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ABSTRACT

Type 2 diabetes mellitus is a complex metabolic disorder characterised by hyperglycaemia, insulin resistance, pancreatic $-cell
dysfunction, inflammation and oxidative stress. Multitarget botanical interventions may support glycaemic and metabolic
management through diverse biological activities. This review evaluated clinical evidence for Nigella sativa, Trigonella foenum-
graecum, Momordica charantia, Apium graveolens and Murraya koenigii in Type 2 diabetes and examined the mechanistic rationale
for polyherbal approaches. Twenty clinical trials met the inclusion criteria. N. sativa improved fasting glucose and HbAlc, with
seed oil showing more consistent effects on lipid and inflammatory parameters than seed powder. T. foenum-graecum reduced
fasting glucose, HbA1lc and atherogenic lipids, particularly at higher whole-seed doses, whereas fibre-free extracts mainly affected
fasting and postprandial glycaemia and triglyceride concentrations. M. charantia produced modest improvements in glycaemic
control with crude extracts and greater reductions in HbAlc and triglycerides with peptide-enriched formulations. A. graveolens
improved glycaemic, lipid and blood pressure parameters with seed extracts rich in 3-n-butylphthalide, whereas low-dose whole-
plant powder mainly reduced body fat. M. koenigii improved glycaemic indices and measures of central adiposity in short-term
interventions. Study heterogeneity, small sample sizes, short intervention periods and variation in herbal preparations limited
direct comparison across studies. Available evidence suggests complementary mechanisms among these botanicals, including
improved insulin sensitivity, insulin-mimetic activity, reduced carbohydrate absorption, antioxidant effects, anti-inflammatory
activity and lipid modulation. A polyherbal approach represents a plausible mechanistic strategy, although direct clinical evidence
for synergistic effects remains unavailable. This review describes current clinical evidence for five botanicals with complementary
antidiabetic activities and outlines priorities for future combination-based clinical research.

1 | Introduction values between 100 and 125mg/dL indicate prediabetes and
concentrations of > 126 mg/dL support a diagnosis of diabetes
Diabetes mellitus is a chronic metabolic disorder characterised [2]. Global diabetes prevalence has reached alarming levels, with

by persistent hyperglycaemia arising from impaired insulin se- approximately 537 million adults affected in 2021. Projections
cretion, defective insulin action or both [1]. Fasting plasma  indicate increases to 643 million by 2030 and 783 million by
glucose concentrations below 99 mg/dL are considered normal; 2045 [3].
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Diabetes is broadly classified into Type 1 and Type 2 diseases.
Type 1 diabetes is an autoimmune disorder in which CD4+ and
CD8+ T cells target pancreatic f-cells, resulting in impaired
insulin production. Type 2 diabetes mellitus (T2DM) accounts
for more than 90% of diabetes cases and is strongly associated
with obesity, physical inactivity and genetic susceptibility
[4, 5]. A substantial public health and economic burden
continues to accompany the increasing prevalence of T2DM
worldwide.

Pharmacological interventions remain the foundation of
T2DM management. Common therapeutic options include
metformin, sulfonylureas, thiazolidinediones, DPP-4 in-
hibitors and sodium-glucose co-transporter-2 (SGLT2) in-
hibitors [6]. Significant improvements in glycaemic control
have been achieved with these agents. Treatment limitations
nevertheless remain important. Gastrointestinal intolerance,
hypoglycaemia, hepatotoxicity, renal complications, contra-
indications and poor long-term adherence may reduce thera-
peutic effectiveness in some patients [7, 8]. No
pharmacological intervention is currently approved specifi-
cally for prevention of T2DM beyond lifestyle-based strategies
such as dietary modification and physical activity [9].

Medicinal plants and nutraceuticals have attracted increasing
attention as adjunctive interventions for metabolic disorders
[10-12]. Traditional medical systems, including Ayurveda,
Traditional Chinese Medicine and Unani medicine, have long
utilised botanical preparations for the management of diabetes
[13]. Clinical and experimental evidence has increasingly
supported the antidiabetic potential of black cumin (Nigella
sativa [NS]), bitter melon (BM) (Momordica charantia [MC]),
celery (Apium graveolens [AG]), curry leaves (Murraya koenigii
[MK]) and fenugreek (Trigonella foenum-graecum [TFG]) [14-
16]. Reported benefits include improvements in glycaemic
control, lipid metabolism, oxidative stress and inflammatory
processes.

Most clinical studies have evaluated these botanicals in-
dividually. Limited evidence is available regarding their com-
bined use in polyherbal interventions. Multiple pathological
processes contribute to T2DM, including insulin resistance, p-cell
dysfunction, chronic inflammation, oxidative stress and dysre-
gulated lipid metabolism. Botanical combinations that target
several of these pathways may represent a plausible therapeutic
approach. Direct clinical evidence supporting additive, syner-
gistic or superior effects of such combinations remains
limited [17].

Clinical evidence relating to black cumin, BM, celery, curry
leaves and fenugreek has expanded considerably during recent
years. Differences in formulations, dosages, treatment duration
and study design have also become increasingly apparent. A clear
evaluation of current clinical findings is needed. This review
examines clinical evidence published between 2019 and 2024 for
these five botanicals and discusses the mechanistic rationale
supporting polyherbal approaches. Current evidence remains
insufficient to determine whether botanical combinations pro-
vide additive, synergistic or clinically greater benefits than the
individual botanicals. This review describes the clinical evidence
supporting these botanicals in T2DM and outlines the rationale
and future research priorities for combination-based
interventions.

2 | Methods

2.1 | Search Strategy and Eligibility Criteria

A comprehensive literature search was conducted up to 30 March
2024 using PubMed, Scopus, Web of Science, Google Scholar and
the clinical trial registry ClinicalTrials.gov. Separate searches
were performed for each selected medicinal plant using pre-
defined keywords and Boolean operators. Search terms included
‘diabetes,” ‘type 2 diabetes mellitus,” ‘patients,” ‘clinical trials,’
‘hypoglycaemic,” and ‘blood glucose’ combined with plant-
specific terms, including ‘fenugreek’ OR Trigonella foenum-
graecum, ‘black cumin’ OR Nigella sativa, ‘bitter melon’ OR
Momordica charantia, ‘celery’ OR Apium graveolens and ‘curry
leaves’ OR Murraya koenigii. The filter ‘NOT review’ was applied
to exclude review articles and focus the search on original clinical
studies.

Human clinical studies published between 2019 and 2024 were
screened according to predefined eligibility criteria. Additional
limits were applied where available, including human clinical
studies, publication years 2019-2024 and free full-text avail-
ability. The free full-text filter was applied to ensure that all
included studies could be accessed and evaluated in full. This
criterion may have excluded otherwise relevant studies that were
not freely accessible. All retrieved references were exported to
Microsoft Excel for screening.

2.2 | Inclusion and Exclusion Criteria

Eligible studies were clinical trials conducted in human par-
ticipants diagnosed with T2DM. Randomised controlled trials
(RCTs) were prioritised; however, nonrandomised trials were
included when RCT evidence was limited. Studies with at least 35
participants were included to reduce the influence of very small
studies [18]. This threshold was used as a pragmatic eligibility
criterion and was not derived from a formal sample-size cal-
culation. Outcomes of interest included glycaemic parameters
such as fasting blood glucose (FBG), glycated haemoglobin
(HbAlc) and random blood glucose (RBG), together with lipid
profile and body composition measures. Studies were excluded if
they were (i) review articles, (ii) animal or in vitro studies, (iii)
cross-sectional or observational studies without an intervention,
(iv) non-English publications or (v) trials reporting outcomes
unrelated to glycaemic or metabolic parameters.

2.3 | Study Selection Process

A total of 188 records were identified through database
searching. Removal of duplicate records (n = 31) left 157 articles
for screening. Abstract screening excluded studies that did not
meet the eligibility criteria, including animal studies, non-
English publications and studies reporting outcomes unrelated
to glycaemic or metabolic parameters. Full texts of 86 articles
were assessed for eligibility. Twenty studies met the inclusion
criteria and were included in the review, whereas 66 studies were
excluded at the full-text stage because they did not satisfy the
predefined eligibility criteria. Two reviewers independently
assessed study eligibility at the full-text stage. Any disagreements
were resolved through discussion and consensus. Study selection
followed the PRISMA 2020 guidelines [19]. Figure 1 illustrates
the study selection process.

