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ABSTRACT :

Background

Diabetes and its complications pose a global health crisis, emphasizing the need for therapeutic approaches that not only regulate glucose but also protect pancreatic
function. Boswellia serrata Roxb, a traditional medicinal plant, has gained attention for its bioactive compounds that offer dual benefits for glucose regulation and
pancreatic protection. This review explores its phytochemical profile, mechanisms of action, and translational potential in diabetes management.

Methods

An in-depth review of studies was conducted to analyze the phytochemistry, pharmacological effects, and therapeutic applications of Boswellia serrata. Key
bioactive were identified using advanced techniques such as HPLC and GC-MS. Mechanistic insights into glucose modulation, beta-cell protection, and anti-
inflammatory pathways were evaluated. The impact of novel drug delivery systems, including nano formulations, on enhancing efficacy was also investigated.

Results

Boswellia serrata is rich in bioactive such as boswellic acids, terpenoids, and flavonoids, which improve glucose homeostasis by enhancing insulin sensitivity,
activating AMPK pathways, and inhibiting alpha-glucosidase. Its antioxidant and anti-inflammatory properties protect pancreatic beta cells from oxidative stress
and inflammatory damage. Preclinical studies demonstrate significant antidiabetic potential, while early clinical trials suggest safety and efficacy. Innovations in
formulations, including nanoparticles, further enhance bioavailability and therapeutic outcomes.

Conclusion
With its multifaceted pharmacological profile, Boswellia serrata offers a promising avenue for addressing diabetes and pancreatic dysfunction. Future research
should prioritize clinical validation, standardization, and innovative delivery systems to harness its full therapeutic potential.
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1. Introduction

The deciduous tree Boswellia serrata Roxb., sometimes referred to as Indian frankincense, grows in India as well as some of the Middle East countries.
Traditionally it has been used for medical ailments including inflammatory problems, arthritis, respiratory diseases and so many more and also Ayurvedic
& Unani system of medicines is mainly used the resin of this tree [1]. Srivastava was able to identify chemicals present in large quantity in the resin
known as “olibanum,” specifically boswellic acids, terpenoids, and flavonoids; boswellic acid contains specialized antioxidants and anti-inflammatory,
antibacterial properties. It has recently rendered importance to metabolic illnesses, particularly diabetes, owing to its capability to modulating crucial
tracks in glucose catabolism and insulin signalling, reports suggest. This has made its usage to increase, mainly due to the claims that is an all-natural
medicine [2].

The effects of hyperglycemia as well as other complications of diabetes mellitus, a chronic metabolic disease that is known to afflict millions of people
around the world include cardiovascular disease, neuropathy, nephropathy, and retinopathy [3]. The lack of ability of the pancreatic beta cells to secrete
insulin is a major factor in its progress. To these when chronic inflammation and oxidative stress are added lipid peroxidation the insulin resistance and
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the beta cell damage are compounded. Glycaemia regulation and pancreas protection are two parts of diabetes treatment. Natural treatments, especially
those made from herbs like Boswellia serrata, have two benefits: They contribute to managing high blood sugar levels and they also guard the organ
known as the pancreas. It is hoped that its bioactive components can act on the oxidative stress, inflammation and other important processes involved in
the pathogenesis of diabetes mellitus [4].

The objective of this review therefore is to provide a detailed review of Boswellia serrata Roxb. and its role in the management of diabetic patients. The
article explores bioactive molecules, their function in controlling of glucose level and their effects towards the pancreas. The medicinal uses of ginger
are presented in the study together with the new discoveries about the new compounds and its formulations it also has an analysis of the limitations of
the present research and suggests how future investigation could proceed [5]. Altogether, including Bosewellia serrata gum resin in currently practising
strategies to prevent/ manage diabetes and its complications require data integration from phytochemical studies, pharmacological report, and upcoming
trials; hence, this systematic review [6].

