
Abstract. Background/Aim: This study aimed to investigate
the anticancer effects and potential mechanisms of sclareol in
a human small cell lung carcinoma (SCLC) cell line. Materials
and Methods: Cell viability was determined by the MTT assay.
Cell cycle, apoptosis and caspase activity were evaluated by
flow cytometry. Cell cycle and DNA damage related protein
expression was determined by western blotting. In vivo
evaluation of sclareol was carried out in xenografted tumor
mice models. Results: Sclareol significantly reduced cell
viability, induced G1 phase arrest and subsequently triggered
apoptosis in H1688 cells. In addition, this sclareol-induced
growth arrest was associated with DNA damage as indicated

by phosphorylation of H2AX, activation of ATR and Chk1.
Moreover, in vivo evaluation of sclareol showed that it could
inhibit tumor weight and volume in a H1688 xenograft model.
Conclusion: Sclareol might be a novel and effective therapeutic
agent for the treatment of SCLC patients. 

Small cell lung cancer (SCLC), previously known as oat cell
carcinoma, represents 10% to 15% of all types of lung cancer
cases (1). Clinically, SCLC is distinguished from non-small
cell lung cancer (NSCLC) and considered as highly
aggressive carcinoma because of its rapid tumor growth and
early onset of metastases (2). Currently, concurrent
chemoradiation (the combination of etoposide and cisplatin)
remains standard treatment for early-stage SCLC (3). Another
chemotherapy option is cyclophosphamide, doxorubicin, and
vincristine (the CAV regimen) (4). For late-stage disease, the
recommended treatment is chemotherapy alone and radiation
is used for symptomatic relief (5). However, the outcome of
these SCLC patients has remained stagnant over the recent
decades. Most SCLC patients had disease relapse within two
years and the 5-year overall survival was approximately 15%
for early-stage and 5% for late-stage disease (6). Moreover,
there are various chemotherapy related toxic side effects,
even at usual therapeutic doses. Therefore, there is an urgent
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need to identify novel, effective and safe drugs, especially
from less-harmful natural sources, for the treatment of SCLC.

Sclareol [(13R)-labd-14-ene-8,13-diol], a member of the
labdane-type diterpenes first purified from the Salvia sclarea
plant, is abundant in nature and often used as a fragrance in
cosmetics and flavoring agent in food (7). Recent studies
have confirmed that sclareol exhibited anti-inflammatory and
anti-tumor activity in many cancer types such as leukemia,
osteosarcoma, breast cancer and colorectal carcinoma (7-10).
However, to the best of our knowledge, there is no study on
the role of sclareol against lung cancer. Therefore, in this
study, the antitumor activities of sclareol were investigated
against human SCLC cells in vitro and in vivo. In addition,
the potential mechanisms involved in the anticancer effect of
sclareol were investigated.

Materials and Methods

Ethics approval and consent to participate. All animal experimental
procedures were carried out following the Guide for the Care and
Use of Laboratory Animals of the Institutional Animal Care and Use
Committee (IACUC) of the National Chung Hsing University
(Taichung, Taiwan) and the procedures were approved by the
Research Ethics Committee of National Chung Hsing University
(approval number: IACUC 107-049).

Cell culture and materials. The human H1688 and H146 SCLC
cell lines were purchased from the Food Industry Research and
Development Institute (Hsinchu City, Taiwan) (11-12). These cells
were cultured in RPMI 1640 supplemented with 10% fetal bovine
serum and an antibiotic-antimycotic solution (containing
amphotericin B, penicillin, and streptomycin). Cell culture
reagents were purchased from Invitrogen Life Technologies
(Carlsbad, CA, USA). The cells were incubated at 37˚C in a
humidified incubator with 5% CO2. Sclareol was dissolved in
dimethylsulfoxide (DMSO) to prepare a 100 mM stock solution
(Sigma-Aldrich, St. Louis, MO, USA).

Cell viability assay. The H1688 and H146 cells were seeded at a
density of 4×104 cell/well in 24-well plates (Corning Glass Works,
Corning, NY, USA). The next day, the cells were treated with 3.125
– 100 μM sclareol for 24 h. Following incubation, the medium was
replaced with fresh medium containing 200 μl of 0.5 mg/ml methyl
thiazolyl tetrazolium (MTT) solution (MTT, Sigma-Aldrich, St.
Louis, MO, USA) for 4 h. Then, the formazan crystals were
dissolved in DMSO, and the OD value at 540 nm was measured
using an ELISA reader (TECAN, Durham, NC, USA). The IC50 was
obtained by polynomial regression analysis using Microsoft Excel
software, and the mean optical density (OD) ± SD for each group
of triplicates was calculated.

