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REVIEW ARTICLE

Abstract

This synthesis paper aims to address the biomedical significance of relevant medicinal plants through their
hypoglycemic properties, promising for the prevention and management of diabetes, the efficacy of phytotherapeutic
supplements, available studies, mechanisms of action and biochemical aspects, and comparative analysis of
supplements. This article aims to provide an in-depth look at the potential of phytotherapeutic supplements,
combining data obtained from preclinical and clinical studies with the analysis of the molecular mechanisms involved.
The results presented in this review contribute to substantiating the knowledge needed to integrate herbal treatments
into modern medical practice, thus supporting the adoption of complementary therapeutic strategies in the face of
the increasing incidence of diabetes. The main findings include efficacy (most herbal supplements have demonstrated
the ability to lower HbA1c levels and fasting blood glucose), active mechanisms that include stimulating insulin
secretion, increasing insulin sensitivity, and reducing inflammation. It is necessary to adopt standardized methods of
extraction and administration to ensure the consistency of the results. Future studies should target larger populations
and a robust methodological design to clearly establish clinical benefits and possible adverse effects. By clarifying the
beneficial effects, mechanisms of action and current limitations, future research will be able to develop standardized
treatment protocols that maximize the benefits of phytotherapy and minimize the associated risks. The integration of
these treatments into current medical systems can represent a viable solution for patients facing the chronic form of
diabetes, helping to improve the quality of life and reduce treatment costs in the long term.
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complementary treatments thus becomes
essential for managing and, in the long term,

INTRODUCTION reducing the incidence of diabetes (Mostafa etal.,
Diabetes is one of the most widespread 2021; Mtshali and Sookan-Kassie, 2024).

metabolic diseases, affecting millions of people Phytotherapeutic supplements, derived
globally (Alhar et al, 2025). This chronic from medicinal plants, have increasingly
condition, characterized by hyperglycemia and captured the interest of the scientific community
insulin metabolism disorders, leads to severe and specialists in the medical and
complications such as cardiovascular disease, pharmaceutical fields (Chattopadhyay et al,
kidney failure, retinopathy, and neuropathy 2022). Recent studies suggest that certain plant
(Kumar etal.,, 2021). Prediabetes is defined as an extracts such as Aloe vera, Psyllium fiber,
intermediate state, in which glycemic levels are Fenugreek seeds, Nigella sativa, Astragalus

higher than normal, but do not reach the membranaceus,  Allium  sativum  (Garlic),
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Momordica charantia (Bitter Melon), Hibiscus
sabdariffa L. (Roselle), Curcuma longa
(Turmeric), Zingiber officinale (Ginger) have
been investigated in the context of improving
glycemic control and reducing the risk of
complications  associated with diabetes
(Jamrozik et al.,, 2022; Tabatabaei-Malazy et al,,
2025). These plants can act by secreting and
increasing insulin sensitivity, reducing oxidative
stress and modulating inflammation, essential
aspects in the pathogenesis of type 2 diabetes
(Firdous et al., 2025).

Currently, the literature provides evidence
that highlights the benefits of these
phytotherapeutic supplements (Al-Makhmari et
al,, 2025). For example, the results of some meta-
analyses showed that Aloe vera, Psyllium fiber
and fenugreek seeds can significantly reduce
HbAlc (glycated hemoglobin) and glycemic
levels compared to conventional treatments, and
clinical trials conducted in different countries
show comparable efficacy with allopathic
treatments (Willcox et al,, 2021). At the same
time, traditional sources of knowledge, such as
traditional Chinese medicine and Ayurvedic
medicine, have used these plants for centuries,
and the transfer of these practices to modern
science offers a bridge between tradition and
technology (Sriraman et al., 2023).

The role of evidence-based information is
essential in this branch of investigation. The
prevalence of preclinical studies, while
promising, raises questions about the replication
of results in clinical trials and the optimization of
doses and forms of administration (Adam et al.,
2022; Al-Makhmari et al., 2025). In addition, the
lack of knowledge of many health professionals
about the existing evidence limits open
communication  with  patients seeking
complementary treatments (Sriraman et al,
2023). Thus, the aim of this paper is to evaluate,
through a systematic review, the
phytotherapeutic potential of herbal
supplements for the prevention and
management of prediabetes and diabetes,
presenting a synthesis of the available results.

