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Abstract

Alpinia calcarata (A. calcarata) Roscoe (Family: Zingiberaceae) is a rhizomatous perennial herb used in traditional medicine
to treat inflammatory conditions. This study aimed to develop a topical emulgel dosage form by incorporating the essential
oil of A. calcarata thizome and to investigate it's in vitro anti-inflammatory activity. A thin-layer chromatographic fingerprint
of the essential oil of A. calcarata rhizome was developed. Then, an emulsion base containing plant oil was formulated and
incorporated within a Carbopol gel base. The physical characteristics of this formulation were evaluated subsequently. The
anti-inflammatory mechanism of the emulgel was determined by in vitro blood cell membrane stabilization assay and throm-
bolytic activity assay. The results were statistically analyzed by one-way analysis of variance. The thin-layer chromatographic
fingerprint of the test oil demonstrated several bands with unique retention factor values. The formulated herbal emulgel was
white, viscous, and homogeneous in appearance. The spreadability was 118 g-cm/m, and the pH of the emulgel was 6.30 at
25°C. The A. calcarata emulgel significantly (p < 0.05) inhibited heat-induced in vitro hemolysis, with the highest activity at a 50
pg/mL dose (87.68 + 0.35%) compared to the placebo. Furthermore, this activity was found to be dependent on the essential oil
concentration (r? = 0.99) of the emulgel. Therefore, it was concluded that the essential oil of A. calcarata rhizome is an effective
active ingredient to be used in a topical emulgel formulation, whereas the diverse phytochemicals present in the essential oil
would be the underlying source of its anti-inflammatory activity.

Introduction lowing immune cells, fluid, and proteins to enter the tissue, leading
to swelling. Pain is often a result of the release of chemicals such
as prostaglandins and bradykinin.! As the harmful stimuli are neu-
tralized and tissue repair begins, the intensity of inflammation de-
creases, and the immune system shifts to healing. However, when
inflammation becomes chronic or uncontrolled, it can contribute
to various adverse conditions such as arthritis, cardiovascular dis-
eases, and certain cancers.>

Natural products have long played a significant role in the dis-

Inflammation involves coordinated and complex mechanisms of
the immune system, white blood cells, cytokines, and other bio-
molecules in the body to resolve an injury or eliminate a patho-
genic substance. During the initial phase of inflammation, blood
vessels in the affected area dilate, increasing blood flow and caus-
ing redness and warmth. Capillaries become more permeable, al-
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analgesic, antioxidant, anti-inflammatory, and various other phar-
macological activities.*-* However, the plant has not been widely
evaluated in medicinal and pharmaceutical studies for dosage
form development, despite its essential oils being well known for
anti-inflammatory effects. The test essential oil and its constituent
phytochemicals were found to suppress the production of inflam-
matory mediators such as reactive radical species, cytokines, and
prostanoids in vitro, and were also reported to reduce edema and
pain in mouse models.® The present study aimed to develop a topi-
cal dosage form, specifically an emulgel, containing the essential
oil of A. calcarata thizome and to investigate its potential mech-
anisms of action through in vitro assays. Emulgels are currently
a focus of topical dosage form development, as their dual-phase
nature allows the incorporation of both hydrophilic and lipophilic
active ingredients of an herbal extract. Furthermore, the gel matrix
provides excellent spreadability, improving patient comfort, and
enhanced bioavailability has also been confirmed with better pen-
etration of the medication into the skin.”

Materials and methods

Study design

This study consisted of laboratory-based in vitro experiments. No
human or animal subjects were used in the experimental steps,
other than in the collection of blood for in vitro analysis of the test
materials, as described below.

Ethical approval

Ethical clearance for protocols involving human subjects was
granted by the Ethics Review Committee of the Faculty of Medi-
cal Sciences, University of Sri Jayewardenepura, Sri Lanka, under
the ethical approval certificate number B.Pharm/01/18. The study
protocols strictly aligned with the ethical guidelines of the latest
version of the Declaration of Helsinki (as revised in 2024). Written
informed consent was obtained from all participants.

Collection and authentication of plants

Fresh rhizomes from mature plants of 4. calcarata were obtained
from Navagiri Indigenous Clinic and Herbal Garden, Jaffna, Sri
Lanka (9.7555 N, 80.0886 E). The rhizomes were authenticated by
the Bandaranaike Memorial Ayurvedic Research Institute, Nawin-
na, Maharagama, Sri Lanka.

