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Abstract
The study examines the scientific work and clinical reports to emphasise 
the roles of Brassica juncea in glucose metabolism and glycogen synthe-
sis, Gymnema sylvestre in insulin secretion and beta-cell regeneration and 
chromium picolinate in chromodulin synthesis and insulin receptor activa-
tion. Additionally, focus was placed on their combined ability to aggregate 
AMP-activated protein kinase (AMPK) signalling pathway, which play major 
role in insulin sensitivity and cellular energy homeostasis. By promoting 
glucose metabolism, chromium picolinate improves insulin sensitivity. By 
boosting insulin release and decreasing glucose absorption, Gymnema 
sylvestre helps manage diabetes. Glycogen production and enzyme ac-
tivation are two ways that Brassica juncea aids in blood sugar manage-
ment. When combined, these compounds enhance glucose absorption 
and decrease gluconeogenesis by activating the AMPK pathway. These 
synthetic and natural substances present encouraging diabetic treatment 
approaches. When combined with dietary changes, they can improve the 
effectiveness of treatment. Clarifying their mechanisms and improving 
their therapeutic uses should be the main goals of future studies.

Key words: AMP-activated protein kinase; Brassica; Chromium; Diabe-
tes mellitus; Dyslipidaemias; Gymnema; Insulin; Metabolism; Picolinate; 
Regeneration.
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Diabetes mellitus (DM) is a chronic metabolic dis-
order characterised by persistent hyperglycae-
mia, resulting from impaired insulin secretion, 
action, or both.1 Insulin resistance in DM affects 
various metabolic tissues, notably skeletal mus-
cle, adipose tissue and the liver, contributing to 
systemic metabolic dysfunction.2 Type 2 diabe-
tes mellitus (T2DM), formerly termed non-in-
sulin-dependent diabetes mellitus (NIDDM), 
accounts for approximately 90 % of all diabetes 
cases worldwide. Nephropathy, cataracts and 
most significantly, macroangiopathy—the most 
common consequence among those with type 2 
diabetes—are among the consequences linked to 
the disease.3 Atherosclerotic plaques, which are 
made worse by a number of risk factors are as-

Introduction

sociated to the development of macroangiopathy 
and cardiovascular illnesses. The seriousness of 
diabetes symptoms depends on the duration and 
type of diabetes.4 Children with type 1 diabetes, 
who lack endogenous insulin, may present with 
symptoms such as weight loss, visual disturbanc-
es, dysuria, polydipsia and increased appetite. 
In contrast, individuals with early-stage T2DM 
may remain asymptomatic.5 If diabetes remains 
untreated it can result to serval serious compli-
cations such as confusion, coma, ketoacidosis or 
nonketotic hyperosmolar syndrome which can 
lead to death if not treated well.5 Cancer is now 
recognised as one of the leading causes of death 
among individuals with DM. In England traditional 
complications were accounted in more than 50 % 

Figure 1: Traditional complications and emerging complications of diabetes mellitus

Figure 2: Classification of diabetes mellitus (DM)
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Classification of DM

The classification of DM has expanded beyond 
traditional categorisation of type 1 and type 2 di-
abetes to broader spectrum of aetiology (Table 1).

Several synthetic drugs are available in the mar-
ket that help manage blood glucose levels and 
mitigate diabetes-related complications. These 
drugs are classified according to their mech-
anism of action: i. α-Glucosidases inhibitors 
(miglitol, acarbose, voglibose)25 ii. Biguanides 
(metformin), iii. Sulfonylureas (acetohexamide, 
tolazamide, glipiside, glimepiride), iv. Megli-
tinides (repaglinide, nateglinide), v. Incretin ago-
nists (exenatide, liraglutide), vi. DPP-4 inhibitors 
(sitagliptin, saxagliptin).26, 27 These are synthetic 
agents used against diabetes and control glucose 
levels of plasma described in Figure 3.