2 of 15

Journal of Food Biochemistry, 2026

85UB01 7 SUOLUWIOD aA 181D 3ol (dde ay) Aq pausenob ae Sapile O '8sn Jo S9INJ 10} ALeiq1T 8UIUO /8|1 UO (SUOTHPUOD-PUR-SLLIBI WD A8 |IMAReq Ul |uo//Stiy) SUORIPUOD pue swie 1 8y} 88S *[9202/TT/20] Uo Ariqiauluo A8 1IM *AINN STHOOW NHOE TOO0dHTAIT A Z60THSS/RAH/SSTT 0T/I0pAL00 A8 | 1M Afeld jpuluo//sdny WOy papeojumod ‘T ‘9202 ‘0a)!



[ Identification of studies via databases and registers ]
Records removed before
,5 Records identified from: screening: duplicate records
s PubMed, Web of Science, Scopus, removed (n = 31).
g Google Scholar, Clinicaltrials.gov || Records marked as ineligible by
5 Databases (n = 167). automation tools (n = 0).
= Registers (n = 21). Records removed for other reasons
(n=21).
) l
ek
Records screened (n = 136). > Records excluded
(n = 35) relevance.
%ﬂ Reports sought for retrieval - 5 Reports not retrieved (n = 15).
= (n=101).
Q
jol
3
§ |
Reports assessed for eligibility
(n = 86). _— Reports excluded: (n = 66)
—
3
i Studies included in review
E (n=20).

FIGURE 1 | PRISMA 2020 flowchart showing the study selection process.

2.4 | Data Extraction

Two reviewers independently extracted data from all eligible full-
text articles. Extracted information included study reference,
participant characteristics, intervention and dose, comparator or
control, treatment duration and outcomes of interest.

2.5 | Risk of Bias (RoB) Assessment

RoB in the RCTs was assessed using the Cochrane RoB 2 tool.
Assessment covered five domains: the randomisation process,
deviations from intended interventions, missing outcome data,
outcome measurement and selection of the reported result. Two
reviewers independently performed the assessment. Each do-
main was classified as ‘low risk,” ‘some concerns,’ or ‘high risk.’
Results were visualised using the automated RoB 2 graphical
output (Figures 2 and 3).

3 | Results

3.1 | Study Characteristics

A total of 20 clinical trials met the inclusion criteria and were
included in this review. The included trials evaluated NS in 247
participants, TFG in 455 participants, MC in 279 participants, AG
in 95 participants and MK in 245 participants. Two additional
studies included interventions such as resistance training and
cinnamon supplementation; however, only data related to the
selected medicinal plants were extracted for analysis [20, 21]. All

included trials enrolled both male and female participants. In-
tervention duration ranged from 30 days to 12 weeks.

All included studies employed a randomised design, although
seven trials did not include a placebo control group. One study
used dietary modification as the comparator intervention [22].
Study designs varied across the included trials. Information on
product standardisation was inconsistently reported. Most trials
reported the plant part, formulation and dose, whereas in-
formation on active-marker content and phytochemical stand-
ardisation was often unavailable. Available information is
presented in the corresponding study descriptions. Figure 1
outlines the identification, screening, eligibility assessment
and inclusion of studies. Methodological quality was evaluated
using the Cochrane RoB 2 tool. Figure 2 presents the overall RoB
assessment across the included studies. Most studies were
classified as low risk, although some were assigned ‘some con-
cerns’ in one or more domains. Figure 3 depicts the study-level
distribution of RoB judgements.

3.2 | NS (Black Cumin)

Five clinical trials examined NS supplementation in patients with
T2DM (Table 1). Most studies reported improvements in FBG
and HbAlc, together with favourable changes in lipid parame-
ters. Seed oil preparations were associated with improvements in
total cholesterol (TC) and triglycerides (TGs) in several studies,
whereas seed powder also demonstrated favourable metabolic
effects. Differences in formulation may contribute to variability
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FIGURE 2 |

in reported outcomes. Two trials reported reduced insulin re-
sistance, while several studies observed reductions in oxidative
stress markers such as malondialdehyde (MDA). The clinical
findings indicate potential benefits of NS for glycaemic and
metabolic outcomes in individuals with T2DM.

3.3 | TFG (Fenugreek)

Seven clinical trials investigated fenugreek supplementation
in patients with T2DM (Table 2). Six studies reported re-
ductions in FBG and/or HbAlc. Several studies also reported

30

As percentage (intention-to-treat)

40 50 60 70 80 90 100

Risk-of-bias assessment of included studies based on the Cochrane Risk of Bias 2 (RoB 2) tool.

favourable changes in lipid parameters, including reductions
in TC, low-density lipoprotein (LDL) cholesterol and TGs,
together with increases in high-density lipoprotein (HDL)
cholesterol. One study did not observe significant improve-
ments in glycaemic outcomes. Differences in dose, formula-
tion, treatment duration and study design may have
contributed to variability in the reported findings. Overall, the
available clinical evidence suggests potential benefits of
fenugreek supplementation for glycaemic control and lipid-
related outcomes in individuals with T2DM.

NS1 NA N. sativa oil Sunflower oil NA 43 ®@ O e & & @
TFG1 NA T. foenum-graecum Metformin NA 114 O 0O e O e o
TFG2 NA  Fenugreek seed solution  Antidiabetic drugs NA 50 ®@ 0O & & ©)
TFG3 NA Fenugreek powder Wheat powder NA 64 ® ® ® ® 6 @
MC1 NA M. Charantia Placebo NA 90 ® ® 6 6 6 @
MC2 NA mcIRBP-19-BGE* Placebo starch NA 41 ®@ 0O 6 & [©)
AG1 NA Celery powder Starch placebo NA 36 ® ® ® ® 6 ©)
NS4 NA N. sativa oil Medium chain triglyceride =~ NA 50 ® ® 6 ® 6 ©)
NS3 NA N. sativa seeds Maltodextrin NA 20 ® & ®© & @ @
NS5 NA N. sativa Baseline NA 45 O e ® & & ()
MC3 NA mcIRBP-19* Hypoglycemic drugs NA 142 O 6 & 6 & 0)
AG2 NA Celery seed extract Placebo NA 59 ® ® ® ® 6 ©)
MK1 NA M. koenigii powder Control NA 140 O & & & @ ©)
MK2 NA M. koenigii powder Control NA 45 ®© © & & © ®
TFG4 NA  Fenugreek seed powder Dietary modification NA 60 O & e & O ©)
TFG5 NA TFG seed extract Maltodextrin NA 48 ® ® ® ® 6 ©)
TFG6 NA Fenugreek solution No supplement NA 60 OO0 e & ©)
TFG7 NA Fenugreek powder Baseline NA 52 O & & O ®
MK3 NA M. koenigi powder Control NA 60 @ &® ® & @& ©)
NS2 NA N. sativa oil Metformin NA 62 O & & & O 0)
*Bitter melon peptide ~ @ Low risk D1 Randomisation process D4 Measurement of the outcome
@ Some concerns D2 Deviations from the intended intervention D5 Selection of the reported result
@ Highrisk D3 Missing outcome data
FIGURE 3 | Study-level distribution of risk-of-bias judgements based on the Cochrane Risk of Bias 2 (RoB 2) assessment.
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34 | MC (BM)

Three RCTs assessed BM interventions (Table 3). All reported
improvements in glycaemic parameters, with reductions in FBG
observed across studies and reductions in HbAlc reported in
studies evaluating mcIRBP-19-enriched preparations. Effects on
lipid parameters were less consistent, with some studies
reporting favourable changes and others showing no significant
effect. Extracts enriched with mcIRBP-19, an insulin-mimetic
peptide, produced the most consistent improvements in gly-
caemic outcomes. BM shows potential as a glucose-lowering
intervention, although additional well-designed clinical trials
are required to clarify its effects on lipid metabolism.

References
[32]
[33]
[34]

Outcomes of
interest

3.5 | AG (Celery)

Reduction in HbAlc

Two clinical trials investigated AG supplementation in patients
with T2DM (Table 4). One study reported reductions in body fat
and waist circumference (WC). In contrast, the second study
reported reductions in FBG, TC, TGs and LDL cholesterol, to-
gether with increased HDL cholesterol. Differences in study
outcomes were observed across the two trials.

Reduction in FBG; no significant change
in HbAlc, HDL, LDL, TC or TG
Reductions in FBG and HbAlc

3.6 | MK (Curry Leaves)

Three clinical trials evaluated MK supplementation in patients
with T2DM (Table 5). Reductions in blood glucose and HbAlc
were reported in studies that assessed glycaemic outcomes.
Favourable changes in anthropometric parameters, including
body weight, body mass index (BMI) and WC, were also ob-
served. Improvements in lipid parameters were reported in
studies that assessed lipid outcomes. The available clinical evi-
dence indicates beneficial effects of MK on glycaemic, anthro-
pometric and lipid-related outcomes in individuals with T2DM.

