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COMPREHENSIVE REVIEW OF PHYTOCHEMICALS AND PHARMACOLOGICAL
ACTIVITIES OF WHITE MULBERRY (MORUS ALBA L.) FOR MEDICINAL USE

Actuality. White mulberry (Morus alba L.) is a promising subject of phytochemical and pharmacological research due to its wide range of
bioactive compounds, including flavonoids, alkaloids, polysaccharides, and phenolic substances. Current studies confirm its antioxidant, anti-
inflammatory, hypoglycemic, and neuroprotective effects, highlighting its potential as a source for new medicines and dietary supplements.
Considering the increasing prevalence of chronic diseases associated with metabolic disorders and oxidative stress, the search for safe and
effective plant-based remedies is of high importance. Therefore, summarizing data on the phytochemical composition and pharmacological
activity of morus alba L. is scientifically and practically significant for pharmaceutical and medical applications.

The article is devoted to studying the phytochemical composition and pharmacological activity of morus alba L. The main bioactive
substances, including flavonoids, alkaloids, polysaccharides, and phenolic acids, were analyzed. Their antioxidant, anti-inflammatory,
hypoglycemic, and antibacterial properties were examined. Particular attention was given to the potential of white mulberry extract
as a medicinal product.

Objective of the study. Determining the potential medical applications of morus alba L.

Materials and methods. This structured review synthesized data from 70 peer-reviewed publications (2017-2025) identified via
PubMed, Scopus and Web of Science. The search focused on the pharmacological activity and major bioactive compounds of morus
alba (leaves, fruits, and root bark). The final qualitative synthesis categorized the findings according to biological activity types,
molecular mechanisms of action, and potential therapeutic applications of white mulberry.

Research results. The main phytochemical components of morus alba L. were identified. The total phenol content ranged from
104.78 to 213.53 mg GAE/100 g, while flavonoid content varied between 69.58 and 211.01 mg CE/100 g. The plant is rich in calcium,
potassium, magnesium, phosphorus, and iron. Its active compounds (alkaloids, flavonoids, phenolic acids, anthocyanins, coumarins)
exhibit antioxidant, neuroprotective, immunomodulatory, anticancer, and hypoglycemic properties. These findings highlight the
potential of white mulberry in medicine.

Conclusion. Based on the analysis of published experimental studies, the pharmacological activities of white mulberry were
systematized according to plant parts and profiles of bioactive compounds. Extracts from leaves, fruits, bark, and roots demonstrate
hypoglycemic, anti-inflammatory, antioxidant, immunomodulatory, antimicrobial, and hepatoprotective effects in in vitro and in vivo
models. The level of experimental and clinical evidence varies among the reported effects, indicating the need for further clinical
validation of selected pharmacological activities.

Key words: Morus alba L., white mulberry, phytochemistry, pharmacological activity, therapeutic use.
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KOMHJIEKCI.-.II/II?'I OISl ®ITOXIMIYHUX PEYOBHH I ®PAPMAKOJIOTTYHOI
AKTHUBHOCTI BLJIOI IIOBKOBUIL (MORUS ALBA L.) 1J1s1 MEJUYHOI'O BUKOPUCTAHHSA

Axmyansuicme. bina wosxosuys (Morus alba L.) € nepcnexmugnum 06’ ekmom imoximiunux i papmaxonrociynux 0ocuioxcensb
3A605KU WUPOKOMY CHEKmpy OIOAKMUBHUX CROMYK, 00 SIKUX HALEHCamb (PAAGOHOIOU, aIKAI0iou, noaicaxapuou ma eHonvbhi peyo-
sunu. Cyuacni 0ocniodcents niomeepodlcyloms i aHMUOKCUOAHMHY, NPOMU3ANATLHY, 2IN02NIKeMIuHy ma HeuponpomexkmopHy oiio,
wo nioKkpecnioe ii nomenyian Ak 0dxcepena Osl CMEBOPEHHA HOBUX JIKAPCLKUX 3Ac00i8 I OlemuuHux 006asok. 3 02na0y Ha 3pOCMAaHHs
NOWUPEHOCE XPOHIUHUX 3AX60PI06AHb, NOG A3ANHUX I3 MEMADONTUHUMU NOPYULEHHAMU MA OKCUOAMUSHUM CINPECOM, NOWYK Oe3neuHUxX
i eqheKmusHUX POCIUHHUX 3AC00I6 € HAO368UUALIHO akmyanrbHuM. Tomy y3aeanvHeH s OaHUX Wo0o Gimoximiunoeo ckiady ma hapmaxo-
noeiunoi akmuenocmi Morus alba L. mae 6enuxe naykoge il npakmuyne 3Hauenist 0isi papmayesmuiHoi ma MeoudHoi 2ayseil.

Cmammio npucesueno GueueHH0 Pimoximiunoeo ckaiady ma gapmaronoeiunoi akmusnocmi Morus alba L. Ilpoananizosano
OCHOBHI DIOAKMUBHI peuosUHU, 30KpemMa (ragoHoiou, ankanoiou, noxicaxapuou ma geronvri Kuciomu. JJocaiodxiceHo ixui aHmuoxcu-
Oanmui, NPOMU3ananbHi, eino2iikemiyni ma anmubaxmepianivhi enacmusocmi. Ocobnugy yeaey npuoineHo nomeHyitiHomy UKoOpuc-
MAHHIO eKCMPAakmy PizHux Yacmut Oinoi woeKosuyi K TIKapCbKux 3acoois.

