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Abstract   

Dodonaea viscosa is a commonly occurring medicinal plant that has been used in the treatment of inflammation, 

wounds and infectious diseases in various ethnomedicinal traditions. This review critically analyses the existing 

scientific evidences for its pharmacological activities, phytochemical composition and biotechnological potential 

especially with regard to its translational relevance. The plant has been reported to have a variety of bioactive 

metabolites, such as flavonoids, saponins, and clerodane diterpenoids, which have been linked to anti-

inflammatory, antimicrobial, anti-biofilm, wound healing and cytotoxic properties. Of these, anti-inflammatory 

activity is the most important pharmacological activity. Wound healing applications from bioassays have advanced 

to formulation-based studies. In vivo studies in the context of antimicrobial and anti-biofilm properties have shown 

promising anti-virulence effects, such as inhibiting germ-tubes in Candida albicans and the development of 

biofilms; however, these effects are mainly confined to in vitro studies. Initial anticancer studies indicate cytotoxic 

and antiproliferative activity in colorectal cancer cell lines; mechanistic and selectivity information is lacking to 

make clinical conclusions. In vitro propagation systems as well as the ability to transform metabolites and enhance 

production of flavonoids by using nanoparticles have been successfully developed in biotechnology, but hairy root 

cultures have not been studied. Although there are also positive pharmacologic findings, there are still many 

limitations, such as phytochemical variability, poor standardization, and the lack of sufficient long-term toxicity 

assessments. In conclusion, D. viscosa is a potential medicinal plant that requires careful standardization, 

optimization of various formulation parameters, mechanistic studies, and translational research for effective 

development. 
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Introduction   

Dodonaea viscosa is a perennial medicinal shrub, and widely distributed in tropical and subtropical 

Africa, Asia, Australia and the Middle East. It has gained attention in the scientific world due to its widespread 

application in traditional medicine for treating inflammatory disorders, wounds, fever, gastrointestinal disorders, 
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skin infections and microbial diseases. Its wide ethnomedicinal uses in geographically isolated cultures could 

indicate the presence of biologically active phytochemicals with great therapeutic potential1. 

The use of medicinal plants continues to be a valuable source of bioactive compounds for contemporary 

pharmaceuticals production, especially for the search of alternative safer and eco-friendly drugs to those that are 

synthesized. The increasing awareness about antimicrobial resistance, chronic inflammatory diseases and side 

effects of conventional medicine have boosted research in the field of phytomedicine and plant biotechnology in 

recent years. In this regard, D. viscosa has been a promising medicinal plant because of the presence of various 

secondary metabolites such as flavonoids, diterpenoids, alkaloids, tannins and saponins, which are related to its 

pharmacological activities 2. 

The anti-inflammatory, antimicrobial, anti-biofilm, anti-oxidant, wound-healing, hepatoprotective and 

cytotoxic properties of extracts and isolated compounds of D. viscosa have been demonstrated in earlier studies. 

Of these activities, anti-inflammatory activity is the most widely studied, especially the activity of the diterpenoids 

of the clerodane type, including hautriwaic acid. In addition, the use of in vitro propagation systems, metabolite 

biotransformation and using nanoparticles to increase secondary metabolite production has been highlighted as 

potential avenues for enhancing the medicinal value of the plant with recent advances in plant biotechnology 3. 

Although the results are encouraging, there are also some drawbacks such as phytochemical variations 

among extracts, a lack of standardization, a lack of extensive toxicological studies, and limited clinical evidence. 

Hence, a thorough review of the literature would be required to fill the gap between preliminary pharmacological 

studies and therapeutic use. The purpose of this review is to present an overview of phytochemical profile, 

principal medical applications and biotechnology applications of D. viscosa, as well as the research gaps and 

future prospects for the pharmaceutical development of D. viscosa. 

