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생강 주성분의 조골세포 적합성 및 항균 효과
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Osteoblast cytocompatibility and antibacterial effect of ginger main compounds
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Yong-Seok Jang, Tae-Hwan Kim, Tae-Sung Bae, Min-Ho Lee*
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생강은 전 세계적으로 매운 음식과 전통 의학에서 사용되어지고 있다. 생강 내 페놀 화합물인 진저롤과 쇼가올은 세포 활성과
항균 효과를 가지고 있다고 알려져 있다. 본 연구의 목적은 6-, 8-, 10-gingerol과 6-, 8-, 10-shogaol이 조골세포에 대한 세포적합성과
대표적인 구강미생물들에 대한 항균효과를 조사하는 것이다. 진저롤과 쇼가올의 화학 구조는 FT-IR으로 분석하였으며, 온도와 pH에
따른 안정성은 UPLC로 분석하였다. Streptococcus mutans와 Porphyromonas gingivalis에 대한 생강 화합물의 항균특성을 확인하였고,
MC3T3-E1 세포 적합성을 평가하였다. 세포 생존율 및 박테리아 성장은 WST-8 분석을 통해 평가하였다. 세포 형태학적 분석은
크리스탈 바이올렛 염색 후 광학현미경으로 관찰하였다. 조골세포의 분화와 산화 스트레스는 Alkaline phosphatase (ALP)와 H2O2
assay를 이용하여 평가하였다. 모든 생강 화합물 군에서 수산기, 카르보닐기 및 방향족 고리와 관련된 화학적 결합이 확인되었다.
진저롤과 쇼가올 군 모두 상온의 산성 및 중성 pH에서 우수한 안정성을 보였다. 또한 모든 생강 화합물은 Streptococcus mutans에
-6
비해 Porphyromonas gingivalis에서 보다 우수한 항균효과를 보였다. 10 M 미만의 10-진지롤 및 모든 쇼가올 군들은 조골세포에
-6
대해 세포독성을 보이지 않았다. 산화 스트레스는 모든 군에서 통계적으로 유의한 차이를 보이지 않았으며, ALP 활성은 10 M
농도 이하의 모든 군에서 정상 세포군과 유의한 차이를 보이지 않았다. 종합해보면 진저롤보다 쇼가올에서 더욱 우수한 항균특성
및 세포적합성이 확인되었다.
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Introduction

from chronic inflammatory diseases and possess antiinflammatory and antioxidant activity, as well as chemo-

Ginger (Zingiber Officinale) is a member of the

preventive effects (14, 15). However, must of these studies

Zingiberaceae family and is frequently added to human

focus on the exploration of 6-gingerol alone. On the other

consumption as a condiment, ginger rhizome has strong

hand, some authors have identified the mechanisms of

aroma and flavor, also pungent taste (1). It is also use

action of shogaols superior to gingerols. Swarnalaha et

as a remedy in traditional medicine system (2), and had

al (16), identified 6-shogaol as a promising compound

been attributed therapeutic effect in treatment of diseases

with antioxidant and anti-inflammatory properties.

such as nausea, vomiting, asthma, palpitation, inflam-

Similarly, Ghasemzadeh et al (17), found higher radical

mation, rheumatism, hypertension, loss of appetite,

scavenging ability on ginger extract with high shogaol

digestion and pain (3, 4). More than 400 bioactive

content.

components have been detected in ginger rhizome

Ginger extract also has presented antimicrobial activity

including phenolic compounds, terpenes, polysacc-

against pathogenic microorganisms such as Escherichia

harides, lipids, organic acids and oleoresins. However,

coli, Staphylococcus aureus and Candida albicans (18,

the amount of the components found in ginger rhizomes

19). Isolated phenolic compounds, 10-gingerol and

vary depending on location, harvesting period, extraction

12-gingerol evidenced potent antibacterial activity against

method or drying method (5, 6). During in-vitro analyses

anaerobic bacteria associated with human periodontitis

of ginger extract effects have been found antimicrobial

(20). In contrast, antibacterial effect can be affected by

activity which can help in treatment of infections (7),

application of different drying methods as Ghasemzadeh

bioactive molecules of ginger have shown scavenging

et al showed (17) the inhibitory effect of ginger extract

activity against reactive oxygen species which can possibly

can be related to higher shogaol content and different

prevent degenerative and aging process (8), including

drying methods. For these reasons, ginger compounds

anti-inflammatory effect.