Mema 00cnidriceHHA — 8U3HAYUEHHS, NOMEHYIIHUX MeOUYHUX 3acmocyéans morus alba L.

Mamepian i memoou. [{ocniodicenns 6a3ycmucs Ha HAYKOBUX NYONIKaAYiax i 0anux mixcnapoonux 6az (PubMed, Web of Science,
MDPI, Nature Springer; Elsevier). [Ipoananizoeano exchepumenmanvhi, KIHIYHI ma 021s1006i pobomu 0Jisk OYIHKU (aApMaKOI02IUHO20
nomenyiany 6inoi woskosuyi.

Pesynomamu oocnioscennsn. Busnaueno ocnoeni gpimoximiuni komnonenmu morus alba L. 3acanvnuii ymicm genonie cmanosus
610 104,78 00 213,53 me 'EK/100 2, a ¢prasornoidie — 6io 69,58 0o 211,01 me KEK/100 e. Pociuna 6azama na kaneyitl, Kaaiil, MacHill,
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¢ocgop i 3anizo. Ii akmueni cnonyku (arxkanoiou, ¢nasonoiou, heHonvri KUCI0mu, aHMOYianu, KyMapuhu) NPoseIsonb aHMUOKCU-
OaHMHY, HeUpOnPOMEKMOPHY, IMYHOMOOYIIOWY, NPOMUNYXIUHHY ma 2inoenikemiyny oito. Ompumani oaui ceioyams nNpo 3HAYHUL

apmarono2iunuti nomenyian Oinoi uwoeKosuyL.

Bucnoeok. [ocnioxcenns nokasanu, wo eKCmpakmu pisHux wacmun 0i10i wosKkosuyi 3a605Ku c80imM 2inoenikeMiuHum, npomu-
3ananbHUM, AHMUOKCUOAHIMHUM IMYHOMOOYIIOIOYUM 6I1ACMUBOCIIAM € NEPCHEKMUBHUM 3ac000M OJiA NIKY8ANHA YYKpoeo2o diabeny,
cepye6o-CyOUHHUX 3aX60PIOBAHDb, 3ANAbHUX NPOYeCié | nopyuieHb Hepeosol cucmemu. OKpiM mo2o0, HAyKo8o 008e0eHO ii anmumi-
KpobHy ma 2enamonpomexmopny Oito. 3ibpani 0ani c8iouams, o 6ina wio8Ko8UYs Mac 8ucokull hapmaronoeiunuti nomenyian. Oonax
nooanvuli 21U6OKi 00CIIOHCEHHA MA KATHIYUHI 6Unpo6Y8ants ii 6ioN02IUHO AKMUSHUX CROTYK 0A0YMb 3MO02Y WUPOKO 3ACTNOCO8Y8AMU YIO
pocauny 6 meouyuni. IIpo0oesicents eusuenHa Gimoximiuno2o ckiady yiei pociunu € 8adCAUBUM HANPIMOM OJisL PO3POONEHHA HOBUX

JIKAPCHKUX 3aC0018.

Knrwwuoei cnosa: Morus alba L., 6ina wosxkosuys, gimoximia, papmaxonoeiuna akmusHicmy, 1iKy8anibHe 3acmocy8anHsl.

Introduction. Relevance. Plant sources of biologi-
cally active compounds are of great interest in medicine
and pharmacology. Among them, the white mulberry
(Morus alba L.) occupies a special place due to its rich
phytochemical composition and various pharmacologi-
cal properties. In traditional medicine of different coun-
tries, it is used for the treatment of diabetes, inflamma-
tory diseases, cardiovascular pathologies, as well as as
an antioxidant and neuroprotective agent.

Morus alba L. — a member of the mulberry fam-
ily (Moraceae), commonly known as white mulberry.
Grows in tropical, subtropical and temperate regions of
Asia, Europe and North America. The fact that white
mulberry is rich in biologically active compounds
increases its potential in the treatment of various dis-
eases (Zhumabaev et al., 2023, pp. 227-232).

As a result of phytochemical studies, phenolic com-
pounds, flavonoids, alkaloids, anthocyanins, coumarins
and other bioactive substances have been identified from
various parts of white mulberry. These compounds pro-
vide antioxidant (Yu et al., 2021; Ganzon et al., 2018),
anti-inflammatory (Baek et al., 2021; Shi et al., 2023),
hypoglycemic (Liu et al., 2022; Jan et al., 2022), neu-
roprotective (Wang et al., 2023) and antimicrobial (Lee
et al., 2020) activity of the plant. While numerous stud-
ies have shown that the leaves of white mulberry have
an antidiabetic effect (Jiao, et al., 2017), the fruits have
proven to be effective in supporting cardiovascular dis-
eases and the immune system. In addition, the vascular
shell contributes to the regulation of blood pressure and
the protection of the liver.

