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Abstract
Morus alba is a fast-growing shrub or medium-sized tree with a straight, cylindrical trunk. Medicinally, whole plants, leaves, 
fruits, branches, and roots have been employed. Google Scholar, PubMed, Scopus, and Web of Science were used to search for 
relevant material on the phytochemical components and pharmacologic and mechanism of action of the Morus alba. This was 
reviewed to assess important updates about Morus alba. The fruits of Morus alba have traditionally been used as an analgesic, 
anthelmintic, antibacterial, anti-rheumatic, diuretic, hypotensive, hypoglycemia, purgative, restorative, sedative tonic, and blood 
stimulant. Various plant parts were used as a cooling, sedating, diuretic, tonic, and astringent agent to treat nerve disorders. The 
plant contained tannins, steroids, phytosterols, sitosterol, glycosides, alkaloids, carbohydrates, proteins, and amino acids, as well 
as saponins, triterpenes, phenolics, flavonoids, benzofuran derivatives, anthocyanins, anthraquinones, glycosides, vitamins, and 
minerals. Previous pharmacological research identified antimicrobial, anti-inflammatory, immunological, analgesic, antipyretic, 
antioxidant, anti-cancer, antidiabetic, gastrointestinal, respiratory, cardiovascular, hypolipidemic, anti-obesity, dermatological, 
neurological, muscular, and protecting effects. This study looked at Morus alba’s traditional uses, chemical components, and 
pharmacological effects.
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Introduction

In recent decades, the field of medicinal herbs has grown 
rapidly. Because of their natural origins and negligible side 
effects, they are gaining appeal in both developing and devel-
oped countries. Plants are often secondary sources of com-
pounds used as medications, insecticides, perfumes, colorants, 
biopesticides, and food additives since they are biosyntheti-
cally produced from primary metabolites. Analgesics, anti-
rheumatic agents, diuretics, hypoglycemic agents, insecticides, 
antibacterial agents, laxatives, tonics, antihypertensive agents, 
and sedatives are among the many uses of Moraceae fruits.

According to chemical analysis, plants contain phytosterols, 
tannins, alkaloids, sitosterols, steroids, glycosides, carbohy-
drates, proteins, and amino acids, as well as saponins, triter-
penes, phenols, flavonoids, benzofuran derivatives, anthocya-
nins, anthraquinones, glycosides, vitamins, and minerals (The 
plant list n.d.). Plants have been proven to have antibacterial, 
anti-inflammatory, immune, analgesic, antipyretic, antioxidant, 
anti-cancer, anti-diabetes, gastrointestinal, respiratory, cardio-
vascular, hypolipidemia, anti-obesity, dermatological, and neu-
rological properties in previous pharmacological investigations. 
They have been proven to have muscle-building and protecting 
properties. The current study examines Morus alba’s traditional 
uses, chemical makeup, and pharmacological effects.

Taxonomic classification

Kingdom: Plantae, subkingdom: Viridiplantae, infrakingdom: 
Streptophyta, superdivision: Embryophyta, division: Tracheo-
phyta, subdivision: Spermatophytina, class: Magnoliopsida, 
superorder: Rosanae, order: Rosales, family: Moraceae, genus: 
Morus, species: Morus alba (ITIS report n.d.).
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Common names

Afrikaans: gewone moerbei, witmoerbei; Arabic: Tiki, tut 
abiadh; Chinese: sang; English: Russian mulberry, silkworm 
mulberry, white mulberry; French: mûrier blanc; Indian: hip-
nerle, reshme chattu, kamblichedi, musukette, ambat, chinni, 
pippalipandu chettu, reshms chattu, shahtut, shehtun, shetur, 
siah; German: weißer Maulbeerbaum; Italian: Gelso bianco, 
moral blanco, morera blanco; Japanese: kuwa; Portuguese: 
amoreira-branca; Russian: šelkovica belaja; Spanish: mora, 
moral blanco, morera blanca; Swedish: vitt mullbär (U.S. 
National Plant Germplasm System n.d.).

Distribution

Widespread in Asia (India, Palestine, Iran, China, Iraq, 
Japan, Afghanistan, Jordan, Korea DPR, Kazakhstan, 
Republic of Korea, Kyrgyzstan, Pakistan, Taiwan, Tajikistan, 
Turkey, Turkmenistan, Uzbekistan), Africa (Egypt, Mauri-
tania, Mauritius, Tanzania, Tunisia, South Africa, Zambia), 
South America (Argentina, Brazil), Europe (former Soviet 
Union), and North America (USA) (U.S. National Plant 
Germplasm System n.d.; USDA n.d.; CABI n.d.).

Description

Morus alba is a fast-growing shrub or medium-sized tree 
with a straight, cylindrical trunk that measures 1.8 m in 
circumference without buttresses. The bark is dark grayish 
brown in color, with longitudinal cracks and a rough sur-
face, while the latex is white or yellowish white. The stem 
is lateral, scaly, and coral, with two rows of oval or nearly 
oval leaves, and a simple trilobal, dentate, and palm with 
three veins at the base. The flowers are greenish in color and 
have four free scale-like petals. Four stamens, pistil shape; 
male and loose flowers of racemes like catkins. Female flow-
ers with long or short spikes; ovarian obstruction, 1- (2-) 
chamber, single ovule, two styles; fan-shaped with ovules 
and one ovule. A fan shape that contains the ovaries and 
has one ovule. Ovarian syncarpous fruit with some drupes 
surrounded by fleshy perianths up to 5 cm in length (Orwa 
et al. 2009).

Traditional uses

The fruits have been used as analgesics, anthelmintics, anti-
bacterial agents, anti-rheumatic agents, diuretics, antihyper-
tensive agents, hypoglycemic agents, laxatives, tonics, and 
sedatives. The fruits can also be utilized as tonics for the 
liver and kidneys, as well as hematopoietic stimulants. Cool-
ing, sedation, diuresis, tonicity, convergence, and neuropathy 

have all been treated with the roots of this plant. Twigs have 
been utilized as a neurotoxic and an anti-rheumatic medica-
tion. The leaves have traditionally been employed as a sweat 
inducer, a cooling agent, and an antipyretic (Warrier et al. 
1997; Yamatake et al. 1976; Chen et al. 1995a; Chevalier 
1996). Fruits were employed in traditional herbal therapy 
as repellants and to treat perspiration, hypertension, throat 
rinses, fever, and eye disorders caused by irritation of the 
upper respiratory tract. Root extracts have long been used 
as anti-inflammatory, analgesic, and protective agents in the 
liver and kidney systems (Katsube et al. 2006).

Parts used medicinally

Medicinally, whole plants, leaves, fruits, branches, and roots 
have been employed (Plants and Morus alba. nd. Plants have 
sitosterol, steroids, tannins, phytosterols, glycosides, car-
bohydrates, proteins, alkaloids, and amino acids, as well as 
saponins, triterpenes, phenols, flavonoids, benzofuran deriva-
tives, anthocyanins, anthraquinones, and glycosides, accord-
ing to preliminary analysis (Nomura et al. 1983; Kusano et al. 
2002; Chen et al. 2005; Imran et al. 2010). In the fruits, pro-
tein was 1.55 g/100 g dry weight, lipids were 0.48 g/100 g 
dry weight, crude fiber was 1.47 g/100 g dry weight, ash 
was 0.57 g/100 mg dry weight, total carbohydrates were 
14.21 g/100 g dry weight, and moisture was 81.72 g/100 g 
fresh weight. Riboflavin was found to have a concentration of 
3.10 mg/100 g of fresh weight, niacin 0.088 mg/100 g of fresh 
weight, and ascorbic acid 15.2 mg/100 g of fresh weight. Total 
flavanol concentrations ranged from 0.07 to 0.51 mg per gram 
of dry weight, while total phenol concentrations ranged from 
7.7 to 11.2 mg GAE per gram of dry weight (Sánchez-Salcedo 
et al. 2015). Ca (0.19–0.37 g/100 g), N (1.62–2.13 g/100 g), 
K (1.62–2.13  g/100  g), P (0.24–0.31  g/100  g), S 
(0.08–0.11  g/100  g), Zn (14.89–19.58  mg/kg), B 
(13.78–19.48  mg/100  g), Mg (0.12–0.19  g/100  g), Na 
(0.01 g/100 g), Cu (4.22–6.38 mg/kg), Fe (28.2–46.74 mg/
kg), Mn (12.33–19.38 mg/kg), and Ni (1.40–2.62 mg/kg) were 
all discovered in the fruits.

Total soluble carbohydrates were 3.4 g/100 g fresh weight, 
reducing sugars 1.7 g/100 g fresh weight, fructose 3.0 g/100 g 
fresh weight, glucose 3.1  g/100  g fresh weight, inulin 
0.04 g/100 g fresh weight, nystose 0.01 g/100 g fresh weight, 
and fructooli 0.1 g/100 g fresh weight, all of which were found 
in the fruit (Rolim 2015; Al-Sayed et al. 2019). Leaves con-
tained crude protein 13.4–24.36, crude fat 4.24–8.02%, total 
carbohydrate 47.27–56.42%, pectin 6.49%, lignin 0.74%, tan-
nins 1.202%, alkaloids 20.05%, cellulose 12.84%, hemicel-
lulose 18.99%, citric acid 32.2–105.5 mg/100 g, malic acid 
43.7–72.6 mg/100 g, ascorbic acid 0.97–1.49 mg/g, oxalic acid 
13 phosphorus 0.1–0.2 g/100 g, potassium 1.2–3.9 g/100 g, 
%, nitrogen 2.1–3.1  g/100, lithium 1.9–17.2  mg/kg, 
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calcium 1.7–3.9  g/100  g, iron 119.3–241.8  mg/kg, sul-
fur 0.2–0.3  g/100  g, sodium 0.01  g/100  g, magnesium 
0.5–1.4 g/100 g, molybdenum 0.8–2.3 mg/kg, manganese 
35.8–90.5 mg/kg, zinc 23.9–39.5 mg/kg, copper 4.2–5.9 mg/
kg, carbon 37.4–41.4 g/100 g, nickel 1.7–5.4 mg/kg, boron 
253.5–825.3  mg/kg, lead 0.3–0.8  mg/kg, and titanium 
5.4–10.8 mg/kg (Butt et al. 2008; Iqbal et al. 2012; Adeduntan 
and Oyerinde 2010; Sanchez-Salcedo et al. 2017; Khan et al. 
2009; Yang et al. 2010a).

In the frost-dried powder of mulberry fruit, total phenol, 
total flavonoids, and anthocyanins were 23.0 mg/g gallic acid 
equivalent, 3.9 mg/g rutin equivalent, and 0.87 mg/g cyan-
idin-3-glucoside equivalent, respectively. The most com-
mon flavonols in Morus alba powder are rutin (0.43 mg/g), 
followed by morin (0.16 mg/g), quercetin (0.01 mg/g), and 
myricetin (0.01 mg/g) (Bae and Suh 2007). The anthocya-
nin concentration in the fruit alcohol extract, on the other 
hand, was 137–2057 mg/kg (13.70205–70 mg/100 g) (as 
malvidin-3-glucoside equivalent) (Chen et al. 2006). Cya-
nidin 3-O-(6ʺO-rhamnopyranosyl-d-galactopyranoside), 
cyanidin 3-O-(6ʺO-ramnopyranosyl-d-galactopyranoside), 
cyanidin-3-O-d-galactopyranoside, cyanidin-3-O-d-glu-
copyranoside, and cyanidin-3-O-d-galactopyranoside 
are also found. The total phenolic content of Morus alba 
ethanolic extract was 4.133 ± 0.120, 66.766 ± 0.749, and 
170.200 ± 1.414 mg CAE/g, and total flavonoid content was 
0.899 ± 0.014, 33.303 ± 0.059, and 52.285 ± 0.033 mg RE/g 
(Oliveira et al. 2016). A phytochemical study of Morus alba 
extract revealed high levels of flavonoid and cinnamic acid. 
HPLC fingerprinting revealed the existence of two smaller 
peaks related to chlorogenic acid and flavonoids, as well as 
two larger peaks corresponding to chlorogenic acid and fla-
vonoids (Park et al. 2014). Mortatarins A–D flavonoids were 
extracted from Morus alba var. tatarica root bark flavonoids 
(Nomura et al. 1978).

From different parts of Morus alba, constituents such 
as prenylated flavonoid (moralbanone), stilbene glucoside 
(oxyresveratrol 3ʹ-O-beta-glucopyranoside), mulberroside 
A, cis-mulberroside A, oxyresveratrol, kuwanon A, B, C, 
E, G, J, R, S, and T, mulberroside C, and cyclomorus have 
been successfully isolated (Yang et al. 2011a, 2010b; Du 
et al. 2003; Qiu et al. 1996; Phung et al. 2012; Fitriani et al. 
2019; Chen et al. 2018; Lim et al. 2014).

