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Abstract. – OBJECTIVE: Lemna minor is a 
plant with a huge repertoire of secondary me-
tabolites. The literature indicates that extracts 
of Lemna minor have antioxidant, antiradical, im-
munomodulatory and anti-inflammatory proper-
ties. The objective of the present study was to 
find a suitable technique to extract active com-
pounds from this plant and verify whether these 
extracts have immunomodulatory activity. 

MATERIALS AND METHODS: We grew L. mi-
nor on a standard medium with Gamborg B5 
and vitamins. We extracted compounds from 
the plant by maceration and decoction. The phy-
tochemical profile of the extracts was charac-
terized by chromatography, spectrophotome-
try, and spectroscopy. The extracts were tested 
on cultures of mononuclear cells from four hu-
man subjects. These cells were pulsed with car-
boxyfluorescein succinimidyl ester, grown in 
triplicate in standard culture medium without 
(control) and with increasing concentrations of 
Lemna extracts. Flow cytometry was used to 
evaluate cell death and proliferation of the total 
mononuclear cell population and of CD4+, CD8+, 
B cell and monocyte populations. 

RESULTS: The Lemna extracts were not cyto-
toxic and did not cause cell necrosis or apopto-
sis in immune cells. At low concentrations, they 
induced very limited proliferation of CD4+ cells 
within 48 hours. At high concentrations, they in-

duced proliferation of CD8+ cells and B lympho-
cytes within 48 hours. 

CONCLUSIONS: Unfortunately, we failed to 
confirm any immunomodulatory activity of Lem-
na extracts. Growth and death rates of human 
immune cells were not significantly affected by 
adding Lemna extracts to the culture medium.

Key Words:
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nomodulation, Immune cells.

Introduction

Lemna minor is a monocotyledonous herba-
ceous plant of the Lemnaceae (duckweed) fami-
ly. Lemna is a Greek word meaning “water plant” 
and minor is Latin word meaning “small”. L. mi-
nor is the common duckweed that grows in still or 
slow-moving water bodies, covering the surface1. 
Under ideal conditions of pH, water temperature, 
incident light and nutrient concentrations, bio-
mass production by Lemna minor is similar to 
that of the most vigorous photosynthetic terrestri-
al plants. L. minor biomass may double in 16-48 
hours. The plant has naturalized in all countries 
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with moderate climate and is a valuable forage, 
food and medicinal plant1,2. Lemna minor has a 
huge repertoire of secondary metabolites3-8 and is 

reported to have antimicrobial4,9, antiparasitic10 
and immunomodulatory properties6,7,11,12. Recent 
studies have also highlighted its nutritional and 
therapeutic properties. Consumer health concerns, 
rising healthcare costs and food security issues 
have prompted research into the nutritional val-
ue, traditional consumption as a food source, and 
commercialization possibilities of duckweed13-15. 
The aim of the present pilot pre-clinical study is 
to explore the immunomodulatory properties of 
Lemna minor.

Materials and Methods

Cultivation Conditions
The plants were grown on liquid medium based 

on 1:5 dilution of Gamborg B5 complete medi-
um with addition of vitamins (Figure 1A, B). The 
growth chamber was kept at a temperature of 20-
25°C and illuminated with the full visible spec-
trum and UV from 60 30-W LEDs, reproducing 
the natural light-dark circadian rhythm (with a 
photoperiod of 12 hours). The level of the medi-
um was checked every 2-3 days and replenished 
as needed. Plants were moved to a larger contain-
er when they reached confluence.

DNA Extraction 
Lemna minor was dried at 50°C for 24 hours 

(Figure 1C). DNA from Lemna minor leaves was 

extracted using a Quick DNA Plant/seed Mini-
prep kit (Zymo Research) according to the manu-
facturer’s guidelines.

Barcoding PCR
DNA was amplified with AmpliTaq Gold™ 360 

PCR Master Mix (Applied Biosystem, Vilnius, Lith-
uania) according to the manufacturer’s specifica-
tions, using the primers atpF-atpH R GCTTTTAT-
GGAAGCTTTAACAAT and atpF-atpH F 
ACTCGCACACACTCCCTTTCC (melting tem-
perature 55°C)16. The PCR products were purified 
with ExoSap-IT (Applied Biosystem, Vilnius, Lith-
uania) and sequenced on a CEQ8800 Sequencer 
(Beckman Coulter, Fullerton, CA, USA).

