: Current Research in - -

D Diabetes & Obesity Journal Y

ISSN: 2476-1435

) .
) Jumper
S _I key to the ReL:EI;IrScl—I!lERrE

Review Article Curr Res Diabetes Obes |

Volume 19 Issue 1 - September 2026
CRDO]J.2026.19.556002

Copyright © All rights are reserved by Mohammed Moghadasian

Efficacy of Specific Botanical By-products
in the Management of Type 2 Diabetes:
A Synopsis of Preliminary Evidence

Nikon Moghadasian?!, Bernhard Sikora?, Babak Bahadori?, Babak Malekian? Agnieszka Magg? Paramjit S
Tappia®®, Bram Ramjiawan'*, Denice C Bay®, Gabor Fischer®, Ashish H Shah! and Mohammed H Moghadasian®*

ISt Boniface Hospital Albrechtsen Research Centre and Asper Clinical Research Institute, Winnipeg, MB, Canada
?BerBerSan GmbH, Pfarrgasse, Schladming, Austria

*Department of Food and Human Nutritional Sciences, University of Manitoba and the Canadian Centre for Agri-Food Research in Health and Medicine,
Winnipeg, MB, Canada

“Department of Pharmacology & Therapeutics, University of Manitoba, Winnipeg, MB, Canada
*Department of Medical Microbiology, University of Manitoba, Winnipeg, MB, Canada

®Department of Pathology and Laboratory Medicine, University of Manitoba, Winnipeg, MB, Canada
Submission: September 08, 2026; Published: September 16, 2026

*Corresponding author: Mohammed Moghadasian, Department of Food and Human Nutritional Sciences, University of Manitoba, Human Ecology
Building, Winnipeg, Canada

Abstract

Type 2 diabetes is a chronic disease associated with serious adverse multisystem complications. Diet and lifestyle play a major role in its
pathogenesis and management. Historically, various traditional remedies have been used to treat the disease. Over the past few decades, several
pharmaceutical preparations have been developed to treat patients with diabetes. However, literature indicates that some of the diabetic patients
may not be compliant with their recommended medications. On the other hand, there is increasing awareness and popularity in using natural
products over synthetic drugs. In this synopsis of evidence, we have put together available information from both pre-clinical and clinical
investigations to highlight potential anti-diabetic effects of some specific botanical by-products. Future studies may lead to the development of
affordable, safe and effective products that can be used in the management of type 2 diabetes along with other evidence-based therapies.
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Introduction

including blindness, myocardial infarction, stroke, and lower-
limb amputation. A substantial proportion of individuals with
diabetes do not achieve optimal glycemic control, with inadequate
medication adherence representing one of several contributing
factors. In 2022, 59% of people with diabetes aged 30 years or

Diabetes affects a wide range of population groups with many
life altering complications. The World Health Organization ranks
diabetes among the top 4 most prevalent non-communicable
diseases [1]. The prevalence of diabetes in adults has in fact
doubled from 7% in 1990 to 14% in 2022; the total number
of people with diabetes has also more than quadrupled from
200 million in 1990 to 830 million in 2022. These increases
are particularly severe in low- and middle-income countries. In
2021 diabetes directly caused 1.6 million deaths; 47% of these
deaths were in people under the age of 70. In addition, there were
530,000 deaths attributed to kidney disease caused by diabetes.
Diabetes is associated with several other serious complications,

older were not receiving regular glucose-lowering medication,
potentially reflecting limited disease awareness, inadequate
glucose monitoring, restricted access to healthcare professionals
and facilities, medication costs, and other socioeconomic barriers
[1]. Although this treatment gap underscores the need for more
affordable and accessible pharmacological therapies, it also
highlights the potential role of evidence-based, naturally derived,

Curr Res Diabetes Obes J 19(1): CRDOJ.MS.1D.556002 (2026) m


http://dx.doi.org/10.19080/CRDOJ.2026.19.556002
https://juniperpublishers.com/
https://juniperpublishers.com/crdoj/

Current Research in Diabetes & Obesity Journal

food-based strategies in diabetes prevention and management.
Interest in botanical antidiabetic agents has also increased
because they are often perceived as natural and potentially
associated with fewer adverse effects, although their efficacy and
safety require rigorous evaluation [2]. This article summarizes
current evidence regarding botanical products and by-products
with promising antidiabetic properties.