Cell cycle assay. The H1688 cells were incubated at a density of
2×105 in 6-well plates. The next day, cells were treated with 25, 50
and 100 μM of sclareol for 24 h or 100 μM of sclareol for 0, 6, 12,
24 h. Following incubation, the cells were harvested by trypsin-EDTA
treatment, centrifugation, and fixation with 70% ethanol at 4˚C
overnight. After washing with PBS, the cells were resuspended in a
propidium iodide (PI) solution containing 2 mg/ml RNase, 1 mg/ml

PI and 5% Triton X-100 at RT in the dark for 30 min. Fluorescence
intensity in all samples was detected and measured using an Accuri™
C5 cytometer (BD Biosciences, San Jose, CA, USA) and analyzed
using BD Accuri C6 Software version 1.0.264.21.

Colony-forming assays. Cells were seeded into 6-well plates at 500
cells/well and treated with various concentrations of sclareol. After
7 days, the plates were stained with 0.5 ml of 2% crystal violet and
the colonies were then counted under an inverted microscope
(Olympus, Tokyo, Japan).

Annexin-FITC apoptotic assay. The H1688 cells were cultured at a
density of 2×105 in 6-well plate (Corning Glass Works, Corning,
NY, USA). The next day, the cells were treated with 100 μM of
sclareol for 0, 6, 12, 24 h. Following incubation, the cells were
collected by trypsin-EDTA treatment and centrifugation.
Quantification of apoptotic cells was performed using an annexin
V-FITC apoptosis detection kit (BD Biosciences, San Diego, CA,
USA). The cells were stained according to Annexin V-FITC/PI
staining protocol for 15 min at RT. Then, fluorescence of Annexin
V/PI was detected with an Accuri™ C5 cytometer (BD Biosciences)
and analyzed using BD Accuri C6 Software version 1.0.264.21.

Caspase activity assay. Caspase-3 activity was determined by using
the CaspGLOW- fluorescein active caspase-3 staining kit (BioVision,
Milpitas, CA, USA). In brief, H1688 cells were collected after
treatment with 100 μM of sclareol for 0, 6, 12, 24 h. Then, the cells
were rinsed with PBS and stained using CaspGLOW™ fluorescein
active caspase-3 staining kit. The caspase-3 activity in the samples
was quantified using an AccuriTM C5 cytometer (BD Biosciences).

ATR and Chk1 inhibitor treatment. The H1688 cells were pre-
treated with BAY 1895344 (ATR Inhibitor) (Cayman Chemical, Ann
Arbor, MI, USA) or AZD 7762 (chk1 inhibitor) (Cayman Chemical)
for 4 h, followed by treatment with 100 μM sclareol for 12 h. Then,
cells were collected by trypsin-EDTA treatment and rinsed with
PBS. Cell cycle distribution and fluorescence of Annexin V/PI were
evaluated by AccuriTM C5 cytometer (BD Biosciences).