Extraction of A. calcarata essential oil

Collected A. calcarata thizomes were diced into small pieces and
dried under shade for five to six days. They were hydro-distilled in
a Clevenger-type apparatus for 4 h with distilled water. Essential
oil was trapped in a mixture of n-pentane and ether (1:1 v/v) and
dried with anhydrous sodium sulfate. The organic layer was evapo-
rated, and the oil was collected.

Thin-layer chromatography (TLC)

Essential oil of 4. calcarata rthizome was dissolved in a mixture of
dichloromethane and methanol in aratio of 1:1 (v/v), and a TLC fin-
gerprint was developed using methanol:dichloromethane:hexane
in a ratio of 0.2:8.8:1 (v/v/v) as the mobile phase. The TLC fin-
gerprint was observed at 254 nm wavelength, and vanillin sulphate
was sprayed thereafter.

Formulation of emulgel topical dosage form

Carbopol 940 was dispersed in purified water while continuously
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Table 1. Composition of the Alpinia calcarata emulgel formulation

Composition of the

LEIECIEnE final emulgel
Essential oil of A. calcarata rhizome 05¢g
Carbopol 940 05g
Liquid paraffin 25¢g
Tween 20 0.6¢g
Tween 80 278
Propylene glycol 25¢g
Ethanol 1.25¢g
Methyl paraben 0.025g
Triethanolamine As needed
Water As needed

stirring using a mechanical shaker. Triethanolamine was added
dropwise to adjust the pH of this gel base to pH 6.0-6.5. Tween 20
was dissolved in light liquid paraffin (Mixture 1), and Tween 80 was
dissolved in purified water (Mixture 2) separately in two vessels.
The essential oil of 4. calcarata thizome (dissolved in ethanol) and
methyl paraben (dissolved in propylene glycol) were then combined
with Mixture 1 to obtain Mixture 3. Both Mixture 2 and Mixture 3
were heated to 70-80°C separately in a water bath. Mixture 2 was
added to Mixture 3 while stirring, and the combination was allowed
to cool to 25°C. Finally, the resulting emulsion was thoroughly
mixed with the pre-prepared gel base in a 1:1 ratio to obtain the
emulgel dosage form. The composition of the formulated emulgel
is shown in Table 1. The placebo emulgel was formulated using a
similar method, with ethanol in place of the test essential oil.

Physical characterization of the emulgel

The physical appearance (color, consistency, homogeneity, phase
separation) and the pH of the formulated emulgel were reported.
The spreadability of the emulgel was determined by the glass plate
method described in previous studies.® Viscosity of the formula-
tion was measured using a Brookfield viscometer (spindle no. 5 at
10 rpm). The emulgel was left in a glass container undisturbed at
25°C and 35°C for 1 h to test for syneresis. The emulgel was then
centrifuged at 1,000 rpm for 5 m and observed for phase separation
under strain. All measurements were performed in triplicate (n = 3)
and compared with the placebo emulgel formulation.

Assay of in vitro anti-inflammatory activity

Twelve healthy human volunteers who had no history of smoking
and had not taken any medicine for the past seven days were se-
lected, and informed consent was obtained. Then, 6 mL of venous
blood was drawn from each volunteer into sterile ethylenediamine-
tetraacetic acid (EDTA) tubes and microcentrifuge tubes.

Determination of heat-induced hemolysis

Fresh human blood collected in EDTA tubes was centrifuged at
3,000 rpm for 15 m. The packed cells were separated, washed
with normal saline, and constituted as a 10% w/v suspension with
normal saline. Different concentrations of 4. calcarata emulgel
(6.25-50 pg/mL) prepared with phosphate-buffered saline (pH
7.4) were added to vials containing 20 pL of blood suspension.
Placebo emulgel (50 pg/mL) served as the control. The effect of
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test samples on heat-induced hemolysis was determined by the
method described in the literature.’

Determination of hypotonicity-induced hemolysis

Fresh human blood collected in EDTA tubes was centrifuged at
3,000 rpm for 15 m. The packed cells were separated, washed
with normal saline, and constituted as a 40% w/v suspension with
normal saline. Different concentrations of A. calcarata emulgel
(100400 pg/mL) prepared with phosphate-buffered saline (pH
7.4) were added into vials containing 2 mL of hypotonic saline
(0.25% w/v) and 500 pL of blood suspension. Placebo emulgel
(400 pg/mL) served as the control, whereas indomethacin (200 pg/
mL) was used as the positive control. The effect of test samples
on hypotonicity-induced hemolysis was determined by the method
described in the literature.!?