Evidence from Experimental Studies

It has been found that various parts of Musa sapientum L.
(banana) are effective in producing antihyperglycemic and
antidiabetic effects in rats [3]. Traditionally it has been used in
India for the treatment of diabetes and other disorders. After 4
weeks of treatment with lyophilized M. sapientum stem juice
(50mg/kg) in streptozotocin-induced diabetic rats, antidiabetic
and antihyperlipidemic effects were reported. While decreases
in fasting and Postprandial Plasma Glucose (PPG) as well as
glycated hemoglobin (HbAlc) levels were reported, the study
also reported elevated insulin levels. Furthermore, the diabetes-
induced changes to the lipid profile, muscle and liver glycogen,
and enzyme activity (i.e. glucokinase, glucose-6-phosphatase,
and HMG-CoA reductase) were restored to near normal levels.
The antihyperglycemic effect on Fasting Plasma Glucose (FPG)
and PPG, as well as the antihyperlipidemic effects on Total
Cholesterol (TC), Low Density Lipoprotein (LDL) + Very Low-
Density Lipoprotein (VLDL)-cholesterol, triacylglycerol, and
High-Density Lipoprotein (HDL)-cholesterol were found to be
comparable to those of glibenclamide. Additionally, a decrease
in HMG-CoA reductase activity was observed in the liver. This
combination of glucose-lowering and lipid-lowering effects can
be seen to be favorable in the management of type 2 diabetes
and its complications [3]. Similarly, Wang et al [4] reported that
dietary fiber from banana peel (3% w/w for 5 weeks) can improve
insulin resistance in mice through beneficial changes in intestinal
bacterial community, increased short chain fatty acid production
and IRS/PI3K/AKT pathway.

Bael fruit (Aegle marmelos (L.) Corréa) is another fruit
commonly found in many Asian countries with diverse range
of biological activity including antioxidant, hypoglycemic,
antimicrobial,  hepatoprotective,  anti-inflammatory,
cardioprotective potentials. The methanol extract of both its bark
and leaves has been reported to lower blood-sugar levels [5]. In
this regard, 30 days of orally administered bael bark extract at
either 200 or 400 mg/kg of streptozotocin-induced diabetic rats
showed a dose-dependent decrease in blood glucose of 19.14%
in the 200mg/kg group and 47.32% in the 400mg/kg group. In
addition, insulin levels were also increased in a dose-dependent

and

manner, along with other biochemical parameters, such as
HbA1c levels, total protein content, biomarker enzymes including
liver function enzymes (AST, ALT, ALP), hexokinase, glucose-
6-phosphatase, and fructose-1,6-bisphosphatase,
glycogen contents were improved. The glucose-lowering effect

and liver
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seemed to be mediated through the regeneration of pancreatic
B-cells, as an increase in insulin-immunoreactive fS-cells was
observed [5]. The investigators suggested that aegelin and lupeol
may be the bioactive constituents of the bark extract. Another
study has reported a 54% decrease in blood-glucose levels
after 12 days of treatment with 120 mg/kg of a methanol bael
leaf extract administered intraperitoneally in alloxan-induced
diabetic rats [6]. Furthermore, combined aqueous extracts of E.
jambolana seeds and A. marmelos leaves at 200, 300 and 400 mg/
kg resulted in reduced levels of serum glucose and lipids levels in
alloxan-induced diabetic rats. These effects were associated with
increased serum levels of insulin plus histological evidence for
restoration of f-cells, which seemed to be dose-dependent [7].

Carissa carandas or Carissa congesta Wight (Karanda)
has been reported to contain phytochemical compounds with
antidiabetic, antioxidant, anti-inflammatory, antimicrobial, and
antifungal properties. A methanol ethyl acetate soluble extract
of its young fruits was given to fasting alloxan-induced diabetic
rats 30 minutes before oral glucose tolerance test, using 3 g/kg
glucose loading. Twenty-four hours after glucose administration,
plasma glucose levels reduced by 40% in alloxan-induced diabetic
rats treated with the extract product at 400 mg/kg dose as
compared to the control diabetic rats; this glucose-lowering effect
of the extract product was similar to that of metformin (50 mg/kg
i.p.) [8]. Additional in vitro studies reported that C. carandas fruit
extracts have an inhibitory effect on a-amylase [9]. Accordingly,
it was suggested that these extracts may be further considered
for the development of products for reducing postprandial
hyperglycemia with minimum adverse effects [8,9].