Western blot. The H1688 cells were cultured at a density of 2×105 in
6-well plate (Corning Glass Works, Corning, NY, USA). Next day,
the cells were treated with 25, 50 and 100 μM of sclareol for 24 h or
100 μM of sclareol for 0, 6, 12, 24 h. Following incubation, the cells
were collected by trypsin-EDTA treatment and centrifugation. The
cells were lysed in 4% SDS lysis buffer containing 1% protease
inhibitor cocktail (Sigma-Aldrich) and 2% phenylmethanesulfonyl
fluoride (PMSF; Sigma-Aldrich). The cell lysates were centrifuged at
13,000 × g for 15 min at 4˚C, and the protein concentrations in the
lysates were determined using BCA Protein Assay kit (Thermo Fisher
Scientific, Waltham, MA, USA). Then, the proteins were separated
by SDS–PAGE and transferred onto PVDF membrane (Merck
Millipore, Billerica, MA, USA). Following transfer, the membrane
was blocked with a blocking buffer containing 5% non-fat milk for 1
h at room temperature and incubated with primary antibodies at 4˚C
overnight. the primary antibodies were anti-cyclin D (Epitomics,
Burlingame, CA, USA), anti-cyclin E (clone D7T3U) (Cell Signaling
Technology, Inc., Danvers, MA, USA), anti-CDK4 (Epitomics), anti-
ATR-ser-428 (Santa Cruz Biotechnology, Santa Cruz, CA, USA),
anti-pATM (ser1981), anti-ATM (Santa Cruz Biotechnology), anti-
phospho-CHK-1-ser-345 (Santa Cruz Biotechnology), anti-phsopho-
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CHK-2-Thr68 (Santa Cruz Biotechnology) ,anti-phospho-Rb-ser-780
(GeneTex, Inc., San Antonio, TX, USA), anti-E2F1 (GeneTex), anti-
phospho-Hisyone-H2A.X Ser139 (Cell Signaling Technology, Inc.,),
anti- c-PARP-Asp214 (Cell Signaling Technology), and â-actin
(GeneTex, Inc.). The next day, membranes were incubated with
appropriate horseradish peroxidase (HRP)-conjugated secondary
antibodies (Jackson ImmunoResearch Laboratories, West Grove, PA,
USA) at 4˚C overnight. Finally, the enhanced chemiluminescence
detection kit reagent (GE Healthcare Life Sciences, Piscataway, NJ,
USA) was added for immunofluorescence signal detection using
chemiluminescence (Hansor, Taichung, Taiwan). All bands in the
blots were normalized to the level of â-actin. The intensity of the
bands was quantified using ImageJ 1.47 software for Windows, from
the National Institutes of Health (NIH) (Bethesda, MD, USA).

Animal experimentation. Six-week-old and 18-22 g weight BALB/c
athymic nude female mice, were purchased from the National
Laboratory Animal Center (Taipei, Taiwan) and randomly divided
into two groups. Each group consisted of five mice and housed at a
constant room temperature, maintained on a 12 h light/dark cycle,
and fed a standard rodent diet and water. Ethical approval was
obtained from the Institutional Animal Care and Use Committee
(IACUC) of the National Chung Hsing University (NCHU)
(approval number: IACUC 107-049). This study complied with
relevant guidelines and regulations for humane animal treatment.

Tumor xenograft model. The H1688 cells (2×106) were suspended in
0.2 ml of extracellular matrix gel (Corning, Bedford, MA, USA) and
injected subcutaneously. On the 7th day after transplantation (the
tumor cell size was less than 10 mm3), the mice were intraperitoneally
injected with 300 mg/kg sclareol or the vehicle control (10% DMSO
+ 90% olive oil) (Sigma-Aldrich) every day until day 20. Nude mice
were sacrificed on day 21 after the administration, and the tumor was
excised from the nude mice, photographs of the tumors were obtained,
and the tumors were weighed. The dosage and route of sclareol
injection were based on previous research (13). To evaluate the toxicity
of sclareol treatment in mice, the body, heart, lung, liver, kidney, and
spleen weight were recorded. 

Evaluation of side effects of sclareol treatment in mouse. In order
to determine the side effects of sclareol on normal mice, 10
female BALB/c mice were randomly divided into the following
two groups: vehicle control (n=5) and sclareol (300 mg/kg). The
mice were given intraperitoneally vehicle or sclareol every day
for 14 consecutive days. Mice were sacrificed on day 15 and
blood was collected for side effects analysis. The blood plasma
was analyzed using Neubauer's chamber, and mean numbers of
red blood cells (RBC) and white blood cells (WBC) were
calculated. In order to further examine the toxicity caused by the
treatment with sclareol, liver function (alanine aminotransferase
and alkaline phosphatase) and renal function tests (urea and
creatinine) were performed.

Statistical analyses. All data are presented as mean±standard
deviation (SD) of three independent experiments. An unpaired two-
tailed t-test (Student’s t-test) was used to compare between two
groups and one-way or two-way ANOVA was used to compare
multiple groups according to the experiments. A difference was
considered statistically significant if p-value was <0.05. All data were
analyzed using GraphPad Prism version 5.0 (San Diego, CA, USA).