In the global context of increasing
incidence of diabetes, the prevalence of
prediabetes and associated complications
requires the adoption of interdisciplinary
strategies, where herbal supplements could have
a significant complementary role. This
information is particularly relevant both for
researchers in the field of biochemistry and
pharmacology, as well as for clinical specialists
looking for alternative and complementary
options for the treatment of patients
(Chattopadhyay et al, 2023; Heinrich et al,
2022).

MATERIAL AND METHOD

To carry out this review, scientific
databases such as PubMed, ScienceDirect, Wiley
Online Library, MEDLINE and Google Scholar
were analyzed. The searches were carried out
using  keywords such as  "diabetes",
"prediabetes”, "plant-based therapy”,
"phytotherapeutic supplements”, along with
specific terms extracted from the available
studies.

The inclusion criteria consisted of the
publication of studies presenting clinical or
preclinical data on the efficacy of herbal
supplements in reducing glycemic levels and
preventing complications associated with
diabetes. Studies that did not include complete
data or were not validated by rigorous statistical
methods were excluded.

Relevant data were extracted from the
selected articles, including information on: the
type of study, duration of treatment and doses
administered, reported outcomes such as
changes in HbAlc, fasting blood glucose,
cholesterol levels and other metabolic
parameters. For a clear and structured
interpretation of the results, we have made the
following table (Tabel 1) and a diagram
illustrating the mechanistic flow from the
administration of a phytotherapeutic
supplement to the final impact on glucose
metabolism and glycemic control (Figure 1).

Table 1
Comparison of phytotherapeutic supplements used in studies
Medicinal plant Active Mechanism of Re;?orted Bibliographic
compounds efficacy references
(Chattopadhyay
Polyphenols, o Significant et al., 2022;
Aloe vera enzymes, Improving insulin o -
amino acids secretion. anti- reduction in Firdous et al.,
’ HbA1c 2025; Unuofin
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inflammatory and Lebelo,
properties 2020)
Slowing down (Shen et al.,
Soluble Fiber carbohydrate Reduction 2025; Wang et
Psyllium fiber absorption averages of al., 2025; Willcox
HbA1c etal, 2021)
(Ali et al., 2025;
Alkaloids About 0.85% Deshpande et
Fenugreek L Increased insulin HbA1c al., 2025;
saponins, o .
seeds fiber sensitivity reduction Muluye et al.,
2024; Willcox et
al,, 2021)
. . Clinically (Adam et al.,
Thymoquinone, __Anti- significant 2022; Karimi et
, . fatty acids, inflammatory o .
Nigella sativa L reduction in al., 2025; Morar
carvacrol, and antioxidant
terpinene activity blood glucose (Romocea) et
and HbA1c al., 2025)
Astragalus Polysaccharides, Modulation of Moderate effect (Willcox et al.,
. glucose
membranaceus Flavonoids . on blood sugar 2021)
metabolism
Allicin Imorovin Effect (Firdous et al.,
, . ’ p. g comparable to 2025; Kumar et
Allium sativum sulfur glycemic control, tional | 2021: Yedi
compounds antioxidant conventiona al- ; redou
treatments et al., 2023)
Increased (Chattopadhyay
glucose Hypoglycemic et al., 2022;
Momordica Flavonoids, absorption, effects, Firdous et al.,
. glycosides, activation of the | increased insulin | 2025; Guarneiri
charantia . ”
phytosterols glucose secretion et al., 2025;
transporter 4 Yedjou et al.,
(GLUT 4) 2023)
(Mistry et al.,
Anthocyanins, Improved insulin Significant 2025;
Hibiscus polyphenols, sensitivity, reduction in Tabatabaei-
sabdariffa L. flavonoids antioxidant blood sugar in Malazy et al.,
(hibiscetine) properties prediabetes 2025; Yedjou et
al,, 2023)
(Alhar et al.,
Antioxidant Reduction of 2025;
Curcuminoids, Co hyperglycemia Chattopadhyay
Curcuma longa Anti- . )
tumerone . and pancreatic et al., 2022;
inflammatory 3 .
protection Unuofin and
Lebelo, 2020)
Zingiber Gingerols, Stimulation of Beneficial effect (Chattopadhy.ay
9, shogaols, . . - on glycemic etal., 2022;
officinale o insulin secretion ;
zingiberene control Firdous et al.,

