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INTRODUCTION

Periodontitis is one of the most commonly
encountered inflammatory diseases affecting teeth
and supporting structures. A mechanical therapy
involving root surface debridement is an efficient
way of treating periodontitis. However, that method

ABSTRACT

OBJECTIVE The plant species Nelumbo nucifera (lotus) is widely used
in traditional medicine and is known to contain flavonoids, alkaloids, and
other polyphenols which contribute to its potent antioxidant, anti-inflam-
matory properties in addition to its being a remedy for cardiac diseases.
Hyaluronic acid, present in skin and connective tissue, is well known for
its tissue regeneration and wound healing properties. The present study
aimed to determine the antioxidant and anti-inflammatory effect of the
hyaluronic acid gel combined with lotus seed extract and how this com-
bination could be used as an effective local drug delivery system for the
treatment of periodontitis.

METHODS A 2% solution of hyaluronic acid gel was combined with
increasing concentrations of prepared lotus seed extract. A DPPH test was
conducted to determine the antioxidant activity of the resultant mixture
at increasing concentrations. Additionally, anti-inflammatory activity was
assessed using a UV spectrometer, and the spreadability of the gel was
measured using the sliding glass slide method. The values obtained were
plotted on graphs.

RESULTS The DPPH scavenging assay revealed that lotus seed extract
with 2% hyaluronic acid gel exhibited increased antioxidant activity in a
dose-dependent manner with 1Cs, at 76 pL. The lotus seed extract with
2% hyaluronic acid gel also showed increased anti-inflammatory properties in
a dose-dependent manner with ICs, at 271 pL. Moreover, the spreadability
of the lotus seed extract with 2% hyaluronic acid gel was found to be 42 mm.

CONCLUSIONS Lotus seed extract shows potent antioxidant and anti-
inflammatory activities which vary with the concentration of the extract,
and can serve as an effective local drug delivery system.

KEYWORDS flavonoids, lotus seed, hyaluronic acid, local drug delivery,
quality of life, periodontitis

does not reduce the presence of microbes in tissues
or other areas inaccessible to instrumentation. It
is essential to incorporate antimicrobial therapy
to enhance the efficacy of traditional treatment
methods. Antimicrobial therapy can be in the
form of either systemic or local delivery modes.
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Lotus seed extract with HA gel as drug delivery

Local drug delivery aims for specific site delivery
without systemic side effects, as seen in systemic
antimicrobial therapy. In this study, we synthesized
an HA-lotus seed extract gel for local drug delivery.

Lotus seed extract, derived from the seeds of the
sacred lotus plant (Nelumbo nucifera), is renowned
for its traditional medicinal uses in various cul-
tures. Flourishing in aquatic environments, this
perennial plant is recognized for its exquisite
flowers and distinctive pad-like leaves (1). Lotus
seed extract is rich in phytochemicals, offering
numerous health benefits (2). Nelumbo nucifera
contains a variety of phytochemicals, including
saponins, alkaloids, polyphenols and carbohy-
drates. Its potent antioxidant activity, derived
from its composition which includes flavonoids
and phenols, gallic acid and chlorogenic acid,
plays a vital role in preventing oxidative stress. The
total phenolic content of the lotus plant studied
by Leong et al. was found to be the highest in the
seeds, with a range of 20.6 to 38.3 mg TAE /g of
extract. These compounds neutralize free rad-
icals (act as scavengers), reducing the risk of
chronic diseases (3). The leaves and stems of
the lotus plant are well known for exhibiting an-
ti-inflammatory properties by boosting the nat-
ural defense cells in the body, thereby reducing
the inflammatory disease affecting the body (4).
However, the anti-inflammatory and antioxidant
property in the lotus seeds was found to be the
most effective as analyzed by Rai et al. The radical
scavenging activity, assessed by the ICs, values,
was found to be 6.12 + 0.41 pg/mL (2), hence the
present study focused on the antioxidant activity
and anti-inflammatory activity and their combi-
nation with hyaluronic acid (HA) in the treatment
of periodontitis. These bioactive components are
also believed to enhance cognitive function and
promote mental well-being (5).