Black plum (Syzygium cumini (L.) Skeels) is commonly found
throughout many South Asian countries. This plantis a rich source
of phytochemicals such as flavonoids, anthocyanins, carotenoids,
essential oils, terpenes, and tannins; these phytochemicals are
presumably responsible for the plant’s potential antidiabetic, anti-
cancer, anti-inflammatory, antioxidant, and antimicrobial effects
[10]. An in vitro study showed that an ethanol extract of black
plum leaves resulted in up to a 93% inhibition of a-glucosidase
activity [10]. In addition, hydroethanolic extract of S. cumini leaf at
500 mg/kg dose for 30 days produced beneficial effects on insulin
resistance along with partial reversal of glucose intolerance in a rat
model of metabolic syndrome; these changes were accompanied
by reduced body weight and white adipose tissue mass [11].
Similarly, an ethanolic extract of S. cumini seed powder showed
dose and time response effects for reducing fasting blood sugar
and restoring functions of f-cells in alloxan-induced diabetic rats
over 30 days. Blood glucose levels reduced by 10, 23 and 33% after
treatment with 0.25, 0.5 and 0.75 g/kg of the seed powder extract,
respectively, by the 8" day of the study; the glucose-lowering
effect was further enhanced by the end of the study (day 30).
Furthermore, histopathological examinations showed recovery of
B-cells from damages induced by alloxan treatment [12]. Another
in vitro study has found that the methanol extract from the kernel
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of black plum fruit showed antihyperglycemic activity, most likely
attributed to the inhibition of a-amylase activity, since a-amylase
activity inhibition was reported for the methanol seed extract
[13].

The antidiabetic effects of oral administration of tangerine
fruit peel-derived hesperidin and quercetin, individually or in
combination at 100 mg/kg twice daily for 4 weeks have been
examined in experimentally induced diabetic rats [14]. This
treatment regimen was found to reduce serum glucose levels
after oral glucose loading; the maximum effect was observed in
the whole extract group (the combination therapy) at 60 minutes
post oral glucose loading. Similarly, the levels of fructosamine, and
HOMA-IR index were significantly reduced in the tangerine fruit
peel extract-treated animals; these changes were accompanied
by an approximately 50% increase in the levels of insulin and
C-peptide. These changes were associated with a marked increase
in B-cell function of 106% as assessed by HOMA-f as compared
with that value in the control diabetic rats [14].

A hydro-methanol extract of the spadix of Cocos nucifera
(coconut) was administered to streptozotocin-induced diabetic
rats at 2 oral doses of 250 mg or 500 mg/kg twice a day for 14
days. By the end of the study, plasma glucose levels decreased
significantly and comparably in the extract-treated groups; these
effects were similar to those of glibenclamide at 0.5 mg/day twice
a day [15]. The investigators suggested a possible mechanism of
action for the extract to increase insulin secretion from the f-cells
or the release of insulin from bound sources.

Organic solvent extract of the leaves of Elephant apple
(Dillenia indica L.) was given to streptozotocin nicotinamide-
induced diabetic rats at oral doses of 100, 200, or 400 mg/kg for
75 days. Starting from the 45" day of treatment, the rats showed
a significant decrease in fasting glucose levels as compared to the
control group. The glucose lowering effects followed a light dose-
response effect and kept being lower than control values until the
end of the study. These effects were comparable to those of 10
mg/kg glimepiride. Furthermore, the maximum insulin-lowering
effect of the extract and the drug was seen on day 30 of the study
[16]. Another study reported that a methanol extract of Emblica
officinalis (Indian gooseberry or amla) showed significant glucose-
lowering effects in neonatal streptozotocin-induced non-obese
diabetic rats over 28 days. This effect was reported to be dose and
time dependent. Additionally, significant increases in the levels
of serum insulin were observed, which was also dose dependent.
Another finding of this study was that the lower-dose (250 mg/
kg) was associated with larger f-cells and the higher dose (500
mg/kg) was associated with increased number of f-cells. It was
suggested that ellagic acid could be the main bioactive compound
in the extract and responsible for the observed antidiabetic
properties [17].

The seeds of Indian jujube (Ziziphus mauritiana var. Umran)
were dried, grounded and mixed with methanol/water (1:1) to
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extract their bioactive compounds. The resultant powder was
used to investigate its antidiabetic properties in alloxan-induced
diabetic mice at oral doses of 100, 400, and 800 mg/kg twice a
day for 28 days. At the end of the intervention period, all 3 doses
of seed extract showed significant glucose-lowering effects as
compared to the control group. Furthermore, the maximum
glucose lowering effect was also observed 6 hours after a single
administration of the extract [18]. The proposed mechanism(s)
for such effect include an increase in peripheral insulin sensitivity
and/or insulin availability.

