
Abstract. Ultraviolet B (UVB), with a wavelength of 280-
320 nm, represents one of the most important
environmental factors for skin disorders, including
sunburn, hyperpigmentation, solar keratosis, solar elastosis
and skin cancer. Therefore, protection against excessive
UVA-induced damage is useful for prevention of sunburn
and other human diseases. Baicalin, a major component of
traditional Chinese medicine Scutellaria baicalensis, has
been reported to possess antioxidant and cytostatic
capacities. In this study, we examined whether baicalin is
also capable of protecting human keratinocytes from UVB
irradiation. The results showed that baicalin effectively
scavenged reactive oxygen species (ROS) elevated within 4
h after UVB radiation and reversed the UVB-suppressed
cell viability and UVB-induced apoptosis after 24 h. Our
results demonstrated the utility of baicalin to complement
the contributions of traditional Chinese medicine in UVB-
induced damage to skin and suggested their potential
application as pharmaceutical agents in long-term sun-
shining injury prevention.

Ultraviolet (UV) light, which can be further divided into UVA
(320-400 nm), UVB (280-320 nm) and UVC (200-280 nm),
is one of the harmful environmental factors causing skin
disorders, including sunburn, hyperpigmentation, solar
keratosis, solar elastosis and skin cancer (1). UVA and UVB
are the main components of sunlight reaching the earth
surface, with UVB radiation being a potent mutagen and
responsible for the induction of skin melanoma and non-
melanoma, as well as sunburn and photo-aging. UVC
radiation is also a mutagen but it is absorbed by the
stratospheric ozone layer and, thus, the damage effect of UVA
to skin is tremendously weaker than UVB radiation (2, 3).
UVB damages our genome through photo-chemical reactions
and literature, in the past two decades, has demonstrated the
importance of UVB-induced reactive oxygen species (ROS)
with the reaction of skin cells (4, 5). However, it is still not
clear, to date, how ROS are generated after UVB irradiation
and how could this action be prevented by natural compounds.

The famous traditional Chinese medicine Scutellaria
(Huang-Qin) is especially highly rich in flavonoid contents,
which have been reported to have antitumor capacity (6, 7).
In the literature, these flavones, isolated from the roots of
Scutellaria, have antioxidant (8), anti-viral (9-11), anti-
thrombotic (12, 13) and anti-inflammatory (14) properties.
In 2013, we reported that baicalin (7-glucuronic acid, 5,6-
dihydroxy-flavone), one of the major flavones in Scutellaria
(15), could suppress cytotoxicity and ROS induced by UVC
(16). The present study aims at understanding the UVB-
induced cytotoxicity, apoptosis and ROS generation. It also
questions whether baicalin is able to suppress UVB-induced
cytotoxicity and ROS production. 
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Materials and Methods

Chemicals. All chemicals and solvents used throughout this study,
such as baicalin, dimethyl sulfoxide (DMSO), propidium iodide
(PI), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide
(MTT) were obtained from Sigma Chemical Co. (St. Louis, MO,
USA) and Aldrich Chemical Co. (Milwaukee, WI, USA).
Dulbecco’s modified Eagle’s medium and penicillin/streptomycin
were obtained from GIBCO/BRL Life Technologies (Cambrex,
Walkersville, MD, USA). T4 UV endonuclease V was purchased
from Epicentre Technologies (Madison, WI, USA). Formamido-
pyrimidine-DNA glycosylases (Fpg) and endonuclease III were
purchased from Trevigen (Gaithersburg, MD, USA).

Cell culture. Keratinocytes in human skin epidermis are the main
target cells for UVB radiation. Typical human keratenocyte cells,
HaCaT, were obtained from American Type Culture Collection
(Manassas, VA, USA) and cultured in Dulbecco's modified
Eagle’s medium supplemented with 10% fetal bovine serum
(Hyclone, Logan, UT, USA), 100 mM non-essential amino acid,
2 mM glutamate, 100 U/ml penicillin and 100 μg/ml
stryptomycin. The cultures were incubated at constant 37˚ and
humidified atmosphere with 5% CO2. HaCaT cells were sub-
cultured every 2-3 days before they were fully confluent to obtain
an exponential growth.