Diabetes Control and Complication Trail (DCCT) 
reported that effective blood glucose control can 
slow down the risk of diabetes assisted compli-
cations. However, many diabetic people struggle 

of hospitalised people with DM in 2003.6 Howev-
er, by 2018, 30 % cases were reported with DM 
with highlighting the shift in the nature of com-
plications over the period illustrated in Figure 1.7

According to WHO in 2014, 8.5 % adults aged 18 
and above were diagnosed with diabetes. In 2019, 
1.5 million deaths were reported with DM, 48 % 
among them occurred before age of 70.8 Between 
2000 and 2019, global mortality due to diabetes 
increased by 3 %. Notably, 460,000 deaths were 
attributed to diabetic kidney disease and around 

Table 1: Classification and characteristics of diabetes mellitus

Category Type / subtype Description

Primary types 
of diabetes

Hybrid forms
of diabetes

Type 1 diabetes

Type 2 diabetes

Latent autoimmune
diabetes in adults (LADA)
Ketosis-prone type 2 diabetes

Progressive autoimmune destruction of β-cells. Decline in insulin
secretion begins ~2 years before diagnosis; rapid reduction in secretion 
post-diagnosis.12, 13

Characterised by insulin resistance and inadequate compensatory insulin 
secretion.14, 15

Pregnancy-induced hyperglycaemia. Increases risk of complications like 
macrosomia, preterm birth and caesarean delivery.16, 17

Autoimmune diabetes in adults; initially resembles type 2 diabetes. Gradually 
progresses to insulin dependence.18

Affects primarily young African or African American individuals.
Presents with ketosis but may go into remission.19

20 % of cardiovascular deaths were linked to dia-
betes-related complications.9 In lower-middle-in-
come countries, the 13 % rise in mortality rate 
associated with diabetes has been reported. In 
England cancer-related diabetes increased from 
22 % to 28 % from 2001 to 2018, with similar 
report in Australia.10 DM is broadly classified 
based on its underlying pathophysiological mech-
anisms, which is crucial for appropriate diagno-
sis, management and prediction of complications 
(Figure 2).11 

to control the blood glucose levels with existing 
treatments.28 Further, it is essential to discover 
some strategies to decrease the risk of diabetes 
and its complications. Nowadays, dietary supple-
ments such as chromium used to manage T2DM 
and identify complications.29 

Since chromium is a necessary trace mineral that 
improves insulin sensitivity and is needed for the 
metabolism of proteins, lipids and carbs, addi-
tionally, it improves glucose metabolism that has 
attracted a lot of attention.30 However, dietary 
chromium’s efficacy as a supplementary ther-
apy is limited due to its low absorption rates.31 
As a more accessible form, chromium picolinate 
shows promise for those with type 2 diabetes 
by improving absorption and utilisation in the 
body. Chromium enhances insulin signalling by 
increasing insulin receptor sensitivity through 
the action of a low-molecular-weight chromi-
um-binding substance, thereby improving gly-
caemic control.32, 33
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Figure 3: Marketed antidiabetic drugs

Genetic forms

Secondary 
causes

Maturity-onset diabetes
of the young (MODY)
Genetic defects in insulin action

Endocrinopathies

Drug- or chemical-induced
diabetes Infection-induced 
diabetes

Monogenic disorder. Onset before age 25. Characterised by impaired β-cell 
function with preserved insulin action.20

Mutations in insulin receptor genes. May lead to hyperinsulinemia or severe 
diabetes. Symptoms may include acanthosis nigricans and ovarian abnormalities.21

Hormonal excess from conditions like acromegaly, Cushing’s syndrome, gluca-
gonoma and pheochromocytoma can impair insulin action.22

Certain medications or toxins can impair insulin secretion or function.
Generally rare.23

Viral infections (eg coxsackievirus B, rubella, CMV) may trigger autoimmune 
destruction of β-cells in genetically predisposed individuals.24

Apart from chromium, the anti-diabetic qualities 
of Gymnema sylvestre, often known as Gudmar, a 
traditional medicinal plant, have been acknowl-
edged in recent years.34 It has been demonstrated 
that the active ingredients in Gymnema (chromi-
um picolinate acids) increases the production of 
insulin in pancreatic beta cells and promote their 
regeneration, both of these mechanisms improve 
blood sugar management. Gymnema’s function in 
the treatment of diabetes is further supported by 
its capacity to prevent the intestinal absorption 
of glucose.35, 36