The ethanol extract of Morus alba was found to contain 
oxyresveratrol, two prenylflavones (cudraflavone C and 
cudraflavone B), and 5,7-dihydroxycoumarin-7-methyl ether 
(Kwon et al. 2019). Morus alba contains a variety of pre-
nylated flavonoids (sanggenon C, morin, morusin kuwanon 
G), flavonols (isoquercitrin, quercetin, kaempferol, rutin), 
and alkaloids (1-deoxynojirimycin) (Memon et al. 2010). 
(2S)-4ʹ-hydroxy-7-methoxy-8-prenylflavan Morus alba leaf 
yielded two new flavone derivatives and twelve other well-
known chemicals, including three flavones, three chalcones, 

benzofuran flavones, and coumarins (Natic´ MM, Dabic´ DC, 
Papetti A, Fotiric´ Akšic´ MM, Ognjanov V, Ljubojevic´ M 
and Tešic´ ŽL. 2015). Flavonoids: kaempferol 3-O-rutinoside 
(nicotiflorin), kaempferol 3-O-(6″-O-malonyl) glucoside, 
kaempferol 3-O-glucoside (astragalin), quercetin 3-O-gluco-
side (isoquercitrin), quercetin, quercetin 3-O-(6″-O-malonyl) 
glucoside, quercetin 3-O-(2″-O-malonyl)glucoside (morko-
tin C), quercetin 3-O-rutinoside (rutin) quercetin 3,7-di-O-
glucoside, kaempferol 3,7-di-O-glucoside, and quercetin 
3-O-rutinoside-7-O-glucoside (morkotin A) were all isolated 
from Morus alba fruits (Wang et al. 2014).

The total phenol content of Morus alba leaves ranges from 
0.95 to 2.39 mg of quercetin per gram of dry extract and the 
total flavonoid concentration ranges from 2.64 to 7.33 mg of 
gallic acid per gram of dry extract. Polyphenols isolated from 
fruits and leaves include protocatechuic acid, galoic acid, 
vanyl acid, protocatechuic acid aldehyde, chlorogenic acid, 
syringaldehyde, syringic acid, p-hydroxybenzoic acid, feru-
lic acid, m-coumaric acid, kaempferol, caffeic acid, epicat-
echin p-coumaric acid, and rutin (Chon et al. 2009; Flaczyk 
et al. 2013). After separation, the fruits of Morus alba pro-
duced pyrrolidin-2-one, methyl 1-[2-(furan-2-yl)-2-oxoethyl] 
1-[2-(furan-2-yl)-2-oxoethyl]-5-oxopyrrolidine-2-carboxylate-
5-oxopyrrolidine l-pyroglutamic acid, 1-[5-(2-formlfuryl) 
methyl], 1-[2-(furan-2-yl)-2-oxoethyl] dihydrogen 2-hydroxy-
propane-1, 2, 3-tricarboxylate 2, 3-diethyl ester divaricate ester 
A, -2-carboxylic acid 5-O-caffeoylquinic acid methyl ester, 
4-O-caffeoylquinic acid methyl ester, 3-O-caffeoylquinic 
acid ethyl ester, 5-O-caffeoylquinic acid ethyl ester, 
3-O-caffeoylquinic acid methyl ester, l-pyroglutamic acid ethyl 
ester, 3-O-caffeoylquinic acid ethyl ester, 3-O-caffeoylquinic 
acid methyl ester, 3-O-caffeoylquinic acid, 4-O-caffeoyl quinic 
acid, and 4-O-caffeoylquinic acid methyl ester.

The maximum phenol concentration (117.7 2.0) was 
discovered in Morus alba methanol extract, followed 
by leaves (71.4 ± 2.4), twigs (49.0 ± 1.5), and fruits 
(11.2 ± 0.3) [mg ferulic acid equivalent (FAE) / kg dry 
weight]. The roots had the highest total phenol content in 
the fraction (166.2 ± 7.5 mg/kg dry weight for butanol and 
160.8 ± 7.2 mg/kg dry weight for ethyl acetate, respectively).

Phenolic acid and flavonoids have been identified in 
leaf hexane extract (chlorogenic acid (3.669 ± 0.18), p-cou-
maric (10.334 ± 0.51), naringin (28.817 ± 1.4), and ferulic 
acids (0.844 ± 0.12)); in ethyl acetate extract (p-coumaric 
(1.005 ± 0.11) chlorogenic (2.003 ± 0.11), and ferulic acids 
(1.567 ± 0.11)); in butanol extract (caffeic (2.391 ± 0.11), 
chlorogenic (44.151 ± 2.12), p-coumaric (1.009 ± 0.11), ferulic 
acids (3.215 ± 0.21), and naringin (6.061 ± 0.32)); and in water 
extract (chlorogenic acid (14.254 ± 0.71)) (Kim et al. 2014).

Protocatechuic acid, caffeic acid, gallic acid, protocat-
echuic acid, vanillic acid, p-coumaric acid, and ferulic acid are 
examples of extracts isolated from Morus alba. According to 
Flaczyk et al., sinapinic acid has also been identified in Morus 
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alba leaf extracts. Chlorogenic acid was the main phenolic 
component. The overall phenolic component concentration 
was 7.9 g per 100 g of extract, equating to 14.4 g gallic acid. 
The flavonol fraction contained quercetin -3-d-glucoside, 
rutin, and kaempferol 3-d-glucopyranoside (Kim et al. 2013).

Guibourtinidol glycosides (2R, 3S), syringaresinol-4-O-
d-glucopyranoside, quercetin 7-O-dglucopyranoside, and 
dehydrodiconiferyl alcohol 4,9ʹdi-O-d-glucopyranoside 
have all been isolated from the root bark of Morus alba 
(Xie et al. 2008). Pyrrole alkaloids include morrole A, mor-
role B, morrole C, morrole D, morrole E, and morrole F. 
2-(5-Hydroxymethyl-20,50-dioxo-20, 30, 40, 50-tetrahy-
dro-10H-1,30-bipyrrole) carbaldehyde, 2-(5-hydroxymethyl-
20,50-dioxo-20,50-dioxo-20,50-dioxo-20,50-tetrahydro-10H-
1,30-bipyrrole 4-[formyl-5-(hydroxyl methyl)-1H-pyrrol-1-yl] 
4-[formyl-5-(hydroxyl methyl)-1H-pyrrol-1-yl] butanoate, 
4-[formyl-5-(hydroxymethyl)-1H-pyrrol-1-yl] butanoate, 
4-[formyl-5-(methoxymethyl)-1H-pyrrol-1-yl] butanoic 
acid 2-[2-formyl-5-(methoxymethyl)-1H-pyrrole-1-yl] pro-
panoate, 2-[2-formyl-5-(methoxy methyl)-1H-pyrrol-1-yl] 
2-(50-hydroxymethyl-20-formyl pyrrole-10-yl)-3-phenyl-pro-
pionic acid lactone, 4-[formyl-5-(methoxymethyl)-1H-pyr-
rol-1-yl] methyl butanoic acid, methyl -3-(4-hydroxyphenyl)
propanoate, (50-hydroxyl methyl-20-formylpyrrol-10-yl)-3-(4-
hydroxyphenyl)—lactone—propionic acid, 2-(5-hydroxyme-
thyl-2-formylpyrrol-1-yl)isovaleric acid lactone, 2-(5-hydrox-
ymethyl-2-formylpyrrole-1-yl) isocaproic acid lactone, 
2-(5-hydroxymethyl-2-formylpyrrole-1-yl) isocaproic acid, 
3-methyl pentanoic acid lactone (hydroxymethyl) 5-hydroxy-
1H-pyrrole-1-butanoic acid-1H-pyrrole-1-butanoic acid-
1H-pyrrole-1-butanoi (hydroxymethyl) -1H-pyrrole-2-carbox-
aldehyde, lactone—2-(5-hydroxymethyl-2-formylpyrrole-1-yl)
propionic acid, lactone 2-[2-formyl-5-(hydroxymethyl)-1-pyr-
rolyl-] 2-formyl-5-methyl pentanoic acid lactone, 2-formyl-
1H-pyrrole-1-butanoic acid and 2-formyl-5-pyrrole-1-butanoic 
acid, and two types of 2-formyl-1H-pyrrole-1-butanoic acid and 
2-formyl-5-(methoxymethyl) -1H-pyrrole-1-butanoic acid were 
all isolated from Morus alba fruits (Eruygur and Dural 2019; 
Sharma and Madan 1994).

1-Deoxynojirimycin was detected in Morus alba leaves 
at a concentration of 0.103–0.12%. Environmental condi-
tions (temperature and growing duration), however, influ-
enced the amount of chemical produced (Łochyńska and 
Oleszak 2011; Yao et al. 2019). Morus alba, had high lev-
els of cellulose (57.4%), hemicellulose (16.3%), and lignin 
(13.3%) (Hunyadi et al. 2014; Chen et al. 1995b). Flavonoids 
such as flavonoids, alkaloids, stilbenoids, and retianone G 
were found in the root bark (Iqbal et al. 2012). Moriram-
rosid A (umbelliferone-6-dapioflanosyl (The plant list nd; 
Orwa et al. 2009) d glucopyranoside) and moriramrosid B 
(66-O (6-deoxylmannopyranosyl) d-glucopyranosyl] oxy] 
2-H-1-benzopyran-1-one) were discovered in dried Morus 
alba branches. The volatile oily component of the hot water 

extract of Morus alba leaves was separated into three glyco-
sylated volatiles (two megastigmane derivatives containing 
eugenol beta-d-glucoside) (Kim et al. 2012a).

In Morus alba leaves, N-containing sugars (fagomine, 
N-methyl-DNJ (N-Me-DNJ), 2-O-alpha-d-galactopyranosyl-
DNJ (GAL-DNJ), 1,4-dideoxy-1,4-imino-d-arabinitol (DAB), 
1,2 alpha,3 beta,4 alpha-tetrahydroxynortropan, and 1-deoxyno-
jirimycin (DNJ)) have been identified (Yiemwattana et al. 2018).

Using ethyl acetate extract, Morus alba var. liquid medium 
from Sharon root cultures was used to isolate morushalunin, 
guangsangon E, chalcomoracin, kuwanon J, and kuwanon R 
(Yang et al. 2010b; Chen et al. 2018). Morus alba possesses 
four adducts of Diels–Alder (kuwanon J, mulberrofuran F, 
mulberrofuran F1, and chalcomoracin), two chalcones (isoba-
vachalcone and morachalcone A), and three flavones (kuwanon 
C, norartocarpetin, and 6 geranylapigenin) (Lim et al. 2014). 
An aqueous methanol extract was used to isolate glycoprotein 
(Moran, 20 kDa) from the bark of Morus alba root. The protein 
contains more than 20% serine and cysteine, according to an 
analysis of its amino acid content (Jha and Srivastava 2013).

Pharmacological effects

Antimicrobial effects

Morus alba extract was tested for antibacterial activity against 
P. gingivalis and A. actinomycetes in inhibition zones of 
10.00 ± 0.33 mm and 17.33 ± 0.58 mm, respectively. The MIC 
and MBC values of the P. gingivalis extract were 62.5 g/mL. 
Actinomycetemcomitans had MIC and MBC values of 250 and 
500 g/mL, respectively. P. gingivalis LPS has been found to play 
a role in the generation of inflammatory cytokines. The gen-
eration of IL6 and IL8 mRNAs and proteins was significantly 
reduced (p < 0.05) when P. gingivalis LPS was treated with 
extracts at dosages of 2.5 and 5.0 g/mL (Park et al. 2003). Morus 
alba seed oil extract has been tested against Pseudomonas aer-
uginosa, Aspergillus niger, Staphylococcus aureus, Escherichia 
coli, Saccharomyces cerevisiae, and Bacillus subtilis.

The antibacterial activity of the ethanol extract was 
moderate, whereas the antibacterial activity of the aque-
ous extract was little (Gunjal et al. 2015a).

Morus alba ethanol extract was compared to chlorhex-
idine gluconate for antibacterial activity against Porphy-
romonas gingivalis, Aggregatibacter actinomycetem-
comitans, and Tannerella forsythia. Morus alba extract 
is particularly susceptible to Porphyromonas gingivalis, 
which has a MIC of 1.95 mg/mL. Porphyromonas gin-
givalis and T. forsythia were shown to be more sensitive 
to chlorhexidine gluconate, with a MIC of 1.95 mg/mL 
(Lu et al. 2017). Morus alba sol–gel and chlorhexidine 
sol–gel had the lowest inhibitory concentrations in actino-
mycete comitante, compared to T. forsythia, being 12 mm 
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and 21 mm, and P. gingivalis, being 16 mm and 18 mm, 
respectively (Čulenová et al. 2020).

At 1000 mg/mL MIC, an ethyl acetate extract from a 
Morus alba branch inhibited T. rubrum growth. The pre-
dominant antifungal component was oxyresveratrol, which 
was extracted from the ethyl acetate extract. 0.500 mg/mL 
exhibited the minimum inhibitory concentration (MIC).

