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Sparganii Rhizoma and Curcumae Rhizoma (SRCR) are natural herbs used in traditional Chinese medicine to treat tumors and
activate blood circulation. Previous studies have shown that SRCR possesses notable antitumor activity; however, the mechanism
underlying anticancer activity in human oral squamous cell carcinoma (OSCC) has yet to be fully elucidated. Te risk factors of
OSCC include smoking, alcohol consumption, poor oral hygiene, and human papillomavirus infection. OSCC is highly metastatic
and responds poorly to chemotherapy; thus, alternative treatment options are imperative. In this study, we found that SRCR
induced death in OSCC cells but not in normal cells (HGF-1 cells). SRCR has also shown to induce the production of reactive
oxygen species in OSCC cells, sequentially promoting calcium release and stress in the endoplasmic reticulum, which resulted in
mitochondrial dysfunction and subsequent apoptosis. Furthermore, SRCR has shown to inhibit the migration of OSCC cells by
reducing matrix metalloproteinase-12 and -13. Our fndings demonstrate that SRCR exerts anticancer activities in OSCC by
inducing cell apoptosis and suppressing cell migration.

1. Introduction

Oral cancer is the ffth most common cancer cause of
mortality in Taiwan and the eighth most common cancer
worldwide [1], characterized by a high rate of recurrence and
lymph node metastasis [2]. Te progression of oral squa-
mous cell carcinoma (OSCC) is partially accelerated by
chronic epithelial irritation, which is commonly associated

with tobacco use, alcohol consumption, environmental
pollutants, and viral infection [3]. Despite advancements in
diagnostic and therapeutic modalities [4], the prognosis for
OSCC is generally poor, with an overall 5-year survival rate
of less than 50% [5]. OSCC treatments include surgical
interventions, chemotherapy, and radiation; however, the
high incidence of metastasis makes it exceedingly difcult to
eradicate lesions via surgery and/or chemotherapy [6].
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Sparganii Rhizoma and Curcumae Rhizoma (SRCR)
form a herb pair used by practitioners of traditional Chinese
medicine (TCM) to activate blood circulation [7]. Previous
studies have demonstrated that SRCR also possesses anti-
tumor activity far exceeding that of SR or CR alone [8, 9].
SRCR has been shown not only to have potent antitumor
efects in a human breast cancer cell line (MCF-7), liver
cancer cell line (HepG2), and cervix cancer cell line (HeLa)
[10], but also to induce apoptotic cell death of lung cancer
cell line (NCI-H1975) via the caspase-dependent apoptosis
signaling pathway [11]. In addition, SRCR signifcantly re-
duces epithelial-mesenchymal transition and Smad3 phos-
phorylation, leading to the inhibition of cell migration and
invasion in triple-negative breast cancer cells [12]. To date,
few studies have examined the efect of SRCR on cell ap-
optosis and migration or its molecular mechanisms in
OSCC. In this study, we found that the antitumor efects of
SRCR involve ROS production, endoplasmic reticulum (ER)
stress, and mitochondrial dysfunction, resulting in caspase
activation and subsequent cell apoptosis. We also de-
termined that SRCR inhibits the migratory ability of OSCC
by reducing matrix metalloproteinases (MMPs). Our fnd-
ings demonstrate the cell apoptosis and antimetastasis
mechanisms of SRCR for the clinical treatment of metastatic
human OSCC.

2. Materials and Methods

2.1. Plant Material. Sparganii Rhizoma (SR) and Curcumae
Rhizoma (CR) were obtained from Kaiser Pharmaceutical
Co., Ltd. Taiwan.

2.2. Preparation of the SRCR. SR and CR herb samples were
shattered to form a powder (1 : 1 w/w; 50 g each). A 100 g
sample of the powder was mixed with 500mL of water at
room temperature, allowed to stand for 2 h, and then
heated to 100°C and allowed to stand for further 2 h. Te
mixture was then fltered, concentrated, and lyophilized.
Te average yield of SRCR was 10.5%. A 50 g sample of SR
or CR was prepared using the same method, with the
average yield of SR and CR, respectively, being 3.2% and
5.4%.

