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ABSTRACT 

Broussonetia papyrifera (syn. Papyrius papyrifera L. /Kuntze., Morus 

papyrifera L.), also known as paper mulberry is a medicinal plant, 

small tree or shrub which grows naturally in Asian and Pacific 

countries and in the southern part of USA. It has been successfully 

cultivated in some European countries, such as Italy, Slovenia, 

Ukraine, Hungary, Slovakia, Spain, etc. The analysed species has been 

cultivated for over 40 years at the Botanical Garden of the University 

of Agronomic Sciences and Veterinary Medicine of Bucharest. 

Various studies on the leaf morphology and stem, leaf and petiole 

anatomy have been carried out. The morphological analyses have 

showed that the leaves varied in length between 7-12 cm and in width 

between 5-7.5 cm. The petiole length was between 2-5 cm. The leaves of B. papyrifera 

presents adaxial and abaxial epidermis, cuticle and bifacial mesophyll. Biochemical analyses 

(total phenolic content, flavonoids and scavenging activity) on fresh leaves and fruits showed 

that leaves had the higher total polyphenols and flavonoids content than fruits, instead fruits 

exhibited a higher 2,2-diphenyl-2-picrylhydrazyl hydrate (DPPH) radical, hydroxyl radical 

scavenging activity than leaves.  
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INTRODUCTION 

Broussonetia papyrifera (genus: Broussonetia, family: Moraceae) also known as paper 

mulberry is a dioecious, deciduous tree or shrub native to Japan, China and Polynesia, which 

grows naturally in the Asian and Pacific regions.
[1]

 Genus name honours Pierre Auguste 

Marie Broussonet (1761-1807), French physician, naturalist and one-time professor of botany 

at Le Jardin des Plantes de Montpellier.
[2] 

The roots, leaves, bark and fruits of paper mulberry 

are all used in the traditional medicines. 

 

The current Covid -19 pandemic is caused by the SARS CoV-2 virus. On March 11, 2020, 

the World Health Organization announced that the spread of the new coronavirus had reached 

the stage of a pandemic and to date (October 2020), there are more than 40 million confirmed 

cases in the world; at the same time, there is not yet an effective treatment for the disease.
[3]

 

Several attempts have been made in search of the effective drugs to control the spread of the 

SARS CoV-2 infection. It was already reported that the polyphenols of Broussonetia 

papyrifera inhibit efficiently the catalytic activity of SARS COV-1 and MERS Mpro. But 

whether these polyphenols exhibit any inhibitory effect on SARS CoV-2 Mpro is far from 

clear. Polyphenols having glucosidase inhibitory properties are reported to show antiviral 

activity against various coronaviruses, such as SARS CoV-1 and the A group of polyphenols 

from Broussonetia papyrifera are known to possess α-glucosidase inhibition activity.
[4-8]

 

Several other authors noted that a great deal of potentially valuable aromatic herbs and 

phytochemicals are awaiting assessment and exploitation for therapeutic use against 

genetically and functionally different virus families, including coronaviruses.
[9-11]

 After the 

outbreak of SARS CoV, first described in 2003
[12]

, different researchers and scientists have 

tried their best to explore various antiviral extracts, drugs and molecules against SARS-

CoV.
[13-23]

 Broussonetia papyrifera is used in the traditional medicine to treat different 

diseases, having anti-inflammatory effect, antioxidant capacity - being helpful even for 

pancreatic cancer.
[24-26]

 Herbal remedies, such as the plant extracts or the phyto-constituents 

from certain parts and organs of the plant (e.g. root, stem, bark, seed, flower) are used as 

nutraceutic and nutritional supplements, as well, for treating various diseases.
[27]

 A WHO 

report showed that 80% of the people living in developing nations depend on traditional 

plants for health requirements.
[28]

 In the traditional medicine practiced in Indo - China, the 

leaves of Broussonetia papyrifera are used as a laxative and a diaphoretic, while the fruit as 

pectoral, stomachic and tonic; at the same time, the bark is taken against dysentery
 
and 

haemorrhage. The latex is applied externally to treat snake and dog bites, as well as bee 
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stings. The root bark is used for skin depigmentation. The stem bark is diuretic and 

haemostatic.
[29]

