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A Novel Fabrication of Dose-Dependent
Injectable Curcumin Biocomposite
Hydrogel System Anesthetic Delivery
Method for Care and Management
of Musculoskeletal Pain

Xuehong Jiang1,2, Shuaishuai Wang1,2, and Hui Chen1,2

Abstract
Chronic musculoskeletal pain has biological, psychological, and social components. In this article, we have demonstrated the easily
injectable nanocomposite carrier for the treatment of chronic musculoskeletal pain. Briefly, the curcumin (Cur) loaded with lipid
nanocapsules (LNCs; Cur@LNCs) using the phase invasion method. The synthesized Cur@LNCs were characterized by using
scanning electron microscopy, transmittance electron microscopy, and the size of the fabricated nanoparticles confirmed by
dynamic light scattering analysis. The synthesized Cur@LNC injectable hydrogel shows excellent results in vivo in the rat model.
We have examined the efficiency of the chronic constriction injury in the rat model and induced the pain using thermal paw
withdrawal latency. The injectable hydrogels Cur@LNCs display a remarkable reduction in pain 7 days post administrations
compared to the untreated group animals. This work could establish the preclinical candidate of the neuropathic pain response in
the future.
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Introduction

In China, more than 40 million people are disabled due to

musculoskeletal pain, with a health treatment cost of more than

a billion dollars. In clinical treatment, indications usually

described are tenacious pain, sensitivity, marginal nerve

annoyance, faintness, and incomplete gesture. The pathophy-

siology of musculoskeletal pain is not completely unstated,

though, irritation, fibrosis, tissue poverty, and neurotransmit-

ters as well as neurosensory turbulences have been expected to

be related to the musculoskeletal pain.1-5 Various treatments

such as opioids, nonsteroidal anti-inflammatory drugs, or cor-

ticosteroids are measured as the type of maintenance for the

pre- and postoperative and neuropathic management of pain.6

However, administration with long-term opioids for precancer

pain is static contentious. In this manner, the acute and chronic

systematic administration of the nonsteroidal anti-

inflammatory drugs was used to manage gastrointestinal and

hematology toxicity, with exact inhibition of the enzymes

through the nonsteroidal anti-inflammatory drugs.7-10 The

systematic inflammatory treatments for pain management have

been associated with wound closure. Also, nonsteroidal anti-

inflammatory drugs show some remarkable side effects, and

utilization of anesthesia such as ropivacaine, curcumin, lido-

caine, and bupivacaine increases the important attention as they

can be managed nearby for quick action.11-14

To overcome the auspicious method, native anesthesia need

incessant brew or numerous managements to attain the wanted
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pain respite which in the shot can lead to considerable organs

response and common toxicity.15 Consequently, the improve-

ment in the exclusive distribution frameworks, than can remem-

ber those particles protracted period close by, can suggestively

improve the efficiency, provide the sustained analgesic

effects, and reduce the periods of injection connecting with side

effects.16-19 Several attempts have been made to achieve sustain

transporter of local anesthesia using biocompatibility nanomater-

ial, for example, nanoparticles and hydrogels, to develop the

nanoformulated curcumin using liposomes. The low encapsula-

tion efficacy and debauched release the drug accumulations of the

disadvantages of the carrier.20-22 Also, recently, Polyethylene

glycol (PEG)-coated curcumin shows a significant possibility.

With all these advantages of the curcumin, nanoparticles could

be directly injected to the patients with any form of injection to

reduce the importance of the local drug.23-25

A natural plant of the curcumin polyphenol compounds,

extracted from the turmeric plants which are easily available

in Asian regions, is mainly used for pharmacological purposes.

The curcumin shows excellent antioxidant property, such as

anti-inflammatory, antifungus, and antitumor, and so on.26-28

It is additionally used for the septic, digestive, and cardiovas-

cular diseases. However, most of the therapeutic agents and

biological efficient compounds are fictional to have less solu-

bility in water; are obscure to be orally metabolic in human,

with these uses of curcumin in the pharmacological field; and

are owed to the less aqueous solubility, at presystematics

absorption and less biodistribution.29-31 Despite these exam-

ples, enhancing the water solubility for oral administration

becomes a vital role. More recently, researchers are developed

to encapsulate various strategies, such as liposome, emulsions,

and hydrogels, with various polymeric materials. Also it is

highly active without any side effects.32-34

Easily injectable hydrogels are excellent invasive drug car-

riers. Numerous reports have been examined regarding the dif-

ferent uses of tissue engineering growth for chemotherapy.