HA is a naturally occurring anionic glycosa-
minoglycan found in connective tissues, joints,
and skin. The most striking feature of this acid is
its water retention capacity. In gel form, it acts
as a lubricating agent and provides exceptional
hydration to the cells and tissues (6). For that rea-
son, HA is incorporated in cosmetic products, the
demand for which has increased rapidly. It also
exhibits viscoelastic behavior, allowing it to absorb
any disturbances and shocks, and providing a
cushioning effect to the joints (7). In gel form, it
creates a conducive environment for the migra-
tion of cells and regeneration of tissues. This gel is
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utilized in various medical applications, including
wound dressings and post-surgery treatments (8).
HA gel in combination with lotus seed extract is
known to display anti-edematous, anti-bacterial
and pro-angiogenic properties. Previous studies
have shown that decreased levels of gingival inflam-
mation and increased periodontal attachment are
found when antioxidant status is improved with
HA gel. Asreported by Asieh et. al, the ICs, values
of HA gel were found to be around 55 + 0.7 mM
and demonstrating its substantially high radical
scavenging properties (9). Because the antioxi-
dant activity of the lotus seed extract and HA gel
was found to be significant, the synergistic effect
of these compounds was chosen for use in local
drug delivery systems for periodontitis.

Unlike conventional systemic drug delivery
systems, which circulate medications throughout
the entire body, local drug delivery is able to focus
on application and injection of drugs into targeted
sites. This effectively reduces the potential dam-
age to surrounding tissues while at the same time
diminishing any side effects (10). These systems
employ advanced technologies for the meticulous
administration of the drugs directly to the intended
area through microneedles, implants, or patches
(11). This precise targeting is advantageous for
treating chronic pain and inflammation, as well
as localized bacterial and viral infections. The
single most desirable significant advantage of
local drug delivery is its ability to achieve desired
concentrations at the target site, thus enabling the
maximum beneficial effect of the drug and, at the
same time, minimizing exposure to the drug (12).

Lotus seed extract can be encapsulated within
carriers like nanoparticles, liposomes, or hydrogels.
This encapsulation facilitates controlled release,
ensuring a sustained localized delivery of thera-
peutic agents. The present study assessed the
antioxidant and anti-inflammatory effect of lotus
seed extract in combination with HA and its
potential for further enhancement as a local drug
delivery agent in the treatment of periodontitis.

METHODS
Preparation of the lotus seed HA

Organic lotus seed was purchased from a local
market in T. Nagar, Chennai, India. 50 g of the
seeds was soaked in 500 ml of 95% ethanol. The
solution was left undisturbed at room tempera-
ture for two days, after which a fine filtrate was
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obtained by filtration through a Whatmann filter
paper. A 2% HA gel was combined with increasing
concentrations of the plant extract. Encapsulated
lotus seed extract with HA gel was prepared as
per the method described by Mohammad et al. (13).

Test for antioxidant activity

To 100 mL of ethanol, 4 mg of DPPH was added
to obtain a concentration of 0.1 mM. The lotus
seed extract was then added at increasing con-
centrations (25, 50, and 100 mg/mL) to the pre-
pared DPPH solution. The radical scavenging
activity was observed at 517 nanometers by meas-
uring the intake of the different solutions. As a
reference, pure DPPH solution (20 mg/mL) was
tested for antioxidant activity at the same wave-
length (14). The percentage of radical scavenging
activity of the samples was calculated using the
following formula:

Abs control™ Abs sample

% RSA= x 100

Abs control

where RSA is the radical scavenging activity,
Abs control is the absorbance of DPPH radical +
ethanol and Abs sample is the absorbance of sample.

