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A COMPREHENSIVE REVIEW OF ANTIDIABETIC ACTIVITY
OF MALVACEAE FAMILY PLANTS

Actuality. Recently, phytoproducts have gained major recognition as effective components in the complex treatment of chronic
metabolic diseases, particularly diabetes mellitus. Plants from the Malvaceae family are a potential source of biologically active
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compounds that was traditionally have been used in ethnomedicine in different countries for the correction of hypoglicemic states.
A fundamental study of the antidiabetic properties of extracts from Malvaceae suggested their perspective for the pharmaceutical
development of latest therapeutic and preventive drugs, including nanopharmaceutical products, which can be applicated into modern
medical practice.

The aim of the study was to analyze the scientific data on the antidiabetic properties of plants of the Malvaceae family and to
evaluate their potential as a perspective raw source materials for phytotherapeutic agents in the treatment of diabetes mellitus.

Material and methods to review of the scientific literature, including experimental and review articles, highlights the antidiabetic
activity of the studied plants of each Malvaceae subfamily with a focus on their pharmacological properties and therapeutical potential
for the diabetes mellitus.

Research results. The results of a comprehensive analysis of scientific literature sources indicate that biologically active extracts
and nanoparticles obtained from the representives of the Malvaceae family showed noticeable antidiabetic and hypoglycemic activity.
The pharmacological action of these compounds is often attributes to the presence of polyphenols, particularly quarcetin, gallic acid,
catechins, and other biologically active metabolites. The key mechanism of implementation of the antiglycemic effect is inhibition of the
enzymes a-amylase, o-glucosidase, which regulate the modulation of carbohydrate metabolism and also prevent the excessive release
of reducing sugars, which ensures stabilization of the glycemic profile.

Conclusion. The relevance of further studies on pharmacokinetic parameters, molecular targets and safety of extracts and
nanoformulation of plants of the Malvaceae in the treatment of diabetes mellitus. In particular, a perspective direction is the development
of standardized phytocomplexes based on biologically active metabolites that provide prolonged glycemic action with minimal risk of
side effects. Thus, the results of the analysis of scientific sources imply the significant therapeutic potential of reperesentative of the
Malvaceae in the phytoterapy for the diabetes mellitus, which reveals new opportunities for the creation of effective and safe herbal
medicines with proven mechanisms of action.

Key words: malvaceae, herbal medicines, antidiabetic activity, biologically active compounds, nanoparticles.
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KOMIIJIEKCHUM OTVIA] AHTUAIABETUYHOI JIIi POCJTUH POAUHU MALVACEAE

Axmyanvnicmo. Ocmannin vacom pimomepanesmuyni 3acodu npusepmaioms bazamo y6azu K epekmusHull KOMNOHEHM Y KOMN-
JIeKCHOMY NIKYBAHHI XPOHIUHUX MEMADONIUHUX 3AXBOPIO6AHb, 30KpeMa YyKpoeoeo diabemy. Pociunu poounu Malvaceae € nepcnexmus-
HUM 0dicepenom DI0N02IYHO AKMUBHUX CNONYVK, AKI MPaouyitino 3acmoco8y8anucs 8 emHoMeOuyuni pisHux Kpain 0ns Kopexyii einep-
enikemivnux cmanuie. Ipynmosui 0ocniodcenns anmudiabemuynux enacmusocmeii ekcmpaxmie pocaun poounu Malvaceae ceiouamo
npo nepcnekmugy ix 3acmocy8anhs O po3poodnents HOGUX NIKYBANbHO-NPOPINAKMULHUX 3AC00i8, 30KpeMa Ul HAHODAPMAYe6MUUHUX
npenapamis, AKi MO#Cymsv Oymu 3acmoco8ami 6 CyuacHiu MeOUuHiti npaKmuyi.

Mema 0ocnidycenns nonseac y npoeedeHHi ananizy HAyKOGUX OAHUX Wo00 aHMudIiabemudHux G1acmueoCmell pOCIut pOOUHU
Malvaceae i oyintosanHi iXHb020 NOMEHYIATY AK NEPCNEKMUBHUX CUPOGUHHUX Odicepen Ol (pimomepanesmuynux 3acobie y mepanii
YyKpogoeo diabeny.