Currently, the pharmacological effects of white mul-
berry are being studied in detail, however, additional sci-
entific evidence is needed to fully reveal its potential for
use in medicine. This review work is aimed at analyzing
the phytochemical composition, pharmacological activ-
ity of white mulberry and the possibilities of its medical
application.

Research purpose. Determination of the potential of
white mulberry (Morus alba L.) in medicine.

Materials and methods. A structured literature
review was conducted using international scientific
databases, including PubMed, Scopus and Web of Sci-
ence, as well as publisher platforms MDPI, Springer
Nature, and Elsevier. The search covered publications

®dirtotepanis. Yaconuc

published between 2017 and 2025. Boolean operators
(AND/OR) were used to construct search queries. The
main search combinations were: («morus alba L.» OR
«white mulberry») AND («pharmacological activity»
OR «bioactivity» OR «therapeutic potential»). Addi-
tional queries were applied using combinations of plant
name + major bioactive compounds + biological activity.
The search was conducted separately for different plant
parts (leaves, fruits, root bark). Peer-reviewed in vitro,
in vivo (animal), and clinical studies, as well as narra-
tive and systematic reviews, were included in the anal-
ysis. Exclusion criteria comprised non-peer-reviewed
sources, duplicated records, conference abstracts, and
publications not available in full text. After screening
and eligibility assessment, 70 publications were included
in the final qualitative synthesis. The extracted data were
systematized according to types of biological activity,
major bioactive compounds, mechanisms of action, and
potential therapeutic applications of white mulberry.
The synthesis followed general principles of structured
narrative review.

Results and discussion. White mulberry is a
fast-growing shrub or medium-sized tree with a straight,
cylindrical trunk 1.8 m long, belonging to the Moraceae
family, widely distributed in eastern Asia. The bark is
black, gray-brown in color with longitudinal cracks. The
stem is lateral, scaly, coral-colored, two rows of Oval,
the leaves are simple two to five-bladed, with serrated
and finger-shaped leaves. The Leaf reaches 5—15 c¢cm in
length and 4—10 cm in width. The flowers are green, with
four loose, scaly petals. The length of the buds reaches
up to 6 mm, the shape is broadly ovoid. Blooms in April-
May and bears fruit in May-June. The length of the fruit
was on average 19.48 mm, and the mass was on average
1.59 g. White mulberry is widely distributed in various
ecological and geographical regions — it is intensively
grown in temperate, subtropical and tropical regions,
and is also found in forests under natural conditions.
This indicates its morphologically high adaptability to
environmental changes (Orwa et al., 2009; Zhumabaev
et al., 2023, pp. 227-232; Hashemi, Khadivi, 2020, pp.
109-117).

White mulberry has a wide geographical distribution
due to its high adaptability and value as an agricultural
and ornamental crop. White mulberry comes from the
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eastern regions of China, at first it was grown as feed for
silkworms for about four thousand years. From China,
white mulberry has spread to Central Asia, Afghanistan,
northern India, Pakistan, Iran. It was widely introduced
from India, Afghanistan and Iran to Spain and Portugal.

Currently, the white mulberry (Morus alba L.) grown
in a wide range of geographical, climatic and soil con-

ditions, such as Europe, Asia, North America, South
America and Africa (Muhammad et al., 2019).

The phytochemical composition of white mulberry
is rich in biologically active substances (table 1). White
mulberry contains alkaloids, coumarins, polysaccha-
rides, phenolic compounds, flavonoids, anthocyanins,
organic acids, amino acids, vitamins and minerals.