 A flavonoid, namely broussochalcone A, isolated from the bark, is a powerful 

antioxidant and has free radical-scavenging activity.
[30] 

 

It also suppresses the production of nitric oxide and, hence, it may have potential to cure 

various inflammatory diseases. Broussonin A and B from the bark have shown antifungal and 

antibacterial activity.
[31]

 The chemical constituents of B. papyrifera have antiplatelet 

properties in humans.
[30,31]

 Numerous studies have been conducted to reveal the medicinal 

properties of the species.
[32-39]

 It has also been investigated for its properties as a pesticide.
[40]

 

The leaf powder, when fed to the cotton bollworm (Helicoverpa armigers) caused restriction 

in its pupation and adult emergence. The xylem contains an antifungal substance against 

Fusarium spp.
[41]

 The Chinese herbals used to treat Covid -19 mainly included glycyrrhiza 

(Glycyrrhiza glabra), ephedra (Ephedra sinica), bitter almond (Prunus dulcis var. amara), 

gypsum, reed root (Phragmites communis), Amomum sp. and Trichosanthe sp. 

(Cucurbitaceae). Their main function is to relieve cough and to improve immunity.
[23]

 At the 

same time, the plants of Camellia sinensis L., having antiviral properties are effective SARS 

CoV-2, Mpro inhibitors.
[42,43]

 It has been reported that China has widely used traditional 

Chinese aromatic herbs and medicinal plants for the successful treatment of SARS in several 

cases.
[44]

 It has been known for almost 1,500 years as a plant whose bark can be used to make 

paper of various qualities up to the highest. The inner bark (bast vessels) is used for tapa 

(cloth) in the South Sea islands, while in Japan, Thailand, Myanmar, Indonesia it is used for 

special paper making, such as paper napkins, lens paper, cosmetic tissue and luxurious hand-

made paper.
[45]

 Based on the good economic potentiality and environmental effects, 

Broussonetia papyrifera is an important candidate for phytoremediation.
[46]

 

 

MATERIALS AND METHODS 

The material, Broussonetia papyrifera (female plant) originated from the Botanical Garden of 

the University of Agronomical Sciences and Veterinary Medicine of Bucharest, Romania. 

 

This species adapted well here, having been cultivated for the past four decades. It showed 

immunity to various pests. A specimen of B. papyrifera was deposited at the Herbarium of 

the University of Agronomic Sciences and Veterinary Medicine of Bucharest, with the 

botanical voucher no. 4968. 
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The material was sectioned by hand using razor blades to obtain semipermanent and 

permanent slides for microscopic studies. Fresh leaves, stems and petioles were collected for 

anatomical study. Thereafter, the sections were clarified with chloral hydrate for 24 hours, 

then washed and stained with carmine alaunate and green iodine.
[47]

 Analyses and 

observations of the cross-sections were performed at the Center for the Study of Food and 

Agricultural Products Quality at the University of Agronomic Sciences and Veterinary 

Medicine of Bucharest. Photos were taken and measurements were made using Leica 

DM1000 LED, Leica DFC295 Video Camera and Leica S8 APO Stereo Microscope, Novex 

Holland, Optika Microscope, as well as Sony photo camera. Photos were taken using a light 

microscope with different magnifications. The physicochemical analyses were carried out at 

the laboratories of the Research Center for Studies of Food and Agricultural Products 

Quality, University of Agronomic Sciences and Veterinary Medicine of Bucharest. 

 

The extracts were prepared using 50% (v/v) ethanol, after the pharmacopoeia method. The 

total phenolic content was determined through the method of Dobrin et al.
[48]

, using the Folin-

Ciocalteu reagent and expressed as gallic acid equivalents per gram of fresh material (mg 

GAE/g FW). 

 

The calibration curve of the gallic acid had the following concentrations: 0, 5, 10, 20, 30, 40, 

50, 60, 70 and 80μg/ml. The AlCl3 modified assay after Dobrin et al.
[48] 

was used for the 

quantification of the total flavonoid content of the ethanolic plant extracts. Standard solutions 

of catechin for calibration curve were 0, 0.01, 0.05, 0.10, 0.20, 0.30 and 0.40 mg/ml. The 

total flavonoid content was expressed as mg catechin equivalents per one gram of fresh 

weight. The radical scavenging activity (RSA) assay was performed after Dobrin et al.
[48]

 The 

results were expressed in DPPH inhibition percentage. All the solvents used were of 

analytical grade. The absorbances were measured using the Specord 210 Plus UV/VIS 

spectro-photometer and all the samples were analysed in triplicates. 