Potential antidiabetic properties of the methanol leaf extract
from Averrhoa carambola L. (star fruit), Ficus hispida L.f. (hairy
fig), and Syzygium samarangense (Java apple) have been evaluated
in amouse model undergoing oral glucose tolerance test. The mice
were given different amounts of the extract (50, 100, 200 and 400
mg/kg) one hour before the administration of oral glucose (2 g/
kg). On average, an approximate 30% reduction was observed in
serum glucose levels as compared to control value. The lowest
effect was an almost 10% reduction for the 50 mg/kg of E hispida
and the highest effect was around 59% reduction for 400 mg/
kg of S. samarangense; this study further reported a reduction
of serum glucose level for 10 mg/kg glibenclamide by 57% as
compared to the control values [19]. The investigators reported
that the exact phytochemicals and their mechanism(s) of action
can be established through additional investigations.

The aqueous extract of the leaves of Mangifera indica (mango)
has also been explored for glucose-lowering effects in rats. In
a study involving the administration of 1 g/kg extract either
simultaneously or 60 minutes after glucose administration,
resulted in a reduction of serum glucose levels. This glucose-
lowering effect under glucose-induced hyperglycemia was
comparable to that effect of chlorpropamide (200 mg/kg) under
the same experimental conditions [20]. These investigators
reported similar glucose-lowering effects of the leaf aqueous
extract of mango in mice [21]. Interruptions in intestinal glucose
absorption have been proposed, while other potential mechanisms
should be explored.

El-Rabey and colleagues [22] reported that administration
of 20% w/w methanol black seed (Nigella sativa) extract to
streptozotocin-induced diabetic male rats for 4 weeks resulted in
an approximately 40% reduction of fasting serum glucose levels
[22].

Evidence from Clinical Trials

While the above-mentioned plant products and by-products
have shown beneficial therapeutic effects in the animal models
of diabetes, they remain relatively unexplored in clinical settings.
Nonetheless, a few botanical products or by-products have been
tested in clinical trials to establish their effectiveness in the
treatment of type 2 diabetes in human subjects. For example,
antidiabetic potential of an aqueous guava leaf extract named
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Guava Leaf Tea was tested in a crossover trial involving 19
subjects aged over 40 years with or without pre-diabetes. A single
ingestion of Guava Leaf Tea significantly reduced postprandial
blood glucose at 30, 90 and 120 min from 168 mg/dL to 151 mg/
dL, 145 mg/dL to 132 mg/dL, and 140 mg/dL to 125 mg/dL,
respectively, when compared with the control values. The area
under the curve (AUC) of the glucose level after carbohydrate
loading (ingestion of cooked rice) was also significantly reduced
by about 20% compared to the control group [23]. Another
crossover clinical trial on 20 hospitalized patients with type
2 diabetes reported that a single ingestion of Guava Leaf Tea
significantly reduced 2-hour postprandial blood glucose levels as
compared with those in the control group (143 mg/dL vs 160 mg/
dL) [24]. Mechanisms of antidiabetic effects of Guava Leaf Tea,
including inhibition of a-amylase as well as intestinal maltase and
sucrase have been reviewed elsewhere [25].

Lychee seed extract tablets were tested on 45 patients with
type 2 diabetes over a course of 12 weeks; this treatment was
associated with significant reductions in fasting plasma glucose
levels [26]. Likewise, significant blood glucose lowering effects
were reported after oral administration of tablets containing
lychee seed water extract in 30 diabetic patients [27]. These
studies reported a very large range of doses from 3.6 to 30 g/day.
The mechanisms and applications of lychee products for diabetes
have been reviewed elsewhere [28].