Table 1
Phytochemical composition of white mulberry (Morus alba L.)
Ne Compound name Quantity Plant parts Link
1 Fagomin B 10 mkg/ml Leaf
2 1-DNJ 40 mkg/ml Leaf Hui et al., 2021
3 1,4-dideoxy-1,4-imino-D-arabinitol 10 mkg/ml Leaf
4 3 N-methyl-1-DNJ 5-6.2 mg/kg Root, fruit
= 16.6 mg/kg ]
5 i 2-0-0-D-galactopyranosyl-1-DNJ 140 mg/kg Root, fruit, leaf
< 305 mg/kg Fatima et al., 2024
6 2-0-a-D-glucopyranosyl-1-DNJ 1 mg/kg Root
7 3-0-B-D-glucopyranosyl-1-DNJ 8 mg/kg Root
8 4-0-B-D-glucopyranosyl-1-DNJ 1.1 mg/kg Root
9 Mulberroside A 9.38-600 mg/ml Root bark .
0| £ Skimmin 1.88-30 mg/ml Leaf Kim etal,, 2020
11 g Skopoletin 9 mg/kg Leaf Firmansyah et al., 2021
3 | 5,7-Dihydroxycoumarin 7-O-f-D-apiofuranosyl-(1—6)-
12 S e O-B-D-glucogyfan(?side vk ) 0.23 mg/g Root bark Huang et al., 2022
13 5,7-Dihydroxycoumarin 7-O-B-D-glucopyranoside 0.02 mg/g Root bark
14 Glucose 488.1 mg/g Fruit
15 @ Galactose 227.9 mg/g Fruit
16 § Mannose 182.0 mg/g Fruit
17 _§ Ribose 4.3 mg/g Fruit
18 3 Ramnose 0.82 mg/g Fruit Huang et al., 2022
19 a Glucuronide 15.6 mg/g Fruit
20 o Galacturonic acid 0.41 mg/g Fruit
21 A Arabinosa 10.0 mg/g Fruit
22 Fucosa 2.2 mg/g Fruit
23 Gallic acid 20-200 mkg/ml
24 3 Vanilla acid 20-140 mkg/ml
25 g Coffee acid 20-140 mkg/ml Leaf (a
26 2 Chlorogenic acid 20-200 mkg/ml andehy rgrtrllee?:rslol Polumacgg?gcz etal,
27 £ Ferulic acid 20-200 mkg/ml extracts)
28 8 p-coumaric acid 20-200 mkg/ml
29 = Rosemary acid 20-200 mkg/ml
30 E) o-coumaric acid 0.015 mg/g Fruit
31 A~ p-hydroxybenzoic acid 0.028-0.154 mg/g Fruit Yuan, Zhao, 2017
32 Protocatechinic acid 0.264-0.794 mg/100 g Fruit
33 Rutin 20-200 mkg/ml
34 Apigenin 20-200 mkg/ml Leaf P olumacgglllgcz etal,
35 Quercetin 20-140 mkg/ml
36 Taxifolin 0.63-20 mg/ml Root bark
37 Isoquercitrin 4.69-150 mg/ml Leaf
38 Astragalin 1.56-100 mg/ml Leaf Kim et al., 2020
39 Quercitrin 0.78-50 mg/ml Leaf
40 Kuwanon G 3.13-200 mg/ml Root bark
41 Kaempferol-3-B-D-glucopyranoside 972.494 mg/100 g Leaf
42 z Kaempferol-7-O-glucoside 211.432 mg/100 g Leaf
43 g Kaempferol-3-O-(6-malonyl)-glucoside 1332.91 mg/100 g Leaf Hao et al., 2022
“ | g Kaempferol 3g%£g§g’£’;‘{g?csyl (1,6)-p-D 615.98 mg/100 g Leaf
[
Hao et al., 2022; Lim et
45 Quercetin-3-O-glucoside 986 mg/100 g Leaf al., 2021; Polumackanycz
etal., 2021
46 Quercetin-3-O-(6-malonyl)-B-D-glucoside 1258.58 mg/100 g Leaf Hao et al.. 2022
47 Quercetin-3,7-D-0O-B-D-glucopyranoside 137.949 mg/100 g Leaf "
Hao et al., 2022; Lim et
48 Quercetin 3-(6-malonylglucoside) 754 mg/100 g Leaf al., 2021 f Plohélglzalckanycz
etal.,
49 Quercetin-3-O-glucoside-7-O-rhamnoside 849.06 mg/100 g Leaf Hao ot al.. 2022
50 Quercetin-3-O-rhamnoside-7-O-glucoside 272.60 mg/100 g Leaf "

. 310 ®itorepanis. Yaconuc
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Continuation of table 1

Ne Compound name Quantity Plant parts Link

51 Cyanidin-3-glucoside 301.75 mg/g (MAE) Fruit
52 - Cyanidin-3-rutinoside 108.79 mg/g (MAE) Fruit

g Cyanidin 3-O-(6"-O-a-rhamnopyranosyl-p-D- :
53 g slucopyranosi deﬁ) 270 mg/g (SMA) Fruit

15 Cyanidin 3-O-(6"-O-a-rhamnopyranosyl-B-D- p Yuan, Zhao, 2017
54 g Y ,tzalactopyranosidg)y v 57 mg/g (SMA) Fruit
55 é Cyanidin 3-O-B-D-galactopyranoside 233 mg/g (SMA) Fruit
56 Cyanidin 7-O-B-D-glucopyranoside 33 mg/g (SMA) Fruit
57 Petunidine 3-O-B-glucopyranoside 5.1 mg/g (SEE) Fruit
58 3 Citric acid 0.687 £0.022 g/100 g Fruit
59 | & Malic acid 2.103+0.028 g/100 g Fruit 1 Lo
60 | E Oxalic acid 0.437+0.012 g/100 g Fruit Islamova etal,
61 gh Tartaric acid 0.430 +0.006 g/100 g Fruit
62 © Fumaric acid 0.123 +0.003 g/100 g Fruit
63 Aspartic acid 0.97 g/%
64 Threonine 0.38 g/%
65 Serine 0.19 ¢/%
66 Glutamic acid 2.26 g/%
67 Glycine 1.02 g/%
68 8 Alanine 0.48 g/%
60 | B Valine 0.54 /%

Leaf (aqueous-

70 2 Methionine 1.34 2/% alcohol extracts) Chen etal., 2018
71 g Isoleucine 0.26 2/%
72 Leucine 0.57 g/%
73 Tyrosine 0.96 2/%
74 Phenylalanine 0.41 g/%
75 Histidine 0.24 2/%
76 Lysine 0.21 g/%
77 Arginine 0.75 g/%
78 Riboflavin (B,) 0.088 mg/100 g Fruit
79 2 Ascorbic acid (C) 15.2 mg/100 g Fruit Batiha et al., 2023
80 | 5 Niacin (B,) 3.10 mg/100 g Fruit

=
81 Vitamin E 0.87 mg/100 ml Fruit Kattil et al., 2024

The data presented in table 1 indicate that white mul-
berry is characterized by a high diversity and quantitative
variability of biologically active compounds depending
on the plant part. Leaves are predominantly rich in fla-
vonoids and phenolic acids, with particularly high levels
of flavonol glycosides (e.g., kaempferol and quercetin
derivatives reaching up to approximately 1300 mg/100
g), which may explain the pronounced antioxidant and
anti-inflammatory activity reported for leaf extracts.