Mamepian i memoou. O2150 HayKo8oI Aimepamypu, 30Kpemd Ui eKCHepUMEeHmManbHUux i 021510068UX cmammell, Wo 6UCSIMII0IMb
anmuoiabemuury aKkmueHiCms 8i00MUX POCIUH, AKI Hanexcamy 00 pisHux cyopooun poounu Malvaceae, 3 akyenmom Ha ixui hapma-
KOMOTUHI 61ACMUBOCIT MA MepanesmudHuLl NOMenyian y JiKy8anti yyKkposozo oiabemsy.

Pesynomamu docnioscenus. Pesyiomamu KOMNIeKCHO20 aHANI3Y TIMepamypHux 0dceper 3ac8iouyoms, wo 0IoN02IUHO AKMUGHT
eKCmpaKkmu ma HAHOYACMUHKU, OMpuMani i3 npeocmasnukie poounu Malvaceae, demoncmpyioms gupasiceny npomuodiabemuymy
ma 2inoenikemiuny akmugnicmo. @apmaxonociuna Oisi Yux CROLYK NEPesadlCHO 3YMOGLEHA HASIGHICMIO NONIPEHONbHUX KOMNOHEHMIE,
30KpeMa KeepyemuHy, 2ai080i KUCIOMU, KAMEXIHI6 ma IHuuUX 0i0102INHO akmusHux Memabonimis. Knouosumu mexanizmamu peaniza-
yii anmueinepenikeMiuno2o epexmy € in2iOy8aHHs hepMeHmis 0-aminasu i o-21oKo3UOA3U, W0 CNpUsE pe2yiayii 8yene600H020 Mema-
601i3MY, @ MAKodC 3anobieanis HAOMIPHOMY GUBLIbHEHHIO PEOYKYIOUUX YYKPIG, Wo 3abe3neuye cmadinizayilo anikeMiunoeo npogiio.

Bucnosok. Akmyanvhumu € nooanviui 00CAIONCeHHs (hapMAKOKIHEMUUHUX Napamempis, MONeKyIapHux miulenell i be3neuHocmi
3acmocyeanis ekcmpaxkmis, nanonpenapamie pociun Malvaceae y mepanii yykpogozo diabemy. 30kpema, nepcheKmusHuM Hanpamom
€ pO3pPoOIEeHHs CMAHOAPMU3068AHUX (DIMOKOMNIEKCI6 HA OCHOBI OIOI02IYHO aKMUBHUX Memabonimis, sKi 3a0e3neuysamumyms npoiLoH-
208aHy 2ino2nikeMiuny 0i1o, 3 MIHIMATbHUM PU3UKOM noOiunux epexmis. Omoice, pe3ynomamu anHanizy HAYKOSUX 0JXcepel 6Ka3VIomb
Ha 3HAYHUL mepaneemudnull nomeHyian npeocmasHuxie poournu Malvaceae y gpimomepanii yykpogozco diabemy, ujo 8iokpusac Hosi

MOACIUBOCI OJis CMBOPEHHS eheKmusHUX | be3neynux gimonpenapamis iz 006edeHumu Mexanizmamu Oii.
Knrwuosi cnosa: Malvaceae, ghimosacodu, anmudiabemuyna akmueHicms, 6i010214HO AKMUGHE PEUOBUHU, HAHOUACTUHKU.

Introduction. Actuality. Diabetes mellitus is one of
the fastest-growing diseases in the worldwide. The Interna-
tional diabetes federation estimates 1 286 cases of diabetes
were registered in Ukraine in 2000, and this number is pro-
jected to increase to 1 196 thousand cases in 2011 and 2 325
cases in 2021 in 1 000s people (Ukrainian Diabetes Report
2000-2045). Globally, 200 million people lived with diabe-
tes in 1990, and this number is expected to increase to 830
million by 2022 (World Health Organization). Diabetes is
often linked to cardiovascular diseases and cancer and is
associated with infection complications, such as Covid-19,
that makes it more lethal (Tomic et al., 2022).