Determination of thrombolytic activity

Fresh human blood collected into pre-weighed sterile microcen-
trifuge tubes was incubated at 37°C for 45 m. Once the blood clot
formed, serum was completely removed from the tube without dis-
turbing the clot. Different concentrations of 4. calcarata emulgel
(100-400 pg/mL), streptokinase, or placebo emulgel (400 pg/mL)
ata volume of 100 pL each were added to separate microcentrifuge
tubes containing pre-weighed clots. All tubes were incubated again
at 37°C for 90 m. The in vitro thrombolytic activity of the samples
was determined as described in the literature.!!

Statistical analysis

Data were presented as mean + standard error of the mean of three
replicates. One-way analysis of variance followed by Dunnett’s
post-hoc test was performed using SPSS Statistics 25.0 software to
determine significant group differences at o = 0.05.

Results and discussion

The yield of the extraction of 4. calcarata essential oil was re-
ported as 0.61% (v/w). The aqueous and ethanolic extracts of A.
calcarata rhizome have been tested positive for various phyto-
chemical classes including phenolic compounds, flavonoids, tan-
nins, and alkaloids in previous studies.!? In the present study, dif-
ferent bands with unique retention factor values appeared on the
TLC fingerprint profile of 4. calcarata rhizome essential oil (Fig.
1), which confirmed the presence of various phytochemicals in the
test plant. This further correlated with previous studies in which a
larger number of phytochemicals, such as o-terpineol, 1,8-cineole,
berberine, hexadecanal, phytol, olealdehyde, daucol, 9-hexade-
cenal, a-fenchyl acetate, hydroquinone, etc., had been identified
from the test plant and its essential oil 1314

Multiple essential oils have shown topical anti-inflammatory
or dermato-therapeutic potential when formulated as emulgels or
nanoemulgels. A nanoemulgel incorporated with tea tree oil (Mel-
aleuca alternifolia) has demonstrated antimicrobial actions, im-
proved dermal drug delivery, and wound-healing effects in a pre-
vious study. Essential oils of sesame (Sesamum indicum), thyme
(Thymus vulgaris), clove (Syzygium aromaticum), and cinnamon
(Cinnamomum zeylanicum) have also been successfully incorpo-
rated into emulgel formulations with enhanced pharmaceutical and
anti-inflammatory properties.'>!® Although the anti-inflammatory
activity of the essential oil of 4. calcarata thizomes had been re-
corded previously, studies had not been conducted to formulate
any topical dosage form by incorporating the essential oil. The use
of topical dosage forms in the treatment of dermal inflammatory
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Fig. 1. Thin-layer chromatography fingerprints of Alpinia calcarata rhi-
zome essential oil: (a) under 254 nm wavelength; (b) after spraying vanil-
lin sulphate. Rf, retention factor.

conditions has several benefits, such as localized application, pro-
longation of the duration of action, easy termination of medication
when needed, etc.!”

In the present study, methyl paraben was used as the preserving
agent, and Carbopol 940 was used as the gelling agent. Other than
Carbopol, hydroxylpropylmethyl cellulose, carboxymethylcellulose
sodium, or sodium alginate could be considered as suitable gelling
agents.'® Use of novel and optimized polymers facilitates the formu-
lation of stable emulsions due to their additional emulsifying ability.
The test emulgel dosage form formulated in the present study had
a smooth, white, viscous, and homogeneous appearance similar to
that of the placebo emulgel. Spreadability of the test emulgel was
118.0 = 0.3 grem/m, and the pH was 6.30 £ 0.00 at 25°C. Topi-
cal preparations are recommended to have a mild acidic pH similar
to the physiological pH of the skin, which is 5.0-6.5.1° Hence, the
pH of the test formulation as well as the placebo (pH 6.52 + 0.00)
was acceptable, avoiding the risk of irritation after skin application.
Spreadability refers to how easily a gel can be distributed over the
skin. Good spreadability ensures that the emulgel forms a uniform
layer and is more likely to be perceived as convenient to use.?’ The
emulgel had a viscosity of 4.322 + 0.124 Pa-s, showing pseudoplas-
tic flow (shear-thinning behavior). Moreover, no syneresis or phase
separation upon centrifugation was observed in the test or placebo
dosage forms in respective tests.