Another important plant is Brassica juncea, or 
mustard, which is not only an essential crop but 
also has medicinal uses.37 The control of glucose 
metabolism is one of the many health advantages 
associated with its phytochemical components, 

especially glucosinolates.38 By encouraging the 
release of enzymes that aid in the conversion of 
glucose into glycogen, Brassica juncea affects liv-
er function and helps to maintain normal blood 
glucose levels.39

Notably, chromium picolinate, Gymnema sylves-
tre and Brassica juncea exert synergistic effects 
by activating the AMP-activated protein kinase 
(AMPK) pathway, a key regulator of energy bal-
ance. This results in improved glucose uptake, 
reduced hepatic gluconeogenesis and enhanced 
insulin sensitivity.40 In people with diabetes, 
these substances work together to improve glu-
cose control 41 and general metabolic health by 
increasing glucose absorption, decreasing gluco-
neogenesis and increasing insulin sensitivity.42
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Figure 4: The benefits of chromium supplementation, including reduced carbohydrate cravings, sup-
port for healthy body composition, weight control, muscle mass promotion and improved insulin sen-
sitivity. Chromium may also have mood-regulating effects.45, 48

Chromium picolinate

Chromium (Cr) exists in several oxidation states, 
among which three are relatively stable. The 
Cr(II) ion is only stable in solution in the absence 
of oxygen.43 The Cr(VI) ion, stable only as an ox-
ide (eg, chromate ion, CrO4

2-), is a strong oxidising 
agent and highly toxic. When CrO4

2- enters human 
blood, it is rapidly reduced to Cr(III). The most 
biochemically relevant and stable oxidation state 
of chromium in solution is Cr(III), which also oc-
curs in its principal mineral form, chromite (Fe-
Cr2O4).44 Cr(III) complexes, such as Cr(H2O)6

3+, are 
substitutionally inert—meaning their ligands ex-
change very slowly with the surrounding water. 
This kinetic inertness is also observed in other 
Cr(III) complexes, including chromium picolinate 
(Cr(pic)3), which is critical when assessing their 
bioavailability and metabolic functions.45

Chromium picolinate nutritional value
Chromium picolinate is a dietary supplement 
formed by chelating the essential trace mineral 
chromium with picolinic acid.46 This complex im-
proves chromium’s absorption and bioavailabili-
ty. It plays a vital role in metabolic functions, par-
ticularly in glucose and lipid metabolism.

Chromium has been associated with potential 
benefits illustrated in Figure 4, in various met-
abolic conditions, including impaired glucose 
tolerance, type 2 diabetes mellitus (T2DM), met-

abolic syndrome, polycystic ovary syndrome 
(PCOS), dyslipidaemia and weight management.47

Although trivalent chromium is essential for 
glucose metabolism, it is required only in trace 
amounts. A balanced diet containing fruits, veg-
etables, meat, fish, grains and brewer’s yeast can 
typically meet daily chromium requirements.49 
Cases of chromium deficiency are rare. There-
fore, supplementation with synthetic forms like 
chromium picolinate must be supported by clear 
biochemical evidence.50 Additionally, trivalent 
chromium plays a crucial physiological role in 
maintaining proper lipid and carbohydrate me-
tabolism as well as glucose and insulin homeo-
stasis. Chromium picolinate (CrPic) is a common 
chemical compound used as a supplement to 
trivalent chromium nutrients.50 Chromium pico-
linate (CrPic) is widely marketed for people with 
T2DM, obesity and metabolic risk.51 However, 
human studies spanning over a decade indicate 
that CrPic supplementation does not significantly 
alter body composition or support weight loss in 
healthy individuals—even with exercise.52

Food source of chromium
Chromium intake and retention depend heavily 
on dietary composition.58 Simple sugars increase 
chromium excretion, depleting reserves. Some 
foods categorised in Figure 5, such as dairy prod-

Joshi et al. Scr Med. 2026 Jan-Feb;57(1):83-101.
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ucts, are poor sources of chromium.59` Meats vary 
in their chromium content and food preparation 
(eg apple peeling) may reduce chromium levels 
significantly.60 Fruits like bananas and apples 
(with peel), vegetables like broccoli and green 
beans and whole grains (eg English muffins) con-
tribute meaningful chromium amounts to the 
diet. BBQ sauce and black pepper also contain 
notable levels, but their actual contribution per 
serving is minimal.61