Cell viability examination. For determining cell viability, the MTT
assay was performed as previously published (16-18). Briefly,
HaCaT cells were plated into 24-well plates at the density of
3×104 cells/well, grown for another 24 h and, then, treated with
0.1% DMSO or different concentrations of baicalin. After the
baicalin treatment, MTT was added to each well at a final
concentration of 0.5 mg/ml and the mixture of MTT and cells was
further incubated in 37˚ for 4 h. The viable cell number was
directly proportional to the production of formazan following
solubilization with isopropanol. Subsequently, the color intensity
was measured at 570 nm in a Multiskan MS ELISA reader
(Labsystems, Helsinki, Finland). The experiments were performed
at least in triplicate.

Cell cycle distribution determination. Approximately 2×106/ml
HaCaT cells were seeded in 10-cm dishes and treated with 0-200
μM baicalin for a 24-h period. In the UVB-irradiation-related
experiments, cells were pre-treated with baicalin for 2 h, irradiated
and, then, re-incubated with baicalin for 24 h. Finally, the cells were
harvested and fixed gently with 70% ethanol,  washed twice with
PBS and, subsequently, incubated with PI buffer (4 μg/ml PI, 0.5
μg/ml RNase and 1% Triton X-100 in PBS) for 30 min in the dark
at room temperature. The cells were filtered through a 40-μm nylon
filter and the PI stained cells were analyzed for cell cycle
distribution and appearance of sub-G1 phase by using a FACS
Calibur instrument (BD Biosciences, San Jose, CA, USA) equipped
with Cell Quest software as described previously (16-18). 

UVB density measurement and UVB exposure. After using the UV
light crosslinker Spectrolinker XL-1000 (Spectronics Co., Westburg,
NY, USA), the UV dose was measured by a sensor in the UVB light
box. All cells were washed with phosphate buffered saline (PBS),
drained in a dish, exposed to UVB radiation as indicated and
immediately returned to incubation medium.

ROS measurement. About 2×105 HaCaT cells/well in 12-well plates
were pre-treated for 2 h with 0-200 μM baicalin, then, irradiated by
UVB and re-treated with the same dose of baicalin for 0 to 4 h to
determine the resulting ROS production. After cells were incubated
for various time periods, all the cells in each treatment were
harvested, washed twice by PBS and re-suspended in 500 μl of
dichloro-dihydro-fluorescein diacetate ((DCFHDA); Sigma
Chemical Co.) (final concentration of 10 μM) in dark for 30 min.
Then all samples were analyzed immediately by flow cytometry as
previously described (16).

Statistical methodology. In this study, analysis of variance
(ANOVA) was employed and data were expressed as mean±SEM.
Student’s t-test was used in two-group comparisons. p<0.05 was
considered to be statistically significant.

Results
Baicalin can effectively reverse the cytotoxicity of UVB on
HaCaT cells. First, the cytotoxic effects of UVB alone on
HaCaT cells were investigated. MTT results showed that 5,
10, 20, 40, 60 and 80 mJ/cm2 UVB irradiation induced
significant loss of cell viability of 4.5, 15.3, 25.5, 55.0, 77.3
and 84%, respectively (Figure 1A). Subsequently, in order to
investigate the cytotoxic effects of baicalin alone on HaCaT
cells, baicalin, at a concentration of 0 to 200 μg/ml, was
added for 26 h and cell viability was analyzed by the MTT
assay. The data showed that treatment of baicalin alone for
26 h may induce 7.2 and 8.2% of decreased cell viability at
150 and 200 μg/ml; no obvious cytotoxicity of baicalin was
observed under the dose of 100 μg/ml (Figure 1B). Then,
HaCaT cells were pre-treated with 0 to 200 μg/ml of baicalin
for 2 h, irradiated with UVB at 40 and 60 mJ/cm2 and, then,
immediately re-incubated with the same dose of baicalin for
another 24 h. MTT analysis showed that 40 mJ/cm2 UVB
irradiation induced 56.0% of reduced cell viability; however,
75 μg/ml of baicalin started to reversing the UVB-induced
cytotoxicity, whereas 200 μg/ml of baicalin could reinstate
cell viability almost to the level of non-UVB treated control
cells (Figure 1B). When using 60 mJ/cm2 UVB irradiation,
an induction of 79.3% of reduced cell viability was observed.
In this case, 50 μg/ml of baicalin started reversing UVB-
induced cytotoxicity, while 200 μg/ml of baicalin reinstated
cell viability to the extent of 61.8% of intact HaCaT cells
(Figure 1B).