Plants are an abundant and affordable source of
bioactive substances with significant potential for use
in pharmaceutical products. This is particularly benefi-
cial in developing countries, where access to synthetic
medications is limited. (Przeor, 2022). Compared to
chemical antidiabetic compounds, such as metformin,
sulfonylureas, which have several side effects, plants
tend to have fewer side effects. Plants are considered
safe, effective, and may offer alternative mechanisms of
action, which associated with multiple reaction between
phytocompounds and cells proteins, for developing new
medicinal products (JIPJI3; Ansaria et al., 2022).
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Plants of the Malvaceae family (Mallows) are known
to contain biologically active compounds such as carot-
enoids, phenolic acids, flavonoids, coumarins, alkaloids,
polysaccharides that possess antidiabetic properties
(Erukainure et al., 2019; Akhtar et al., 2022). Mallows
are a diverse and economically important family, dis-
tributed in tropical and temperate climates in both hem-
ispheres. The most well-known plants of this family
are Hibiscus sabdariffa (roselle), Malva sylvestris L.
(common mallow), Althea rosea (marschmallow), The-
obroma cacao L. (cocoa tree), Tilia sp. (linden), Gossyp-
ium sp. (cotton), etc (Cvetkovi¢ et al., 2021).

Some plants of the Malvaceae family are recognized
as a medicinal plants and are included in pharmacopeias.
For example, the Ukrainian pharmacopeia includes 9
monographs for 6 plants of the Malvaceae family, while
British pharmacopeia — 10 monographs for 7 plants
(J1®VY; BP; Samen et al., 2024).

The objective of this study — to conduct a compre-
hensive review of the literature regarding the antidia-
betic properties of plants belonging to the Malvaceae
family. Additionally, the investigation aimed to highlight
the therapeutic benefits and possible application of these
compounds in the treatment of this chronic disease.

Ne 2, 2025
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Materials and methods. The literature analysis was
analyzed from various academic sources, such as MDPI,
Google Scholar, IntechOpen, Springer databases. The
following keywords were used for the search: “Plant
with antidiabetic properties”, “Malvoideae with antidi-
abetic properties”, “Malvaceae family plants nanoparti-
cles with antidiabetic properties”.

Research results. The Malvaceae consist of over
4225 accepted species, and divided at 10 subfamillies:
Grewioideae, Kydia, Byttnerioideae, Helicteroideae,
Sterculioideae, Brownlowioideae, Dombeyoideae, Til-
ioideae, Bombacoideae, Malvoideae (Cvetkovi¢ et al.,
2021). From each of the Malvaceae subfamilies, several
plants were selected by deliberate selection to contain all
relevant research articles about biological activity and
traditional applications in the context of diabetes melli-
tus and shown in fig 1.

Grewioideae. Grewia lasiodiscus leaves ethanolic
extract has been shown to prevent glucose uptake by
Saccharomyces cerevisiae. In an initial glucose solution
(1 mg/ml), uptake was inhibited by 50%, whereas at 5
mg/ml, uptake reached to 75%. This adsorption is linked
with tannins and flavonoids (Eloh et al., 2024).

Similarly, fruit extracts of Grewia asiatica L. (phalsa)
were tested in vivo on rats with induced diabetes: glucose
level in the control group averaged 175,0 ml/dl, while
animals with diabetes had 395,15 ml/dl. The glucose
level in the group that was treated with extract decreased
to 115,0 ml/dl (Akram et al., 2021).

The 80% ethanolic leaf extract of Corchorus olito-
rius L. (nalta jute) was studied in vivo in rats. The extract
was found to lowered the level of glucose in the blood
and regenerate B-cells (Olysanya et al., 2018).

Kydia Kydia calicina |
Sterculioideae  Abroma agusta
- Cola nitida
Cola acuminata
Sterculia villosa

Brownlowioideae Brownlowia tersa

The methanol-macerated and freeze-dried fruit
extract of Desplatsia deweurei exhibited antiglycemic
activity on days 7, and 14 that was higher than gliben-
clamide (Idu et al., 2024).

Kydia. The powdered bark of Kydia calycina com-
bined with other herbs, for example, Bombax ceiba
(also belonging to the Malvaceae), has been shown to
decrease blood glucose levels. However, it is mecha-
nism of action remains unidentified (Goyal et al., 2020).

