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Abstract: As part of the ongoing efforts to exploit the pharmaceutical potential of domestic 

cyanobacteria, six strains belonging to the Nostocales order have been isolated from several 

sampling sites in Hanoi as prerequisite material. The cytotoxic activity evaluation based on the 

MTT test resulted in four extracts of two strains (HK7 and NK1111) exhibiting the inhibitory 

activity against HeLa cells, with IC50 values ranging from 84.6 µg/mL to 257.3 µg/mL. The 

methanol extract of strain HK7 was further fractionated by LH-20 column chromatography to 

afford the K3 fraction, which inhibited 70% growth of HeLa cells at the concentration of 

20.0 µg/mL. In addition, the high-resolution mass spectrometric analysis detected the presence of 

two natural compounds in the K3 fraction. Compound 1 showed the accurate mass of 352.2633 Da, 

suggesting a molecular formula of C21H36O4 similar to two cytotoxic compounds 7Z-plakortide H or 

10-gingerdiol. Compound 2 had the accurate mass of 278.1545 Da, suggesting a molecular formula of 

C16H22O4 similar to four cytotoxic compounds pestaloficiol G, penicitrinol E-D, or isoversiol C. 
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1. Introduction
 *
 

Cyanobacteria have been considered 

potential candidates for drug discovery due to 

their diversity in biological activity and the 

chemical class of compounds [1-5]. In the 

analysis of publications from the 1970s until 

2019, Demay et al. indicated that more than 

1,630 unique compounds belonging to 260 

_______ 
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metabolite families had been isolated from 

cyanobacteria. These compounds exhibited 14 

major types of bioactivity, including 

cytotoxicity, anti-inflammatory, antioxidant, 

antiviral, antibacterial, antifungal, enzyme 

inhibition activities,… The most frequent 

bioactivity was cytotoxic activity against 

various cell cancer lines accounting for 30.4% 

of the chemical compound families isolated 

from cyanobacteria [3]. 

Many natural compounds from 

cyanobacteria have been developed into new 

anticancer therapy and are being entered into 
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preclinical trials, such as apratoxin A, coibamide 

A, largazole, and tasipeptins A-B [1]. In addition, 

the two antibody-drug conjugates (tisotumab 

vedotin and glembatumumab vedotin) based on 

cyanobacterial natural compounds have been being 

tested in phase I and phase II clinical trials [6]. 

Most notably, the cryptophycin-1 and brentuximab 

vedotin (based on dolastatin-10) approved by US 

Food and Drug Administration /European 

Medicines Evaluation Agency as cancer drugs, are 

in the current global market [1, 7, 8]. These 

prominent data promote further research in 

discovering and developing anticancer drugs from 

natural compounds of cyanobacteria. 

In Vietnam, cyanobacteria are diversity 

with 61 genera and 262 species living in the 

rice fields and freshwater bodies [9]. However, 

studies on the application of cyanobacteria in 

Vietnam have primarily focused on their 

nitrogen - fixing ability rather than their 

biological activities. In 2017, we were the first 

research group in Vietnam to report the 

antibacterial and cytotoxic activities of extracts 

from isolated cyanobacteria [10]. Therefore, 

this study aims to extensively investigate the 

pharmaceutical potential of domestic 

cyanobacteria, focusing on isolating and 

exploiting the strains capable of producing 

cytotoxic compounds against human cervical 

cancer (HeLa cells). 

2. Methodology 

 2.1. Sample Sites 

The water samples were gathered from 

Hoan Kiem lake by using a plankton net with 

the mesh size of 25 µm; and soil samples were 

collected from Hoan Kiem (21º01’49.6’’N 

latitude and 105º51’11.7’’E longitude), Quoc 

Oai (21º00’02.4’’N latitude and 105º37’20.0’’E 

longitude), and Dong Anh (21º11’14.8’’N 

latitude and 105º51’11.1’’E longitude) districts, 

Hanoi from August 2018 to December 2019. At 

each study site, water and soil samples were 

taken at three different positions.  