Root bark is characterized by a high content of cou-
marins and prenylated flavonoids (e.g., mulberroside A
up to 600 mg/ml; kuwanon G up to 200 mg/ml), com-
pounds that are frequently associated with antimicrobial,
anti-inflammatory, and enzyme-inhibitory effects.

Fruits contain substantial amounts of polysaccha-
rides and organic acids, as well as high concentrations
of anthocyanins (cyanidin derivatives reaching over 300
mg/g depending on the extraction method), which cor-
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relates with strong antioxidant potential and potential
metabolic and cardioprotective effects.

In addition, alkaloids of the 1-deoxynojirimycin
(1-DNJ) group are predominantly detected in leaves
and roots, which is consistent with the hypoglycemic
activity of white mulberry reported in experimental and
clinical studies. Overall, the quantitative differences in
major phytochemical groups among plant parts largely
determine the spectrum and intensity of the observed
pharmacological activities.

Based on the given phytochemical composition, one
can observe the composition of white mulberry rich in
fatty acids, amino acids, vitamins, minerals and biolog-
ically active substances, including anthocyanins, rutin,
quercetin and polysaccharides. The flavonoids contained
in white mulberry, in particular quercetin, kempferol
and cyanidine, have antioxidant, anti-inflammatory and
anticancerogenic activity. In addition, compounds such
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as scopoletin and rutin can play an important role in
regulating metabolic processes and strengthening the
immune system.

The presence of sucrose, glucose, mannose and other
carbohydrates indicates the importance of white mul-
berry as a source of carbohydrates, it can be used for
dietary and medicinal purposes.

Each of these compounds has a certain pharmacolog-
ical activity, which indicates that they can be used from
white mulberry to treat various diseases, for example,
to develop new drugs based on diabetes, hypertension,
inflammatory diseases and cancer.

Chen et al. (Chen T., et al., 2022) according to stud-
ies on the phytochemical composition of 8 different
varieties of white mulberry, the total content of phenols
(TPC): 104.78 to 213.53 mg GAE/100 g, and the total
content of flavonoids (TFC): 69.58 to 211.01 mg CE/100
g. In addition, the extracts and active components of
white mulberry fruits show many biological activities,
including antioxidant, neuroprotective, anti-atheroscle-
rosis, immunomodulatory, antitumor, anti-hyperglyce-
mic and hypolipidemic activity in in vitro and in vivo
studies (Redha et al., 2023).

According to studies conducted by Lee et al. (Lee et
al., 2016; Lee et al., 2018; Li et al., 2021), white mul-
berry fruits contain quercetin, pyrrole alkaloids, cya-
nide, epigallocatechin, epigallocatechin gallate, gallo-
catechin, gallocatechin gallate, isoramnetin glucuronate,
isoramnetin hexoside, isoramnetin hexosylhexoside,
kempferol, glucuronate, kempferol hexoside, kempferol
ramnosylhexoside, maureen, odisolan and naringin, as
well as phenols, flavonoids and anthocyanin compounds
have been found.

Also, according to the studies carried out, a group of
mineral elements useful for the human body was identi-
fied in the composition of white mulberry (Morus alba
L.) (Figure 1). Including: Al (ppm) — 60.83; B (ppm) —
47.95; Ba (ppm) — 5.56; Ca (ppm) — 2421.65; Cr (ppm) —
1.62; Cu (ppm) — 27.09; Fe (ppm) - 28.2; K (ppm) —
14572.09; Li (ppm) — 1.12; Mg (ppm) — 1022.82; mn
(ppm) — 7.11; na (ppm) — 264.98; ni (ppm) — 6.92; p
(ppm) — 2213.41; s (ppm) — 574.64; sr (ppm) — 12.84;
zn (ppm) — 13.41.

Compared to other fruit and berry fruits, the magne-
sium content in mulberry berries has been found to be
very high.

The mineral composition of mulberry fruits in signif-
icant quantities is K, Ca, P, Mg, S, Na and Fe. The pres-
ence of antioxidants, multivitamins, magnesium, iron
and other organic and mineral substances determines the
healing properties of mulberry fruits (Cui et al., 2019;
Paul et al., 2021; Yan et al., 2024).

