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Abstract 

Background  Lakadong turmeric (LKD) from Meghalaya, India, boasts high curcumin levels, but lacks scientific study. 
Moreover, Curcumin’s poor solubility hinders its clinical use in inflammation and wound healing. This study isolated 
curcumin from LKD, forming a PLGA nanosuspension-based nanogel and explored for its potential anti-inflammatory 
and cutaneous wound healing activity in Wistar rats.

Methodology  The LKD rhizome was successively extracted by soxhlet using chloroform, hexane, ethyl acetate 
and methanol and their total phenolic content and antioxidant property was determined. Chloroform extract 
was loaded in column chromatography and curcumin was isolated, purified and characterized by FTIR, NMR, DSC, 
MS and HPTLC and its purity was analyzed by HPLC. The isolated curcumin was loaded into PLGA nanosuspensions 
by nanoprecipitation method followed by conversion to carbopol based Nanogel. The nanogels were characterized 
physicochemically and the drug permeation was observed. The optimized nanogel was evaluated for its anti-inflam-
matory and cutaneous wound healing activity by carrageenan-induced paw edema and excision wound model 
in albino Wistar rats divided in five groups and treated with plain carbopol gel, marketed turmeric cream and Cur NS 
nanogel (0.6% w/w equivalent curcumin each).

Results  Results depicted that the chloroform extract showed the presence of a considerable amount of phenolics 
with 50-60% yield of curcumin. HPLC analysis depicted that the LKD curcumin had higher purity when compared 
to standard curcumin. Homogenous curcumin nanosuspensions were obtained with size 150 ± 50 nm and PDI 
0.2 ± 0.1. The Cur-NS-nanogel showed satisfactory physical property, drug loading and stability. Ex vivo permeation 
studies in rats showed controlled permeation with steady state flux of 21.28 ± 0.23 µg/cm2/hr in 24 h. Topical inter-
vention with Cur-NS-nanogel (0.6%) significantly (p < 0.05) decreased the paw volume by 43.97% in the 3rd hour and 
72.19% on the 4th hour. Furthermore, the cutaneous wound healing property of Cur-NS-nanogel when compared 
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to negative control rats showed a substantial (p < 0.05) reduction in the percentage wound contraction from 5 to 20th 
days.

Conclusion  LKD showed high curcumin content with significant antioxidant effects. LKD curcumin loaded into sta-
ble nanogel depicted safe and controlled skin permeability with promising cutaneous wound healing and anti-
inflammatory activity in experimental rats.

Keywords  Curcumin, Lakadong turmeric, Nanogel, Antioxidant, Anti-inflammatory, Wound healing

Background
Curcumin, obtained from rhizome of Curcuma longa 
L. is a linear diarylheptanoid with excellent medicinal 
properties [1]. It is a low molecular weight polyphenol 
(1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadien-
3,5-dione) and is lipophilic in nature. Curcumin content 
varies with various lines of C. longa due to hybridization 
and introgression with other species of Curcuma [2]. 
Lakadong Turmeric is regarded as one of the greatest 
turmeric kinds in the world due to its 6.8 to 7.5 percent 
curcumin concentration [3–5]. This type of turmeric is 
native to Meghalaya’s Jaintia Hills, specifically the Laka-
dong region [5]. While there have been reports high-
lighting curcumin’s anti-inflammatory and antioxidant 
activities, there is a limited amount of information avail-
able regarding curcumin derived from lakadong turmeric 
of Meghalaya. [6]. Hence, there is a need to have more 
scientific reports on Lakadong turmeric based curcumin 
considering its better quality and yield which gives it 
huge potential for nutraceutical and pharmaceutical 
application.

One major limitation of curcumin, restricting its suc-
cessful application is its poor bioavailability due to its less 
solubility [7]. In recent years, nano drug delivery systems 
have significantly enhanced the bioavailability and aque-
ous solubility of curcumin. Nanosuspensions (NSs) due 
to its various advantages are the most clinically success-
ful nanoformulation in enhancing the solubility of poorly 
soluble drugs [8]. However, the advantages of NSs, that 
includes its high reactivity, great capacity and small size, 
may also inflict toxic effects on cells compared to its 
microsized counterparts [9, 10]. Hence, a suitable car-
rier as PLGA based NS loaded carbopol nanogel may be a 
better preparation with reduced nanotoxicity. Moreover 
this nanogel may also result in a more controlled therapy 
which is essential for its anti-inflammatory and wound 
healing effect.

Wounds typically represent physical injuries that 
cause the loss of epithelial integrity as well as the dis-
turbance of normal structure and function of the skin 
and its tissues that underneath it. Many physiological 
events occur throughout the wound healing process, 
including clothing, coagulation, inflammation, and the 
formation of new tissues. Any drug that has the ability 

to accelerate these activities is termed a wound heal-
ing promoter, and turmeric (Curcuma longa L.) along 
with its bioactive ingredient curcumin have been sci-
entifically employed to treat wounds. Additionally, cur-
cumin has also been shown to increase granulation in 
bodily tissue, including increased cellular content and 
new vascularization, as well as the process of wound re-
epithelialization [11, 12]. However, the poor solubility 
of curcumin results in limited skin permeation through 
the stratum corneum (SC), and is a major limitation 
for its topical application in cutaneous wound healing 
[11]. Hence, development of a topical delivery system 
that can enhance the solubility of curcumin and pro-
mote its permeation through the skin is very essential. 
There are reports of cutaneous wound healing activ-
ity of nanogels based on nanoemulsion coupled with 
ultrasonication [12], but there are no reports of nano-
suspension based nanogel, which are simpler in prepa-
ration and use lesser surfactants and cosurfactants in 
formulation, which may otherwise irritate the wounds. 
Hence in the present study a superior quality curcumin 
was extracted, isolated and purified from Lakadong tur-
meric with better yield as compared to other reported 
yields of turmeric. The isolated curcumin was charac-
terized by various analytical techniques for its iden-
tity and purity. The antioxidant and anti-inflammatory 
efficacy of the obtained extracts were observed. PLGA 
based nanosuspensions were then prepared using this 
isolated curcumin by nanoprecipitation technique. The 
Cur-NS was then converted to nanogel using carbopol 
for topical application in cutaneous wound healing and 
inflammation.

Methods
Materials
Pure curcumin (95% purity) was procured from SRL, 
India. Various solvents including chloroform, hex-
ane, ethyl acetate, and methanol were obtained from 
RANKEM, India. Poly Vinyl alcohol (PVA) was sourced 
from Sigma Aldrich, while PLGA and carbopol 940 were 
obtained from Yarrow Chem, Mumbai. Triethanolamine 
oleate was purchased from SRL. All chemicals were of 
analytical grade, and demineralized water was used.
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Plant material, processing and extraction process
Fresh Lakadong turmeric (LKD) rhizomes were collected 
from the Lakadong region in Meghalaya, India (Location: 
25° 11′ 0" North, 92° 17′ 0" East). The plant material was 
authenticated at the Botanical Survey of India, Shillong, 
Meghalaya (India) and a voucher specimen (Specimen 
number. GIPS/2018/003) was preserved for future refer-
ence at the Central Museum of GIPS, Guwahati, India. 
The rhizomes were cleaned, dried, and ground into 
coarse powder. The homogeneous powdered material 
(1  kg) was subjected to successive extraction for 72  h 
using solvents (2.5 L) of increasing polarity (hexane, chlo-
roform, ethyl acetate, and methanol) in a Soxhlet appa-
ratus. The extracts obtained were filtered, concentrated 
using reduced pressure and labeled as hexane extract 
(LKDHE), chloroform extract (LKDCH), ethyl acetate 
extract (LKDEA), and methanol extract (LKDME).