Baicalin can effectively reverse the UVB-induced apoptosis of
HaCaT cells. HaCaT cells were pre-treated with baicalin,
exposed to 0 to 80 mJ/cm2 of UVB, re-treated with baicalin
for another 24 h and harvested to determine the alteration in
cell cycle distribution by evaluating the appearance of typical
sub-G1 (apoptosis) percentages using flow cytometry. The
typical sub-G1 phase in each treatment was calculated as % of
the overall number of cells, with the final results being
presented in Figure 2A. Our findings indicated that 10, 20, 40,
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60 and 80 mJ/cm2 of UVB induced apoptosis to the level of
9.3, 15.5, 39.2, 51.3 and 69.2% of all cells after 24 h,
respectively (Figure 2A). Control experiments showed that
baicalin alone at 25 to 200 μg/ml could not, as expected,
induce HaCaT cell apoptosis (Figure 2B). The quantitative
data showed that the apoptotic effect induced on HaCaT cells
by UVB 40 and 60 mJ/cm2 could be reversed dose-
dependently by baicalin when in the range of 75 to 200 μg/ml,
while the apoptotic effect induced by UVB 40 and 60 mJ/cm2
could be reversed dose-dependently by baicalin from 50 to
200 μg/ml (Figure 2B).

Baicalin can effectively suppress the UVB-induced ROS in
HaCaT cells. Exposure to 40 and 60 mJ/cm2 of UVB could
induce a rapid increase of ROS in HaCaT cells within 0.5 h
and reach a peak at 2 h with a sustained high ROS level up
to 8 h (Figure 3A). At 24 h, ROS production faded to non-
significant levels compared with basal levels of intact HaCaT
cells (data not shown). Based on these findings, we pre-
treated the HaCaT cells with baicalin for 2 h before UVB
irradiation and post-treated them at the same dose for 4 h to
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Figure 1. Baicalin reversed UVB-induced cytotoxicity of HaCaT cells. 
(A) HaCaT cells were irradiated with 0-80 mJ/cm2 UVB, harvested and
analyzed for cell viability by MTT assay. *p<0.05, with versus without UVB
irradiation; (B) HaCaT cells were pre-treated for 2 h with 0-200 μg/ml
baicalin, irradiated with UVB 0 (●), 40 (▲) or 60 (◆) mJ/cm2 and post-
treated with the same dose of baicalin for another 24 h. Subsequently, cell
viability was analyzed by the MTT assay. *p<0.05, with versus without
baicalin treatment.

Figure 2. Baicalin effectively reversed the UVB-induced apoptosis of
HaCaT cells. (A) HaCaT cells were treated with 0-80 mJ/cm2 UVB and
the harvested cells were examined and analyzed for cell cycle
distribution and sub-G1 (apoptosis) by flow cytometry as described in
Materials and Methods. Each point represents the mean±SD of three
experiments. (B) HaCaT cells were pre-treated with 0, 25, 50, 100, 150
μg/ml baicalin for 2 h, irradiated with UVB 0 (●), 40 (▲) or 60 (◆)
mJ/cm2 and post-treated with another 24 h. Subsequently, cell cycle
distribution and sub-G1 (apoptosis) were examined by flow cytometry.
Each point represents the mean±SD of three experiments. 



investigate the effects of baicalin on UVB-induced ROS in
HaCaT cells. The results showed that baicalin could
effectively suppress the 40 and 60 mJ/cm2 UVB-induced
ROS in HaCaT cells in a dose-dependent manner (Figure 3B).