Nair et al reported the chitosan-coated nanoparticles are the

linear polysaccharide merged acetylated systems.35 The drug

loading capacity and the thermal framework showed numerous

strategies and established in vivo efficiency for only up to 48

hours in mice blockage frame. In all these advantages, inject-

able hydrogel as an enzyme and drug delivery is the most

important.36-39 To this model, we combine injectable hydrogels

with various nanoparticles and minimum delivery of invasive

and retention of injectable hydrogels. Also, using lipid nano-

capsules (LNCs) incorporated with injectable hydrogels

display high encapsulated efficiency. These dynamic cross-

linking associated with the easily injectable gelation of

high-delivery nanoparticles were suitable for the exact pharma-

cological uses. With all the overall motivating points, we have

constructed the injectable hydrogel loaded with the curcumin

nanoparticles, which will lead to stable anesthetic pains in vivo

in the rat chronic constriction injury model of pain manage-

ment (Figure 1).

Materials and Methods

Preparation of Curcumin-Loaded Lipid Nanocapsules

The phase inversion method is used to prepare the LNCs

bearing 100 nm size. The oil phase was immersed with the

Kolliphor, Lipoid, NaCl, and Double distilled (DD) water

(40%, 12.4%, 3%, 1.8%, and 43%, respectively). The solution

Figure 1. Graphic representation of injectable curcumin-loaded lipid nanocapsules (Cur@LNCs) hydrogel for musculoskeletal pain
management.
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was heated at 100 �C using a magnetic stirrer. After 5 hours, the

mixture was slowly cooled at the room temperature, then 4 mL

of DD water was added into the same solutions, and the same

mixture was cooled for 15 minutes at room temperature.40-43

Characterization of the Cur@LNCs

Scanning electron microscopy (SEM) was used to detect the

morphology of the hydrogel samples. The hydrogel samples

were freeze-dried and coated with a 20 nm layer of gold using

a sputter coater. Test samples were blown clean using trampled

air before SEM characterization. The hydrodynamic diameters,

z potentials, and polydispersity indexes (PDIs) of free LNCs

and Cur@LNCs were measured by dynamic light scattering

(DLS) on a Malvern Nano-ZS90 instrument (Malvern Instru-

ments) at 25 �C. TECNAL 10 (Philips) was used to obtain

transmission electron microscopy (TEM) images, operating at

an acceleration voltage of 80 kV. Nanoparticles at a concen-

tration with free LNCs and Cur@LNCs were placed onto a

300-mesh copper grid coated with carbon. Approximately 2

minutes after deposition, the surface water was removed with

filter paper and then air-dried. Positive staining was performed

using a 2 wt% aqueous uranyl acetate solution.

In Vitro Curcumin Release From the Cur@LNCs
Hydrogels

The release profiles of total curcumin and Cur@LNCs were mon-

itored by dialysis using a membrane (Spectrum Laboratories,

molecular weight cutoff 14 kDa). Briefly, 10 mL of Cur@LNCs

hydrogels (0.1 mg/mL curcumin or Cur@LNCs equivalent con-

centration) were dialyzed against 40 mL of phosphate-buffered

solutions (pH 7.4, 0.2% Tween 80) at 37 �C. At predetermined

time intervals, the release media (1 mL) were collected, and the

fresh media (1 mL) were supplemented.

In Vivo Examinations of the Cur@LNCs

The female Sprague Dawley (SD) rats weigh around 250 to

300 g. Totally, 10 mice and 20 rats were used for this examina-

tion. Care and animal experimental procedures were followed

according to the guidelines provided by the approved

Figure 2. A, Transmission electron microscopy (TEM) descriptions of free LNC and Cur@LNCs. Scale bar 100 nm. B, Size distribution of
Cur@LNCs. C, Scanning electron microscopy (SEM) descriptions of hydrogel and Cur@LNCs hydrogel composition with various
magnifications.
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Institutional Animal Care and Use Committee of Department of

General Medicine, First People’s Hospital of Wenling, Wenling,

China. The mice and rats were separately housed 3 per cage,

maintained at room temperature and atmospheric conditions.

