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1. Introduction 

Bone defects in the craniomaxillofacial structure 

range from minor periodontal defects to extensive bone 

loss due to injuries, surgeries, congenital deformities, 

or extensive resorption following tooth loss.1 This 

phenomenon is observed in both clinical and 

preclinical investigations.2 Insufficient alveolar bone 

volume can complicate subsequent tooth replacement 

strategies, emphasizing the significance of bone 

healing in dentistry, especially prostheses, implants, 

and surgery.2,3  

Numerous approaches address post-tooth 

extraction bone loss, such as simple application of 

hyaluronic acid gel and non-steroid anti-inflammatory 

drugs; other alternatives include bone grafts and 

recombinant proteins, which are invasive, complex, 

and costly.4–6 As medicine advances, herbal medicines 

have emerged as alternatives to synthetic drugs. These 

plant-derived treatments offer fewer side effects, lower 

toxicity, good therapeutic potential, and are more 

affordable.7,8  

Anredera cordifolia, commonly known as binahong 

in Indonesia, belongs to the Basellaceae family. This 

plant is recognized for its high adaptability to diverse 

climates and has a longstanding history of traditional 

medicinal use in Indonesia, China, and Taiwan.7,9 

Flavonoids, terpenoids, tannins, saponins, ascorbic 

acid and oleanic acid are secondary metabolites 

derived from binahong leaves. These compounds have 

been investigated for their anti-inflammatory, 
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A B S T R A C T  
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bioactive compounds with diverse therapeutic properties, while nanogels, a 

drug delivery system, offer advantages such as controlled release and 
enhanced bioavailability. This review explores the potential of binahong leaf 
extract nanogel as a promising candidate for alveolar bone healing by 
discussing its preparation, characterization, and properties. Furthermore, it 

delves into the cellular and molecular mechanisms underlying alveolar bone 
healing. Based on our review, the effects of binahong leaves extract on bone 
cells and animal models indicate its therapeutic potential in alveolar bone 
healing by increasing the expression of growth factors and cells that are 

essential in bone healing. This review suggests that binahong leaves extract 
nanogel holds promise as a novel therapeutic intervention for alveolar bone 
healing. Further research and clinical studies are warranted to fully explore 

its potential. 
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antimicrobial, and wound-healing properties.6,7,9 

Several studies were performed to delve into the 

wound-healing effect of binahong leaf extract and 

showed its potential to promote soft to hard tissue 

healing.6,7,9–12 Additionally, several studies have 

indicated that the use of binahong leaves extract gel 

expedites tooth socket wound recovery and enhances 

alveolar bone healing, as evidenced by an increase in 

fibroblast, osteoblast, and osteocyte counts.6,9 

Furthermore, binahong leaves extract gel has been 

confirmed to accelerate wound healing by 

upregulating the expression of HIF-1, FGF-2, and 

BMP-2 in post-tooth extraction wounds in Wistar 

rats.10–12 

Utilizing larger materials for drug delivery presents 

considerable hurdles, including instability within the 

body, limited bioavailability and solubility, reduced 

absorption, challenges in precise targeting, 

suboptimal efficacy, and potential adverse reactions.8 

Nanotechnology significantly advances in medicine 

and drug formulations, enabling precise targeting and 

controlled delivery. It bridges the gap between 

biological and physical sciences through 

nanostructures, notably in fields like nanomedicine 

and drug delivery systems.8 Nanogels consist of 

hydrogel particles on a nanoscale, exhibiting 

characteristics of both hydrogels and nanoparticles.13 

Nanogels can host a diverse array of agents, making 

them widely employed as carriers for pharmaceutical 

substances.14 Medications based on nanogels have 

found applications in cancer treatment, autoimmune 

disease management, inflammation reduction, 

ophthalmic treatment, and addressing 

neurodegenerative conditions.15 

Considering the facts presented, this review seeks 

to present a preliminary exploration of binahong 

leaves extract nanogel as an approach for alveolar 

bone healing. By analyzing relevant studies on the 

therapeutic properties of binahong leaf extract and the 

context of nanogel-based delivery, this review aims to 

shed light on this promising yet uncharted approach 

to promoting alveolar bone healing. 