The hypoglycemic effects of bael leaf powder administered
to 20 type 2 diabetic patients at a dose of 5 mg/day has been
examined over 16 weeks [29]. This treatment resulted in
an approximately 20% reduction in postprandial glucose
concentrations [29]. The effects of bael leaf powder in another
study with 120 type 2 diabetics have also been reported. After 3
months of intervention with either 2 g/day bael leaf, pulp or seed
powder, fasting blood glucose levels reduced by 11.5%, 27.3%
and 13.0% in the leaf, pulp, and seed powder groups, respectively.
Furthermore, reductions in total cholesterol (-7.8%, -9.3% and
-5.0%), triglycerides (-10.9%, -8.5% and -6.6%), LDL-C (-14.4%,
-17.0% and -8.0%), VLDL-C (-11.0%, -8.6% and -6.7%) and an
increase in HDL-C (+17.0%, +19.4% and +4.8%) was also shown in
the leaf, pulp, and seed powder groups, respectively. Additionally,
the ratio of total cholesterol to HDL-C dropped from 5.3 to 4.2, 5.8
to 4.4, and 5.5 to 4.9 mg/dL; the ratio of LDL-C to HDL-C was also
reduced from 3.6 to 2.7, 3.8 to 2.9, and 3.6 to 3.1mg/dL in the seed,
pulp, and powder groups, respectively. Moreover, blood pressure
was also noted to be decreased in the subjects of each treatment
group [30].

The antidiabetic effects of pomegranate have also been
reported in a double-blind, randomized, controlled clinical trial,
with 1 g pomegranate seed oil capsule consumption 3 times daily
for 8 weeks. In this study, twenty-six obese type 2 diabetic patients
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aged 30-50 years showed a significant within-group decrease in
fasting blood glucose from 161.46 mg/dL at baseline to 143.50
mg/dL after treatment. Increases in the quantitative insulin
sensitivity check index as well as GLUT-4 gene expression, a key
factor in the treatment of type 2 diabetes, were also observed
[31]. Another single-blind, randomized, controlled clinical study
with 30 individuals with type 2 diabetes aged 40-65 years has
evaluated the effects of pomegranate juice on oxidative stress
and fasting plasma glucose levels. In this regard, after six weeks
of drinking 200 ml of pomegranate juice fasting plasma glucose
levels decreased by approximately 7%; oxidized LDL and anti-
oxidized LDL antibodies also were found to be reduced, while
total serum antioxidant capacity and paraoxonase 1 arylesterase
activity were observed to be increased [32]. Taken together, these
findings suggest that pomegranate products may have antidiabetic
potential [31,32].

Discussion and Conclusion

In this minireview we have attempted to review and discuss
the available data pertaining to beneficial modulation of glucose
metabolism by several botanical products and by-products
observed in experimental animals or subjects with type 2
diabetes. These studies have been summarized in (Table 1). The
international scientific community has consistently maintained
the exploration for affordable, safe, effective and abundant natural
products for managing non-communicable chronic diseases
such as type 2 diabetes. While the etiology of type 2 diabetes is
not fully understood, many observational and epidemiological
investigations suggest a meaningful relationship between diet,
lifestyle, state of overweight/obesity in the pathogenesis of
type 2 diabetes. Type 2 diabetes can be successfully managed
through appropriate dietary and lifestyle changes along with
available evidence-based therapies supported by national
and international guidelines. Current nutritional guidelines
recommend individualized eating patterns that account for
cultural preferences, metabolic goals, comorbidities, and total
energy requirements. In general, dietary patterns for people
with type 2 diabetes should emphasize non-starchy vegetables,
particularly dark-green, red, and orange varieties; whole fruits;
legumes; minimally processed whole grains; nuts and seeds; and
appropriate quantities of lean protein from plant and animal
sources, including fish, poultry, eggs, and low-fat dairy or nondairy
alternatives. Carbohydrate sources should preferably be nutrient-
dense, rich in dietary fibre, and minimally processed. Individuals
with type 2 diabetes should minimize their consumption of sugar-
sweetened beverages, sweets, refined grains, red and processed
meats, and ultraprocessed foods. Foods rich in saturated and trans
fats should also be limited, with unsaturated fats from sources
such as nuts, seeds, fish, and vegetable oils used preferentially
where appropriate [33].
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Table 1: Natural products and botanical by-products with reported effects on blood glucose.
Evidence summarized directly from the experimental and clinical studies described in the manuscript.

Botanical product

Proposed mechanism or additional

ST e T Model Intervention Reported glycemic findings findings Ref(s)
Preclinical and in vitro evidence
. Redu.ced fasting and post- Restored muscle/liver glycogen and
Banana (Musa . Lyophilized stem | prandial plasma glucose and .