Residual solvents in extracts by gas chromatography
The collected extracts were analyzed for residual solvent 
content using Gas Chromatography (GC) with a Head-
space system (Clarus 690 Perkin Elmer). The injection 
Volume sampling rate was maintained at 12,50000pts/s 
with initial oven temperature at 40̊ C for 2 min followed 
by GC run (Ramp 1 at 5.0 deg/min to 100 deg/min hold 
for 1 min and Ramp 2 10.0 deg/min to 150 deg/min with 
hold time of 0.00 min), offset at 100 µV. Extract samples 
were placed in vials, and the GC run was executed fol-
lowing the specified procedure (Fig. 1). The outcomes are 
displayed in Additional file 1: Fig. S1.

Physical evaluations and phytochemical studies of the LKD 
successive extracts
Physical properties of the LKD successive extracts
Various physical parameters were evaluated on the 
extracts including testing for organoleptic characters, 
nature of the extract, percentage yield; pH and solubility 
testing were determined [13].

Phytochemical evaluations and analytical process 
of curcumin from LKD
Preliminary phytochemical screening, thin layer 
chromatography and quantification of total phenolic content
Phytochemical screening of the LKD successive extracts 
was conducted to identify various classes of phyto-
chemicals [14]. Prominent phytochemical classes that 
produced positive test results underwent further verifica-
tion using Thin-Layer Chromatography (TLC) methods. 
For extracts abundant in curcuminoids, TLC analysis 
was executed following established protocols [15]. The 
procedure encompassed preparing sample extracts for 
analysis, selecting the stationary phase, optimizing the 

mobile phase, developing the chromatogram, and spot-
ting detection, all in accordance with established guide-
lines. The stationary phase for TLC employed pre-coated 
silica gel 60 F254 aluminum sheets (Merck Ltd.), while the 
mobile phase was composed of a mixture of chloroform 
and methanol in a 9:1 ratio. Subsequently, the TLC plates 
were observed using short UV light (264  nm), long UV 
light (366  nm), and visible light, both before and after 
applying the detecting reagent. Furthermore, the opti-
mization of High-Performance Thin-Layer Chromatog-
raphy (HPTLC) fingerprinting and the analysis of the 
curcumin-rich crude fraction after isolation via column 
chromatography were performed using HPTLC CAMAG 
equipment, which included the Linomat V sample 
applicator, CAMAG TLC visualizer, and WINCATS 4 
software.

Furthermore, based on the results of the preliminary 
phytochemical screening and TLC analysis, further stud-
ies were conducted for the total phenolic and tannin 
content estimation using a UV–Visible spectrophotom-
eter (Shimadzu-AA6300). The total phenolic content and 
total tannin content were determined using the Folin-
Ciocalteu method with certain modifications [16]. Sam-
pling was done by preparing all the successive extracts 
at concentration of 1 mg/mL. A series of dilution in the 
concentration range of 0.02–0.10  mg/mL was prepared 
for tannic acid (1 mg/mL stock solution) taken as refer-
ence standard. The total phenolics (TP), total simple 
phenolics (TSP) and total tannin content (TC) were esti-
mated using the reported methods. All estimations were 
performed in triplicates and were statistically expressed 
as Mean ± S.E.M using linear regression equation.

Isolation and characterization of curcumin from LKD
The analysis of the chloroform extract (LKDCH) through 
TLC and HPTLC confirmed a notable presence of cur-
cumin. Consequently, an attempt was undertaken to 
isolate curcumin from this extract, employing a column 
chromatography approach. The wet packing method was 
adopted, wherein the column was packed with silica gel 
(#60–120 mesh, column grade, Merck Ltd.), combined 
with exceptionally pure chloroform. LKDCH (50 g) was 
absorbed in chloroform and introduced into the col-
umn. The elution process was executed by employing a 
gradient mixture of methanol (MeOH) and chloroform 
(CHCl3), with a progressively increasing proportion of 
MeOH within CHCl3. The gradient levels were as follows: 
1%, 2.5%, 5%, 7.5%, 10%, 15%, 20%, 40%, 60%, 80%, and 
finally, 100%. The eluates were collected in 25  mL frac-
tions. Similar Rf values led to the pooling of correspond-
ing eluates, which were subsequently concentrated using 
a rotary evaporator. The procedure yielded 105 fractions. 
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Notably, fractions 50–55 exhibited distinct yellow single 
spots of curcumin, which were then combined and sub-
jected to concentration. To enhance its purity, curcumin 

was purified through recrystallization in 100% acetone 
and stored at room temperature.

Fig. 1  Phytochemical evaluation of LKD extracts and characterization of curcumin. A: TLC chromatogram of LKD successive extracts; B, C, D: HPTLC 
fingerprinting of isolated curcumin from LKDCH E FTIR fingerprinting of purified LKD curcumin F MS spectra G 1H NMR of purified LKD curcumin H 
13C NMR of purified LKD curcumin
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The characterization and interpretation of the struc-
ture of the isolated curcumin was analyzed by sophisti-
cated spectrometric techniques including FTIR (Bruker 
Alpha), 1HNMR and 13CNMR (Bruker Avance Neo 
500  MHz FT-NMR spectrometer), Mass spectrometer 
(Waters Corporation MALDI-TOF SYNAPT XS HD 
Mass spectrometer) [17].

Differential scanning calorimetry (DSC)
The DSC 3 instrument (Mettler Toledo; Model no-ME-
5140313) was employed to examine the melting point 
behavior of both the isolated and purified curcumin, 
as well as the standard curcumin. Samples were posi-
tioned in aluminum pans and subjected to scanning at 
a rate of 10 °C per minute within the temperature range 
of 20 °C to 300 °C under an inert nitrogen gas environ-
ment. For confirming the identity and purity of the iso-
lated curcumin, a comparison was made between the 
endothermic peak of the isolated curcumin and that of 
the standard curcumin [18].

HPLC analysis for determination of the purity of isolated 
curcumin
The purity of isolated Curcumin from Lakadong Tur-
meric extracts was determined by HPLC (Arc HPLC, 
Waters). The HPLC System consisted of a chromato-
graphic pump, Injector, and UV detector. For HPLC 
separation, a reversed-phase C-18 column was used. 
The mobile phase was composed of acetonitrile-acidic 
Water (pH 3 adjusted by acetic acid) (80:20v/v) at a flow 
rate of 1 m/min. The run time was 10 min and the detec-
tion wavelength was set at 425 nm. The mobile phase was 
filtered using a 0.2  nm millipore membrane filter. The 
sample injection volume was set at 20 μl. The purity was 
determined by comparing it with a chromatogram of the 
standard curcumin from SRL, India (95% Purity) [8]. The 
result is shown in Fig. 2.

Nuclear magnetic resonance (NMR)
The chemical identity of the LKCH isolated curcumin was 
further confirmed by proton NMR spectrum usingHigh 

Fig. 2  HPLC chromatogram of curcumin. A: Curcumin standard; B: Curcumin in LKDCH and purity of isolated curcumin from LKDCH; C: Curcumin 
standard; D Curcumin isolated from LKDCH



Page 6 of 21Sarma et al. Future Journal of Pharmaceutical Sciences            (2023) 9:85 

Resolution Multinuclear FT-NMR Spectrometer (ECX400 
-Jeol 400  MHz, Japan). The samples were dissolved in 
dimethyl sulfoxide d6 (DMSO d6) as solvent. 20 µl of tetra-
methylsilane (TMS) was added to the sample solution as 
the internal reference. Chemical shifts observed were 
reported in parts per million (ppm) relative to expression 
of tetramethylsilane (TMS) in δ units, and the spin mul-
tiplicities were obtained as s(singlet) and d (doublet) [17].