are important substances for the study of their beneficial

Fresh ginger flavor is due to volatile compounds of

effects and can be sources of new therapeutically agents.

the essential oil and non-volatile oleoresin fraction.

Oral floral is complex and diverse gram-negative and

Among all the components found in ginger, the most

gram-positive microorganism interact in the development

bioactive compounds identified are phenolics and make

of diseases. The most common disease found in oral

up more than 10% composition on ginger rhizomes, mainly

cavity is dental caries, which is mainly attributed to

gingerols, zingerone and shogaols, these are also

Streptococcus mutans as a primary etiologic agent (21,

responsible for the pungent taste (9-11). Usually, the

22). Another important gram-negative anaerobe oral

components found in greater quantity are 6-gingerol,

bacteria Porphyromonas gingivalis, which is considered

followed by 8- and 10-gingerol (12), these are not stable

one of the etiological factors in progressive periodontitis

as they generate the dehydration products shogaols which

(23), another oral disease with high prevalence.

are more pungent constituents in dry ginger and the ratios

Therefore, the purpose of this study was to investigate

of 6-, 8- and 10-shogaol found are variable depending

the in-vitro cytotoxic effect on osteoblast cells (MC3T3-E1)

on the dehydration process or storage (13).

and antibacterial effect of ginger phenolic compounds

Several studies have identified the bioactive compo-

on the oral microorganisms, in an attempt to contribute

nents in ginger are effective decreasing the symptoms

to the use of these alternative products for oral microbial
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control and future development of dental materials.

Watrers, Milford, USA) was coupled to a Xevo TQ-S triple

Qualitative spectra analysis of the main phenolic com-

quadrupole mass spectrometer (Watrers, Milford, USA).

pounds was also carried out.

Chromatographic separations were carried out using
revers phase hybrid column (Synergi Hydro-RP, 4 µm;
Phenomenex, CA, USA) maintained at 30 ℃. MS analysis

Materials and Methods

was performed using the selected ion recording (SIR)
mode by monitoring the of m/z 277.04. for 6-gingerol
and 6-shogaol, m/z 305.14 for 8-gingerol and 8-shogaol,

1. Materials
6-Gingerol,

and m/z 332.99 for 10-gingerol and 10-shogaol. The gas
8-Gingerol,

10-Gingerol,

flow of dissolution, cone and nebulizer were set at 650

6-Shogaol,

L/Hr, 150 L/Hr and 7 bar, respectively.

8-Shogaol and 10-Shogaol (≥ 98 purity, analysis of
standard) were purchased from Chengdu Biopurity

4. Preparation of bacterial strains

Phytochemicals Ltd (Sichuan, China). The other chemicals
and reagents including ethanol, were of analytical grade

Streptococcus mutans KCT3065 (S. mutans) and

and were purchased from Supleco Merck (Sigma-Aldrich

Porphyromonas gingivalis KCTC5352 (P. gingivalis) were

Inc, Seoul, Korea).

used for antibacterial activity test in this study, which
were acquired from Korean Collection for Type Cultures

2. Chemical structure analysis

(KCTC, Jeollabuk-do, Korea).