32): placebo capsule
600 mg/day

78): (physician-prescribed
hypoglycaemic drugs)

20): starch placebo, capsule

Comparator/background
treatment

(n=
(n
(n=

4 | Discussion

Treatment
group/dose/duration
day, 12w
64): MC extract 2 X
1190 mg/day, 12w

(n

4.1 | Interpretation

64): BMP 2 X 300 mg/
21): *mcIRBP-19 cap-
sule 600 mg/day, 12w

Twenty clinical trials evaluated five medicinal plants for Type 2
diabetes. The clinical evidence base was larger for fenugreek and
black cumin than for celery and curry leaves. Several studies
reported reductions in FBG and HbAlc; however, substantial
between-study heterogeneity precludes conclusions regarding
the relative efficacy of the five botanicals. BM also showed
favourable effects on glycaemic endpoints, particularly in studies
using mcIRBP-19-enriched preparations, although lipid out-
comes were less consistent. Evidence for celery and curry leaves
was more limited, although favourable effects on glycaemic
control, lipid parameters and body composition were reported.

(n
(n

Participants
(number
of patients)
14
96
4

Clinical outcomes were interpreted with greater emphasis on
glycaemic measures, particularly HbAlc and fasting glucose,
followed by insulin resistance, lipid parameters, anthropometric
outcomes and reported safety. Because the studies differed
considerably in intervention type, formulation, dose, duration
and outcome reporting, the findings were synthesised de-
scriptively rather than used to rank the relative efficacy of the five
botanicals. These findings are consistent with previous reports
describing glucose-lowering and metabolic benefits of fenugreek,
NS and MC. Published evidence has also suggested potential
roles for celery flavones and MK carbazole alkaloids in metabolic
regulation.

Study characteristics from articles retrieved from M. charantia search.

Influence of mcIRBP-19" on blood glu-
cose profiles of diabetic patients

Glucose profile of diabetic patients

Influence of *mcIRBP-19 on blood glu-
cose profiles of diabetic patients

Investigation

Abbreviations: BMP, bitter melon peptide; d, days; FBG, fasting blood glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MC, M. charantia; N, number; RBG, random blood glucose; TC, total cholesterol; TG, triglyceride;

Note: Product standardisation and active-marker content are reported only where specified in the original study.
w, weeks; WC, waist circumference.

“mcIRBP-19 is a bitter melon peptide (BMP) comprising 19 amino acids.

TABLE 3
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Study characteristics from articles retrieved from A. graveolens search.

TABLE 4

Comparator/background Outcomes of

Treatment

group/dose/duration
(n=19): AG powder 3 X 250 mg/

Participants (number

References

interest

treatment

of patients)

Investigation

[35]

Reduction in body fat

Starch powder 3 x 250 mg/

36

Biochemical profile of diabetic

daily
Placebo 4 x 335 mg/daily

daily (12w)
29): AG seed extract 4 X 335

patients

[36]

Reduction in FBG, TC, TG, LDL;

(n

59

Biochemical profile of diabetic

increase in HDL

mg/daily (4 w)

patients

Note: Product standardisation and active-marker content are reported only where specified in the original studies.

Abbreviations: AG, A. graveolens; d, days; FBG, fasting blood glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; N, number; TC, total cholesterol; TG, triglyceride; w, weeks.

Differences in study design, formulation, dose, treatment du-
ration and product standardisation likely contributed to vari-
ability in outcomes. The available clinical evidence supports
consideration of these botanicals as adjuncts to conventional care
rather than stand-alone therapies. Standardised interventions,
outcome measures and direct comparisons of formulations are
needed to clarify the magnitude and durability of reported effects.

Available evidence suggests that these botanicals influence
glucose homoeostasis, insulin responsiveness, lipid metabolism,
oxidative stress and inflammation through diverse but comple-
mentary mechanisms. Table 6 summarises the principal bio-
active constituents, proposed mechanisms and reported clinical
outcomes of the five botanicals.

4.2 | NS (Black Cumin)

Clinical trials generally reported improvements in glycaemic and
cardiometabolic outcomes following NS supplementation, al-
though the magnitude of effect varied according to formulation,
dose, treatment duration and study design. In a double-blind
RCT involving 50 patients with Type 2 diabetes, NS oil (1 g/day
for 8 weeks) reduced FBG and HbA1lc compared to placebo and
produced favourable effects on several lipid parameters, BMI and
WC [24]. Similar improvements in glycaemic, lipid, in-
flammatory and oxidative-stress markers were reported in
a second RCT using the same dosage [25].

A 30-day intervention using seed powder (1-3 g/day) also re-
duced FBG, with the greatest reduction observed at 2 g/day,
although lipid changes were not significant [23]. An open-label
comparator study reported reductions in HbAlc and FBG with
NS oil, although larger reductions were observed with metformin
[26]. A factorial study that combined NS supplementation with
resistance training reported improvements in glycaemic, lipid,
inflammatory and liver-function markers; however, the study
design did not allow the independent contribution of NS to be
determined [21].

The reported clinical findings are consistent with previous
studies describing glucose-lowering, lipid-modulating, antioxi-
dant and anti-inflammatory effects of NS. Variability in for-
mulation, dose, treatment duration and background treatment
may have contributed to differences in clinical outcomes across
studies. Overall, available evidence suggests beneficial effects on
glycaemic control, with additional cardiometabolic benefits re-
ported in several studies. Larger and longer-duration RCTs are
required to determine optimal formulations, dosing strategies
and clinically relevant outcome measures.

Proposed mechanisms associated with NS are summarised in
Table 6. Thymoquinone and related constituents have been
linked to improved insulin sensitivity, enhanced glucose uptake,
reduced oxidative stress, preservation of f-cell function and
modulation of hepatic glucose metabolism [45-48]. These
mechanistic observations provide biological context for the
clinical findings but do not establish causality in humans.

4.3 | TFG (Fenugreek)

Clinical studies generally report beneficial effects of TFG
(fenugreek and TFG) on glycaemic outcomes. The magnitude of
effect varies according to formulation, dose, study design and
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References
[37]

Outcomes of
interest
Reductions in FBG, RBG and

Comparator/background
treatment
(n=15): none

Treatment
group/dose/duration
30); two subgroups: dried MK leaf, 45d;
(G1: 5mg/kg/day; G2: 10 mg/kg/day)
(n=120); dried MK leaf, 60d; (G1: 5 mg/day;

(n

Participants
(number
of patients)
45

Study characteristics from articles from M. koenigii search.

Glucose profile of diabetic

Investigation

TABLE 5

HbA1lc
Reductions in body weight, BMI

patients

[38]

40): none

(n=

140

Body composition of diabetic

and WC
Reductions in FBG, TC, TG, LDL;

G2: 10 mg/day)
30); MK leaf powder 12 g/day in water,

patients

[39]

30): none

(n

(n

60

Glucose and lipid profile of

increase in HDL

30 days

diabetic patients

Note: Product standardisation and active-marker content are reported only where specified in the original study.

Abbreviations: BMI, body mass index; d, days; FBG, fasting blood glucose; G, group; HbAlc, glycated haemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MK, M. koenigii; N, number; RBG, random blood glucose; TC,

total cholesterol; TG, triglycerides; WC, waist circumference.

study population. Several studies also reported favourable
changes in lipid parameters and anthropometric measures.

In a randomised, double-blind trial involving 62 patients with
T2DM, 5 g seed powder twice daily for 8 weeks reduced FBG,
HbAlc, BMI, WC and diastolic blood pressure. Quality-of-life
scores also improved [30]. Another parallel RCT involving 50
patients receiving standard antidiabetic therapy reported re-
ductions in FBG together with improvements in ALT and ALP
following supplementation with fenugreek powder (5g three
times daily) for 8 weeks [29]. A study involving newly diagnosed
patients with T2DM reported reductions in TC, TG and LDL-C
together with increased HDL-C following administration of a 25-
g seed-powder preparation twice daily for 4 weeks [28].

A double-blind RCT in individuals with prediabetes reported
reductions in FBG, postprandial blood glucose and TG following
supplementation with a hydroalcoholic seed extract (500 mg/
day) for 12weeks. No significant effects were observed for
HbAlc, insulin resistance, CRP or cholesterol fractions [31].
Additional studies using whole-seed preparations also reported
reductions in blood glucose parameters [27].

The reported clinical findings are consistent with previous
studies describing glucose-lowering, lipid-modulating and anti-
inflammatory effects of fenugreek. Differences in formulation,
dose, treatment duration, background treatment and study
population may have contributed to variability in clinical out-
comes. Overall, available evidence suggests beneficial effects of
fenugreek on glycaemic control, with additional improvements
in lipid-related and anthropometric outcomes reported in several
studies. Larger standardised RCTs are needed to clarify optimal
dosing strategies, formulation-specific effects and clinically rel-
evant outcome measures.