Fourier‑transform infrared spectroscopy (FTIR)
The IR spectrum of isolated LKDCH curcumin was fur-
ther compared with that of the standard curcumin used 
to determine its structural identity using FT-IR spectro-
photometer (Perkin Elmer Model: L1600400 Spectrum 
Two Ft-IR/DTGS). The samples were placed directly in a 
KBr-coated pan and scanned at 400 to 4000 cm−1 [18].

DPPH free radical scavenging activity
The standard approach was used to test the free radi-
cal scavenging ability of PFSEs against DPPH (1, 1 

diphenyl-2-picrylhydrazyl) with minor modifications 
[19]. Aliquot series of dilutions (25–200  g/mL) of both 
LKD successive extracts and reference standard ascorbic 
acid were made from the stock solution (1 mg/mL). The 
reaction was started by combining individually the spe-
cific concentration of series of dilutions of LKD extracts 
and standard solution of ascorbic acid (25–200  g/mL) 
with 5  mL of a DPPH solution that had been prepared 
in methanol at a concentration of 100  mM/mL. After 
30  min of dark incubation, the reaction mixtures were 
tested for absorbance at 517 nm

The absorbance of control solution is denoted by "A0" 
in this equation, while the absorbance of test sample is 
denoted by "A1". The IC50 was determined using ascorbic 
acid as a control and the regression equation by plotting 
the percentage inhibition against the relevant values. The 
results are shown in Fig. 3.

% Inhibition = [(A0 − A1)/A0] X 100

Fig. 3  DPPH radical scavenging activity of the LKD successive extracts
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HRBC membrane stabilization assay
HRBC membrane stabilization assay was performed to 
evaluate the anti-inflammatory efficacy [20]. Blood samples 
were mixed equally with sterile Alsever medium containing 
(2% (w/v) dextrose, 0.8% sodium citrate, 0.5% citric acid, 
and 0.42% sodium chloride in water). The blood was then 
centrifuged for an additional 10  min at a higher speed of 
3000 rpm. Isosaline (0.85%, pH 7.2) was used to clean the 
packed cells after which a 10% (v/v) solution of isosaline 
was made. The secondary metabolite obtained from the 
plant extract, 1  mL of phosphate buffer pH 7.4 (0.15  M), 
2 mL of 0.36% hyposaline, and 0.5 mL of HRBC suspension 
were all included in the test mixture. As a benchmark med-
ication, diclofenac was employed. Distilled water(2  mL) 
was used as the control in place of the hyposaline solution. 
The test mixtures were centrifuged at 3000 rpm for 10 min 
after being incubated for 30 min at 37° C. Using a UV–Visi-
ble spectrophotometer set to 560 nm, the amount of hemo-
globin in the supernatant was calculated [21]. The following 
equation was used to compute the percentage of hemolysis:

Preparation of nanosuspension by precipitation‑sonication 
method
Nanosuspensions were prepared with the Curcumin iso-
lated from LKDCH using the precipitation-sonication 
method [22]. Briefly, the drug was added in 2 ml acetone 
and vortexed.To this solution PLGA was added to get 
the organic phase. The PLGA-CUR solution was then 
injected rapidly to 20  ml of previously prepared PVA 
solution followed by sonication for 10  min at 60 ampli-
tude and 0.6 cycles. These precipitated nanosuspensions 
were then kept overnight under stirring to evaporate out 
the organic solvent.

Characterisation and optimisation of Curcumin 
nanosuspensions (Cur‑NS)
Measurement of particle size and polydispersity index
The average size and the polydispersity index (PDI) of the 
Cur-NS were measured using dynamic light scattering 
(DLS) method after suitable dilution (Zetasizer, Malvern 
Nano S90). All the measurement were done in triplicate 
at 25 °C with a scattering angle of 90°. The zeta potential 
of the preparations was also measured by electrophoretic 
mobility method using clear disposable zeta cell (Zeta-
sizer Ver. V 2 2 Malvern) [23].

Hemolysis (%) =

(

Optical density of test sample

/Optical density of control
)

× 100

Protection (%) =100− Optical density of test sample

/Optical density of control × 100

Transmission electron microscopy (TEM)
The size and morphology of the nanoparticles were fur-
ther evaluated by TEM. The Cur-NS was added drop wise 
onto a copper grid with a carbon coating of 400 mesh. 
The grid was stained for 20 min with a solution of phos-
photungsten acid (2 percent, w/v) after being tapped with 
filter paper to remove extra water about 15  min after 
nanoparticle deposition and air dried. The TEM images 
were then obtained using TEM (JEM-2100 PLUS (HR), 
JEOL) at 200,000 × magnification at 200 kv [25] as shown 
in Fig. 4.

Drug entrapment efficiency
The percentage drug entrapment was determined by the 
developed HPLC method. The Cur-NS were centrifuged 
at 11,000  rpm (REMI Cooling Centrifuge) for 15  min. 
After centrifuging, the supernatant was taken out and 
1  ml of acetonitrile was added to the nanoparticle pel-
lets, which were then sonicated for 5  min, to disrupt 
the structure of the particles and release curcumin. The 
amount of drug entrapped was then determined by using 
the developed HPLC method [24].

The percent entrapment efficiency was determined 
using the following equation:

In vitro drug release study
The in  vitro drug release of the Cur-NS was studied by 
dialysis bag technique. Briefly, 1 ml of Cur -NS was taken 
in a dialysis bag (Hi-media Molwt molecular weight cut 
off between 12,000 and 14,000). The release was studied 
by suspending the bag in 200  ml of receptor medium 
(PBS 7.4 + 0.5 percent Tween 80) at 37 °C under continu-
ous magnetic stirring using IKA HS 7. At regular inter-
vals, 2  ml of samples were collected and replaced with 
fresh media. The drug concentrations in the collected 

%DEE = [(Curcumin encapsulated/Curcumin total)× 100]

Fig. 4  TEM photomicrograph of Curcumin Nanosuspension
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samples were then determined by the developed ana-
lytical HPLC method using the calibration equation 
y = 18,005.5574x− 64979.1884 R2 = 0.991. [22]

Formulation and optimisation of Cur‑NS loaded gel 
(Cur‑NS‑nanogel)
Preparation of plain gel
Carbopol 940 was dissolved in water and stirred con-
tinuously untill it dissolves completely. The polymeric 
solution was then cross-linked chemically by drop-wise 
addition of triethanolamineoleate with continous stir-
ring at constant rate until a clear homogeneous gel was 
obtained [26].

Optimization and evaluation of the topical gel
The prepared gels were then optimized based on vary-
ing concentration (0.2–0.5%) of the polymer, the alkali 
(triethanolamine) and its effect on the physicochemical 
properties e.g. pH, Viscosity, Gel strength and Spread-
ability [27].
pH: pH of the gel was measured using a digital pH 

meter (μ pH system 361, Systonics). The pH meter was 
first calibrated with three standard buffers (pH 4, 7 and 
9). After calibrating the apparatus, the pH of freshly pre-
pared Carbopol 940 gels were measured by dissolving 
and equilibrating the required amount of gel in distilled 
water.
Viscosity: Viscosity of the prepared Gels were deter-

mined using Brookfield viscometer (DV-E Viscometer; 
Model No-LVDVE, USA) at 30  rpm/min using spindle 
No 64. The viscometer was calibrated using a standard 
solution of glycerine before all measurements.

Spreadability
Two sets of glass slides with uniform dimensions were 
used to test the spreadability of the produced gels. One 
of the slides was covered with the gel formulation. The 
gel was sandwiched between the two slides in an area 
that was occupied by a distance of 7.5 cm along with the 
slides when the other slide was positioned on top of the 
gel. The upper slides were given a 100-g weight to press 
the gel between them into a thin layer in a uniform man-
ner. The excess gel that was sticking to the slides was 
scraped off after the weight was taken off. The two slides 
in place were securely fastened to a stand so that only 
upper slides could slip off freely under the force of weight 
tied on them. A 20 g weight was tied to the upper slide. 
The time taken for the upper slide to cover a distance of 
7.5 cm and get separated from the lower slide under the 
force of the weight, was noted. The experiment was per-
formed in triplicates and the meantime was taken for cal-
culation [27, 28].