For FT-IR analysis, the samples were prepared with

First, the strains were incubated in a sheep blood agar

the diluted concentrations at 10-2 M of 6-, 8-, 10-gingerol

plate (BAP, BANDIO Bio Science, Gyeonggi-do, Korea)

and 6-, 8-, 10-shogaol, one drop (10 µL) of solution was

at 37 ℃ in 5% CO2 atmospheres for 1 day, except for

coated in platinum foil and let dry for 15 min, then the

P. gingivalis which was incubated under anaerobic

same process was repeated two more time and finally

conditions for 7 days. Brain Heart Infusion (BHI, Becton,

let dry overnight. The coated platinum foil was transported

Dickinson and Co, Seoul, Korea) was inoculated with

in 24 well plate.

one colony of fresh pre-cultured dish and optical density

The chemical structures of 6-, 8-, 10-gingerol and 6-,

was measure using DensiChek plus (Biomérieux, SA) until

8-, 10-shogaol were determined with a Fourier transform

lecture reached 0.5, then 1 mL of this bacteria suspension

infrared (FT-IR) spectrophotometer (Perkin Elmer Frontier,

was diluted in BHI (1:10 ratio) and this inoculum was

Waltham, MA, USA) in the range from 4000 to 400 cm .

used for the test (1.5×107 CFU/mL).

3. Thermal and pH stability assay

5. Antibacterial activity test

-1

6-, 8-, 10-gingerol and 6-, 8-, 10-shogaol were prepared

The minimum inhibitory concentration (MIC) of

in analytical grade methanol (Merck, Darmstadt,

gingerols and shogaols was determined by microbroth

Germany). An optimized selected ion recording (SIR)

dilution method using 96-well plates. 6-, 8-, 10-gingerol

method was developed using Ulta-Performance Liquid

and 6-, 8- 10-shogaol subsequently serial dilution was

chromatography (UPLC) coupled with tandem mass

performed to obtain the concentrations of 2×10-9 to 2×

spectrometry (MS/MS). An UPLC system (Acquity system,

10 M. Aliquots of 100 µL inoculums of each bacteria

-2
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were added to all wells plate and finally incubated at

using Cell Counting Kit-8 (CCK-8, Enzo, Farmingdale, NY),

37 ℃ in 5% CO2 atmospheres for 1 day, except for P.

the medium was removed and washed with phosphatase

gingivalis which was incubated under anaerobic

buffer saline (PBS), then 500 µL WST-8 dye was added

conditions for 7 days. Three wells containing only medium

to each well, and incubated for 1 h at 37 ℃, finally media

were included for control group in each test. The

was transferred to 96 well plate (200 µL) and the

absorbance after incubation was measured at a wavelength

absorbance was read at 450 nm in a microplate reader

of 600 nm by a microplate reader (Emax Precision

(Emax Precision microplate reader, Molecular Devices,

microplate reader, Molecular devices, USA). The lowest

CA, USA).

concentration which inhibited the growth of the bacteria
was considered as the MIC.

8. Cell-morphological analysis
Crystal violet staining was used to determine the effect

6. Preparation of osteoblastic cells

of 6-, 8-, 10-gingerol and 6-, 8-, 10-shogaol on cells

Mouse osteoblastic MC3T3-E1 cells were purchased

proliferation and morphology treated at different

from American Type Culture Collection (Manassas, VA,

concentrations. MC3T3-E1 cells were cultured in 48-well

USA), and were initially cultured in culture dish at 37

plate for 1 and 3 days at 37 ℃ in 5% CO2 atmosphere

℃ in 5% CO2 atmosphere in α-modified minimum

before crystal violet assay was performed. This stain binds

essential medium (α-MEM; Thermo Fisher Scientific,

to DNA and proteins in cells on attached cells. Briefly,

Grand Island, USA). Unless otherwise specified, the

the medium was removed and cells were washed with

medium contained 10% fetal bovine serum (FBS, Gibco

PBS, this washed off non-adherent death cells, then

Co., USA), 100 U/mL penicillin (Gibco Co., USA) and

adherent cells were fixed for 20 min with fixation solution

100 µg/mL streptomycin (Gibco Co., USA). When cells

(500 µL), containing 3% formaldehyde and 0.2%

reached 80% confluency, cells were seeded at a density

glutaraldehyde in PBS. Fixation solution was removed

4

of 2×10 cells/mL in 48-well plate with culture medium

and washed with PBS and cells were stained with 0.5%

containing 6-, 8-, 10-gingerol and 6-, 8-, 10-shogaol

(w/v) crystal violet solution (500 µL) for 20 min. Finally,

representing six groups, every group was diluted in seven

cells were washed with PBS and air-dry at room

-3

-4

-5

-6

-7

-8

-9

concentrations (10 , 10 , 10 , 10 , 10 , 10 and 10 M)

temperature (RT) overnight. Stained cells were observed

and incubated at 37 ℃ in a humidified 5% CO2 atmosphere

under optical microscope (DM2500M, Leica, Germany).