. STZ-induced L - . . glucokinase and glucose-6-phosphatase
sapientum L.) Stem . . juice, 50 mg/kg for HbA1lc; increased insulin. A . 3
.. diabetic rats activities toward normal; also improved

juice 4 weeks Effects were reported as the linid profile
comparable to glibenclamide. pidp ’
STZ plus Dietary fibre de- Favorable changes in the intestinal bac-
Banana (Musa . . . . e .
. high-sugar/high- | rived from banana . . . terial community, increased short-chain
sapientum L.) Peel ; 20 Improved insulin resistance. . . R 4
dietary fibre fat diet mouse peel; 3% (w/w) fatty-acid production, and activation of
model for 5 weeks IRS/PI3K/AKT signalling.
Bark methanol Bark: blood glucose
extract: 200 or decreased by 19.14% and
400 mg/kgorally | 47.32% at 200 and 400 mg/ Dose-dependent increase in insulin
for 30 days. Leaf kg. Leaf: glucose decreased and insulin-immunoreactive beta cells;
Bael (Aegle marme- STZ- or allox- . .
. methanol extract: by 54% (methanol extract) improved hepatic glycogen and enzymes
los) Bark and leaf an-induced . . . . . 5,7
. . 120 mg/kg intra- and approximately 60% involved in glucose metabolism, sup-
extracts diabetic rats . f ) . . .
peritoneally for 12 (aqueous extract); insulin porting possible beta-cell regeneration.
days. Leaf aqueous | increased by approximate- | Aegelin and lupeol may be the bioactives.
extract: 400 mg/ ly 30% with the aqueous
kg for 25 days. extract.
Fruit methanol
. ethyl acetate Fruit extract lowered blood
Alloxan-induced | extract, 400 mg/ . S
. . . - glucose after glucose loading | Reduced PPG levels, Reported inhibition
Karanda (Carissa diabeticrats and | kgorallyinallox- | 2 ° . .
. L . . in diabetic rats. Fruit extracts of alpha-amylase by methanol ethyl 8,9
carandas L.) Fruits in vitro enzyme | an-induced diabet- | . " -
. inhibited carbohydrate-di- acetate extract
assays ic rats; methanol esting enzvmes in Vitro
and aqueous fruit 5 g enzy '
extracts in vitro
In vitro assavs Leaf extract inhibited
y Leaf ethanol ex- a-glucosidase by up to 93%. _ .
and alloxan-in- S Inhibition of a-glucosidase and a-amy-
Black plum/Jamun . . tracts in vitro; leaf | Seed extracts reduced blood ) > . f
. L duced diabetic . . lase; possible stimulation of pancreatic
(Syzygium cumini) and seed-extracts | glucose in dose and time de- . . . . 10,13
rats and a rat insulin secretion and preservation of
Leaves and seeds at 250-750 mg/kg | pendent manner and attenu- ;
model of meta- . . . . {3-cell function.
. for 30 days ated insulin resistance with
bolic syndrome . .
improved {-cell function.
Hesperidin and Red]l; C;)ds eglll:):zisii af;:;gral Insulin and C-peptide increased by
Tangerine (Citrus Nicotinamide/ quercetin, alone gluce & approximately 50%, while HOMA-beta
. . . tosamine, and HOMA-IR; . . .
reticulata) peel Hes- STZ-induced or combined, 100 . increased by 106% versus diabetic 14
. . . . . . the combined whole-extract o
peridin and quercetin diabetic rats mg/kg twice daily controls, suggesting improved beta-cell
group showed the greatest . . . I
for 4 weeks function and insulin sensitivity.
post-load effect.
sz;gir;li;};i;l:tl 1 Both doses significantly
Coconut (Cocos nucif- STZ-induced P ’ reduced plasma glucose, with g o . oy
) . . 250 or 500 mg/kg Possible increase in insulin availability 15
era) Spadix extract diabetic rats . . effects reported as compara-
orally twice daily . .
ble to glibenclamide.
for 14 days
Fasting glucose decreased
Elephant apple (Dille- STZ-nicotin- Organic-solvent from_ day 45 through day Reduced.fastlr.lg insulin levels at day 30
. 1. . leaf extract, 100, 75, with a modest dose-re- and continuation to day 75 of the study
nia indica L.) Leaf amide-induced 16
- . 200, or 400 mg/kg | sponse pattern; effects were | may suggest the effects of the extract on
extract diabetic rats .
orally for 75 days reported as comparable to B-cell function.
glimepiride 10 mg/kg.
Dose- and time-dependent The lower dose was associated with
Indian gooseberry/ | Neonatal STZ-in- | Methanol extract L pend larger beta cells and the higher dose with
. e reduction in glucose with S
Amla (Emblica offici- | duced non-obese | 250 or 500 mg/kg - . a greater beta-cell number; ellagic acid 17
- . ) . dose-dependent increases in o . .
nalis) Fruits diabetic rats orally for 28 days was proposed as a principal bioactive

serum insulin.

