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Abstract:

Background:

Uncaria gambir or gambier is one of the plants widely found in Indonesia. Gambier is locally known as an antioxidant and antibacterial agent
because it has high catechin content. Ethyl acetate extract of gambier leaves has been investigated to contain the highest catechin content than other
extraction solvents. Fibroblasts are often used in biomaterial viability and toxicity tests because they have a highly reproducible growth rate and
biological response. NIH-3T3 is commonly used as a substitute for human gingival fibroblasts. However, no study has been conducted on the
cytotoxic activity of gambier extract on fibroblast cells.

Objective:

The aim of this study is to evaluate whether the cytotoxic activity of gambier ethyl acetate extract (GEE) exerts on NIH-3T3 cell lines using MTT
assay.

Methods:

The cytotoxic activity of gambier extract was evaluated in three incubation periods. The cytotoxicity test was conducted using an ethyl acetate
extract of gambier (Uncaria gambir Roxb.) leaves. The NIH-3T3 cell was treated by GEE in ten concentrations (0, 2.5, 5, 10, 25, 50, 100, 250, 500,
and  1000  ppm)  for  24-,  48,  and  72-hour  incubation  periods.  Cell  viability  was  determined  with  MTT  (3-4,5-dimethylthiazol-2yl  -2,5-
diphenyltetrazolium bromide) assay. The data were analyzed statistically using SPSS based on ANOVA, followed by Tukey HSD post hoc with
p<0.05 and ANOVA paired sample T-test with p<0.05, and the CD50 value was measured by Sigma Plot software.

Results:

GEE at 2.5, 5, 10, 25, 50, 100, and 250 ppm have cell viability >80%, and cell viability was observed to be increased based on the incubation
period. GEE at 1000 ppm significantly decreased the cell viability from GEE at 0 ppm in 24-, 48-, and 72-hour incubation periods (23.83%,
30.14%, and 19.02%, respectively). Moreover, GEE at 500 ppm became toxic by significantly decreasing the cell viability in 48- and 72-hour
incubation (40.43% and 23.03%, respectively). The CD50 value of GEE at 24-, 48-, and 72-hour incubation was found to be 578.03 ppm, 488.63
ppm, and 470.70 ppm, respectively.

Conclusion:

GEE at 2.5, 5, 10, 25, 50, 100, and 250 ppm were not found to be toxic to NIH-3T3 cells for 24-, 48-, and 72-hour incubation periods.
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1. INTRODUCTION
Plants have been used as one of the most important sources

of medicine. Indonesia, with its wide biodiversity, has plenty of
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resourceful natural materials that should be explored. Gambier
(Uncaria  gambir  Roxb)  is  a  plant  that  widely  grows  in
Indonesia,  such  as  Riau,  West  Sumatra,  South  Sumatra,
Bangka Belitung, and East Kalimantan [1]. Gambier extract is
widely  used  as  an  herb  to  cure  diarrhea,  canker  sores,
dysentery, mouth sores, and skin pain [2]. The previous study
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investigated  that  U.  gambir  comprises  7.63-23.16%  water,
12.24-24.16% tannins,  14.76-86.71% catechins,  1.43-25.24%
ash, as well as 5.58-46.28% water-insoluble compounds [3 - 5].
Based on a previous study, ethyl acetate extract from gambier
leaves has been investigated. It was found that catechin content
is higher than other solvents, such as methanol and hot water
[6].  Catechin  is  a  secondary  metabolite  characterized  as  a
flavonoid.  Catechin  is  the  main  compound in  various  plants,
such  as  green  tea,  cocoa,  beans,  and  gambier  extract  [7].
Studies on catechin in vitro and in vivo have revealed that it has
antioxidant, anticarcinogenic, anti-inflammatory, antiatheroge-
nic, and hypoglycemic properties, as well as antibacterial and
antiviral  properties  [8].  However,  further  studies  on  ethyl
acetate  extract  need  to  be  conducted.

Gambier  extract  has  the  potential  to  act  as  antibacterial,
antioxidant, and anti-fungal in oral treatment [9]. A previous
study evaluated gambier extract as an antioxidant using DPPH
methods. The result showed that the DPPH inhibitory activity
of  ethanol  and  ethyl  acetate  extracts  was  higher  than  that  of
aqueous  extracts.  Moreover,  the  IC50  values  of  ethanol  and
ethyl acetate extracts were in the range of 13.8 to 16.2 μg/mL,
and the IC50 values of aqueous extracts were 27.4 μg/mL [10].
The antioxidant activity of gambier extract was also evaluated
by  lipid  peroxidation.  Gambier  extract  showed  anti-lipid
peroxidation against Fe2+- induced lipid peroxidation at 250
μM concentration [11]. In a study conducted by Nordin et al.,
gambier  extract  exhibited  higher  inhibitory  effects  in  lipid
peroxidation  than  α-tocopherol  [12].  In  general,  gambier
extracts  have  high  antioxidant  activities  [13]  and  have  been
evaluated  as  antibacterial  agents.  In  a  study,  gambier
demonstrated antibacterial activity by decreasing the value of
the  Total  Bacterial  Plate  Number  (TPN)  for  the  additive  of
hand soap [14]. Moreover, gambier extract also inhibited the
Streptococcus mutans [15]. A previous study showed that the
gambier  extract  exerted  higher  antibacterial  activity  against
gram-negative bacteria E. coli and Salmonella sp. than a gram-
positive bacterium, Staphylococcus aureus [16]. Other studies
have also confirmed that gambier extract has anti-inflammatory
[17], anticancer [18], and antidiabetic [19] properties.