 

RESULTS AND DISCUSSION 

The anatomical diversity of wood in the Moraceae family is of great systematic significance. 

The anatomy of Moraceae has been studied by many various authors.
[49-56]

 Under different 

magnifications, slides were studied at the light microscope, and detailed microscopic features 

of each section of stem, petiole and leaf were noticed. 
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Stem anatomy  

The stem has a circular shape (Figures 1 and 2). A cross-section in a young branch shows an 

outer epidermis, followed by cortex, which consists of sclerenchyma, collenchyma and 

parenchyma layers. The pericycle is parenchymatous, being interrupted by small groups of 

fibres.  

 

         

Fig.1. Stem anatomy: cross-section Fig. 2. Details of stem's cross-section 

 

The epidermis of the stem consists of few layers of polygonal cells, covered by a smooth 

cuticle; the epidermis presents glandular and non - glandular trichomes (Figure 3).  

 

The cortex consists of a continuous layer of 2 - 3 rows of polygonal, isodiametric cells, as 

well as a collenchyma made up of 5 - 8 cell layers and a paratracheal parenchyma comprising 

10 -14 layers of cells. Laticifers are present. Prismatic crystals and druses were observed in 

the parenchyma (Figure 4). Fibres are thick and elongated (Figure 5). The pericycle is made 

up of a parenchyma interrupted by groups of lignified fibres. The vascular tissue consists of a 

continuous ring of outer phloem and inner xylem, showing cambium in between and 

traversed by medullary rays. Broussonetia papyrifera has a porous xylem, ring-shaped, with a 

distinct ring boundary. The later wood is solitary and contains vessels with helical 

thickenings. The perforations are simple. The medullary rays are uni or biseriate and they 

composed of sub rectangular cells with lignified and pitted walls. Rays vary in width and they 

are 3 to 6 seriate (Figures 6 and 7). 

 

The pith is present in the centre of the stem (Figure 6) and it consists of a somewhat large, 

rounded, thin-walled parenchyma with narrow intercellular spaces. Inter-vessel pits are non-

vestured, alternate, round to polygonal, small. Vessel-ray pits typically have reduced borders 

to simple, elongate. Prismatic and cluster crystals, laticiferous tubes, as well as tannin cells 

with brown content are distributed in the phloem and pith tissues. 
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Fig. 3. Longitudinal stem section with 

glandular and non - glandular trichomes 

Fig. 4. Longitudinal stem section with 

vessels and crystals 

  

Fig. 5. Longitudinal stem section Fig. 6. Cross - section of stem with 

elongated fibres 

 

Fig. 7. Ring-shaped xylem with distinct annual ring boundary. 

 

Leaf morphology and macroscopic characteristics 

The leaves of B. papyrifera are alternate, simple; the petiole up to 2-5 cm long, 

subtomentose, ovate, puberulous; blade ovate or cordiform or elliptical, 7-12 cm × 5-7.5 cm, 

entire, rounded or cordate at the base (Figure 8). The lower surface of the young leaves is 

dense, soft-hairy, pinnately veined, toothed at the margins or crenate - to serrate, dark green 

on the upper side; female inflorescence is globose, having 1-1.2 cm in diameter; the pedicel is 
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0.3-1.5 cm long and hairy. Before falling, the leaves roll their halves towards each other on 

the adaxial surface (Figure 9).  

 

  

Fig. 8. Leaves of B. papyrifera Fig. 9. Rolled leaves of B. papyrifera 

 

Petiole anatomy  

The cross-section reveals the petiole’s epidermis consisting of a single layer of rectangular 

and oval cells. The epidermis presents glandular and non-glandular trichomes. There is also a 

cuticle present. Inside there is a sclerenchyma, as well as a parenchyma with 6-13 cell layers. 

Below the parenchyma there is a cortex whose cells contain crystals and tannins. The 

vascular bundle has both phloem and xylem (Figures 10 and 11). In the middle of the cross-

section there is a ground tissue of the cells of crystals inside. 