compound.
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Indian iuiube Aqueous-methanol | All doses significantly low-
.. U] i . seed extract, 100, | ered glucose versus controls; . . . . . .
(Ziziphus mauritiana | Alloxan-induced . Possible increase in peripheral insulin
. S 400, or 800 mg/kg | the maximal acute effect oc- e . h - 18
var. Umran) Seed diabetic mice . : . sensitivity and/or insulin availability
extract orally twice daily | curred 6 hours after a single
for 28 days administration.
Average serum-glucose
. reduction was approxi-
o s
(Ficus his ,ida) zndg Oral glucose-tol- 200. or ,400,m /' from approximately 10%
. erance test in . with F. hispida 50 m to nder investigation.
pica), i ’ 5 ith F. hispida 50 mg/kg Under investigati 19
Java apple (Syzygi- . kg, given 1 hour . o s
mice approximately 59% with
um samarangense) before oral glucose
Leaves (2 g/ke) S. samarangense 400 mg/
kg; glibenclamide 10 mg/kg
produced a 57% reduction.
Aqueous leaf Reduced glucose-induced
extract, 1 g/kg, . . S .
. . ; hyperglycaemia; effects were Possible interruption in intestinal
Mango (Mangifera given simulta- .
.o Leaf extract . reported as comparable to glucose absorption plus other currently | 20,21
indica) Leaves neously with or - .
. chlorpropamide 200 mg/kg unknown mechanisms
60 minutes after i
under the same conditions.
glucose
. Methanol extract | 20% w/w meth- Fasting serum glucose
Bla;:;(tisve;dsgihgflla STZ-induced dia- | anol extract for 4 decreased by approximately Currently unknown 22
betic male rats weeks 40%.
Clinical evidence
TWo Crossover Trial 1: postprandial glucose
trials: 19 adults Single inges- fell from 168 to 151 mg/dL at
’ Oing g 30 min, 145 to 132 mg/dL at Inhibition of a-amylase and intesti-
L aged >40 years tion of aqueous . L
Guava (Psidium with or without uava-leaf extract 90 min, and 140 to 125 mg/ nal maltase and sucrase activity was
guajava) Guava Leaf . gua dL at 120 min; glucose AUC | proposed, thereby slowing carbohydrate | 23,25
prediabetes; 20 with a carbohy- : . - .
Tea o1 . decreased by about 20%. digestion and reducing postprandial
hospitalized pa- drate-containing . .
tients with type meal Trial 2: 2-hour glucose was glycaemia.
2 diabetezp 143 versus 160 mg/dL with
control.
fo}rzr)iltlrxTactt: d“:lrtehe significantly reduced fasting
Lychee (Litchi chin- Patients with or overall blood-glucose . . L.
. . form of tablets. . Potential antioxidant and anti-inflamma-
ensis) Seed-extract type 2 diabetes levels; improved general 26,28
- _ Dosage used . tory effects.
tablets (n=45 and n=30) . health was also reported in
varied from 3.6 to the second stud
30 g/day ¥
Leaf powder 5 g/ The 4-week study reporte‘d . ‘
day for 4 weeks lower pre- and postprandial Mechanism was not directly tested.
Bael (Aegle marme- Patients with (n=10); leaf, pul glucose. At 3 months, fasting Improvements in total cholesterol,
los) Leaf, pulp, and type 2 diabetes: 0; seeld o;v%ef' glucose decreased by 11.5%, triglycerides, LDL-C, VLDL-C, HDL-C, 29,30
seed powders n=10 and n=120 2 g/daE for 3 27.3%, and 13.0% with leaf, | lipid ratios, and blood pressure were also
months (n=120) pulp, and see(.j powders, reported.
respectively.
Double-blind
Pomegranate (Punica corr?g“gﬁren(izti?al' 1-g seed-oil cap- | Within-group fasting glucose | Increased quantitative insulin-sensitivity
rangtum) Seed oil 26 adults with, sule three times decreased from 161.46 to check index and GLUT4 gene expression 31
g obesity and type daily for 8 weeks 143.50 mg/dL. were reported.
2 diabetes
rarilirtl)%‘:)ei-zbelcllncin- Pomegranate juice Fasting plasma elucose Reduced oxidized LDL and anti-oxi-
Pomegranate (Punica . for 6 weeks; dose 5P 5 . dized-LDL antibodies and increased total
) trolled trial; 30 . decreased after the inter- L. . 32
granatum) Juice . not stated in the ) antioxidant capacity and paraoxonase-1
adults with type - vention. -
2 diabetes manuscript text arylesterase activity.