Proposed mechanisms associated with fenugreek are detailed in
Table 6. Soluble fibre may delay gastric emptying and reduce
intestinal glucose absorption, whereas 4-hydroxyisoleucine has
been associated with enhanced insulin secretion. Diosgenin and
other bioactive constituents have been linked to modulation of
PPARYy signalling, glycogen synthesis and insulin sensitivity.
Flavonoids, alkaloids and saponins have also been associated
with anti-inflammatory and antioxidant activities [41, 49-52].
These mechanistic observations provide biological context for the
clinical findings but do not establish causality in humans.

4.4 | MC (BM)

Clinical studies generally report beneficial effects of MC (BM) on
glycaemic outcomes, although the magnitude of effect varies
according to formulation, dose, treatment duration and study
design. In a randomised placebo-controlled trial involving 96
participants with T2DM, BM extract (2.38 g/day) administered
for 12 weeks reduced FBG and improved HOMA-IR compared to
placebo. No significant effects were observed for HbAlc or lipid
parameters [33].

A second RCT involving 142 participants evaluated a peptide-
enriched preparation (mcIRBP-19, 600 mg/day) for 12 weeks.
Significant reductions in HbAlc, fasting glucose and TGs were
observed, whereas TC, LDL and HDL remained unchanged [32].
Additional studies using dried fruit powder or juice preparations
also reported reductions in FBG and HbAlc [34]. Differences in
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formulation, treatment duration and study design may have
contributed to variability in reported outcomes.

The reported clinical findings are consistent with previous
studies describing glucose-lowering effects of MC. Variability in
formulation, dose, treatment duration and participant charac-
teristics may explain differences across studies. Overall, available
evidence suggests beneficial effects on glycaemic control,
whereas effects on lipid-related outcomes appear less consistent.
Larger and more standardised RCTs are needed to clarify
formulation-specific effects, optimal dosing strategies and clin-
ically relevant long-term outcomes.

Proposed mechanisms associated with MC are compiled in Ta-
ble 6. Peptides such as polypeptide-p and mcIRBP-19 have been
associated with insulin-mimetic activity through interaction with
insulin-signalling pathways. Additional mechanisms include
activation of AMP-activated protein kinase (AMPK), suppression
of hepatic gluconeogenesis and modulation of enzymes involved
in glucose metabolism [32, 42, 53, 54]. These mechanistic ob-
servations provide biological context for the clinical findings but
do not establish causality in humans.

4.5 | AG (Celery)

Clinical evidence for AG (celery) remains limited, with only two
recent RCTs meeting the inclusion criteria. Different outcomes
were reported across the available studies, reflecting differences
in formulation, dose, study population and treatment duration.
In a triple-blind crossover trial involving 51 participants, sup-
plementation with a seed extract standardised to 3-n-
butylphthalide (NBP) for 4 weeks reduced FBG, TC, TGs and
LDL-C, while increasing HDL-C. Improvements in blood pres-
sure and several liver- and kidney-function markers were also
reported. No adverse effects were observed [36].

A second double-blind RCT involving 36 overweight individuals
with T2DM evaluated whole celery powder in combination with
a hypocaloric diet for 12 weeks. Reductions in body fat per-
centage were reported; however, no significant between-group
differences were observed for fasting glucose, HbAlc, insulin,
lipid parameters or oxidative-stress markers [35]. Differences in
formulation, treatment duration and study design may have
contributed to variability in the reported findings.

The available clinical evidence suggests potential benefits of
celery supplementation for glycaemic, lipid-related, anthropo-
metric and cardiometabolic outcomes. The limited number of
studies, together with differences in formulation and study de-
sign, restricts firm conclusions regarding efficacy. Larger and
longer-duration RCTs are needed to clarify formulation-specific
effects and clinically relevant outcomes.

Proposed mechanisms associated with AG are outlined in Ta-
ble 6. Phthalides such as NBP have been associated with vaso-
dilatory, antihypertensive and lipid-modulating effects.
Flavonoids including luteolin and apigenin have been linked to
antioxidant and anti-inflammatory activities through modula-
tion of Nrf2 and NF-kB signalling pathways [55, 56]. Additional
evidence from preclinical studies suggests potential effects on
body-weight regulation, lipid metabolism and oxidative stress
[55, 57, 58]. These mechanistic observations provide biological
context for the clinical findings but do not establish causality in
humans.

4.6 | MK (Curry Leaves)

Clinical evidence for MK (curry leaves) remains limited, al-
though available studies report favourable effects on glycaemic,
anthropometric and lipid-related outcomes. In a randomised trial
involving 160 hypercholesterolaemic women, supplementation
with 5-10 g/day dried curry leaf powder for 60 days reduced body
weight, BMI, WC, hip circumference and visceral fat [38]. A
second randomised trial involving 45 women with T2DM eval-
uated encapsulated curry leaf extract at doses of 5 or 10 mg/kg/
day for 45 days. Both doses reduced FBG, RBG and HbAlc, with
larger reductions reported in the higher-dose group [39].

The reported clinical findings are consistent with previous
studies describing beneficial effects of MK on glucose meta-
bolism, body composition and lipid-related outcomes. Evidence
remains limited by the small number of clinical trials, relatively
short intervention periods and variability in study design, for-
mulation, dose and participant characteristics. Larger and
longer-duration RCTs using standardised formulations are
needed to confirm efficacy and establish optimal dosing
strategies.

Proposed mechanisms associated with MK are presented in
Table 6. Bioactive constituents, including flavonoids, carbazole
alkaloids, phenolics, tannins and saponins, have been associated
with inhibition of a-amylase and o-glucosidase, antioxidant
activity and modulation of lipid metabolism [59-61]. Additional
experimental evidence suggests potential effects on body-weight
regulation, intestinal fat absorption and oxidative stress path-
ways [55, 57, 58]. These mechanistic observations provide bi-
ological context for the clinical findings but do not establish
causality in humans.

4.7 | Polyherbal Strategies and Combined
Mechanisms

Combining botanicals that act through different pathways rep-
resents a plausible strategy for addressing the multifactorial
nature of T2DM. However, direct clinical evidence supporting
polyherbal approaches remains limited. One clinical study of
a polyherbal preparation containing fenugreek reported re-
ductions in FBG, PPBG and HbAlc, together with decreases in
proinflammatory markers including TNF-a, MCP-1 and resistin,
and an increase in adiponectin [62]. Another RCT combining MK
with coriander, holy basil and bunching onion reported a re-
duction in HbA1lc over 90 days without adverse effects on hepatic
or renal markers [63]. These findings suggest that polyherbal
formulations may influence several metabolic outcomes. How-
ever, the formulations used in these studies differed from the five
botanical combinations considered in this review and therefore
do not establish synergy among the selected botanicals.

Mechanistic evidence provides a rationale for investigating these
botanicals in combination. The five plants reviewed, NS, TFG,
MC, AG and MK, contain different bioactive compounds that act
on several interconnected pathways involved in glucose and lipid
metabolism. These mechanistic and preclinical findings are
presented to explain the biological rationale for combination
strategies and should not be interpreted as evidence of clinical
efficacy or synergy.

Black cumin, through thymoquinone, has been associated with
improved insulin sensitivity, reduced oxidative stress, enhanced
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« N. sativa- black cumin
« Glucose uptake
« Improved B-cell function
« Improves Insulin sensitivity via
AMPK activation
« Reduce Inflammation
« Reduce gluconeogenesis
« Increase insulin receptor
« Increase fatty acid oxidation

« M. koenigii- curry leaves
« Inhibition of a-amylase
« Inhibition of a-glucosidase
« Increased insulin secretion
« Protection/regeneration of pancreatic f-cells
» Increased peripheral (muscle, hepatic and
adipose tissue) glucose uptake
« PI3K/Akt/GLUT4 signalling
« Improved insulin sensitivity
« Increased hepatic glycogenesis
« Inhibition of hepatic glycogenolysis

« T. foenum-graecum- fenugreek
« Improved B-cell function and regeneration
« Increase glycogen synthase activity
« Increase GLP-1 activity by DPP-IV inhibition
« Increase glucose uptake via GLUT-4
translocation

« M. charantia - bitter melon

« Reduce a-glucosidase activity

« Improves insulin sensitivity via AMPK
activation

« Reduce gluconeogenesis

« Improves insulin sensitivity via AMPK
activation

« Activate PPAR-related pathways
involved in glucose and lipid
metabolism.