2025)
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Figure 1 The mechanism of biological action of phytotherapeutic supplements

RESULTS AND DISCUSSIONS

The results obtained from studies indicate
that many of the plants used are based on
bioactive compounds that can reduce blood
sugar levels, improve insulin sensitivity and
alleviate oxidative stress (Hannan et al., 2021).
Recent meta-analyses have highlighted that
extracts of Aloe vera, Psyllium fiber and
Fenugreek seeds are among the most effective in
reducing HbA1c values, with significant effects
comparable to conventional treatments
(Sriraman et al, 2023; Willcox et al, 2021).
Studies have also focused on how it is
administered - in the form of capsules or liquid
extract - highlighting that the form of
administration can influence the bioavailability
of the active compounds.

Studies on Hibiscus sabdariffa L. have
suggested anti-inflammatory and hypoglycemic
effects through the action of bioactive
compounds, such as flavonoids, anthocyanins,
phenolic acids. One animal study reported that
administration of 72 mg/200 g body weight and
288 mg/200 g body weight for 21 days
decreased the glycemic profile in diabetic rats
(Yedjou et al., 2023).

Studies with Curcuma Ionga, often
administered in combination with Allium
sativum, have reported a significant decrease in
fasting and postprandial blood glucose, due to
the synergy between curcuminoids and sulfur
compounds (Alhar et al,, 2025; Chattopadhyay et
al,, 2022; Unuofin and Lebelo, 2020).

Most clinical trials focus on capsule
administration, with varying treatment periods
(from 14 days to 12 weeks). In animal models,
herbal extracts have suggested overwhelming
evidence of the regenerative ability of pancreatic
beta cells, reduced oxidative stress, and
improved glucose metabolism (Unuofin and
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Lebelo, 2020). For example, administering bitter
melon extract to diabetic rats resulted in
decreased glycemic levels and protection of
pancreatic tissues, although the results were not
always replicable in clinical trials in humans
(Yedjou et al., 2023). These differences can be
attributed to variability in the chemical
composition of the extracts, dosage differences,

and specific experimental conditions
(Chattopadhyay et al., 2022).
The mechanisms by which herbal

supplements influence glucose metabolism are
multiple and complex. Among the major
mechanisms are: modulation of insulin secretion
and sensitivity (many plants, such as bitter
melon and turmeric, contain compounds that can
stimulate insulin secretion and improve
sensitivity to it - for example, bitter melon
contains peptides with an insulin mimetic effect
that can activate glucose transporters on target
cells); antioxidant and anti-inflammatory action
(plants such as garlic, turmeric and ginger are
rich in compounds with strong antioxidant and
anti-inflammatory properties, helping to reduce
oxidative stress, which is a major cause of cell
damage in diabetes); slowing down the
absorption of carbohydrates (the soluble fiber in
Psyllium reduces the rate of carbohydrate
absorption, thus improving the postprandial
glycemic response). These mechanisms have
been visualized in the mechanistic flow diagram
presented above, which highlights how taking
supplements leads to a series of biochemical
reactions that culminate in the regulation of
glucose metabolism (Firdous et al, 2025;
Unuofin and Lebelo, 2020).

This comparative analysis suggests that
although the benefits of each herb may vary
depending on the dose administered and the
form of preparation, there is a consensus on the
ability of these supplements to complement
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conventional therapies in the management of
diabetes.

Another important aspect is the variability
and bioavailability of the active compounds. For
example, bitter melon extract has demonstrated
contrasting results between preclinical and
clinical studies, which can be attributed to
regional differences in the chemical composition
of the plant and preparation methodologies
(Yedjou et al, 2023). In contrast, the
combination of turmeric and garlic has been a
topic of interest due to the synergistic effects
reported in clinical trials comparable to
standardized treatments.