For the study, gallic acid was chosen as the
positive control due to its high antioxidant capa-
city. The antioxidant activity of the extract was
compared with gallic acid, as it is known to have
high free radical scavenging activity. The DPPH
solution mixed with ethanol was used as a nega-
tive control to eliminate errors and miscalcula-
tions during incubation, as shown in Figure 1.

Test for anti-inflammatory activity
Different extract concentrations (25, 50, and

100 mg/mL) were added to 1.5 ml of bovine serum
albumin (2% solution produced with 0.05 M Tris
HCI). Tris HCI was used to alter the pH of the final
solution. The samples were incubated for 30
minutes, then the prepared samples were sub-
merged in water which was then heated to 75°C
for ten minutes, after which the samples were
brought to room temperature. The turbidity of
the samples was measured using an ultraviolet
spectrophotometer at 660 nanometers, and the
percentage inhibition of albumin denaturation
was calculated.

Optical density conwor - Optical density sampie
Anti-inflammatory (%) = x 100
Optical density concror

Test to assess spreadability

Two grams of the prepared gel was placed on a
glass slide measuring 75 x 25 mm using a pipette.
Then, a second glass slide, approximately 1 mm
thick, was used to spread the gel which was then
placed over the first glass slide. The time taken
for the solution to spread evenly over the slide
was calculated, and the spread diameter was
measured after 1 minute.

RESULTS
Antioxidant activities of lotus seed extract with
2% hyaluronic acid gel

The values obtained from each test were tab-
ulated and graphs were plotted. The antioxidant
properties of lotus seed extract with 2% HA gel
were determined by using the DPPH scavenging
assay. The 1,000 pg/mL of gallic acid was used as
a positive control and the antioxidant activity of
the positive control was set as 100%. The results
indicated that the lotus seed extract with 2%

Figure 1. Samples containing ethanolic extract of lotus seed in combination with 2% HA gel. Positive control - Gallic acid

(1,000 ug/mL); negative control - ethanol solution.
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Figure 2. Graph depicting the antioxidant activity of etha-
nolic extract of lotus seed-HA at 25, 50, and 100 uL com-
pared with the control (1,000 pg/mL of gallic acid).

HA gel increased antioxidant activity in a dose-
dependent manner. At 25, 50, and 100 pL of the
lotus seed extract with 2% HA gel, the radical scav-
enging activity was found to be 25%, 37%, and 62%,
respectively,as showninFigure 2. The volume of the
extract that was required to scavenge 50% of the
initial DPPH radicals (ICs0) was shown to be 76 puL.

Anti-inflammatory activities of the lotus seed
extract with 2% hyaluronic acid gel

The values obtained from each test were tabu-
lated and graphs were plotted. The anti-inflam-
matory properties of lotus seed extract with 2%
HA gel were determined using the BSA denatur-
ation inhibition assay. The 1,000 pg/mL of gallic
acid was used as a positive control and the anti-
oxidant activity of the positive control was set as
100%. The results revealed that lotus seed extract
combined with 2% HA gel exhibited increased
anti-inflammatory activity in a dose-dependent
manner. At100, 300, and 500 uL of the lotus seed
extract with 2% HA gel, the anti-inflammatory
activity was found to be 25%, 61%, and 75%, re-
spectively, as shown in Figure 3. Moreover, the
volume of the extract that was required to inhibit
50% of the BSA denaturation (ICso) was shown to
be 271 uL.

The spreadability of the lotus seed extract with
2% hyaluronic acid gel

The spreadability of gel preparations refers
to their ability to spread evenly across the skin’s
surface. The gel diameter was calculated by
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Figure 3. Graph depicting the anti-inflammatory activity
of ethanolic extract of lotus seed-HA at 100, 300, and 500
uL compared with the control (1,000 pug,/mL of gallic acid).

measuring the diameter of the gel on several
sides. From this study, the spreadability of the
lotus seed extract with 2% HA gel was found to be
42 mm, as shown in Figure 4.