Miconazole nitrate and oxyresveratrol showed synergis-
tic inhibitory effects when used together, as evidenced by a 
significant reduction in MICs for both components (Hamza 
et al. 2013). In vitro studies were conducted on the antiviral 
and antibacterial activity of phenolic compounds extracted 
from the bark of Morus alba. Plaque reduction and titer 
reduction assays were used to examine antiviral effects, and 
broth microdilution was used to test antibacterial activities. 
Six compounds (five prenylated compounds and one simple 
phenol ester) have been found to suppress the replication of 
herpes simplex virus 1 (HSV1) and herpes simplex virus 2 
(HSV2), with IC50 values ranging from 0.64 to 1.93 g/mL 
and EC50 values ranging from 0.93 to 1.61 g/mL.

The antiviral activity of marveloside C against herpes sim-
plex virus type 1 (HSV1) was poor (IC50: 75.4 μg/mL), but 
retianone G isolated from the bark of Morus alba was excep-
tional (IC50: 1.6 μg/mL) (Qiu et al. 1996). Extracts of Morus 
alba crude oil and seed oil show high insecticidal activity 
against grains of the genus Sitophilus (Islam et al. 2008).

Overview of the pharmacological activities of Morus alba. 

Activities Plant part 
used

Activity Model References

Anti-inflamma-
tory activity

Twig, root Carrageenan in 
mice

Chen et al., 
2013; Chung 
et al., 2003

Antioxidant 
activity

Twig, leaves, 
fruit

Ferrous ion chelat-
ing activity, 
ferric reducing 
power

Chang et al., 
2001; Yang, 
2011; Yea 
et al., 2016; 
Lye, 2012

Anti-cancer 
activity

Leaves, root Hepatocellular 
carcinoma cells, 
hepatoma cells

Dat, 2010; 
Naowaratwat-
tana, 2010; 
Chan et al., 
2016

Antihyper-
lipidemic 
activity

Leaves, root High-cholesterol 
diet treated 
hyperlipidemic 
rats

Zeni and 
Dall’Molin, 
2010; Jo 
et al., 2014

Antimicrobial 
activity

Leaves, root Pseudomonas 
aeruginosa, 
Escherichia coli, 
Bacillus subtilis, 
Streptococcus 
mutans, Strepto-
coccus sanguis, 
Streptococcus 
sobrinus

Omidiran et al., 
2012; Park 
et al., 2003

Activities Plant part 
used

Activity Model References

Neuroprotec-
tive activity

Leaves Foot shock-
induced aggres-
sion Water maze 
test

Yadav and 
Nade, 2008; 
Kaewkaen 
et al., 2012

Antidiabetic 
activity

Twig, leaves, 
root, fruit

Alloxan-induced 
diabetes, brain-
derived neuro-
tropic factor, 
Zucker diabetic 
fatty rats

Liu et al., 
2015; Shukla 
et al., 2016; 
Vichasilp 
et al., 2012; 
Mohammadi 
and Naik, 
2012; Kumar, 
2012; Yea 
et al., 2016; 
Sarikaphuti 
et al., 2013

Anti-ather-
osclerotic 
activity 
Leaves, 
Fruit Human 
Endothelial 
Cells Rynkoa 
et al., 2016; 
Harauma 
et al.,

Leaves, fruit 
Human 
Endothe-
lial Cells 
Rynkoa 
et al., 2016; 
Harauma 
et al.,

Human endothelial 
cells

Rynkoa 
et al., 2016; 
Harauma 
et al., 2007; 
Chen et al., 
2005

Anti-obesity 
activity 
Leaves, Fruit 
Diet-induced 
obese mice 
Obese mice 
Oh et al., 
2009; Valac-
chi et al., 
2014

Leaves, fruit Diet-induced 
obese mice 
obese mice

Oh et al., 2009; 
Valacchi 
et al., 2014

Tyrosinase 
inhibitory 
activity/skin 
whitening 
activity

Twig, leaves Melanin formation 
in melanA cells

Zhang et al., 
2016; Lee 
et al., 2002

Hepatoprotec-
tive activity

Fruit, leaves Carbon tetrachlo-
ride in rats

Hogade et al., 
2010; Hsu 
et al., 2012

Cardioprotec-
tive activity

leaves Cardiac markers Madhumitha 
and Ind-
huleka, 2012

Anti‑inflammatory, analgesic, and antipyretic 
effects

Morus alba extract suppressed the production of inflam-
matory cytokines such as LPS-induced interleukin 6 (IL6) 
and tumor necrosis factor (TNF). Methanol extracts from 
Morus alba leaves and their fractions (chloroform, butanol, 
aqueous fraction) inhibited NO production in LPS-activated 
RAW264.7 macrophages at a dose of 4100 mcg/mL. Morus 
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alba leaf extract and its fraction also dramatically reduced 
TNF alpha production (Yimam et al. 2016a). Morus alba root 
bark extract produced NO via inhibiting iNOS overexpression. 
It also blocked the activation of ERK1/2 by degradation and 
hyperphosphorylation of IB, which hindered the activation of 
NFkB via p65 nuclear translocation (Khunakornvichaya et al. 
2016). In mice, ethanol extract had a significant inhibitory 
effect on acute inflammation. The presence of flavonoids and 
chlorogenic acid in its composition is most likely responsible 
(Park et al. 2014). In mice with carrageenan-induced apoe-
mium, mulberrofuran B showed anti-inflammatory effects 
in vivo (El-Sayyad et al. 2011). In a rat model of osteoar-
thritis caused by anterior cruciate ligament amputation, the 
anti-nociceptive efficacy of the Morus alba strain extract was 
assessed by analyzing hindlimb weight loading and cartilage 
protective activities. Oral treatment with Morus alba strain 
extract (56 and 560 mg/kg) significantly reduced joint pain 
compared to the osteoarthritis-induced group treated with 
vehicle. Rats given 560 mg/kg Morus alba extract increased 
their marking scores (Sungkamanee et al. 2014).

Immunological effects

Morus alba hot water extract induced rat systemic anaphy-
lactic shock and anti-chicken gamma globulin (CGG) IgE-
mediated activation of peritoneal mast cells. 48/80-induced 
systemic anaphylactic shock and anti-chicken gamma glob-
ulin (CGG) is used to induce IgE-mediated activation of 
rat peritoneal mast cells. Compound 48/80-induced cAMP 
decrease in RPMC was likewise significantly inhibited by 
the extract (Bharani et al. 2010). Morus alba extract (200 
and 400 mg/kg, oral) had the same effect as levamisole on 
delayed hypersensitivity reactions. The number of white 
blood cells, lymphocytes, neutrophils, and eosinophils did 
not increase much, but the total quantity of white blood 
cells, lymphocytes, neutrophils, and eosinophils did. As 
a result, the aqueous extract of Morus alba stimulates 
the congenital or non-specific immune system in a dose-
dependent manner without having an immunomodulatory 
effect on the adaptive immune system (Chang et al. 2015). 
In mouse spleen cells, polysaccharides isolated from the 
root cortex of Morus alba were evaluated for immunomod-
ulatory activity. In the presence of mitogen, the polysac-
charide elevated splenic lymphocyte proliferation while 
suppressing the generation of primary IgM antibodies by 
activated B cells (Kwon et al. 2019).

Morus alba fruit extract stimulated macrophages by sign-
aling through the nuclear factor B (NFB) signaling path-
way downstream of mitogen-activated protein kinase (MAP 
kinase) and Toll-like receptors (TLRs) (USDA, Morus alba 
n.d.). In RAW264.7 cells, the extract stimulated macrophage 
development, which resulted in phagocytic activity (Dkhil 
et al. 2015). According to mechanical research, oxyresveratrol 

suppresses the MEK/ERK signaling cascade, which inhibits 
CXCR4-mediated T cell mobility (Khyade 2016).

Antioxidant effects

Hexane, ethyl acetate, butanol, and water extracts of Morus 
alba demonstrated high radical scavenging activity. The 
ability of plant extracts to remove free radicals has been 
shown to be closely related to their total phenol concentra-
tion (Kim et al. 2014). Ethanol extracts from fruits, leaves, 
and roots have been shown to exhibit free radical scavenging 
activity at IC50 values of 0.1469, 0.0124, and 0.0274 mg/mL, 
respectively (Oliveira et al. 2016). The extract significantly 
lowered blood urea nitrogen, plasma creatinine, and uric 
acid levels (Arfan et al. 2012).

Morus alba extract demonstrated stronger antioxi-
dant activity and was rich in phenolic components than 
hydromethanol extract. Furthermore, phenol content and 
antioxidant activity have a strong beneficial relationship 
(Zhang et al. 2009). Four flavonoids derived from Morus 
alba were tested for antioxidant activity, and all four isolated 
substances showed DPPH and ABTS radical scavenging 
activity (Hunyadi et al. 2012). Two prenylflavones (cudrafla-
vone B and cudraflavone C), oxyresveratrol, and quatethanol 
extract were tested for antioxidant activity. The substances 
oxyresveratrol and 5,7-dihydroxycoumarin-7-methyl ether, 
with IC50 values of 19.1 ± 3.6 and 3.81 ± 0.5 μmol, respec-
tively, showed superoxide scavenging activities. The antioxi-
dant activity of Morus alba ethanol extract was investigated, 
and it was revealed to have radical scavenging, reducing, and 
iron ion chelating properties. Furthermore, the phospholip-
ids were protected from free radical damage by the ethanol 
extract (Singab et al. 2005). The flavonoids in the extract 
were in the order of quercetin > kaempferol > astragalin. In 
a time- and dose-dependent manner, the extract, quercetin, 
kaempferol, and astragalin all reduced AAPH-induced oxi-
dative hemolysis of RBC (Wilson and Islam 2015).

Antidiabetic effects

Ethanol extract from Morus alba leaves was fractionated 
and its antidiabetic effect was investigated in vitro. Strong 
fractions were tested in vivo using streptozotocin-induced 
diabetic rats.

One of the fractions (fraction 2) showed high antihyper-
glycemic efficacy due to significant changes in enzyme activ-
ity (Mahmoud et al. 2017). Aqueous extract of Morus alba 
reduced serum glucose, common cholesterol, triglycerides, 
LDL, and antioxidant enzyme levels in affected rats (Shams-
Ardekani et al. 2013). In the liver, fruit extract increased 
pAMPK while lowering glucose-6-phosphatase and phos-
phoenolpyruvate carboxykinase. By activating AMPK 
and AS160 with skeletal muscle mass and suppressing 
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gluconeogenesis in the liver, it reduced hyperglycemia and 
insulin sensitivity (Salama et al. 2017). In streptozotocin-
induced diabetic retinopathy, the mechanism behind the pro-
tective effect of Morus alba leaf ethanol extract (100 mg/kg, 
16 weeks) against oxidative stress, inflammation, apoptosis, 
and angiogenesis was also investigated. The extract was high 
in polyphenols and exhibited good free radical scavenging 
activities. Under hyperglycemic conditions, the effect of an 
alcoholic extract of Morus alba leaves on fetal fibroblast 
cells was tested. Morus alba alcoholic extract resulted in 
more favorable mobileular attachment and proliferation, as 
well as cytoprotective effects against hyperglycemia (Wang 
et al. 2013).

At two dose ranges (250 and 500 mg/kg), Morus alba was 
shown to significantly reduced serum glucose, amylase, TC, 
and renal function and increased serum HDL and TAC levels 
compared to the STZ diabetes group. Histological investi-
gation of pancreatic and renal sections of diabetic rats fed 
Morus alba demonstrated a regular structure compared to 
the STZ diabetic group (Nazari et al. 2013). In the strepto-
mycin-induced diabetes mouse (El-Beshbishy et al. 2006), 
the extracts significantly reduced glucose levels in the blood 
and increased antioxidant enzyme activity (SOD, CAT, 
GSHPX), but not only glycosylated serum proteins, but also 
antioxidative enzyme activity (SOD, CAT, GSHPX).

All flavonoids isolated from the root bark of Morus 
alba var. tatarica were examined for their ability to inhibit 
glucosidase. With IC50 values of 5.0 ± 0.3, 7.5 ± 0.5, and 
5.9 ± 0.2 M, three drugs showed significant glucosidase 
inhibition (Nomura et  al. 1978). Prenylated flavonoids 
(sanggenon C, morin, Kuwanon G, morusin), flavonols 
(kaempferol, rutin, quercetin, isoquercitrin), and alkaloids 
(1-deoxynojirimycin) have been discovered to have glucosi-
dase inhibitory effects (Memon et al. 2010).

Anti‑cancer effects

The cytotoxic properties of morushalunin, chalcomoracin 
guangsangon E, and kuwanon J isolated from ethyl acetate 
extract in Morus alba var liquid media P388 cells from 
murine leukemia were used to investigate Shalun root cul-
tures. Morushalunin, guangsangon E, and carcomoracin all 
showed significant cytotoxicity, with IC50 values of 0.7, 2.5, 
and 1.7 g/mL, respectively, while kuwanon J only showed 
mild cytotoxicity (IC50 = 5.9 g/mL) (Chen et  al. 2018). 
The cytotoxicity of 11 flavonoids isolated from Morus 
alba leaf methanol extracts was tested using HeLa human 
cervical cancer, MCF7 human breast cancer, and Hep3B 
human hepatocellular carcinoma cells. With an IC50 of 
0.64 M, morusin has the most potency against HeLa cells 
(Dabili et al. 2019). The anti-cancer effect of Morus alba 
root bark extract has been demonstrated in SW480 human 
colon cancer cells, which induce deodorant-dependent cell 

proliferation arrest and death. In SW480 cells, the extract 
increased ATF3 expression while decreasing cyclin D1 lev-
els. The extract-induced ATF3 expression was dependent on 
ROS and GSK3β. The extract-induced downregulation of 
cyclin D1 was caused by ROS-dependent proteasome deg-
radation (Qu et al. 2019).