Chronic Constrictions Injury of the Sciatic Nerves

The chronic constrictions injury (CCI) was surgically triggered

on the right hind limb of the SD rats as described in previously

reported protocol.44,45 The animals were anesthetized with 4%
chloroform for initiation for maintenance. A 15 mm of skin

incitation was created via rounded partitions of the biceps of the

female muscles. More or less 8 to 10 mm of the right sciatic

nerves was unfettered surrounding soft organs. Four 4-0 Vicryl

sutures were tied loosely. The LNC hydrogels were injected

through the mice’s muscle layer. The animals were with special

care and without weight loss, which were monitored every day 3

days postadministration. The rats were separated into 3 groups

(n¼ 5, n is the number of mice). Group 1 was without treatment

(untreated, bearing cranial cruciate ligament (CCL) only).

Group 2 was LNC hydrogel without curcumin (free 0.3 GC þ
LNCs). Group 3 was Cur@LNCs (0.3 GC þ Cur@LNCs). The

400 mL of the saline and drugs were injected for each rat.

Examinations of Thermal Hyperalgesia Response via
Neurobehavior

To examine the efficiency of the treatment with hypersensitiv-

ity of the hot plate was used as previously defined with amend-

ments. Beforehand the CCL, rats were adapted for 3 days to

examine and monitor the baseline heat plate withdrawal

latency as displayed. The surgeries with pre- and postadminis-

tration with various time points were examined. The time

points are 6, 24, 36, 48, 72, 84, 96, 108, 120, 132, 144, and

168 hours. The initial 1 to 5 days was examining each per day.

The assessment conducted before the surgery (0 hour) served as

the standard matrix.

CCL Tissue Collections and Histology Examinations

Aimed at the histological examinations, animals were killed

after 1 week of surgery using aspirin. The surgical place was

unlocked and unprotected to assess any ciphers of uncultured

pathology. The sciatic nerves and surroundings with and with-

out tissues were obtained from the injection place. The har-

vested tissue was secured in the 10% buffer formalin for 48

hours. Later, the tissue was cleaned with saline and fixed in 4%
formaldehyde. Then, we prepared the tissues for hematoxylin

and eosin (H&E) for staining purposes.46-48

Statistical Analysis

The statistics are obtainable as means + SD. The meaning of

the associated examinations was assessed by 2-tailed unpaired

Student t test. All analyses were achieved with GraphPad Prism

statistics 17.0 (*P < .05; **P < .01; ***P < .001).

Results and Discussions

Synthesis, Characterization, and Morphology
of Cur@LNC Hydrogels

The LNC hydrogels were prepared according to the phase

inversion process using Labrafac lipid. The compounds are

Figure 3. Curcumin release form LNCs (Cur@LNCs) with 0.3 GC
and Cur@LNCs analyzed through the Reversed-phase High-perfor-
mance Liquid Chromatography (RP-HPLC). Eruption release of cur-
cumin was examined first 3 hours and subsequent release of curcumin
shown remarkable decrease in 0.3 GC and Cur@LNCs composition
associated with the Cur@LNCs.

Figure 4. A, Image of the thermal withdrawal potential up to 7 days
postadministration. B, Normal response displays through various
examinations groups. Graphs stated as mean + standard error of the
mean (SEM). Error bar designate a 95% CI (P < .05).
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used at the exact concentration to prepare the nanocapsule

hydrogels of around *100 nm size with various drug loading

and free LNC hydrogels. The dual drug loading and free LNC

hydrogels displayed the exact diameters indicating a low PDI

index (<0.200). The exact spherical metrology was examined

through the TEM analysis (Figure 2A). Further, the encapsula-

tion efficacy of curcumin with various concentrations in

Cur@LNCs hydrogels. The 1.0%, 1.5%, and 2.0% amounts

of drug-loaded composition; 95%, 91%, and 75% of EE; and

1.19%, 1.38%, and 1.79% (wt/wt) of drug loading, respec-

tively. As shown in Figure 2B, Cur@LNCs presented small

and sphere particles. Compared with free LNC, Cur@LNCs

was more uniform and dispersive.

The Cur@LNCs hydrogels were invented via immersion

of LNC interruption with 0.3 GC polymeric solution and the

solution was cross-linked using horseradish peroxidase

(HRP) and hydrogen peroxide (H2O2). The hydrogenation

of the LNC hydrogels was obtained to be dependent on the

portion of the LNCs and the polymeric as well as the ratio

of the H2O2 and HRP. The ratio of H2O2 and HRP was

enhanced to accomplish the clinically feasible hydrogena-

tion periods of 50 seconds. The SEM displays the SEM of

LNCs hydrogels and Cur@LNCs hydrogels. The SEM

analysis indicates the formation of the Cur@LNCs hydro-

gels within the matrix shows the clear spherical round mor-

phology in the hydrogels (Figure 2C).

