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ABSTRACT: Ginger is utilised as a plant-based anti-inflammatory and anti-arthritic medication in traditional medicine.
Human dental pulp stem cells (hDPSCs) are an ideal in vitro model for screening drugs and biological agents. This study
evaluated the effect of ginger extract on the chondrogenic differentiation of hDPSCs. Dental pulp stem cells were isolated
using explant culture method. Stem cells surface marker expression and tri-lineage differentiation of hDPSCs were
studied. The cytotoxic impact of the ginger extract on hDPSCs was measured using the MTT assay. The impact of ginger
on the differentiation of hDPSCs into chondrocytes was examined using gene expression and biochemical staining. The
surface markers CD34, CD45, and HLA-DR were negative in the hDPSCs, while CD73, CD90, and CD105 were positive.
The hDPSCs exhibited osteocyte, chondrocyte and adipocyte differentiation. The viability of hDPSC was significantly
increased at a concentration of 10 pg/ml of ginger. Ginger administration increased the amount of glycosaminoglycan
containing extracellular matrix in hDPSCs and demonstrated by Safranin O staining. Ginger extract is a suitable
candidate for cartilage repair because it promotes chondrogenic differentiation in hDPSC. Therefore, this could be
explored further in the treatment of cartilage disorders. However, further investigation to be required.
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1. INTRODUCTION

Gingered is a widely dispersed family with medicinal benefits that is well known across the
tropics, especially in Southeast Asia. Gingered is a valuable natural resources used for the Spices, food,
medications, colours, perfume and other goods [1]. There are around 1200 species in the 53 genera that make
up the ginger family [2]. India is one of the Zingiberaceae family's richest and most diversified locations. For
millennia, people have utilised ginger a well-known herbaceous plant, as a flavouring and herbal remedy
[3]. In addition, eating the rhizome of ginger is a common traditional cure for relieving common health
issues like pain, nausea and vomiting.It has been stated that more than 100 chemicals have been extracted
from ginger. In particular, zingiberene, zingerone, shogaols, and gingerol are the main families of chemicals
found in ginger. Terpenes, vitamins, and minerals are also found in ginger [4]. Gingerols are thought to be
the main constituents among them and are known to have a number of bioactivities [3]. Researching
whether or not bone and cartilage-specific extracellular matrix (ECM) synthesis and cellular development
are stimulated is crucial for full tissue renewal and regeneration.

In spite of factors like cost, accessibility, effectiveness, safety, novelty, and non-toxicity, scientists are
looking into natural herbal sources for cartilage regeneration. Mesnahcymasl stem cells ideal for various
drugs screening owing their differentiation potential and help with tissue regeneration. Several plant
extracts and their phytochemicals have been suggested to increase adult stem cell proliferation and
differentiation, which has helped in the regeneration of injured and disordered tissues [5]. Similar to bone
marrow MSCs, DPSCs exhibit MSC-like characteristic [6]. Because DPSCs are affordable and readily
available sources of MSCs. Dental pulp offer promise as a source of stem cells for tissue engineering and
regeneration [7]. Osteoporosis and osteoarthritis is one of the most prevalent and widespread disorders that
affect the human population [5, 8]. Osteoporosis and osteoarthritis are becoming more common in India due
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to a number of factors, including increased life expectancy and urbanisation [9, 10]. Changes in lifestyle, such
as diet, exercise, and weight loss are part of the management of various skeletal illnesses [9].

Mesenchymal stem cells (MSCs) are multipotent stromal cells that can differentiate into a range of
cell types including osteoblasts (bone cells), neurones (nerve cells), chondrocytes (cartilage cells), myocytes
(muscle cells) and adipocytes (fat cells) [11]. The cells that create the cartilage that lines our joints and shields
our bones are the subject of our attention. Specific culture conditions and specified media containing
transforming growth factor cause differentiation. During chondrogenesis, two different cell types are created
such as chondrocytes and chondroblasts. Diffuse nutrition and matrix repair are the functions of
chondrocytes, whereas chondroblasts are progenitor cells that secrete the extracellular matrix (ECM). For
cartilage to develop, both cell types are necessary [12].

Even though studies on ginger's anti-inflammatory properties in the treatment of arthritis have been
scant, not much is known about how ginger affects the regeneration of bone or cartilage tissue in the
treatment of bone disorders, nor about how ginger influences stem cell proliferation and differentiation into
bone cells. Furthermore, ginger's potential for treating bone tissue directly related to cartilage has not been
investigated. Therefore, the goal of the current work was to comprehend how ginger affected the in vitro
chondrogenic differentiation of hDPSCs.