2. Phytochemical Composition of Boswellia serrata
2.1 Major Bioactive Compounds

The plant resin of Boswellia serrata consists of several biologically active compounds, of which boswellic acids are the best described and investigated.
This compound contains anti-inflammatory, antioxidant, and antidiabetic features mainly due to pentacyclic triterpenoids— acetyl-11-keto-B-boswellic
acid (AKBA) and 11-keto-B-boswellic acid (KBA). A typical function of boswellic acids is to downregulate the creation of leukotrienes and inflammation
signals using enzymes such as 5-lipoxygenase (5-LOX) [7]. Among the other bioactive constituent, terpenoids are responsible for giving it its antibacterial
and antioxidant functionalities thus improving its medicinal properties. Besides the pharmacological activities, flavonoids in resin have reported
kaempferol quercetin and other analogs exert significant antioxidant effects to protect the cells from oxidative stress [8]. The anti-inflammatory and
analgesic effects of the resin are improved by the volatile’s oils the medicinal value of the plant is boosted by the presence of polysaccharides and phenolic
acids. This is the reason why Boswellia serrata contains a number of these substances: it positively affects carbohydrate metabolism and glucose tolerance,
reduces oxidative stress response, and protects pancreatic tissue — all these provide precondition for the plant usage in management of various diseases
and illnesses, including diabetes as well [9].

2.2 Isolation and Characterization Methods

There is therefore, a need for advanced analytical techniques for identification and quantification of bioactive compounds present in Boswellia serrata.
Being a conventional method, a high-performance liquid chromatography (HPLC) has been adopted to determine the boswellic acids and FLAVs present
in the purified resin. Such compounds may be accurately divided and defined by means of this approach, so that an individual is capable of evaluating
the density of such compounds in varied gleans [10]. Another powerful technique of world desired used for the identification of terpenoids and volatile
oils isolated from Boswellia serrata is Gas chromatography-mass spectrometry (GC-MS). It is devoid of this kind of information, though it is crucial for
comprehending the whole phytochemical picture since saponification extracts particular, demonstrated details regarding the nature of the resin by
differentiating volatile compounds from the starting sample [11]. Information resulting from investigation of functional groups of bioactive substances
employing Fourier-transform infrared spectroscopy (FTIR) is usually beneficial. Nuclear magnetic resonance (NMR) spectroscopy offers information on
the molecular identification of the bioactive components and safeguards complete characterisation. The efficiency of compound isolation more or less
relies on the extraction techniques used. Some of these strategies include solvent extraction, supercritical fluid extraction, SFE for short, and microwave-
assisted extraction, MAE for short. These procedures allow obtaining high yields of bioactive substances needed for further analysis and pharmacological
studies by optimising their extraction [12].

2.3 Bioavailability and Pharmacokinetics

The compounds of Boswellia serrata, including boswellic acids and a range of other bioactive chemicals, have some fascinating pharmacological effects,
but the key challenge in using these reagents is the question of bioavailability. The phenomena mostly associated with the low levels of bioavailability
that boswellic acids have due to the fact that these chemical compounds are poorly soluble in water, which in turn restrains their uptake in the GIT as
well as their oral administration [13]. These chemicals are even less effective because their metabolism is greatly impacted by first pass through the liver.
As a consequence of this, high dosages are required to provide levels of the active drug in plasma that are necessary to bring about therapeutic effects but
this severely hinders patient compliance and could also lead to a number of negative effects. Several strategies have however been developed to overcome
these restrictions with regard to boswellic acids bioavailability. A lot of focus can be placed on nano formulations consisting of such things as the solid
lipid nanoparticles, liposomes, and nanoparticles among others [14]. The advanced techniques in drug delivery make these related compounds both
therapeutically more active and pharmacokinetically more favourable, indicating that targeted medication administration and sustained release are getting
enhanced by these new formulations. Moreover, research has shown that these formulations can also improve the outcomes of treatments with the help
of increasing the time that boswellic acid remains in the organism [15]. Further, pharmacokinetic studies of boswellic acids have also revealed that
boswellic acids are substrates of P450 phase | and phase Il enzymes and are conjugated with glucuronic acid which may alter their safety and efficacy
profile. The possible bio suspensions and pharmacokinetic properties for Boswellia serrata substances must be investigated before they are incorporated
into clinical practice [16].
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Figure 1: Chemical structures of key bioactive compounds from Boswellia serrata. [17]

Table 1: Phytochemical composition of Boswellia serrata with reported concentrations and biological activities. [18]

S.No. | Phytochemical Concentration (mg/g) | Biological Activity

1 Boswellic acids 20-60 Anti-inflammatory, anti-diabetic, anti-cancer

2 Acetyl-11-keto-B-boswellic acid (AKBA) | 4-10 Anti-inflammatory, anti-arthritic, neuroprotective
3 11-keto-B-boswellic acid (KBA) 2-5 Anti-inflammatory, anti-diabetic, reduces insulin resistance
4 a-Boswellic acid 5-15 Antioxidant, anti-inflammatory