 

Alveolar bone healing 

One of the most common causes of bone loss is 

post-tooth extraction procedures. Tooth extraction is 

frequently performed for various reasons, from health 

to aesthetics.2,16 This procedure triggers a series of 

biological changes that affect the balance and 

structure of the surrounding periodontal tissues, 

which lead to gradual weakening and irreversible 

alveolar bone loss.2,16,17 Bone loss is a major concern 

in dentistry, impacting tooth support, speech, 

aesthetics, chewing, implant success, and denture 

stability.17 Therefore, effective oral rehabilitation is 

essential due to the intricate three-dimensional 

structural support of these defects, which can result 

in extensive damage to surrounding structures, 

deformations, and limited function.1,17 

Alveolar bone healing is known to be complicated 

and systematic process that engage various types of 

cells and chemical mediators.18 Fundamentally, the 

process of wound healing comprises same four 

separate yet interconnected stages, which are 

hemostasis, inflammatory, proliferative and 

remodeling or maturation. This general principle of 

wound healing also applies to the healing of alveolar 

bone, with variation observed in the healing 

time.6,9,16,19,20 Initially, blood seals the socket and 

triggers inflammation within a week, eliminating 

debris and fostering fibroplasia.6 Following blood clot 

formation, bone cell death occurs on both sides of the 

fracture, causing degradation of the bone matrix. This 

initiates a recovery phase where deceased cells, the 

clot, and the deteriorated bone matrix are cleared. 

Nearby tissue stimulates revascularization, 

angiogenesis, and robust cell growth. The type of 

tissue formed relates to fracture stability and tissue 

vascularization. In less stable fractures or with 

inadequate vascularization, a cartilaginous callus 

arises, which then transforms into endochondral 

bone, followed by woven bone and eventual conversion 
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to secondary (lamellar) bone as stability improves. For 

highly mobile bone fragments, extensive gaps, or when 

the periosteum is damaged, a connective tissue-like 

callus forms, resembling a pseudarthrosis where 

opposing bone fragments stay mobile.20,21 

Osteoblasts are one of the cells that play significant 

roles during alveolar bone healing. Osteoblasts are 

responsible for producing the osteoid matrix and have 

a significant role throughout the healing process, 

especially the proliferation phase to the remodeling 

phase. As osteoblasts generate bone, they may become 

enclosed within the bone matrix they produce and 

transform into osteocytes, which contribute to bone 

remodeling by preserving the strength and viability of 

the newly formed bone.9 Bone morphogenetic protein-

2 (BMP-2) and osteoblasts are key components with 

significant functions during the proliferation phase of 

wound healing. BMP-2 primarily functions in the 

generation of alveolar bone, a process facilitated by 

osteoblasts.10 Alkaline phosphatase (ALP) is one of the 

various proteins involved in bone metabolism and 

associated with the initial phases of osteoblast 

differentiation and has a role in facilitating the early 

growth of hydroxyapatite crystals during bone 

formation.22 

 

Enhancing alveolar bone healing with binahong 

leaves extract 

Anredera cordifolia has a rich history of traditional 

use for treating various diseases worldwide. In its 

native region of South America, it has been employed 

to address injuries, serving as an antibacterial and 

antifungal agent. In Indonesia, it finds application in 

the treatment of injuries, thrush, digestive issues, 

peptic ulcers, hypertension, inflammations, urinary 

tract infections, kidney inflammations, and 

impairments. Phytochemical analysis of Anredera 

cordifolia's stem, leaves, and tuber revealed the 

presence of terpenoids, steroids, glycosides, and 

alkaloids. The majority of research has predominantly 

focused on the leaves, given their abundant 

availability from the Anredera cordifolia plant.23  

Binahong leaf extract contains several secondary 

metabolites with noteworthy effects on wound healing. 

Flavonoids, encompassing vitexin and apigenin, stand 

out for their anti-osteoclastogenic characteristics, 

effectively curbing osteoclast formation and bone 

resorption stimulated by receptor activator of nuclear 

factor-κB (RANKL) and lipopolysaccharides (LPS).24 

Rutin, another integral flavonoid, bolsters the 

expression of β-catenin, osteoblasts, and osteocytes.25 

Icariin, a significant flavonoid glycoside, amplifies 

BMP-2 expression, a critical factor in osteoblast 

development while quelling CTGF.26 Additionally, rutin 

contributes positively to ALP activity.27  

Binahong’s saponins, as observed in studies 

involving Radix Dispaci total saponins (RTS) via BMP-

2 through the RUNX-2 pathway, promote osteoblastic 

differentiation, potentially revolutionizing bone 

formation dynamics.28 Handayani et al. found that 

containing saponins leaves extract increases RUNX-2 

and ALP expression during bone remodeling in 

orthodontic tooth movement studies.29 Furthermore, 

tannins and alkaloids within binahong leaves extract 

emerge as potent attributes like antioxidant, anti-

inflammatory, antiseptic, and antimicrobial 

properties. These characteristics collectively safeguard 

against free radicals and impede the growth of harmful 

bacteria.16,30,31 Lastly, triterpenoids and steroids, vital 

components within the extract, exhibit profound 

antimicrobial attributes. Beyond their antimicrobial 

role, triterpenoids stimulate osteoblasts, the key to 

accelerated bone generation.7,32 

 

The potential of nanogel as binahong leaves extract 

carrier 

Nanomedicine constitutes a medical field applying 

nanotechnology to prevent and treat a range of 

diseases through the use of materials on the 

nanoscale.8 Nanogels are hydrogel dispersions formed 

through cross-linking polymers at the nanoscale, 

offering versatility for applications such as 

https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/


 
612 

 
This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License. 