Methanol extracts of white mulberry root bark have
traditionally been used to lower blood pressure, stabilize
blood sugar levels, and lower fever. The immune-boost-
ing effect of polysaccharides isolated from water
extracts from white mulberry root has been established,
and the compounds kowanon G and cudraplavone B iso-
lated from methanol extracts, on the contrary, have been
shown to have immune-inhibiting properties. A number
of studies have revealed the presence of various phyto-
chemical compounds in the root membrane. In addition,
ethanol extract from the dry root of Australian white
mulberry has been found to reduce inflammation and
necrosis of the liver caused by CCls (Kavitha, Geetha,
2018; Tseng et al., 2018).

mFe (ppm) =K (ppm)

Ni (ppm) =P (ppm) =S (ppm)

m Al (ppm) =B (ppm) =Ba (ppm) mCa (ppm) = Cr (ppm) = Cu (ppm)
Li (ppm) = Mg (ppm) = Mn (ppm) = Na (ppm)

Sr(ppm) = Zn (ppm)

Fig. 1. Mineral composition of white mulberry (Morus alba L.)
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White mulberry stem extracts have been shown to
have anti-inflammatory (Soonthornsit et al., 2017; Yiem-
wattana et al., 2018) and anti-osteoarthritis (Khunakorn-
vichaya et al., 2016) effects.

White mulberry (Morus alba L.) leaves are used to
feed the silkworm. In addition, they are one of the most
important medicinal plants in the treatment of hypergly-
cemia and are also used to treat diabetes (Gryn-Rynko
et al., 2016; Mahmoud et al., 2016; Varghese, Thomas,
2019). Antimicrobial and liver-protecting properties of
ethanol extracts of leaves (Lee et al., 2020) have been
identified. In addition, ethanol extract (MLFE) of white
mulberry leaf and fruit has been observed to activate
the NLRP3 inflammatory complex in obese mice (Li et
al., 2022). Chen et al. (Chen et al., 2019) isolated gam-
ma-aminomaic acid (GABA) from the water extract of
white mulberry leaves using biochemical methods.

Hypoglycemic activity. 1-deoxynoirimycin (1-DNJ)
is one of the most important active components of white
mulberry (Morus alba L.), which has a pronounced
inhibitory effect on the enzyme a-glucosidase. Research
has shown that 1-DNJ significantly reduces blood glu-
cose levels after meals in people with prediabetes and
mild diabetes (Hoogenraad et al., 2025). In addition,
white mulberry shoot extract with the main active com-
ponents-oxyzeratrol and kuwanone G showed hypogly-
cemic activity and effective inhibition of the enzymes
PTPIB and a-glucosidase (Kwon et al., 2022). Com-
pared to leaf and fruit extracts, the hypoglycemic effect
of white mulberry shoots and bark extracts was more
pronounced (Zhou et al., 2022).

Antioxidant activity. Research has shown that iso-
quercetin and 4-o-kaffeoylchinic acid, which are found
in white mulberry leaves, have pronounced antioxidant
activity. Concentrations that provide 50% absorption of
radicals are 10.63 + 0.96 mcg/ml for isoquercetin and
10.63 = 0.96 mcg/ml for 4-o-kaffeoylchinic acid (Gan-
zon et al., 2018). In addition, in the study conducted,
the antioxidant effect of biologically active substances
of white mulberry was comprehensively evaluated using
radical retention tests of DPPH and ABTS. White mul-
berry acetone extract has been found to have important
antioxidant properties with SC50 values of 242.33 =+
15.78 and 129.28 + 10.53 mcg/ml for DPPH and ABTS
respectively (Hsu et al., 2022).

Anti-inflammatory activity. Studies have shown that
white mulberry (Morus alba L.) and its active com-
pounds are able to inhibit inflammation by inhibiting
the chemotaxis of leukocytes. The mechanism of this
effect includes the action of oxyzeratrol, which can
inhibit leukocyte migration through the CXCR4 recep-
tor by inactivating the MEK/ERK pathway (Dalla Costa
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et al., 2025). Methanol extract of white mulberry bark
has been shown to promote anti-inflammatory effects
on microglia (BV2) and macrophages (RAW264.7) by
inhibiting the release of prostaglandin E2, interleukin-6
and a-factor of tumor necrosis and stimulating cycloox-
ygenase-2 expression (Ko et al., 2021).

Anti-cancer activity. Research has shown that some
of the active compounds in white mulberry (Morus alba
L.) affect cancer cells. Moracin D can inhibit the prolif-
eration of breast cancer cells and induce apoptosis. This
effect is achieved by inhibiting the transmission of the
Wnt3a/FOXM1/B-catenin signal, as well as increasing
the activity of caspase and GSK3f (Hwang et al., 2018).

Sanggenol L — a natural flavonoid of white mulber-
ry-has been found to induce apoptosis in prostate cancer
cells and interrupt their cell cycle through the activity
of the p53 protein. In addition, Sanggenol L increases
apoptosis in ovarian cancer cells and reduces cytotoxic-
ity by inhibiting the NF-kB signaling pathway (Ko et al.,
2021; Hwang et al., 2018; Won, Seo, 2020).

Moracin N — the active component in white mulberry
has shown oncoprotective activity by inducing apoptosis
and autophagy in lung cancer cells (Gao et al., 2020).

Morusin — a flavonoid secreted from the root of
white mulberry inhibits the growth of prostate can-
cer cells and promotes their apoptosis. This is done by
reducing the activity of STAT3, inhibiting its phospho-
rylation, nuclear accumulation and the ability to bind to
DNA. In addition, morusin reduces the expression of the
STAT1-regulated cyclin D2 gene and limits the growth
of cancer cells (Halemani et al., 2017).