Phytochemical Profile: Basis of Bioactivity 

One problem with the study of D. viscosa is that the composition of the phytochemicals extracted from 

the plants depends on the part of the plant (Table 1), the geographical location, the growth stage, and the extraction 

solvent used 4. This is not something that can be easily overlooked. It implies that two studies in which the same 

term “D. viscosa leaf extract” appears may be employing two different preparations of the extract, and as a result, 

differences in the bioactivity reported from one study to the next may not reflect biological variation, but rather 

chemical variation in the extract used to make them. So, with this disclaimer in mind, the overall metabolite 

overview is sufficiently uniform to be described (Table 2). There are flavonoids, such as isorhamnetin and related 

compounds, which are reliably detected and which may be a likely contributor to the antioxidant and anti-

inflammatory activities due to their ability to scavenge radicals and interfere with signals 5. Best-studied members 

of this family are called clerodane diterpenoids, such as hautriwaic acid, which seem to possess anti-inflammatory 

and anti-virulence properties 6. Antimicrobial activities at the membrane level are most likely mediated by 

saponins, which are present. The presence of saponins with a membrane-disrupting character suggests they are 

likely to be the most important compounds with an antimicrobial effect at the membrane level 7. Although crude 

extracts have consistently shown to be more effective than isolated fractions in bioassays 8, no one has conducted 

a formal interaction study to see if these constituent classes work synergistically, additively, or independently 

against the same biological target. That is not an experiment that has been undone, and that is indeed a gap in the 

literature of mechanisms. 

 

 



 

 

 

 

 

229  

  

Iraqi journal of Bioscience and Biomedical 

Published Online First: 30 / June /2026. 

p-ISSN: 3007-5491 /  e-ISSN:3007-5505 

 
Table 2. Extraction Methods and Pharmacological Outcomes of Dodonaea viscosa 

Plant Part 
Extraction 

Solvent/Method 

Main Constituents 

Obtained 

Reported 

Pharmacological 

Activity 

Aerial parts Aqueous extraction Polyphenols 
Anti-inflammatory 

activity 

Leaves Methanolic extraction Flavonoids, diterpenoids 
Anti-inflammatory and 

antimicrobial 

Leaves Ethanolic extraction Phenolics and flavonoids 
Antioxidant and wound 

healing 

Leaves 
Flavonoid-rich 

fractionation 

Isorhamnetin-rich 

fraction 
Enhanced wound healing 

Leaves 
Nanoparticle-assisted in 

vitro enhancement 

Increased flavonoid 

content 

Improved secondary 

metabolite production 

 

Table 2. Major Bioactive Compounds Identified in Dodonaea viscosa 

Compound/Class Chemical Category 
Reported Biological 

Activity 
Proposed Mechanism 

Hautriwaic acid Clerodane diterpenoid 
Anti-inflammatory, anti-

virulence 

Cyclooxygenase 

inhibition, suppression of 

inflammatory mediators 

Isorhamnetin Flavonoids 
Antioxidant, wound 

healing 

ROS scavenging, 

fibroblast stimulation 

Quercetin derivatives Flavonoids 
Anti-inflammatory, 

antimicrobial 

Cytokine modulation and 

membrane destabilization 

Saponins Glycosides Antimicrobial activity 
Membrane disruption of 

microbial cells 

Tannins Polyphenols 
Antioxidant and 

antimicrobial 

Protein precipitation and 

radical scavenging 

Alkaloids 
Nitrogen-containing 

metabolites 

Cytotoxic and 

antimicrobial 

Interference with cellular 

metabolism 

Major Medical Applications  

Anti-inflammatory and Analgesic Activity  

The anti-inflammatory activity in D. viscosa is the only part of the pharmacological literature that has an 

isolated compound with experimental data. Cybulski et al tested the leaves for their activity in the carrageenan-

induced paw oedema and the TPA-induced ear oedema model and found that the active compound was the 

clerodane diterpenoid hautriwaic acid, showing activity at doses comparable to reference compounds 8. The 

amount of detail in the pharmacology literature for D. viscosa is rare at this level of specificity, which is referred 

to as compound, named model, dose data. The overall picture from the two papers indicates that the anti-
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inflammatory activity is not only real, but that it exists in isolated constituents and crude extracts and does not 

have an acute toxicity at the doses tested in rodents. The proposed mechanism is mediated through the 

cyclooxygenase inhibition, cytokine suppression and attenuation of reactive oxygen species 9 as illustrated in 

Figure 1 below. None of the papers provides an appropriate dose response curve of hautriwaic acid alone or a 

good comparison with ibuprofen or indomethacin at equivalent doses, which would allow one to make any 

meaningful statement about where this compound would land relative to other anti-inflammatory agents. 