Oral  diseases,  such  as  periodontal  disease,  dental  caries,
oral mucosal lesions, and tooth loss, are becoming major health
problems worldwide  [20].  Dental  implants  are  an  alternative
treatment to replace teeth lost due to periodontal disease, which
has been increased due to their high success rate and comfort in
dentures  [21,  22].  However,  implant  failure  can  still  occur,
especially during the implant healing process. In this process,
bone regeneration and healing occur between the implant and
bone,  which  takes  3  months  to  more  than  6  months  [23].
However,  bone  implants  (autograft  and  allograft)  have  some
drawbacks, such as limited resources, extra-invasive surgery,
and  immunological  rejection  [24].  For  these  reasons,
innovation is needed in agents that can effectively enhance the
inflammation process in implant installation, bone formation,
and regeneration.

In  dentistry,  many  in  vitro  studies  have  evaluated  the
biocompatibility, toxicity, and efficacy of dental materials [25].
The selection of fibroblast cells for cytotoxic testing is due to
fibroblasts being the most common cells in the pulp, which is

the target of the chemical components tested [26]. Fibroblasts
are  cells  that  form  the  basis  of  connective  tissue  and  help
connective  tissue  derivatives,  such  as  bone,  cartilage,  and
blood, to differentiate [27]. Fibroblasts are known to function
in  response  to  inflammation  by  recruiting  immune  cells,
producing  cytokines  and  chemokines,  and  modifying  tissues
during wound healing [28, 29]. The synthesis of new tissue by
fibroblasts  is  required  to  rebuild  tissue  in  response  to  injury
[30].  Fibroblast  cells  are  required  for  periodontal  ligament
regeneration because they are the first cells to come into touch
with the irrigant when it extrudes from the apical foramen [31].
NIH-3T3 is one of the cells that is often used in viability and
toxicity tests [32]. For example, in dentistry, NIH-3T3 cells are
used as a substitute for human gingival fibroblasts. NIH-3T3
cells are a continuous cell line that has a highly reproducible
growth rate and biological response [33, 34].

Due to its bioactivity, numerous studies have investigated
natural  extract  in  dental  treatments,  such  as  dental  caries,
periodontal disease, pulp pathology, dental restorative, and oral
cancer  [7].  Moreover,  a  previous  study  investigated  the
application  of  gambier  extracts,  such  as  formulations  in
mouthwash  and  toothpaste  [9].  The  antioxidant,  anti-
inflammatory, and anti-bacterial properties of gambier trigger
further research in vitro and in vivo. Therefore, further research
is  needed  on  fibroblast  cells.  In  addition,  the  potential  of
gambier  extract  also  needs  further  research.  Based  on  our
knowledge,  no  study  evaluated  the  cytotoxic  activity  of
gambier extract on NIH-3T3 cells. In this study, we evaluated
the  cytotoxic  activity  of  Uncaria  gambir  or  gambier  ethyl
acetate extract (GEE) on NIH-3T3 cells. The null hypothesis
was tested that GEE on various concentrations and incubation
periods  does  not  affect  the  cell  viability  of  NIH-3T3.
Furthermore,  the  cytotoxic  activity  was  evaluated  using  the
MTT  method.  We  measured  the  cell  viability  and  cytotoxic
parameter by CD50 value.

2. MATERIALS AND METHODS

2.1. Materials

The materials used for the cytotoxicity test were obtained
from ethyl acetate extract of gambier (Uncaria gambir Roxb.)
leaves.  The  gambier  leaf  was  obtained  from  Padang,  West
Sumatra,  Indonesia.  The  chemicals  used  were  dimethyl
sulfoxide (DMSO) (Sigma-Aldrich, D8418), 70% alcohol, the
Dulbecco's  Modified  Eagle's  Medium  (DMEM,  Gibco:
1195065), trypsin-EDTA (Gibco: 25200072), phosphate buffer
saline  (PBS,  Gibco:  10010049),  Fetal  Bovine  Serum  (FBS,
Gibco:  10270206),  1%  penicillin/streptomycin  (10.000
Unit/mL) (Gibco: 1514022), trypan blue and MTT reagent 3-
(4,5-dimethylthiazol-2-il)  -2,5-diphenyltetrazolium  bromide
(M2128,  Sigma-Aldrich),  and  reagent  stopper.

2.2. Preparations of Uncaria gambir Extract

For  extraction,  maceration  methods  were  employed  with
methanol as a solvent for 3×24 hours.  Then, the solvent was
evaporated using a rotary evaporator, and an extract paste was
obtained. The paste was diluted with water and partitioned with
a  separating  funnel.  Partition  split  was  done  twice.  The  first
partition was separated with n-hexane, and the second partition
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was  done  using  ethyl  acetate  [35,  36].  The  gambier  ethyl
acetate extract (GEE) was used for the next test. GEE was used
in ten concentrations, namely 1000, 500, 250, 100, 50, 25, 10,
5, 2.5, and 0 ppm in DMSO. The 0-ppm was used as a control.