Thus, some of the bioactive compounds in white
mulberry exhibit antitumor effects by regulating apopto-
sis and cell cycle in different types of cancer.

In addition, white mulberry extracts have been found
to have a pronounced depigmentation effect. Ethanol
extracts contain active components such as norluciferin,
moracin B, moracin J, moracin M-3'-0-B-glucopyrano-
side and moracin m-6-0-p-d-glucopyranoside, which
inhibit the production of melanin in a dose-dependent
manner. These compounds inhibit tyrosinase activity in
B10-F1 cells induced by a-melanocyte-stimulating hor-
mone (Li et al., 2018).

In addition, white mulberry root has shown the abil-
ity to stimulate hair growth by increasing the secretion
of extractive growth factors, accelerating the transition
of hair follicles from the resting phase to the growth
phase, as well as activating B-binding proteins that play
a key role in a given process (Hyun et al., 2021).

Immunomodulatory properties. The methanol extract
of white mulberry showed immunomodulatory activity.
In the study aimed at this effect, various experimental
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models were used, including a study of serum immuno-
globulin levels, a cyclophosphamide-induced neutrope-
nia test, a carbon clearance test, a neutrophil adhesion
test, a death test in mice, and an indirect hemagglutina-
tion test. The results showed that administration of white
mulberry extract promotes an increase in serum immu-
noglobulins and reduces mortality caused by Pasteur-
ella multocida in mice. In addition, the use of methanol
extract of white mulberry leaves significantly reduced
neutropenia and increased the phagocytic index in the
carbon clearance test. These data show that white mul-
berry has the ability to enhance cellular and humoral
immune response (Hussain et al., 2017).

The pharmacological activity of white mulberry var-
ies depending on its different parts. The leaves often
show antioxidant and anti-inflammatory effects, while
the fruits are distinguished by immunomodulatory and
neuroprotective properties. The roots and bark of the
plant are known for some anticancer and antiviral activ-
ity. In addition, the combination of various biologically
active compounds enhances the hypoglycemic, cardi-
oprotective and antibacterial effect of white mulberry.
The following is a general overview of the pharmaco-
logical activity of white mulberry (table 2).

As can be seen from the table above, the various bio-
logically active substances contained in white mulberry

Table 2
Overview of the pharmacological activity of white mulberry
o Pharmacological . . Biologically active White mulberry .
Ne properties Mechanism of action substance part (extract) Link
| . Chalcomoracin Leaf Lilzloeztfl"
1 Hyg(r)gp)e/gcymlc inhibits a-glucosidase
Jan et al.,
1-DNJ Leaf 2022
Inhibits active forms of oxygen Asaﬁ"g,%gfﬁkgg O{?II;OI’ Fruit Y%SE ?‘1"
2 | Antioxidant activity ’
Inhibits free radicals 4-O-caffeoylquinic acid Leaf (;'imzz%nl gt
Selectively inhibits the enzyme Back et al.,
5 Anti-inflammatory cyclooxygenase-2 kuwanon A Bark, roots 2021
activity
Inhibits the release of cytokines that cause : Shi et al.,
inflammatory processes Mulberroside A Shoot 2023
Blocks the Akt / mTOR signal path Morucin Leaf leloeztfl"
4 | Anti-cancer activity
Regulates the expression of RNA molecules encoding e : : Zabady et
the atg3116 protein associated with autopagia Cyanidin-3-glucoside Fruit al., 2022
| dul F Iavaonpidsa?l:h?q%ans, Leaf bark. frui Hussai
mmunomodulatory . : : saponins, alkaloids, eaf, bark, fruit, ussain et
5 property Stimulates serum immunoglobulins glycosides and phenolic root al., 2017
compounds
Inhibits proteases involved in the secretion of -
6 Anti-virus activity virus proteins necessary for replication and Sangenon C, sangenon G, Root bark Was;le%fa%z
maturation of the COVID-19 virus sangenon O etal.
. ) . Binding of radioactive methylated acetic acid ) ) Zhu et al
7 | Antibacterial activity to the lipids of the Staphylococcus aureus Chalcomoracin, moracin C Leaf ”
membrane 2024
: Activates the AMPK-ULKI1 signaling pathway,
8 Neurr)(r)g];gict:;tlve increasing mitophagy};regul:liting TFE migran}(,)n Morin Fruit Wag Ze3t al.
to the nucleus
. : In the case of a lack of oxygen (hypoxia), it
9 Cardl;)(?rglftecnve enhances the process of destruction and recycling Sangenon C Leaf Ggoelt7al.
property of damaged components of cells
: P Inhibits xanthine oxidase activity and reduces
10 Antlhzggzll;{;cemlc the expression O;HA%%%EL mGLUT9 and Polydatin Bark Ggoeztsal.
: : Reduction of cytotoxic effect caused by : : Ochiishi et
11 | Antialheimer property intracellular amyloid-B oligomer Anthocyanins Fruit al. 2021
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(Morus alba L.) determine its wide range of pharmaco-
logical properties. The leaves, fruits, bark and roots are
rich in a number of compounds that have a therapeutic
effect against various diseases.