Discussion

Traditional Chinese medicine has been shown to have a well-
established effect in clinical studies, displaying a broad range
of clinical effects, including alleviation of cancer-associated
symptoms, prolonging survival rates, decreasing treatment-
related toxicity and preventing proliferation, recurrence and/or
metastasis of cancer cells (19-23). Mounting evidence from in
vivo and in vitro experiments has revealed that baicalin has
positive effects on improving microcirculation, eliminating
high ROS status, anti-inflammation and anti-carcinogenesis
(13, 24-26). In this study, we examined whether (i) baicalin
could protect HaCaT cells against UVB irradiation and (ii) the
underlying molecular mechanisms was via the suppression of
ROS induction. In the literature, baicalin has been documented
as having an inhibitory effect on UVB-induced photo-damage
via blocking the relevant cytokine secretion and reducing the
expression of several genes, including p53, p21, c-fs, PCNA
and RPA (5, 27, 28). Earlier studies, conducted in our
laboratory, have shown that baicalin can reduce the increased
apoptosis rate, ROS production and formation of cyclobutane
pyrimidine dimers (CPDs) and oxidative DNA adducts (16).
In general, there are three main end-points of UVB-induced
cellular events that were examined herein with the use of
baicalin: a) cell viability; b) programmed cell death, apoptosis;
and c) production of ROS. As for the first part, the UVB-
suppressed cell viability was reversed by baicalin dose-
dependently (Figure 1). As for the second part, UVB-induced
apoptosis was also reversed by baicalin dose-dependently
(Figure 2). As for the third part, UVB-induced rapid
production of ROS was also reduced by baicalin in a dose-
dependent manner (Figure 3).

Concerning the effects of baicalin on UVB-suppressed cell
viability, we found that 40 and 60 mJ/cm2 UVB caused 56.0
and 79.3% loss of cell viability of HaCaT cells (Figure 1A),
which was found to be reversed by 2-h pre-treatment and 24-
h post-UVB irradiation treatment of baicalin at doses of 75
and 50 μg/ml, respectively (Figure 1B). At similar dose
levels, baicalin was capable of rescuing UVB-damaged
HaCaT cells from undergoing apoptosis (Figure 2B). With
regard to UVB-induced ROS, UVB irradiation could induce
intracellular ROS production within 0.5 h, reaching peak
levels at 2h (Figure 3A) that were, however, reduced by
balicalin dose-dependently (Figure 3B). The results
strengthen the possibility that UVB triggers induction of
ROS in HaCaT cells, which may cause oxidative damage to
cell components, including genome DNA, RNA, proteins,
lipids and small molecules. The reduction of cytotoxicity and

apoptosis levels might be partly due to the property of the
strong antioxidant activity of baicalin toward ROS. The
mechanism of UVB-induced ROS production has been
reported to be triggered by up-regulation of calcium in
HaCaT cells (4). It remains, however, to clarify the detailed
mechanism(s) by which baicalin suppresses the influx of
calcium from extracellular space or the release of calcium
from intracellular storage. Also, further studies are required
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Figure 3. Baicalin effectively reduced the UVB-induced reactive oxygen
species (ROS) in HaCaT cells. (A) HaCaT cells were irradiated with 0
(●), 40 (▲) and 60 (◆) mJ/cm2 UVB, harvested and analyzed for ROS
production. *p<0.05, with versus without re-incubation after UVB
irradiation; (B) HaCaT cells were pre-treated for 2 h with 0-200 μg/ml
baicalin, irradiated with UVB 0 (●), 40 (▲) or 60 (◆) mJ/cm2 and
post-treated with the same dose of baicalin for 4 h. Harvested cells were
analyzed for ROS production. *p<0.05, with versus without baicalin
treatment.



to investigate whether baicalin has any effect on the DNA
damage/repair processes, such as production and removal of
CPDs and/or oxidative adducts. In addition, it is uncertain,
with respect to the source of UVB-induced ROS, whether the
effects observed come from activation of NADPH oxidase
(Nox), xanthine oxidase (XOD) or respiratory chain-chain
reactions in mitochondria. Treatment with baicalin alone, up
to 200 μg/ml, was non-toxic to HaCaT cells (Figures 1 and
2) and did not induce ROS (Figure 3). The non-toxicity of
baicalin to HaCaT cells is consistent with that of Min’s team
and our previous findings (5, 16). Thus, baicalin, under the
dose of 200 μg/ml, appears harmless to skin cells. 