5 B-Boswellic acid 10-20 Anti-inflammatory, anti-cancer

6 Terpenoids 5-25 Antioxidant, antimicrobial, anti-inflammatory

7 Flavonoids (e.g., quercetin) 0.5-2 Antioxidant, anti-inflammatory, anti-cancer

8 Volatile oils (e.g., limonene, a-pinene) 0.1-1 Analgesic, anti-inflammatory, antimicrobial

9 Triterpenes 1-5 Anti-inflammatory, anti-diabetic, anti-arthritic
10 Phenolic acids (e.g., gallic acid) 0.5-3 Antioxidant, anti-inflammatory

11 Polysaccharides 3-10 Immunomodulatory, anti-inflammatory

12 Resin 50-100 Antioxidant, antimicrobial, anti-inflammatory

3. Mechanisms of Glucose Regulation

3.1 Insulin Sensitization and Secretion

Boswellia serrata has positive effect on glucose metabolism and may be useful for treatment of some pathologies associated with insulin resistance and
diabetes of type 2 Boswellic acids are the major active markers of Boswellia serrata which has been established to improve insulin sensitivity by
modulating signa; ling pathways. These chemicals seemingly enhance accuracy in the nature of insulin receptors and therefore have the capability of
modulating insulin’s level of sensitivity [19]. In this study, boswellia serrata increases the glucose uptake in the insulin-sensitive tissues such as adipose
and muscles via improving the attachment of insulin to its receptors. In support of the Boswellia serrata potential to function as an anti-diabetic drug, the
researchers discovered improved stimulation of insulin secretion of pancreatic beta-cells. Just this blood sugar control could be beneficial in those with
insulin resistance or decreased pancreas function, since this drug increases insulin production and enhances its sensitivity at the same time [20].
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3.2 Alpha-Glucosidase Inhibition

On the matters of how Boswellia serrata contributes to the maintenance of normal blood sugar one of the ways is through inhibiting an enzyme called
alpha-glucosidase. This enzyme is one that helps to breakdown complex carbohydrates into glucose in the small intestine. Boswellia serrata delays the
movement and uptake of carbohydrates by jamming this enzyme and thus stabilizing glucose release into the blood impact [21]. This method is very
handy to persons with type Il diabetes or persons who are at high risk of developing the disease since it enforces a break on the rate of blood sugar rise.
The suppression of alpha-glucosidase by Boswellia serrata could help with reinforcing metabolic regulation of glycaemia as well as postprandial glucose
control in general [22].

3.3 AMPK Activation Pathways

AMPK is a key energy sensor and controls the glucose homeostasis and energy balance in the cells. Recent work also suggested that, boswellia serrata
may enhance the absorption and utilization of glucose in peripheral tissue through increasing the activity of AMPK. Especially, in skeletal muscle and
adipose tissue, the increase of glucose transporter proteins such as GLUT4 is enhanced when AMPK activation takes place [23]. Additionally, since
AMPK activation suppresses the expression of fine enzymes participating in gluconeogenesis, glucose production in the liver is inhibited. Elimination of
increased glucose production in the liver which is characteristic of type 2 diabetes depends on this mechanism. Thus, chemicals from Boswellia serrata
that activate the AMPK pathway, glucose uptake in peripheral tissues and decrease glucose production in the liver. This somehow indicates that Boswellia
serrata can act as drug to prevent elevated blood sugar levels and reduced sensitivity to insulin [24].

4. Protective Effects on the Pancreas
4.1 Antioxidant Properties

Diabetes is characterized by pancreatic beta-cell failure and the major cause is oxidative stress. Among the bioactive compounds of Boswellia serrata
there are boswellic acids and flavonoids which have shown the highest antioxidant activity. These chemicals reduce ROS and scavenge free radicals to
help in combating oxidative stress to pancreatic cells [25]. The tests also show that Boswellia serrata has the potential to scavenge ROS which was good
evidence for its ability to reverse or ameliorate the oxidation effect on beta cells and their ability to produce insulin. Based on the free radicals’ that are
present in the mechanism of action of Boswellia serrata, the researchers believe that diabetics can protect their pancreas against unfavourable changes
which can be brought by the disease. Boswellia serrata’s anti-oxidant potential unfurls therapeutic possibilities to augment the pancreatic health, arrestion
of diabetes allied issues and restrict oxidative suppression in pancreatic cells [26].