The following formula was used to determine 
spreadability:

where, S = spreadability, m-weight tied to upper slides, l- 
length of the glass slide and t- time taken in sec.

Gel strength
The strength of the gel formulations was determined 
using a Texture Analyzer (Stable Micro System, FD/1–
077). The "gelling strength test" or compression mode 
of the Texture Analyzer was selected, and the test speed 
was set to 1.0 mm/s. 50 points per second for the acqui-
sition rate and 5 g for the trigger force were chosen. An 
aluminum probe of 7.6 cm diameter was used for all the 
samples. The immersion probe was inserted into the 
gel during the test at room temperature. Gel strength, 
expressed in grams, was used to determine the force nec-
essary to penetrate the gel [28].

Preparation of Cur‑NS‑nanogel
The Nanogel was prepared by adding the Carbopol 940 
in the Cur-NS followed by cross linking with triethan-
olamine. The nanosuspensions were then continuously 
stirred until homogenous nanogels were formed.

Evaluation of Cur‑NS‑nanogel
The nanogels were evaluated in terms of appearance, 
homogeneity, pH, viscosity, and spreadability as men-
tioned in the earlier sections.

Drug content in Cur‑NS‑nanogel
The drug content was measured by dissolving the meas-
ured amount of gel in acetonitrile. The dispersion 
obtained was filtered and analyzed at 425  nm using the 
developed HPLC method [29].

Drug loading efficiency (%) = (Experimental drug con-
tent/ Theoretical drug content) 100%

Stability studies
The accelerated stability studies were conducted in 
accordance to the ICH guidelines. The Cur-NS-Nano-
gel were kept at 4  °C, 25  °C and 40  °C and stability was 
observed for 30 days. The stability was observed in terms 
of change in color, appearance, pH, viscosity, and gel 
strength [30]

Ex vivo skin permeation study
Processing of rat skin
The albino Wistar rats were received from the ani-
mal house facility of Veterinary College, Khanapara. 
The animal study was conducted as per the CPCSEA 
guidelines after getting approval from the Institutional 

S = m × l/t
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Animal Ethical Committee (Ref no: GIPS/IAEC/M.PH/
PRO/10/2022). Experimental animals were feed with 
standard commercial pellets with free access to water 
ad  libitum and housed according to standard laboratory 
environment by maintaining a 12 h day and night cycle at 
normal room temperature of 25 ± 1°C and 45–55% rela-
tive humidity. The rats (200–250 gm) were anesthetized 
using ketamine (30 mg/kg) [IP] anesthesia prior to exci-
sion of the skin and hairs were removed using hair clips. 
Excised skin were rinsed with 0.9% saline water [31].

Permeation study
The permeation through skin was studied using 20  ml 
modified franz diffusion cell assembly. The prepared 
rat skins were tied to the donor compartment such that 
the dermis faces the receiver compartment. The recep-
tor compartment was filled with receptor media (PBS 
7.4 + 0.5%Tween 80) and the donor compartment was 
loaded with 200  mg of Cur-NS Nanogel. The assembly 
was placed in a temperature controlled magnetic stirrer 
(IKA HS7) with temperature maintained at 37 ̊C. Drug 
permeation study was conducted for 24 h under continu-
ous magnetic stirring. 1  ml samples were withdrawn at 
regular time intervals from the receptor compartment 
and were analyzed using the developed HPLC method 
[32, 33].

Permeation kinetics analysis [33, 34]
The rate of drug permeation was determined using the 
Ficks Law of diffusion using the equation:

where J represents the rate at which a drug permeates a 
membrane, dc/dx represents a gradient in concentration, 
and D represents the diffusion coefficient of the drug. 
While steady state flux was computed using the following 
equation, lag time was calculated using the intercept of 
the slope.

where Co represents the drug concentration and Kp rep-
resents the permeability coefficient.
Kp = J/Co is the permeability coefficient that is 

obtained from the steady state flux.

Assessment of in vivo wound healing activity
Experimental animals
Unisex albino Wistar rats (220 ± 20 g) were used for assess-
ing the cutaneous wound healing potential of the nanogel. 
Animal experimentation was approved by the Institution 
Animal Ethical Committee (IAEC) of GIPS, Guwahati 
(Approval number GIPS/IAEC/M.PH/PRO/10/2022). 

J = D.dc/dx

J = KpCo

Experimental animals were feed with standard commer-
cial pellets with free access to water ad libitum and housed 
according to standard laboratory environment by main-
taining a 12 h day and night cycle at normal room tempera-
ture of 25 ± 1° C and 45–55% relative humidity [35].

Excision wound model
In the present study, the excision wound model was 
selected for evaluating the cutaneous wound healing 
potential of the curcumin nanogel [29]. To start with the 
model, all the 30 experimental rats were randomly assigned 
to five groups with six rats in each group (n = 6) as listed 
below and were anesthetized using ketamine (30  mg/kg) 
[IP] anesthesia, before induction of the wound. The par-
ticular skin area of all the experimental rats was shaved 
1  day prior to the experiment. Approximately 30 mm2 
of skin was removed from all the experimental animal 
groups except the normal group at a depth of 2 mm from 
a predetermined area of shaved skin to create the excision 
wound. After induction of the cutaneous wound, it was left 
undressed, exposed to an open environment and observed 
for any signs of infection. Normal saline solution was blot-
ted onto the wound to achieve hemostasis. The wounded 
animals were housed separately in different cages.

•	 Group I (normal group): Animals receiving a normal 
diet and water ad libitum. Wounds were not induced in 
this group.

•	 Group II (No treatment group): Animals receiving a 
normal diet and water ad libitum + wound induction.

•	 Group III (Treatment with the plain gel): Animals 
receiving a normal diet and water ad libitum + wound 
induction + treatment with plain carbopol gel.

•	 Group IV (Standard Control): This group received 
normal diet and water ad  libitum + wound induc-
tion + treatment with marketed turmeric cream (0.6% 
w/w equivalent curcumin).

•	 Group V: This group received a normal diet with water 
ad  libitum + induction of excision wound + treatment 
with formulated (0.6% w/w equivalent curcumin) Cur-
NS-Nanogel.

During the treatment period, the area of the wound 
was measured on 0th, 5th, 10th, 15th, and 21st day using the 
Android software, Imito Measure (https://​imito.​io/​en) 
[18] and the percentage wound contraction was calculated 
using the formula given below [36].

On the 21st day of operation, a fraction of the 
excised tissues from each group were processed for 
histopathological examination. For conducting the 

%Wound Contraction =

[(

Wound Area in Day 0−Wound Area on day n
)

/Wound Area on day 0] × 100

https://imito.io/en
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histopathological analysis, a 10% buffered formalin 
block was used and blocked with paraffin. Further the 
tissues were sliced into 5  mm thickness and stained 
with hematoxylin and eosin dye (H-E dye) followed by 
photography and examination of the tissues [37]. The 
results are shown in Figs. 5 and 6.

Acute anti inflammatory activity
Prior to the experiment, animals were allowed unlim-
ited access to water while fasting for 24  h. Except for 
normal control (group I), all animal groups received 
0.05  ml of a 1% suspension of carrageenan in saline 
on the day of the experiment. One hour prior to each 
experiment, the carrageenan solution was produced 
and administered to the rat’s right hind paw’s plantar 
side. With the examined sample, Groups III to IV were 
processed and topically applied to the plantar surface 
of the hind paw by rubbing 50 times, gently with the 
index finger. The study’s standard reference medica-
tion was 0.5% piroxicam gel. One hour before the car-
rageenan injection, medications were administered. 
Using a plethysmometer, paw volume was measured 
immediately following the injection of carrageenan and 
at intervals of 1, 2, 3, and 4 h [32, 38]. The results are 
shown in Fig. 7.