for 1, 3 and 7 days.

9. Alkaline phosphatase (ALP) activity assay
7. Cell viability assay

ALP activity was measured after 7 days of incubation

Cell viability was determined 1 and 3 days after

by analyzing the rate of p-nitrophenyl phosphate (pNPP)

treatment. This method is based on the reduction of the

hydrolysis using ALP assay kit (Takara Biotechnology,

tetrazolium salt WST-8 (2-(2-methoxy-4-nitrophenyl)-5-

Shiba, Japan) according to protocol described by the

(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt) by

manufacturer. Briefly, the medium was removed and wells

dehydrogenase activities in cells to give an orange-color

were washed with saline solution, then were incubated

formazan dye. Briefly, the viability assay was performed

in 100 µL ALP buffer (0.2 M Tris-HCI, Takara) and 100

following the procedure described by the manufacturer

µL pNPP solution (Takara) at 37 ℃ for 60 min in the
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dark. Then 100 µL 0.5 N Sodium hydroxide (NaOH,

(-OH), and the peaks near 1700 cm-1 for gingerol and

Showa, Korea) was added to each well to stop the reaction,

near 1666 cm-1 for shogaol indicated the presence of

finally the solution was transferred to 96-well plate and

carbonyl group (-C=O). Meanwhile, the aromatic ring

absorbance of the reaction was measured at 405 nm in

peak is observed at 1608 cm-1 for gingerol, at 1625 cm-1

a microplate reader (Emax Precision microplate reader,

for shogaol, and strong peak at 1515 cm-1 for both.

Molecular Devices, CA, USA).

Stretching peaks of C-H between 2800 and 3000 cm

-1

in both. Finally, the peaks at approximately 1231 cm-1
were assigned to OCH3 for gingerol, C-O group was

10. Oxidative stress assay

-1

assigned near the peak 1270 cm for shogaol and near

After 7 days, the effect of 6-, 8-, 10-gingerol and 6-,

peak 1025 cm-1 for gingerol.

8-, 10-shogaol on cells oxidative stress by hydrogen
peroxide (H2O2) production was determined by H2O2

2. pH and thermal stability of gingerol and shogaol

colorimetric assay kit (BioVision Incorporated, Milpitas,
USA) according to protocol described by the manu-

The effect on gingerol and shogaol stability of content

facturer. Briefly, the medium was transferred to 96-well

in the sample was measure at different temperatures and

plate and assay reagent (50 µL) was added, then incubated

pH (Table 1). Gingerol and shogaol presented the good

for 10 min at RT and absorbance was measured at 570

stability at acid and neutral pH at the room temperature,

nm using a microplate reader. The H2O2 concentration

however both compounds were unstable at alkaline pH

was calibrated by a concurrently produced standard curve

and high temperature over 60 ℃. The increase in

with standard solution (H2O2 standard 0.1 mM) at 0 µL,

temperature affected the stability of content in the

10 µL, 20 µL, 30 µL, 40 µL and 50 µL, prepared according

solutions, being more remarkable at 90 ℃ at this the

to instruction provided on the assay kit.

solutions presented the lowest or inexistent content of
ginger compounds with the exception of 6-shogaol and
6-gingerol that showed 6.35 and 3.89 ppm, respectively

11. Statistical analysis

at neutral pH. At 60 ℃ in acid pH the content of shogaols
Quantitative data were expressed as the mean ±

increased in gingerols groups specially in 8-gingerol, yet

standard deviation (SD). One-way ANOVA and Tukey’s

this was observed at alkaline pH in shogaol groups

post hoc test were used to determine the level of signi-

increased the content of gingerol at lowest temperature,

ficance in comparison to control group. A value of p<0.05

with the exception of 6-shogaol, in this groups gingerol

was considered to be significant.

content increased at acid pH at 60 ℃.