Byttnerioideae. Theobroma cacao L. (cocoa), Theo-
broma grandiflorum (cupuassu) liquors have been shown
to increase the body and liver weights of diabetic rats and
lower glucose levels. Over 40 days, the effect of the herbs
on triacylglycerol levels in rat blood plasma was meas-
ured: the control group (received only water) had 513 +
139 ml/dl; group cupl (the animal was feed with 3,6 g/kg
water solution of cupuassu liquor) — 286 + 105 ml/dl; cup
2 (7,2 g/kg of cupuassu liquor) — 267 £ 112 ml/dl; coc 1
(3,6 g/kg water solution of cocoa liquor) — 328 + 144 ml/
dl; coc 2 (7,2 g/kg water solution of cocoa liquor) — 263 +
122 ml/dl (De Oliveira et al., 2013). The aqueous extract
of Theobroma cacao husk, considered agricultural waste,
has also confirmed in vitro antidiabetic properties, which
were investigated by an assay with a dialysis membrane
and yeast (Cura et al., 2021).

A methanolic extract of the entire plant Waltheria
indica L., obtained by the Soxhlet method, decreased
the sugar level in the blood, cholesterol and triglyceride
content, and had antioxidant activity proven by in vivo
studies on rats (Kannan et al., 2016).

Helicteroideae. The bioactive compounds of Durio
zibethinus L. (durian) fruit rinds of the plant chloroform
fraction (concentration 1 000 pg/ml) inhibited a-amylase

|_ Dombeyoideae  Pterospermum xylocarpum

Fig. 1. Subfamilies of Malvaceae and plants,
which was reviewed in this work

Antidiabetic plants of the Malvaceae family
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and a-glucosidase enzymes by 83,06, 81,14% respectively,
which were lower than acarbose. The studied fraction con-
tained higher levels of flavonoids and quercetin, which help
regulate hyperglycemia and prevent oxidant-mediated liver
damage by reducing lipid peroxidation (Tran et al., 2023).

The ethanolic extract of roots and explants grown
from the leaves of Helicteres angustifolia L. exhib-
its antiglycemic, antiradical, and immunomodulatory
effects (Hu et al., 2016).

Sterculioideae. Sterculia villosa showed concentra-
tion-dependent activity against a-amylase and a-glucosi-
dase. The IC,  ofthe methanolic leaf extract inhibits amyl-
ase at 87,73 £ 1,9 ng/ml, as opposed to 27,77 + 1,4 pg/ml
for the standard medication acarbose. The extract was
active even at the lowest concentration. An in silico
study identified stigmasterols as the most active antidia-
betic structure compared to y-sitosterol, lupeol, stigma-
ta-3,5-dien (Hajra et al., 2024). Therefore, bith Sterculia
foetida and Sterculia setigera have proven antidiabetic
effects (Swarnalatha et al., 2019; Abba et al., 2022).

Cola nitida, Cola acuminata have been experimentally
shown to exhibit hypoglycemic activity in rats. This activity
is linked to the contents of caffeine, theobromine, phenols,
tannins, saponins, flavonoids, and carotenoids (Erukainure
et al., 2019; Victoria et al., 2023).

Abroma augusta, extracted with ethanol, which is rich
in abromine (betaine), triterpenoids, alkaloids, triterpenes,
flavonoids, megastigmenes, glycosides, has shown antigly-
cemic activity in clinical trials. The clinical trials were
conducted at the Homeopathic medical college — Viniyaka
mission hospital (Venkatesan et al., 2020).

Brownlowioideae. The ethanolic extract of Brown-
lowia tersa leaves reduced the catalytic activity of
enzymes associated with diabetes (a-amylase and a-glu-
cosidase), which is attributed to the following biologi-
cally active substances: quarcetine, myrecetine and cat-
echol derivatives (Chakrabarty et al., 2020).

Dombeyoideae. The extracts of three species of Pter-
ospermum xylocarpum leaves prevented glucose accu-
mulation by the yeast model, with IC,  value for meth-
anolic extract — 45,36 pg/ml and 81,9 pg/ml for water
extracts. These results were further confirmed by in vivo
studies using on a rat model (Jaber et al., 2018).