2.3. Chemicals and Reagents. Fluo-4 acetoxymethyl ester
(Fluo-4 AM), 2′,7′-dichlorodihydrofuorescein diacetate
(H2DCFDA), MitoProbe™ JC-1 Assay Kit, L-glutamine,
DMEM/F-12 medium, DMEM high-glucose medium,
streptomycin, penicillin, and trypsin-EDTA were obtained
from Termo Fisher Scientifc Inc. (Waltham, MA, USA).
z-DEVD-FMK, z-LEHD-FMK, caspase-3, and caspase-9
colorimetric assay kits were obtained from Merck Milli-
pore (Billerica, MA, USA). Primary antibodies were ob-
tained from Cell Signaling Technology (Danvers, MA,
USA), Santa Cruz Biotechnology (Dallas, TX, USA), or
Genetex (Hsinchu, Taiwan). All other chemicals and re-
agents were obtained from Sigma-Aldrich (St. Louis,
MO, USA).

2.4. Cell Culture. Te human oral squamous cell carcinoma
(OSCC) cell line SCC4 was acquired from the Bioresource
Collection and Research Center (BCRC, Hsinchu, Taiwan).
Cells were maintained in complete DMEM/F-12 medium
with 2mM L-glutamine, 10% fetal bovine serum (FBS), 1%
nonessential amino acids, 400 ng/mL hydrocortisone, 100U/
mL penicillin, and 100U/mL streptomycin (Gibco, Wal-
tham, MA, USA).

Te human OSCC cell line HSC3 was acquired from
Merck (Merck KGaA, Darmstadt, Germany). Human nor-
mal gingival fbroblasts (HGF-1) were obtained from the
American Type Culture Collection. Both these cell lines were
maintained in a complete DMEM high-glucose medium
with 10% heat-inactivated FBS, 100U/mL penicillin, and
100U/mL streptomycin (Gibco, Waltham, MA, USA).

All cell lines were maintained at 37°C in a humidifed
atmosphere containing 5% CO2. Fresh media were
replenished at intervals of 48 h.

2.5. Cell Proliferation Assay. A cell counting kit-8 (CCK-8;
Sigma-Aldrich, St. Louis, MO, USA) was used to charac-
terize the cytotoxic activity of SRCR. In brief, HGF-1, HSC3,
and SCC4 cells (6×103 cells) were seeded in triplicate in
a 96-well plate. Following incubating with SR, CR, or SRCR
for 48 h, 10 μL of CCK-8 solution was added to each well and
incubated for 3–6 h. Cell numbers were measured using
a microplate reader at absorption of 450 nm (Bio-Tek,
Winooski, VT, USA).

2.6. DAPI Staining. After SRCR treatment for 48 h, SCC4
and HSC3 cells were fxed in a 3.7% formaldehyde solution
and permeabilized with 0.05% Triton X-100. Te cells were
then stained with 4′-6-diamidino-2-phenylindole (DAPI,
1 μg/mL). Images of SCC4 and HSC3 cells were captured
using a fuorescence microscope under 200x magnifcation
(Nikon Eclipse Ti and NIS-Elements AR microscope soft-
ware version 5.02.01).

2.7. Western Blot Analysis. Following treatment with SRCR
at various concentrations (0, 30, 60, 120, 240, or 480 μg/mL),
total cell lysates of SCC4 and HSC3 cells were obtained,
resolved using 8–15% SDS-PAGE, and then transferred to
0.45 μm polyvinylidene membranes (PVDF). Te mem-
branes were blocked with 4% bovine serum albumin (Cat.
No. A9647; Sigma-Aldrich; Merck KGaA) and then in-
cubated with primary antibodies (1 :1,000) against Bcl-2
(GTX100064), Bcl-xl (GTX105661), Bax (GTX100063),
Bak (GTX109683), calpain I (GTX102340), calpain II
(GTX102499), caspase-3 (19677-1-AP), caspase-9 (10380-1-
AP), GRP78 (GTX113340), GRP94 (GTX103203), or β-actin
(SI-A5441; 1 :10,000) at 4°C overnight. After three washes of
TBST, the membranes were probed using mouse or rabbit
secondary antibodies conjugated to peroxidase (1 :10,000) at
room temperature for 1 h. Protein blots were visualized
using an ECL substrate (EMD Millipore) and a UVP bio-
imaging system (Upland, CA, USA). Each experiment was
repeated at least three times.
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2.8. Annexin V-FITC and Propidium Iodide (PI) Staining.
To evaluate cell death, SCC4 and HSC3 cells (1× 106 cells)
were incubated with diferent SRCR conditions for 48 h.
Cells were then collected and resuspended in Annexin V/PI
detection solution (Proteintech, Cat. No. PF00005) as pre-
viously described [13]. Death of SCC4 and HSC3 cells was
immediately determined using a BD Accuri C5 fow
cytometer and BD Accuri C6 software (version 1.0.264.21
BD Biosciences).