The Leaf has mainly hypoglycemic, antioxidant,
anti-cancer, antibacterial and cardioprotective proper-
ties. The 1-DNJ, chalcomoracin, morucin, kempferol,
quercetin and other flavonoids contained in it exhibit
therapeutic effects by inhibiting enzymes and regulating
signaling pathways.

The fruit stands out for its antioxidant, neuropro-
tective, anti-cancer and anti-Alzheimer properties.
Cyanidine-3-glucoside, anthocyanins, morin and other
polyphenolic compounds in its composition neutralize
free radicals and regulate mitochondrial processes.

The bark and roots have mainly antiviral, anti-in-
flammatory, immunomodulatory and antihyperuricemic
properties. These effects are carried out in the presence
of sangenone C, G, O, mulberroside a, polydatin and
other compounds.

In general, extracts from different parts of the white
mulberry plant show high biological activity in the pre-
vention and treatment of many diseases. The natural
compounds contained in them have great research poten-
tial in modern pharmacology. In addition, according to
research by scientists, white mulberry has several other
pharmacological activities, in particular, Khawani et al.
(Khawani et al. 2022) reported a significant decrease
in the concentration of triglycerides, total cholesterol
in serum and liver, and serum TTLP cholesterol in rats
fed high-fat food supplemented with 5% or 10% pow-
der of mulberry fruit. An increase in high serum density
lipoprotein cholesterol (HTLP) was observed in rats fed
high-fat foods supplemented with 5% or 10% mulberry
fruit powder. The presence of dietary fiber in mulberry
fruits inhibits liver lipogenesis and increases the activ-
ity of TTLP receptors. Accordingly, white mulberry can
be used in medicine as a hyplipidemic agent. Jiao Y. et
al. (Jiao et al., 2017), who found that fasting blood glu-
cose levels decreased in diabetic rats fed white mulberry
fruit polysaccharides for 2 weeks. Research by Alanazi,
Anwar, Alam, and he (Alanazi et al., 2017) found that
diabetic rats fed mulberry extract for 2 weeks showed a
significant decrease in fasting blood glucose and glyco-
sylated whey protein.

Huang et al. (Huang S., et al. 2023) found that
the growth of atypical glandular cell tumor (AGS)
xenotransplantate in mice slowed after male BALB/c
nude mice were fed anthocyanin-rich white mulberry
fruit extract for 7 weeks, allowing white mulberry fruit
extract to be used to prevent gastric carcinoma. The pro-
tective effect of anthocyanins of white mulberry extract
on liver fibrosis (CC1,) caused by carbon tetrachloride
has been established. In rats fed white mulberry extract,
decreased levels of ALT, aspartataminotransferase, col-
lagen type III hyaluronidase acid, and hydroxyproline
were observed (Yu et al., 2022).
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Thus, white mulberry (Morus alba L.) is a prom-
ising plant for use in medicine due to its rich phyto-
chemical composition and extensive pharmacological
properties. Biologically active compounds obtained
from different parts of the plant show pronounced
antioxidant, anti-inflammatory, hypoglycemic, neuro-
protective, cardioprotective, immunomodulatory and
anticancer activity.

One of the most important areas of study of white
mulberry is its use in the treatment of metabolic dis-
eases, including type 2 diabetes, hyperuricemia and
their complications. Flavonoids and alkaloids con-
tained in the leaves and bark can inhibit the main
enzymes of carbohydrate metabolism and regulators
of metabolic processes, which makes it possible to
create new sugar-lowering drugs and nutriceutics
based on them.

In addition, the use of white mulberry as a neuro-
protective agent in neurodegenerative diseases, such
as Parkinson's and Alzheimer's, is promising. The
compounds found in fruits, bark and leaves regulate
mitophagy and reduce oxidative stress and inflamma-
tion in neurons. This indicates the importance of their
further study for the development of new neuropro-
tective drugs. The antimicrobial and antiviral activity
of white mulberry is also of great interest. Research
shows that compounds in the bark and roots can inhibit
the replication of viruses, including SARS-CoV-2, as
well as slow down the growth of pathogenic bacteria.
This opens up the possibility of creating anti-infective
drugs based on the plant.

Conclusion. This review systematically summa-
rizes the pharmacological properties of white mul-
berry according to plant parts — leaves, fruits, bark,
and roots and the corresponding groups of biologi-
cally active compounds. Studies indicate that white
mulberry extracts exhibit hypoglycemic, anti-in-
flammatory, antioxidant, immunomodulatory, anti-
microbial, and hepatoprotective effects, making
them promising for the prevention and treatment of
diabetes mellitus, cardiovascular diseases, inflam-
matory disorders, and nervous system dysfunctions.

The novelty of this review lies in the comprehen-
sive systematization of existing data, highlighting
both well-established pharmacological effects sup-
ported by multiple in vitro and in vivo studies and
effects that are preliminary or require further clin-
ical validation. This structured overview provides a
clear understanding of the plant’s pharmacological
potential and identifies directions for future research,
including detailed phytochemical profiling and clini-
cal trials of specific bioactive compounds.

In conclusion, white mulberry represents a
highly promising source of natural therapeutic
agents, and continued research may contribute to
the development of new drugs with clinically vali-
dated efficacy.
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