2.3. Cell Culture

Mouse  embryonic  fibroblast  cells  (NIH-3T3  cell  line,
ATCC  CRL-1658)  were  cultured  at  Cell  Culture  and
Cytogenetic  Laboratory,  Padjadjaran  University,  Bandung,
Indonesia.  Cells  were  cultured  in  DMEM  supplemented  by
10%  FBS  and  1%  penicillin/streptomycin.  The  cell  was
incubated at 37°C in a humidified atmosphere with 5% of CO2

[37].

2.4. Cytotoxic Assay

The cytotoxic activity of GEE was evaluated by MTT (3-
[4.5-dimethylthiazol- 2-yl]-2.5 diphenyl tetrazolium bromide)
at  Cell  Culture  and  Cytogenetic  Laboratory,  Padjadjaran
University, Bandung, Indonesia. An 80% cell confluency was
seeded  in  a  96-well  plate  with  5×103  cells  per  well.  GEE  at
various concentrations (1000, 500, 250, 100, 50, 25, 10, 5, 2.5,
and 0 ppm) was added to each well. The plates were incubated
for 24-, 48-, and 72 hours. The medium was removed, and the
MTT  (5  mg/mL  in  PBS)  was  added;  then,  the  plates  were
incubated for 2-4 hours. The MTT crystals were homogenized
in 100 μL DMSO to each well. Absorbance was measured at
570  nm  using  a  spectrophotometer  (Spectra  MAX  PLUS,
Molecular  Devices,  Sunny  vale,  CA,  USA)  [38  -  40].

2.5. Statistical Analysis

The data were presented as the mean ± standard deviation.
Statistical  analysis  was  performed  with  SPSS  software  20.0
version (SPSS Inc., USA). The obtained data were analyzed by
one-way ANOVA test followed by Tukey HSD post hoc with
p<0.05.  Pairwise  comparison  was  analyzed  using  ANOVA
paired  sample  T-test  with  p<0.05.  The  CD50  value  was
measured by SigmaPlot™ 13 software (Systat  Software Inc.,
San Jose, CA, USA).

3. RESULTS

In this study, we investigated the cytotoxic activity of the
gambier  extract  on  NIH-3T3 cells  using  an  MTT assay.  The
effect of GEE on the cell viability of NIH-3T3 at 24-, 48, and
72 hours can be seen in Figs. (1-3), respectively. The effect of
GEE on the microscopic morphology of NIH-3T3 cells at 24-,
48-, and 72 hours can be seen in Fig. (4).

The  highest  GEE  concentration  (1000  ppm)  showed  the
lowest cell viability percentage significantly to 0 ppm for all
time  treatments.  The  CD50  for  all  incubation  periods  can  be
seen in Table 1. CD50 of GEE in 24-hour treatment was 578.03
ppm. Treatment of 48 hours for GEE showed the lowest cell
viability  percentage  significantly  to  0  ppm at  1000  ppm and
500 ppm. GEE at 1000 ppm showed the smallest cell viability
value, which was 30.14%, and GEE cell viability at 500 ppm
was  40.43%.  The  CD50  of  GEE  in  48-hour  treatment  was
488.63  ppm.

Fig.  (1).  Effect  of  GEE  treatments  on  cell  viability  of  NIH-3T3
fibroblast  cell  at  24  hours.
*Three  replicates  were  used  to  determine  the  cytotoxicity  of  each
concentration.  Data  were  presented  as  means  ±  standard  deviation.
Different  letters  (a,  b)  show  significant  differences  among
concentrations  with  P<0.05  based  on  ANOVA  Tukey  post  hoc.

Fig.  (2).  Effect  of  GEE  treatments  on  cell  viability  of  NIH-3T3
fibroblast  cell  at  48  hours.
*Three  replicates  were  used  to  determine  the  cytotoxicity  of  each
concentration.  Data  were  presented  as  means  ±  standard  deviation.
Different  letters  show  significant  differences  among  concentrations
with P<0.05 based on ANOVA Tukey post hoc.

Fig.  (3).  Effect  of  GEE  treatments  on  cell  viability  of  NIH-3T3
fibroblast  cell  at  72  hours.
*Three  replicates  were  used  to  determine  the  cytotoxicity  of  each
concentration.  Data  were  presented  as  means  ±  standard  deviation.
Different  letters  show  significant  differences  among  concentrations
with P<0.05 based on ANOVA Tukey post hoc.
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Fig.  (4).  Effect  of  GEE  treatments  at  various  concentrations  on  the
microscopic appearance of NIH-3T3 fibroblast cell at 24-, 48-, and 72-
hour incubation periods.

Table 1. The CD50 of GEE in NIH-3T3 cells for 24-hour, 48-
hour, and 72-hour incubation periods.

Incubation Periods (Hours) CD50 (ppm)
24 578.03
48 488.63
72 470.70

Treatment  of  72  hours  for  GEE  showed  the  lowest  cell
viability  percentage  significantly  to  0  ppm at  1000  ppm and
500 ppm. GEE at 1000 ppm showed the smallest cell viability
value  at  19.02%,  and  GEE  cell  viability  at  500  ppm  was
23.03%.  The  CD50  of  GEE  in  72-hour  treatment  was  470.70
ppm.  Based  on  (Figs.  1-3),  the  longer  treatment  time
demonstrated  lower  cell  viability,  especially  at  high
concentrations  (1000  ppm).  Moreover,  500  ppm  of  GEE
showed  a  toxicity  effect  on  NIH-3T3  cells  after  48-  and  72
hours of treatment.