Results

Cytotoxic effect of sclareol on the proliferation of H146 and
H1688 tumor cells. The cytotoxic effect of sclareol on the
viability of SCLC cell lines was determined by the MTT
assay. Initially, we treated the two human SCLC cell lines
(H1688 and H146) with different concentrations of sclareol
for 24 h. As shown in Figure 1A, sclareol induced
cytotoxicity in human SCLC cell lines in a dose-dependent
manner. Notably, these two SCLC cell lines exhibited
different sensitivities to sclareol; the 50% inhibitory
concentration (IC50) value of sclareol for H1688 cells was
42.14 μM at 24 h, while the IC50 value for H146 cells was
69.96 μM at 24 h, respectively. Moreover, colony formation
assays showed dose-dependent inhibition of H1688 (Figure
1B and C) after 1-week treatment with sclareol, further
confirming the cell growth inhibitory effect of sclareol.
Because the H1688 cell line was more sensitive to sclareol
treatment, we selected H1688 for further analysis and
evaluation of the cytotoxic potency of sclareol.

Sclareol induced cell cycle arrest at the G1 phase and
subsequently induced cell apoptosis in H1688 tumor cells.
Next, the impact of sclareol on the distribution of H1688
cells in the different cell cycle phases was evaluated. H1688
cells were exposed to different concentrations (0, 25, 50, and
100 μM) of sclareol for 24 h or were treated with 100 μM
sclareol for 6, 12, and 24 h. Cellular DNA content was
subjected to flow cytometric analysis after PI staining. In
Figure 2A and B, the percentage of cells in the G1 phase was
significantly increased with exposure to 50 μM sclareol for
24 h. Additionally, the sub-G1 cell population, which is
indicative of cell death, was increased in the presence of 50
and 100 μM sclareol. Moreover, we also observed that the
G1 arrest caused by sclareol treatment reached its highest
value at 6 h, and then at 12 and 24 h, the G1 arrest gradually
decreased, while the sub-G1 phase gradually increased
(Figure 2C and D).

To examine whether apoptotic mechanisms were involved
in the cell death related to sclareol treatment, H1688 cells
were treated with different concentrations and for various
time periods with sclareol and subjected to flow cytometric
analysis after annexin V-FITC and PI staining. A quantitative
flow cytometric analysis showed that the percentages of
early apoptotic (annexin V+/PI−, lower right quadrant) and
late apoptotic (annexin V+/PI+, upper right quadrant) H1688
cells increased in a dose- (Figure 3A and C) and time-
dependent manner (Figure 3B and D). Moreover, as shown
in Figure 4, sclareol also activated caspase-3 (Figure 4A-D)
and PARP expression (Figure 4F and G) in a dose- and time-
dependent manner. These data suggested that sclareol
promoted cell cycle arrest at the G1 phase, and subsequently
induced cell apoptosis. 
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Sclareol suppress G1 phase regulatory protein levels in
H1688 tumor cells. To investigate the molecular mechanisms
of sclareol in the induction of G1 phase arrest, we examined
the effect of sclareol on the expression of key cell cycle
regulators of G1 phase progression. Western blotting showed
that sclareol down-regulated the expression of cyclin E and

D, CDK4, p-Rb (ser 780) and up-regulated the expression of
E2F1, leading to G0/G1 phase arrest in H1688 cells and this
effect was dose- and time-dependent (Figure 5).

Sclareol induced G1 phase arrest and apoptosis through the
ATR pathway in the DNA damage response. DNA damage is
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Figure 1. Effect of sclareol on the viability and colony formation of human SCLC cancer cell lines. A: The H1688 and H146 cells were exposed to
the indicated concentrations of sclareol for 24 h, and the viability of the cells was determined by the MTT assay. Cell viabilities are depicted as
percentages; vehicle-treated cells were regarded as 100% viable. B: Colony formation assay of H1688 cells following treatment with sclareol for 1
week. C: The data are presented as means±SD from triplicate samples for each treatment. **p<0.01, ***p<0.001 versus DMSO-treated control
(0), as determined by a one-way ANOVA with Tukey’s multiple comparison test.
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Figure 2. Effect of sclareol on the distribution of in H1688 cells in the various phases of the cell cycle. A: Cell cycle distribution of H1688 cells
after treatment with different concentrations of sclareol for 24 h. B: Cell cycle distribution of H1688 cells treated with 100 μM sclareol for 0, 6,
12, 24 h. C, D: Quantitative analysis of G1 and Sub-G1 proportion H1688 cells after treatment with different concentrations of sclareol for various
time periods. The data are presented as means±SD from triplicate samples for each treatment. *p<0.05, ***p<0.001 versus DMSO-treated control
(0), as determined by a one-way ANOVA with Tukey’s multiple comparison test.