In Vitro Curcumin Release From the Cur@LNC
Hydrogels

After the combination of the Cur@LNC hydrogels with the

PEG matrix through the nanoprecipitation to form curcumin-

polymer nanocomposites. We assessed curcumin release from

the respective Cur@LNCs. Probably, Cur@LNCs exhibited

enhanced drug retention within PEG matrices (Figure 3). Intri-

guingly, Cur@LNCs exhibited a faster rate of the kinetics. In

sharp contrast, only a negligible amount of 3 (*10%) was

liberated after incubation for 4 days.

In Vivo Examinations of CCL Rat Model for Cur@LNC
Hydrogels

The potential to the response of the represented TWL in the

baseline condition is shown in Figure 4 for the predetermined

period. Also, the regular reply displayed in every treated group.

But the medication release examinations show the medication

Figure 5. Optical microscopic representations of hematoxylin and eosin stain pieces of the nearby sciatic nerves for various treatments. Black
around image scale bar ¼ 100 mm.
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proportions were used in these examinations to enhance the gel

medication loadings. Further, the sensory obstruction was mon-

itored to enhance TWL from the initial stage. The nontreated

groups go with the surgery with less biomaterials focused at the

place of nerve constriction damage. Also, the nontreated

groups show the low TWL for the sciatic nerve damages.

Group 2 shows the effects of the free (0.3 GC þ LNCs) show

without entrenched in the hydrogels. Finally, group 3 was

Cur@LNCs (0.3 GC þ Cur@LNCs) and enhanced TWL and

attenuated the heat hyperalgesia, and the animals are used in

each. All the animals of these groups displayed the important

sensory obstruction in all 7 days of the time. Furthermore, the

average animal treated with different environments in 7 days

was evaluated via the average of all the animal behaviors in

these groups. The ratio of the animals was examined statically

with 0.3 GC þ Cur@LNCs and without treatment. The in vivo

examination outcomes suggested that the transporter of the

curcumin-loaded injectable hydrogels of LNCs for nanocom-

posites is cheap and active in the injury produced by thermal

hyperalgesia.

Muscle Tissues and Biocompatibility Examinations

The sciatic nerves and the nearby places of the muscle tissue of

the animals were gathered at the end of the 7 days postadmi-

nistration to endorse the detail of the reaction of the tissue.

Each group’s tissues were used for these examinations with

reliable outcomes in all tissue samples. All the samples were

examined by H&E and histological evaluations were con-

ducted as shown in Figure 5. The nontreated groups (healthy

animals) show any inflammations in the surface of the animals.

The nerve also fails to show the inflammations and cover was

complete, suggesting that the compressions did not injure the

nerve and were individual accountable for encouraging pain, as

intended. Also, the muscles and the tissues nearby the nerves

were regular without any damages. In free 0.3 GCþ LNCs, the

establishment displays the remarkable cell infiltration shown

by the cells of macrophages, neutrophils, phagocytic, and the

lymphocytes. Also, the 0.3 GC þ Cur@LNCs animal groups

show the hydrogels significantly reduce the damages by show-

ing any other tissue damages. Besides these groups show no

marks of the acute systematic toxicity or injury of nerves at the

nearby established place.

The H&E score was higher in the 0.3 GC þ LNCs group

when compared with that in the control group (Figure 6).

Furthermore, the score was greater in the 0.3 GC þ Cur@LNC

(P < .05) and 12-hour (P < .05) groups compared with that in

the 0.3 GCþ LNCs group, and it increased further at 0.3 GCþ
Cur@LNCs.

Conclusions

The musculoskeletal postoperative disadvantages display the

nonstop brew or numerous indigenous inoculations of native

analgesics. In this work, we have established the synthesis of

Cur@LNCs developed by the phase inversion methods. The

Cur@LNCs were characterized by various electroscopic meth-

ods and the size was confirmed by the DLS analysis. The

nanocomposites for the transporter for the CCI model. Also,

it can reduce the pain sense to baseline of within 7 days. The

reduced heat hyperalgesia used to evaluate the Cur@LNCs for

the preclinical uses to treatment postoperation, musculoskeletal

and for the all pain management purposes in future.
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