« Polypeptide-P/p-insulin

« Improves insulin sensitivity via AMPK
activation

« Increase GLP-1 level

« A. graveolens- celery
« Inhibition of mast cell activity
« Reduce inflammation
« Reduce lipid peroxidation
« Increase SCFA

FIGURE 4 | Proposed mechanisms associated with N. sativa, T. foenum-graecum, M. charantia, A. graveolens and M. koenigii in Type 2 diabetes,
highlighting reported effects on glucose uptake, p-cell function, insulin sensitivity, inflammation and oxidative stress. The figure was created using

BioRender and assembled by the authors in Microsoft PowerPoint. All pathway information, annotations, labels, arrows and scientific content were

developed by the authors. No generative Al tools were used in the creation or modification of this figure.

glucose utilisation and modulation of hepatic glucose meta-
bolism [24-26]. Fenugreek contains soluble fibre and 4-
hydroxyisoleucine, which have been linked to delayed carbo-
hydrate absorption, enhanced insulin secretion and modulation
of PPARy-related pathways [28, 31]. BM contains bioactive
compounds including charantin, polypeptide-p and mcIRBP-19
that have been associated with insulin-mimetic activity, AMPK
activation and reduced hepatic glucose production [32, 33].

Curry leaves contain carbazole alkaloids and flavonoids that have
been linked to inhibition of a-amylase and a-glucosidase, anti-
oxidant activity and modulation of lipid metabolism [38, 39].
Celery, particularly seed extracts standardised to NBP, has been
associated with improvements in glycaemic and lipid parame-
ters, blood pressure and biomarkers of hepatic and renal func-
tion. Proposed mechanisms include calcium-channel
modulation together with antioxidant and anti-inflammatory
activities mediated by compounds such as luteolin and apige-
nin [36, 58, 64].

These different but complementary actions provide a biological
basis for investigating combination approaches. For example, BM
may influence hepatic glucose production, curry leaves may
reduce carbohydrate digestion and fenugreek may slow glucose
absorption through its fibre content. Black cumin and BM have
also been associated with pathways involving AMPK signalling.
However, complementary mechanisms alone do not demonstrate
greater efficacy, longer-lasting glycaemic control or synergistic
effects in humans.

Preclinical findings provide a mechanistic basis for further in-
vestigation of these botanicals in combination, but direct clinical
evidence remains limited. Figure 4 depicts the principal multi-
target mechanisms proposed for the five medicinal plants.
Current clinical evidence suggests that polyherbal approaches
warrant further investigation, while mechanistic evidence pro-
vides biological justification for future combination studies.
Direct combination trials are still required to determine whether

any benefits are additive, synergistic or greater than those
achieved with the individual botanicals. A further limitation is
that the review protocol was not prospectively registered, which
may introduce potential selection bias despite the use of pre-
defined eligibility criteria and independent full-text screening by
two reviewers.

5 | Conclusions and Future Perspectives

This review describes the current clinical evidence for five bo-
tanicals, NS, TFG, MC, AG and MK, that have potential to
improve different aspects of glycaemic and metabolic control.
Fenugreek may delay gastric emptying and enhance glycogen
storage. BM contains insulin-mimetic peptides such as
polypeptide-p. Black cumin has been associated with improved
insulin sensitivity and reduced oxidative stress. Celery may
support lipid-related and anthropometric outcomes, whereas
curry leaves may reduce carbohydrate digestion through in-
hibition of a-amylase and a-glucosidase. These different but
complementary actions provide a rationale for investigating the
botanicals in combination. However, current evidence remains
insufficient to determine whether combined administration
produces greater or more durable benefits than use of the in-
dividual botanicals.

Future studies should employ well-designed multicentre RCTs to
evaluate both individual botanicals and defined combinations.
Factorial and multi-arm study designs may help determine
whether observed benefits are additive or synergistic. Additional
priorities include the use of well-characterised and standardised
botanical preparations, evaluation of appropriate dose ranges,
longer intervention periods and comprehensive safety moni-
toring. Pharmacokinetic studies are needed to improve un-
derstanding of absorption, metabolism and bioavailability and to
guide dosing strategies. Comparative studies should also evaluate
different delivery formats, including dietary incorporation and
standardised nutraceutical formulations. Integration of
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nutrigenomics and personalised nutrition approaches may fur-
ther refine botanical interventions according to individual ge-
netic, metabolic and microbiome characteristics. These advances
may strengthen the evidence base for the use of botanicals as
adjunctive strategies in the management of T2DM.

Author Contributions

Mosharraf H. Sarker: conceptualisation, methodology, validation and
writing-original draft. Emran Habibi: software, visualisation, writing—
original draft and review and editing; Satyajit D. Sarker: writing-original
draft and review and editing. Tia Bode: investigation and writing-original
draft. Lutfun Nahar: visualisation, writing-original draft and review and
editing.

Acknowledgements

Mosharraf H. Sarker gratefully acknowledges support from Liverpool
John Moores University. Lutfun Nahar gratefully acknowledges the
salary support from the European Regional Development Project
ENOCH #CZ.02.1.01/0.0/0.0/16_019/0000868 and the Czech Science
Foundation Project #23-05474S.

Funding

No funding was received for this review.

Disclosure

All authors have read and agreed to the published version of the
manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

1. S. Alam, M. K. Hasan, S. Neaz, N. Hussain, M. F. Hossain, and
T. Rahman, “Diabetes Mellitus: Insights From Epidemiology, Bio-
chemistry, Risk Factors, Diagnosis, Complications and Comprehensive
Management,” Diabetology 2, no. 2 (2021): 36-50, https://doi.org/
10.3390/diabetology2020004.

2. Centre for Disease Control and Prevention, “CDC Diabetes,” (2024),
https://www.cdc.gov/diabetes/diabetes-testing/index.html.

3. International Diabetes Federation, D. J. Magliano, and E. J. Boyko, IDF
Diabetes Atlas, 10th ed. (International Diabetes Federation, 2021).

4. R. D. Leslie, R. C. W. Ma, P. W. Franks, K. J. Nadeau, E. R. Pearson,
and M. J. Redondo, “Understanding Diabetes Heterogeneity: Key Steps
Towards Precision Medicine in Diabetes,” The Lancet Diabetes & En-
docrinology 11, no. 11 (2023): 848-860, https://doi.org/10.1016/S2213-
8587(23)00159-6.

5. B. Wicklow and R. Retnakaran, “Gestational Diabetes Mellitus and Its
Implications Across the Life Span,” Diabetes & Metabolism Journal 47,
no. 3 (2023): 333-344, https://doi.org/10.4093/dmj.2022.0348.

6. J. Kim, W. Noh, A. Kim, Y. Choi, and Y.-S. Kim, “The Effect of
Fenugreek in Type 2 Diabetes and Prediabetes: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials,” International Journal
of Molecular Sciences 24, no. 18 (2023): 13999, https://doi.org/10.3390/
ijms241813999.

7. H. Nasri and M. Rafieian-Kopaei, “Metformin: Current Knowledge,”
Journal of Research in Medical Sciences 19, no. 7 (2014): 658.

8. F. U. Haq, A. Siraj, M. A. Ameer, et al., “Comparative Review of Drugs
Used in Diabetes Mellitus - New and Old,” Journal of Diabetes Mellitus
11, no. 4 (2021): 115-131, https://doi.org/10.4236/jdm.2021.114009.

9. American Diabetes Association Professional Practice Committee, “3.
Prevention or Delay of Type 2 Diabetes and Associated Comorbidities:
Standards of Medical Care in Diabetes - 2022,” Diabetes Care 45,
no. Supplement_1 (2022): S39-S45, https://doi.org/10.2337/dc22-s003.

10. A. Leiherer, A. Miindlein, and H. Drexel, “Phytochemicals and Their
Impact on Adipose Tissue Inflammation and Diabetes,” Vascular
Pharmacology 58, no. 1-2 (2013): 3-20, https://doi.org/10.1016/
j.vph.2012.09.002.

11. I. Fernandes, J. Oliveira, A. Pinho, and E. Carvalho, “The Role of
Nutraceutical Containing Polyphenols in Diabetes Prevention,” Metab-
olites 12, no. 2 (2022): 184, https://doi.org/10.3390/metabo12020184.

12. S. Nimesh and V. D. Ashwlayan, “Nutraceuticals in the Management
of Diabetes Mellitus,” Pharmacy & Pharmacology International Journal 6,
no. 2 (2018): 114-120, https://doi.org/10.15406/ppij.2018.06.00166.

13. M. R. Goyal and A. Chauhan, “Holistic Approach of Nutrients and
Traditional Natural Medicines for Human Health: A Review,” Future
Integrative Medicine 3, no. 3 (2024): 197-208, https://doi.org/10.14218/
FIM.2023.00089.