 

 

Figure 1. Anti-inflammatory activity of Dodonaea viscosa. Flavonoids and diterpenoids are suggested to 

inhibit inflammatory signaling and decrease mediators that lead to tissue inflammation. Developed from 

previous studies mentioned in the review. 

Dodonaea viscosa has a multi-mechanistic anti-inflammatory activity, with no single molecular target 

known. Clerodane diterpenoids and flavonoids can inhibit the secretion of inflammatory cytokines (e.g., IL-6 and 

TNF-α), and block oxidative stress by scavenging ROS. Hautriwaic acid is suggested as one of the major anti-

inflammatory diterpenoids because of its anti-inflammatory signaling effect by interfering with cyclooxygenase. 

Also, antioxidant flavonoids can help to reduce inflammatory tissue damage, by stabilizing cellular membranes 

and reducing lipid peroxidation. Although these exciting results were obtained, the exact molecular targets and 

signaling pathways remain only partially understood 10. 

Antimicrobial and Anti-biofilm Activity 

Antimicrobial activity in D. viscosa have been reported against various bacterial and fungal pathogens, 

for example, Kebede and Shibeshi reported antimicrobial activity from partially purified fractions against various 

infectious human pathogens 11; and Bentarhlia et al. reported a new antimicrobial compound from leaf extracts 12. 

The newer contributions differ in that they have moved beyond a reliance on the minimum inhibitory 

concentration (MIC) data to examine virulence endpoints, which is a more clinically relevant direction. However, 

(Nciki et al. reported that extracts of D. viscosa, when used at sub-inhibitory concentrations, inhibited C. albicans 

germ-tube formation and biofilm development 13. Germ-tube suppression is important because germ-tube 
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development is the morphological switch that allows Candida to invade tissue, so suppression without killing the 

organism is another type of anti-virulence strategy that could be beneficial. In that study, the constituents 

responsible have not been identified; however, diterpenoid rich fractions are most chemically plausible as they 

have been shown to be active against microbial virulence determinants in related plants. The anti-biofilm data 

have been summarized schematically in Figure 2. Clearly, all of this research is performed in a single fungal 

species in vitro; the antibacterial biofilm activity and in vivo anti-infective activity are still unexplored areas. 

 

 
Figure 2. Proposed anti-biofilm activity of Dodonaea viscosa. Diterpenoid-rich constituents are proposed 

to interfere with quorum sensing, reduce extracellular polymeric substance formation, and limit biofilm 

maturation and microbial virulence. 

Recent studies indicate that the antimicrobial activity of D. viscosa may be more than just its ability to 

kill microbes, but also to inhibit their virulence. Sub-inhibitory extracts resulted in the inhibition of germ-tube 

formation and biofilm maturation in Candida albicans, suggesting that they could interfere with quorum sensing 

and virulence-related signaling pathways. The fractions rich in diterpenoids are suggested to inhibit the formation 

of the EPS, which leads to decrease in microbial adhesion and biofilm stability. Most evidence available, however, 

is limited to in vitro fungal models, and antibacterial biofilm inhibition has not been well studied 14. 

Wound Healing and Tissue Repair 

D. viscosa has been most developed for pharmacological use for wound healing. The preparation of a 

flavonoid-rich fraction from the leaves, formulation of this extract, and testing in an excision wound model with 

wound contraction rate and epithelialization time as primary endpoints, were done by Subramanian et al. 15. Much 

better results were obtained with the formulated fraction than with the untreated control in these parameters 16. 