3. Minimum Inhibitory Concentration (MIC)

Results

Figure 2 showed that the compounds had the antibacterial activity against S. mutans and P. gingivalis.

1. Chemical composition

Shogaols presented better inhibitory effects than gingerols

Figure 1 shows FT-IR spectra of gingerol and shogaol.

against S. mutans and P. gingivalis, this last one was

The prominent absorption bands at approximately 3500

more sensitive. Bacteria growth in S. mutans was
-2

-1

significantly inhibited at 10 M with 8-, 10-gingerol and

cm for gingerol and shogaol indicated the hydroxyl group
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Figure 1. FT-IR spectra of a) 6-, 8-, 10-gingerol and b) 6-, 8-, 10-shogaol

Table 1. UPLC/MS/MS analysis results of 6-, 8-, 10-gingerol and 6-, 8-, 10-shogaol according to temperature: 25 ℃,

60 ℃, and 90 ℃; and pH: 1, 7 and, 13
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Figure 2. Bacterial growth of (a) S. mutans after 24 h treatment, and (b) P. gingivalis after 7 days of treatment with 6-, 8-, 10--gingerol
and 6-, 8-, 10-shogaol at different concentrations in comparison to control group
*There is significant difference in comparison to control group (p<0.05).
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8-shogaol; 10-shogaol showed significant inhibition at

6. Osteoblast differentiation assay

-3

10 M.

The measurement of Alkaline Phosphatase production

In the case of P. gingivalis the effectiveness was easily

by MC3T3-E1 cells cultured in the presence of shogaols

perceived in all compounds and concentrations, the most

and gingerols in different concentrations was performed

effective inhibition was observed with 8-gingerol, and

using ALP assay. In Figure 5, it was found no difference

all shogaols (p<0.05) at all concentrations. Meanwhile,

in calcification activity in osteoblast after treatment with

6-gingerol presented significant inhibitory effect above

6- and 8-gingerol at concentrations below 10-6 M. Alkaline

10-7 M and 10-gingerol at concentrations above 10-5 M.

phosphatase activity decreased in comparison to control
group after treatment with 10-gingerol, and shogaol

4. Effects of Gingerol and Shogaol on
osteoblast viability and proliferation

groups at all concentrations.

The effect of shogaol and gingerol on osteoblast viability
was assessed using WST-8 assay (Figure 3 (a)). After 1

Discussion

day of treatment, 10-gingerol and all shogaol groups
presented significant improvement (p<0.05) in osteoblast

In the present study, the FT-IR spectrum of gingerol

viability at lowest concentrations (below 10-7 M). After

and shogaol groups presented similar location to the main

3 days of treatment 6- and 8-gingerol presented higher

phytochemical compounds in ginger extract. However,

toxicity (p<0.05) in all concentrations. Finally, it was

some of the bands and peaks intensity changed in between

observed that 10-gingerol, 6- and 10-shogaol groups

each group and analog. The changes of intensity peaks

-6

presented better cell viability below 10 M concentrations.

in the present study could be related with the chemical

Osteoblast dyed with Crystal violet stain observed under

difference native to every compound and the expression

microscope at day 3 (Figure 3 (b)), shown evident decrease

of each functional groups and bonding characteristics.

-5

on osteoblast proliferation effect above 10 M concen-

One clear difference observed is related to –OH band

tration in comparison to control group, as well osteoblast

intensity difference between gingerol groups and shogaol

showed a marked shrinkage and an increased irregularity

groups, which are the dehydrated form of gingerols after

of the cell surfaces, while osteoblast proliferation effect

extraction drying method. Gingerol have been found

-6

was similar to control below 10 M concentration.

instable at high temperatures, solar light and hot air (17,
24). This is observed at the -OH band intensity decreased

5. Oxidative stress assay

in shogaol groups.

The direct effect of 6-, 8- and 10-gingerol and 6-, 8-and

During the thermal stability test, the dehydration of

10-shogaol on osteoblast oxidative stress by hydrogen

gingerol groups at 60 ℃ resulted in production of shogaols

peroxide (H2O2) production, was performed by H2O2

which was higher than shogaols observed in gingerol

colorimetric assay. As shown in Figure 4, there was no

groups at lower temperature. This was observed in the

statistically significant difference on H2O2 production

study of Gopi et al (25), in which at higher temperatures

between all groups and concentrations in comparison

the gingerols converted to the corresponding shogaols.

to untreated group (control).

Also, the pH had influenced the dehydration of gingerol
to form shogaol, and rehydration of shogaol to form
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Figure 3. Osteoblast viability test with 6-, 8-, 10-gingerol, and 6-, 8-, 10-shogaol after (a) 1 day and 3 days of treatment at different
concentrations. (b) Crystal violet dyed after 1 and 3 days of treatment with 6-shogaol.
*There is significant difference in comparison to control group (p<0.05).
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Figure 4. H2O2 production in MC3T3-E1 cells, after 7 days of treatment with 6-, 8-, 10-gingerol and 6-, 8-, 10-shogaol at different
concentrations in comparison with control group

Figure 5. Alkaline Phosphatase production in MC3T3-E1 cells after treatment for 7 days with 6-, 8-, 10-gingerol and 6-, 8-, 10-shogaol
at different concentrations in comparison to control group
*There is significant difference in comparison to control group (p<0.05).
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gingerol which is better observed in 6-shogaol at 60 ℃

et al (31), studied the effect of 6-gingerol which presented

in acid pH. Bhattarai et al (26), observed the dehydration

no toxic effect at similar concentrations (10-9-10-7 M) after

of gingerol and rehydration of shogaol at acid pH in

treatment for 2 days. The toxic effect can be reflected

higher temperatures, a reversible kinetic of the compounds

in the Crystal violet image presented in figure 3 (b) with

in acid aqueous solution.

the representative group treated with 6-shogaol, is

Plants and herbs antimicrobial activity is believed to

observed low proliferation and cellular shrinkage at higher

be due their phytochemicals compounds, phenolic

concentrations, 10-3 M at 1 day and above 10-5 M at 3

compounds and essential oils, this plants extracts had

days. No study to compare these images have been found.

shown activity against microbial strains and possible

Ginger rhizome phytochemicals have also been

substitution of drugs (27). Ginger rhizome crude extract

attributed antioxidant scavenging capacity, Ammar et al

antibacterial activity had been previous study and

(32), findings suggested this ability to the phenolic content

presented inhibitory effect against multi-drug resistant

in ginger extract overall 6-gingerol and 6-shogaol which

pathogens (7, 28). In this study the most effective

showed better antioxidant ability than the extract alone.

antibacterial compounds were 6-, 8- and 10-shogaol at

In contrast in this study the scavenging effect on

all concentrations specially against P. gingivalis, which

osteoblastic cells analyzed by peroxide hydrogen

was cultured for longer period of time, these compounds

production assay after treatment with gingerol and shogaol

could inhibit the growth of the bacteria at lower

solutions presented no difference between groups and

concentrations also 6- and 10-shogaol exhibited anti-

concentrations production in comparison to control group,

-2

bacterial activity at the higher concentration (10 M).

these results could be affected by the long period of

Bacterial growth inhibition against this pathogen was also

experiment test which could affect the effectiveness of

observed by Park et al (20), resulting shogaol activity

the solutions. However, is remarkable to mention there

more effective than gingerol compounds against

is no correlation observed between peroxide hydrogen

periodontal pathogens. S. mutans also presented

cellular production and toxicity on the samples viability

sensitivity at higher concentrations of 8-, 10-gingerol and

test which could imply cellular apoptosis is not associated

8-, 10-shogaol after treatment for 24 hours. The essential

to cellular oxidation in this study.

oil of ginger had also showed inhibitory effect against

On the other hand, other authors have studied the

S. mutans and ability to destroy it biofilm formation, it

relationship between oxidative stress and inhibition of

is also effective against other oral pathogens (29, 30).

osteoblastic cells differentiation (33, 34). For this reason,

The phytochemical compounds of ginger extract shown

oxidative stress and osteoblast differentiation were tested

antibacterial activity and possibilities to be used as

under similar conditions and period of time. Alkaline

therapeutic antimicrobial agents in oral infections.

Phosphatase, is a bone-type alkaline necessary in the

To test cytotoxic cellular effect MC3T3-E1 cells were

formation and calcification of hard tissue found in

used, which are pre-osteoblastics cells that undergo

osteoblastic cells (35). To investigate gingerol and shogaol

osteoblastic differentiation. The results presented in figure

compounds effect on osteoblast function ALP activity was

3 (a) shown no toxic effect of compounds after 1 day

determined after 7 days, 6- and 8-gingerol did no showed

of treatment, and improvement in cellular viability at

significant difference of ALP production at lowest

-6

lowest concentrations (below 10 M) of 10-gingerol and

concentrations in comparison to control group, however,

all shogaol compounds after 3 days. In contrasts, Kim

the other tested compounds presented significant

169

decreased of ALP activity in all concentration even though

valuable information for the relevant concentration range

cell viability was similar or better with these solutions.

of gingerols and shogaols for development of biocom-

These results contrast with the study of Kim et al (31),

patible dental materials.

the only compound under study was 6-gingerol which
presented significant decreased cellular ALP activity.
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Osteoblast cytocompatibility and antibacterial effect of ginger main compounds
Regina Guadalupe Arbizú-Trigueros, Young-Seon Baek, Seo-Young Kim, Yu-Kyoung Kim,
Yong-Seok Jang, Tae-Hwan Kim, Tae-Sung Bae, Min-Ho Lee*
Department of Dental Biomaterials and Institute of Biodegradable Materials,
Institute of Oral Bioscience, School of Dentistry, Jeonbuk National University, Jeonju, Republic of Korea

Ginger has been used worldwide in traditional medicine. It has been reported that phenolic compounds such as gingerol
and shogaol in ginger have beneficial cellular effect and antibacterial effect. The purpose of this study was to investigate
the effect of gingerol and shogaol on the cytocompatibility for the osteoblastic cells and antibacterial activity against oral
microorganisms. Chemical structures of gingerol and shogaol were determined by Fourier transform infrared (FT-IR). Thermal
and pH stability was analyzed by UPLC assay. Streptococcus mutans, and Porphyromonas gingivalis were used to confirm
the antibacterial effect of the ginger compounds and MC3T3-E1 cells were used to identify biocompatibility test. Cell viability
and bacterial growth was determined by water-soluble tetrazolium salt (WST-8) colorimetric assay. Cellular morphology was
identified with optical microscope after crystal violet staining. Cell differentiation and oxidative stress were evaluated by Alkaline
phosphatase (ALP) assay and hydrogen peroxide colorimetric assay. The chemical bonding related with hydroxyl groups, carbonyl
groups and aromatic ring was identified in all ginger compounds. Gingerol and shogaol presented good stability at acid and
neutral pH at room temperature. All compounds showed better antibacterial effect against Porphyromonas gingivalis than

Streptococcus mutans. 10-gingerol and all shogaol groups below 10-6 M presented suitable cytocompatibility for osteoblastic
cells compared to control group. All groups showed similar Oxidative stress to control group, and ALP activity in all groups
below 10-6 M was not statistically significant compared to control. Hence, this study concludes that shogaol groups presented
better antibacterial effect and suitable cytocompatibility than gingerol groups.

KeyWords : Ginger extract, Gingerol, Shogaol, Antibacterial activity, Cytocompatibility.
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