sensed by several molecular complexes or pathways, the
most notable of which is the ATR/ATM that activates DNA
damage response. Upon activation, ATM and ATR
phosphorylate and activate the downstream effector
checkpoint kinases Chk2 and Chk1, respectively. As shown
in Figure 6, we observed that sclareol increased phospho-

histone H2A.X Ser139 (γ-H2A.X), a known marker of DNA
double-strand breaks (DSBs), p-ATR (Ser428) and p-CHK1
(Ser345) expression, whereas p-ATM (Ser1981) and p-CHK2
(Thr68) remained unchanged. Further, when H1688 cells
were treated with the ATR inhibitor BAY 1895344 or the
Chk1 inhibitor AZD 7762, we observed a significant
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Figure 3. Effect of sclareol on apoptosis in H1688 cells. H1688 cells were treated with different doses of sclareol for 24 h (A) or 100 μM sclareol
for 0, 6, 12, 24 h (B). Cell apoptosis was examined by flow cytometry analysis of Annexin V-FITC and PI double-stained cells and (C and D) The
data are presented as means±SD from triplicate samples for each treatment. *p<0.05, ***p<0.001 versus DMSO-treated control (0), as determined
by a one-way ANOVA with Tukey’s multiple comparison test.



decrease in sclareol-induced cell cycle arrest (Figure 7A and
B) and apoptosis (Figure 7C and D) These results imply that
ATR/CHK1 activation involved in the DNA damage
signaling mediates sclareol-induced G1 arrest and apoptosis.

Sclareol inhibits H1688 tumor growth in xenograft animal
model experiments. We next evaluated whether sclareol had
an effect against H1688 xenografts in nude mice. On day 7,
the sclareol (300 mg/kg) intraperitoneally injected mice
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Figure 4. Effect of sclareol on caspase -3 activity and cleaved PARP expression in H1688 cells. H1688 cells were treated with different doses of sclareol for
24 h (A) or 100 μM sclareol for 0, 6, 12, 24 h (B). The activity of caspase-3, was analyzed by flow cytometry and (C and D) The data are presented as the
average of the mean fluorescence intensity (MFI) of caspase-3 activity±SD from triplicate samples for each treatment. *p<0.05, ***p<0.001 versus DMSO-
treated control (0), as determined by a one-way ANOVA with Tukey’s multiple comparison test. E and F: Cleaved PARP expression was measured by western
blot. GAPDH was used as a loading control, and the expression levels (mean±SD, n=3) were quantified by ImageJ software and plotted in bar graphs.



group showed a reduction in tumor growth (Figure 8A and
B). Following sacrifice on day 21, the tumor size in the
sclareol-treated group was significantly smaller than that in
the vehicle control group. These results indicated that
sclareol could suppress tumor growth in vivo.

In addition, we also used normal mice to further assess
whether oral administration of sclareol has potential side
effects (300 mg/kg body weight, 14 doses continuously; one
dose/day). No significant changes in body weight (Figure
9A) and tissues weight (Heart, Liver, spleen, lung and
kidney) were observed in mice treated with sclareol
compared to vehicle-control mice (Figure 9B). The analysis
of blood parameters of the liver and kidney functions by
examining markers such as alkaline phosphatase and
creatinine did not show any statistically significant difference
between the two groups (Figure 9C), suggesting that oral
administration with 300 mg/kg sclareol did not have
significant side effects in mice.

Discussion

Although the anticancer effect of sclareol has been studied
for long time, its exact role in lung cancer remains unknown.
In this study, we investigated the inhibitory effect of sclareol
on the human SCLC H1688 cell line and tumor growth and
its potential mechanisms. Our results showed that sclareol
inhibited growth of H1688 cancer cells following 24 h
incubation. In addition, our results also showed that sclareol
promoted G1 phase cell cycle arrest through the ATR/CHK1
pathway involved in DNA damage response, and apoptosis.
Moreover, in a SCID mouse xenograft model experiment,
sclareol also showed an in vivo antitumor effect, and had no
significant side effects in normal mice. Thus, sclareol would
be a novel therapeutic agent in the treatment of human SCLC
in the future.