CONCLUSIONS

The systematic review of the literature on
herbal supplements for the prevention and
management of prediabetes and diabetes
highlights some conclusions.

Studies reveal that extracts from Aloe vera,
Psyllium, Hibiscus sabdariffa L., Fenugreek seeds,
garlic, turmeric and ginger have the potential to
reduce blood sugar levels, thus improving
diabetes control and decreasing the risk of
associated complications.

Supplements act through multiple
biochemical pathways: increased insulin
secretion and sensitivity, reduced carbohydrate
absorption, protection against oxidative stress,
and anti-inflammatory activity, highlighting
complementary mechanisms.

There is variability in outcomes depending
on the form of administration, doses and
extraction methodologies, which underscores
the need for standardization of the treatment
protocol to ensure the reproducibility of clinical
results.

Although preclinical results and some
clinical trials are promising, better evaluation
through large studies and randomized
controlled trials is needed to validate the long-
term efficacy and safety of these herbal
supplements.

In summary, phytotherapeutic
supplements are shown to be a promising
strategy in the prevention and management of
diabetes, offering an alternative or complement
to conventional treatments. The implementation
of these supplements, however, requires
standardization in terms of dosage, extraction
method and administration, in addition to a
continuous evaluation of the risks and benefits
for each subgroup of patients.

This paper provides a synthesis of the
literature on phytotherapeutic supplements in
the context of prediabetes and diabetes,
emphasizing the importance of multidisciplinary
and collaborative studies in the development of
future prevention and treatment strategies.

REFERENCES

Adam, S.H., Mohd Nasri, N., Kashim, M.l.LA.M., Abd
Latib, E.H., Ahmad Juhari, M.A.A., Mokhtar,
M.H., 2022. Potential health benefits of Nigella
sativa on diabetes mellitus and its
complications: A review from laboratory studies
to clinical trials. Front. Nutr. 9.
https://doi.org/10.3389/fnut.2022.1057825

Alhar, M.S.O., El-Sofany, W.I., AIRashidi, A.A., Hamden,
K., 2025. Protective Effects of Isolated
Curcumin From Curcuma longa on Key
Enzymes Involved in the Insulin Signaling
Pathway and Digestive and Metabolic Enzymes
Associated With Obesity, Type 2 Diabetes, and
Hypertension. J. Diabetes Res. 2025, 8050374.
https://doi.org/10.1155/jdr/8050374

Ali, U., Makhdoom, S.I., Javed, M.U., Khan, R.A.,
Naveed, M., Abbasi, B.H., Aziz, T., Alshehri, F.,
Al-Asmari, F., Al-Joufi, F.A., Alwethaynani,
M.S., 2025. Fenugreek seeds as a natural
source of L-arginine-encapsulated lipid
nanoparticles against diabetes. Sci. Rep. 15,
7016. https://doi.org/10.1038/s41598-025-
90675-z

Al-Makhmari, S., Al-Aufi, A., Al-Kindi, S., Alriyami, M.,
Sakr, H., Boulassel, M.-R., Khadra, K.M.A., Al-
Haddabi, R., Boudaka, A., Saleh, J., 2025.
Evidence-Based Human Clinical Trials on
Antidiabetic Herbal Remedies Commonly Used
in the Middle East. Sultan Qaboos Univ. Med.
J. 25, 418-429. https://doi.org/10.18295/2075-
0528.2852

Chattopadhyay, K., Kapoor, N., Heinrich, M., Mitra, A.,
Mittal, M., Lewis, S.A., Greenfield, S.M.,
Mukherjee, S., Pischel, I., Jeemon, P., Tandon,
N., Kinra, S., Biswas, T.K., Leonardi-Bee, J.,
2023. Development process of a clinical
guideline to manage type 2 diabetes in adults
by Ayurvedic practitioners. Front. Med. 10.
https://doi.org/10.3389/fmed.2023.1043715

Chattopadhyay, K., Wang, H., Kaur, J., Nalbant, G.,
Almaghawi, A., Kundakci, B., Panniyammakal,
J., Heinrich, M., Lewis, S.A., Greenfield, S.M.,
Tandon, N., Biswas, T.K., Kinra, S., Leonardi-
Bee, J., 2022. Effectiveness and Safety of
Ayurvedic Medicines in Type 2 Diabetes
Mellitus Management: A Systematic Review
and Meta-Analysis. Front. Pharmacol. 13.
https://doi.org/10.3389/fphar.2022.821810