Calu6 (human lung cancer), MCF7 (human breast ade-
nocarcinoma), and HCT116 (human colon cancer) were 
among the cell lines evaluated using mulberry leaf meth-
anol extracts (human colon cancer). On human cell lines, 
the antiproliferative effect of the Morus alba extract was 
varied and was linked to the concentration of the isolated 
extract under evaluation. At a dosage of 1 g/mL, fermenta-
tion of the Morus alba leaves increased the antiproliferative 
action of methanol extract on human gastric cancer cell line 
(SNU601) (Kim et al. 2014). Bcl2 levels were lowered and 
Bax levels were elevated in A172GBM cells treated with 
Morus alba leaf flavonoid extract, doxorubicin, or a combi-
nation of flavonoid extract and doxorubicin. The percentage 
of cells that went into apoptosis was likewise much higher 
in the treated cells (Kikuchi et al. 2010).

The cytotoxicity of Morus alba root extracts was studied 
against neuroblastoma cell lines (B103) and normal cells 
(Rat2). Extract treatment results in increased reactive oxy-
gen species (ROS), depolarization of mitochondrial mem-
brane potentials in B103 cells, DNA damage, and death. 
A decrease in cell proliferation and transcription was also 
found to be associated with apoptosis, according to stud-
ies of pAkt expression. The enhanced activity of Bax and 
the cleaved caspase 3 further demonstrated this (Nade et al. 
2013).

Morus alba extract reduced hepatocellular cancer, dys-
plastic nodules, lipid peroxidation, protein carbonylation, 
and DNA degradation (Pirvulescu et al. 2011). In a dose-
dependent manner, cyanidin-3-lucinoside and cyanidin-
3-glucoside reduced the migration and infiltration of highly 
metastatic A549 human lung cancer cells (both derived from 
Morus alba). The results show that cyanidin-3-glucoside and 
cyanidin-3-lutinoside therapy suppress matrix metallopro-
teinase 2 tissues by dose-dependently reducing the expres-
sion of MMP2 and urokinase plasminogen activator (uPA) 
and elevated levels of drug (TIMP2) and plasminogen acti-
vator inhibitors (PAI). In addition, cyanidin-3-lucinoside and 
cyanidin-3-glucoside inhibited the activation of cJun and 
NFkappaB (Du et al. 2008).

Cardiovascular effects

Morus alba reduced isoproterenol-induced myocardial dam-
age, resulting in smaller regions of myocarditis and myo-
cardial necrosis in treated rats, as well as lower levels of 
cardiac markers. In a myosin-induced myocarditis model, it 
also retained cardiac tissue without substantial infiltration of 
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inflammatory cytokines and fibrous tissue, correcting sys-
tolic and diastolic dysfunction of the myocardium (Naowa-
boot et al. 2009a; Yang et al. 2014b).

Morus alba significantly suppressed expression of per-
iactin and fractalkine, as well as intracellular ROS levels, 
NADPH activation, and increased monocyte attachment 
to human endothelial cells (Yang et al. 2012). Morus alba 
reduced abnormally mean arterial pressure and heart rate, 
high systolic, and diastolic blood pressure in experimental 
mice. The impaired reactivity of blood vessels (includ-
ing diminished dilatation and increased constriction) was 
restored to the normal levels after long-term treatment 
of mulberry leaves. After long-term therapy with Morus 
alba leaves, the impaired vascular reactivity (including 
decreased dilation and increased contraction) returned to 
normal levels. In vascular smooth muscle cells, relaxation 
was mediated by voltage-gated and receptor-dependent 
Ca2+ channel blockage, while contraction was mediated 
by activation of the sarcoplasmic reticulum ryanodine 
receptor (Naowaboot et  al. 2009b). The plant extract 
caused a short decrease in blood pressure and pulse rate 
lasting less than 3 min (Lee et  al. 2011). In a mouse 
model of arterial hypertension, Morus alba extract had 
an antihypertensive effect. Endothelial vascular relaxation 
was induced by the extract via a nitric oxide-dependent 
route. Increased phosphorylation of endothelial nitric 
oxide synthase (eNOS) was discovered through molecu-
lar research. It also had a positive impact on the vascular 
system by activating two key proteins that act as stress 
receptors (Hong et al. 2011).

Morus alba extract or 4U/kg insulin effectively improved 
vascular responsiveness in diabetic rats. After treatment with 
Morus alba extract, malondialdehyde levels in the liver, kid-
neys, heart, and aorta were all significantly reduced (Sharma 
et al. 2010). In atherosclerotically fed rats, chronic treatment 
with low-dose (100 mg/kg/day) or high-dose (200 mg/kg/kg) 
extracts reduces hypertension and suppresses acetylcholine-
induced vascular ring relaxation. Treatment with Morus alba 
leaves restored circulating endothelial dysfunction markers 
(soluble vascular cell adhesion molecule 1, fibrinogen and 
nitric oxide) to normal levels (Yang et al. 2011b). Morus 
alba leaves were also efficient against atherosclerotic 
plaques that had already formed. The amount of plaque was 
significantly reduced in animal trials after long-term therapy 
with Morus alba (Alvin et al. 2011).

Using isolated rat thoracic aorta, the vasoprotective effect 
of Morus alba root bark extract was investigated. Via an 
endothelium-dependent mechanism, the extract caused con-
centration-dependent vasorelaxation. After the endothelium 
was removed, vascular relaxation in response to the extract 
was significantly reduced. The extract also lowered the con-
tractile response to phenylephrine by a significant amount 
(Woo et al. 2017).

Dermatological effects

The effect and mechanism of action of Morus alba extract 
on B[a]P-induced cytotoxicity in human keratinocytes 
were investigated. After pretreatment with Morus alba 
extract, B[a]P induced (AhR) nuclear translocation and aryl 
hydrocarbon receptor activation were reduced. The extract 
reduced DNA damage and restored the delay in the S phase 
of cell cycle by inhibiting the development of DNA adducts 
derived from B[a]P in a dose-dependent method. In B16F10 
melanoma cells, the Morus alba tree methanol extract sig-
nificantly lowers intracellular tyrosinase and melanin levels, 
making it one of the top five most effective extracts. Among 
identified compounds, 2,4,3ʹ-trihydroxydihydro stilbene was 
discovered to be a new powerful tyrosinase inhibitor (Oh 
et al. 2009). Morus alba leaves have been shown to suppress 
the development of melanin, and the active components in 
Morus alba are now being researched.

Methanol extract from UV-irradiated Morus alba 
(UVCIML) had a greater tyrosinase inhibitory action than 
unirradiated Morus alba.

Toxicity and adverse effects

In mice, the LD50 of Morus alba leaf extract was 2 g/kg 
(Nomura et al. 1983). The oral toxicity of Morus alba aque-
ous extract was studied in rats for 28 days (0, 1, 2, 4 g/kg body 
weight/day). There have been no recorded treatment-related 
deaths or adverse events, and no target organ has been identi-
fied (based on clinical observation, weight/weight increase, 
diet, ocular examination, clinical pathology, gross pathol-
ogy, organ weight, or histopathology). The greatest dose (4 g/
kg body weight/day) had no effect on male or female rats 
(Food and Agriculture Organization 2002). The oral toxicity 
of Morus alba ethanol extract at a dose of 300 mg/kg is not 
fatal and does not cause histological abnormalities in the liver, 
spleen, or kidneys of mice, only causing a decrease in white 
blood cell count (Prasad et al. 1995). In vivo genotoxicity and 
acute toxicity of ethanol extracts from Morus alba leaves were 
examined in mice at dosages of 300 and 2000 mg/kg body 
weight for 14 days on ip. There were no fatalities or behavioral 
problems in the treated mice in the toxicity investigation when 
compared to the dosage controls. Biochemical, hematologi-
cal, and histological analyses, on the other hand, revealed that 
intraperitoneal injection generated pathological alterations. 
The extract did not cause genotoxicity when taken orally (Park 
et al. 2014). For 14 days, mice were tested for acute toxicity 
of Morus alba ethanol extract at 300 and 2000 mg/kg BW ip. 
Toxicity was determined by counting the number of micro-
nucleated polychromic red blood cells in the blood of mice 
administered 75, 150, and 300 mg/kg BW orally. The mice 
did not die or change behavior when compared to any dose of 
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control. However, after intraperitoneal injection, the extract 
causes hematological, biochemical, and histological changes. 
At all doses tested by negative control, oral administration of 
the extract did not cause genotoxicity or significant leukocyte 
migration (58, 65, 6% inhibition) (Park et al. 2014). The acute 
and chronic toxicity of Morus alba root bark extract was inves-
tigated in mice. The extract was administered subcutaneously 
at a dose of 50–200 mg/kg/day for 3 weeks and 3 months in 
subacute and chronic toxicity examination. The extract has no 
adverse effects on the animal (Lee et al. 2011). The toxicity 
of UP1306, a standardized mixture of Morus alba root bark 
extract and acacia catechu utilized as a commercial dietary 
supplement for joint care (500, 1000, 2000 mg/kg, 28 days 
orally), was investigated. There was no evidence of morbidity 
or mortality. In terms of body weight, food intake, hematologi-
cal, clinical chemistry, organ weight, gross pathology, and his-
tology, there were no significant changes between the groups 
(Prasad and Reddy 1991).

Morus alba leaf ingestion by humans and animals around 
the world has a long history, implying that the leaves and 
extracts are largely harmless. Morus alba leaves can be fed 
to cattle, sheep, goats, pigs, chickens, and rabbits (including 
pregnant animals) at up to 75% of their diet without causing 
health problems [191–194].

Conclusion

This review offered a comprehensive assessment of Morus 
alba’s phytochemical and pharmacological properties, as well 
as its safety and efficacy, as a prospective herbal medicine. The 
plant contained tannins, steroids, phytosterols, sitosterol, gly-
cosides, alkaloids, carbohydrates, proteins, and amino acids, 
as well as saponins, triterpenes, phenolics, flavonoids, benzo-
furan derivatives, anthocyanins, anthraquinones, glycosides, 
vitamins, and minerals. Pharmacological research identified 
antimicrobial, anti-inflammatory, immunological, analgesic, 
antipyretic, antioxidant, anti-cancer, antidiabetic, gastrointes-
tinal, respiratory, cardiovascular, hypolipidemic, anti-obesity, 
dermatological, neurological, muscular, and protecting effects.

Acknowledgements  We like to appreciate our colleagues that helped 
to review the draft of this manuscript.

Author contribution  GEB, AEA, MMT, JOT, HMS: formal analysis, 
investigation, data curation, methodology, software, validation, writing 
– original draft. APA, TKAT: formal analysis, investigation, software, 
data curation. HMA, AlA, AA, MP: formal analysis, investigation, 
software, data curation. All the authors read and approved the final 
version of the manuscript.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This study is supported by the University of Witten-Herdecke, 
42283, Wuppertal, Germany.

Data availability  Data sharing is not applicable to this article as no 
datasets were generated or analyzed during the current study.