Lung cancer remains the leading cause of cancer-related
death worldwide (14). Despite early diagnosis and advances
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Figure 5. Effect of sclareol on G1 phase cell cycle related protein levels in H1688 cells. The H1688 cells were exposed to different concentrations
of sclareol for 24 h or 100 μM sclareol for 0, 6, 12, 24 h. The cell lysates were prepared and expression of proteins related to the G1 phase of cell
cycle including cyclin D, cyclin E, CDK4, pRb (Ser-807/811), and E2F1 was determined by western blot. GAPDH was used as a loading control.
The expression levels were quantified by ImageJ software.



in therapeutic strategies, the 5-year survival of lung cancer
patients remained poor in recent decades especially for SCLC
patients (15). Recurrence disease is often observed within 2
years and the main cause of treatment failure has been
resistance to standard therapy (16). Further, therapy-associated
side effects are major concerns of chemotherapy. Thus, it is
desirable to find novel effective drugs that originate from less-
harmful natural materials to replace or complement the
traditional chemotherapeutics. Previous studies have reported
that substances naturally occurring in foods such as fruits or
vegetables may exert a chemopreventive and therapeutic effect
against cancers (17, 18). As a natural labdane-type diterpene
present in Salvia sclarea plant, sclareol is thought to be a
potential anticancer drug because of its anti-inflammatory, and
antitumor activities (7-10, 19). Although, many studies have
confirmed that sclareol exhibits the hallmarks of a valuable
and well-tolerated anticancer agent, thus demonstrating a

greater potential for clinical applications, no study has
investigated its anticancer mechanisms in SCLC.

Many recent studies have reported the antitumor effect of
sclareol on various malignant cancers (7-10, 20). To our best
knowledge, this study is the first to report that sclareol could
also inhibit SCLC tumor growth. Although the potential
mechanisms of sclareol effects are still unclear, sclareol could
influence multiple signaling pathways critical to cancer
development. It has been reported that sclareol could induce
cell cycle arrest and apoptosis in many cancer cells, including
leukemia, osteosarcoma, breast cancer and colorectal
carcinoma. Our results indicated that sclareol induced cell
cycle arrest at the G1 phase through caspase-related apoptosis.
The cyclin D– and E–CDK4 complexes are the most important
regulators of the progression from the G1 phase to the S phase.
If the cyclin D or E complex is inhibited, cell cycle is arrested
in the G1 phase, leading to the inhibition of cell proliferation
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Figure 6. Effect of sclareol on the expression levels of DNA damage-related proteins in H1688 cells. H1688 cells were exposed to 100 μM sclareol
for 0, 6, 12, 24 h. The cell lysates were prepared and the expression of DNA damage-related proteins including phospho-H2A.X Ser139 (γ-H2A.X),
p-ATRSer428, p-ATMser1981, p-CHK1Ser345, p-CHK2Thr68 was determined by western blot. GAPDH was used as a loading control, and protein
expression levels were quantified by ImageJ software. 
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Figure 7. Effects of the ATR inhibitor BAY 1895344 or the Chk1 inhibitor AZD 7762 on sclareol-induced cell cycle distribution and apoptosis.
H1688 cells were either untreated or pretreated with 10 nM BAY 1895344 or 600 nM AZD 7762 for 4 h, followed by exposure to 100 μM sclareol.
A: After 6 h, the cells were collected and stained with propidium iodide, and the DNA content was analyzed using flow cytometry. B: Cell apoptosis
was examined by flow cytometry analysis of Annexin V-FITC and PI double-stained cells. C and D: Data represent the average of the cell cycle
distribution±SD from triplicate samples for each treatment. *p<0.05, **p<0.01, ***p<0.001 versus 100 μM sclareol-treated control (0), as
determined by a one-way ANOVA with Tukey’s multiple comparison test.



and the promotion of apoptosis. Treatment with sclareol had a
marked suppressive effect on the expression of cyclin D, cyclin
E and CDK4. In agreement with our results, Dimas et al. have
also reported that sclareol induced cell cycle arrest at the G1
phase in human HCT116 colon cancer cells (21). Moreover,
the Rb protein is a tumor suppressor, and responsible for a