Mechanism of chromium transportation
I.	 There is evidence suggesting a biochemical 

mechanism through which chromium en-
hances insulin function. The transport pro-
cess of Cr(III) to insulin-responsive tissues is 
proposed in four key steps:53-57

II.	 The metal-binding protein transferrin carries 
Cr(III) ions to insulin-sensitive cells following 
insulin release triggered by elevated blood 
glucose. 

III.	 Apo-chromodulin, a cytosolic apoprotein, 
binds up to four Cr(III) ions, forming the high-
ly stable complex chromodulin.

IV.	 Chromodulin binds to the insulin receptor, 
enhancing its kinase activity and promoting 
phosphorylation cascades involved in glucose 
uptake, protein synthesis and lipid metabo-
lism.

V.	 As insulin levels fall, chromodulin dissociates 
and is excreted in urine. The body must re-
plenish both Cr and apo-chromodulin for sus-
tained activity.

Figure 5: Fruits (bananas, apples with peels, grape juice, orange juice), vegetables (broccoli, green 
beans, potatoes) and grains (waffles, English muffins) are among the foods highlighted in the diagram 
as having chromium. Consuming these meals increases dietary chromium consumption, which is 
important for insulin and metabolism.

Impaired chromium transport is hypothesised to 
be linked to elevated iron levels in diabetic indi-
viduals, potentially reducing transferrin-mediat-
ed chromium delivery. Mode of action of chromi-
um picolinate:

•	 Chromium IV entry: Cr(IV) enters the cell via 
an anion exchange channel.

•	 Reduction process:62 Inside the cell, Cr(IV) 
reduced Cr(III).

•	 Binding of Cr III to apoprotein:63 Cr(III) binds 
to apo-chromodulin, forming the active chro-
modulin complex.64 

•	 Receptor activation: Chromodulin enhances 
insulin receptor kinase activity, promoting 
phosphorylation essential for glucose utilisa-
tion and insulin sensitivity. 

•	 Release of Cr (III) and its transport:65 Follow-
ing endocytosis, the Cr(III) ion is released 
from the transferrin-transferrin receptor 
complex within the cell. It is then transport-
ed out of the endocytic vesicle through exocy-
tosis. Once in the cytosol, Cr(III) binds to the 
apoprotein chromodulin, forming a highly 
stable chromodulin complex that facilitates 
insulin receptor activation.

•	 Effect on the insulin receptor:66 The stable 
chromodulin complex enhances insulin re-
ceptor activity by promoting phosphoryla-
tion of the receptor’s intracellular domains, 
thereby increasing its sensitivity to insulin 
as illustrated in Figure 6.67
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Figure 6:  Absorption and metabolism of chromium (Cr). Through an anion exchange route, chromium VI 
enters the cell and is reduced to chromium III. Through endocytosis mediated by the transferrin recep-
tor, chromium III can bind to transferrin in the circulation, enter the cell and then be released in vesicles. 
After that, it binds to chromodulin, which raises insulin sensitivity by activating the insulin receptor.

Figure 7:  The taxonomic hierarchy of Gymnema sylvestre

Gymnema sylvestre

Gymnema sylvestre commonly referred to as 
Gudmar, is a perennial, large woody climber 
that belonging to the Asclepiadaceae family, or-
der Gentianales. The botanical classification, 
morphological features and synonyms are sum-
marised in Figure 7.68 It is widely distributed 
throughout India, especially in the Deccan pen-
insula, the Banda region, the Konkan region, the 
Western Ghats region and the western and north-
ern parts of India. It is also well-known in tradi-
tional medicine for its medicinal properties.69 The 
woods of Tamil Nadu, Uttar Pradesh, West Ben-
gal, Kerala, Madhya Pradesh, Andhra Pradesh, Bi-
har and Chhattisgarh are home to it in India. Due 
to the plant’s great demand in Asia, it is becoming 
increasingly rare and is being widely grown in 
southern Indian states, particularly Tamil Nadu.70

Gymnema leaves are said to be caustic, astrin-
gent and bitter. They temporarily impair the 
sense of sweetness; this remarkable quality is 
called “GUDMAR.” Another name for it is “sugar 
destroyer.” Gymnemic acids, gymnemagenin and 
gurmarin are a combination of tri-terpenes and 
saponins found in Gymnema leaves, which gives 

this plant its antidiabetic qualities.71 Addition-
ally, its leaves are employed in anti-obesity food 
additives. In Ayurveda, it was traditionally used. 