Tilioideae. The coumarins and tannins in the etha-
nolic extract of Tilia americana var. mexicana (linden)
exhibited significant hypoglycemic activity for 4 hours
after the rats received the 500 mg/kg extract compared
to the control. The antioxidant activity of the extract,
estimated by DPPH (EC, ), was 8,84 £ 1,05 mg/ml
(Rodriguez-Magafia et al., 2019).

Bombacoideae. Polyphenolic compounds of Adan-
sonia digitata (baobab) extracts inhibit the activity of
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digestive enzymes in vitro at various concentrations. The
IC,, 4,5 pg gallic acid equivalent/ml modulates starch
digestion by decreasing the activities of alpha-amylase
and alpha-glucosidase. Additionally, baobab has a high
content of fiber, which can also suppress the release of
reducing sugar. Adansonia digitata L. fruits increase the
number and size of Langerhans islets, regenerating pan-
creatic cells, which are destroyed by diabetic necrosis and
fibrosis. The potential use of baobab for glycemic control
has been investigated in various animal models, indicat-
ing it is antidiabetic effect in vivo (Silva et al., 2023).

Bombax ceiba is traditionally used to treat diabetes
mellitus. The water and water-ethanolic solution (50,
95%) extracts of the plant had high levels of flavonoids
and phenols, which inhibited a-amylase, a-glucosidase.
The most important active compound identified in this
study was determined to be mangiferin, which belong to
phenolic compounds, xanthonoid (Katisart et al., 2020).

Malvoideae. The gallic and protocatechuic phenolic
acids of Hibiscus sabdariffa (roselle) calyxes extracted
with ethanol, demonstrated a higher inhibition rate of
glycosidase compared to the extract prepared with n-hex-
ane, ethyl acetate, n-butanol in both in vitro and in situ
trials. In vivo experiments indicated that the level of rats
blood sugar was reduced from 443,64 to 134,65 ml/dl
after 15 days of oral administration 400 mg/kg of the
ethanolic extract (Alegbe et al., 2019).

Similar results were obtained for the ethanolic frac-
tion of Hibiscus articulatus leaves, which also lowered
blood sugar levels in Wistar rats when administered at
doses of 250 and 500 mg/kg (Yakubu et al., 2022).

The ethanol extracts of Malva sylvestris, Malva pseu-
dolavatera leaves decreased levels of glucose in exper-
imental animals (rats): the positive control had 119,67
mg/dl, the group treated with 1 000 mg/kg of M. syl-
vestris — 146,5 mg/dl, 1 000 mg/kg of M. pseudolavat-
era — 129,40 mg/dl. Malva pseudolavatera has a greater
antiglycemic effect than Malva sylvestris (Sarmien-
to-Tomala et al., 2020).

Malva neglecta, contains kaempferol, cinnamic acid,
and other phenolic compounds, has scavenging poten-
tial, reduces insulin resistance and o-amylase activity,
which was observed in in vitro and in vivo studies on
Wistar rats (Akhtar et al., 2022).

Mucilage extracted from Althea rosea alleviates the
action of hydrolytic enzymes that break down polysac-
charides. It has been identified that mucilage contains
glycosides, tannins, saponins, steroids. At higher con-
centration of mucilage (200 pg/ml) reduces a-amylase
metabolic function to 75 + 1,4% and a-glucosidase to
81+ 1,2%. However, at the lowest concentration (40 pg/
ml) it inhibits amylase, glucosidase to 35 + 1,2, 44 +
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1,5%, respectively. Mucilage helps to control the level
of glucose in the blood by water-holding capacity and
swelling that intensifies the viscosity of small intestines
and blocks glucose diffusion, also by glucose-binding
between mucilage and polyphenols (Hassan et al., 2022).

The extract of Thesperia garckeana, contains a
higher level of luteolin, which recognized for it is poten-
tial to inhibits a-amylase, o-glucosidase. This has been
demonstrated throught in vitro results, and in experi-
ments conducted on rats and by molecular docking stud-
ies (Alozieuwa et al., 2022).