Statistical analysis
The standard error of the mean (SEM) was used to 
express all values of the experimental data. Analysis of 
variance (ANOVA) was performed for the evaluation of 
the wound area from postoperative day 0 to 21 using a 
two-way ANOVA statistical procedure, followed by Bon-
ferroni’s post-test for multiple comparisons between 
groups. All statistical analyses were performed using 
GraphPad Prism 5.0 software (GraphPad Software, 
Inc., La Jolla, CA). A difference in the mean values with 
p < 0.05 was considered to be statistically significant.

Results
Physical evaluations and phytochemical studies of the LKD 
successive extracts
Table  1 reports the physical characteristics and yield 
percentages of the successive LKD extracts. In the pre-
sent investigation, the quantification of total phenolic 
and tannin content as demonstrated in Table 1 depicted 
that the LKDCH extract (2.16 ± 0.62  mg GAE/g of dry 
weight extract) showed the presence of maximum 
quantity of phenolics and tannins followed by LKDME, 
LKDEA and LKDHE. The results of phytochemical 
screening are shown in Table 2. The HPTLC fingerprint 
analysis of LKDCH when compared to standard refer-
ence curcumin showed a prominent and dense bands 

Fig. 5  Wound structural changes and healing effects from day 0 to day 21 after treating with tested samples
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of curcumin and its two analogues viz bisdesmethoxy-
curcumin (BDMC) and demethoxycurcumin (DMC) 
having Rf value at 0.81, 0.65 and 0.53 respectively. Gas 

chromatography analysis revealed that all the LKD 
extracts were found to be devoid of any residual solvent 
(Additional file 1: Fig. S1).

Fig. 6  Histopathologicalsection analysis of the rat skin tissues obtained from the 21st-day excision wound model: A: Normal control group; B: 
Negative control group; C: Group treated with plain carbopol gel; D: Group treated with marketed turmeric cream (0.6% equivalent curcumin); E 
and F: Group treated with Cur-NS-Nanogel(0.6% equivalent curcumin) [CF: Collagen fibers, FC: Fibroblast cells, HF: Hair follicles, IF: Inflammatory 
cells, RE: re-epithelization, GT: Granulation tissues, SB: Sebaceous gland]
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In vitro antioxidant activity
DPPH radical scavenging activity of LKD succes-
sive extracts is shown in Fig.  1. Data demonstrated 
that LKDHE, LKDEA, and LKDME extracts showed 

significant (*p < 0.05) difference when compared to the 
positive control (STD-CUR) revealing their less anti-
oxidant efficacy. However, LKDCH showed statistically 
non-significant (nsp < 0.05) when compared to STD-CUR, 

0 hour

1 hour

2 hour

3 hour

4 hour

Group-I
Normal Control

Group-III
Marketed Formulation

Group-IV
Curcumin NS Gel

Group-II
Negative Control

(a)

(b)
Fig. 7  a Effects of Cur-NS nanogel in paw volume in rats at different time intervals, b In vivoanti inflammatory activity of Cur-NS nanogel in rats
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indicating that it has the ability to scavenge the DPPH 
radical which is comparable to the standard.

Isolation and structural elucidation of curcumin from LKD
Column chromatography of the LKDCH yields 105 frac-
tions. The existence of curcuminoid components was 
shown by fraction numbers 50–76 as depicted on the 
TLC chromatogram. Fraction 50–55 demonstrated the 
highest purity based on the TLC profile as indicated by 
the presence of a significant dense area of curcumin with 
modest amounts of BDMC and DMC. Further, this frac-
tion (50–55) was purified by re-crystallization in etha-
nol, as indicated in the literature [39], thus yielding a 
yellowish crystals of curcumin. The purified curcumin 
was lyophilized and characterized by NMR, FT-IR, Mass 
and UV–Visible spectrophotometer. The melting point 
of the compound was observed at 181  °C and the UV–
visible spectrum with λmax was recorded at 425  nm. IR 
bands (υ cm−1) showed the presence of prominent func-
tional groups of curcumin at 3653 (–OH), 2979 (C–H), 
1625 (C = C), 1264 (C–O–C), 1026 (C-O–H). 1HNMR 
spectrum (400  MHz, DMSO-d6) produces prominent 

proton peaks (δ ppm) at 3.837 (s, 6H, OCH3), 6.056 [s, 
1H, C(OH) = CH], 6.777 (d, 2H, 2,6-H), 6.833 (d, 2H), 
7.160 (d, 2H), 7.325 (s, 2H), 7.567 (d, 2H, 1,7–H), 9.667 
(br s, 2H, phenolic –OH). Chemical shift with δ value 
at 3.837 depicted a singlet peak which corresponds to 
the existing of two methoxy groups; whereas, a sharp δ 
value at 9.667 represent the presence of phenolic hydroxy 
group. The two aromatic proton signals at δ value region 
of 6.833 and 7.160 each of them integrated for four pro-
tons diagnostic for two identical para-substituted ben-
zene rings. 13C NMR spectrum (125  MHz, DMSO) 
represents distinct carbon peaks (δ ppm) at 55.60, 100.79, 
111.29, 115.64, 121.00, 123.02, 126.26, 140.63, 147.91, 
149.27, 183.12. 13C NMR chemical shift with δ value at 
55.60 clearly signify the carbon atom corresponding to 
methoxy group; whereas, δ value at 183.12 depicted the 
carbon atom corresponding to enol and keto group. Fur-
thermore, the mass spectra (TOF–MS-ES+) depicted that 
the base peak at m/z 177.056 and a molecular ion peak 
[M + H]+ at 369.135 was detected. All these analytical 
spectroscopic features are in line with the data reported 
in the literature thus signifying the identity of curcumin 
isolated from Lakadong rhizome [17, 40, 41]. The results 
are shown in Fig. 1.

Formulation of Curcumin loaded nanosuspension
Homogenous nanosuspensions were obtained by the 
precipitation-sonication method. The precipitation 
method of nanosuspensions preparation is instantane-
ous, straightforward and easy [42].

Characterization of curcumin NS
Particle size distribution and zeta potential
The particle sizes of the Cur-NS were found to be in the 
range of 150 ± 50 nm and PDI 0.2 ± 0.1, indicating suitable 
size and distribution. From the study, the Zeta Potential 
of the formulations was found to be − 2.92 ± 0.2 mV.