Joshi et al. Scr Med. 2026 Jan-Feb;57(1):83-101.
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The plant has been overused and endangered 
as a result of these special characteristics.72 It 
speeds up the pancreatic beta cells that secrete 
insulin and aids in beta cell regeneration, bring-
ing blood sugar levels back to normal.73 Enzymes 
involved in the absorption and use of glucose are 
activated. The main ingredient in Gudmar leaves 
is gymnemic acid, which stimulates the body to 
manufacture its own insulin by encouraging the 
repair or regeneration of the remaining beta cells 
in the islets of Langerhans, so helping to balance 
the excess sugar in diabetes mellitus.74 Addition-
ally, it stimulates the pancreas to secrete more 
insulin, which supports insulin production in in-
dividuals with Type 2 diabetes by converting ex-
cess glucose to glycogen. In addition to increasing 
the activity of the enzymes responsible for the 
use of glucose by insulin-dependent pathways, it 
prevents the intestinal absorption of glucose.75

Morphological characteristics and 
axonomical classification
Gymnema sylvestre is a large, woody, twining 
shrub that grows freely and climbs over tall 
trees.76 The stem is firm, cylindrical, branching, 

Table 2: Characterisation of Gymnema sylvestre77-79

Characteristic Details

Flowering season

Fruiting season

Chromosome number

Botanical synonyms

April and November

December- March (winter)

2n = 22

Asclepias geminate Roxb, Periploca 
sylvestris Retz, Marsdenia sylvestris 
(Retz)

Table 3: Class of phytochemical constituents present in Gymnema sylvestre with their therapeutic uses

N Therapeutic usesPhytochemical
composition

Terpenoids

Saponins

Alkaloid
Chromium picolinate acid 
and its derivatives

Gymnemasaponins
(gymnemagenin and
gymnestrogenin)

Flavonoids

Steroids and saponins

Triterpenoid saponins

1
2

3

4

5

6

7

8

Help lower blood sugar levels.80

Antifungal, antidiabetic and hypocholesterolaemic qualities.81

Hypoglycaemic activity.82

Anti-sweet activity.83

Fight infections and have antiallergic, antimicrobial, anti-inflam-
matory, anticancer properties.84

Hypoglycaemia in motion, ß cell 

Proliferation, gymnemagenin prevents the absorption of glucose.85

Activate the central nervous system.86

Possess anti-tumour, anti-fungal, hepatoprotective and anti-dia-
betic effects in numerous studies.87

especially when young. The plant bears opposite, 
elliptic, globous leaves range from base acute 
to acuminate. The leaves have a mildly astrin-
gent and bitter flavour and can temporarily sup-
press sweet taste perception. Some properties 
of Gymnema sylvestre given in Table 2 and phy-
tochemical constitutents of Gymnema sylvestre 
given in Table 3.

Mechanism of action of Gymnema
sylvestre
Gymnema sylvestre is a medicinal plant with 
well-documented antidiabetic properties. It ex-
erts its primary effect on the pancreas, promot-
ing the regeneration and proliferation of pan-
creatic β-cells, which are responsible for insulin 
secretion.88, 89 This enhancement in β-cell mass 
contributes to increased insulin synthesis and 
release, thereby improving glycaemic control.

In addition to its pancreatic effects, Gymnema 
sylvestre also influences hepatic metabolism. It 
enhances the activity of liver enzymes involved 
in carbohydrate breakdown, supporting more 
efficient glucose utilisation.90 These combined 
actions—stimulating insulin secretion and im-
proving hepatic glucose metabolism—lead to a 
reduction in blood glucose levels, aiding in the 
management of diabetes mellitus.