Declarations 

Ethical approval  Not applicable.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Competing interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Adeduntan SA, Oyerinde AS (2010) Evaluation of nutritional and anti-
nutritional characteristics of obeche (Triplochition scleroxylon 
scleroxylon) and several mulberry (Morus alba) leaves. Afr J 
Biochem Res 4:175–178

Ahmad A, Gupta G, Afzal M, Kazmi I, Anwar F (2013) Antiulcer and 
antioxidant activities of a new steroid from Morus alba. Life Sci 
92(3):202–210

Alanazi AS, Anwar J, Alam N (2017) Hypoglycemic and antioxidant 
effect of Morus alba L stem bark extracts in streptozotocin-
induced diabetes in rats. J Appl Pharm 9:1

Al-Sayed HMA, Abdelaleem MA, Elkatry HO (2019) Chemical, tech-
nological and biological evaluation of mulberry and persimmon 
leaves. Arab J Nucl Sci Appl 52(4):45–63

Al-Snafi AE. 2015. Encyclopedia of chemical constituents and pharma-
cological effects of Iraqi medicinal plants. Rigi Publication- India

Alvin G, Catambay N, Vergara A, Jamora MJ (2011) A comparative 
study of the safety and efficacy of 75% mulberry (Morus alba) 
extract oil versus placebo as a topical treatment for melasma: a 
randomized, single-blind, placebo-controlled trial. J Drugs Der-
matol 10(9):1025–1031

Ann JY, Eo H, Lim Y (2015a) Mulberry leaves (Morus alba L.) amelio-
rate obesity-induced hepatic lipogenesis, fibrosis, and oxidative 
stress in high fat diet-fed mice. Genes Nutr 10:1–13

Ann JY, Eo H, Lim Y (2015) Mulberry leaves (Morus alba L.) amelio-
rate obesity-induced hepatic lipogenesis, fibrosis, and oxidative 
stress in high-fat diet-fed mice. Genes Nutr 10(6):46

Arfan M, Khan R, Rybarczyk A, Amarowicz R (2012) Antioxidant 
activity of mulberry fruit extracts. Int J Mol Sci 13:2472–2480

Arumugam S, Thandavarayan RA, Veeraveedu PT, Ma M, Giridharan 
VV, Arozal W, Sari FR, Sukumaran V, Lakshmanan A, Soetikno 
V et al (2012) Modulation of endoplasmic reticulum stress and 
cardiomyocyte apoptosis by mulberry leaf diet in experimental 
autoimmune myocarditis rats. J Clin Biochem Nutr 50:139–144

Assiri AMA, El-Beeh ME, Amin AH, Ramadan MF (2017) Ame-
liorative impact of Morus alba leaves’ aqueous extract against 

http://creativecommons.org/licenses/by/4.0/


1408	 Naunyn-Schmiedeberg's Archives of Pharmacology (2023) 396:1399–1413

1 3

embryonic ophthalmic tissue malformation in streptozotocin-
induced diabetic rats. Biomed Pharmacother 95:1072–1081

Bae SH, Suh HJ (2007) Antioxidant activities of five different mulberry 
cultivars in Korea. LWT - Food Sci Technol 40(5):955–962

Bharani SE, Asad M, Dhamanigi SS, Chandrakala GK (2010) Immu-
nomodulatory activity of methanolic extract of Morus alba Linn. 
(mulberry) leaves. Pak J Pharm Sci 23(1):63–68

Butt MS, Nazir A, Sultan MT, Schoёn K (2008) Morus alba L Nature’s 
functional tonic. Trends Food Sci Technol 19(10):505–512

CABI, Invasive Species Compendium (n.d.) https://​www.​cabi.​org/​isc/​
datas​heet/​34816

Carrizzo A, Ambrosio M, Damato A, Madonna M, Storto M, Capocci 
L et al (2016) Morus alba extract modulates blood pressure 
homeostasis through eNOS signaling. Mol Nutr Food Res 
60(10):2304–2311

Chai OH, Lee MS, Han EH, Kim HT, Song CH (2005) Inhibitory 
effects of Morus alba on compound 48/80-induced anaphylactic 
reactions and anti-chicken gamma globulin IgE- mediated mast 
cell activation. Biol Pharm Bull 28(10):1852–1858

Chaita E, Lambrinidis G, Cheimonidi C, Agalou A, Beis D, Trou-
gakos I, Mikros E, Skaltsounis AL, Aligiannis N (2017) Anti-
melanogenic properties of Greek plants. A novel depigmenting 
agent from Morus alba wood. Molecules 22(4). https://​doi.​org/​
10.​3390/​molec​ules2​20405​14.

Chan KC, Yang MY, Lin MC, Lee YJ, Chang WC, Wang CJ (2013) 
Mulberry leaf extract inhibits the development of atherosclerosis 
in cholesterol-fed rabbits and in cultured aortic vascular smooth 
muscle cells. J Agric Food Chem 61:2780–2788

Chang LW, Juang LJ, Wang BS, Wang MY, Tai HM, Hung WJ, Chen 
YJ, Huang MH (2011) Antioxidant and antityrosinase activity 
of mulberry (Morus alba L.) twigs and root bark. Food Chem 
Toxicol 49(4):785–790

Chang BY, Kim SB, Lee MK, Park H, Kim SY (2015) Improved 
chemotherapeutic activity by Morus alba fruits through 
immune response of toll-like receptor 4. Int J Mol Sci 
16(10):24139–24158

Chang YC, Yang MY, Chen SC, Wang CJ (2016) Mulberry leaf poly-
phenol extract improves obesity by inducing adipocyte apop-
tosis and inhibiting preadipocyte differentiation and hepatic 
lipogenesis. J Funct Foods 21:249–262

Chen F, Nakashima N, Kimura M (1995a) Hypoglycemic activity and 
mechanism of extracts from mulberry leaves and Cortex Mori 
Radices in streptozotocin induced diabetic mice. Yakugaku 
Zasshi 115:476–482

Chen F, Nakashima N, Kimura I, Kimura M, Asano N, Koya S 
(1995b) Potentiating effects on pilocarpine-induced saliva 
secretion, by extracts and N-containing sugars derived from 
mulberry leaves, in streptozocin-diabetic mice. Biol Pharm 
Bull 18(12):1676–1680

Chen C, Liu L, Huang H, Yang M, Wang C (2005) Mulberry extract 
inhibits the development of atherosclerosis in cholesterol fed 
rabbits. Food Chem 91:601–607

Chen PN, Chu SC, Chiou HL, Kuo WH, Chiang CL, Hsieh YS 
(2006) Mulberry anthocyanins, cyanidin 3-rutinoside and cya-
nidin 3-glucoside, exhibited an inhibitory effect on the migra-
tion and invasion of a human lung cancer cell line. Cancer Lett 
235(2):248–259

Chen YC, Tien YJ, Chen CH, Beltran FN, Amor EC, Wang RJ, Wu 
DJ, Mettling C, Lin YL, Yang WC (2013) Morus alba and 
active compound oxyresveratrol exert anti-inflammatory activ-
ity via inhibition of leukocyte migration involving MEK/ERK 
signaling. BMC Complement Altern Med 13:45

Chen Z, Du X, Yang Y, Cui X, Zhang Z, Li Y (2018) Comparative 
study of chemical composition and active components against 
α-glucosidase of various medicinal parts of Morus alba L. 
Biomed Chromatogr 32(11):e4328

Chevalier A (1996) The encyclopedia of medicinal plants. DK Pub-
lishing, New York, p 235

Choi EM, Hwang JK (2005) Effects of Morus alba leaf extract on the 
production of nitric oxide, prostaglandin E2 and cytokines in 
RAW264.7 macrophages. Fitoterapia 76(7–8):608–613

Choi J, Kang HJ, Kim SZ, Kwon TO, Jeong SI, Jang SI (2013) Anti-
oxidant effect of astragalin isolated from the leaves of Morus 
alba L. against free radical-induced oxidative hemolysis of 
human red blood cells. Arch Pharm Res 36(7):912–917

Choi KH, Lee HA, Park MH, Han JS (2016) Mulberry (Morus alba L.) 
fruit extract containing anthocyanins improves glycemic control and 
insulin sensitivity via activation of AMP- activated protein kinase 
in diabetic C57BL/Ksj-db/db mice. J Med Food 19(8):737–745

Choi JW, Synytsya A, Capek P, Bleha R, Pohl R, Park YI (2016b) 
Structural analysis and anti-obesity effect of a pectic polysac-
charide isolated from Korean mulberry fruit Oddi (Morus alba 
L.). Carbohydr Polym 146:187–196

Chon SU, Kim YM, Park YJ (2009) Antioxidant and antiprolifera-
tive effects of methanol extracts from raw and fermented parts 
of mulberry plant (Morus alba L.). Eur Food Res Technol 
230:231–237

Čulenová M, Sychrová A, Hassan STS, Berchová-Bímová K, Svobo-
dová P et al (2020) Multiple In vitro biological effects of phe-
nolic compounds from Morus alba root bark. J Ethnopharmacol 
248:112296

Dabili S, Fallah S, Aein M, Vatannejad A, Panahi G, Fadaei R, Moradi 
N, Shojaii A (2019) Survey of the effect of doxorubicin and fla-
vonoid extract of white Morus alba leaf on apoptosis induction 
in a-172 GBM cell line. Arch Physiol Biochem 125(2):136–141

Dat NT, Binh PT, le Quynh TP, Van Minh C, Huong HT, Lee JJ (2010) 
Cytotoxic prenylated flavonoids from Morus alba. Fitoterapia 
81(8):1224–1227

Deepa M, Sureshkumar T, Satheeshkumar PK, Priya S (2013) Anti-
oxidant rich Morus alba leaf extract induces apoptosis in human 
colon and breast cancer cells by the downregulation of nitric 
oxide produced by inducible nitric oxide synthase. Nutr Cancer 
65(2):305–310

Dimitrova MP, Petkova NT, Denev PP, Aleksieva IN (2015) Carbo-
hydrate composition and antioxidant activity of certain Morus 
species. Int. J. Pharmacogn. Phytochem Res 7(3):621–627

Dkhil MA, Bauomy AA, Diab MSM, Al-Quraishy S (2015) The anti-
oxidant effect of Morus alba leaves extract on kidney, testes, 
spleen and intestine of mice. Pakistan J Zool 47(2):393–397

Dragoi CM, Olaru OT, Dinu M, Popescu C, Arsene AL, Dune A et al 
(2018) Characterisation, pharmacotoxicological and biochemi-
cal studies on Morus alba L. extract and its fractions. Farmacia 
66(1):120–128

Du J, He ZD, Jiang RW, Ye WC, Xu HX, But pp. (2003) Antiviral 
flavonoids from the root bark of Morus alba L. Phytochemistry 
62(8):1235–1238

Du Q, Zheng J, Xu Y (2008) Composition of anthocyanins in mulberry 
and their antioxidant activity. J Food Compos Anal 21:390–395

El-Beshbishy HA, Singab ANB, Sinkkonen J, Pihlaja K (2006) 
Hypolipidemic and antioxidant effects of Morus alba L. (Egyp-
tian mulberry) root bark fractions supplementation in choles-
terol-fed rats. Life Sci 78:2724–2733

El-Sayyad HI, El-Sherbiny MA, Sobh MA, Abou-El-Naga AM, Ibra-
him MA, Mousa SA (2011) Protective effects of Morus alba 
leaves extract on ocular functions of pups from diabetic and 
hypercholesterolemic mother rats. Int J Biol Sci 7(6):715–728

Eo HJ, Park JH, Park GH, Lee MH, Lee JR, Koo JS, Jeong JB (2014) 
Anti- inflammatory and anti-cancer activity of mulberry (Morus 
alba L.) root bark. BMC Complement Altern Med 14:200

Erenmemisoglu A, Beydagi H, Behferooz F, Ustun H, Tanker M, Sun-
guroglu K (1994) Hypotensive effects and toxicological profile 

https://www.cabi.org/isc/datasheet/34816
https://www.cabi.org/isc/datasheet/34816
https://doi.org/10.3390/molecules22040514
https://doi.org/10.3390/molecules22040514


1409Naunyn-Schmiedeberg's Archives of Pharmacology (2023) 396:1399–1413	

1 3

of mulberry tree root barks. Gaziantep Universitesi Tip Fakaitesi 
Dergisi 5:140–146

Eruygur N, Dural E (2019) Determination of 1-deoxynojirimycin by 
a developed and validated HPLC-FLD method and assessment 
of in-vitro antioxidant, α-amylase and α-glucosidase inhibi-
tory activity in mulberry varieties from Turkey. Phytomedicine 
53:234–242

Fallah S, Karimi A, Panahi G, Gerayesh Nejad S, Fadaei R, Seifi M 
(2016) Human colon cancer HT-29 cell death responses to doxo-
rubicin and Morus alba leaves flavonoid extract. Cell Mol Biol 
(Noisy-le-grand) 62(3): 72–77

Fitriani R, Happyana N, Hakim EH (2019) Potential cytotoxic Diels-
Alder type adducts from liquid medium of Morus alba var. shalun 
root cultures. Nat Prod Res 26:1–5

Flaczyk E, Kobus-Cisowska J, Przeor M, Korczak J, Remiszewski M, 
Korbas E, Buchowski M (2013) Chemical characterization and 
antioxidative properties of Polish variety of Morus alba L. leaf 
aqueous extracts from the laboratory and pilot-scale processes. 
Agric Sci 4(5):141–147

Food and Agriculture Organization. 2002. Mulberry for Animal Pro-
duction: Proceedings of an Electronic Conference. May - August 
2000. Animal Production and Health Paper 147. Viale delle 
Terme di Caracalla, Rome, Italy: FAO.

Gunjal S, Ankola AV, Bhat K (2015a) In vitro antibacterial activity of 
ethanolic extract of Morus alba leaf against periodontal patho-
gens. Indian J Dent Res 26(5):533–536

Gunjal S, Ankola AV, Bolmal U, Hullatti K (2015b) Formulation and eval-
uation of antimicrobial activity of Morus alba sol-gel against peri-
odontal pathogens. J Indian Assoc Public Health Dent 13:331–336

Gupta G, Kazmi I, Anwar F (2013) Anxiolytic activity of moralbos-
teroid, a steroidal glycoside isolated from Morus alba. Phytop-
harmacology 4(2):347–353

Habeeb N. 2014. Fractionation and screening of Morus alba L. leaf 
extracts and bioassay for antidiabetic activity in the selected 
animal model. PhD thesis, University of Mysore.