 

  
Fig. 10. Petiole's anatomy Fig. 11. Crystals and tannins in petiole 
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Leaf anatomy  

The leaves of B. papyrifera female plants (Figures 12 and 13) have adaxial and abaxial 

epidermis, mesophyll and vascular bundle.  

 

  
Fig. 12. Leaf anatomy - a Fig. 13. Leaf anatomy - b 

 

The adaxial (Figures 14 and 15) and abaxial epidermis (Figures 16 and 17) have one layer of 

cells with thick cuticles and rich in trichomes. 

 

  

Fig. 14. Adaxial epidermis Fig. 15. Adaxial epidermis (SEM) 

  

  

Fig. 16. Adaxial epidermis Fig.17. Abaxial epidermis (SEM) 
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The mesophyll consists of a palisade and a spongy tissue. Sclerenchymatic druses with 

tannins and crystals are also present in the mesophyll. The laticifers create a network inside 

the mesophyll, being present on the adaxial side, where the palisade parenchyma is located.  

 

Three types of trichomes are present: glandular, non-glandular and cystolith trichomes.  

 

The glandular trichomes have a short stalk and a spherical head and they are rare on both 

surfaces. The non-glandular trichomes are unicellular, in various shapes and sizes. They are 

differentiated into 3 types: large, bristle and bracket. Large trichomes mostly of a conical 

shape present only on the adaxial surface. Bristle hairs as long clothing trichomes which are 

characteristic for this species are usually very long and tapering to a narrow point. 

  

Bracket types present simple, ordinary, short with acute or curved tip, densely covered 

abaxially.  

 

The existence of three types of trichomes has taxonomic value. Trichomes are considered 

relevant for comparative systematic investigations and for morpho-diagnosis.
[57]

 

 

Cystolith trichomes are numerous, with large and swollen base and mucronate apex. They are 

mainly present on the adaxial surface, while stomata appear only on the abaxial epidermis 

(Figure 17). 

 

Midrib anatomy 

The midrib is very prominent on the abaxial surface of the lamina and on the adaxial one. 

The midrib is of a fascicular type, consisting of a large arched bundle. Each vascular bundle 

has a structure similar to that in the petiole. Loosely arranged layers of parenchyma cells 

without chloroplasts surround the vascular bundle. Fibre cells form adaxial caps only. 

Laticifers and druses (Figure 19) and trichomes (Figure 20) are also present. 
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Fig. 19. Midrib Fig. 20. Trichoms on midrib 

 

Total phenolic analysis (TPA) 

The total phenolic assay showed that the Broussonetia papyrifera leaves had the highest 

content (498.13±9.38 mg GAE
*
 / 100 g leaves) than fruits (150.89±1.47 mg GAE / 100 g 

fruits).  

* 
GAE = gallic acid equivalent  

 

Total flavonoid content (TFC)  

Such in case of TPA, the TFC (2.22±0.01 mg of QE/ 100g leaves) was higher than in fruits 

(0.39 ±0001 mg of QE* / 100g fruits). Among the fresh and fruits ethanol extracts, the leaves 

extract showed a lower radical scavenging activity (49.90±1.08 %) than fruits: 69.63±1.33 % 

, Sunt et al. (2012) found an antioxidant activity of 58.11±0.11% in fruits the same 

researchers found in 2011 antioxidant activity of 62.88% in fruits. 

*
 QE = quercitine equivalent  

 

CONCLUSIONS 

The preliminary analysis of EtOH extracts demonstrates that fruits and leaves of 

Broussonetia papyrifera can be sucesssfully used to produce nutritional supplements or as 

preservative in food products, due to their rich polyphenol content and antioxidant capacity. 

 

The microscopic observations made on leaves, petioles and stems of Broussonetia papyrifera 

showed the presence of many types of trihomes, specific feature of Moraceae family.  

 

The morphological and anatomical studies we performed on Broussonetia papyrifera stem 

and leaf cross-sections, as well as on leaf surface sections provide for the first time in our 



www.wjpr.net      │     Vol 10, Issue 4, 2021.      │     ISO 9001:2015 Certified Journal      │ 

Luchian et al.                                                                      World Journal of Pharmaceutical Research 
 

164 

country valuable information regarding the anatomy of the individuals of Broussonetia 

papyrifera found in Romanian flora. 
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