2.9. Cell Cycle Analysis. To evaluate the efects of SRCR on
cell cycle, SCC4 andHSC3 cells (1× 106 cells) were incubated
with diferent SRCR conditions for 48 h. Te cells were then
fxed with 70% ethanol and stained with a propidium iodide
(PI) solution (100 μg/mL DNase-free RNase A, 0.1% Triton-
X 100, and 10 μg/mL PI in PBS). Te cell cycle of SCC4 and
HSC3 cells was immediately characterized using CytoFLEX
(Beckman Coulter, Milan, Italy).

2.10. Ca2+ Concentration, Intracellular ROS Production, and
Mitochondrial Membrane Potential (MMP). SCC4 and
HSC3 cells (1× 106 cells) were incubated with SRCR at
various time points and then stained with the following:
Fluo-4 AM (3 μM) for the detection of Ca2+ concentration,
H2DCFDA (5 μM) for the measurement of ROS production,
and JC-1 (2 μM) for the evaluation of MMP. SCC4 and
HSC3 cells were inspected using a BD Accuri C5 fow
cytometer in conjunction with BD Accuri C6 software
(version 1.0.264.21 BD Biosciences). Images of SCC4 and
HSC3 cells were captured using a red/green fuorescence
microscope under 200x magnifcation (Nikon ECLIPSE Ti
and NIS-Elements AR microscope software version 5.02.01).

2.11. Caspase Activation Assay. SCC4 and HSC3 cell lysates
were incubated with caspase-9 substrate (Ac-LEHD-pNA;
Cat No. ATP173) or caspase-3 substrate (Ac-DEVD-pNA;
Cat No. APT165; EMD Millipore Corp, Burlington, MA,
USA) in accordance with the manufacturer’s instructions.
Caspase activity was measured at 405 nm using a microplate
reader (Bio-Tek Instruments, Winooski, VT, USA). Results
were calculated by determining the percent change in ac-
tivity compared to an untreated control.

2.12. Wound Healing and Cell Movement Assay. Cell
movement was characterized by seeding SCC4 and HSC3
cells (3×104 cells) in a silicone insert (IB-80209; ibidi
GmbH, Gräfelfng, Germany). Following cell adhesion, the
silicone insert was removed, photographed, and then in-
cubated with SRCR for 24 h. Cell images were captured using
Nikon ECLIPSE Ti and NIS-Element AR (Version 5.02.01)
and analyzed using ImageJ (1.53a) software.

2.13. Cell Migration Assay. An 8.0 μm pore-size transwell
chamber (Corning Incorporated, Corning, NY, USA) was
used to characterize cell migration. In brief, SCC4 and HSC3
cells (4×104 cells) were seeded in the upper chamber. Te

lower chamber contained a culture medium with 1% FBS
and SRCR at various concentrations. After 24 h, each
transwell chamber was fxed using 3.7% formaldehyde for
15min and stained with 0.05% crystal violet for 30min.
Nonmigrating OSCC cells were removed using cotton
swabs. Te number of cells was captured using Nikon
ECLIPSE Ti and NIS-Element AR (Version 5.02.01) and
quantifed using ImageJ (1.53a) software.

2.14. Total RNA Extraction and Real-Time PCR Assay.
Te total RNA of OSCC cells was isolated and reverse
transcribed to complementary DNA (cDNA) using an
RT-PCR kit (PCR Biosystems Ltd., London, UK). Quanti-
tative PCR was determined using the CFX Connect Real-
Time System (Bio-Rad Laboratories Inc., CA, USA) in ac-
cordance with the manufacturer’s instructions. Te raw data
and quantifcation results were normalized to a reference
gene, i.e., GAPDH, and mRNA expression levels were cal-
culated as RQ� 2−△△Ct. All mRNA expression was obtained
from four repeated experiments.

2.15. Statistics. Results are presented as mean± standard
deviation (SD). Statistical analysis between two groups was
performed by using Student’s t-test. Statistical analysis in-
volving more than two groups was performed using one-way
analysis of variance (ANOVA) with Fisher’s least signifcant
diference (LSD) tests. In all cases, p< 0.05 was considered
statistically signifcant.

3. Results

3.1. SRCR Induced Cell Death via Cell Apoptosis in Human
OSCCCells. ACCK-8 assay was frst used to characterize the
viability of OSCC cells treated with SR, CR, or SRCR at
various concentrations (0–480 μg/mL) for 48 h. We found
that the IC50 values of SRCR in SCC4 and HSC3 cells were
110 μg/mL and 91 μg/mL, respectively, which were signif-
cantly better than treatment with SR or CR alone in both cell
lines. Note that SRCR did not afect normal primary gingival
fbroblasts (HGF-1) (Figures 1(a)–1(c)). Cisplatin was used
as a positive control in cell viability experiments, in which
the IC50 values for HSC-3 and SCC4 were, respectively,
10 μM and 13 μM (data not shown). Upon SRCR treatment,
changes in cell morphology were evaluated in SCC4 and
HSC3 cells using DAPI staining. Treatment with diferent
concentrations of SRCR for 48 h induced morphological
changes in both cell lines with a corresponding signifcant
decrease in cell number and an increase in chromatin
condensation (Figure 1(d)). Tese results suggest that SRCR
can inhibit cell growth and promote cancer cell death in
various human OSCC cells.

To clarify themechanism of cell death caused by SRCR in
human OSCC, we performed Annexin V and PI staining of
SCC4 and HSC3 cells treated with various concentrations of
SRCR (0–480 μg/mL) for 48 hours. Te results showed that
SRCR concentrations at 240 or 480 μg/mL were sufcient to
induce cell apoptosis, resulting in a higher percentage of late
apoptotic cells (annexin-V-positive and PI-positive cells)
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and a lower percentage of live cells (annexin-V-negative and
PI-negative cells) (Figures 2(a) and 2(b)). A cell cycle assay,
which assessed the antiproliferative function of SRCR,
performed on SCC4 cells treated with 240 μg/mL or 480 μg/
mL SRCR, respectively, revealed a population of hypodiploid

DNA content (sub-G1) at 8.9% and 18.2% (Figure 2(c)).
HSC-3 cells treated with SRCR exhibited a similar result:
240 μg/mL (12.5%) and 480 μg/mL (23.7%) (Figure 2(d)).
Our fndings suggest that the anticancer efects of SRCR are
a result of OSCC cell death via the induction of apoptosis.
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Figure 1: SRCR induced cell death in human OSCC cells. (a–c) Cell viability was assessed via a CCK-8 assay following incubation of SCC4,
HSC3, and HGF-1 cells with various concentrations of SR, CR, and SRCR for 48 h; (d) after incubating cells with various concentrations of
SRCR for 48 h, nucleus morphology was characterized via DAPI staining. Results are expressed as mean± SD of four independent ex-
periments. ∗p< 0.05 compared to the control group.
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(a) (b)

(c) (d)

Figure 2: SRCR induced cell apoptosis and cell cycle arrest in sub-G1 phase in human OSCC cells. After incubating HSC3 and SCC4 cells
with a control solution or SRCR at various concentrations for 48 h, the percentage of apoptotic cells was measured via fow cytometric
analysis of (a-b) annexin V and PI double labeling; (c-d) fow cytometry was used to determine the cell cycle distribution of HSC3 and SCC4
cells treated with SRCR at various concentrations (30, 60, 120, 240, and 480 μg/mL) for 48 h. Results are expressed as mean± SD. ∗p< 0.05
compared to the control group.
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Figure 3: Continued.
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3.2. SRCR Triggered ROS Production and Mitochondrial
Dysfunction in Human OSCC Cells. ROS serves as an an-
titumor agent and plays a key role in cell apoptosis [14, 15].
To determine whether SRCR-induced apoptosis was a conse-
quence of oxidative stress, intracellular ROS levels were
measured using fuorescent ROS probes (H2DCFDA). Our
data revealed that SRCR treatment for 1 h signifcantly
induced cellular ROS production in a dose-dependent
manner (Figures 3(a) and 3(b)). To confrm whether
SRCR-mediated ROS generation was correlated with
SRCR-mediated cell death, SCC4 and HSC3 cells were
pretreated with ROS scavengers (N-acetylcysteine (NAC))
and an H2O2 scavenging enzyme (catalase) for 30 min
prior to the addition of SRCR. Te results showed that
pretreatment with NAC and catalase indeed mitigated
SRCR-induced cell death (Figures 3(c) and 3(d)), sug-
gesting that SRCR-induced cell apoptosis is mediated by
a ROS-dependent pathway.

Given that several studies have reported a correlation
between the initiation of apoptosis and ROS, which is often
associated with mitochondrial damage that leads to alter-
ations in the mitochondrial membrane potential (MMP)
[16, 17], we used the fuorescent dye JC-1 to detect MMP in
SRCR-treated SCC4 and HSC3 cells. OSCC cells incubated
with SRCR exhibited an enhanced intensity of green fuo-
rescence and a decreased intensity of red fuorescence in
a concentration-dependent manner, thereby indicating
a decrease in MMP (Figures 3(e)–3(h)). As mitochondrial
dysfunction is mediated by the Bcl-2 protein family [16], we
investigated the expression of proapoptotic and anti-
apoptotic proteins following SRCR treatment. We found
that SRCR-induced proapoptotic multimotif proteins (Bax
and Bak) and decreased antiapoptotic proteins (Bcl-2 and
Bcl-xL in a concentration-dependent manner (Figures 3(i)
and 3(j)). Tese results suggest that SRCR-promoted ROS
production and mitochondrial dysfunction are involved in
apoptosis in OSCC cells.

3.3. SRCR Induced the Proapoptotic Mechanism Regulated by
ERStress inHumanOSCCCells. Oxidative stress accelerates
the formation of misfolded proteins and stress responses in
the endoplasmic reticulum (ER) [18, 19]. Aberrant calcium
homeostasis in the ER from stress also triggers apoptotic
cell death [20]. To investigate whether SRCR induces ap-
optosis through ER stress activation, SCC4 and HSC3 cells
were treated with various concentrations of SRCR for 5 h.
Our results showed that SRCR treatment signifcantly in-
creased Ca2+ levels in OSCC cells (Figures 4(a) and 4(b)). In
addition, an examination of the expression of ER stress-
related proteins, such as GRP78, GRP94, calpain I, and
calpain II, following treatment with SRCR for 24 h revealed
signifcantly upregulated protein expression of these ER
stress-related proteins in both SCC4 and HSC3 cells
(Figures 4(c) and 4(d)). Furthermore, pretreating cells with
the intracellular calcium chelator BAPTA/AM (10 μM)
abolished SRCR-induced cell death in OSCC cells
(Figures 4(e) and 4(f )). Tese fndings suggest that SRCR
induces OSCC cell death via aberrant Ca2+ release and ER
stress.

3.4. SRCR Promoted Apoptotic Signaling via the Caspase
Cascade-Dependent Pathway in Human OSCC Cells. To
further investigate the mechanisms underlying SRCR-
induced apoptosis, we examined the activity and protein
expression of two key modulators: caspase 3 and caspase 9.
Dose-dependent treatment with SRCR in SCC4 and HSC3
cells signifcantly increased the activity of caspase 3 and
caspase 9 as well as the cleavage of caspase 3 and caspase 9
proteins (Figures 5(a)–5(f)). Furthermore, pretreatment
with a caspase-3 inhibitor (z-DEVD-FMK) and caspase-9
inhibitor (z-LEHD-FMK) reduced SRCR-induced apoptosis
in OSCC cells (Figures 5(g) and 5(h)). Tese results indicate
that SRCR can induce apoptosis via a caspase-dependent
pathway in OSCC cells.
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Figure 3: SRCR induced ROS production and mitochondrial dysfunction in human OSCC cells. (a-b) After incubating SCC4 and HSC3
cells with various concentrations of SRCR for 1 h, ROS generation was assessed via CM-H2DCFDA staining in conjunction with fow
cytometric analysis; (c-d) after pretreating cells with catalase (10,000U/ml) and NAC (5 μM) for 30min followed by stimulation using SRCR
(240 μg/mL) for 48 h, cell viability was examined via a CCK-8 assay; (e–h) after incubating SCC4 andHSC3 cells with various concentrations
of SRCR for 24 h, MMP was examined via fow cytometry with JC-1 staining; (i-j) after treating cells with diferent concentrations of SRCR
for 24 h, the expression levels of Bcl-2, Bcl-xL, Bak, and Bax were determined using western blot analysis. Results are expressed as mean± SD
of four independent experiments. ∗p< 0.05 compared to the control group; #p< 0.05 compared to the SRCR-treated group.
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3.5. SRCR Inhibited Cell Migration by Decreasing the Ex-
pression of MMP12 and MMP13 in OSCC Cells. As cancer
metastasis is a leading cause of death for many OSCC pa-
tients [21], we examined the efects of SRCR on the mi-
gration of OSCC cells in a wound-healing assay. We found
that SRCR at 30–240 μg/mL signifcantly suppressed the
closure rate of the scratch in SCC4 and HSC3 cells when
compared to the untreated cells (Figure 6(a)). In addition,
cell migration was examined using transwell chambers, in
which SCC4 and HSC3 cells were treated with various
concentrations of SRCR for 24 h. Our results indicate that
SRCR at 60–240 μg/mL signifcantly, respectively, sup-
pressed the migration of HSC3 and SCC4 cells by 43–79%
and 35–73% compared to the control group (Figure 6(b)).
Terefore, these results suggest that SRCR reduces cell
movement and migration in a dose-dependent manner.

Matrix metalloproteinases (MMPs) have been identifed
as crucial proteins in tumor cell migration, invasion, and
metastasis in OSCC [22, 23]. We found that treatment with

SRCR for 24 h signifcantly inhibited the expression of
MMP-12 and MMP-13 mRNA (Figures 6(c) and 6(d)) and
protein expression (Figures 6(e) and 6(f)) in HSC3 and
SCC4 cells. Taken together, these results suggest that SRCR
inhibits OSCC cell migration by reducing the expression of
MMP-12 and MMP-13.

4. Discussion

More than 350,000 new cases of OSCC are diagnosed
worldwide each year, leading to approximately 177,000
deaths annually [24]. Conventional treatment strategies
for OSCC currently include surgical intervention, che-
motherapy, and radiation therapy; however, surgical re-
section is considered the primary treatment due to the
resistance of OSCC to anticancer drugs [25]. Un-
fortunately, the 5-year overall mortality rate for OSCC
patients remains high, exceeding 60% due to the signif-
icant risk of metastasis [26].

FL1-A FL1-A

(a)

FL1-A FL1-A

(b)

(c) (d)

(e) (f )

Figure 4: SRCR induced Ca2+ release and activation of ER stress in human OSCC cells. (a-b) After incubating SCC4 and HSC3 cells with
SRCR for 5 h, Ca2+ fux was assessed via fow cytometry; (c-d) after incubating cells with SRCR for 24 h, the expression of GRP78, GRP94,
calpain I, and calpain II was assessed via western blot analysis; (e-f) after pretreating cells with BAPTA-AM (10 μM) for 30min and SRCR
(240 μg/mL) for 48 h, cell proliferation was analyzed via a CCK-8 assay. Results are expressed as mean± SD. ∗p< 0.05 compared to the
control group; #p< 0.05 compared to the SRCR-treated group.

8 Journal of Food Biochemistry



Control 30 60 120 240 480

300

250

200

150

100

50

0Ca
sp

as
e 3

 ac
tiv

ity
 (%

 o
f c

on
tr

ol
)

*

* * *
*

SRCR (µg/mL)

SCC4

(a)

Control 30 60 120 240 480

300

250

200

150

100

50

0Ca
sp

as
e 3

 ac
tiv

ity
 (%

 o
f c

on
tr

ol
)

*
*

*

SRCR (µg/mL)

HSC3

(b)

Control 30 60 120 240 480

350

300

250

200

150

100

50

0Ca
sp

as
e 9

 ac
tiv

ity
 (%

 o
f c

on
tr

ol
)

**
*

*

*

SRCR (µg/mL)

SCC4

(c)

Control 30 60 120 240 480

350

300

250

200

150

100

50

0Ca
sp

as
e 9

 ac
tiv

ity
 (%

 o
f c

on
tr

ol
)

*

**

*

*

SRCR (µg/mL)

HSC3

(d)

Control 30 60 120 240 480
SRCR (μg/mL)

*

2.5

2.0

1.5

1.0

0.5

0.0

Pr
o-

ca
sp

as
e3

Cl
ea

ve
d-

ca
sp

as
e3

Pr
o-

ca
sp

as
e9

Cl
ea

ve
d-

ca
sp

as
e9

Pro-
caspase 3

Cleaved-
caspase 3

Pro-
caspase 9

Cleaved-
caspase 9

re
la

tiv
e p

ro
te

in
 ex

pr
es

sio
n

**
*

*
*

*
*

*

*
**

*

*

SCC4
Control
SRCR 30 μg/mL
SRCR 60 μg/mL
SRCR 120 μg/mL
SRCR 240 μg/mL
SRCR 480 μg/mL

β-actin

Cell: SCC4

(e)

Control 30 60 120 240 480

SRCR (μg/mL)

*

2.5

2.0

1.5

1.0

0.5

0.0

Pr
o-

ca
sp

as
e3

Cl
ea

ve
d-

ca
sp

as
e3

Pr
o-

ca
sp

as
e9

Cl
ea

ve
d-

ca
sp

as
e9

re
la

tiv
e p

ro
te

in
 ex

pr
es

sio
n

**
*

*
*

**
*

*
**

*

Control
SRCR 30 μg/mL
SRCR 60 μg/mL

HSC3

SRCR 120 μg/mL
SRCR 240 μg/mL
SRCR 480 μg/mL

Pro-
caspase 3

Cleaved-
caspase 3

Pro-
caspase 9

Cleaved-
caspase 9

β-actin

Cell: HSC3

(f)

*

# #

SCC4

Ce
ll 

pr
ol

ife
ra

tio
n 

(%
 o

f c
on

tr
ol

)

120

100

80

60

40

20

0
-
-
-

-
- -

-
+ +

+
+

+

SRCR
Caspase 3 inh
Caspase 9 inh

(g)

*
# #

HSC-3

Ce
ll 

pr
ol

ife
ra

tio
n 

(%
 o

f c
on

tr
ol

) 120

100

80

60

40

20

0
-
-
-

-
- -

-
+ +

+
+

+

SRCR
Caspase 3 inh
Caspase 9 inh

(h)

Figure 5: SRCR induced activation of caspases in human OSCC cells. (a–d) After incubating SCC4 and HSC3 cells with SRCR for 24 h,
caspase-3 and caspase-9 activity was examined using a caspase activity kit; (e-f) after incubating cells with SRCR at various concentrations
for 24 h, the expression levels of caspase-3 and caspase-9 proteins were examined via western blot analysis; (g-h) after pretreating cells with
a caspase-3 inhibitor (z-DEVD-FMK) or caspase-9 inhibitor (z-LEHD-FMK) for 30min followed by SRCR stimulation for 48 h, cell
proliferation was assessed via a CCK-8 assay. Results are expressed as mean± SD. ∗p< 0.05 compared to the control group; #p< 0.05
compared to the SRCR-treated group.
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Figure 6: SRCR inhibited migration of OSCC cells by modulating expression of MMPs. (a-b) After incubating OSCC cells (HSC3 and
SCC4) with a control solution or various concentrations of SRCR for 24 h, cell movement and migration were measured in vitro using
a wound-healing assay and transwells; (c–f) after incubating OSCC cells (HSC3 and SCC4) with a control solution or various concentrations
of SRCR for 24 h, the expression of MMP2, MMP9, MMP12, and MMP13 mRNA and protein was, respectively, examined via qPCR and
western blot analysis. Data are expressed as mean± SD. ∗p< 0.05 compared to the control group.
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Numerous reports have shown that herb compatibility
(herb pairs) is a prevailing matter in traditional Chinese
medicine (TCM) [7, 27]. Over the centuries, various herb
pairings have been developed and prescribed; however, the
underlying mechanisms remain largely unknown. Sparganii
Rhizoma-Curcumae Rhizoma (SRCR) is an herbal pair

commonly prescribed in TCM owing to its antithrombosis,
antiplatelet, anti-infammatory, and antiviral activities as
well as its ability to promote blood circulation. SRCR is also
used to treat tumors in TCM clinics [9, 28]. Research based
on in vivo and in vitro analysis has demonstrated that the
active compounds in extracts of SR and CR exhibit
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Figure 7: Schematic diagram summarize mechanism by which ROS production and ER stress-regulated apoptosis are induced in human
OSCC. SRCR induced apoptotic signaling in OSCC cells by triggering ROS accumulation, ER stress, mitochondrial dysfunction, and caspase
activation.
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extraordinary antitumor functions [8, 9, 29]. Specifcally, SR
has been shown to suppress HeLa cell growth and viability
while increasing cell apoptotic signaling [8]. SR also exhibits
cytotoxic efects in A549 and MCF-7 cells. Te efect of SR
on cell cycle is attributed to arrest in the S/G2 phase of cell
division [30, 31]. In addition, CR has demonstrated broad-
spectrum antitumor functions in several types of cancer,
including cell cycle arrest, apoptosis, and the suppression of
metastasis [32, 33]. In 2019, Chang et al. provided evidence
that the antitumor function of the SRCR decoction segment
was superior to that of CR or SR alone against fve tumor cell
lines (A549, BGC-823, HeLa, HepG2, and MCF-7) [12].
However, the antitumor efects of SRCR in oral cancer re-
main unclear. Tis is the frst study to report that the an-
titumor efects of SRCR involve targeting multiple functions
in OSCC cells, demonstrating that SRCR-induced cell ap-
optosis involves ROS generation, ER stress, mitochondrial
dysfunction, and fnally, caspase activation. As conventional
therapies for OSCC are largely inefective in terms of
prognosis, these fndings suggest that this combination of
two TCMs may provide an alternative cancer treatment that
could enhance therapeutic outcomes.

Lymphatic metastasis is a common occurrence in OSCC,
resulting in regional metastases in 40% of patients and
distant metastasis in 15% of patients [34]. Te median
survival for those with metastatic OSCC is only three
months [35]. Te process of metastasis involves cancer cell
migration from the primary site followed by the formation of
a secondary tumor at a distant site [36]. Te involvement of
MMPs in tumor disruption, tumor neovascularization, and
metastasis indicates their potential as prognostic markers
and therapeutic targets [37]. Furthermore, our results
showed that SRCR inhibits OSCC cell migration by de-
creasing the expression of MMP12 and MMP13. Tis pre-
liminary research revealed the role of SRCR in inhibiting cell
migration as well as novel insights into the inhibitory efects
of SRCR.

5. Conclusions

Tis study aimed to address the limitations of conventional
therapy for human OSCC. Our results demonstrate that an
aqueous extract of SRCR induced cell apoptosis through
ROS production, mitochondrial dysfunction, and ER stress
signaling. In addition, we found that SRCR inhibited OSCC
cell migration by reducing the expression of MMP12 and
MMP13 (Figure 7). Tese fndings suggest that SRCR could
potentially be an alternative therapeutic agent for the
treatment of OSCC.
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