The  cell  viability  %  in  24-,  48-,  and  72-hour  incubation
periods  for  each  concentration  were  in  accordance  with  the
density  of  the  cell  (Fig.  4).  The  48-  and  72-hour  incubation
periods  (Fig.  4)  showed  a  decrease  in  density  of  cells,
especially after 500 ppm of GEE. Analysis based on incubation
periods  is  shown  in  Table  2.  No  significant  difference  was
found  among  24-,  48-,  and  72-h  incubation  periods  of  GEE
treatment on cell viability % of NIH-3T3.

4. DISCUSSION
In the present study, the cytotoxic of GEE was evaluated

on NIH-3T3 cells by the MTT method. The results warrant the
rejection of the null hypothesis that the addition of GEE does
not affect the viability of NIH-3T3 cells. The results showed an
increase in the viability of  cells  with the addition of  2.5-250
ppm GEE compared to 0 ppm GEE treatment at 24-, 48-, and

72-hour incubation periods. The result also showed that GEE at
1000 ppm was toxic to NIH-3T3 cells on 24-hours incubation
periods  with  a  significant  decrease  in  the  cell  viability
percentage <80%. In addition, 500 ppm of GEE was toxic to
NIH-3T3 cells at 48-hour and 72-hour incubation periods.

The  GEE  at  1000  ppm  showed  the  lowest  cell  viability,
which  was  23.83%.  The  value  of  cell  viability  in  24-hour
treatment is not based on the concentration of GEE. There was
an increase  in  cell  viability  at  concentrations  of  50  ppm and
250  ppm  compared  to  0  ppm  GEE,  with  cell  viability  of
104.75%  and  104.05%,  respectively.  A  previous  study
investigated the cell viability of U. gambir  extracts on RAW
264.7 cells. It was found that 1, 10, and 100 μg/mL (ppm) of U.
gambir extract for 24 hours were not toxic to RAW 264.7 cells.
The cell viability increased from the control [41]. This result
was in line with the present study, which demonstrated that the
addition of U. gambir extract in the range of 2.5 to 100 ppm for
24-hours  incubation  periods  was  non-toxic  to  the  cell.
Furthermore,  another  study showed that  250 and 500 μg/mL
concentrations of U. gambir extract were non-toxic to human
gingival fibroblast cells (HGFC). Moreover, U. gambir extract
at 500 μg/mL showed the highest cell viability than 250 μg/mL
concentration of U. gambir extract [12]. These results were in
line with the present study, in which 10-500 μg/mL (ppm) of
U. gambir extract was non-toxic to the cell. GEE for 24 hours
at  2.5-500  ppm was  non-toxic  to  the  NIH-3T3 cell  with  cell
viability % of up to 80% (Fig. 1).

In  our  study,  GEE  has  shown  cytotoxic  activity  in  the
concentration  of  1000  ppm  for  all  incubation  periods,  while
GEE at 500 ppm demonstrated cytotoxic activity after 48- and
72-hour incubation. GEE at 500 ppm and 1000 ppm were toxic
to NIH-3T3 cells by decreasing the cell viability significantly
to  0  ppm.  Similar  to  the  results  of  the  treatment  time  of  24
hours, the value of cell viability at 48 hours of treatment was
not based on the concentration of GEE. There was a significant
increase in cell viability at concentrations of 50 ppm, 100 ppm,
and 250 ppm compared to 0 ppm of GEE. GEE concentrations
of  50  ppm,  100  ppm,  and  250  ppm  indicated  cell  viability
values of 119.30%, 110.60%, and 105.14%, respectively.

U. gambier has long been used as an alternative medicine
traditionally. The main component of U. gambir extract, which
is well known, is catechin [42]. The previous study showed that
catechin  at  1,  10,  and  100  μM increased  the  proliferation  of
cells significantly than control NIH-3T3 cells in an oxidative
stress  state  [18].  Moreover,  the  ethyl  acetate  extract  of  U.
gambir showed the highest total phenolic content, followed by
catechin  and  tannin  content,  compared  to  water  and  ethanol
extract [6]. Concerning this, the increase in cell viability in U.
gambir  treatment  can  be  caused  by  the  high  content  of
catechin.

Table 2. The pairwise comparison between 24 h vs. 48 h, 24 h vs. 72 h, and 48 h vs. 72 h.

- Mean Std. Deviation Std. Error Mean 95% Confidence Interval of the Difference t df Sig. (2-tailed)
Lower Upper

24 h – 48 h 2.64443 21.39264 3.90574 -5.34371 10.63258 0.677 29 0.504
24 h – 72 h -0.47779 25.87204 -10.13857 -10.1385 9.18299 -0.101 29 0.920
48 h – 72 h -3.12222 15.84357 -9.03831 -9.03831 2.79386 -1.079 29 0.289

Note: *Data were presented as means ± standard deviation. Statistical analysis of significant differences between 24 h vs. 48 h, 24 h vs. 72 h, and 48 h vs. 72 h with P<0.05
based on ANOVA Paired Sample T-Test.
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Cytotoxic  tests  are  used  to  evaluate  the  biomaterial's
extract  reaction  toward  cell  culture  [43].  The  present  study
evaluated  the  cytotoxic  activity  of  gambier  extract  using  the
MTT method by measuring the cell viability. The parameters
of  cytotoxic  activity  in  this  study  were  cell  viability  %  and
CD50  value.  In  cytotoxic  activity,  the  CD50  value  is  a
concentration of the sample that inhibits the 50% proliferation
of the cell. The higher the CD50 value, the less toxic the sample
is  to  the  cells  [44].  In  this  study,  the  CD50  value  of  GEE
decreased depending on the incubation period. The CD50 value
of GEE at the 24 hours incubation period was 578.03 ppm, the
CD50  at  48  hours  was  488.63  ppm,  and  at  72  hours,  it  was
470.70 ppm (Table  1).  GEE has  a  CD50  value  >  100 ppm.  It
was indicated that GEE was non-toxic to NIH-3T3 cells.