Hamza RG, Mekawey HMS, El Shahat AN (2013) Antioxidant activ-
ity of mulberry (Morus alba L.) fruits in male rats exposed to 
gamma- radiation. Arab J Nucl Sci Appl 46(2):347–355

Hong Y, Kim MY, Yoon M (2011) The anti-angiogenic herbal 
extracts Ob-X from Morus alba, Melissa officinalis, and Arte-
misia capillaris suppresses adipogenesis in 3T3-L1 adipocytes. 
Pharm Biol 49(8):775–783

Hunyadi A, Martins A, Hsieh TJ, Seres A, Zupkó I (2012) Chlo-
rogenic acid and rutin play a major role in the in vivo anti-
diabetic activity of Morus alba leaf extract on type II diabetic 
rats. PLoS ONE 7(11):e50619

Hunyadi A, Herke I, Veres K, Erdei A, Simon A, Tóthb G (2014) 
Volatile glycosides from the leaves of Morus alba with a poten-
tial contribution to the complex anti-diabetic activity. Nat Prod 
Commun 9(2):145–147

Hwang SH, Li HM, Lim SS, Wang Z, Hong JS, Huang B (2016) 
Evaluation of a standardized extract from Morus alba against 
α-glucosidase inhibitory effect and postprandial antihyper-
glycemic in patients with impaired glucose tolerance: a ran-
domized double-blind clinical trial. Evid Based Complement 
Alternat Med 8983232

ITIS report (n.d.) Morus alba. https://​www.​itis.​gov/​servl​et/​Singl​
eRpt/​Singl​eRpt?​searc​htopic=​TSN&​search_​value=​19066#​null

Imran M, Khan H, Shah M, Khan R, Khan F (2010) Chemical com-
position and antioxidant activity of certain Morus species. 
Journal of Zhejiang University Science B- Biomedicine & 
Biotechnology 11(12):973–980

Iqbal S, Younas U, Sirajuddin Chan KW, Sarfraz RA, Uddin K 
(2012) Proximate composition and antioxidant potential of 
leaves from three varieties of mulberry (Morus sp.): a com-
parative study. Int J Mol Sci 13:6651–6664

Islam B, Khan SN, Haque I, Alam M, Mushfiq M, Khan AU (2008) 
Novel anti- adherence activity of mulberry leaves: inhibition of 
Streptococcus mutans biofilm by 1-deoxynojirimycin isolated 
from Morus alba. J Antimicrob Chemother 62(4):751–757

Jeon YH, Choi SW (2019) Isolation, identification, and quantifi-
cation of tyrosinase and α-glucosidase inhibitors from UVC-
irradiated mulberry (Morus alba L.) leaves. Prev Nutr Food 
Sci 24(1):84–94

Jeong JY, Liu Q, Kim SB, Jo YH, Mo EJ, Yang HH, Song DH, 
Hwang BY, Lee MK (2015) Characterization of melanogenesis 
inhibitory constituents of Morus alba leaves and optimization 
of extraction conditions using response surface methodology. 
Molecules 20(5):8730–8741

Jha SR, Srivastava AK (2013) Antibacterial, antifungal and pesti-
cidal activity of plant Morus alba - a novel approach in post 
harvest technology. Int J Agric Sci 3(1):157–162

Jo SP, Kim JK, Lim YH (2014) Antihyperlipidemic effects of stilbe-
noids isolated from Morus alba in rats fed a high-cholesterol 
diet. Food Chem Toxicol 65:213–218

Jung S, Lee MS, Choi AJ, Kim CT, Kim Y (2019) Anti-Inflammatory 
effects of high hydrostatic pressure extract of mulberry (Morus alba) 
fruit on LPS-stimulated RAW264.7 cells. Molecules 24(7):E1425

Kandylis K, Hadjigeorgiou I, Harizanis P (2009) The nutritive value 
of mulberry leaves (Morus alba) as a feed supplement for 
sheep. Trop Anim Health Prod 41(1):17–24

Katsube T, Imawaka N, Kawano Y, Yamazaki Y, Shiwaku K and 
Yamane Y. 2006. Antioxidant flavanol glycosides in mulberry 
(Morus alba L.) leaves isolated based on LDL antioxidant activ-
ity. Food Chemistry 97(1): 25–31.

Khan I, Saeed M, Akhtar J, Imran M (2009) Nutritional assessment 
of Morus alba and Phoenix dactylifera. J Chem Soc of Pakistan 
31(1):103–108

Khan MA, Rahman AA, Islam S, Khandokhar P, Parvin S, Islam MB, 
Hossain M, Rashid M, Sadik G, Nasrin S, Mollah MN, Alam AH 
(2013) A comparative study on the antioxidant activity of metha-
nolic extracts from different parts of Morus alba L. (Moraceae). 
BMC Res Notes 6:24

Khunakornvichaya A, Lekmeechai S, Pham PP, Himakoun W, Pitak-
suteepong T, Morales NP, Hemstapat W (2016) Morus alba L 
stem extract attenuates pain and articular cartilage damage in 
the anterior Cruciate Ligament transection-induced rat model of 
osteoarthritis. Pharmacology 98(5–6):209–216

Khyade VB (2016) Antioxidant activity and phenolic compounds of 
mulberry, Morus alba L (Variety: Baramatiwali). Journal of 
Medicinal Plants Studies 4(1):4–7

Kikuchi T, Nihei M, Nagai H, Fukushi H, Tabata K, Suzuki T, Akihisa 
T (2010) Albanol A from the root bark of Morus alba L induces 
apoptotic cell death in HL60 human leukemia cell line. Chem 
Pharm Bull (Tokyo) 58(4):568–571

Kim GN, Jang HD (2011) Flavonol content in the water extract of the 
mulberry (Morus alba L) leaf and their antioxidant capacities. J 
Food Sci 76(6):C869-873

Kim ES, Park SJ, Lee EJ, Kim BK, Huh H, Lee BJ (1999) Purifica-
tion and characterization of Moran 20K from Morus alba. Arch 
Pharm Res 22(1):9–12

Kim HM, Han SB, Lee KH, Lee CW, Kim CY, Lee EJ, Huh H (2000) 
Immunomodulating activity of a polysaccharide isolated from 
Mori Cortex Radicis. Arch Pharm Res 23(3):240–242

Kim YJ, Sohn MJ, Kim WG (2012a) Chalcomoracin and moracin C, 
new inhibitors of Staphylococcus aureus enoyl-acyl carrier pro-
tein reductase from Morus alba. Biol Pharm Bull 35(5):791–795

Kim HJ, Baburin I, Zaugg J, Ebrahimi SN, Hering S, Hamburger M 
(2012b) HPLC-based activity profiling-discovery of sanggenons 
as GABAA receptor modulators in the traditional Chinese drug 
Sang bai pi (Morus alba root bark). Planta Med 78(5):440–447

https://www.itis.gov/servlet/SingleRpt/SingleRpt?searchtopic=TSN&search_value=19066#null
https://www.itis.gov/servlet/SingleRpt/SingleRpt?searchtopic=TSN&search_value=19066#null


1410	 Naunyn-Schmiedeberg's Archives of Pharmacology (2023) 396:1399–1413

1 3

Kim SB, Chang BY, Jo YH, Lee SH, Han SB, Hwang BY, Kim SY, Lee 
MK (2013) Macrophage activating activity of pyrrole alkaloids 
from Morus alba fruits. J Ethnopharmacol 145:393–396

Kim SB, Chang BY, Hwang BY, Kim SY, Lee MK (2014) Pyrrole 
alkaloids from the fruits of Morus alba. Bioorgan Med Chem 
Lett 24:5656–5659

Kobayashi Y, Miyazawa M, Araki M, Kamei A, Abe K (2015) Effects 
of Morus alba L. (mulberry) leaf extract in hypercholesterolemic 
mice on suppression of cholesterol synthesis. J Pharmacogn Nat 
Prod 2:1–9

Kujawska M, Ewertowska M, Adamska T, Ignatowicz E, Flaczyk E, 
Przeor M, Kurpik M, Liebert JJ (2016) Protective effect of Morus 
alba leaf extract on N-nitrosodiethylamine-induced hepatocar-
cinogenesis in rats. In Vivo 30(6):807–812

Kusano G, Orihara S, Tsukamato D, Shibano M, Coskun M, Guvenc 
A et al (2002) Five new nortropane alkaloids and six new amino 
acids from the fruit of Morus albs L. growing in Turkey. Chem 
Pharm Bull (tokyo) 50:185–192

Kwon YH, Bishayee K, Rahman A, Hong JS, Lim SS, Huh SO (2015) 
Morus alba accumulates reactive oxygen species to initiate apop-
tosis via FOXO-caspase 3-dependent pathway in neuroblastoma 
cells. Mol Cells 38(7):630–637

Kwon DH, Cheon JM, Choi EO, Jeong JW, Lee KW, Kim KY, Kim 
SG, Kim S, Hong SH, Park C, Hwang HJ, Choi YH (2016) The 
immunomodulatory activity of Mori folium, the leaf of Morus 
alba L., in RAW 264.7 macrophages in vitro. J Cancer Prev 
21(3):144–151

Kwon OC, Ju WT, Kim HB, Sung GB, Kim YS (2019) UPLC-DAD-
QTOF/MS analysis of flavonoids from 12 varieties of Korean 
mulberry fruit. J Food Qual. https://​doi.​org/​10.​1155/​2019/​15289​17

Lee SH, Choi SY, Kim H, Hwang JS, Lee BG, Gao JJ, Kim SY (2002) 
Mulberroside F isolated from the leaves of Morus alba inhibits 
melanin biosynthesis. Biol Pharm Bull 25(8):1045–1048

Lee S, Kim DH, Lee JH, Ko ES, Oh WB, Seo YT, Jang YP, Ryu JH, 
Jung JW (2013) Involvement of histaminergic system in the anxi-
olytic-like activities of Morus alba leaves in mice. Biol Pharm 
Bull 36(11):1692–1699

Lee MR, Kim JE, Choi JY, Park JJ, Kim HR, Song BR, Choi YW, Kim 
KM, Song H, Hwang DY (2019) Anti-obesity effect in high-
fat-diet-induced obese C57BL/6 mice: Study of a novel extract 
from mulberry (Morus alba) leaves fermented with Cordyceps 
militaris. Exp Ther Med 17(3):2185–2193

Lee YJ, Choi DH, Kim EJ, Kim HY, Kwon TO, Kang DG, Lee HS 
(2011) Hypotensive, hypolipidemic, and vascular protective 
effects of Morus alba L. in rats fed an atherogenic diet. Am J 
Chin Med 39(1):39–52

Lim HJ, Jin HG, Woo ER, Lee SK, Kim HP (2013) The root barks of 
Morus alba and the flavonoid constituents inhibit airway inflam-
mation. J Ethnopharmacol 149(1):169–175

Lim HS, Ha H, Lee H, Lee JK, Lee MY, Shin HK (2014) Morus alba L. 
suppresses the development of atopic dermatitis induced by the house 
dust mite in NC/Nga mice. BMC Complement Altern Med 14:139

Łochyńska M, Oleszak G (2011) Multi-use of the white mulberry 
(Morus alba L.). Ecol Quest 15:91–95

Lu HP, Jia YN, Peng YL, Yu Y, Sun SL, Yue MT, Pan MH, Zeng LS, 
Xu L (2017) Oxyresveratrol, a stilbene compound from Morus 
alba L twig extract active against Trichophyton rubrum. Phyto-
ther Res 31(12):1842–1848

Ma X, Iwanaka N, Masuda S, Karaike K, Egawa T, Hamada T, Toyoda 
T, Miyamoto L, Nakao K, Hayashi T (2009) Morus alba leaf 
extract stimulates 5ʹ-AMP- activated protein kinase in isolated 
rat skeletal muscle. J Ethnopharmacol X 122(1):54–59

Mahmoud MY (2013) Natural antioxidants effect of mulberry fruits 
(Morus nigra and Morus alba L) on lipids profile and oxidative 
stress in hypercholestrolemic rats. Pakistan J Nut 12(7):665–672

Mahmoud AM, Abd El-Twab SM, Abdel-Reheim ES (2017) Eur J Nutr 
56(4):1671–1684

Marx TK, Glavits R, Endres JR, Palmer PA, Clewell AE, Murbach TS, 
Hirka G, Pasics I (2016) A 28- day repeated dose toxicological 
study of an aqueous extract of Morus alba L. Intern J of Toxicol-
ogy 35(6):683–691

Memon AA, Memon N, Luthria DL, Bhanger MI, Pitafi AA (2010) 
Phenolic acids profiling and antioxidant potential of mulberry 
(Morus laevigata W., Morus nigra L., and Morus alba L.) leaves 
and fruits grown in Pakistan. Pol J Food Nutr Sci 60(1):25–32

Metwally FM, Rashad H, Mahmoud AA, Morus alba L. (2019) 
Diminishes visceral adiposity, insulin resistance, behavioral 
alterations via regulation of gene expression of leptin, resis-
tin and adiponectin in rats fed a high-cholesterol diet. Physiol 
Behav 201:1–11