Abbreviations: AUC, area under the curve; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HOMA-3, homeostatic model assessment
of beta-cell function; HOMA-IR, homeostatic model assessment of insulin resistance; LDL-C, low-density lipoprotein cholesterol; PPG, postprandial
plasma glucose; STZ, streptozotocin; VLDL-C, very-low-density lipoprotein cholesterol.

Interpretive note: The findings are reported as presented in the manuscript. Preclinical doses should not be interpreted as human-equivalent doses,
and preliminary clinical findings do not establish efficacy or safety.
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Plant-based foods contain various bioactive compounds
that may help with glucose metabolism. For example, dietary
fibers may interrupt glucose absorption and thereby reduce
postprandial blood glucose levels. Other compounds may inhibit
amylase activity and therefore halt starch digestion, resulting
in reduced availability of glucose for intestinal absorption.
Some bioactive compounds may protect S-cells from oxidative
stress due to their antioxidant activities. Under these protective
conditions f-cells can continue their physiologic function to

produce adequate amount of insulin for cellular glucose uptake
and utilization for energy production. Other bioactive compounds
such as iminosugars may compete with glucose for intestinal
absorption. Another plausible mechanism is beneficial alterations
in the intestinal microbial milieu which may directly and/or
indirectly influence glucose metabolism and physiologic functions
of the organs associated with carbohydrate metabolism such as
the pancreas and liver. This information is illustrated in (Figure 1).

Type 2 diabetes
management

Cinnamaldenyd®

Bark
e

B Goal

B Mechanisms of action

Figure 1: A summary of how certain botanical by-products may beneficially influence glucose metabolism in subjects with type 2
diabetes. Plant parts such as leaves, fruit peels, fruit pulp, seeds and kernels, seed oils, bark, stems and spadix (outer ring) contain
bioactive substances (middle ring) that modify glucose metabolism through various mechanisms and molecular targets (inner
ring). For example, some agents like dietary fibre or iminosugars may interrupt intestinal glucose absorption or, through short-
chain fatty acids, stimulate the release of peptide YY, while others such as gallic acid may reduce the activity of amylase or other
enzymes needed for carbohydrate digestion. Certain bioactive substances such as anthocyanins may protect pancreatic 3-cells
from oxidative damage and thereby maintain their physiologic function, whereas others may act on insulin signalling and glucose
uptake through GLUT4, AMPK/PI3K-Akt or GLP-1. This figure was assembled manually by the authors and incorporates graphic
elements licensed under a Canva Pro subscription (Canva content license).

AMPK, AMP-activated protein kinase; GLP-1, glucagon-like peptide-1; GLUT4, glucose transporter type 4; MUFA, monounsaturated
fatty acids; PI3K/Akt, phosphoinositide 3-kinase/protein kinase B; SCFA, short-chain fatty acids.
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In conclusion, this minireview has summarized the available
preliminary evidence indicating that some botanical by-products
that are routinely consumed in many countries and also contain
the above-mentioned bioactive compounds may offer benefits
in diabetes control. We do not recommend that these products
replace established guideline-directed medical therapies; rather,
they may have a potential role as complementary adjuncts when
supported by adequate evidence. Depending on disease severity
and the degree of glycemic control, patients may require insulin
and/or other conventional glucose-lowering therapies.

Current support for these therapeutic approaches is derived
largely from anecdotal observations, preclinical experiments, and
small or methodologically limited clinical studies. The biologically
active molecules responsible for the reported glucose-lowering
effects must therefore beisolated, characterized, and standardized.
Their mechanisms of action, pharmacokinetic properties, effective
doses, potential toxicity, and interactions with conventional
glucose-lowering medications should also be systematically
evaluated. Promising compounds should subsequently undergo
testing in adequately powered, well-designed randomized
controlled trials using clinically meaningful glycemic and safety
outcomes. Such an approach is essential before these products
can be recommended as evidence-based adjuncts to established
diabetes therapies.
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