DISCUSSION

The destruction of periodontal supporting
tissues is due to the host immune inflammatory
response triggered by red-complex bacteria (15).
The present study evaluated the effectiveness
of lotus seed- HA as a local drug delivery agent
for the scavenging of free radicals as estimated
by its antioxidant and anti-inflammatory ability
(16). Ironically, in the present cosmetic era, use of
natural remedies and herbal treatments has become
increasingly popular for treating ailments such as
cancer, skin diseases, poisoning, and periodontitis

Figure 4. Figure depicting the spreadability of the prepared
extract (Lotus seed-HA)
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(16, 17). The ethanolic extract of Nelumbo nucifera
showed potent antioxidant and anti-inflammato-
ry properties. Lotus seeds are the major reservoir
and host to biologically active compounds such as
flavonoids, tannins, and lignins (18). The hydroxyl
groups in flavonoids alters their properties by
chelating metal ions and breaking the antioxidant
chain (19). Ascorbic acid, glutathione, and unsatu-
rated fatty acids further enhance the antioxidant
activity, making it a potent free radical scavenger
(20). This activity is substantially amplified by the
increased superoxide dismutase enzyme activity.

HAis widely used in periodontal therapy as ad-
junct to scaling and root planing and has resulted
in greater reduction in probing depth and relative
attachment level (21). It has also been used widely
as nonsurgical treatment of papillary recession in
esthetic areas. However, the use of HA injections
provides only short term results (22). The use of
HA gel as a drug delivery vehicle relies on its ex-
cellent biocompatibility and moisture-retaining
capacity. These properties make it an ideal can-
didate for delivering therapeutic agents locally
(23). Since HA is naturally present in the human
body, the number of adverse allergic reactions
and side effects to this acid are minimal (24).

The encapsulation of lotus seed extract within
the HA gel ensures sustained and even release of
the drug and prolongs the duration of the drug’s
interaction with tissues in the body. This proper-
ty helps expand the duration of the effectiveness
of the drug in addition to allowing concentration
control (25). Additionally, combining lotus extract
and HA can cause deeper drug penetration into
the targeted tissues with immediate intake (26).
As the antioxidant activity of the lotus seed ex-
tract and HA gel has been found to be significant,
the synergistic effect of these compounds has
resulted in their use in local drug delivery sys-
tems for periodontitis. Interestingly, the biological
properties of lotus seed can also potentially pro-
mote wound healing and regeneration of tissues by
amplifying the angiogenesis process. These prop-
erties make this substance an excellent option
for local drug delivery (27, 28).

Previous research has shown that the physi-
cal properties of gels infused with HA can affect
antioxidant activities more directly compared
to those infused with HA (29). Additionally, the
growth of P. gingivalis is known to be inhibited by
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high molecular weight hyaluronic acid. However,
these properties fluctuate based on the acid con-
centration and the cell's metabolism (15). HA has
a high binding affinity for CD44 cells which is
expressed on the surface of leukocytes, found
predominantly in individuals with periodontitis.
The HA reduces leukocyte recruitment and there
by decreases gingival inflammation. This research
may pave the way for developing personalized
drug delivery systems for inflammatory condi-
tions. By altering the proportion of HA based on
the type and purpose of the drug used, healthcare
providers can potentially provide effective and
efficient treatments to help resolve the specific
ailments of each individual (16).

The synergy between lotus extract and HA
provides a promising route for drug delivery by
offering improved bioavailability, reduced side
effects, and enhanced specific therapeutic out-
comes. This approach could potentially revolu-
tionize methods of delivering pharmaceuticals.

CONCLUSIONS

The present study effectively demonstrated
the antioxidant and radical scavenging activity
of Nelumbo nucifera (lotus seed) and how the ad-
dition of HA gel enhances these properties in a
concentration-dependent manner. The present
study provides scope for advanced research in
this area, thus potentially enabling the formula-
tion of other local drug delivery systems using
lotus seed extract. Future studies should include
both in vivo and in vitro studies to evaluate the
efficacy of lotus seed extract-HA as a local drug
delivery system in the treatment of chronic per-
iodontitis.
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