Mohamed NE, Ashour SE (2018) Role of ethanolic extract of Morus 
alba leaves on some biochemical and hematological alterations 
in irradiated male rats. Int J Radiat Biol 94(4):374–384

Mohammadi J, Naik PR (2012) The histopathologic effects of Morus 
alba leaf extract on the pancreas of diabetic rats. Turk J Biol 
36:211–216

Mucimapura S, Wattanathorn J, Thongrong S (2010) Morus alba 
enhanced functional recovery after sciatic nerve crush injury. 
Am J Agric Biol Sci 5(3):294–300

Nade VS, Kawale LA, Yadav AV (2010) Protective effect of Morus 
alba leaves on haloperidol- induced orofacial dyskinesia and 
oxidative stress. Pharm Biol 48(1):17–22

Nade VS, Kawale LA, Bhangale SP, Wale YB (2013) Cardiopro-
tective and antihypertensive potential of Morus alba L. in 
isoproterenol-induced myocardial infarction and renal artery 
ligation-induced hypertension. J Nat Remedies 13:54–67

Naowaboot J, Pannangpetch P, Kukongviriyapan V, Kukongviriyapan 
U, Nakmareong S, Itharat A (2009a) Mulberry leaf extract 
restores arterial pressure in streptozotocin-induced chronic 
diabetic rats. Nutr Res 29:602–608

Naowaboot J, Pannangpetch P, Kukongviriyapan V, Kukongviriyapan 
U, Nakmareong S, Itharat A (2009b) Mulberry leaf extract 
restores arterial pressure in streptozotocin- induced chronic 
diabetic rats. Nutr Res 29(8):602–608

Naowaratwattana W, De-Eknamkul W, De Mejia EG (2010) Phe-
nolic-containing organic extracts of mulberry (Morus alba 
L.) leaves inhibit HepG2 hepatoma cells through G2/M phase 
arrest, induction of apoptosis, and inhibition of topoisomerase 
IIα activity. J Med Food 13(5):1045–1056

Natic´ MM, Dabic´ DC, Papetti A, Fotiric´ Akšic´ MM, Ognjanov V, 
Ljubojevic´ M and Tešic´ ŽL. 2015. Analysis and characteri-
sation of phytochemicals in mulberry (Morus alba L.) fruits 
grown in Vojvodina, North Serbia. Food Chem 171: 128-136

Nazari M, Hajizadeh MR, Mahmoodi M, Mirzaei MR, Hassanshahi 
G (2013) The regulatory impacts of Morus alba leaf extract 
on some enzymes involved in glucose metabolism pathways in 
diabetic rat liver. Clin Lab 59(5–6):497–504

Nematbakhsh M, Hajhashemi V, Ghannadi A, Talebi A, Nikahd 
M (2013) Protective effects of the Morus alba L leaf extracts 
on cisplatin-induced nephrotoxicity in rat. Res Pharm Sci 
8(2):71–77

Niidome T, Takahashi K, Goto Y, Goh S, Tanaka N, Kamei K, Ichida 
M, Hara S, Akaike A, Kihara T, Sugimoto H (2007) Mulberry 
leaf extract prevents amyloid beta-peptide fibril formation and 
neurotoxicity. NeuroReport 18(8):813–816

Nomura T, Fukai T, Katayanagi M (1978) Studies on the constituents of 
the cultivated mulberry tree. III. Isolation of four new flavones, 
kuwanon a, b, c, and oxydihydromorusin from the root bark of 
Morus alba L. Chem Pharm Bull 26(5):1453–1458

Nomura T, Fukai T, Hano Y, Nemato K, Terada S, Kuramochi T (1983) 
Constituents of cultivated mulberry tree. Planta Med 47:151–156

https://doi.org/10.1155/2019/1528917


1411Naunyn-Schmiedeberg's Archives of Pharmacology (2023) 396:1399–1413	

1 3

Oh KS, Ryu SY, Lee S, Seo HW, Oh BK, Kim YS, Lee BH (2009) 
Melanin- concentrating hormone-1 receptor antagonism and 
anti-obesity effects of ethanolic extract from Morus alba leaves 
in diet-induced obese mice. J Ethnopharmacol 122(2):216–220

Oh BK, Oh KS, Kwon KI, Ryu SY, Kim YS, Lee BH (2010) Mel-
anin-concentrating hormone-1 receptor binding activity of 
pheophorbides isolated from Morus alba leaves. Phytother Res 
24(6):919–923

Oliveira A M, Mesquita MS, Silva G, Lima EO, Medeiros PL, Paiva 
PMG, Souza, IA, Napoleão TH. 2015. Evaluation of toxicity 
and antimicrobial activity of an ethanolic extract from leaves 
of Morus alba L. (Moraceae). Evid Based Complement Altern 
Med 513978.

Oliveira M, Nascimento MF, Ferreira MRA, Moura DF, Souza TGS, 
Silva GC et al (2016) Evaluation of acute toxicity, genotoxic-
ity and inhibitory effect on acute inflammation of an ethanol 
extract of Morus alba L. (Moraceae) in mice. J Ethnopharmacol 
194:162–168

Orwa C, Mutua A, Kindt R, Jamnadass R and Anthony S. 2009. Agro-
forestree Database: a tree reference and selection guide v4.0. 
http://​www.​world​agrof​orest​ry.​org/​sites/​treed​bs/​treed​ataba​ses.​asp

Panth N, Paudel KR, Gong DS, Oak MH (2018) Vascular protection by 
ethanol extract of Morus alba root bark: endothelium- depend-
ent relaxation of rat aorta and decrease of smooth muscle cell 
migration and proliferation. Evid Based Complement Alternat 
Med 2018:7905763

Park KM, You JS, Lee HY, Baek NI, Hwang JK (2003) Kuwanon G: 
an antibacterial agent from the root bark of Morus alba against 
oral pathogens. J Ethnopharmacol 84(2–3):181–185

Park HS, Shim SM, Kim GH (2013) Inhibitory effects of ethyl acetate-
soluble fraction from Morus alba on lipid accumulation in 3T3-
L1 cells. Nat Prod Commun 8(11):1579–1582

Park JH, Jung YJ, Jung JW, Shrestha S, Lim DW, Han D, Baek NI 
(2014) A new flavonoid glycoside from the root bark of Morus 
alba L. Nat Prod Res 28(21):1859–1863

Park SW, Shin KC, Yoou SK, Park HJ, Eun SH, Bae YM, Lee HM, 
Chae HJ, Chae SW, Choi BH (2019) Effects of an ethanolic extract 
of mulberry fruit on blood pressure and vascular remodeling in 
spontaneous hypertensive rats. Clin Exp Hypertens 41(3):280–286

Pereira CB, Marin A, Dalmora SL, Necchi RMM, Moresco RN, Man-
fron MP (2013) Anti-inflammatory activity and biochemical 
parameters of the hydroethanolic leaf extract of Morus alba 
(Moraceae). Rev Ciênc Farm Básica Apl 34:43–46

Philippine Medicinal Plants (n.d.) Morus alba. http://​www.​stuar​txcha​
nge.​org/​Morera

Phung TX, Tran TH, Dan TT, Chau VM, Hoang TH, Nguyen TD 
(2012) Chalcone- derived Diels-Alder adducts as NF-κB inhibi-
tors from Morus alba. J Asian Nat Prod Res 14(6):596–600

Pirvulescu MM, Gan AM, Stan D, Simion V, Calin M, Butoi E, Tir-
goviste CI, Manduteanu I (2011) Curcumin and a Morus alba 
extract reduce pro-inflammatory effects of resistin in human 
endothelial cells. Phytother Res 25(12):1737–1742

Polumackanycz M, Sledzinski T, Goyke E, Wesolowski M, Viapiana 
A (2019) A comparative study on the phenolic composition and 
biological activities of Morus alba L. commercial samples. Mol-
ecules 24(17). pii: E3082

Prasad P, Reddy M (1991) Nutritive value of mulberry (Morus alba) 
leaves in goats and sheep. Indian J Anim Nutr 8(4):295–296

Prasad P, Reddy D, Reddy M, Reddy G (1995) Effect of feeding mul-
berry (Morus alba) hay in the rations to pregnant ewes. Indian J 
Anim Nutr 12(2):109–111

Qiu F, Komatsu K, Kawasaki K, Saito K, Yao X, Kano Y (1996) A novel 
stilbene glucoside, oxyresveratrol 3ʹ-O-beta-glucopyranoside, from 
the root bark of Morus alba. Planta Med 62(6):559–561

Qu Y, Wang L, Guo W (2019) Screening and identification of antipy-
retic components in the postfrost leaves of Morus alba based on 

multivariable and continuous- index spectrum- effect correlation. 
J Anal Methods Chem 8796276

Radojković MM, Zeković ZP, Vidović SS, Kočar DD, Mašković PZ 
(2012) Free radical scavenging activity and total phenolic and fla-
vonoid contents of mulberry (Morus spp. L., Moraceae) extracts. 
Hem Ind 66(4):547–552

Rolim PM (2015) Development of prebiotic food products and health 
benefits. Food Sci Technol 35(1):3–10

Salama AAA, Ibrahim BMM, Yassin NA, Mahmoud SS, El-Din AAG, 
Shaffie NA (2017) Regulatory effects of Morus alba aqueous 
leaf extract in streptozotocin- induced diabetic nephropathy. Der 
Pharma Chemica C 9(1):46–52

Sanchez-Salcedo EM, Amoros A, Hernandez F, Martinez JJ (2017) 
Physicochemical properties of white (Morus alba) and black 
(Morus nigra) mulberry leaves, a new food supplement. J Food 
Nutr Res 5:253–261

Sattayasai J, Tiamkao S, Puapairoj P (2008) Biphasic effects of Morus 
alba leaves green tea extract on mice in chronic forced swimming 
model. Phytother Res 22(4):487–492

Sánchez-Salcedo EM, Mena P, García-Viguera C, Martínez JJ and 
Hernández F. 2015. Phytochemical evaluation of white (Morus 
alba L.) and black (Morus nigra L.) mulberry fruits: a starting 
point for the assessment of their beneficial properties. J Funct 
Foods 12: 399–408

Seo KH, Lee DY, Jeong RH, Lee DS, Kim YE, Hong EK, Kim YC, Baek 
NI (2015) Neuroprotective effect of prenylated arylbenzofuran and 
flavonoids from Morus alba fruits on glutamate-induced oxidative 
injury in HT22 hippocampal cells. J Med Food 18(4):403–408

Shams-Ardekani M, BarinVakili-Saatloo APN, Sadighara P (2013) 
The cytoprotective effects of Morus alba leaves in cultured 
fetus fibroblast cells against hyperglycemia. Zahedan J Res 
Med Sci 15(11):52–54

Sharma S, Madan M (1994) Potential of mulberry (Morus alba) 
biomass. J Sci Ind Res 53(9):710–714

Sharma R, Sharma A, ShonoT TM, Shirata A, Fujimora T, Machii H 
(2001) Mulberry moracins: scavengers of UV-stress generated 
free radicals. Biosci Biotechnol Biochem 65(6):1402–1405

Sharma SB, Tanwar RS, Rini AC, Singh UR, Gupta S, Shukla SK 
(2010) Protective effect of Morus rubra L. leaf extract on diet-
induced atherosclerosis in diabetic rats. Indian J Biochem Bio-
phys 47:26–31

Sim WS, Choi SI, Cho BY, Choi SH, Han X, Cho HD, Kim SH, 
Lee BY, Kang IJ, Cho JH, Lee OH (2019) Anti-obesity effect 
of extract from Nelumbo nucifera L., Morus alba L., and 
Raphanus sativus mixture in 3T3-L1 adipocytes and C57BL/6J 
obese mice. Foods 8(5):E170

Singab AN, El-Beshbishy HA, Yonekawa M, Nomura T, Fukai T 
(2005) Hypoglycemic effect of Egyptian Morus alba root bark 
extract: effect on diabetes and lipid peroxidation of streptozo-
tocin-induced diabetic rats. J Ethnopharmacol 100(3):333–338

Soonthornsit N, Pitaksutheepong C, Hemstapat W, Utaisincharoen 
P, Pitaksuteepong T (2017) In vitro anti-inflammatory activity 
of Morus alba L stem extract in LPS- stimulated RAW 264.7 
cells. Evid Based Complement Alternat Med. https://​doi.​org/​
10.​1155/​2017/​39289​56

Sun X, Yamasaki M, Katsube T, Shiwaku K (2015) Effects of querce-
tin derivatives from mulberry leaves: improved gene expres-
sion related hepatic lipid and glucose metabolism in short-term 
high-fat fed mice. Nutr Res Pract 9:137–143

Sungkamanee S, Wattanathorn J, MuchimapuraThukham- mee S 
(2014) Oxid Med Cell Longev 2014:579305

The plant list (n.d.) Morus alba. http://​www.​thepl​antli​st.​org/​tpl/​
record/​kew-​25013​81