In conclusion, this study indicated that baicalin has UVB-
protective capacity via reducing UVB-induced HaCaT ROS
production, cell cytotoxicity and apoptosis.

Acknowledgements

This study was supported by a research grant from Taichung Armed
Force general Hospital with the grand supporting number 105A03
to Dr. Hsu and partially by research grant from Taiwan Ministry of
Health and Welfare Clinical Trial and Research Center of
Excellence (MOHW105-TDU-B-212-133019). The technical
assistance from Hsin-Ting Li and Shiou-Ting Yen is highly
appreciated by the Authors.

References

1 Banerjee G, Gupta N, Kapoor A and Raman G: UV induced
bystander signaling leading to apoptosis. Cancer Lett 223: 275-
284, 2005.

2 Krutmann J: Phototherapy for atopic dermatitis. Clin Exp
Dermatol 25: 552-558, 2000.

3 de Gruijl FR: Photocarcinogenesis: UVA vs. UVB. Methods
Enzymol 319: 359-366, 2000.

4 Masaki H, Izutsu Y, Yahagi S and Okano Y: Reactive oxygen
species in HaCaT keratinocytes after UVB irradiation are
triggered by intracellular Ca(2+) levels. J Investig Dermatol
Symp Proc 14: 50-52, 2009.

5 Min W, Lin XF, Miao X, Wang BT, Yang ZL and Luo D: Inhibitory
effects of Baicalin on ultraviolet B-induced photo-damage in
keratinocyte cell line. Am J Chin Med 36: 745-760, 2008.

6 Han J, Ye M, Xu M, Sun J, Wang B and Guo D: Chara-
cterization of flavonoids in the traditional Chinese herbal
medicine-Huangqin by liquid chromatography coupled with
electrospray ionization mass spectrometry. J Chromatogr B
Analyt Technol Biomed Life Sci 848: 355-362, 2007.

7 Marsh RE, Tuszynski JA, Sawyer MB and Vos KJ: Emergence of
power laws in the pharmacokinetics of paclitaxel due to competing
saturable processes. J Pharm Pharm Sci 11: 77-96, 2008.

8 Gao Z, Huang K, Yang X and Xu H: Free radical scavenging and
antioxidant activities of flavonoids extracted from the radix of
Scutellaria baicalensis Georgi. Biochim Biophys Acta 1472:
643-650, 1999.

9 Wu JA, Attele AS, Zhang L and Yuan CS: Anti-HIV activity of
medicinal herbs: usage and potential development. Am J Chin
Med 29: 69-81, 2001.

10 Ma SC, Du J, But PP, Deng XL, Zhang YW, Ooi VE, Xu HX,
Lee SH and Lee SF: Antiviral Chinese medicinal herbs against
respiratory syncytial virus. J Ethnopharmacol 79: 205-211, 2002.

11 Guo Q, Zhao L, You Q, Yang Y, Gu H, Song G, Lu N and Xin
J: Anti-hepatitis B virus activity of wogonin in vitro and in vivo.
Antiviral Res 74: 16-24, 2007.

12 Kimura Y, Okuda H and Ogita Z: Effects of flavonoids isolated
from scutellariae radix on fibrinolytic system induced by trypsin
in human umbilical vein endothelial cells. J Nat Prod 60: 598-
601, 1997.

13 Huang Y, Tsang SY, Yao X and Chen ZY: Biological properties
of baicalein in cardiovascular system. Curr Drug Targets
Cardiovasc Haematol Disord 5: 177-184, 2005.

14 Chi YS, Lim H, Park H and Kim HP: Effects of wogonin, a plant
flavone from Scutellaria radix, on skin inflammation: in vivo
regulation of inflammation-associated gene expression. Biochem
Pharmacol 66: 1271-1278, 2003.

15 Wang HZ, Yu CH, Gao J and Zhao GR: Effects of processing
and extracting methods on active components in Radix
Scutellariae by HPLC analysis. Zhongguo Zhong Yao Za Zhi 32:
1637-1640, 2007.