14. S. Karole, S. Shrivastava, S. Thomas, et al., “Polyherbal Formulation
Concept for Synergic Action: A Review,” Journal of Drug Delivery and
Therapeutics 9, no. 1-S (2019): 453-466, https://doi.org/10.22270/
jddt.voil-s.2339.

15. R. K. Pasuparthi, S. K. Pavuluri, and S. Mukkamalla, “Polyherbal
Formulation: A Promising Approach for Determining Pharmacological
Activities and Therapeutic Uses,” Anveshana’s International Journal of
Research in Pharmacy and Life Sciences 8, no. 4 (2023): 1-8.

16. M. Seetharaman, G. Krishnan, and R. H. Schneider, “The Future of
Medicine: Frontiers in Integrative Health and Medicine,” Medicina
(Kaunas) 57, mno. 12 (2021): 1303, https://doi.org/10.3390/
medicina57121303.

17. A. Jain, T. Jangid, R. N. Jangir, and G. S. Bhardwaj, “Antidiabetic
Activity of Polyherbal Formulations: A Comprehensive Review,” Pro-
toplasma 262, no. 5 (2025): 1-22, https://doi.org/10.1007/s00709-025-
02057-x.

18. A. Hackshaw, Small Studies: Strengths and Limitations (European
Respiratory Society, 2008).

19. M. J. Page, J. E. McKenzie, P. M. Bossuyt, et al., “The PRISMA 2020
Statement: An Updated Guideline for Reporting Systematic Reviews,”
BMJ 372 (2021): n71, https://doi.org/10.1136/bmj.n71.

20. H. Ahmad, S. Kashif, A. Afreen, M. Safdar, and Z. Ahmed, “Com-
parative Effect of Fenugreek and Cinnamon on Management of Newly
Diagnosed Cases of Type-2 Diabetes Mellitus,” Food Science and Tech-
nology 42 (2021): e47720, https://doi.org/10.1590/fst.47720.

21. S. Jangjo-Borazjani, M. Dastgheib, E. Kiyamarsi, et al., “Effects of
Resistance Training and Nigella sativa on Type 2 Diabetes: Implications
for Metabolic Markers, Low-Grade Inflammation and Liver Enzyme
Production,” Archives of Physiology and Biochemistry 129, no. 4 (2023):
913-921, https://doi.org/10.1080/13813455.2021.1886117.

22. A. Ahmad, R. M. Amir, K. Ameer, et al., “Ameliorative Effects of
Fenugreek (Trigonella foenum-graecum) Seed on Type 2 Diabetes,” Food
Science and Technology 41 (2020): 349-354, https://doi.org/10.1590/
fst.03520.

23. G. A. Modawe and A. A. Abd Elkarim, “Biochemical Effect of Nigella
sativa (Black Cumin) on Glucose and Lipid Profile Among Sudanese
Diabetic Patients,” Open Access Library Journal 8, no. 9 (2021): 1-8,
https://doi.org/10.4236/0alib.1107500.

24. S. Hadi, R. Daryabeygi-Khotbehsara, P. Mirmiran, et al., “Effect of
Nigella sativa Oil Extract on Cardiometabolic Risk Factors in Type 2
Diabetes: A Randomized, Double-Blind, Placebo-Controlled Clinical

Journal of Food Biochemistry, 2026

13 of 15

85UB01 7 SUOLUWIOD aA 181D 3ol (dde ay) Aq pausenob ae Sapile O '8sn Jo S9INJ 10} ALeiq1T 8UIUO /8|1 UO (SUOTHPUOD-PUR-SLLIBI WD A8 |IMAReq Ul |uo//Stiy) SUORIPUOD pue swie 1 8y} 88S *[9202/TT/20] Uo Ariqiauluo A8 1IM *AINN STHOOW NHOE TOO0dHTAIT A Z60THSS/RAH/SSTT 0T/I0pAL00 A8 | 1M Afeld jpuluo//sdny WOy papeojumod ‘T ‘9202 ‘0a)!


http://doi.org/10.3390/diabetology2020004
http://doi.org/10.3390/diabetology2020004
https://www.cdc.gov/diabetes/diabetes-testing/index.html
http://doi.org/10.1016/S2213-8587(23)00159-6
http://doi.org/10.1016/S2213-8587(23)00159-6
http://doi.org/10.4093/dmj.2022.0348
http://doi.org/10.3390/ijms241813999
http://doi.org/10.3390/ijms241813999
http://doi.org/10.4236/jdm.2021.114009
http://doi.org/10.2337/dc22-s003
http://doi.org/10.1016/j.vph.2012.09.002
http://doi.org/10.1016/j.vph.2012.09.002
http://doi.org/10.3390/metabo12020184
http://doi.org/10.15406/ppij.2018.06.00166
http://doi.org/10.14218/FIM.2023.00089
http://doi.org/10.14218/FIM.2023.00089
http://doi.org/10.22270/jddt.v9i1-s.2339
http://doi.org/10.22270/jddt.v9i1-s.2339
http://doi.org/10.3390/medicina57121303
http://doi.org/10.3390/medicina57121303
http://doi.org/10.1007/s00709-025-02057-x
http://doi.org/10.1007/s00709-025-02057-x
http://doi.org/10.1136/bmj.n71
http://doi.org/10.1590/fst.47720
http://doi.org/10.1080/13813455.2021.1886117
http://doi.org/10.1590/fst.03520
http://doi.org/10.1590/fst.03520
http://doi.org/10.4236/oalib.1107500

Trial,” Phytotherapy Research 35, no. 7 (2021): 3747-3755, https://doi.org/
10.1002/ptr.6990.

25. A.Kooshki, T. Tofighiyan, N. Rastgoo, M. H. Rakhshani, and M. Miri,
“Effect of Nigella sativa Oil Supplement on Risk Factors for Cardio-
vascular Diseases in Patients With Type 2 Diabetes Mellitus,” Phyto-
therapy Research 34, no. 10 (2020): 2706-2711, https://doi.org/10.1002/
ptr.6707.

26. H. A. M. Moustafa, L. M. El Wakeel, M. R. Halawa, N. A. Sabri,
A. Z. El-Bahy, and A. N. Singab, “Effect of Nigella sativa Oil Versus
Metformin on Glycemic Control and Biochemical Parameters of Newly
Diagnosed Type 2 Diabetes Mellitus Patients,” Endocrine 65, no. 2 (2019):
286-294, https://doi.org/10.1007/512020-019-01963-4.

27. J. Esvi, “Effectiveness of Fenugreek in Reducing Hyperglycaemia
Among Patients With Type II Diabetes Mellitus in Selected Private
Hospital at Madurai, Tamilnadu, India,” RGUHS Journal of Nursing
Sciences 10, no. 2 (2020): 74-80.

28. G. A. Geberemeskel, Y. G. Debebe, and N. A. Nguse, “Antidiabetic
Effect of Fenugreek Seed Powder Solution (Trigonella foenum-graecum
L.) on Hyperlipidemia in Diabetic Patients,” Journal of Diabetes Research
2019 (2019): 85074538, https://doi.org/10.1155/2019/8507453.

29. A. Arab, H. Hajianfar, B. Talaei, et al., “The Effect of Fenugreek Seed
Supplementation on Serum Irisin Levels, Blood Pressure, and Liver and
Kidney Function in Patients With Type 2 Diabetes Mellitus: A Parallel
Randomized Clinical Trial,” Complementary Therapies in Medicine 49
(2020): 102315, https://doi.org/10.1016/j.ctim.2020.102315.

30.S. S. Hassani, F. F. Arezodar, S. S. Esmaeili, and
M. Gholami-Fesharaki, “Effect of Fenugreek Use on Fasting Blood
Glucose, Glycosylated Hemoglobin, Body Mass Index, Waist Circum-
ference, Blood Pressure and Quality of Life in Patients With Type 2
Diabetes Mellitus: A Randomized, Double-Blinded, Placebo-Controlled
Clinical Trials,” Galen Medical Journal 8 (2019): e1432, https://doi.org/
10.31661/gmj.v8i0.1432.

31. E. Pickering, E. Steels, A. Rao, and K. J. Steadman, “An Exploratory
Study of the Safety and Efficacy of a Trigonella foenum-graecum Seed
Extract in Early Glucose Dysregulation: A Double-Blind Randomized
Placebo-Controlled Trial,” Pharmaceutics 14, no. 11 (2022): 2453, https://
doi.org/10.3390/pharmaceutics14112453.

32. P.-K. Hsu, F. F. Pan, and C.-S. Hsieh, “McIRBP-19 of Bitter Melon
Peptide Effectively Regulates Diabetes Mellitus (DM) Patients’ Blood
Sugar Levels,” Nutrients 12, no. 5 (2020): 1252, https://doi.org/10.3390/
nul2051252.