Deshpande, P.O., Gokhale, C.A., Bhaskaran, S.,
Gayathri, R., Abirami, K., Anjana, R.M.,
Krishnaswamy, K., Mohan, V., Sudha, V., 2025.
Effect of ‘FenuflakesTM’ on 24-hour glycemic
variability in adults with type 2 diabetes: A
randomized crossover continuous glucose
monitoring study. Asia Pac. J. Clin. Nutr. 34,
730-739.
https://doi.org/10.6133/apjcn.202510_34(5).000
3



Annals of the University of Oradea, Fascicle: Ecotoxicology, Animal Science and Food Science and Technology 2025

Firdous, S.M., Irfan, Z., Giri, S., Asaba, N.S., 2025.
Unravelling the role of natural herbs for the
management of diabetes mellitus. Diabetol.
Metab. Syndr. 17, 398.
https://doi.org/10.1186/s13098-025-01904-4

Guarneiri, L.L., Wilcox, M.L., Kuan, C.-M., Maki, K.C.,
2025. Investigation of the Influence of a Bitter
Melon Product on Indicators of Cardiometabolic
Health in Adults with Prediabetes. J. Am. Nutr.
Assoc. 44, 306-314.
https://doi.org/10.1080/27697061.2024.242830
1

Hannan, M.A., Rahman, M.A., Sohag, A.A.M., Uddin,
M.J., Dash, R., Sikder, M.H., Rahman, M.S.,
Timalsina, B., Munni, Y.A., Sarker, P.P., Alam,
M., Mohibbullah, M., Haque, M.N., Jahan, I.,
Hossain, M.T., Afrin, T., Rahman, M.M., Tahjib-
Ul-Arif, M., Mitra, S., Oktaviani, D.F., Khan,
M.K., Choi, H.J., Moon, |.S., Kim, B., 2021.
Black Cumin (Nigella sativa L.): A
Comprehensive Review on Phytochemistry,
Health Benefits, Molecular Pharmacology, and
Safety. Nutrients 13, 1784.
https://doi.org/10.3390/nu13061784

Heinrich, M., Jalil, B., Abdel-Tawab, M., Echeverria, J.,
Kuli¢, Z., McGaw, L.J., Pezzuto, J.M., Potterat,
0., Wang, J.-B., 2022. Best Practice in the
chemical characterisation of extracts used in
pharmacological and toxicological research—
The ConPhyMP—Guidelines12. Front.
Pharmacol. 13.
https://doi.org/10.3389/fphar.2022.953205

Jamrozik, D., Borymska, W., Kaczmarczyk-Zebrowska,
I., 2022. Hibiscus sabdariffa in Diabetes
Prevention and Treatment—Does It Work? An
Evidence-Based Review. Foods 11, 2134.
https://doi.org/10.3390/foods 11142134

Karimi, M., Pirzad, S., Pourfaraji, S.M.A., Sedgi, F.M.,
Darouei, B., Amani-Beni, R., Kazemi, K.,
Rabiee, R., 2025. Effects of black seed (Nigella
sativa L.) on cardiometabolic indices in type 2
diabetic patients: A systematic review and
meta-analysis of RCTs. Complement. Ther.
Med. 90, 103174.
https://doi.org/10.1016/j.ctim.2025.103174

Kumar, S., Mittal, Anu, Babu, D., Mittal, Amit, 2021.
Herbal Medicines for Diabetes Management
and its Secondary Complications. Curr.
Diabetes Rev. 17, 437—-456.
https://doi.org/10.2174/1573399816666201103
143225

Mistry, P.S., Chorawala, M.R., Sivamaruthi, B.S.,
Prajapati, B.G., Kumar, A., Chaiyasut, C., 2025.
The Role of Dietary Anthocyanins for Managing
Diabetes Mellitus-Associated Complications.
Curr. Diabetes Rev. 21, e15733998322754.
https://doi.org/10.2174/0115733998322754240
802063730

Morar (Romocea), M.T., Pallag, A., Burlou-Nagy (Fati),
C., Vicas, L.G., Dejeu, I.L., Horvath, T., Bei, D.,
Vesa, C., 2025. Analysis of Pharmacological
Properties of Nigella sativa L. Bioactive
Compounds and Their Therapeutic Relevance

in the Management of Type 2 Diabetes Mellitus.