This study is more beneficial than the typical bioactivity paper because of two factors. The fraction is defined and 

enriched rather than a raw extract, and a step towards reproducibility, which is essential for therapeutic 

development. And the formulation was tested on its compatibility and stability – that is, the active material was 

verified to be compatible to be included in a delivery preparation. With regard to mechanism, the most plausible 
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is one of two mechanisms: (1) flavonoids attenuate the early inflammatory stage of wound healing and (2) 

stimulate the activity of fibroblasts and the deposition of collagen in the tissue remodel stage 17. It is not yet known 

whether isorhamnetin in particular, or flavonoids in general, or a mixture are responsible for this. This study is 

not a clinical outcome. The next step would be histopathologic analysis of the repair site, an armamentarium of 

comparison with a normal wound care agent, and likely further testing in another wound model before making a 

claim of clinical applicability with a straight face. 

The therapeutic effects of D. viscosa on wound healing could be attributed to the combination effects of 

flavonoids, phenols, and anti-inflammatory metabolites. The action of flavonoids is considered to enhance cell 

proliferation, collagen formation, and re-epithelialization while decreasing inflammation in the early phases of 

wound healing. Other antioxidants can also protect the injured tissues from oxidative damage and cell 

regeneration. However, histopathological evaluation and comparisons with other wound healing drugs need to be 

conducted 18. 

Cytotoxic and Anticancer Potential 

Two papers make up most of what the D. viscosa cytotoxicity literature currently offers, and they are not 

really telling the same story. Herrera-Calderon et al. worked in HCT116 colorectal cancer cells and found 

cytotoxic and antiproliferative effects, with data pointing toward caspase 3 activation and p53 upregulation as part 

of the cell death pathway 19. Tong et al. took a different route entirely: CCl4-intoxicated mice, hepatoprotective 

endpoints, restoration of ALP, AST, and ALT levels toward normal, with hematological parameters showing 

similar recovery 20. These are not comparable experiments. The in vivo hepatoprotection data from Tong et al. 

describes a whole-organism response to a defined toxic insult—that is at least interpretable in a pharmacological 

context. The HCT116 data is harder to place. Caspase 3 and p53 involvement is interesting mechanistically, but 

these correlations were measured in a single cell line with no normal-cell selectivity data and no in vivo follow-

up. A plant extract that kills cancer cells in a dish kills plenty of other things in a dish too; the selectivity question 

is what matters, and it was not asked. The honest summary of the anticancer evidence is that it exists, it has a 

mechanistic angle worth exploring, and it is nowhere near the stage at which clinical relevance can be discussed. 

Cytotoxicity of D. viscosa extracts against colon cancer cell lines could be explained by apoptotic 

pathways involving activation of caspase-3 and elevation of p53 levels. These mechanisms imply induction of 

programmed cell death and suppression of tumor cell proliferation. However, ongoing studies on the matter 

remain deficient since there is no selective activity study conducted using normal human cells as well as in vivo 

tumors models for testing 19. 

Biotechnology and Formulation Perspectives 

The biotechnology literature for D. viscosa is best described as foundational rather than advanced, and 

there is little to be gained from overstating it. Here it has been shown that the plant can be propagated with high 

reliability via axillary bud multiplication and indirect organogenesis 21, the plant can be used for biotransformation 

of metabolites, such as the conversion of berberine to hepatoprotective metabolites 22 and that the in vitro 

application of AgNO3 nanoparticles can lead to an increase in the specific flavonoid content 23. These are three 

stand-alone proof-of-concept results, not a coordinated development programme. Hairy root culture, a microbial 

system that has been used to enhance secondary metabolite production in other medicinal plants and has a direct 

relevance to the useful secondary metabolites (diterpenoids and flavonoids) targeted in D. viscosa 24 has not been 

reported for this plant. That is something to mention as a gap as the production of hairy root systems is generally 
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more stable than that of suspension cultures, and is more scalable. None of these upstream production methods 

offers immediate practicability, however. It is in the process of being formulated. The wound-healing study 

showed the possibility of stabilizing a D. viscosa fraction and its inclusion into a topical formulation that does not 

lose its biological activity 25. This result, together with precision of the concentration of the active markers and 

the development of stability-tested formulations for antimicrobial and anti-inflammatory applications will be more 

achievable and more clinically relevant near-term goals than metabolic engineering. 