The synergistic effect of increased insulin levels 
and enhanced liver enzyme activity contributes 
to more effective regulation of blood sugar ho-
meostasis depicted in Figure 8.91
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Figure 8: The anti-diabetic properties of Gymnema sylvestre. By improving beta-cell glucose sensing 
and raising insulin production, it operates on the pancreas. It also has an effect on liver enzymes, 
preventing alpha-amylase from working and decreasing the conversion of carbohydrates to sugars. Its 
anti-diabetic actions are a result of several processes working together.

Pharmaceutical and traditional uses
This herbal plant is useful for a variety of thera-
pies since it has therapeutic qualities depicted in 
Figure 9. It has been utilised historically for ther-
apeutic purposes and is now employed extensive-
ly in the pharmaceutical sector to produce new 
medications. Its medicinal properties are still be-
ing used to successfully treat a range of illness-
es such as diabetes, treating corneal opacity and 
relieving eye discomfort are examples of corre-
sponding traditional usage.92, 93

Figure 9: Medicinal substance’s traditional applications with 
its pharmacological qualities. Properties including anti-inflam-
matory, antifungal, antibacterial and anti-diabetic actions are 
highlighted.

Joshi et al. Scr Med. 2026 Jan-Feb;57(1):83-101.
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Brassica juncea

Brassicaceae, commonly known as the mustard 
plant family, is characterised by its pungent 
flavour due to sulphur-containing metabolites 
known as glucosinolates (glucoiberin, glucoraph-
anin, glucoerucin).94 Brassica species are among 
the most important oilseed crops in Bangladesh, 
currently ranked third among all oilseed vari-
eties.38 They not only serve as a major source of 
vegetable oil but also exhibit significant thera-
peutic properties attributed to their diverse phy-
tochemical composition. These include antican-
cer, antioxidant and anti-inflammatory effects, 
which make them beneficial in both traditional 
and modern medical practices.95 

Among these species, Brassica campestris Linn—
commonly known as field mustard—includes two 
notable varieties: Sarson and Toria. B campestris 
seeds contain around 30 % oil and show moder-
ate sensitivity to salt.96 Another related species, 
B nigra (black mustard), has an oil content of ap-
proximately 28 %. Both B campestris and B nig-
ra are diploid species. In traditional systems of 
medicine, B campestris is referred to as Sarshapa 
and Siddhaartha in Ayurveda, Sarson in Unani, 
Kadugu in Tamil and Sarisha in Bangla.97, 98 

Morphological information and
taxonomical classification (leaf)
The Brassicaceae family exhibits a wide variety of 
leaf morphologies, ranging from simple to com-
plex forms described in Figure 10.99 It serves as 
a model taxon for understanding the evolution-
ary transition from polysymmetric to mono-
symmetric flowers, with its characteristic floral 
structure consisting of four equally sized and 
shaped petals.100 The fruit types in this family 
are diverse, including heart-shaped, cylindrical 
and spherical forms. The family also presents 
variation in trichomes: unicellular types may 
be stellate, hooked, clavate, simple glandular, or 
Y-shaped 3–4 fids), while multicellular trichomes 
are typically glandular in structure.101 Seed col-
oration varies across species and includes shades 
such as dark brown, orange-brown, lustrous 
brown, pale brown-black and brown.102 Addition-
ally, pollen grains commonly have three colpi, al-
though variants with four or eight colpi have also 
been reported.

The phytochemical composition and associat-
ed therapeutic properties of Brassica juncea are 
summarised in Table 4.

