysis was performed with the
unpaired-test. A difference was considered significant wphen0.05. Each experiment was

carried out 3—4 times.

RESULTS AND DISCUSSION

The present study demonstrated that in PC12 adlisred in serum-deprived medium,
TCME treatment at low concentrations (1 ng-1 uglml-;nhanced the cell survival rate and
was not itself cytotoxic to PC12 cells culturechiserum medium (Figs. 1A and B). T.
cordifolia treatment is known to ameliorate thekigpenic effects of cyclophosphamide by
increasing neutrophils and white blood c&ffsOther studies suggest that treatment with T.

cordifolia increases red blood cells in anemic ¢tois %!



Cell Viability and DNA Electrophoresis

To determine whether the TCME itself was toxic) e&lbility was measured by staining
PC12 cells with trypan blue after exposing therndncentrations from 1 ng to 100 pg thiL
TCME for 48 h. As shown in Figure 1A and Figurang,significant difference was found
between the control cells in serum-rich medium wauthT CME and those cultured with
TCME. TCME did not show cytotoxicity in PC12 cedlsltured in a serum-containing
medium. On the other hand, the cell viability ofI2@ells in serum-deprived medium was
significantly higher than that of control cellslfoking treatment with 1 ng, 10 ng, and 1 ug
mL™ of TCME (Fig. 1B). Apoptosis is induced in PC12s&hen they are cultured in
serum-deprived medium. In the apoptotic situatiba,cell viability was recovered by
addition of TCME (Fig. 1 B). From the results, TCMé&tluced apoptosis induced by serum

deprivation.

Viability of UV-irradiated Cells

To determine the effect of TCME on UV-induced tatxicPC12 cells alone or treated with 10
ng, 100 ng, or 1 pg MLTCME were irradiated at 250, 270, and 290 nm,esponding to

120, 150, and 300 mJ énand the cell viability was evaluated. The irraidia reduced the
PC12 cell viability from 40% to 60%. The effecttlCME on PC12 cell survival rate after
exposure to 3 different wavelengths of radiatiors wgamined. At every concentration tested,

TCME significantly increased the viability of thells irradiated at 290 nm (Fig. 3).



Plants that exhibit anti-inflammatory, antimicrabianmunomodulatory, anti-stress, lipid
peroxidation inhibitory, and free-radical scavemgattivity may also be radioprotectdfs.
Premanath and Lakshmidé¥ireport that leaf extracts of T. cordifolia inhibijtid
peroxidation. Methanol extracts of T. cordifoliah@xt antibacterial properties against
Staphylococcus aureus, as reported by Rose & @n the other hand, (1,4)D-glucan
isolated from T. cordifolia activates the immunetsyn by activating macrophadé&% while
a number of different therapeutic properties of TE&te already known, this study, for the
first time, demonstrates its effects on UV-inducgtbtoxicity and DNA damage in the PC12
cell system. TCME increased the cell survival &dtall the UV wavelengths tested, although
significant protection against cytotoxicity was e 290 nm (Fig. 3). Cell death from UV
light is caused by high amounts DNA damage, dantiaafds greatest at shorter
wavelength€? T. cordifolia has been shown to extend the lifarspf mice with Ehrlich
ascites carcinoma exposed to 6 Gy of hemi-body ganaaiiation. It reduced the mortality of
Swiss albino mice frorf’CO-gamma radiatio® Another study demonstrated that in
gammae-irradiated control mice, pre-irradiation tneent with a stem extract @f cordifolia

reduced mortality to 76.3% compared to the 100%afir normally seeff®

Quantification of CPD Formation by ELISA

The formation of CPD in irradiated PC12 cells, watid without TCME treatment, was
analyzed using ELISA. UV irradiation at 250, 270d&90 nm enhanced CPD formation,
compared to control cells that were not irradigtista not shown). However, when the cells

were subjected to TCME treatment before irradiatiba concentration of CPD was reduced



significantly. At all 3 radiation wavelengths, aatdevery concentration tested, TCME
treatment significantly diminished the CPD formé@%0 nm (Fig. 4A). On the other hand,
TCME at concentrations of 10 ng and 100 ng'nmiduced a significant reduction in
irradiation-induced CPD formation at 270 and 290(fkigs. 4B and C).

A previous report proposes that wavelengths shtrger 310 nm induce DNA damage
through dimer formatiof”! Plant extracts rich in antioxidants evidently paitagainst the
effects of UVB-induced DNA damad@’ An earlier study by Russo et'&l. affirms that
methanol extracts of Picrorhiza kurroa, Celastarsq@ulatus, and Withania somnifera exert a
protective potential against DNA cleavage inducedHgO,-UV photolysis by scavenging
free radicals. Rhodiola imbricata, a high-altitydignt also rich in antioxidants, exhibits both
in vitro andin vivo radioprotection via a superoxide ion scavengimgess® Recently,
Huang et al*®® found that extracts of the leaves of Nelumbo rereifGaertn, because of its
antioxidant effects, protects animal models agdingB-induced phototoxicity. Polyphenols
(mainly phenols and flavonoids) are the major congmts of plants that showed antioxidant
activity!*! Chandrashekhar et & suggested that methanol extract3.afordifolia, found to
contain copious amounts of polyphenol, protecteddruperipheral lymphocytes from
oxidatively generated DNA damage and offered a §4étection against Fe- and As-induced

DNA fragmentation.

CONCLUSION

Doses of TCME significantly reduced the cytotoxia@and apoptosis induced by serum

deprivation. In addition, TCME exerts significambfection against UVB- and



UVC-mediated DNA damage. DNA damage due to CPD &bion was minimized by TCME
treatment. These results suggest the possibilitsioig T. cordifolia plant extract as a
photoprotective agent in clinical settings. Howeveverify this probability, the exact

molecular mechanism underlying the protective ¢ftéd. cordifolia will be investigated.
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Fig. 1 Viability of PC12 cells treated for 48 h wie—100 pg mt: TCME measured by trypan
blue staining. PC12 cells cultured in a (A) seruai-medium and a (B) serum-deprived
medium. Error bars indicate SEM (n = 3). Asteridksote values that are significantly

different (*p < 0.05) from the control value.
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Fig. 2 Agarose gel electrophoresis of DNA extradtech PC12 cells. Cells treated with
0-100 pg mI* TCME and cultured for 2 days in a serum-rich mediM indicateS.\DNA

digested with Hindlll as a DNA marker.
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Fig. 4 Effect of TCME on the formation of CPDs 24fter UV irradiation. After

preincubation for 24 h with 0-1 pg flof TCME in 10% FBS containing serum medium,
the cells were exposed to UV irradiation at 25@M aid 290 nm, equivalent to exposures of
120, 150, and 300 mJ &mThey were incubated for 24 h with TCME. The ant@frCPD
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4). Asterisks denote results that are significadifferent (*p < 0.05, **p < 0.01) from those

of cells irradiated without TCME.