4.2 Anti-Inflammatory Effects

Inflammatory changes trigger beta-cell destruction and block insulin response which make type 2 diabetes harder to manage. Boswellia serrata shuts off
production of TNF-a and IL-6 inflammation markers to show its strong anti-inflammatory effects. Studies show that these immune response messengers
damage both insulin response and pancreas beta cell function. A chronic low-grade inflammatory condition of diabetes can be managed through Boswellia
serrata treatment by stopping known inflammatory markers [27]. Boswellia serrata controls pancreas inflammation to help preserve beta-cell function
and decrease the risk of getting type 2 diabetes and its related problems. Boswellia serrata eases blood sugar control by calming body wide inflammation
at the genetic and immune system levels [28].

4.3 Beta-Cell Regeneration and Protection

Tests show Boswellia serrata can help shield and revive pancreatic beta cells. Studies of Boswellia serrata demonstrate that beta cell regeneration effects
help the plant's biologically active elements restore proper insulin production at pancreatic islets. Studies show that Boswellia serrata stops cell death by
apoptosis from destroying beta cells of diabetic patients. By protecting beta cells from damage Boswellia serrata helps maintain the pancreas's ability to
control blood sugar. Using Boswellia serrata lets us find natural ways to repair pancreatic problems and prevent diabetes through beta cell protection
[29].
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Figure 2: Mechanism of pancreatic protection by Boswellia serrata bioactives. [30]

5. Pharmacological Evidence
5.1 Preclinical Studies

Preclinical research shows Boswellia serrata protects the pancreas and fights diabetes effectively. Researchers employ multiple diabetic rat models and
mouse and rat models with diet-induced obesity to study Boswellia serrata's medicinal potential. Research teams use these models to test Boswellia
serrata's effect on how well diabetes develops by studying glucose control and measuring insulin action in pancreatic tissue [31].

Research with mice demonstrated that Boswellia serrata made insulin respond better in diabetic animals and lowered blood sugar levels. Studies prove
Boswellia serrata cuts back oxidative stress and drops inflammatory protein release while increasing natural defence mechanism activity. Researchers
indicate Boswellia serrata protects pancreatic beta-cells from dying and supports new growth while lowering tissue inflammation. The research shows
that Boswellia serrata can help support diabetes control and safeguard pancreatic health as an adjunct treatment approach [32].

5.2 Clinical Trials

Many preclinical research results exist but studies in actual people must be done to prove if Boswellia serrata works well and without harm. Medical
researchers currently assess Boswellia serrata for its role in blood sugar management and possible diabetes treatment. Blood glucose control improved
alongside reduced insulin resistance among type 2 diabetes patients who took Boswellia serrata extract supplements. The research showed that when
people took Boswellia serrata supplements their inflammation markers linked to diabetes problems got lower [33].

Many recent studies that studied Boswellia serrata effects on diabetes patients were too small and didn't track participants for long enough to have
convincing clinical evidence. Complete studies in multiple medical centres on diabetic people taking Boswellia serrata are needed to find the best dose
while ensuring safety over time, as initial trials show promise. Large clinical studies are needed to confirm how well Boswellia serrata works with
commonly used diabetes medicines [34].

5.3 Comparative Analysis with Other Antidiabetic Agents

When we take Boswellia serrata, it reduces blood sugar, helps our cells respond better to insulin, and keeps our pancreas working well. Current studies
suggest that Boswellia serrata helps manage blood sugar, but its effects don't replace traditional options for treating diabetes like metformin or insulin
treatment. Research shows Boswellia serrata lowers glucose like metformin but can also protect pancreas beta cells from harmful stress and inflammation
[35].

More studies show that Boswellia serrata has the same effect as two other well-known plants used to lower blood sugar, Gymnema sylvestre and Curcuma
longa. While Boswellia serrata has antioxidant strength that equals other plant medicines, early research shows it may fight inflammation better. Taking
Boswellia serrata also helps boost its blood sugar-lowering power when combined with other natural treatments or diabetes pills, making it easier to
control blood sugar and preserve healthy pancreatic function [36].
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6. Challenges and Limitations
6.1 Variability in Bioactive Compound Concentration

Natural climate and soil differences control how much bioactive substances grow in distillates made from Boswellia serrata. The way these variables act
together causes major differences in how much boswellic acid remains in the extract [37]. Phytochemical levels often change a lot when plants grow in
different countries or react to different kinds of environmental pressure. The mixed effects of seasonal changes and farming methods contribute to
unexpected results. Medical effectiveness of Boswellia serrata extract depends on how it is made, and between batches can change greatly because of
varied ingredients. Science teams must look into what best helps plants grow while standardizing how they collect these plants to deal with quality
inconsistencies [38].