33. S. K. Kim, J. Jung, J. H. Jung, et al., “Hypoglycemic Efficacy and
Safety of Momordica charantia (Bitter Melon) in Patients With Type 2
Diabetes Mellitus,” Complementary Therapies in Medicine 52 (2020):
102524, https://doi.org/10.1016/j.ctim.2020.102524.

34. Y.-S. Yang, N.-Y. Wu, E. Kornelius, C.-N. Huang, and N.-C. Yang, “A
Randomized, Double-Blind, Placebo-Controlled Trial to Evaluate the
Hypoglycemic Efficacy of the mcIRBP-19-Containing Momordica char-
antia L. Fruit Extracts in the Type 2 Diabetic Subjects,” Food & Nutrition
Research 66 (2022): https://doi.org/10.29219/fnr.v66.3685.

35. M. A. Mohsenpour, M. Samadani, Z. Shahsavani, M. T. Golmakani,
G. R. Pishdad, and M. Ekramzadeh, “The Effect of Celery (Apium
graveolens) Powder on Cardiometabolic Factors in Overweight/Obese
Individuals With Type 2 Diabetes Mellitus: A Pilot Randomized, Double-
Blinded, Placebo-Controlled Clinical Trial,” Food Science and Nutrition
11, no. 9 (2023): 5351-5363, https://doi.org/10.1002/fsn3.3493.

36. M. Shayani Rad, M. Moohebati, S. MohammadEbrahimi,
V. S. Motamedshariaty, and S. A. Mohajeri, “Safety Evaluation and
Biochemical Efficacy of Celery Seed Extract (Apium graveolens) Capsules
in Hypertensive Patients: A Randomized, Triple-Blind, Placebo-
Controlled, Cross-Over, Clinical Trial,” Inflammopharmacology 30,
no. 5 (2022): 1669-1684, https://doi.org/10.1007/s10787-022-00986-0.

37. M. Farooq, I. Ul Ain, and I. Z. Aysha, “Investigating the Therapeutic
Potential of Aqueous Extraction of Curry Plant (Murraya koenigi) Leaves
Supplementation for the Regulation of Blood Glucose Level in Type 2
Diabetes Mellitus in Female Human Subjects,” Pakistan Journal of
Pharmaceutical Sciences 36, no. 2 (2023): 601-605.

38. M. Parnami and K. Varma, “Effect of Murraya koenigii (Curry Leaves)
Powder Supplementation on Anthropometric and Body Composition
Parameters of Hypercholesterolemic Urban Women: A Randomized
Control Trial,” Journal of Advanced Scientific Research 11, no. 4 (2020):
202-208.

39. S. Suganthi and S. Kalabarathi, “Efficacy on Curry Leaves Powder
Consumption on Blood Glucose and Lipid Profile Among Type II Di-
abetes Patients With Mild Elevated Lipid Profile-Experimental Study,”
Cardiometry 25  (2022): 1118-1124,  https://doi.org/10.18137/
cardiometry.2022.25.11181124.

40. N. M. P. Maideen, “Antidiabetic Activity of Nigella sativa (Black
Seeds) and Its Active Constituent (Thymoquinone): A Review of Human
and Experimental Animal Studies,” Chonnam Medical Journal 57, no. 3
(2021): 169, https://doi.org/10.4068/cm;j.2021.57.3.169.

41. M. Shabil, G. Bushi, P. K. Bodige, et al., “Effect of Fenugreek on
Hyperglycemia: A Systematic Review and Meta-Analysis,” Medicina 59,
no. 2 (2023): 248, https://doi.org/10.3390/medicina59020248.

42. B. Joseph and D. Jini, “Antidiabetic Effects of Momordica charantia
(Bitter Melon) and Its Medicinal Potency,” Asian Pacific Journal of
Tropical Disease 3, no. 2 (2013): 93-102, https://doi.org/10.1016/S2222-
1808(13)60052-3.

43. Y. Yusni, H. Zufry, F. Meutia, and K. W. Sucipto, “The Effects of
Celery Leaf (Apium graveolens L.) Treatment on Blood Glucose and
Insulin Levels in Elderly Pre-Diabetics,” Saudi Medical Journal 39, no. 2
(2018): 154-160, https://doi.org/10.15537/smj.2018.2.21238.

44. G. Rajkumar and S. Vinotha, “A Review of Anti-Hyperglycemic
Effects of Curry Leaf Tree (Murraya koenigii),” Borneo Journal of
Pharmacy 5, no. 2 (2022): 104-114, https://doi.org/10.33084/
bjop.v5i2.3300.

45. A. Shaukat, A. Zaidi, H. Anwar, and N. Kizilbash, “Mechanism of the
Antidiabetic Action of Nigella sativa and Thymoquinone: A Review,”
Frontiers in Nutrition 10 (2023): 1126272, https://doi.org/10.3389/
fnut.2023.1126272.

46. B. El-Aarag, W. Hussein, W. Ibrahim, and M. Zahran, “Thymoqui-
none Improves Anti-Diabetic Activity of Metformin in Streptozotocin-
Induced Diabetic Male Rats,” Journal of Diabetes Metabolics 8, no. 12
(2017): 2-8, https://doi.org/10.4172/2155-6156.1000780.

47. H. Kaatabi, A. O. Bamosa, A. Badar, et al., “Nigella sativa Improves
Glycemic Control and Ameliorates Oxidative Stress in Patients With Type
2 Diabetes Mellitus: Placebo Controlled Participant Blinded Clinical
Trial,” PLoS One 10, no. 2 (2015): e0113486, https://doi.org/10.1371/
journal.pone.0113486.

48. H. M. Abdelrazek, O. E. Kilany, M. A. Muhammad, H. M. Tag, and
A. M. Abdelazim, “Black Seed Thymoquinone Improved Insulin Se-
cretion, Hepatic Glycogen Storage, and Oxidative Stress in
Streptozotocin-Induced Diabetic Male Wistar Rats,” Oxidative Medicine
and Cellular Longevity 2018 (2018): 8104165-10, https://doi.org/10.1155/
2018/8104165.

49. Y. Tak, M. Kaur, A. Chitranashi, et al., “Fenugreek Derived Dio-
sgenin as an Emerging Source for Diabetic Therapy,” Frontiers in Nu-
trition 11 (2024): 1280100, https://doi.org/10.3389/fnut.2024.1280100.

50. N. Ajmal, M. C. Bogart, P. Khan, I. M. Max-Harry, and
C. S. Nunemaker, “Emerging Anti-Diabetic Drugs for Beta-Cell Pro-
tection in Type 1 Diabetes,” Cells 12, no. 11 (2023): 1472, https://doi.org/
10.3390/cells12111472.

51. D. Li, J. Zhong, Q. Zhang, and J. Zhang, “Effects of Anti-
Inflammatory Therapies on Glycemic Control in Type 2 Diabetes

14 of 15

Journal of Food Biochemistry, 2026

85UB01 7 SUOLUWIOD aA 181D 3ol (dde ay) Aq pausenob ae Sapile O '8sn Jo S9INJ 10} ALeiq1T 8UIUO /8|1 UO (SUOTHPUOD-PUR-SLLIBI WD A8 |IMAReq Ul |uo//Stiy) SUORIPUOD pue swie 1 8y} 88S *[9202/TT/20] Uo Ariqiauluo A8 1IM *AINN STHOOW NHOE TOO0dHTAIT A Z60THSS/RAH/SSTT 0T/I0pAL00 A8 | 1M Afeld jpuluo//sdny WOy papeojumod ‘T ‘9202 ‘0a)!


http://doi.org/10.1002/ptr.6990
http://doi.org/10.1002/ptr.6990
http://doi.org/10.1002/ptr.6707
http://doi.org/10.1002/ptr.6707
http://doi.org/10.1007/s12020-019-01963-4
http://doi.org/10.1155/2019/8507453
http://doi.org/10.1016/j.ctim.2020.102315
http://doi.org/10.31661/gmj.v8i0.1432
http://doi.org/10.31661/gmj.v8i0.1432
http://doi.org/10.3390/pharmaceutics14112453
http://doi.org/10.3390/pharmaceutics14112453
http://doi.org/10.3390/nu12051252
http://doi.org/10.3390/nu12051252
http://doi.org/10.1016/j.ctim.2020.102524
http://doi.org/10.29219/fnr.v66.3685
http://doi.org/10.1002/fsn3.3493
http://doi.org/10.1007/s10787-022-00986-0
http://doi.org/10.18137/cardiometry.2022.25.11181124
http://doi.org/10.18137/cardiometry.2022.25.11181124
http://doi.org/10.4068/cmj.2021.57.3.169
http://doi.org/10.3390/medicina59020248
http://doi.org/10.1016/S2222-1808(13)60052-3
http://doi.org/10.1016/S2222-1808(13)60052-3
http://doi.org/10.15537/smj.2018.2.21238
http://doi.org/10.33084/bjop.v5i2.3300
http://doi.org/10.33084/bjop.v5i2.3300
http://doi.org/10.3389/fnut.2023.1126272
http://doi.org/10.3389/fnut.2023.1126272
http://doi.org/10.4172/2155-6156.1000780
http://doi.org/10.1371/journal.pone.0113486
http://doi.org/10.1371/journal.pone.0113486
http://doi.org/10.1155/2018/8104165
http://doi.org/10.1155/2018/8104165
http://doi.org/10.3389/fnut.2024.1280100
http://doi.org/10.3390/cells12111472
http://doi.org/10.3390/cells12111472

Mellitus,” Frontiers in Immunology 14 (2023): 1125116, https://doi.org/
10.3389/fimmu.2023.1125116.