This  study showed that  the  use  of  GEE was  not  toxic  to
fibroblast  cells.  GEE  is  a  potent  natural  product  in  bone
formation and regeneration therapy. The potential of GEE on
cytotoxic  activity  needs  to  be  further  studied  toward  more
periodontal cells to explore the bioactivity of gambier extract
and also in in vivo study to observe the bone healing process.
Moreover, additional testing is required to amplify the GEE as
an adjuvant bone formation and regeneration agent. Hence, our
study can be useful in providing new information or supporting
information for further study of U. gambir bioactivity.

CONCLUSION

The present study showed that GEE at 1000 ppm affected
the cell viability of NIH-3T3 in all incubation periods (24-, 48-,
and 72 hours). Moreover, GEE at 500 ppm concentration in 48-
and 72-hour incubation demonstrated cell viability of < 80%.

LIST OF ABBREVIATIONS

ANOVA = Analysis of Variance

CD = Cytotoxic Dose

DMEM = Dulbecco's Modified Eagle's Medium

DMSO = Dimethyl Sulfoxide

FBS = Fetal Bovine Serum

GEE = Gambier Ethyl Acetate Extract

HGFC = Human Gingival Fibroblast Cells

IC = Inhibitory Concentration

PBS = Phosphate Buffer Saline

SPSS = Statistical Package for the Social Sciences

ETHICS  APPROVAL  AND  CONSENT  TO
PARTICIPATE

Not applicable.

HUMAN AND ANIMAL RIGHTS

No animals and humans were used in the studies that are
the basis of this research.

CONSENT FOR PUBLICATION

Not applicable.

AVAILABILITY OF DATA AND MATERIAL

The  data  that  support  the  findings  of  this  study  are
available  from  the  corresponding  author,  [F.P],  on  special
request.

FUNDING

None.

CONFLICT OF INTEREST

The authors declare that there are no conflicts of interest
regarding the publication of this article.

ACKNOWLEDGEMENTS

The  authors  would  like  to  thank  Cell  Culture  and
Cytogenetic  Laboratory,  Eyckman  Laboratory  Padjadjaran
University,  Bandung,  Indonesia,  for  providing  facilities  and
valuable assistance.

REFERENCE

Arief S, Nasution FW, Zulhadjri AL. High antibacterial properties of[1]
green synthesized gold nanoparticles using Uncaria gambir Roxb. leaf
extract and triethanolamine. J Appl Pharm Sci 2020; 10(08): 124-30.
Musdja MY, Rahman HA, Hasan D. Antioxidant activity of catechins[2]
isolate of Uncaria gambier Roxb in male rats. Life (Jaipur) 2018; 4(2):
34-46.
[http://dx.doi.org/10.20319/lijhls.2018.42.3446]
Ismail AS, Rizal Y, Armenia A, Kasim A. Identification of bioactive[3]
compounds in gambier (Uncaria gambir) liquid by-product in West
Sumatra, Indonesia. Biodiversitas 2021; 22(3): 1474-80.
Miksusanti , Fithri AN, Herlina , Wijaya DP, Taher T. Optimization of[4]
chitosan–tapioca starch composite as polymer in the formulation of
gingival mucoadhesive patch film for delivery of gambier (Uncaria
gambir Roxb) leaf extract. Int J Biol Macromol 2020; 144: 289-95.
[http://dx.doi.org/10.1016/j.ijbiomac.2019.12.086] [PMID: 31838069]
Kasim A, Asben A, Mutiar S. Study of the quality of gambier and its[5]
relationship to the characteristics of tanned skin. J Leath Rubb Plast
2015; 31(1): 55-64.
Kassim MJ, Hussin MH, Achmad A, Dahon NH, Suan TK, Hamdan[6]
HS.  Determination of  total  phenol,  condensed tannin  and flavonoid
contents and antioxidant activity of Uncaria gambir extracts. Indones J
Pharm 2011; 50-9.
Mohd Azmi F, MP Sockalingam SN, Mohd Said M, Irfani Zakaria AS.[7]
Clinical  applications  of  catechin  in  dentistry:  A review.  J  Nat  Rem
2020; 20(1): 2-15.
[http://dx.doi.org/10.18311/jnr/2020/23941]
Ribeiro GAC, da Rocha CQ, Veloso WB, Fernandes RN, da Silva IS,[8]
Tanaka AA. Determination of the catechin contents of bioactive plant
extracts using disposable screen-printed carbon electrodes in a batch
injection analysis (BIA) system. Microchem J 2019; 146: 1249-54.
[http://dx.doi.org/10.1016/j.microc.2019.02.058]
Achmad H, Rieuwpassa IE, Djais AI, Riyanti E, Primarti RS, Ilham[9]
AI. Gambier Extract (Uncaria gambier Roxb.) as herbal treatment for
the  oral  cavity:  A  systematic  review.  Sys  Rev  Pharm  2021;  12(6):
1982-7.
Zhang  Q,  Zhao  JJ,  Xu  J,  Feng  F,  Qu  W.  Medicinal  uses,[10]
phytochemistry  and  pharmacology  of  the  genus  Uncaria.  J
Ethnopharmacol  2015;  173:  48-80.
[http://dx.doi.org/10.1016/j.jep.2015.06.011] [PMID: 26091967]
Ningsih  S,  Fachrudin  F,  Rismana  E,  et  al.  Evaluation  of  antilipid[11]
peroxidation activity of gambir extract on liver homogenat in vitro. Int
J Pharm Tech Res 2014; 6(3): 982-9.
Nur Sazwi N, Nalina T, Rahim ZHA. Antioxidant and cytoprotective[12]
activities of Piper betle, Areca catechu, Uncaria gambir and betel quid
with and without calcium hydroxide. BMC Complement Altern Med
2013; 13(1): 351.
[http://dx.doi.org/10.1186/1472-6882-13-351] [PMID: 24330738]
Saad MFM, Goh HH, Rajikan R, Yusof TRT, Baharum SN, Bunawan[13]
H.  Uncaria  gambir  (W.  Hunter)  Roxb:  From  phytochemical
composition to pharmacological importance. Trop J Pharm Res 2020;