6.2 Standardization Issues

The chemical compounds in Boswellia serrata are hard to bring to standard levels, keeping herbs from becoming a widely accepted therapy. All three
parts of the extraction process - how it's done, what solvent is used, and what steps are taken - influence what goes into the final extract. Bioactivity in
real-world treatment keeps changing because Boswellia extracts can't be made uniform [39]. If Boswellia serrata is to become a widely used medicine,
we must find consistent methods to collect and bring boswellic acids into consistent levels in their pure form. Getting the same results from treatment
every time is essential for doctors and getting medicines approved, and these methods must guarantee that all extracts stay consistent [40].

6.3 Long-Term Safety and Efficacy

Boswellia serrata provides evidence of benefits for blood sugar control and pancreatic health in the early tests, but we don't know for sure what would
happen if it was used over many years. Based on current evidence, we don't know if using these supplements for a long time could pile up negative
impacts inside our bodies or interact badly with our other medicines [41]. Because research on how Boswellia serrata works over time for managing
diabetes and other long-lasting health problems is very limited, we do not understand how it affects diseases like diabetes that need ongoing care. Studies
are needed to see how Boswellia serrata affects health over extended usage times. Tests must be used to uncover any risks and find the right dosage safe
to use over many years [42].

7. Future Perspectives
7.1 Clinical Validation

Before using Boswellia serrata widely in medicine, researchers need to prove clearly that it helps control blood sugar and protects the pancreas in
scientific tests with people. To discover how well it works and determine what amount to use in patients, large random studies with humans are needed,
even with promising early results from animal tests [43]. Randomized controlled trials (RCTs) will better help us find the right dose, watch for side
effects, see how well Boswellia works, and compare it to standard diabetes medications. Since these studies work, they can both help regulators through
the approval process and help insert the findings into current medical standards for diabetes and other metabolic problems [44].

7.2 Novel Drug Delivery Approaches

We need better ways to deliver Boswellia serrata drugs to increase how well they work and how much they reach the body. To make treatments work
better, we must develop ways to send bioactive materials directly where they're needed most, particularly the pancreatic cells, using little carrier particles
known as liposomes or nanoparticles [45]. The development of slow-release Boswellic acid medicines could lengthen the drug's working time, keeping
boswellia active for longer periods and reducing the need to take a pill daily. The therapeutic combination of Boswellia serrata with other diabetes
treatments helps medication work better and causes less side effects. Scientists can now use new drug delivery systems to improve how Boswellia serrata
works in medication [46].

7.3 Integration in Functional Foods and Nutraceuticals

The plant Boswellia serrata offers important benefits as an ingredient in functional foods and nutraceutical products. People looking for natural ways to
improve their body's ability to manage blood sugar and physical health can take Boswellia serrata plant parts as add-ins for dietary supplements, pre-
made foods, or drinks [47]. These dietary products fighting type 2 diabetes work well because of shown effects against inflammation, free radical damage,
and blood sugar imbalances. People with a heightened risk for metabolic diseases might find it helpful to add Boswellia serrata to their daily food as a
natural, simple way to keep their blood sugar controlled [48].

8. Conclusion

Boswellia serrata is emerging as a very useful plant for protecting and regulating glucose utilization in the pancreas. The boswellic acids found in
Boswellia serrata activate body systems that help control blood sugar by responding to insulin, stopping carbohydrates from breaking down too fast, and
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switching on pathways that affect glucose processing. Using Boswellia serrata helps preserve healthy pancreatic function and fights diabetes by reducing
inflammation and stopping oxidative damage.

Therapeutic potential of Boswellia serrata in diabetes management and pancreatic health is supported by the preclinical and clinical trials reviewed in
this article. Nevertheless, there are still obstacles to overcome, such as the lack of data on long-term safety, extract standardisation, and concentration
variability of bioactive compounds. In order to use Boswellia serrata into therapeutic practice successfully, it is vital to overcome certain hurdles.
Exploring Boswellia serrata as a component in functional foods and nutraceuticals, conducting large-scale randomised clinical trials, and developing new
drug delivery methods such as sustained-release systems and Nano formulations should all be priorities for future study. Boswellia serrata has the
potential to improve the lives of people with metabolic illnesses by filling in these knowledge gaps and satisfying the demands for clinical validation. It
could provide a natural and effective supplemental therapy for diabetes control and pancreas protection.
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