Table 1  Physical properties, % yield and total phenolic and tannin content of the successive LKD extracts

Solvent Nature & pH Colour and odour Solubility Percentage of 
yield (% w/w)

Total phenolic 
content (mg TAE/g 
extract)

Total Tannin content 
(mg TAE/g extract)

LKDHE Semisolid pH-6.6 Yellow Highly soluble in hexane, chlo-
roform and sparingly soluble 
in methanol

3.3% 0.42 ± 0.10 0.07 ± 0.11

LKDCH Amorphous pH-7.8 Yellow crimson red Highly soluble in chloroform 
and moderately soluble 
in methanol

7.9% 2.16 ± 0.62 1.91 ± 0.18

LKDEA Amorphous pH-7.74 Light yellow Highly soluble in ethyl acetate 
and methanol

1.8% 0.85 ± 0.22 0.49 ± 0.14

LKDME Amorphous pH-7.9 Brown Soluble in methanol 3.4% 0.98 ± 0.19 0.55 ± 0.12

Table 2  Preliminary phytochemical screening of various successive 
extracts of LKD

Phytoconstituents LKDHE LKDCH LKDEA LKDME

Alkaloids  −   −   −   − 
Glycosides  −   +   +   + 
Flavonoids  −   +   +   − 
Steroidal/triterpenes  +   +   +   + 
Phenolic & tannins  −   +   +   + 
Saponins  −   −   −   − 
Mucilages  −   −   −   − 
Proteins  −   −   −   + 
Amino Acids  −   −   −   − 
Sugars  −   −   −   + 
Fixed oil  +   +   −   − 
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Optimization of the Cur‑NS
The nanosuspensions were optimized by using drug 
concentration, ratio of organic phase to aqueous phase, 
Polymer (PLGA) concentration, and stabilizer (Poly vinyl 
alcohol) concentration as the variables. The effects of 
these independent variables on the dependent variables 
(particle size, polydispersity Index and drug release) 
were observed to get the optimized formulation. From 
the study saturation drug concentration of 60  mg/ml, 
solvent: antisolvent (S:NS) ratio of 1:20, PLGA concen-
tration at 0.25% and PVA concentration of 0.6% were 
considered as optimized variable conditions as shown in 
Table 3. F3, which was the optimized NS, was found to 
have particle size of 157.1 ± 2.4 and polydispersity index 
0.132 ± 0.052.

Transmission electron microscopy (TEM)
The morphology and size of the formulations were 
observed by TEM studies. The nanoparticles were 
observed to be uniform in size within the range of 100–
200 nm and spherical in shape.

Entrapment efficiency of Cur‑NS
The entrapment efficiency was determined by the HPLC 
method. The entrapment efficiency of Cur-NS was found 
to be 98.52% ± 0.2 which can be considered sufficient.

In vitro drug release
In vitro release behavior of Curcumin from the optimized 
Cur-NS was observed for 24 h. A sustained drug release 
rate was observed with almost 80% drug being released 
in initial 4 h indicating an initial burst release followed by 
sustained release upto to 90.0 ± 1.6% in 24 h.

Preparation of Cur‑NS based topical gel
Homogenous nanogels were obtained by adding the Car-
bopol as the gelling agent in the optimized Cur-NS, fol-
lowed by cross linking by addition of triethanolamine as 
the alkali.

Optimization and evaluation of the topical gel
Evaluation of the Cur‑nanogels
The Cur-Nanogel was optimized by observing the effect 
of varying concentration (0.2–0.5%) of the Carbopol and 
alkali (triethanolamine) and its effect on the physico-
chemical properties e.g. pH, Viscosity, Gel strength and 
Spreadability. The pH, viscosity, gel strength and spread-
ability of the prepared Cur-Nanogels were found to be 
optimum at Carbopol Concentration of 0.3%. The opti-
mized Cur-Nanogel was found to be smooth, translucent, 
clear, homogenous with good spreadability and consist-
ency. The gels showed good consistency with Viscosity 
of 20,480 ± 456 cp, which was a desired consistency for 
patient compatible topical application. The spreadability 
was found to be 20.0 ± 1.6 g/cm2. The gels showed good 
gel strength of 9.0 ± 0.4 g and showed slightly acidic pH 
at 6.50 ± 0.3 which is safe for topical application as shown 
in Table 3.

Drug loading in Cur‑nanogel
The drug loading efficiency in the prepared Cur-Nanogel 
was determined by the HPLC method. Sufficient drug 
loading of 61.2 ± 4.5% was obtained by the method used 
for preparation of nanogel in the optimized Cur-NS.

Stability studies
Stability studies of developed formulation were per-
formed according to ICH guidelines for 30  days. From 
the study it was observed that the optimized formulation 
exhibited good stability behavior in terms of pH, physi-
cal appearance, viscosity, spreadability and drug content 
as shown in Table 4. No change in properties of the gel 
is observed for the formulations stored at room tempera-
ture, 4 °C and 40 °C.

Ex vivo skin permeation study
From the ex  vivo skin permeation Study using rat skin, 
Cur-NS-nanogel showed a much controlled permeation 

Table 3  Formulation table for optimized Curcumin Nanosuspension (Cur-NS)

Formulation PVA % PLGA mg Drug mg/ml S:NS Particle Size nm ± SD PDI ± SD Drug Release in 24 h % ± SD

F3 0.5 30 60 1:20 157.1 ± 4.6 0.130 ± 0.014 90 ± 1.6

Table 4  Evaluation of Optimized Cur- NS Loaded Nanogel

Formulation Concentration of 
Carbopol %

Physical Appearance Viscosity cp ± SD pH ± SD Spreadabilty g/cm2 ± SD Gel Strength g ± SD

NG3 0.3 Smooth and homogene-
ous

20,480 ± 590 6.5 ± 0.3 20.00 ± 2.4 9.00 ± 0.6
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with steady state flux of 21.28 ± 0.23  µg/cm2/hr in 24  h 
in comparison to Plain Carbopol gel which showed 
higher steady state flux of 36.38 ± 0.23  µg/cm2/hr. The 
permeation coefficients were similarly found to be 
2.031 ± 0.0064(×103 cm/min) and 3.6 ± 0.0064 (×103 cm/
min) in Cur-NS-Nanogel and Plain Carbopol Gel respec-
tively (Table 5).

Cutaneous wound healing potential of Cur‑Nanogel
In the current study, nanoformulation of curcumin was 
found effective in healing cutaneous wounds. Figure  5 
represents the morphological and structural changes 
of the wounds from day 0 to day 21 after being treated 
with the curcumin nanoformulation. Animals treated 
with simple carbopol gel showed no significant difference 
(p < 0.05) in the wound contraction area on comparision 
to the negative control group (untreated group). How-
ever, topical treatment of the animal groups with com-
mercially available turmeric cream (0.6% w/w equivalent 
curcumin) and formulated CUR-NS nanogel of equiva-
lent percentage of curcumin on day 5, 10, 15 and 20 
showed a significant (*p < 0.05) reduction in the wound 
contraction area when compared to the untreated group. 
The percentage wound contraction (%) and epitheli-
alization period concerning plain gel, standard control, 
and that of the tested CUR-NS nanogel is respectively 
shown in Table  6. The nanogel resulted in better heal-
ing of the open wound in comparison to marketed tur-
meric cream with equivalent curcumin. The percentage 
wound contraction was found to be significantly higher 
in the prepared nanogel in comparison to the marketed 

cream. Results from the histopathological analysis also 
supported our study. Tissues excised from the normal 
control group revealed normal hair follicles (HF), col-
lagen fibers (CF) with well defined-outer epidermis and 
well-organized epithelial cells (EC) as depicted in Fig. 6A. 
While tissues excised from the negative control group 
and the plain gel treated group exhibited remarking dete-
rioration of the epithelial cells (EC) and the epidermis 
(ED), along with damaged collagen fibers (Fig.  6B and 
C). However, marketed turmeric cream applied on the 
animal group exhibited sufficient healing ability repre-
sented by re-epithelialization and regeneration (Fig. 6D). 
The experimental groups receiving the tested CUR-
Nanogel represented excellent cutaneous wound healing 
capability.