http://dx.doi.org/10.20319/lijhls.2018.42.3446
http://dx.doi.org/10.1016/j.ijbiomac.2019.12.086
http://www.ncbi.nlm.nih.gov/pubmed/31838069
http://dx.doi.org/10.18311/jnr/2020/23941
http://dx.doi.org/10.1016/j.microc.2019.02.058
http://dx.doi.org/10.1016/j.jep.2015.06.011
http://www.ncbi.nlm.nih.gov/pubmed/26091967
http://dx.doi.org/10.1186/1472-6882-13-351
http://www.ncbi.nlm.nih.gov/pubmed/24330738


6   The Open Dentistry Journal, 2023, Volume 17 Pramanik et al.

19(8): 1767-73.
[http://dx.doi.org/10.4314/tjpr.v19i8.28]
Nurhayati  C,  Susilawati  N,  Susanto  T,  Marthalia  W,  Nugroho  AK.[14]
Utilization  of  gambier  leaf  extract  (Uncaria  gambier  roxb)  as
antibacterial and natural dyes in making liquid bath soap with natrium
lauryl ether sulfate. IOP Conference Series: Earth and Environmental
Science. Yogyakarta, Indonesia. 2022; p. 012059.
[http://dx.doi.org/10.1088/1755-1315/963/1/012059]
Inmawaty  J,  Sudjarwo  I,  Satari  MH.  Inhibitory  concentrations  of[15]
gambier  (Uncaria  gambir  Roxb.)  catechins  extract  against
Streptococcus  mutans.  Padjajaran  J  Dent  2012;  24(3):  161-66.
Melia S, Novia D, Juliyarsi I. Antioxidant and antimicrobial activities[16]
of  gambir  (Uncaria Gambir  Roxb)  extracts  and their  application in
rendang. Pak J Nutr 2015; 14(12): 938-41.
[http://dx.doi.org/10.3923/pjn.2015.938.941]
Aditya M, Ariyanti PR. Benefits of Gambir (Uncaria gambir Roxb) as[17]
Antioxidants.  Indonesian  Medical  Journal  of  Lampung  University
2016; 5(3): 129-33.
Syarifah S, Widyawati T, Rita Anggraini D, Sari Wahyuni A, Indah[18]
Sari M. Anticancer activity of uncaria gambir roxb on T47D breast
cancer cells. J Phys Conf Ser 2019; 1317(1): 012106.
[http://dx.doi.org/10.1088/1742-6596/1317/1/012106]
Zebua  EA,  Silalahi  J,  Julianti  E.  Hypoglicemic  activity  of  gambier[19]
(Uncaria  gambir  Robx.)  drinks  in  alloxan-induced  mice.  IOP
Conference  Series:  Earth  and  Environmental  Science.  Medan,
Indonesia.  2018;  p.  012088.
[http://dx.doi.org/10.1088/1755-1315/122/1/012088]
Shetty  AV,  Anand  G,  Ravinanthan  M,  Basaviah  R.  In  vitro[20]
antimicrobial  and  cytotoxic  effects  of  Anacardium  occidentale  and
Mangifera indica in oral care. J Pharm Bioallied Sci 2015; 7(1): 69-74.
[http://dx.doi.org/10.4103/0975-7406.148780] [PMID: 25709341]
Lee DJ, Lee JM, Kim EJ, et al. Bio-implant as a novel restoration for[21]
tooth loss. Sci Rep 2017; 7(1): 7414.
[http://dx.doi.org/10.1038/s41598-017-07819-z] [PMID: 28784994]
Jeevanandam J, Danquah MK, Pan S. Plant-derived nanobiomaterials[22]
as a potential next generation dental implant surface modifier. Front
Mater 2021; 8: 666202.
[http://dx.doi.org/10.3389/fmats.2021.666202]
Kantawong F, Thaweenan P, Mungkala S, et al. Mucus of Achatina[23]
fulica stimulates mineralization and inflammatoryresponse in dental
pulp cells. Turk J Biol 2016; 40(2): 353-9.
[http://dx.doi.org/10.3906/biy-1505-29]
Garcia CF, Marangon CA, Massimino LC, Klingbeil MFG, Martins[24]
VCA,  Plepis  AMG.  Development  of  collagen/nanohydroxyapatite
scaffolds  containing  plant  extract  intended  for  bone  regeneration.
Mater Sci Eng C 2021; 123: 111955.
[http://dx.doi.org/10.1016/j.msec.2021.111955] [PMID: 33812583]
Sanz JL, Rodríguez-Lozano FJ, Lopez-Gines C, Monleon D, Llena C,[25]
Forner L. Dental stem cell signaling pathway activation in response to
hydraulic  calcium  silicate-based  endodontic  cements:  A  systematic
review of in vitro studies. Dent Mater 2021; 37(4): e256-68.
[http://dx.doi.org/10.1016/j.dental.2021.01.025] [PMID: 33573840]
Ersahan S, Oktay EA, Sabuncuoglu FA, Karaoglanoglu S, Aydın N,[26]
Suloglu  AK.  Evaluation  of  the  cytotoxicity  of  contemporary  glass-
ionomer cements on mouse fibroblasts and human dental pulp cells.
Eur Arch Paediatr 2020; 21(3): 321-8.
[http://dx.doi.org/10.1007/s40368-019-00481-1]
Lynch  MD,  Watt  FM.  Fibroblast  heterogeneity:  Implications  for[27]
human disease. J Clin Invest 2018; 128(1): 26-35.
[http://dx.doi.org/10.1172/JCI93555] [PMID: 29293096]
Davidson  S,  Coles  M,  Thomas  T,  et  al.  Fibroblasts  as  immune[28]
regulators in infection, inflammation and cancer.  Nat Rev Immunol
2021; 21(11): 704-17.
[http://dx.doi.org/10.1038/s41577-021-00540-z] [PMID: 33911232]
Sahai E, Astsaturov I, Cukierman E, et al. A framework for advancing[29]
our  understanding of  cancer-associated fibroblasts.  Nat  Rev Cancer
2020; 20(3): 174-86.
[http://dx.doi.org/10.1038/s41568-019-0238-1] [PMID: 31980749]