16 Wang SC, Chen SF, Lee YM, Chuang CL, Bau DT and Lin SS:
Baicalin scavenges reactive oxygen species and protects human
keratinocytes against UVC-induced cytotoxicity. In Vivo 27:
707-714, 2013.

17 Chang WS, Tsai CW, Lin CC, Lin CH, Shen WC, Lin SS and
Bau DT: Earthworms repair H2O2-induced oxidative DNA
adducts without removing UV-induced pyrimidine dimers. In
Vivo 25: 977-981, 2011.

18 Pei JS, Liu CC, Hsu YN, Lin LL, Wang SC, Chung JG, Bau DT
and Lin SS: Amentoflavone induces cell-cycle arrest and
apoptosis in MCF-7 human breast cancer cells via mitochondria-
dependent pathway. In Vivo 26: 963-970, 2012.

19 Lu P, Su W, Miao ZH, Niu HR, Liu J and Hua QL: Effect and
mechanism of ginsenoside Rg3 on postoperative life span of
patients with non-small cell lung cancer. Chin J Integr Med 14:
33-36, 2008.

20 Guo L, Bai SP, Zhao L and Wang XH: Astragalus polysaccharide
injection integrated with vinorelbine and cisplatin for patients
with advanced non-small cell lung cancer: effects on quality of
life and survival. Med Oncol 29: 1656-1662, 2012.

21 Liu Y, Jia Z, Dong L, Wang R and Qiu G: A randomized pilot
study of atractylenolide I on gastric cancer cachexia patients.
Evid Based Complement Alternat Med 5: 337-344, 2008.

22 James MI, Iwuji C, Irving G, Karmokar A, Higgins JA, Griffin-
Teal N, Thomas A, Greaves P, Cai H, Patel SR, Morgan B,
Dennison A, Metcalfe M, Garcea G, Lloyd DM, Berry DP,
Steward WP, Howells LM and Brown K: Curcumin inhibits
cancer stem cell phenotypes in ex vivo models of colorectal
liver metastases, and is clinically safe and tolerable in
combination with FOLFOX chemotherapy. Cancer Lett 364:
135-141, 2015.

23 Tseng CY, Lin CH, Wu LY, Wang JS, Chung MC, Chang JF and
Chao MW: Potential Combinational Anti-Cancer Therapy in
Non-Small Cell Lung Cancer with Traditional Chinese Medicine
Sun-Bai-Pi Extract and Cisplatin. PLoS One 11: e0155469,
2016.

24 Lee BH, Lee SJ, Kang TH, Kim DH, Sohn DH, Ko GI and Kim
YC: Baicalein: an in vitro antigenotoxic compound from
Scutellaria baicalensis. Planta Med 66: 70-71, 2000.

Chang et al: Baicalin Protected UVB-induced Cytotoxicity

609



25 Chao JI, Su WC and Liu HF: Baicalein induces cancer cell death
and proliferation retardation by the inhibition of CDC2 kinase
and survivin associated with opposite role of p38 mitogen-
activated protein kinase and AKT. Mol Cancer Ther 6: 3039-
3048, 2007.

26 Tong WG, Ding XZ and Adrian TE: The mechanisms of
lipoxygenase inhibitor-induced apoptosis in human breast cancer
cells. Biochem Biophys Res Commun 296: 942-948, 2002.

27 Zhou BR, Liu WL and Luo D: Protective effect of baicalin
against multiple ultraviolet B exposure-mediated injuries in
C57BL/6 mouse skin. Arch Pharm Res 34: 261-268, 2011.

28 Bing-Rong Z, Song-Liang J, Xiao EC, Xiang-Fei L, Bao-Xiang
C, Jie G and Dan L: Protective effect of the Baicalin against DNA
damage induced by ultraviolet B irradiation to mouse epidermis.
Photodermatol Photoimmunol Photomed 24: 175-182, 2008.

Received June 18, 2016
Revised July 5, 2016

Accepted July 6, 2016

in vivo 30: 605-610 (2016)

610