2. RESULTS
2.1. Solubility of Ginger Extract

The pure extract of ginger 10 mg, (Figure 1) which was dissolved in sterile distilled water, DMSO,
and ethanol at the concentration of 10 mg/ml each. Highest solubility was seen in DMSO. The mixture was
filter sterilized using a 0.22-micron filter and 10 ml syringe. This DMSO ginger extract was stored at 4-C for
further use.

Figure 1. Ginger Extract

2.2. Human Dental Pulp Stem Cell Isolation and Cultivation (hDPSCs)

After incubation for seven days, cell outgrowth was observed surrounding the transplant. The
morphology of the cells was spindle-shaped and fibroblastic like (Figure 2D). Upon confluence, hDPSCs
were trypsinized and separated in a fresh, sterile T-75 flask. The cells had a fibroblastic shape, were
adherent, and multiplied in a monolayer. The cells were trypsinized on the fifth or seventh day of
incubation, when they had reached confluence (Figure 2E). The cells were further used for the current
investigation after being subcultured in T-75 flasks up to passage 5.

Figure 2. Isolation and culturing of human Dental Pulp Stem Cells (hDPSCs). (A) Extraction of pulp, (B) Dental pulp cut
into small sections, (D) Explant culture and, (E) Outgrowth of cells from explant culture
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2.3. Surface marker analysis employing FACS to characterise hDPSCs

The percentage of cells that were stained favourably relative to the unstained sample is used to
illustrate the results. The isolated and cultivated hDPSCs expressed CD73 (46%), CD90 (91.5%), and CD105
(92.7%), but not CD34 (6.61%), CD45 (4.50%), or HLA-DR (4.41%), according to the FACS histograms Figure
3).This suggested that the cells under cultivation were a uniform population of stem cells with mesenchymal
characteristics.
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Figure 3. The FACS histograms show that the homogenous population of hDPSCs is positive for surface markers CD73,
CD90, and CD105, while they are negative for HLA-DR, CD34, and CD45.

2.4. Tri-lineage differentiation method for characterising hDPSCs

To visualise the tri-lineage differentiation such as osteogenic, chondrogenic, and adipogenic
induction medium, the cells were stained with 2% Alizarin Red S, 0.1% Safranin O, and 0.3% Oil Red O
respectively. DPSCs developed into calcium-producing osteocytes when stimulated with osteogenic
medium; these cells were stained red with 2% Alizarin Red S (Figure 4A).Chondrogenic medium induction
encouraged the production of glycosaminoglycan-containing extracellular matrix (ECM), which was stained
with 0.1% Safranin O (Figure 4B). The lipid droplet that had collected at the cell periphery of hDPSCs was
stained with 0.3% Oil Red O to show that adipogenic conditions encouraged the cells to develop into
adipocytes (Figure 4C).

Figure 4. (A) Osteogenic differentiation, scale bar = 100 pm, (B) Chondrogenic differentiation, and scale bar = 100 pm
and, (C) Adipogenic differentiation, scale bar = 10 pm

2.5. Ginger extract's cytotoxicity on hDPSCs

MTT assay was used to determine whether ginger extract was cytotoxic to hDPSCs after 24 hrs and
48 hrs of treatment. Complete medium was used as the control, and the concentrations that were examined
are 1, 2, 5, 10, 15, 20, and 25 pg/ml. At 560 nm, absorbance was measured, and the results are displayed as
mean (n = 3) + standard error of mean. There was a statistically significant absorbance difference between
the values of 5 pg/ml and the control (Figure 5) The absorbance showed that all concentrations of the herbal
extract were not cytotoxic and instead increased the viability of the hDPSCs in comparison to the control
cells.
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Figure 5. Cytotoxic assessment of ginger extract towards hDPSCs proliferation by MTT assay.

2.6. Ginger extract's impact on hDPSCs' chondrogenic differentiation

The induced-treated chondrogenic ginger test hDPSCs developed into the chondrogenic lineage and
were comparable to the corresponding induced-untreated positive control cells, according to biochemical
staining performed after 21 days of ginger treatment (Figure 6A - 6B).Therefore; the ginger extract did not
prevent differentiating in the presence of induction media. When the stain was quantified, it was shown that,
in comparison to the corresponding positive control sample, hDPSC induction and ginger treatment
increased the formation of chondrogenic matrix (Figure 6).

CONTOL GINGER TREATMENT

Figure 6. Effect of Ginger extract (5 pg/ml) on chondrogenic differentiation of hDPSCs. (A) Control for chondrogenic
differentiation, (B) Ginger treated chondrogenic differentiation and, (C) Chondrogenic quantification.