Eming  SA,  Wynn  TA,  Martin  P.  Inflammation  and  metabolism  in[30]
tissue repair and regeneration. Science 2017; 356(6342): 1026-30.
[http://dx.doi.org/10.1126/science.aam7928] [PMID: 28596335]
Wahjuningrum D, Elizabeth MK, Puteri F, Mardiyah A, Subiyanto A.[31]
Cytotoxicity  assay  of  sodium  hypochlorite  and  QMix  on  cultured
human periodontal ligament fibroblast cells. J Int Oral Health 2019;
11(4): 204-7.
[http://dx.doi.org/10.4103/jioh.jioh_48_19]
Sari M, Ramadhanti DM, Amalina R, Chotimah , Ana ID, Yusuf Y.[32]
Development of a hydroxyapatite nanoparticle-based gel for enamel
remineralization  —A  physicochemical  properties  and  cell  viability
assay analysis. Dent Mater J 2022; 41(1): 68-77.
[http://dx.doi.org/10.4012/dmj.2021-102] [PMID: 34471039]
Priyaranjan KK, Thota SK, Yaqoob A, Awinashe V, Sayed AJ. An in[33]
vitro assessment of cytotoxicity of polyvinyl siloxane, polyether, and
polyvinyl  ether  silicone  on  NIH/3T3  cells.  J  Contemp  Dent  Pract
2020; 21(11): 1263.
Kavuncu G, Yilmaz AM, Karademir Yilmaz B, et al. Cytotoxicity of[34]
different  nano  composite  resins  on  human gingival  and  periodontal
ligament fibroblast cell lines: An in vitro study. Biomedicines 2020;
8(3): 48.
[http://dx.doi.org/10.3390/biomedicines8030048] [PMID: 32121617]
Hatano T,  Yoshikado N, Taniguchi  S,  et  al.  Uncariagambiriine and[35]
gambircatechol:  Novel  constituents  of  Uncaria  gambir  leaves.
Heterocycles  2009;  77(2):  793.
[http://dx.doi.org/10.3987/COM-08-S(F)73]
Sabarni  S.  Elkawnie:  Int  J  Islam Stud Humanit  2015; 1(1):  105-12.[36]
[The  traditional  technique  of  making  gambier  (Uncaria  gambir
Roxb)].  [Indonesian.].
Sahinturk V, Kacar S, Vejselova D, Kutlu HM. Acrylamide exerts its[37]
cytotoxicity  in  NIH/3T3  fibroblast  cells  by  apoptosis.  Toxicol  Ind
Health 2018; 34(7): 481-9.
[http://dx.doi.org/10.1177/0748233718769806] [PMID: 29734925]
Hindritiani  R,  Dhianawaty  D,  Sujatno  M,  Sutedja  E.  Penurunan[38]
aktivitas  tirosinase  dan  jumlah  melanin  oleh  fraksi  etil  asetat  buah
malaka (Phyllantus emblica) pada mouse melanoma B16 Cell-Line.
Majalah Kedokteran Bandung 2013; 45(2): 118-24.
Bashari MH, Fan F, Vallet S, et al. Mcl-1 confers protection of Her2-[39]
positive  breast  cancer  cells  to  hypoxia:  Therapeutic  implications.
Breast Cancer Res 2016; 18(1): 26.
[http://dx.doi.org/10.1186/s13058-016-0686-4] [PMID: 26921175]
Hardani IN, Damara FA, Nugrahani AD, Bashari MH. Ethanol extract[40]
of  Stylissa  carteri  induces  cell  death  in  parental  and  paclitaxel-
resistant  cervical  cancer  cells.  International  Journal  of  Integrated
Health Sciences 2018; 6(2): 91-6.
[http://dx.doi.org/10.15850/ijihs.v6n2.1378]
Gustia  E,  Aldi  Y,  Hefni  D,  Kamal  S,  Wahyuni  FS.  The[41]
immunostimulant activities of the gambir (Uncaria gambir Roxb) on
Raw  264.7  cell.  Proceedings  of  2nd  International  Conference  on
Contemporary Science and Clinical Pharmacy 2021 (ICCSCP 2021).
284-90.
[http://dx.doi.org/10.2991/ahsr.k.211105.041]
Yunarto  N,  Intan  PR,  Kurniatri  AA,  Sulistyowati  I,  Aini  N.  Anti-[42]
Inflammatory activities of ethyl acetate fraction from Uncaria gambir
leaves through the inhibition of edema, COX-2 and iNOS expression.
Proceeding of 4th International Symposium on Health Research (ISHR
2019). 108-12.
[http://dx.doi.org/10.2991/ahsr.k.200215.021]
Przekora  A.  The  summary  of  the  most  important  cell-biomaterial[43]
interactions that need to be considered during in vitro biocompatibility
testing of bone scaffolds for tissue engineering applications. Mater Sci
Eng C 2019; 97: 1036-51.
[http://dx.doi.org/10.1016/j.msec.2019.01.061] [PMID: 30678895]
Amna U, Halimatussakdiah PW, Wahyuningsih P, Saidi N, Nasution[44]
R. Evaluation of cytotoxic activity from Temurui (Murraya koenigii
[Linn.] Spreng) leaf extracts against HeLa cell line using MTT assay. J
Adv Pharm Technol Res 2019; 10(2): 51-5.
[http://dx.doi.org/10.4103/japtr.JAPTR_373_18] [PMID: 31041182]