Tond SB, Fallah S, Salemi Z, Seifi M (2016) Influence of mulberry 
leaf extract on serum adiponectin, visfatin and lipid profile 
levels in type 2 diabetic rats. Braz Arch Biol Technol 53:1–8

http://www.worldagroforestry.org/sites/treedbs/treedatabases.asp
http://www.stuartxchange.org/Morera
http://www.stuartxchange.org/Morera
https://doi.org/10.1155/2017/3928956
https://doi.org/10.1155/2017/3928956
http://www.theplantlist.org/tpl/record/kew-2501381
http://www.theplantlist.org/tpl/record/kew-2501381


1412	 Naunyn-Schmiedeberg's Archives of Pharmacology (2023) 396:1399–1413

1 3

Tsuduki T, Nakamura Y, Honma T, Nakagawa K, Kimura T, Ikeda I, 
Miyazawa T (2009) Intake of 1-deoxynojirimycin suppresses 
lipid accumulation through activation of the beta-oxidation 
system in rat liver. J Agric Food Chem 57:11024–11029

Ullah N, Khan MA, Khan S, Ahmad H, Asif AH, Khan T (2016) 
Nephro- protective potential of Morus alba, a prospec-
tive experimental study on animal models. Pharm Biol 
54(3):530–535

U.S. National Plant Germplasm System (n.d.) Morus alba. https://​
npgsw​eb.​ars-​grin.​gov/​gring​lobal/​taxon​omyde​tail.​aspx?​id=​24607

USDA (n.d.) Morus alba. https://​www.​fs.​fed.​us/​datab​ase/​feis/​plants/​
tree/​moralb/​all.​html

Venkatachalam VV, Kannan K, Ganesh S (2009) Preliminary immu-
nomodulatory activities of aqueous extract of Morus alba Linn. 
Int J Chem Sci 7(4):2233–2238

Wang W, Zu Y, Fu Y, Efferth T (2012) In vitro antioxidant and antimi-
crobial activity of extracts from Morus alba L. leaves, stems and 
fruits. Am J Chin Med 40(2):349–356

Wang X, Wang HQ, Kang J, Liu C, Chen RY (2014) Studies on chemi-
cal constituents from fruits of Morus alba L. Yao Xue Xue Bao 
49(4):504–506

Wang Y, Xiang L, Wang C, Tang C, He X (2013) Antidiabetic and 
antioxidant effects and phytochemicals of mulberry fruit (Morus 
alba L.) polyphenol enhanced extract. PLoS One 8(7): e71144

Warrier PK, Nambiar VPK and Ramankutty C. Morus alba Linn in, 
Indian Medicinal Plants. Orient Longman Ltd., Vol 4, 1st ed. 
Hyderabad 1997: 65–67.

Wilson RD, Islam MS (2015) Effects of white mulberry (Morus alba) 
leaf tea investigated in a type 2 diabetes model of rats. Acta Pol 
Pharm 72(1):153–160

Woo H, Lee J, Park D, Jung E (2017) Protective effect of mulberry 
(Morus alba L.) extract against benzo[a]pyrene induced skin 
damage through inhibition of Aryl hydrocarbon receptor signal-
ing. J Agric Food Chem 65(50):10925–10932

Xia M, Qian L, Zhou X, Gao Q, Bruce IC, Xia Q (2008) Endothelium-
independent relaxation and contraction of rat aorta induced by 
ethyl acetate extract from leaves of Morus alba (L). J Ethnop-
harmacol 120(3):442–446

Xie H, Wu F, Yang Y, Liu J (2008) Determination of 1-deoxynojirimy-
cin in Morus alba L. leaves using reversed- phase high perfor-
mance liquid chromatography fluorescence detection with pre-
column derivatization. Se Pu. 26(5):634–636

Xu J, Wang X, Cao K, Dong Z, Feng Z, Liu J (2017) Combination of 
β-glucan and Morus alba L. Leaf extract promotes metabolic 
benefits in mice fed a high-fat diet. Nutrients 9(10). https://​doi.​
org/​10.​3390/​nu910​1110.

Yadav AV, Nade VS (2008) Anti-dopaminergic effect of the methanolic 
extract of Morus alba L. leaves. Indian J Pharmacol 40(5):221–226

Yang Y, Wang HQ, Chen RY (2010b) Flavonoids from the leaves of 
Morus alba L. Yao Xue Xue Bao 45(1):77–81

Yang X, Yang L, Zheng H (2010) Hypolipidemic and antioxidant 
effects of mulberry (Morus alba L) fruit in hyperlipidaemia rats. 
Food Chem Toxicol 48:2374–2379

Yang MY, Huang CN, Chan KC, Yang YS, Peng CH, Wang CJ (2011b) 
Mulberry leaf polyphenols possess antiatherogenesis effect via 
inhibiting LDL oxidation and foam cell formation. J Agric Food 
Chem 59:1985–1995

Yang ZG, Matsuzaki K, Takamatsu S (2011a) Inhibitory effects of 
constituents from Morus alba var. multicaulis on differentiation 
of 3T3-L1 cells and nitric oxide production in RAW264.7 cells. 
Molecules 16:6010–6022

Yang NC, Jhou KY, Tseng CY (2012) Antihypertensive effect of 
mulberry leaf aqueous extract containing c-aminobutyric acid 
in spontaneously hypertensive rats. Food Chem 132:1796–1801

Yang Y, Yang X, Xu B, Zeng G, Tan J, He X, Hu C, Zhou Y (2014a) 
Chemical constituents of Morus alba L. and their inhibitory 

effect on 3T3-L1 preadipocyte proliferation and differentiation. 
Fitoterapia 98:222–227

Yang SJ, Park NY, Lim Y (2014b) Anti-adipogenic effect of mulberry leaf 
ethanol extract in 3T3-L1 adipocytes. Nutr Res Pract 8:613–617

Yang HJ, Kim MJ, Kang ES, Kim DS, Park S (2018) Red mulberry 
fruit aqueous extract and silk proteins accelerate acute ethanol 
metabolism and promote the anti-oxidant enzyme systems in rats. 
Mol Med Rep 18(1):1197–1205

Yiemwattana I, Chaisomboon N, Jamdee K (2018) Antibacterial and 
anti-inflammatory potential of Morus alba stem extract. Open 
Dent J 12:265–274

Yimam M, Lee YC, Moore B, Jiao P, Hong M, Nam JB, Kim MR, 
Hyun EJ, Chu M, Brownell L, Jia Q (2016a) Analgesic and anti-
inflammatory effects of UP1304, a botanical composite contain-
ing standardized extracts of Curcuma longa and Morus alba. J 
Integr Med 14(1):60–68

Yimam M, Jiao P, Hong M, Brownell L, Lee YC, Hyun EJ, Kim HJ, 
Nam JB, Kim MR, Jia Q (2017) UP601, a standardized botanical 
composition composed of Morus alba, Yerba mate and Magno-
lia officinalis for weight loss. BMC Complement Altern Med 
17(1):114

Yimam M, Jiao P, Hong M, Brownell L, Kim H-J, Lee YC, Jia Q 
(2018) Repeated dose 28- day oral toxicity study of a botanical 
composition composed of Morus alba and Acacia catechu in rats. 
Regul Toxicol Pharmacol 94:115–123

Yimam M, Jiao P, Hong M, Brownell L, Lee YC, Kim HJ, Nam 
JB, Kim MR, Jia Q (2019) Morus alba, a medicinal plant 
for appetite suppression and weight loss. J Med Food 22(7): 
741–751

Yimam M, Jiao P, Hong M, Brownell L, Lee YC, Hyun EJ, Kim HJ, 
Kim TW, Nam JB, Kim MR, Jia Q (2016b) Appetite suppres-
sion and antiobesity effect of a botanical composition composed 
of Morus alba, Yerba mate, and Magnolia officinalis. J Obes 
4670818

Yamatake Y, Shibata M and Nagai M. 1976. Pharmacological studies 
on root bark of mulberry tree (Morus alba L.). Jpn J Pharmacol; 
26: 461–469.

Yao J, He H, Xue J, Wang J, Jin H, Wu J, Hu J, Wang R, Kuchta K 
(2019) Mori ramulus (Chin.Ph.)-the dried twigs of Morus alba 
L/ part 1: discovery of two novel coumarin glycosides from the 
anti-hyperuricemic ethanol extract. Molecules 24(3): E629

Yoon M, Kim MY (2011) The anti-angiogenic herbal composition 
Ob-X from Morus alba, Melissa officinalis, and Artemisia cap-
illaris regulates obesity in genetically obese ob/ob mice. Pharm 
Biol 49(6):614–619

Zeni ALB, Dall’Molin M. (2010) Hypotriglyceridemic effect of Morus 
alba L, Moraceae, leaves in hyperlipidemic rats. Brazilian J Phar-
macogn 20(1):130–133

Zhang M, Chen M, Zhang HQ, Sun S, Xia B, Wu FH (2009) In vivo 
hypoglycemic effects of phenolics from the root bark of Morus 
alba. Fitoterapia 80(8):475–477

Zhao X, Li L, Luo Q, Ye M, Luo G, Kuang Z (2015) Effects of mul-
berry (Morus alba L.) leaf polysaccharides on growth perfor-
mance, diarrhea, blood parameters, and gut microbiota of early-
weanling pigs. Livest Sci 177:88–94

Zuo GY, Yang CX, Han J, Li YQ, Wang GC (2018) Synergism of pre-
nyl flavonoids from Morus alba root bark against clinical MRSA 
isolates. Phytomedicine 39:93–99

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://npgsweb.ars-grin.gov/gringlobal/taxonomydetail.aspx?id=24607
https://npgsweb.ars-grin.gov/gringlobal/taxonomydetail.aspx?id=24607
https://www.fs.fed.us/database/feis/plants/tree/moralb/all.html
https://www.fs.fed.us/database/feis/plants/tree/moralb/all.html
https://doi.org/10.3390/nu9101110
https://doi.org/10.3390/nu9101110


1413Naunyn-Schmiedeberg's Archives of Pharmacology (2023) 396:1399–1413	

1 3

Authors and Affiliations

Gaber El‑Saber Batiha1 · Ali Esmail Al‑Snafi2 · Mahdi M. Thuwaini3 · John Oluwafemi Teibo4 · Hazem M. Shaheen1 · 
Ayomide Peter Akomolafe5 · Titilade Kehinde Ayandeyi Teibo6 · Hayder M. Al‑kuraishy7 · Ali I. Al‑Garbeeb7 · 
Athanasios Alexiou8,9 · Marios Papadakis10

	 Ali Esmail Al‑Snafi 
	 Dr.aliasm@utq.edu.iq

	 Mahdi M. Thuwaini 
	 mahdi.murshd@stu.edu.iq

	 Hazem M. Shaheen 
	 drhazemshaheen3010@yahoo.com

	 Ayomide Peter Akomolafe 
	 peterayomide13@gmail.com

	 Titilade Kehinde Ayandeyi Teibo 
	 tayandeyi@usp.br

	 Hayder M. Al‑kuraishy 
	 hayderm36@yahoo.com

	 Ali I. Al‑Garbeeb 
	 dr.alialgareeb78@yahoo.com

	 Athanasios Alexiou 
	 alextha@yahoo.gr

1	 Department of Pharmacology and Therapeutics, 
Faculty of Veterinary Medicine, Damanhour University, 
Damanhour 22511, El Beheira, Egypt

2	 Department of Pharmacology, College of Medicine, 
University of Thi-Qar, Nasiriyah, Iraq

3	 College of Medical and Healthy Techniques, Southern 
Technique University, Basra, Iraq

4	 Department of Biochemistry and Immunology, Ribeirão, 
Preto Medical School, University of São Paulo, 
Ribeirão Preto, São Paulo, Brazil

5	 Department of Biochemistry, University of Ibadan, Ibadan, 
Nigeria

6	 Department of Maternal‑Infant and Public Health 
Nursing, College of Nursing, University of São Paulo, 
Ribeirão PretoRibeirão Preto, São Paulo, Brazil

7	 Department of Clinical Pharmacologyand, Therapeutic 
Medicine, College of Medicine, Almustansiriyah University, 
Baghdad, Iraq

8	 Department of Science and Engineering, Novel Global 
Community Educational Foundation, Hebersham, 
NSW 2770, Australia

9	 AFNP Med, 1030 Vienna, Austria
10	 Department of Surgery II, University Hospital 

Witten-Herdecke, University of Witten-Herdecke, 
Heusnerstrasse 40, 42283 Wuppertal, Germany


	Morus alba: a comprehensive phytochemical and pharmacological review
	Abstract
	Introduction
	Taxonomic classification
	Common names
	Distribution

	Description
	Traditional uses
	Parts used medicinally
	Pharmacological effects
	Antimicrobial effects
	Anti-inflammatory, analgesic, and antipyretic effects
	Immunological effects
	Antioxidant effects
	Antidiabetic effects
	Anti-cancer effects
	Cardiovascular effects
	Dermatological effects

	Toxicity and adverse effects
	Conclusion
	Acknowledgements 
	References