Despite being in an early phase of development, biotechnological methods of D. viscosa exhibit 

significant promise in sustainable production of valuable bioactive metabolites. In vitro propagation of plant 

cultures, nanoparticle-mediated improvement of flavonoid synthesis, and experiments on biotransformation of 

metabolites have shown the possibility of obtaining pharmacologically important products under controlled 

conditions 3. At the same time, there is still no research related to hairy root culture systems, commonly applied 

to medicinal plants in order to obtain secondary metabolites. Metabolic engineering of such systems could be one 

of the future directions in this area. 

Toxicity and Quality Control 

A common statement found in the D. viscosa literature is that the plant is of good safety. In one sense it 

must be, and in another sense it is untrue. Adekunle et al. did not mention any acute toxicity signs in mice at doses 

up to 5000 mg/kg and the leaf extract (80% methanol) in the rabbit primary irritation test gave a primary irritation 

index of 0.45 (slight to negligible irritation) with no sensitization response in the mouse ear swelling test 26. Those 

numbers are good enough to proceed with the development of topical wound care. If they are talking about 

anything that involves long-term oral use, systemic absorption, or anything special like pregnant women, or people 

with a lot of medicines (polypharmacy) then they say nothing. There are no chronic toxicity studies available. No 

information is available on reproductive toxicity. Drug-interaction profiling has not been done. Several D. viscosa 

reviews, without qualification, say generally safe and mask this. Over top of this is the compositional variability 

problem 27 even if the plant name is the same on the label, the safety data from one extract preparation cannot be 

relied upon in another one whose phytochemical composition may vary. The only safe or defensible statement is 

that D. viscosa also looks like a pretty safe organism for topical preclinical development, and nothing more is 

justifiable 1. 

Acute toxicity tests have revealed that D. viscosa extracts are not highly toxic substances 28; however, a 

number of issues should be discussed concerning long-term use of this drug. Chronic toxicity tests, as well as 

reproductive toxicity tests and the study of pharmacokinetics of active substances, have not yet been performed 

in relation to this plant extract. Besides, phytochemically different extracts obtained from different geographic 

areas, using different extraction solvents, and harvested at different development stages can significantly vary in 

terms of their effect. 

Conclusion 

The phytochemical profile and the wide range of biological activities of D. viscosa, suggest a high 

medicinal and biotechnological potential. The current evidence shows that the plant has significant anti-

inflammatory, wound healing, antimicrobial, anti-biofilm and potential anticancer properties, the most 

scientifically supported application being anti-inflammatory. Its isolation of bioactive compounds like hautriwaic 
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acid and the flavonoid rich fraction demonstrate the medicinal importance of its secondary metabolites, which are 

utilized in traditional medicine. 

The ability of D. viscosa to be cultivated in vitro, to transform metabolites and to enhance the production 

of flavonoids by using nanoparticles also highlights the potential of D. viscosa for the sustainable production of 

pharmaceutically relevant compounds. Furthermore, studies using formulation-based wound healing suggest a 

step towards the therapeutic application and not only preliminary bioassays of wound healing. 

Although these encouraging results have been found, several issues are still to be addressed. There is 

significant phytochemical variability among extracts, limited mechanistically studies, lack of standardized 

preparations and limited chronic toxicity evaluations which limit the translation of experimental findings into 

clinical applications. Moreover, most of the antimicrobial, anti-biofilm and anticancer studies are limited to in 

vitro models and require extensive in vivo and clinical studies. 

In conclusion, D. viscosa is an important medicinal plant with potential application in the pharmaceutical 

and biotechnological fields. Standardization of extracts, characterization of metabolome, optimization of 

formulation, mechanism studies, and long-term safety studies should be a priority for future investigations to 

develop reliable plant-based therapeutics. Further investigation must focus on: 

• Sample extraction procedure standardization, 

• Metabolomic profiling of bioactive compounds, 

• Further mechanistic elucidation by studying the molecular mechanism, 

• Toxicological testing, 

• Clinically useful drug formulation, 

• And in vivo testing of potential pharmaceutical application for Dodonaea viscosa. 
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