Ethyl ether and ethanol were used to prepare extracts
of Gossypium herbaceum (cotton), which has hypogly-
cemic action toward blood sugar in rats. After 14 days,
the ethyl ether extract decreased glucose to 145,56 mg/
dl, while the ethanol extract lowered to 133,75 mg/dl. In
compassion, the control group of rats with diabetes has
489,16 mg/dl level and those treated with oral drug gli-
belclamide had level of 130,0 mg/dl. The mechanism of
action is linked with increasing secretion from B-sell or
accelerating the release of bounded insulin (Velmurugan
etal., 2014).

The fruit and seeds of Abelmoschus esculentus L.
(okra) have been investigated for their antidiabetic inves-
tigation. The OMA (okra mucilage extract), OSE (okra
seed extract) significantly reduced blood sugar level
from 392,66 to 284,83 and 338,16 mg/dl, respectively.
Polyphenolic compounds of Abelmoschus esculentus,
particularly quarcetine, can enhance insulin release from
pancreatic beta cells. Quercetin has also antioxidant and
vasodilator properties. The flavonoids generally regulate
glucose homeostasis and insulin activity at the cellular
level (Aleissa et al., 2022).

Pavonia odorata Willd. roots have a high level of
essential oils, which have antiglycemic effects and tox-
icity. Chloroform, ethanol extract at 100 and 200 mg/

kg concentration exhibited a maximal effect on lowering
blood glucose levels after 10 days (Rayar et al., 2015).

The dosages of 200, 400 mg/kg of aqueous and etha-
nol extract of whole Sida cordifolia plant reduced hyper-
glycemia in rats with alloxan-induced diabetes, as level
of serum triglyceride, cholesterol, etc (Rao et al., 2020).

Plant-based antidiabetic formulation. However,
herbal mixtures often have low solubility in water, inad-
equate absorption, limited permeability. Additionally, the
bioactive compounds of plants have rapid degradation and
became instable in varying gastrointestinal tracts or under
different environmental conditions. Moreover, managing
chronic condition such as diabetes mellitus requires to use
of large quantities of phytocompounds; however, the tox-
icity of these products is not yet fully discovered. Another
concerns are the potential interaction between compounds
within herbal mixtures (Kambale et al., 2022).

To solve the issue of bioavailability for the herbal extract,
various types of nanoparticles have been developed. There-
fore, we will describe some examples of nanoparticles with
antidiabetic properties, that have been biosynthesized using
water extract of the Malvaceae family plants, and summa-
rize them in the able. This data specifies the importance of
exploring plants from the Malvaceae family, for medicine
to deal with diabetes mellitus and other diseases.

Conclusions. Malvaceae is a family of various plant
species, that have antidiabetic activity. Leaves, fruit and
herb extract possess antidiabetic activity by blocking of
the enzymes (a-amylase, a-glucosidase) or by minimiz-
ing the adsorption of sugar by the digestive system. Sev-
eral groups of bioactive compounds with hypoglycemic
action have been identified: flavonoids, phenols, essential
oils, tannins, etc. Nanoparticles synthesized with Mallows
plant extract have antidiabetic activity, are made from
various materials, such as metals and polymers, and were
tested in in vitro and in vivo essays.

Table

Nanoparticles with antidiabetic activity that synthesized with aim of Malvaceae family plant extract

Antidiabetic activity essay that was used
Part of . Size of e
Plant plant Nanocarrier nanoparticles Inhibition of Influence on glucose
a-amylase levels in rats
Sida cordifolia (Alam et al., 2023) | Aerial part Chitosan 10-30 +
Malva parfilova .
(Mohammed et al., 2022) Leaves Emulsion 7-20 +
Brachychiton populneus .
(Naveed ct al., 2022) Leaves Silver 15
Hibiscus sabdariffa . .
(Bala et al., 2014) Leaves Zinc oxide 12-46 +
Abutilon indicum . .
(Eswari et al., 2022) Leaves Zinc oxide 22 +
. . . Cobalt oxide 19.98 +
Hibiscus rosa sinensis Leaves M -
(Kainat et al., 2021) af;(lizséum 22,72 +
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