Life 15, 1681.
https://doi.org/10.3390/life 15111681

283

Mostafa, T.M., Hegazy, S.K., Elnaidany, S.S.,
Shehabeldin, W.A., Sawan, E.S., 2021. Nigella
sativa as a promising intervention for metabolic
and inflammatory disorders in obese
prediabetic subjects: A comparative study of
Nigella sativa versus both lifestyle modification
and metformin. J. Diabetes Complications 35,
107947.
https://doi.org/10.1016/j.jdiacomp.2021.107947

Mtshali, N., Sookan-Kassie, T., 2024. Diabetes-Related
Knowledge, Attitude, and Practice Towards
Exercise and Its Benefits Among Individuals
with Type 2 Diabetes Mellitus. Int. J. Environ.
Res. Public. Health 21, 1529.
https://doi.org/10.3390/ijerph21111529

Muluye, D., Getachew, P., Tekalign, T., Woldekidan, S.,
Biftu, T., 2024. Evaluation of the
antihyperglycemic and antihyperlipidemic
effects of Trigonella foenum-graecum L and
Coffea arabica L seeds in STZ induced diabetic
mice: impact on kidney and liver functions. Pan
Afr. Med. J. 49, 94.
https://doi.org/10.11604/pam;.2024.49.94.4473
5

Shen, W., Luo, R., Yang, L., Li, Z., Hou, X., Liu, Z.,
2025. Psyllium-derived, medium-molecular
weight arabinoxylan enables modulation of the
gut microbiota and metabolites in type 2
diabetic mice. Int. J. Biol. Macromol. 328,
147363.
https://doi.org/10.1016/j.ijbiomac.2025.147363

Sriraman, S., Sreejith, D., Andrew, E., Okello, I., Willcox,
M., 2023. Use of herbal medicines for the
management of type 2 diabetes: A systematic
review of qualitative studies. Complement.
Ther. Clin. Pract. 53, 101808.
https://doi.org/10.1016/j.ctcp.2023.101808

Tabatabaei-Malazy, O., Lavari, N., Abdollahi, M., 2025.
Natural Products in the Clinical Management of
Metabolic Syndrome, in: Wainwright, C.L.,
Schini-Kerth, V.B. (Eds.), Natural Products as
Sources of Novel Drugs. Springer Nature
Switzerland, Cham, pp. 123-157.
https://doi.org/10.1007/164_2024_711

Unuofin, J.0., Lebelo, S.L., 2020. Antioxidant Effects
and Mechanisms of Medicinal Plants and Their
Bioactive Compounds for the Prevention and
Treatment of Type 2 Diabetes: An Updated
Review. Oxid. Med. Cell. Longev. 2020,
1356893. https://doi.org/10.1155/2020/1356893

Wang, Z., Cai, Q., Liu, L., Zhu, Z., 2025. Psyllium husk
powder enhances the management of type 2
diabetes by modulating gut microbiota and their
metabolic products. Food Res. Int. Ott. Ont
211, 116393.
https://doi.org/10.1016/j.foodres.2025.116393

Willcox, M.L., Elugbaju, C., Al-Anbaki, M., Lown, M.,
Graz, B., 2021. Effectiveness of Medicinal
Plants for Glycaemic Control in Type 2
Diabetes: An Overview of Meta-Analyses of
Clinical Trials. Front. Pharmacol. 12.
https://doi.org/10.3389/fphar.2021.777561

Yedjou, C.G., Grigsby, J., Mbemi, A., Nelson, D., Mildort,
B., Latinwo, L., Tchounwou, P.B., 2023. The
Management of Diabetes Mellitus Using
Medicinal Plants and Vitamins. Int. J. Mol. Sci.
24, 9085. https://doi.org/10.3390/ijms24109085