Owing to the resemblance of the erythrocyte cell membrane
structure to the lysosomal lipid bilayer membrane, protection
against heat-induced hemolysis or hypotonicity-induced hemolysis
of erythrocytes could be extrapolated to stabilization of lysosomal
membranes.?!?? The herbal emulgel significantly (p < 0.05) inhibit-
ed the heat-induced hemolysis of erythrocytes in vitro compared to
the placebo, while the highest inhibitory activity of 87.68 + 0.35%
was observed at the 50 pg/mL dose (Fig. 2). Inhibition of hemolysis
induced by heat was dependent (r> = 0.99) on the dose of emulgel
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Fig. 2. Dose-dependent inhibition of heat-induced hemolysis by emulgel
containing Alpinia calcarata rhizome essential oil.

present in the test sample. According to the data shown in Table 2,
the highest activity against hypotonicity-induced hemolysis (among
test samples) was observed at a 400 ug/mL dose. Indomethacin
showed the most potent activity among all the samples, which was
also significant (p < 0.05) compared to the placebo. However, the
test formulation did not show a significant membrane-stabilizing
effect via hypotonicity-induced hemolysis at lower doses. A similar
phenomenon had been discovered previously, where stigmastane
steroids isolated from Alchornea floribunda leaves significantly
inhibited heat-induced hemolysis of human erythrocytes in vitro,
without affecting hypotonicity-induced hemolysis.? It is possible
that the interaction of various compounds in 4. calcarata essential
oil (such as 1,8-cineole and a-pinene) with membrane proteins pro-
vided protection to red blood cell membranes against heat-induced
lysis; however, they were not capable of protecting cell membranes
in hypotonic conditions, in which the primary mechanism occurred
through osmotic imbalance of the cell.>*

Thrombosis is characterized by the development of a blood
clot (thrombus) in the circulatory system, which leads to vascular
blockade in inflammation. Medicinal agents and plant substances
with thrombolytic activity dissolve fibrin clots, thereby restoring
normal blood flow. This process alleviates moderate inflamma-
tion and its symptoms in the body.?S In the thrombolytic assay
of the present study, none of the tested doses of emulgel showed
significant activity (p > 0.05), as shown in Figure 3. The lack of
significant thrombolytic activity may be due to the inability of ac-

Table 2. Effect of Alpinia calcarata emulgel on in vitro hypotonicity-in-
duced hemolysis

Concen- Percentage
Sample tration inhibition of
(ng/mL) hemolysis (%)
Alpinia calcarata essential oil 100 2.78+0.01
200 4.72 +0.01
300 6.00 £ 0.21
400 7.29 £0.19*
Indomethacin 200 51.28 + 0.15*
Placebo 400 1.85+0.32

Values are expressed as mean + standard error of the mean (SEM); *Significant at p
< 0.05 compared to placebo.
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Fig. 3. Thrombolytic activity of emulgel containing Alpinia calcarata rhi-
zome essential oil. Values are expressed as mean + standard error of the
mean (SEM); *Significant at p < 0.05 compared to placebo. ACE, Alpinia
calcarata emulgel.

tive constituents of 4. calcarata essential oil to primarily target
membrane stabilization rather than fibrinolytic pathways. Most
essential oils are rich in terpenes and other lipophilic molecules,
which interact strongly with the lipid bilayer of cell membranes,
thereby stabilizing erythrocyte and lysosomal membranes.?® In
contrast, thrombolysis requires direct activation of enzymatic and
non-enzymatic fibrin degradation pathways. Essential oil constitu-
ents of the test plant may not possess such enzymatic activity, nor
do they directly interact with thrombolytic pathways.

The present study was limited by its exclusive reliance on in
vitro assays, which, however, provided valuable preliminary in-
sights into the therapeutic mechanisms of the plant. Furthermore,
the mechanistic investigations were restricted to erythrocyte mem-
brane stabilization, necessitating future studies that incorporate
more elaborate analyses, such as modulation of inflammatory
proteins (such as prostaglandins and cytokines), enzymes (such as
lipoxygenase and cyclooxygenase), and cell signaling pathways.?’
The absence of in vivo validation is also a barrier to the direct
translational relevance of the findings. Additionally, the test for-
mulation should be optimized through broad dose-response studies
to ensure its formulation efficacy and stability.

Conclusions

The emulgel formulated with essential oil of A. calcarata thizome
demonstrated concentration-dependent anti-inflammatory activity
by inhibiting cell membrane lysis. The observed in vitro activity
can be attributed to the presence of various bioactive phytochemi-
cals, including phenolics and terpenoids. The emulgel formulation
exhibited favorable physicochemical properties, indicating its suit-
ability as a promising topical dosage form.
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