major G1 checkpoint, blocking S-phase entry and cell growth
(22). The pRb protein represses gene transcription, required for
transition from G1 to S phase, by directly binding to the
transactivation domain of E2F and by binding to the promoter
of these genes as a complex with E2F. Our results indicated
that sclareol can negatively regulate the cell cycle through the
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Figure 8. Effect of sclareol on H1688 tumor growth in nude mice. H1688 cells (2×106) were subcutaneously injected into mice, producing a visible
tumor (approximately 10 mm3). Sclareol (300 mg/kg) or vehicle were administered intraperitoneally daily until day 21 (n=5). A: Representative
images of xenograft nude mice showing regression in tumor volume after treatment with sclareol in comparison to vehicle treated group. B: The
graph shows the tumor volume changes with time. Both quantified data are presented as the means±SD (n=5). ***p<0.001 versus vehicle-treated
control (0), as determined by a two-way ANOVA.
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Figure 9. Evaluation of the side effects of sclareol-treatment in mice. Mice were treated with sclareol (300 mg/kg; intraperitoneally, 14 doses; one
dose/day). Body weights (A) and tissues weight (B) of female BALB/c mice injected either sclareol or vehicle. C: Liver function tests (alkaline
phosphatase) and kidney function tests (creatinine) were evaluated on day 15. The data are presented as means±SD (n=5). ns: p>0.05 versus
vehicle-treated control, as determined by a two-way ANOVA or student t-test.



direct decrease in the expression of phosphor-Rb protein. These
findings suggested that sclareol induced G1 phase arrest by
regulating the expression of G1 phase cell cycle regulatory
proteins in H1688 cells.

A previous study had demonstrated that sclareol could
induce DNA damage in human colon cancer cell lines
(HCT116) and chromatin DNA breaks continued to
accumulate as the cells continued to be exposed to sclareol
(21). Our results showed that sclareol increased p-H2AX, p-
ATR and p-Chk1 expression. Further, when H1688 cells were
treated with the ATR inhibitor BAY 1895344 or the Chk1
inhibitor AZD 7762, a significant decrease in sclareol-induced
G1 arrest and annexin V positive cells was observed. These
findings suggested that sclareol induced G1 phase cell cycle
arrest and apoptosis through the ATR/CHK1 pathway involved
in DNA damage response in H1688 cells. However, BAY
1895344 and AZD 7762 did not fully suppress sclareol-
induced G1 arrest and apoptosis, suggesting that the
involvement of other pathways cannot be ruled out. A previous
study has reported that sclareol provides its anticancer effects
in cervical cancer cells by enhancing the decreased expression
of SOD1 via upregulating the tumor suppressor caveolin-1,
which is involved in chaperone-mediated autophagy (CMA)-
mediated protein degradation (23). Moreover, sclareol has
been shown to increase the amount of endoplasmic reticulum
(ER) stress in human gastric cancer cells through regulating
IRE-1 and PERK genes, which are involved in ER-stress-
induced apoptotic signaling (24). Furthermore, sclareol has
also been shown to induce suicidal death via triggering
phospholipid scrambling of the erythrocyte cell membrane
through activation of p38 kinase and casein kinase 1α (25).
These studies provide lines of experimental evidence that there
are additional mechanisms in sclareol-induced cell death in
NSCLC, such as autophagy or ER stress, which need to be
further investigated. 

In the present study, the higher dose of sclareol (300
mg/kg) was used for the comparison with previous studies;
however, no significant adverse effect was found after
administration. A previous study has reported that injection
of 560 mg/kg of sclareol caused mice death, severe ataxia,
and significant impairment in mobility in 24 h (9). Moreover,
poor solubility of the lipophilic sclareol in aqueous solutions
limits the amount that can be given to animals or its further
application and there are side-effects concerns (21).
Recently, few studies have demonstrated a strategy to
improve the therapeutic index of sclareol. For example,
sclareol in combination with cisplatin enhanced the cytotoxic
effects of cisplatin on NSCLC (26). Moreover, 15-(4-
fluorophenyl)-sclareol (SS-12), a derivative of sclareol,
effectively suppressed prostate cancer tumor proliferation in
vitro and in vivo (27). Although there are limitations for
sclareol application due to its insolubility in aqueous phase,
molecular modifications or appropriate combination therapy

may be a useful strategy to improve the anti-cancer activity
of sclareol, and need to be further investigated.

In summary, we demonstrated the antitumor effect of
sclareol in human SCLC. We revealed that sclareol could
cause cell cycle arrest, induce apoptosis of human SCLC cell
lines in vitro, and inhibit tumor growth in vivo in a mouse
xenograft model. Furthermore, the present and other previous
in vivo studies have revealed that sclareol is safe for mice
(19, 21, 28). Taking all of the results into consideration,
sclareol may be developed as a possible anticancer drug for
the treatment of SCLC because it is a natural compound that
exhibits low toxicity. Further study is needed to evaluate the
efficacy of sclareol in combination with traditional
chemotherapeutic regimens or radiation for SCLC.
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