3. DISCUSSION

Herbal remedies have been routinely used to treat cartilage diseases. In preclinical or clinical
research, herbal remedies, or their combination have been popular tools in complementary and alternative
medicine for cartilage problems in recent years. Ginger is effective in relieving pain and it can used as a safe
product to improve pain in patients with knee osteoarthritis [13]. Ginger possesses anti-inflammatory and
antioxidant properties [14]. Various studies reported that ginger consists of active components majorly
gingerol, that have anti-inflammatory properties [3].

In vitro cytotoxicity and antioxidant testing involve the testing of herbal extracts against the
homogenous culture of human cells. Mesenchymal stem cell (MSCs) is an ideal platform for herbal drug
screening [15, 16]. MSCs are plastic adherence; have shown differentiation into various cell types, including
bone and cartilage [17].
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Comparative studies between conventional medicine and numerous other allopathic medications
are best conducted on MSCs [18,19]. This straightforward in vitro approach allows for the differentiation of
hMSCs into the lineage of concern and the investigation of the bioactivity of conventional medications. It is
well known that ginger extract has anti-inflammatory properties and a distinct phytochemical composition.
Ginger extract is reported to include phytochemicals gingerol, flavones, flavonoids, anthocyanin, catechins
and isocatechins [13]. One of the important phytochemicals that is known to encourage
chondrogenic differentiation of cartilage tissue is gingerol. hDPSCs from dental extracts offer an alternative
to mesenchymal stem cells because of their relative abundance, ease of availability, and lack of ethical
considerations[20].

The capacity of MSCs to develop into adipocytes, chondrocytes, and osteocytes in particular
differentiation cocktails [20, 21]. Osteocytes mineralize the matrix and create calcium aggregates;
chondrocytes are encased in a highly structured extracellular matrix (ECM) network made up of high
molecular mass proteoglycans; and the maturation of adipocytes produces lipid-rich intracellular vacuoles
[22, 23]. After hDPSCs were induced for 21 days, the cells were favourably stained with the appropriate
stains, indicating that the cultivated hDPSCs had mesenchymal-like characteristics. All concentrations of
ginger had more live cells than the negative control, according to the results of the MTT cytotoxicity study.
This was statistically significant at 5 pg/ml. Numerous investigations on ginger have demonstrated the
apoptotic and anti-proliferative properties [24]. This is the first study to examine the effect of the plant
extract on hDPSCs at lower, clinically relevant concentrations; however, the earlier experiments were
conducted on cancer cell lines at considerably greater concentrations. For 21 days, hDPSCS-induced
cells received a 5 pg/ml ginger therapy. A recent study examined the differentiation of DPSCs on days 7, 14,
and 21, and the results were positive at all times [25]. Similar research done on days 14, 17, and 21 similarly
revealed that differentiation started on day 14 and grew until day 21 of induction [26]. In the current
investigation, DPSCs were produced for 21 days, and upon termination with the appropriate dye, a notable
degree of differentiation was observed. The results of the biochemical test with Safranin showed that ginger
improved the matrix mineralization and glycosaminoglycan of hDPSCs that differentiated into
chondrocytes. Our data showed that DPSCS could be used as platform for drug screening. In these in-vitro
studies, we have screen the ginger and it enhance the chondrogenic differentiation of stem cells. It concluded
the ginger could be effective osteoarthritis. In addition, we can use ginger pre-treated dental pulp stem cells
for clinical application in osteoarthritis to regenerate the cartilage. Data incorporated in thesis section.
However, we would need further investigation in animal model.

4. CONCLUSION

Based on the previously described description, we discovered that ginger is beneficial in enhancing
chondrogenesis. It has the potential to enhance cartilage regeneration, which is crucial for enhancing the
recovery of inflammatory rheumatic disorders.

5.MATERIAL AND METHODS
5.1. Sample collection

The pure extract of ginger was used for the study. The powder were transported to the Regenerative
Medicine Laboratory at Dr. D. Y. Patil Dental College & Hospital, Pune, Maharashtra, and stored at room
temperature until further processing.

5.2. Solubility of Ginger Extract

Solubility of ginger extract was checked using different DMSO, PBS, distilled water, and ethanol.
The pure extract of ginger 10 mg /ml was dissolved in sterile distilled water, DMSO, and ethanol
respectively.