Figure 10: The taxonomic hierarchy of Brassica juncea

Mode of action of Brassica juncea
Brassica juncea, a plant recognised for its me-
dicinal value, significantly influences the liver, a 
key organ in glucose regulation.107 Upon intake, 
it stimulates the secretion of enzymes involved 
in carbohydrate metabolism, thereby enhancing 
glucose utilisation and supporting blood sugar 
control.108, 109 A central mechanism involves the 
activation of glycogen synthase, which facilitates 
the conversion of glucose into glycogen for stor-
age in the liver and muscles.110 This process helps 
reduce circulating glucose levels and supports 
glucose homeostasis, ultimately contributing to 
the prevention of hyperglycaemia detailed pro-
cess illustrated in Figure 11.111 

Table 4: Class of phytochemical constituents present in Brassica 
juncea with their therapeutic uses103-106

Phytochemical 
composition N

1

2
3

4

5

6

Therapeutic uses 

Glucosinolates

Polyphenols/ flavonoids

Lignin

Tannin

Carotenoids

Palmitic, oleic and 
linolenic acid

Antioxidant, detoxifier, chemo
protectant, anticancer

Antioxidant, antibacterial

Antioxidant, antibacterial

Antibacterial

Antioxidant

Anticancer

Joshi et al. Scr Med. 2026 Jan-Feb;57(1):83-101.
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Management of diabetes by 
AMPK pathway

Figure 12: Plants’ traditional functions and their medicinal qualities

Pharmaceutical properties and
traditional use
Due to its wide range of therapeutic properties, 
this herbal plant has been traditionally used 
in medicine and continues to play a significant 
role in modern drug development. It remains a 
valuable resource in the pharmaceutical indus-
try for treating various medical conditions such 
as antibacterial, antifungal, anti-inflammatory, 
anticancer, anti-diabetic, anticlastogenic and an-
ti-obesity. Additionally, this plant has antibacte-
rial qualities, mustard oil stimulates hair devel-
opment, seeds stimulate appetite and seed juice 
heals sinus tumours, according to traditional ap-
plications shown in Figure 12.112, 113 

AMPK subunits are illustrated in Figure 13.

Cellular stress conditions, such as energy depri-
vation, increase the AMP:ATP ratio, leading to 
AMP accumulation. AMP binds to the γ subunit, 
causing a conformational change that both acti-
vates AMPK allosterically and protects it from 
dephosphorylation.42 The enzyme liver kinase B1 
(LKB1 then recognises this altered structure and 
phosphorylates the threonine-172 (Thr172 resi-

Figure 11: The anti-diabetic properties of Brassica juncea - effect on liver enzymes, eg glycogen syn-
thetase which helps in glucose metabolism ie conversion of glucose to the glycogen; thus, maintain 
glucose level in blood.

due on the α subunit, resulting in full activation 
of AMPK.114 This leads to an increase in catalytic 
activity and enhanced phosphorylation of down-
stream targets. Consequently, catabolic pathways 
are upregulated, while anabolic pathways are in-
hibited as demonstrated in Figure 14.115 

The rise in AMP levels during energy stress 
prompts its binding to high-affinity sites on the γ 
subunit, which facilitates exposure of Thr172 on 
the α subunit for phosphorylation.116 ​AMP binding 

Joshi et al. Scr Med. 2026 Jan-Feb;57(1):83-101.
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Figure 13: AMP-activated protein kinase (AMPK) structure
α subunit: Catalytic subunit containing kinase domain;
β subunit: Scaffolding role, bridges α and γ subunits;
γ subunit: Regulatory, binds AMP and ATP to sense energy status;

Figure 14: The AMP-activated protein kinase (AMPK) activation under cellular stress. AMP binds to the 
γ subunit, inducing structural changes that expose Thr172 on the α subunit. Liver kinase B1 (LKB1) 
phosphorylates this site, fully activating AMPK and triggering metabolic effects.

also prevents dephosphorylation, ensuring sus-
tained activation of AMPK. Once phosphorylated 
by LKB1, AMPK adopts its active conformation.117 
Activated AMPK enhances catabolic processes 
such as fatty acid oxidation, glucose uptake and 
glycolysis, supporting cellular energy balance, 
especially important in diabetes management.118

Activation of AMPK pathway by
Brassica juncea, Gymnema sylvestre 

and chromium picolinate drug
The AMP-activated protein kinase (AMPK) path-
way plays a vital role in the regulation of glucose 
and lipid metabolism and is a key target in the 
management of diabetes mellitus. Both herbal and 
synthetic compounds have demonstrated the po-
tential to activate this pathway. Natural constitu-
ents from Gymnema sylvestre and Brassica juncea, 
along with the chemical compound chromium pi-

colinate, modulate metabolic processes via AMPK 
activation, which leads to phosphorylation and 
downstream metabolic benefits thereby contrib-
uting to improve glycaemic control. These include 
enhanced insulin sensitivity, suppression of he-
patic gluconeogenesis, increased fatty acid oxida-
tion and improved glucose uptake—collectively 
resulting in reduced blood glucose levels and bet-
ter diabetes control, as shown in Figure 15.119, 120 