© 2023 The Author(s). Published by Bentham Open.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

http://dx.doi.org/10.4314/tjpr.v19i8.28
http://dx.doi.org/10.1088/1755-1315/963/1/012059
http://dx.doi.org/10.3923/pjn.2015.938.941
http://dx.doi.org/10.1088/1742-6596/1317/1/012106
http://dx.doi.org/10.1088/1755-1315/122/1/012088
http://dx.doi.org/10.4103/0975-7406.148780
http://www.ncbi.nlm.nih.gov/pubmed/25709341
http://dx.doi.org/10.1038/s41598-017-07819-z
http://www.ncbi.nlm.nih.gov/pubmed/28784994
http://dx.doi.org/10.3389/fmats.2021.666202
http://dx.doi.org/10.3906/biy-1505-29
http://dx.doi.org/10.1016/j.msec.2021.111955
http://www.ncbi.nlm.nih.gov/pubmed/33812583
http://dx.doi.org/10.1016/j.dental.2021.01.025
http://www.ncbi.nlm.nih.gov/pubmed/33573840
http://dx.doi.org/10.1007/s40368-019-00481-1
http://dx.doi.org/10.1172/JCI93555
http://www.ncbi.nlm.nih.gov/pubmed/29293096
http://dx.doi.org/10.1038/s41577-021-00540-z
http://www.ncbi.nlm.nih.gov/pubmed/33911232
http://dx.doi.org/10.1038/s41568-019-0238-1
http://www.ncbi.nlm.nih.gov/pubmed/31980749
http://dx.doi.org/10.1126/science.aam7928
http://www.ncbi.nlm.nih.gov/pubmed/28596335
http://dx.doi.org/10.4103/jioh.jioh_48_19
http://dx.doi.org/10.4012/dmj.2021-102
http://www.ncbi.nlm.nih.gov/pubmed/34471039
http://dx.doi.org/10.3390/biomedicines8030048
http://www.ncbi.nlm.nih.gov/pubmed/32121617
http://dx.doi.org/10.3987/COM-08-S(F)73
http://dx.doi.org/10.1177/0748233718769806
http://www.ncbi.nlm.nih.gov/pubmed/29734925
http://dx.doi.org/10.1186/s13058-016-0686-4
http://www.ncbi.nlm.nih.gov/pubmed/26921175
http://dx.doi.org/10.15850/ijihs.v6n2.1378
http://dx.doi.org/10.2991/ahsr.k.211105.041
http://dx.doi.org/10.2991/ahsr.k.200215.021
http://dx.doi.org/10.1016/j.msec.2019.01.061
http://www.ncbi.nlm.nih.gov/pubmed/30678895
http://dx.doi.org/10.4103/japtr.JAPTR_373_18
http://www.ncbi.nlm.nih.gov/pubmed/31041182
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/legalcode

	Cytotoxic Activity of Gambier Leave (Uncaria gambir) Ethyl Acetate Extract on Mouse Embryonic Fibroblast Cell (NIH-3T3) using MTT Assay 
	[Background:]
	Background:
	Objective:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Materials
	2.2. Preparations of Uncaria gambir Extract
	2.3. Cell Culture
	2.4. Cytotoxic Assay
	2.5. Statistical Analysis

	3. RESULTS
	4. DISCUSSION
	CONCLUSION
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIAL
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCE




