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Abstract 

Natural products derived from various sources, including plants, have garnered significant interest as alternative 
therapeutic options. Among these, Tualang honey, extracted from the nectar of Tualang trees (Koompassia excelsa 
(Becc.) Taub.), has a long history of traditional use due to its therapeutic properties. This review aims to examine 
the pharmacological activities of Tualang honey, encompassing both in vitro and in vivo studies. A systematic search 
was conducted in multiple databases, including PubMed, Springer, Scopus, Wiley, and Science Direct, up until Decem-
ber 2022 to identify relevant studies on the pharmacological activities of Tualang honey. Two independent reviewers 
were involved in article selection, followed by data extraction and assessment of methodological quality using Syrcle’s 
risk of bias tool. 123 articles were included, collectively describing the pharmacological activities of Tualang honey, 
including antimicrobial, anticancer, anti-inflammatory, antioxidant, antinociceptive, neuroprotective effects, and oth-
ers. Tualang honey has significant promise as an alternative treatment option for treating a wide range of pathologi-
cal diseases due to its wide range of pharmacological properties. Tualang honey’s diverse array of pharmacological 
actions indicates its potential for multiple medicinal uses.
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Background
In recent years, there has been a surge of interest in the 
medicinal properties of natural products, particularly 
those derived from plants. Honey has emerged as a sub-
ject of scientific investigation due to the growing demand 
for safe alternatives in healthcare and the potential to 
treat various ailments and improve overall health [1]. The 
traditional use of honey has been passed down verbally 
from generation to generation, prompting researchers to 

investigate its therapeutic potential. Thus, various scien-
tific studies have been done to validate community beliefs 
regarding the therapeutic properties of honey.

Tualang honey (TH), an indigenous multifloral jun-
gle honey from Malaysia, has lately garnered a lot of 
research attention in scientific circles [2]. TH is produced 
by the rock bee Apis dorsata, which builds its colonies 
high up in the branches of the tall Tualang tree (Koom-
passia excelsa (Becc.) Taub.) [3]. These tall trees, which 
may reach heights of up to 250 feet, are mostly found in 
Malaysia’s tropical rainforests, especially in the north-
eastern area, such as the state of Kedah [2].

In recent years, scientific interest in TH has surged, 
with numerous studies exploring its pharmacologi-
cal effects and potential therapeutic applications. The 
exploration of TH has revealed a remarkable diversity of 
bioactive compounds, including flavonoids, phenolics, 
vitamins, and minerals [3–5]. These natural constituents 
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are believed to contribute to its wide range of pharmaco-
logical properties.

Despite the growing number of research on TH, a com-
prehensive and systematic evaluation of its pharmacolog-
ical effects is still absent. Therefore, the purpose of this 
study is to bridge this essential information gap by con-
ducting an in-depth examination of the existing literature 
on the pharmacological effects of TH, which will provide 
significant insights into its possible therapeutic appli-
cations. We seek to increase scientific knowledge and 
stimulate further research in this potential field through 
analysis of the current data. The relevance of this study 
lies in supporting the implementation of evidence-based 
medical practices and encouraging the development of 
natural therapies. By synthesizing and critically assess-
ing existing research, this review seeks to provide a thor-
ough understanding of Tualang honey’s pharmacological 
effects and potential therapeutic applications. This is par-
ticularly significant given the increasing global interest 
in natural and alternative medicines and the demand for 
safe, effective treatments for various health conditions. 
Additionally, the insights gained from this review may 
guide future research and clinical applications, contrib-
uting to the advancement of healthcare by incorporating 
natural products like TH into contemporary therapeutic 
strategies. This review might lead to the development 
of natural products with therapeutic potential based on 
Tualang honey’s immense potential in improving human 
health.

Methodology
Search strategy
A systematic review was conducted to examine the 
pharmacological effects of Tualang honey. A compre-
hensive search was conducted in major selected data-
bases, including PubMed, ScienceDirect, SpringerLink, 
Scopus, and Wiley. The search spanned a 12-year period 
from 2010 to 2022. The search terms utilized Boolean 
operators with keywords "Tualang honey" OR "madu 
tualang" without any imposed restrictions or limitations. 
The study adhered to the Preferred Reporting Items 
for Systematic Reviews and Meta-analysis (PRISMA) 
criteria, which provide guidelines for conducting and 
reporting systematic reviews. Following the PRISMA 
2020 Statement, a flow diagram was created using an 
online tool to visually represent the selection process of 
included studies and ensure transparency in the review 
methodology [6].

Study selection
Two independent reviewers performed the study selec-
tion process in two stages: title/abstract screening and 
full-text assessment. During the title/abstract screening, 

the reviewers assessed the eligibility of each article based 
on the predetermined inclusion and exclusion criteria. 
In case of uncertainty or disagreement, the article pro-
ceeded to the full-text assessment stage. The full texts of 
potentially eligible articles were obtained and assessed 
against the inclusion and exclusion criteria. Any disa-
greements between the reviewers were resolved through 
discussion or consultation with a third reviewer.

Inclusion criteria
The inclusion criteria for this systematic review were 
established based on the PICO framework, representing 
Population, Intervention, Comparison, and Outcome. 
We included studies that investigated the pharmaco-
logical activities (outcome) of Tualang honey (interven-
tion), across various settings including in  vitro, in  vivo, 
and clinical trials (population). Comparisons were not 
required for inclusion, but studies must have evaluated 
the therapeutic potential of Tualang honey. Only English-
language studies published between January 2010 and 
December 2022 were considered.

Exclusion criteria
Studies that deviated from the primary focus on Tualang 
honey were excluded. Additionally, studies that did not 
assess pharmacological activities were not considered 
for inclusion, ensuring that the selected studies aligned 
with the research objective. Studies published in lan-
guages other than English were excluded to maintain 
consistency and facilitate analysis. Moreover, conference 
abstracts, editorials, commentaries, and letters were not 
included to maintain the integrity of the review.

Data extraction
Data extraction was performed using a standardized 
form designed to capture essential information from 
the selected studies. Data extracted from the studies 
included: study characteristics (authors, year of publi-
cation, study design), experimental details (dosage and 
duration of Tualang honey treatment, comparators, and 
methodology), the pharmacological activities assessed, 
and the outcomes reported.