Acute anti‑inflammatory activity
Figure  7a and b demonstrated the anti-inflammatory 
effects of the formulated Cur-NS nanogel in the carra-
geenan-induced paw edema model in experimental rats. 
The result depicted that subcutaneous injection of carra-
geenan at 0th, 1st and 2nd hour showed no discernible 
(p > 0.05) changes in the paw volume in both untreated 
(negative control) and treated rats (Cur-NS nanogel 
and positive control). Topical intervention with Cur-NS 
nanogel (0.6%) at 3rd and 4th hour when compared to 
negative control rats demonstrate a significant (*p < 0.05) 
reduction in the paw volume by 43.97% and 72.19% 
respectively. Similar but lesser effect was seen with topi-
cal intervention applied with marketed curcumin for-
mulation (positive control), where the paw volume also 

Table 5  Stability studies results of Cur-NS Nanogel

Parameter Day 0 Day 30

4 °C RT 40 °C 4 °C RT 40 °C

Viscosity Cp ± SD 23,200 ± 600 23,200 ± 600 23,200 ± 600 23,000 ± 400 25,200 ± 300 19,600 ± 700

pH ± SD 6.5 ± 0.3 6.5 ± 0.3 6.5 ± 0.3 6.6 ± 0.2 6.6 ± 0.3 6.2 ± 0.5

Gel Strength g ± SD 9.2 ± 0.4 9.2 ± 0.4 9.2 ± 0.4 8.5 ± 0.5 8.5 ± 0.2 5.5 ± 0.6

Table 6  Wound Healing study results in rats from day 0 to day 21

Experimental group Wound area (cm2) and percentage of wound contraction

Day 0 Day 5 Day 10 Day 15 Day 21 % wound 
contraction

Gp-I (Normal control) – – – – – –

Gp-II (Negative control) 3.37 ± 0.45 3.19 ± 0.45 2.83 ± 0.44 1.42 ± 0.55 0.33 ± 0.09 90.23%

Gp-III (Plain Gel control) 3.2 ± 0.29 2.7 ± 0.48 2.05 ± 0.30 0.79 ± 0.39 0.41 ± 0.15 87.18%

Gp-IV (Marketed Gel) 3.37 ± 0.28 3.5 ± 0.25 2.66 ± 0.27 0.95 ± 0.37 0.19 ± 0.08 94.72%

Gp-V (Formulated 200 mg gel) 3.25 ± 0.27 2.91 ± 0.27 1.64 ± 0.34 0.50 ± 0.29 0.14 ± 0.06 95.69%
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showed significant reduction (*p < 0.05) at 3rd (48.19%) 
and 4th hour (50.67%).

Discussion
Curcuminoids, which are abundant in turmeric, have 
several biological functions. Curcumin, in particular, 
has been proven to have a wide spectrum of therapeutic 
effects in both pre-clinical and clinical studies. Curcumin 
analogues’ biological capabilities have recently been 
documented, with demethoxycurucmin (DMC) being 
shown to be very effective in suppressing MCF-7 cells 
and bisdemethoxycurcumin (BDMC) having the capac-
ity to modify MDR-1 gene expression. Among all the 
known curcuminoids, except curcumin, both DMC and 
BDMC are not commercially available [43]. As a result, 
it is essential to isolate curcuminoids at a high purity in 
order to study their biological properties. The current 
study investigated the process of isolation and purifica-
tion of curcumin from Meghalaya Lakadong turmeric 
and formulation of novel nanogel for evaluation of its 
wound healing and anti-inflammatory activities in exper-
itmental animals. Our reports demonstrated that among 
the LKD successive extracts, the yield percentage was 
found to be highest with that of LKDCH. The density of 
the color change during phytochemical screening of the 
LKDCH indicated the presence of a significant amount of 
phenolics, tannins, terpenes, and steroids. Our findings 
are consistent with those of previous research [44–46], 
where turmeric samples gathered from various parts of 
the world showed comparable and similar phytochemical 
profile. The total residual solvent present in all the suc-
cessive extracts were found to very minimum as evident 
from the results of Gas Chromatography studies, which 
depicted that the extract is free from harmful residual 
solvents used during extraction process. Literature dem-
onstrated that the presence of residual solvent beyond 
the safety limits may be associated with carcinogenicity, 
neurotoxicity, teratogenicity and may other toxic con-
sequences in finished herbal medicinal products [47]. 
Based on the quantitative estimation, it was observed 
that total phenolic and tannin content was found to be 
highest with LKDCH extract (2.16 ± 0.62  mg GAE/g 
of dry weight extract) as compared to other successive 
extracts. The high phenolic content of turmeric may be 
attributed to the presence of curcuminoids and other 
phenolic components [48]. Research reported that the 
total phenolic content present in ordinary turmeric (Cur-
cuma longa) was 1.03  mg GAE/gm dry weight extract 
[49]. Based on these findings, it is evident that Lakadong 
turmeric grown in Meghalaya has a higher phenolic 
content (two-fold) than ordinary turmeric, which is in 
agreement with the literature which reports that LKD 
turmeric contains high levels of phenolic curcuminoids 

[50]. As evidenced by our HPTLC fingerprinting analysis, 
the LKDCH extract showed higher levels of curcumin in 
comparison to the reference curcumin, while BDMC and 
DMC were significantly less dense. This marks the initial 
instance of curcumin isolation from Lakadong turmeric, 
and the spectral data align precisely with the previously 
documented curcumin spectra in existing literature [17, 
39–41, 43].

Scavenging of the stable free radical (DPPH) is 
regarded as a reliable test for assessing antioxidant scav-
enging activity of a substance [51]. Plant extracts contain-
ing polyphenol components have antioxidant action due 
to their ability to donate hydrogen atoms or electrons and 
trap free radicals [52]. According to research, the phe-
nolic OH group or the CH2 group of the β-diketone moi-
ety can both contribute to curcumin’s ability to neutralize 
and scavenge free radicals [53]. In the current study, it 
was found that the LKDCH extract consists of a signifi-
cant amount of phenolic and tannin contents, with cur-
cumin as its main constituent. Therefore, the presence of 
curcuminoids, which have substantial antioxidant activ-
ity, may be responsible for the DPPH radical scavenging 
activity of the LKDCH extract.

Homogenous nanosuspensions were obtained by the 
precipitation-sonication method. The precipitation 
method of nanosuspensions preparation is instantane-
ous, straightforward and easy [42]. The high drug satu-
ration concentration and the rapid solvent injection into 
the antisolvent results in such precipitation into nano-
particles [22]. The precipitation followed with sonication 
results in better homogeneity in the precipitated nano-
particles [54]. PLGA based nanosuspension were pre-
pared since they provide a number of benefits for drug 
administration via the skin, such as non-toxicity and bio-
degradability, and since hydrolysis results in the genera-
tion of water and carbon dioxide as well as effective drug 
entrapment [55, 56]. Additionally, PLGA-based nano-
particles have the benefits of controlled and sustained 
release and may lessen the irritation associated with 
direct contact of drug with skin [55].

The particle sizes of the Cur-NS were found to be in the 
range of 150 ± 50 nm and PDI 0.2 ± 0.1, indicating suitable 
size and distribution. This size range and the homogene-
ity are because of the method of preparation by precipi-
tation followed by sonication. This decreased size might 
result in increased surface area which may result in the 
increased saturation solubility and release of curcumin 
[54]. From the study, the Zeta Potential of the formula-
tions were found to negative that might be due to the 
surfactant or due to the terminal carboxylic groups. The 
reduced surface charge reflects better surface cover-
age due to the use of non ionic surfactant which results 
in steric stabilization. PVA was used as a steric stabilizer 
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since steric stabilization has several advantages over 
electrostatic stabilization as the nanoparticles have good 
redispersibility; dispersion medium elimination is pos-
sible even in high concentration of nanocrystals and less 
salting out [57]. The nanosuspensions were optimized by 
using drug concentration, ratio of organic phase to aque-
ous phase, Polymer (PLGA) concentration, and stabilizer 
(Poly vinyl alcohol) concentration as the variables. The 
effects of these independent variables on the dependent 
variables (particle size, polydispersity Index and drug 
release) were observed to get the optimized formulation. 
From the study saturation drug concentration of 60 mg/
ml, solvent: antisolvent (S:NS) ratio of 1:20, PLGA con-
centration at 0.25% and PVA concentration of 0.6% were 
considered as optimized variable conditions as shown in 
Table  3. It was observed that with increasing drug con-
centration the size and dispersity decreases indicating 
the impact of supersaturation in the nanoprecipitation. 
However at higher concentration, above 60  mg/ml the 
size increases. Similarly, it was observed that the parti-
cle size and dispersion decrease with increase in S: NS 
ratio from 1:10 to 1:20. Similar behaviors were reported 
in previous works on nanosuspension by this method 
[22, 58]. The concentration of PLGA and stabilizer didn’t 
show any direct correlation with the size distribution of 
the precipitated nanoparticles.The morphology and size 
of the formulations were observed by TEM studies. The 
nanoparticles were observed to be uniform in size in cor-
relation to the zetasizer observations and were spherical 
in shape.