5.3 Human Dental Pulp Stem Cell (hDPSCs) Isolation and Cultivation

The study has approved by the institutional committee for stem cell research (IEC/394/209-20) at Dr.
D. Y. Dental College and Hospital in Pune, India. The third molar tooth was removed from healthy donor
(n=5) 30 to 45 years age group during orthodontic surgery as biological waste. Using an air-rotor handpiece
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in the style of a bur chuck, the dental pulp was extracted (Figure 1A). Using a sterile surgical blade, the
tissue was cut into sections of approximately 1 mm (Figure 1B). The pieces were put in a culture flask that
had been preconditioned with FBS (Figure 1C). For 24 hours, the flask was kept at 37 °C in an incubator with
5% CO2 and 95% humidity. Culture media media (DMEM basal media, 10% FBS, and 1% antibiotic-
antimycotic cocktail) were added after a day, and the flask was then incubated under the same conditions
promote cell outgrowth. The explant culture was routinely checked for the growth of hDPSCs using an
inverted phase-contrast microscope (Olympus CKX53). The medium was substituted every two to three
days until the hDPSC outgrowth achieved 80-90% confluence. After the adhering hDPSCs reached
confluence, they were grown in a T-25 flask (passage 1), supplied with full medium that was changed out
every two to three days, and trypsinized (0.25% Trypsin-EDTA solution at 37 -C for 30 s) without disturbing
the explant [16].

5.4. Surface marker analysis employing FACS to characterise hDPSCs

hDPSCs that were confluent and in passage 4 were subjected to surface markers analysis using flow
cytometry. After harvesting, the cells were suspended in 1X PBS containing 1% FBS. Anti-human
monoclonal antibodies conjugated to PE (phycoerythrin) for surface markers CD73, CD90, and CD105 and
FITC (fluorescein isothiocyanate) for surface markers CD34, CD45, and HLA-DR were added to the cell
suspension and incubated for 30 minutes at 4 °C under dark aseptic conditions. Negative controls consisted
of unstained cells and matching isotype controls. Post incubation, the samples were passed through a flow
cytometer (Attune NXT, Thermo Scientific) and cleaned with 1X PBS. A total of 10,000 events were recorded
for every sample.

5.5. Tri-lineage differentiation method for characterising hDPSCs

In order to evaluate hDPSCs' ability for tri-lineage differentiation, such as osteogenic, chondrogenic,
and adipogenic lineages, the appropriate induction medium was used to stimulate the cells. Osteogenic
induction media containing DMEM with 1 pm dexamethasone, 1 mM B-glycerophosphate, and 2 mM
ascorbate-2-phosphate were used to treat hDPSCs in osteogenic differentiation. In order to induce
chondrogenesis, the induction medium comprised of dexamethasone (1 pm), ascorbate-2-phosphate (1 mM),
sodium pyruvate (10 pg/ml), L-proline (40 pg/ml), 1X ITS, and TGF-f3 (10 ng/ml). The adipogenic
induction medium was composed of DMEM with 1.743 pM insulin, 200 pM indomethacin, 0.5 mM 3-
isobutyl-5-methylxanthine, and 1 pM dexamethasone. For 21 days, the cells were induced, and the medium
was changed every 2-3 days. In order to verify that hDPSCs had differentiated into osteocytes, chondrocytes,
and adipocytes, the cells were stained with 0.1% Alizarin Red S, 0.1% Safranin O, and 0.3% Oil Red O
respectively.

5.6. Ginger extract's cytotoxicity on hDPSC

To test the ginger extract's cytotoxicity on hDPSCs, the MTT assay was employed. DPSCs were
treated with 1,2, 5, 10, 15, 20 and 25 pg/ml of ginger extract. After 48 hours of treatment, 50 pl of MTT
solution (5 mg/ml) was added and it was incubated for an additional three hours under the same
parameters. After a 3 hours duration, the MTT solution was removed and 100 microliters of dimethyl
sulfoxide (DMSO) were introduced into every well. Absorbance was measure using microplate
spectrophotometer at 560 nm. The Skanlt Software 5.0 software was used for reading.

5.7 Effect of Ginger extract on differentiation of hDPSCs

hDPSCs that were treated with ginger for chondrogenic differentiation. For chondrogenic
differentiation, hDPSCs were incubated in differentiation medium with 5 pg/ml of ginger. In the absence of
ginger, hDPSCs were treated with the appropriate induction media as a positive control. The cells were
stained with Safranin to confirm chondrogenesis after 21 days of stimulation. After that, the cells were
examined using an inverted phase-contrast microscopy. The quantitative analysis was performed using
ELISA reader absorbance at 405 nm.
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5.8 Statistical analysis

One-way ANNOVA used for statistical analysis. The mean + standard error of mean (SEM) was used

to represent the data. The threshold for statistical significance was set at P<0.05.
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