52. Q. Gan, J. Wang, J. Hu, et al., “The Role of Diosgenin in Diabetes and
Diabetic Complications,” The Journal of Steroid Biochemistry and Mo-
lecular  Biology 198  (2020): 105575, https://doi.org/10.1016/
j.jsbmb.2019.105575.

53. S. F. Oyelere, O. H. Ajayi, T. E. Ayoade, et al., “A Detailed Review on
the Phytochemical Profiles and Anti-Diabetic Mechanisms of Momordica
charantia,” Heliyon 8, no. 4 (2022): e09253, https://doi.org/10.1016/
j-heliyon.2022.e09253.

54. Z. Liu, J. Gong, W. Huang, F. Lu, and H. Dong, “The Effect of
Momordica charantia in the Treatment of Diabetes Mellitus: A Review,”
Evidence-Based Complementary and Alternative Medicine 2021 (2021):
3796265-14, https://doi.org/10.1155/2021/3796265.

55. N. Xu, L. Zhang, J. Dong, et al., “Low-Dose Diet Supplement of
a Natural Flavonoid, Luteolin, Ameliorates Diet-Induced Obesity and
Insulin Resistance in Mice,” Molecular Nutrition & Food Research 58,
no. 6 (2014): 1258-1268, https://doi.org/10.1002/mnfr.201300830.

56. W. Huang, Y. Zhong, B. Gao, B. Zheng, and Y. Liu, “Nrf2-Mediated
Therapeutic Effects of Dietary Flavones in Different Diseases,” Frontiers
in  Pharmacology 14 (2023): 1240433, https://doi.org/10.3389/
fphar.2023.1240433.

57. B. O. Cho, D. N. Che, J. Y. Shin, H. J. Kang, J. H. Kim, and S. I. Jang,
“Anti-Obesity Effects of Enzyme-Treated Celery Extract in Mice Fed
With High-Fat Diet,” Journal of Food Biochemistry 44, no. 1 (2020):
€13105, https://doi.org/10.1111/jfbc.13105.

58. E.-Y. Kwon, U. J. Jung, T. Park, J. W. Yun, and M.-S. Choi, “Luteolin
Attenuates Hepatic Steatosis and Insulin Resistance Through the In-
terplay Between the Liver and Adipose Tissue in Mice With Diet-Induced
Obesity,” Diabetes 64, no. 5 (2015): 1658-1669, https://doi.org/10.2337/
db14-0631.

59. S. N. T. I. Sampath, S. Jayasinghe, A. P. Attanayake, V. Karunaratne,
M. L. Yaddehige, and D. L. Watkins, “A New Dimeric Carbazole Alkaloid
from Murraya koenigii (L.) Leaves With a-Amylase and a-Glucosidase
Inhibitory Activities,” Phytochemistry Letters 52 (2022): 87-91, https://
doi.org/10.1016/1.phytol.2022.09.013.

60. R. H. Mir, N. Banday, S. Sabreen, et al., “Curry Leaf: An Insight Into
Its Pharmacological Activities, Medicinal Profile, and Phytochemistry,”
Science of Spices and Culinary Herbs-Latest Laboratory, Pre-Clinical, and
Clinical ~ Studies 4 (2021): 145-168, https://doi.org/10.2174/
97898149981231210401.

61. F. Husna, F. D. Suyatna, W. Arozal, and E. H. Poerwaningsih, “Anti-
Diabetic Potential of Murraya koenigii (L.) and Its Antioxidant Capacity
in Nicotinamide-Streptozotocin Induced Diabetic Rats,” Drug Research
68, no. 11 (2018): 631-636, https://doi.org/10.1055/a-0620-8210.

62. K. A. Ismail, V. Balaji, W. A. Anne, S. Sathish, C. Mayilvanan, and
K. Balasubramanian, “A Novel Polyherbal Preparation for the Man-
agement of Type-2 Diabetes Mellitus: A Clinical Study,” International
Journal of Pharmacy and Pharmaceutical Sciences 4 (2012): 495-500.

63. M. M. A. K. Khattak, N. A. Mohd-Shukri, T. Mahmood, et al.,
“Antidiabetic Activity Evaluation of Polyherbal Formulation in Type 2
Diabetes Mellitus Patients,” Journal of King Saud University-Science 36,
no. 1 (2024): 103010, https://doi.org/10.1016/j.jksus.2023.103010.

64. K.-Y. Lu, S.-Z. Lin, K. T. P. Dass, W.-J. Lin, S.-P. Liu, and H.-J. Harn,
“3-N-Butylphthalide Protects Against High-Fat-Diet-Induced Obesity in
C57BL/6 Mice and Increases Metabolism in Lipid-Accumulating Cells,”
Biomedicine & Pharmacotherapy 139 (2021): 111687, https://doi.org/
10.1016/j.biopha.2021.111687.

Journal of Food Biochemistry, 2026

85UB01 7 SUOLUWIOD aA 181D 3ol (dde ay) Aq pausenob ae Sapile O '8sn Jo S9INJ 10} ALeiq1T 8UIUO /8|1 UO (SUOTHPUOD-PUR-SLLIBI WD A8 |IMAReq Ul |uo//Stiy) SUORIPUOD pue swie 1 8y} 88S *[9202/TT/20] Uo Ariqiauluo A8 1IM *AINN STHOOW NHOE TOO0dHTAIT A Z60THSS/RAH/SSTT 0T/I0pAL00 A8 | 1M Afeld jpuluo//sdny WOy papeojumod ‘T ‘9202 ‘0a)!


http://doi.org/10.3389/fimmu.2023.1125116
http://doi.org/10.3389/fimmu.2023.1125116
http://doi.org/10.1016/j.jsbmb.2019.105575
http://doi.org/10.1016/j.jsbmb.2019.105575
http://doi.org/10.1016/j.heliyon.2022.e09253
http://doi.org/10.1016/j.heliyon.2022.e09253
http://doi.org/10.1155/2021/3796265
http://doi.org/10.1002/mnfr.201300830
http://doi.org/10.3389/fphar.2023.1240433
http://doi.org/10.3389/fphar.2023.1240433
http://doi.org/10.1111/jfbc.13105
http://doi.org/10.2337/db14-0631
http://doi.org/10.2337/db14-0631
http://doi.org/10.1016/j.phytol.2022.09.013
http://doi.org/10.1016/j.phytol.2022.09.013
http://doi.org/10.2174/97898149981231210401
http://doi.org/10.2174/97898149981231210401
http://doi.org/10.1055/a-0620-8210
http://doi.org/10.1016/j.jksus.2023.103010
http://doi.org/10.1016/j.biopha.2021.111687
http://doi.org/10.1016/j.biopha.2021.111687

	Polyherbal Strategies for Type 2 Diabetes: Clinical Evidence and Mechanistic Rationale for Bitter Melon, Black Cumin, Celery, Curry Leaves and Fenugreek
	1. Introduction
	2. Methods
	2.1. Search Strategy and Eligibility Criteria
	2.2. Inclusion and Exclusion Criteria
	2.3. Study Selection Process
	2.4. Data Extraction
	2.5. Risk of Bias (RoB) Assessment

	3. Results
	3.1. Study Characteristics
	3.2. NS (Black Cumin)
	3.3. TFG (Fenugreek)
	3.4. MC (BM)
	3.5. AG (Celery)
	3.6. MK (Curry Leaves)

	4. Discussion
	4.1. Interpretation
	4.2. NS (Black Cumin)
	4.3. TFG (Fenugreek)
	4.4. MC (BM)
	4.5. AG (Celery)
	4.6. MK (Curry Leaves)
	4.7. Polyherbal Strategies and Combined Mechanisms

	5. Conclusions and Future Perspectives
	Author Contributions
	Acknowledgements
	Funding
	Disclosure
	Conflicts of Interest
	Data Availability Statement