The entrapment efficiency was determined by the 
HPLC method. The entrapment efficiency of Cur-NS was 
found to be sufficient (98.52% ± 0.2). The high entrap-
ment is because of the precipitation method of prepara-
tion of nanosuspensions. In this method technique the 
drug which is hydrophobic in nature is soluble in organic 
solvent but is very slightly soluble in water. Nanoparti-
cles with high entrapment efficiency were obtained as a 
result of reduced or very negligible drug leakage towards 
the outer medium [59, 60]. In  vitro release behavior of 
Curcumin from the optimized Cur-NS was observed 
for 24  h. A sustained drug release rate was observed in 
initial 4  h indicating an initial burst release followed by 
sustained release upto 24  h. The improved drug release 
may be due to the increased surface area of the nanopre-
cipitation drug particles. The presence of PLGA might 
be responsible for the controlled and sustained release 
behavior observed [55].

Homogenous nanogels were obtained by adding the 
Carbopol as the gelling agent in the optimized Cur-
NS, followed by cross linking by addition of triethan-
olamine as the alkali. The Cur-Nanogel was optimized 
by observing the effect of varying concentration of the 

Carbopol and alkali (triethanolamine) and the pH, vis-
cosity, gel strength and spreadability of the prepared 
Cur-Nanogels were found to be optimum at Carbopol 
Concentration of 0.3%. The optimized Cur-Nanogel was 
found to be smooth, translucent, clear, homogenous 
with good spreadability and consistency. The obtained 
properties of prepared gel were found suitable, safe for 
compatible topical application, particularly in wound 
healing. The obtained properties might have resulted 
in non-adhesiveness, exudate absorption, retention of 
moisture, and gas permeability which were ideal for 
wound healing application [12].

Sufficient drug loading (61.2 ± 4.5%) was obtained 
by the method used for preparation of nanogel in the 
optimized Cur-NS. The high drug loading might be 
due to the method of preparation of gel by simultane-
ous addition method. From the ex vivo skin permeation 
Study using rat skin, Cur-NS-nanogel showed a much 
controlled permeation with higher steady state flux in 
comparison to Plain Carbopol gel. Similar results were 
obtained for the partition coefficients. This controlled 
permeation may be due to the presence of PLGA in the 
nanogel and may result in better anti-inflammatory 
and wound healing activity with reduced nanotoxicity 
on application. Stability studies of developed formula-
tion showed that optimized formulation exhibited good 
stability behavior in terms of pH, physical appearance, 
viscosity, spreadability and drug content in different 
conditions.

Different stages of wound healing like inflamma-
tion, proliferation and regeneration often overlap with 
each other and are difficult to differentiate resulting in 
enhanced qualitative and quantitative aspects of each 
stage which might hasten the healing process with 
reduced side effects [61]. In the current study, nanofor-
mulation of curcumin was found effective in healing 
cutaneous wounds. The experimental groups receiving 
the tested CUR-Nanogel represented excellent wound 
healing capability with re-epithelialization, regeneration 
and reformation of fibroblast cells (FC), granulation tis-
sues (GT), hair follicles (HF), collagen fibers (CF) and 
inflammatory cells (IC) (Fig. 6E, F). Fibroblast cells (FC) 
aid cell migration and proliferation by the production of 
primary extracellular matrix, including fibronectin, hex-
osamine, hexuronic acid in the wound bed and is primar-
ily responsible for collagen formation [36, 62, 63]. These 
fibroblast cells are matured into fibrocytes with higher 
ability of collagen formation after discharging to the 
wound sites [64]. Moreover, the inflammatory cells inten-
sify the inflammatory response with the release of certain 
chemotoxic agents to disinfect the wound area [61, 65]. 
However, a cumulative aggregation and cell hyperacti-
vation in the wound area might result in pus formation 
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in the wound site, leading to amputation and loss of tis-
sues, and thus affecting the healing process. Again, in the 
infection site, the formation of pus is aided by the forma-
tion of free radicals which can be scavenged by the use 
of antioxidants [66, 67]. The antioxidants in the curcumin 
would thus assist in complete healing of the wounds by 
scavenging the free radicals and pus within the infected 
area. Hence, in the current study, Cur-Nanogel demon-
strated excellent cutaneous wound healing potential as 
compared to the marketed turmeric extract cream.

λ-Carrageenan, a complex polysaccharide, is a rou-
tine  inflammatory inducer that causes rapid inflamma-
tory reactions, including increased pain sensitivity and 
skin redness. This is due to the activation of several pro-
inflammatory pathways including histamine, bradykinin, 
tachykinins, cyclooxygenase, and reactive oxygen species 
(ROS). These mechanisms all contribute to the develop-
ment of enlarged paws produced by fluid leaking into 
injection sites. This phenomenon is a useful metric for 
assessing anti-inflammatory medicines and their biologi-
cal mechanisms, particularly their influence on the activa-
tion of pro-inflammatory cytokines and chemokines [68]. 
Carrageenan-induced paw edema is a popular experimen-
tal paradigm for evaluating anti-inflammatory drugs due 
to its dependability and precision in producing findings 
[69]. Turmeric and its bioactive constituent ‘curcumin’ 
are well known for their anti-inflammatory effects with 
well defined mechanism by regulating various inflamma-
tory signaling pathways and inhibiting the production of 
proinflammatory mediators [70]. Many researches have 
demonstrated that curumin alone or its pharmaceutical 
formulation showed a dramatical inhibition on inflam-
mation of the paw edema produced by carrageenan [71]. 
Our result is in accordance with the data reported in the 
literature, depicting that PLGA-based curcumin nanosus-
pension loaded in carbopol gel revealed significant anti-
inflammatory effects in experimental rats. This increased 
anti-inflammatory activity in the Cur-NS Nanogel may 
be due to the more controlled permeation of the drug 
because of the presence of PLGA in the nanogel that may 
have resulted in better anti-inflammatory and wound 
healing activity [72]. Such controlled permeation of nano-
formulation may be essential for ensuring reduced nano-
toxicity on application. The observed behavior may also 
be due to the quality and purity of isolated curcumin from 
LKDCH, used in the Cur-NS nanogel in comparison to 
the marketed curcumin formulation.

Conclusion
From the study it may be concluded that the LKD 
show high curcumin content with its chloroform 
extract showing higher yield of curcumin of high 

purity with significant antioxidant effects. Homog-
enous curcumin nanosuspensions could be obtained 
by nanoprecipitation method using PLGA with suit-
able size distribution and physicochemical properties. 
LKD curcumin nanosuspensions could be converted 
into to stable Carbopol based nanogel with safe and 
controlled skin permeability with reduced nanotoxic-
ity. This controlled and sufficient skin permeability of 
Cur-NS nanogel might result in significant and prom-
ising wound healing and anti-inflammatory activity 
in experimental rats. Hence LKD turmeric may be 
explored more for its high and pure curcumin content 
and suitable nanoformulations in the form of nano-
gel may be designed for better clinical applications 
of curcumin for inflammation and cutaneous wound 
healing.
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