 

medications for cancer, autoimmune diseases, 

hemostasis, inflammation, ophthalmic issues, and 

neurodegenerative disorders.13–15 They efficiently 

transport drugs, enabling controlled and targeted 

release, and excel at low quantities, distinguishing 

them from other alternatives.13,15  

In the context of topical oral application, nanogels 

exhibit several advantages. Their high biocompatibility 

and controlled drug release make them suitable for 

localized treatment. Nanogels can efficiently carry both 

hydrophilic and hydrophobic drugs, a crucial attribute 

for addressing diverse oral health conditions. Their 

rapid swelling and de-swelling behavior in aqueous 

environments facilitate drug loading and release, 

enhancing therapeutic effectiveness. Nanogels' small 

size allows them to permeate oral tissues effectively. 

Additionally, their colloidal stability ensures prolonged 

drug retention and efficient application.13,15 However, 

the presence of residual surfactants or monomers from 

preparation may raise concerns about potential 

toxicity upon oral application. Addressing these traces 

might be essential to ensure the safety of oral nanogel 

administration.15 

Nanogels ranging from 20 nm to 200 nm possess 

properties ideally suited for oral topical application. 

This size range balances effective penetration while 

avoiding excessive uptake by the body. Nanogels' 

ability to solubilize hydrophobic drugs complements 

their utilization in delivering diverse oral therapies. 

Colloidal stability and minimal immunological 

response further support their viability for oral topical 

use. The customization of nanogel properties, 

influenced by factors like temperature, cross-linking 

density, and surfactant concentration, offers 

opportunities for tailoring formulations to specific oral 

health needs.13,15 

Passive diffusion stands as a prevalent mechanism 

for drug release from hydrogels. Concerning nanogels, 

drug release mechanisms can be categorized into three 

types: diffusion-controlled, swelling-controlled, and 

chemically controlled.13,14 The mechanism of drug 

release is influenced not only by the physicochemical 

attributes of the drug compound but also by the 

method of drug incorporation into nanogels. 

Commonly, drug loading into nanogels is achieved 

through physical entrapment, as well as covalent and 

noncovalent interactions.13  Bone loss significantly 

impacts dentistry, affecting tooth support, aesthetics, 

speech, and implants. Therefore, effective oral 

rehabilitation is crucial due to the intricate three-

dimensional structural impact of these defects.1,5 

Alveolar bone healing is a complex and overlapping 

four stages of healing that involve cells and 

molecules.6,9,19 Osteoblasts are vital cells in alveolar 

bone healing, orchestrating the production of osteoid 

matrix from the proliferation to remodeling phases.9,10 

BMP-2 and osteoblasts collaborate in generating 

alveolar bone during the proliferation phase, while ALP 

initiates osteoblast differentiation and assists in the 

early growth of hydroxyapatite crystals during bone 

formation.10,12,22 

Evidently, binahong leaf extract's secondary 

metabolites wield a diverse array of benefits for wound 

healing, with a pronounced focus on their interaction 

with pivotal elements like BMP-2 and ALP, which 

substantially contribute to effective bone regeneration 

and remodeling.24–27,29–31,33 In essence, the adaptable 

nature of nanogels, combined with their advantageous 

properties for topical oral application, positions them 

as a promising carrier for binahong leaf extracts.13–15 

The convergence of advanced drug delivery technology 

and the natural healing potential of binahong leaves 

signifies a potent avenue for addressing diverse oral 

health concerns.  

 

2. Conclusion 

It can be concluded that nanogels present a 

promising avenue for delivering binahong leaf extract, 

particularly in topical oral applications. Their 

biocompatibility, controlled release mechanisms and 

efficient drug loading align well with oral health needs. 

By harnessing nanogels' advantages alongside the 
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therapeutic potential of binahong leaf extract, a 

synergistic approach emerges that could reshape oral 

health interventions. As we delve further, we'll explore 

the intricate details of this fusion and its exciting 

potential for effective topical oral application in 

alveolar bone healing. Further research and clinical 

studies are warranted to explore its potential fully as 

an alternative for alveolar bone healing treatment. 
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