Each of these compounds contributes uniquely to 
AMPK-mediated effects:

•• Gymnema sylvestre provides gymnemic acid;
•• Brassica juncea offers glucosinolates;
•• Chromium picolinate contributes trivalent 

chromium (Cr³⁺).
•• Metabolic activation: These agents increase 

the AMP:ATP ratio, signalling an energy defi-
cit that activates AMPK, a master regulator of 
cellular energy homeostasis.121, 122 This activa-
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Figure 15: Chromium picolinate, Brassica juncea and Gymnema sylvestre support AMP-activated pro-
tein kinase (AMPK) activation leading to improved glucose metabolism and diabetes control

tion occurs through allosteric regulation and 
phosphorylation at threonine 172 (Thr172, a 
critical modification that maximises AMPK’s 
activity.

•• Downstream effects: Activated AMPK facili-
tates:

•• Increased glucose uptake into cells;
•• Reduced gluconeogenesis in the liver, decreas-

ing endogenous glucose production;
•• Enhanced fatty acid oxidation, improving lipid 

utilisation and reducing fat accumulation;

•• Improved insulin sensitivity, making periph-
eral tissues more responsive to insulin.123, 124 

•• Outcomes: These biochemical changes result 
in lowered blood glucose levels, which are es-
sential for effective diabetes management.

•• Final goal: By enhancing energy regulation 
and metabolic efficiency, these compounds 
support long-term glycaemic control and met-
abolic health in diabetic patients.125, 126
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Chromium picolinate, Gymnema sylvestre and 
Brassica juncea have demonstrated complemen-
tary mechanisms in enhancing insulin sensi-
tivity, promoting hepatic enzyme activity and 
stimulating insulin secretion—collectively con-
tributing to the management of diabetes mel-
litus.33 These actions converge on the AMP-ac-
tivated protein kinase (AMPK) pathway, a key 
regulator of cellular energy homeostasis, which 
yields metabolic benefits such as improved in-
sulin responsiveness, suppression of hepatic glu-
coneogenesis and increased glucose uptake.127 
Future research should focus on clinical trials 
to validate the combined therapeutic efficacy of 
these agents in reducing blood glucose levels and 
improving overall metabolic parameters. Inves-
tigations into their long-term safety profiles and 
cost-effectiveness may support their integration 
into mainstream diabetes care.128 Moreover, de-
termining optimal dosages and synergistic ratios 
is essential to maximise therapeutic impact while 
minimising potential adverse effects. Additional 
studies should also assess their role in mitigating 
diabetes-related complications and promoting 
sustained metabolic health.129

The synergistic interaction of chromium pico-
linate, Gymnema sylvestre and Brassica juncea 
offers a comprehensive approach to managing 
diabetes mellitus. Chromium picolinate en-
hances insulin sensitivity and supports glu-
cose metabolism by activating insulin signal-
ling pathways. Gymnema sylvestre promotes 
pancreatic β-cell regeneration, increases in-
sulin secretion and inhibits intestinal glucose 
absorption. In parallel, Brassica juncea aids in 
maintaining glucose homeostasis by stimulat-
ing hepatic enzymes that convert glucose into 
glycogen for storage.

Together, these bioactive compounds activate 
the AMPK pathway, a central regulator of cel-
lular energy balance. This activation leads to 
metabolic adaptations such as enhanced glu-
cose uptake by peripheral tissues, reduced 

Conclusion

hepatic gluconeogenesis, increased fatty acid 
oxidation and improved overall insulin re-
sponsiveness. These combined mechanisms 
contribute to a meaningful reduction in blood 
glucose levels, highlighting the therapeutic 
promise of these natural agents in diabetes 
control and broader metabolic health im-
provement.
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