Data synthesis
The synthesis of data followed the guidelines set forth in 
the Cochrane Handbook for systematic reviews and the 
SWIM (Synthesis Without Meta-Analysis) guidelines. 
Given the heterogeneity among the included studies, a 
narrative synthesis approach was utilized to aggregate 
and summarize findings, rather than conducting a meta-
analysis. Studies were categorized by the pharmacological 
effects—antioxidant, anti-inflammatory, anticancer, neu-
roprotective, and wound healing effects—and analyzed 
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qualitatively. Emphasis was placed on the consistency of 
findings across in vitro, in vivo, and clinical studies, with 
studies featuring robust designs or consistent outcomes 
receiving more weight. This approach allowed for a com-
prehensive understanding of the pharmacological activi-
ties of Tualang honey while acknowledging the study 
variability.

Risk of bias
The risk of bias assessment was conducted by two inde-
pendent reviewers, with any discrepancies resolved 
through consensus with a third reviewer. The Cochrane 
Risk of Bias (RoB) tool was employed to evaluate the 
risk of bias in randomized clinical trials [7]. The risk of 
bias assessment for animal studies followed the SYstem-
atic Review Centre for Laboratory Animal Experimenta-
tion (SYRCLES) tool, which evaluates multiple domains, 
including selection bias, detection bias, attrition bias, 
reporting bias, and other potential sources of bias [8]. 
In vitro studies were assessed using a modified version of 
the SYRCLES tool with an exclusion of an item related 
to random housing of animals [9]. Each study under-
went a comprehensive assessment for risk of bias, with 
"yes" indicating low risk, "no" indicating high risk, and 
"unclear" representing an unclear risk [8].

Results
Search results and study characteristics
A comprehensive electronic search of PubMed (n = 82), 
SpringerLink (n = 123), Wiley (n = 46), ScienceDirect 
(n = 157), and Scopus (n = 160) databases yielded a total 
of 568 studies. Subsequently, 16 duplicate articles were 
excluded from the analysis. Following careful evaluation 
of titles, abstracts, and full texts, 123 studies met the pre-
established eligibility criteria. The selection process is 
depicted in Fig. 1. Among the included studies, a total of 
64 were in  vivo studies, providing insights from animal 
models. Additionally, 38 studies were in  vitro, focusing 
on cellular and molecular mechanisms observed in con-
trolled laboratory settings. Furthermore, 21 studies were 
randomized controlled trials (RCTs), offering high-qual-
ity evidence through systematic evaluation of interven-
tions. Notably, a significant proportion of these studies 
were conducted in Malaysia, highlighting the country’s 
leading role in Tualang honey research, while only one 
study was conducted in Pakistan. The included articles 
were separated according to their pharmacological activi-
ties observed, including antioxidant (26.8%), antimicro-
bial (11.8%), neuroprotective effects (11.8%), anti-cancer 
(10.5%), anti-inflammatory (6.3%), reproductive health 
(6.3%), anti-nociceptive (5.6%), cardioprotective (3.5%), 
bone function (3.5%), wound healing (2.8%), anxiolytic 

and antidepressant (2.1%), effects on respiratory system 
(1.4%), and other pharmacological activities (8.5%).

Risk of bias
The risk of bias assessment for the included animal stud-
ies is summarized in Fig. 2. In the systematic review, the 
majority of the included studies reported employing ran-
dom allocation of animals to different groups or inter-
ventions. However, it is important to note that none of 
these studies provided adequate information regarding 
the specific method used for randomization. The base-
line characteristics of the animals, such as age, gender, 
and weight, were reported in all of the studies. On the 
other hand, the random housing was more comprehen-
sive in the included studies, which was associated with 
a low risk of bias, indicating that efforts were made to 
ensure comparability and unbiased assignment of ani-
mals to their respective groups. In terms of blinding of 
investigators and detection bias, which includes random 
outcome assessment and blinding of outcome assess-
ment, the majority of the studies included in this review 
were rated as having an unclear risk of bias. This sug-
gests insufficient reporting on these critical aspects in 
the reviewed studies, and no studies explicitly mentioned 
implementing blinding for investigators or conducting 
random outcome assessments. Selective outcome report-
ing and incomplete outcome data were generally found 
to have a low risk of bias in the included studies. This 
means the studies reported all the expected outcomes 
and analyzed the available data without significant miss-
ing information. The comprehensive reporting and analy-
sis enhance the confidence in the reliability and validity 
of the reported results. Other types of bias are unclear as 
they are not reported in the included studies.

Pharmacological activities of Tualang honey
Antioxidant
Tualang honey (TH) has consistently demonstrated 
potent antioxidant effects across 16 in  vitro, 19 in  vivo, 
and 3 randomized controlled trials (RCTs) (Table 1). Its 
high phenolic (42.23–589.2  mg/kg) and flavonoid con-
tent (25.31–165.34  mg/kg) significantly surpass other 
honeys, enhancing its ability to neutralize free radicals 
and mitigate oxidative stress. Biochemical assays, such as 
2,2-Diphenyl-1-picrylhydrazyl (DPPH) and ferric reduc-
ing antioxidant power (FRAP), reveal that TH exhibits 
superior antioxidant capacity compared to other honeys, 
including Gelam and Borneo, with DPPH IC50 values 
between 5.24  mg/mL and 7.54  mg/mL and FRAP val-
ues up to 892.15 μM Fe[II]/kg [4, 10–18]. In vitro stud-
ies have demonstrated TH’s protective effects against 
oxidative stress. For instance, TH scavenges hydrogen 
peroxide (H2O2) in human corneal epithelial progenitor 
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(HCEP) cells, improving cell viability [19]. Furthermore, 
gamma irradiation of TH has been shown to enhance 
its antioxidant properties, with higher phenolic and fla-
vonoid content and increased FRAP values [20, 21]. 
More recent studies indicate that fractions of TH, such 
as methanolic and ethyl acetate, exhibit even stronger 
antioxidant activity than gamma-irradiated honey [22].
Additionally, silver nanoparticles derived from TH were 
shown to possess superior antioxidant activity com-
pared to raw honey, showcasing its versatility in novel 

applications like nanoparticle formulations [23]. A recent 
study by Sulaiman et al. in 2022 discovered that the total 
phenolic and flavonoid content, as well as the DPPH val-
ues of Tualang honey significantly increased with higher 
temperatures [24].

Several in  vivo studies further validated the antioxi-
dant effects of Tualang honey. For instance, in a series 
of studies conducted on Sprague–Dawley streptozo-
tocin (STZ)-diabetic rats, TH was found to significantly 
improve the activity of essential antioxidant enzymes, 

Fig. 1  Flow chart illustrating the search strategy and study selection process in accordance with the PRISMA guidelines
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such as superoxide dismutase (SOD) and catalase (CAT), 
while reducing lipid peroxidation levels as measured by 
malondialdehyde (MDA) [25]. Combination therapies 
with TH and conventional antidiabetic drugs demon-
strated enhanced antioxidant activity and reduced oxi-
dative stress markers [26, 27]. Variability in antioxidant 
marker effects was observed depending on the animal 
model used [28, 29]. Additionally, in stress-induced mod-
els, TH supplementation consistently boosted antioxi-
dant defenses by increasing the activities of antioxidant 
enzymes like SOD and glutathione peroxidase (GPx) 
while lowering oxidative damage markers such as MDA 
and protein carbonyls (PCO) [30–41]. In a study con-
ducted by Al-Rahbi in 2014, the effects of tualang treat-
ment on Wistar albino rats with isoproterenol-induced 
myocardial infarction were investigated. The findings 
revealed that honey treatment significantly reduced lipid 
peroxidation levels, suggesting a decrease in oxidative 
damage [42]. In a study involving New Zealand white 
rabbits with alkali-induced injury caused by sodium 
hydroxide, the administration of TH did not show sig-
nificant differences in antioxidant status compared to 
conventional treatments [43].Human studies have also 
supported the antioxidant potential of Tualang honey. 
Ahmad et al. (2017) found that both high (1.5 g/kg) and 
low (0.75 g/kg) doses of TH significantly increased anti-
oxidant activity and reduced oxidative stress markers, 
such as MDA and ROS, in female athletes [44]. Similarly, 
in male collegiate athletes, a higher dose of TH incor-
porated into energy drinks provided greater antioxidant 
benefits, with stronger FRAP values and reduced ROS 

levels compared to a lower dose group [45]. Additionally, 
in a study involving smokers, daily supplementation with 
20 g of TH over 12 weeks resulted in a significant reduc-
tion in oxidative stress, as indicated by decreased plasma 
F2-isoprostanes and increased GPx and CAT activities 
[46]. Overall, Tualang honey consistently outperforms 
other honeys in antioxidant efficacy, despite variability in 
assay types and control conditions. This robust body of 
evidence underscores its value as a natural agent for miti-
gating oxidative stress and related disorders.

Antimicrobial
The antimicrobial properties of Tualang honey have been 
validated in several studies. Research has demonstrated 
its effectiveness against a wide range of microorganisms, 
including bacteria, fungi, and viruses. Table  2 summa-
rizes the antimicrobial activities of Tualang honey. The 
antibacterial effects of Tualang honey have been consist-
ently demonstrated against a wide range of pathogens. 
Across multiple studies, Tualang honey exhibited strong 
antibacterial activity, particularly against Gram-negative 
bacteria such as Pseudomonas aeruginosa and Escheri-
chia coli [47–49]. The combination of Tualang honey 
with conventional antibiotics, such as gentamicin, often 
led to enhanced effects, indicating potential synergis-
tic properties [48]. These findings suggest that Tualang 
honey could serve as an adjunct treatment in infections 
where antibiotic resistance is a concern..The effectiveness 
of Tualang honey against Gram-positive bacteria, how-
ever, appears to be less consistent. Some studies reported 
lower efficacy compared to silver-based dressings or 

Fig. 2  The overall risk of bias (RoB) for each item assessed using the SYRCLE tool was calculated as a percentage based on all the included studies
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other honey types [14, 50–54]. This variability sug-
gests that Tualang honey’s antibacterial properties may 
be more suited for Gram-negative bacterial infections, 
although further studies are needed to clarify its effi-
cacy against Gram-positive strains.. Environmental fac-
tors, such as temperature, have been shown to affect the 
antimicrobial properties of Tualang honey. Higher tem-
peratures significantly reduce its efficacy against both 
Gram-negative and Gram-positive bacteria, as evidenced 
in a recent study by Sulaiman et al. [24]. This highlights 
the need for standardized conditions in both experi-
mental and clinical applications to maximize the poten-
tial benefits of Tualang honey. Overall, the antibacterial 
activity of Tualang honey is well-supported by a diverse 
range of studies, with stronger evidence for its efficacy 
against Gram-negative bacteria and potential for use in 
combination with antibiotics to combat resistant strains.

Evidence also supports the antifungal effects of Tualang 
honey, particularly against Candida species and Asper-
gillus niger. Several studies have consistently shown that 
Tualang honey inhibits the growth of these fungal patho-
gens at concentrations ranging from 1.58 mg/ml to 25% 
(v/v) [55–57].. Furthermore, the use of Tualang honey 
in combination therapies, such as nanoemulsions with 
curcumin and piperine, has shown enhanced antifungal 
effects, especially against drug-resistant Candida strains 
[58]. These findings suggest that Tualang honey could 
play a significant role in treating fungal infections, par-
ticularly in cases where conventional antifungal drugs 
are ineffective. Its fungicidal properties, demonstrated 
across multiple studies, provide a strong basis for fur-
ther investigation in human trials.The antiviral proper-
ties of Tualang honey, while less studied, are promising. 
In a notable in vitro study, Tualang honey demonstrated 
significant virucidal activity against Chikungunya 
virus (CHIKV), with nearly complete inhibition of viral 
replication [59]. In a randomized controlled trial on 
asymptomatic HIV-positive subjects, Tualang honey 
supplementation showed promising effects in reducing 
viral load. Viral load reductions were observed in the low 
(20g/day) and high dose (60g/day) honey groups [60]. 
Although more research is needed in this area, the initial 
findings indicate that Tualang honey could be explored 
further as a potential antiviral agent.

Neuroprotective
Tualang honey has demonstrated consistent neuropro-
tective properties across both human and animal studies 
(Table 3). The strongest evidence supports its cognitive-
enhancing effects, particularly in improving immediate 
memory and mitigating stress-related cognitive decline.
Clinical studies have reported that Tualang honey 
improves immediate memory in postmenopausal women 

and enhances learning performance in patients with 
schizophrenia. These results suggest that Tualang honey 
may have cognitive-enhancing properties comparable to 
established therapies, potentially benefiting individuals 
with cognitive impairments [61, 62]. . Animal studies fur-
ther support Tualang honey’s neuroprotective role. It has 
been shown to reduce stress-induced cognitive decline 
and promote neuronal regeneration. For instance, in 
stressed rats, Tualang honey supplementation improved 
memory and restored neuronal morphology in the hip-
pocampus and prefrontal cortex. Similarly, it mitigated 
the adverse effects of hypoxia and lipopolysaccharide 
(LPS) exposure, indicating its protective role against vari-
ous forms of neurodegeneration [63–70]. In LPS-induced 
rats, Tualang honey and its methanolic fraction improved 
spatial and recognition memory comparably to meman-
tine, an Alzheimer’s medication [69 Subsequent studies 
revealed that Tualang honey is effective against oxida-
tive stress, hippocampal neurodegeneration, and amyloid 
deposition induced by LPS, with slightly stronger pro-
tective activity compared to its methanolic fraction [36].
Further research has highlighted the potential age-related 
differences in Tualang honey’s neuroprotective effects. 
Studies revealed that while Tualang honey improved 
memory function and neuronal count in young, stressed 
rats, its benefits in aged, stressed rats were observed only 
in specific brain regions [39, 40].

Supplementation at 1 g/kg/day protected midbrain 
dopaminergic neurons in paraquat-exposed rats, as 
shown by increased tyrosine-hydroxylase positive neu-
rons [71]. It also notably reduced neuronal degeneration 
in the piriform cortex of rats exposed to kainic acid [31]. 
Additionally, a dose of 1.2 g/kg improved cognitive per-
formance and increased neuronal counts in the offspring 
of prenatally stressed Sprague-Dawley rats [72]. This evi-
dence collectively supports Tualang honey’s potential as a 
natural neuroprotective agent.

Anticancer and antiproliferative
The existing literature on Tualang honey underscores 
its promising anti-cancer properties across various can-
cer models and mechanisms (Table 4). The most robust 
evidence highlights its effects in breast cancer, oral squa-
mous cell carcinoma, and leukemia, while also showing 
potential in other cancer types. In  vitro studies reveal 
that Tualang honey promotes apoptosis in human breast 
cancer cells, enhancing its potential as an adjunct ther-
apy. It has been shown to increase apoptotic cell percent-
ages and, when combined with tamoxifen, enhances the 
efficacy of this established breast cancer treatment [73–
76]. Animal studies further support these findings, dem-
onstrating significant reductions in tumor growth, size, 
and grade in Tualang honey-treated groups compared 
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to controls. Additionally, Tualang honey administration 
led to upregulation of pro-apoptotic proteins and down-
regulation of anti-apoptotic proteins [77–79]. Clinical 
trials have also highlighted that Tualang honey, when 
combined with anastrozole, effectively reduces breast 
background parenchymal enhancement more than anas-
trozole alone [80].The comprehensive evidence obtained 
from animal, in  vitro, and human studies provides sub-
stantial support for the advantageous effects of Tualang 
honey in breast cancer, underscoring its potential as a 
natural adjunct to chemotherapeutic agents in managing 
breast cancer.

In oral squamous cell carcinoma models, Tualang 
honey has exhibited anti-proliferative and chemopre-
ventive effects by inducing early apoptosis and suppress-
ing cancer cell proliferation. This is achieved through 
the downregulation of cancer-associated genes such as 
CCND1, EGFR, and COX-2, as well as genes involved in 
epithelial-to-mesenchymal transition [81, 82]. Addition-
ally, Tualang honey demonstrates anti-cancer potential in 
other types, including cervical and lung cancers [73, 83], 
and shows efficacy in inducing apoptosis in acute and 
chronic myeloid leukemia cell lines [87]. It also inhibits 
angiogenesis by reducing proliferation, migration, and 
tube formation of human umbilical vein endothelial cells 
stimulated by vascular endothelial growth factor (VEGF) 
[84], and has reduced growth effects on benign fibropro-
liferative skin tumors [85].

Further supporting its therapeutic potential, a clini-
cal trial on head and neck cancer patients revealed that 
Tualang honey supplementation significantly improved 
fatigue and quality of life compared to vitamin C sup-
plementation [86]. Collectively, these studies underscore 
Tualang honey’s potential as a natural adjunct in cancer 
treatment, particularly for breast cancer, oral squamous 
cell carcinoma, and leukemia. The evidence suggests a 
need for further clinical trials to explore its efficacy and 
optimize its application in comprehensive cancer care.

Anti‑inflammatory
Tualang honey has been extensively studied for its anti-
inflammatory potential in both in vitro and in vivo stud-
ies (Table  5). In  vitro studies provide strong evidence 
for the anti-inflammatory properties of Tualang honey. 
Ahmed et al. (2012) demonstrated that Tualang honey, at 
a concentration of 1.0% (v/v), effectively reduced proin-
flammatory cytokines, such as IL-1β, IL-6, and TNF-α, by 
inhibiting the NF-kB signaling pathway, which is crucial 
for regulating inflammatory responses [88]. Additionally, 
Tualang honey showed selective inhibition of COX-2 over 
COX-1 in a cyclooxygenase assay at 0.5 g/mL, indicating 
its targeted anti-inflammatory action [51]. These find-
ings underscore its potential in managing inflammation 

through specific molecular pathways.. In  vivo studies 
present a more varied picture. A study by Bashkaran 
et al. on New Zealand white rabbits with alkali-induced 
eye injuries found no significant differences in inflamma-
tory features between Tualang honey and conventional 
treatments, suggesting limited efficacy in this context 
[43]. However, a subsequent study by Kamaruzzaman 
et  al. demonstrated that aerosolized Tualang honey, at 
concentrations of 25% and 50% (v/v), effectively reduced 
airway inflammation and goblet cell hyperplasia in a rab-
bit model of ovalbumin-induced airway inflammation 
[89]. This suggests that Tualang honey may be effective in 
respiratory inflammation.Further research on Sprague-
Dawley rats revealed that Tualang honey administra-
tion at 1.2 g/kg reduced serum IL-6 levels in response 
to formalin injection, although it did not significantly 
affect IL-8 levels [90]. In models of kainic acid-induced 
status epilepticus, Tualang honey reduced levels of TNF-
α, IL-1β, GFAP, AIF-1, and COX-2 in brain regions, and 
mitigated caspase-3 activity in the cerebral cortex [91]. 
Similarly, chronic stress exposure in rats showed that 
Tualang honey at 1 g/kg significantly decreased TNF-α, 
IL-6, and IFN-γ levels in brain homogenates [92]. Clini-
cal trials present a mixed outcome. In chronic smokers, 
Tualang honey supplementation at 20 g daily resulted in 
a significant increase in plasma TNF-α levels, alongside a 
decrease in hsCRP, a systemic inflammation marker [93]. 
This suggests a complex effect on inflammatory mark-
ers that requires further investigation. Conversely, in 
postmenopausal breast cancer patients, Tualang honey 
supplementation at 20 g daily over 12 weeks effectively 
reduced IL-1β and TNF-α levels, highlighting its poten-
tial in mitigating cancer-related inflammation [94].
Overall, the evidence supports Tualang honey’s anti-
inflammatory properties across various models and con-
texts, though some studies present contradictory results. 
These findings suggest that while Tualang honey shows 
promise as an anti-inflammatory agent, its effects can 
vary based on the model and condition studied. Further 
research is needed to clarify its efficacy and optimize its 
use in clinical settings.

Anti nociceptive
Animal studies and human trials have elucidated the 
analgesic and antinociceptive properties of Tualang 
honey (Table 6). Animal studies have provided substan-
tial evidence for Tualang honey’s analgesic effects. Aziz 
et  al. (2014) found that moderate (1.2  g/kg) and higher 
(2.4 g/kg) doses of Tualang honey significantly increased 
the latency of the tail-flick reflex, similar to the effects of 
the anti-inflammatory drug prednisolone. Conversely, a 
lower dose (0.2  g/kg) did not show significant improve-
ments, highlighting the importance of dosage in its 
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analgesic efficacy [95].Additionally, Tualang honey was 
more effective than vitamin C (20  mg/kg) in reducing 
pain responses in a formalin-induced inflammatory rat 
model, suggesting its superior antinociceptive potential 
[33]. Further research involving prenatal stress mod-
els indicated that Tualang honey (1.2  g/kg) improved 
pain responses by increasing tail-flick reflex latency and 
reducing formalin-induced pain behavior in the offspring 
of stressed dams [32, 41, 96]. Moreover, Tualang honey 
supplementation at 1.2  g/kg reduced pain behavior in 
rats subjected to REM sleep deprivation [97].

In clinical settings, Tualang honey has also shown 
promise. Patients who underwent tonsillectomy and 
received Tualang honey (topically and orally) in conjunc-
tion with sultamicillin experienced faster pain relief and 
reported lower pain scores and less need for additional 
pain medication compared to those receiving sultami-
cillin alone [98]. Furthermore, a study involving new-
borns found that Tualang honey (2 mL) was as effective 
as sucrose in reducing pain during venipuncture, with 
similar crying times and pain scores between the honey 
and sucrose groups [99].Overall, these findings suggest 
that Tualang honey can effectively modulate pain at both 
peripheral and central levels. Its efficacy appears to be 
influenced by dosage and the specific pain model used, 
with strong evidence supporting its use in various pain 
management scenarios. This synthesis highlights Tualang 
honey’s potential as a natural analgesic and antinocicep-
tive agent, providing a foundation for further clinical tri-
als to optimize its use in pain relief.

Effects on reproductive health
Tualang honey has demonstrated potential protec-
tive effects on reproductive health in both male and 
female animal models, with evidence suggesting ben-
eficial outcomes for various aspects of reproductive 
function (Table  7).In male reproductive health, Tualang 
honey has been found to positively influence fertility. 
Mohamed et al. (2012) reported that daily oral adminis-
tration of Tualang honey at 1.2 g/kg for 4 weeks signifi-
cantly increased epididymal sperm count and reduced 
the proportion of abnormal sperm in rats, suggesting an 
enhancement in spermiogenesis [100]. In another study, 
Tualang honey supplementation in nicotine-exposed rats 
improved spermatogenic cell counts, further supporting 
its role in facilitating spermatogenesis [101]. Addition-
ally, Tualang honey mitigated the effects of prenatal stress 
on male rat offspring by increasing testis and epididymis 
weights and improving sperm motility and the percent-
age of abnormal spermatozoa [102]. Human trials have 
reinforced these findings, with Tualang honey supple-
mentation leading to significant improvements in sperm 

concentration, motility, and morphology in oligospermic 
males [103].

For female reproductive health, Tualang honey has 
shown protective effects in various contexts. In ovariec-
tomized rats, a model for postmenopausal conditions, 
daily intake of Tualang honey for two weeks signifi-
cantly increased uterine weight and vaginal epithelium 
thickness, indicating protection against atrophy [104]. 
Moreover, Tualang honey has demonstrated potential in 
counteracting reproductive toxicities from environmental 
pollutants. Studies revealed that it alleviated the adverse 
effects of bisphenol A (BPA) exposure by restoring dis-
rupted levels of follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH) [105, 106]. It also improved 
ovarian and uterine morphology, reduced lipid peroxi-
dation, and normalized estrogen receptor expression in 
BPA-exposed rats [106]. Furthermore, Tualang honey 
exhibited protective effects against cadmium-induced 
reproductive toxicity, showcasing its potential as a natu-
ral supplement for mitigating environmental hazards 
[34]. Overall, these findings suggest that Tualang honey 
could provide significant protective benefits for repro-
ductive health, enhancing spermatogenesis, improving 
sperm parameters, and mitigating reproductive damage 
from environmental toxins. This evidence advocates for 
further exploration through human clinical trials to bet-
ter understand its efficacy and optimize its application in 
reproductive health management.

Wound healing
Tualang honey has been utilized since ancient times as a 
traditional remedy for wound treatment, attributed to its 
potential healing properties. Table  8 provides evidence 
that Tualang honey possesses wound-healing properties. 
Khoo et al. (2010) compared Tualang honey with hydrofi-
bre and hydrofibre silver in treating bacterial contami-
nated full-thickness burn wounds in rats. They found 
that Tualang honey led to greater wound contraction, 
indicating its enhanced ability to facilitate wound healing 
compared to the other treatments [47]. Similarly, Sukur 
et  al. (2011) observed that Tualang honey application 
on contaminated burn wounds resulted in faster healing 
compared to chitosan gel and hydrofibre silver [108]. In 
addition to its topical applications, Tualang honey has 
shown efficacy in internal wound healing. A study dem-
onstrated that oral administration of Tualang honey 
improved anastomotic wound healing in rats following 
large bowel surgery. This was marked by increased fibro-
blast counts, reduced inflammatory cell presence, and 
improved wound strength [109].Clinical evidence fur-
ther supports Tualang honey’s wound-healing benefits. 
A trial evaluating its effects post-tonsillectomy compared 
a group treated with sultamicillin alone to one receiving 
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both sultamicillin and Tualang honey. The latter group 
exhibited significantly faster healing [110]. The overall 
synthesis of these studies indicates that Tualang honey 
consistently outperforms conventional treatments in 
promoting wound healing. It enhances both external and 
internal wound repair processes, suggesting its potential 
as a superior alternative or adjunct to existing wound care 
practices. This evidence underscores the need for further 
human clinical trials to validate and optimize Tualang 
honey’s application in clinical wound management.

Bone metabolism and muscle performance
The effects of Tualang honey supplementation on bone 
metabolism markers and muscle performance have been 
explored through various animal and human studies, 
revealing promising results (Table 9). Evidence indicates 
that Tualang honey, when combined with jumping exer-
cise, positively impacts bone metabolism. In a study by 
Mosavat et  al. (2014), rats receiving Tualang honey at a 
dose of 1 g/kg per day, alongside a jumping exercise regi-
men, exhibited significantly higher serum total calcium 
levels compared to controls. Both honey supplementa-
tion alone and the combined regimen led to lower serum 
1CTP levels, a marker of bone resorption, and increased 
serum alkaline phosphatase levels, indicating enhanced 
bone formation [111]. However, inconsistent findings 
were noted in a study by Zuhri et al., which observed a 
56.3% reduction in serum 1CTP levels with combined 
honey and exercise but a 7.66% decrease in alkaline phos-
phatase levels [112]. These discrepancies suggest the need 
for further research to understand the underlying mecha-
nisms and resolve conflicting results.In addition, Tualang 
honey has demonstrated beneficial effects on bone health 
in postmenopausal individuals. Studies have shown that 
honey supplementation improves bone metabolism 
markers. In ovariectomized rats, a dose of 0.2 g/kg signif-
icantly enhanced bone structural parameters [113]. Simi-
larly, randomized controlled trials with postmenopausal 
breast cancer patients revealed that daily consumption 
of 20  g of Tualang honey resulted in significantly lower 
levels of CTX (a marker of bone resorption) and higher 
levels of P1NP (a marker of bone formation) compared 
to baseline measurements [94]. These findings support 
the use of Tualang honey as a dietary intervention for 
improving bone health in postmenopausal women.

Further research into muscle performance also sup-
ports the potential benefits of Tualang honey. A ran-
domized controlled trial with inactive young males 
demonstrated that daily consumption of 20 g of Tualang 
honey led to significant improvements in muscle 
strength, power, and performance. Notable enhance-
ments included a 16.80% increase in vertical jump 
height, improved standing long jump distance, and 

better isokinetic muscular performance [114].Over-
all, the evidence suggests that Tualang honey may be a 
beneficial natural intervention for promoting skeletal 
health and improving physical performance. The stud-
ies summarized highlight its potential in enhancing bone 
metabolism and muscle function, making it a promising 
candidate for further investigation in clinical trials aimed 
at optimizing skeletal and muscular health.

Anxiolytic and antidepressant
The anxiolytic and antidepressant effects of Tualang 
honey have been investigated through several animal 
studies, providing insights into its potential therapeutic 
benefits (Table  10). Initial research focused on ovariec-
tomized rats exposed to stress, which demonstrated that 
Tualang honey administration led to an increase in rear-
ing events and locomotive activity, along with decreased 
mean freezing and grooming times. These changes sug-
gest a reduction in anxiety-like behavior [30].Further 
studies have explored Tualang honey’s antidepressant 
effects. In ovariectomized rats exhibiting depressive-like 
states, Tualang honey administration was associated with 
reduced depressive-like behavior, evidenced by decreased 
immobility time and increased swimming time in behav-
ioral tests [115]. Additionally, Tualang honey was found 
to increase brain-derived neurotrophic factor (BDNF) 
levels in the brain of these rats, which may contribute to 
its antidepressant effects [115].. A separate study involv-
ing male rats exposed to noise stress revealed that a dose 
of 0.2  g/kg of Tualang honey for 35  days significantly 
attenuated depressive-like behaviors. The honey sup-
plementation led to increased climbing and swimming 
durations, along with reduced immobility in the forced 
swim test, indicating notable antidepressant-like effects 
[64]. Collectively, these findings suggest that Tualang 
honey has both anxiolytic and antidepressant properties 
across different animal models. The evidence points to 
its potential utility in managing anxiety and depression, 
although further research, particularly in human clinical 
trials, is necessary to confirm these effects and elucidate 
the underlying mechanisms.

Cardioprotective
Extensive research has investigated the cardioprotec-
tive effects of Tualang honey, focusing on lipid metabo-
lism, blood pressure regulation, cardiovascular markers, 
and vascular health (Table 11). Studies have consistently 
demonstrated that Tualang honey can positively influence 
cardiovascular health across multiple aspects. In terms 
of lipid metabolism, Tualang honey has shown promis-
ing effects. In an animal model of high cholesterol diet-
induced non-alcoholic steatohepatitis and myocardial 
injury, Tualang honey supplementation led to reductions 
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in total cholesterol and triglyceride levels [42, 116]. This 
was corroborated by a randomized controlled trial in 
postmenopausal women, where daily consumption of 20 g 
of Tualang honey improved the lipid profile [117]. These 
results suggest that Tualang honey can modulate lipid 
levels, potentially contributing to cardiovascular health.
Additionally, research on Tualang honey and blood pres-
sure regulation has revealed its potential as an antihyper-
tensive agent, with findings indicating a decrease in both 
systolic and diastolic blood pressure [29, 117]. Tualang 
honey’s impact on cardiovascular markers is also notable. 
Studies have reported decreased levels of cardiac troponin 
I (cTnI), a marker of cardiac damage, and improvements 
in other cardiac enzyme levels. Histopathological analyses 
have shown enhancements in cardiac muscle fiber archi-
tecture and reductions in inflammatory infiltrates [29]. 
These findings reflect Tualang honey’s potential in miti-
gating cardiac damage and inflammation. Furthermore, 
Tualang honey has demonstrated protective effects on the 
vascular system. Experiments involving human umbilical 
vein endothelial cells (HUVECs) and Balb/c mice revealed 
that Tualang honey can counteract increased vascular 
permeability induced by oxidative stress [118]. This sug-
gests that Tualang honey may help maintain vascular 
integrity and reduce the risk of vascular dysfunction.

Overall, the accumulated evidence supports the car-
dioprotective benefits of Tualang honey, highlighting its 
potential in improving lipid profiles, regulating blood 
pressure, enhancing cardiovascular markers, and protect-
ing vascular health. These findings provide a strong foun-
dation for future human clinical trials to further explore 
and validate these effects.

Effects on respiratory system
The effects of Tualang honey on the respiratory system 
were investigated in two studies (Table  12). In a study 
involving chronic obstructive pulmonary disease (COPD) 
patients, supplementation of 20 mg of Tualang honey per 
day resulted in significant improvements in quality of life 
as assessed by the St. George’s Respiratory Questionnaire 
(SGRQ) [119]. This suggests that Tualang honey may pos-
itively impact symptoms and overall well-being in COPD 
patients. Additionally, in a study using Sprague–Dawley 
rats exposed to cigarette smoke, Tualang honey admin-
istration at a dose of 1.2 g/kg led to improved lung sur-
factant composition and histological characteristics in 
lung tissue [120].

These findings indicate that Tualang honey may offer 
protective benefits against respiratory damage caused by 
cigarette smoke, enhancing lung health. Together, these 
studies suggest that Tualang honey may have poten-
tial therapeutic effects on respiratory health, improv-
ing both the quality of life in COPD patients and lung 

function in animal models of respiratory damage. To fully 
understand its mechanisms and optimize its use, further 
research is necessary to explore these effects in greater 
depth and in broader human clinical trials.

Other activities
Tualang honey has exhibited diverse pharmacologi-
cal activities in various experimental models (Table 13). 
Studies on hepatoprotective effects have shown that 
Tualang honey significantly reduces liver enzyme activi-
ties, including aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), and alkaline phosphatase (ALP), 
in STZ-induced diabetic rats, indicating its potential for 
liver protection [121]. Similarly, in cases of acute kidney 
disease induced by a high cholesterol diet, Tualang honey 
supplementation improved renal function by lowering 
serum levels of creatinine, urea, and uric acid, and dem-
onstrated histological enhancements such as decreased 
cellularity and glomerular expansion [122]. Addition-
ally, Tualang honey positively impacts glucose metabo-
lism, with studies showing increased insulin levels and 
reduced hyperglycemia and fructosamine concentrations 
in STZ-induced diabetic rats [123].

Tualang honey has demonstrated significant effects 
on both immunological and hematological parameters. 
In randomized controlled trials with asymptomatic 
HIV-positive subjects, Tualang honey reduced immune 
markers such as CD45, CD3, CD4:CD8 ratio, CD19, and 
NK cells [124]. It also increased immune cell popula-
tions in BALB/c mice, including T helper cells, T cyto-
toxic cells, macrophages, B lymphocytes, and splenic 
phagocytes, suggesting potential immunomodulatory 
effects [125]. In terms of hematology, Tualang honey 
led to notable decreases in total white blood cell counts, 
neutrophils, and lymphocytes in HIV-positive subjects 
[124]. Animal studies supported these findings, showing 
that Tualang honey improved hematological parameters 
in albino Sprague–Dawley rats and, in rats exposed to 
gasoline vapor, it enhanced mean corpuscular hemo-
globin concentration and reduced abnormal megakary-
ocytes [126, 127].

Tualang honey has also demonstrated benefits in peri-
odontal health. Clinical trials involving chronic peri-
odontitis patients revealed significant improvements in 
periodontal parameters, including pocket depth and clin-
ical attachment loss, following honey supplementation 
[128]. Similarly, in healthy subjects, Tualang honey con-
sumption led to an increased salivary flow rate without 
affecting salivary pH level [129]. Additionally, Tualang 
honey exhibited the ability to promote the proliferation 
of human periodontal ligament fibroblasts [130], sug-
gesting its potential for periodontal wound healing. On 
another note, Tualang honey has been found to enhance 
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the growth of probiotic strains in milk formulations, 
highlighting its potential as a prebiotic agent [131]. 
Hence, these findings collectively demonstrate the mul-
tifaceted pharmacological activities of Tualang honey, 
underscoring its potential as a valuable and versatile nat-
ural resource with diverse therapeutic implications.

Discussion
The findings of this systematic review provide com-
pelling evidence that Tualang honey is a significant 
natural resource with a wide range of pharmacological 
and therapeutic activities. Our analysis indicates that 
researchers from Malaysia have actively investigated the 
utilization and potential of Tualang honey. The availabil-
ity of Tualang honey in Malaysia is a significant factor 
driving active research on its utilization and potential. 
Malaysia’s rich rainforests and diverse ecosystems pro-
vide an ideal environment for Tualang trees [132]. Hence, 
this accessibility allows researchers to easily obtain sam-
ples, analyze its properties, and conduct studies on its 
composition and potential applications. Moreover, there 
has been a steady increase in publications related to the 
pharmacological activities of Tualang honey since 2010, 
reaching a peak in 2020, which reflects the growing rec-
ognition of Tualang honey’s importance.

Over the past 12  years, scientific investigations on 
Tualang honey have been impressive, validating many of 
the traditional claims associated with its use. The system-
atic review revealed that Tualang honey exhibits diverse 
pharmacological activities across various domains. Nota-
bly, Tualang honey has been extensively studied for its 
antioxidant properties in this systematic review. Anti-
oxidants have a crucial role in safeguarding the body 
against oxidative stress by counteracting detrimental free 
radicals and minimizing cellular harm [133]. The capac-
ity of Tualang honey to counteract free radicals, hinder 
lipid peroxidation, and augment the functioning of anti-
oxidant enzymes signifies its potential efficacy in allevi-
ating oxidative stress and preserving cellular integrity [4, 
10–46].Additionally, the review highlighted the potential 
benefits of Tualang honey as antimicrobial [14, 24, 47–
60], neuroprotective [31, 32, 38, 41, 61–72], anti-cancer 
[73–87], anti-inflammatory [43, 51, 88–94], reproductive 
health [36, 95–102], analgesia [33–35, 103–107], wound 
healing [47, 108–110], bone metabolism [94, 111–113], 
muscle performance [114], anxiety [30], depression [64, 
115], cardiovascular health [29, 42, 116–118], respira-
tory health [119, 120] and other pharmacological activi-
ties [121–131]. The observed pharmacological effects of 
Tualang honey bear notable clinical relevance and hold 
potential therapeutic applications across a spectrum 
of diseases and conditions. Furthermore, comparative 
analysis with conventional medications sheds light on 

the unique strengths of Tualang honey. In comparison 
to alternative treatment options, Tualang honey exhib-
its distinctive advantages that contribute to its potential 
as a therapeutic agent. For instance, a study examin-
ing pain relief during neonatal venipuncture found that 
supplementation with Tualang honey exhibited com-
parable effectiveness to those who received sucrose, a 
commonly used solution for pain relief [99]. Moreover, 
Tualang honey has shown potential for synergistic effects 
when used in combination with existing therapies. In a 
study involving breast cancer patients, the combination 
of Tualang honey and anastrozole, a commonly used 
medication, exhibited superior results in reducing breast 
background parenchymal enhancement compared to the 
use of anastrozole alone [80]. Moreover, investigations 
into the combination therapies of Tualang honey with 
conventional antidiabetic medications revealed enhanced 
antioxidant activity and a reduction in oxidative stress 
markers [26, 27]. These findings suggest that the simulta-
neous administration of Tualang honey and antidiabetic 
medications can potentially offer additional benefits. 
Additionally, when Tualang honey was combined with 
tamoxifen, a medication employed in breast cancer treat-
ment, it displayed an augmented impact on the depolari-
zation of breast cancer cell lines compared to the use of 
tamoxifen as a standalone treatment option [75]. These 
compelling outcomes highlight the potential of Tualang 
honey in improving treatment efficacy and warrant fur-
ther exploration of its synergistic effects when used in 
combination with existing therapies.

The findings of animal experiments and clinical trials 
give important insights into Tualang honey’s potential 
medicinal uses. Tualang honey’s effects on numerous 
physiological systems have been shown using animal 
models, while clinical studies have offered tentative 
evidence of its effectiveness in humans. It is crucial to 
highlight, however, that the majority of the data origi-
nates from preclinical investigations and that more well-
designed clinical trials are required to confirm the results 
and evaluate the usefulness of Tualang honey in humans. 
The methodology for the systematic review was robust, 
according to the Preferred Reporting Items for System-
atic Reviews and Meta-analysis (PRISMA) standards [6]. 
A comprehensive search strategy was employed, encom-
passing major scholarly databases and spanning a 12-year 
period. The study selection process involved independent 
reviewers and a standardized form for data extraction. 
Additionally, the risk of bias assessment was conducted 
using appropriate tools for different study types [7, 8]. 
These strengths enhance the reliability and validity of the 
review’s findings. Despite the strengths, the systematic 
review also has limitations that should be considered. 
The included studies exhibited heterogeneity in terms of 
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dosage, administration routes, and study designs, making 
it challenging to draw definitive conclusions and compare 
the results across different studies. Furthermore, while 
the majority of the evidence comes from animal studies, 
there is a notable scarcity of clinical trials to corroborate 
these findings in human subjects..

It is also crucial to address the safety profile of Tualang 
honey, including potential toxicity. A recent study exam-
ined aged Tualang honey (ATH) stored for four years, 
which had high levels of 5-hydroxymethylfurfural (HMF) 
exceeding the recommended limit [134]. In a 28-day tox-
icity study, Tualang honey administered at 200  mg/kg/
day was found to be safe in vivo, while higher doses led to 
adverse effects in female rats. The no-observed-adverse-
effect level for male rats was 2,000  mg/kg/day, and less 
than 200  mg/kg/day for females. This underscores the 
importance of ongoing safety evaluations to confirm 
Tualang honey’s safety as a therapeutic agent.Future 
research should focus on addressing the limitations of the 
existing evidence. Well-designed clinical trials and rigor-
ous methodologies are warranted to provide more robust 
evidence of the efficacy and safety of Tualang honey in 
humans. Standardization of dosage and administration 
protocols would facilitate comparisons across studies and 
improve the generalizability of the findings. Moreover, 
further investigation is needed to elucidate the underly-
ing mechanisms of action of Tualang honey, as this would 
provide valuable insights into its pharmacological effects 
and potentially lead to the development of targeted 
interventions.

Conclusion
In conclusion, we’ve shown a comprehensive analysis of 
the pharmacological effects and therapeutic potential of 
Tualang honey, emphasizing the importance of integrat-
ing natural products into modern therapeutic strategies 
and recognizing Tualang honey as a promising natural 
therapy in healthcare. However, it is essential to acknowl-
edge that the current evidence is primarily derived from 
animal and in vitro studies. There is a significant lack of 
high-quality human clinical trials to robustly support 
its efficacy and safety for human use. Therefore, while 
Tualang honey shows potential, further rigorous clinical 
research is necessary to confirm its therapeutic benefits 
and ensure its safe application in human medicine.
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