Extraction and Phyto-Chemical Analysis 
of Lemna Minor

Preparation study
In order to determine the best extraction method, 

various extraction techniques were tried (maceration, 
digestion, infusion, decoction, percolation and solid/
liquid extraction). The best extraction of the active in-
gredients was obtained by maceration and decoction.

Solvent choice
Maceration in H2O, decoction in H2O and ex-

traction in H2O/EtOH at different concentrations 
(30-60-96%) were carried out to obtain four dif-
ferent extracts. The phytochemical profile of each 
of them was characterized by chromatography, 
spectrophotometry and spectroscopy. These anal-

Figure 1. A, Lemna minor was grown on liquid medium based on Gamborg B5 complete medium diluted 1:5, with vitamins; 
B, Magnification of Lemna minor by stereomicroscope (X20); C, Lemna minor was dried at 50°C for 24 hours.
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yses were necessary to determine which extraction 
solvent gave the best yield of the phytocomplex.

Maceration
The minced plant (500 mg) was soaked in 

sufficient solvent (10 times its weight) for the 
necessary time, shaking from time to time and 
replenishing the solvent in case of evaporation. 
Macerations lasted for 24, 48 and 72 hours, and 
for 2 and 4 weeks. The best results were obtained 
with maceration for 2 and 4 weeks. The com-
plete phytochemical analysis was carried out on 
2-week macerates. After the maceration period, 
the extract was filtered and the drug : extract ratio 
was adjusted to 1:10.

Decoction
The minced plant (500 mg) was extracted by 

simmering for 20 minutes. The solution was fil-
tered hot, the residue was washed with water, and 
the drug : extract ratio was adjusted to 1:10.

Chemical Analysis

Quantification of total polyphenols 
Total polyphenols were quantified by the Fo-

lin-Ciocalteu colorimetric method. Quantification 
was based on two protocols to find the more effi-
cient extraction method: 10 μl and 20 μl of each 
extract were diluted in water to volumes of 3 and 
1.6 ml; 500 and 100 μl of Folin-Ciocalteu reagent 
(Sigma-Aldrich and CARLO ERBA Reagents, 
respectively), diluted 1:10 in water, was added. 
After stirring, 1 ml and 300 μl of 30% and 20% 
(m/V) aqueous Na2CO3 solution was added.

The absorbance was read at 700 nm by spec-
trophotometer (SAFAS UVmc2) after 2 hours of 
incubation and at 765 nm after 30 minutes of incu-
bation of the reaction mixture at room temperature 
and 40°C, against blanks (1 and 2 ml water). The 
calibration line for the quantification of polyphe-
nols was based on eight and five increasing concen-
trations of standard gallic acid (Sigma-Aldrich, Mi-
lan) (100-6400 mg/l and 50-500 mg/l, R2 = 0.99). 
All experiments were conducted in triplicate.

Determination of total flavonoids
Total flavonoids in the extracts were quantified 

by direct reading of absorbance at 340 nm (max-
imum absorption of quercetin) of the samples di-
luted 1:100 in the extraction solvent. The quantity 
of flavonoids was obtained by interpolating the 
absorbance values on the calibration line con-
structed with standard quercetin (Sigma-Aldrich) 

(7.8-500 mg/l, R2 = 0.987). All experiments were 
conducted in triplicate.

Determination of total flavan-3-ols
Flavan-3-ols (monomeric and oligomeric cate-

chins) were quantified by the vanillin colorimetric 
method. A 100 μl aliquot of aqueous solution (10 
mg/ml) of the extract was diluted in double-dis-
tilled water to a volume of 0.5 ml; 500 μl vanillin 
(1% m/V) in ethanol 96% V/V was added, stirred 
and the mixture spiked with 1 ml concentrated 
HCl. Absorbance at 500 nm was read against a 
blank (10 μl double-distilled water) by spectropho-
tometry (Perkin Elmer Victor Nivo3s) after incu-
bating the reaction mixture at room temperature for 
15 minutes. The calibration line was based on eight 
increasing concentrations of (-)-epicatechin (Sig-
ma-Aldrich, Milan) (100-6400 mg/l, R2 = 0.99). 
All experiments were conducted in triplicate.

Determination of total triterpenes
Total triterpenes were determined by adding 190 

µl glacial acetic acid and 300 µl glacial acetic acid 
solution, spiked with 5% m/V vanillin, to 10 µl of 
the sample solution, mixing for 30 seconds, and 
adding 1 ml perchloric acid. The mixture was then 
heated to 60°C for 45 minutes, cooled, and the vol-
ume made up to 5 ml with glacial acetic acid. Ab-
sorbance was read at 548 nm and total triterpenes 
in the extract were quantified using a calibration 
curve, constructed using ursolic acid (Sigma-Al-
drich). The test was performed in triplicate.

Immunomodulation assay
We isolated mononuclear cells from four sub-

jects. We pulsed them with carboxyfluorescein 
succinimidyl ester (CFSE) and cultured them 
in triplicate in RPMI medium + human serum + 
gentamicin, without (control) and with increasing 
concentrations of Lemna extracts (2.4 ng/ml to 2 
μg/ml). After 24, 48 and 72 hours we counted the 
total number of mononuclear cells and the CD4+, 
CD8+, B cell populations by flow cytometry. For 
each population, we evaluated cell death (necro-
sis, early apoptosis and late apoptosis) and prolif-
eration (number of CFSE-low cells).

Results

Plant DNA was sequenced using the atpF-atpH 
noncoding spacer sequence as previously de-
scribed16, confirming species-rank determination 
of Lemna minor.
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Maceration of L. minor and extraction with 96% 
of ethanol gave a high yield of triterpenes, where-
as higher yields of polyphenols and flavan-3-ols, a 
subclass of flavonoids, were obtained by decoction. 
Total flavonoids were not extracted in detectable 
amounts by decoction or maceration (Table I).

The effects of Lemna extracts obtained by de-
coction were tested on immune cells. The extracts 
did not seem to cause cell necrosis. CD4+ cells 
spontaneously underwent a degree of apoptosis 
between 24 and 48 hours. Apoptosis was unaf-
fected or partially prevented by very high con-
centrations (>233 ng/ml) of Lemna extracts which 
had no substantial cytotoxic effects on other cell 
populations. At low concentrations (8-24 ng/ml), 
Lemna extracts induced very limited proliferation 
of CD4+ cells within 48 hours. At high concentra-
tions (>233 ng/ml), they induced proliferation of 
CD8+ cells and B lymphocytes within 48 hours 
(Figures 2-4).

Discussion

L. minor has recently been studied for pharma-
cological activity, especially immunomodulatory ef-
fects. For instance, variable doses of flavonoids (1-30 
mg/ml) have been shown to decrease free hemoglobin 
content and antibody production against specific pro-
tein antigens in virus-infected human blood samples, 
possibly indicating an immunosuppressive property17; 
anthocyanins have been reported to show antioxidant 
and immunosuppressive properties18, while polyphe-
nols have anti-inflammatory and immunomodulatory 
effects19. Although this literature points to a possible 
immunomodulatory effect of Lemna extracts, we 
were unable to replicate these findings. In fact, at the 
present level of analysis, none of the human immune 
cell populations tested seemed affected by Lemna ex-
tracts. Further exploration of the effects of L. minor 
extracts may be required to confirm their immuno-
modulatory properties.

Method of extraction Polyphenols 
(µg/mg)

Flavonoids 
(µg/ml)

Flavan-3-ols 
(µg/ml)

Triterpenes 
(µg/ml)

Decoction 42.30 <1 (below LLOD) 3.15 9.20
Maceration in H2O 11.08 <1 (below LLOD) 2.70 9.10

Maceration in EtOH 30% 7.99 <1 (below LLOD) 2.15 15.14
Maceration in EtOH 60% 6.82 <1 (below LLOD) 2.8 18.23
Maceration in EtOH 96% 5.79 <1 (below LLOD) <1 (below LLOD) 42.43

Table I. Quantity of polyphenols, flavonoids, flavan-3-ols and triterpenes extracted from samples of L. minor after decoction 
and maceration in H2O, and extraction. LLOD = lower limit of detection.

Figure 2. Total number of CD45+ cells counted by flow cytometry after 24, 48 and 72 hours of growth with different concen-
trations of Lemna extracts. No significant difference was detected between experimental and control cell lines.
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Conclusions

L. minor has traditionally been consumed by 
humans and animals. It is currently accepted to 
contain compounds that have beneficial effects 
on human health. The present study was designed 
to demonstrate the alleged immunomodulatory 
properties of Lemna extracts by testing them on 
human immune cells. Unfortunately, we failed to 
confirm any immunomodulatory activity as the 
cells were not significantly affected when grown 
in medium containing Lemna extracts.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)  Al-Snafi AE, Talab TA, Majid WJ. Medicinal plants 
with central nervous activity - An overview (Part 1). 
IOSR J Pharm 2019; 9: 52-102.

  2)  Al-Snafi AE. Medicinal  plants  for  prevention  and 
treatment  of  cardiovascular  diseases  - A  review. 
IOSR J Pharm 2017; 7: 103-163.

  3)  McClure JW, Alston RE. A chemotaxonomic study 
of Lemnaceae. Am J Bot 1966; 53: 849-860.

  4)  Al-Snafi  AE.  Antimicrobial  effects  of  medicinal 
plants (part 3): Plant based review. IOSR J Pharm 
2016; 6: 67-92.

  5)  Al-Snafi AE. Antiparasitic effects of medicinal plants 
(part 1) - A review. IOSR J Pharm 2016; 6: 51-66.

  6)  Al-Snafi AE.  Therapeutic  properties  of medicinal 
plants:  A  review  of  their  immunological  effects 
(part 1). Asian J Pharm Res 2015; 5: 208-216.

  7)  Al-Snafi  AE.  Immunological  effects  of  medicinal 
plants: A review (part 2).  Immunol Endocr Metab 
Agents Med Chem 2016; 16: 100-121.

  8)  Veen J. Preliminary  studies of  the flavonoid pat-
tern of Lemna gibba L. and Lemna minor L. Aquat-
ic Botany 1975; 1: 417-421.

  9)  Gulcin  I, Kirecci E, Akkemik E, Topal F, Hisar O. 
Antioxidant,  antibacterial,  and  anticandidal  activ-
ities  of  an  aquatic  plant:  duckweed.  Turk  J  Biol 
2010; 34: 175-188.

10)  Al-Snafi AE. Antiparasitic, antiprotozoal, mollusci-
cidal  and  insecticidal  activity  of medicinal  plants 
(part 2) – Plant based review. Sch Acad J Pharm 
2016; 5: 194-207.

11)  Mane VS, Gupta A, Pendharkar N, Shinde B. Ex-
ploration of primary metabolites from lemna minor 
and determined its immunomodulatory and antimi-
crobial activity. EJPMR 2017; 4: 384-388.

12)  Hosseinzade A, Sadeghi O, Naghdipour Biregani 
A,  Soukhtehzari  S,  Brandt  GS,  Esmaillzadeh A. 
Immunomodulatory  effects  of  flavonoids:  Possi-
ble  induction of T CD4+  regulatory  cells  through 
suppression of mTOR pathway signaling activity. 
Front Immunol 2019; 10: 51.

13)  Lam E, Appenroth KJ, Michael T, Mori K, Fakhoo-
rian T. Duckweed in bloom: The 2nd International 
Conference on Duckweed Research and Applica-
tions heralds the return of a plant model for plant 
biology. Plant Mol Biol 2014; 84: 737–742.

14)  Al-Snafi AE. Lemna minor: Traditional uses, chem-
ical constituents and pharmacological effects – A 
review. IOSR J Pharm 2019; 9: 6-11.

15)  Martínez G, Mijares MR, De Sanctis JB. Effects of 
flavonoids and  its derivatives on  immune cell  re-
sponses. Recent Pat Inflamm Allergy Drug Discov 
2019; 13: 84-104.

16)  Wang W, Wu Y, Yan Y, Ermakova M, Kerstetter R, 
Messing J. DNA barcoding of the Lemnaceae, a fami-
ly of aquatic monocots. BMC Plant Biol 2010; 10: 205.

17)  Popov  SV,  Ovodova  RG,  Ovodov  YS.  Effect  of 
lemnan, pectin from Lemna minor L., and its frag-
ments  on  inflammatory  reaction.  Phytotherapy 
Res 2006; 20: 403-407.

18)  Khasina  EI,  Sgrebneva  MN,  Ovodova  RG, 
Golovchenko VV, Ovodov YS. Gastroprotective 
effect  of  lemnan,  a  pectic  polysaccharide  from 
Lemna minor  L. Dokl  Biol  Sci  2003;  390:  204-
206.

19)  Yahfoufi N, Alsadi N, Jambi M, Matar C. The  im-
munomodulatory  and  anti-inflammatory  role  of 
polyphenols. Nutrients 2018; 10: 1618.

Figure 4. Number of CD45+ (A), CD4+ (B), CD8+ (C) and B (D) cells in culture after 24, 48 and 72 hours of treatment with 
different concentrations of Lemna extracts. The number of cells containing low levels of carboxyfluorescein succinimidyl ester 
(CFSE) was evaluated.