2.2. Cyanobacteria Isolation  

Each soil sample was suspended in liquid 

BG11 medium [11]; after that, 0.5 mL of the 

soil suspension or water samples were 

transferred onto an agar plate using the 

streaking technique. All petri dishes were 

incubated under a 12:12 light/dark cycle with 

white fluorescent irradiation (10 µmol.m‑2
.s

-1
) 

for two weeks to grow cyanobacteria. 

Monoclonal cyanobacterial strains were isolated 

using streak-plate procedure [12]. All isolated 

strains were deposited in the collections of 

cyanobacteria of the Faculty of Biology, VNU 

University of Science, Hanoi. 

2.3. Morphological Characterization  

The morphological examination was carried 

out using Zeiss Axioplan-2 fluorescence 

microscope equipped with a digital camera. Cell 

dimensions (length and width of vegetative cells, 

heterocytes, and akinetes) of each strain were 

measured from alive materials; at least thirty 

morphometric measurements were made per cell. 

Taxonomic identification was based on 

morphological characteristic keys presented in the 

classification system of Komárek et al., [13]. 

2.4. Cyanobacteria Cultivation and Harvesting 

Each isolated strain was cultivated in  

500 mL Erlenmeyer flasks containing 300 mL 

sterile BG11 medium inoculated with 5 mL of 

the three-week-old stock culture. All strains 

were grown at 25 °C under a 12:12 light/dark 

cycle with white fluorescent irradiation 

(20 µmol.m
‑ 2

.s
-1

). The cyanobacterial biomass 

was harvested after seven weeks by 

centrifugation at 5000 × g for 10 minutes at 20 °C, 

followed by lyophilisation, and stored at -20 °C.  

2.5. Preparation of Extracts 

For cytotoxic activity screening, freeze-dried 

cyanobacterial cells were successively extracted 

with two organic solvents following the 

procedure described in a previous study [10]. 

Firstly, 10 g dried biomass from each strain was 

homogenized in 500 mL ethyl acetate (EtOAc) 

using a mortar and pestle, followed by 
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sonication for 5 minutes and stirring for 60 

minutes at room temperature. Next, the 

homogenized solution was centrifuged at 

5000 × g for 10 minutes at 20 °C, and the 

supernatant was collected by filtration. The 

residue was extracted again with 500 mL 

EtOAc, and all supernatants were combined to 

obtain the EtOAc extract. Then the dried 

residue was successively extracted twice with 

500 mL methanol (MeOH) according to the 

same procedure to get a MeOH extract. Finally, 

the organic solvents were removed by vacuum 

rotary evaporation. The dried extracts were 

weighed and stored at -20 °C until use. 

2.6. Chromatographies 

50g of Sephadex LH-20 was saturated in 

300 mL MeOH for 1 hour and then loaded into 

the column (3.0 cm wide and 50.0 cm long). 

After stabilization, 500 mg of the HK7-MeOH 

extract was applied on the top of the gel and 

eluted in 100% MeOH as mobile phase [14]. 

The eluted fractions were analyzed by the thin 

layer chromatography (TLC) using silica gel 

60 F254 (Merck - Germany) and a solvent 

system of 60% n-Hexane: 35% EtOAc: 

5% MeOH. The TLC chromatograms were 

detected under UV light at wavelengths of 

254 nm and 356 nm. 

2.7. Liquid Chromatography - High Resolution 

Mass Spectrometery (LC-HRMS) 

The molecular masses of cytotoxic 

compounds were measured by liquid 

chromatography coupled with high-resolution 

mass spectrometry (Agilent 6530 accurate-mass 

Q-TOF LC/MS, Agilent technology - USA). 

Compounds in the K3 fraction were separated 

using the Poroshell 120 CB-C18 column, 

eluted in the gradient of 30-100% acetonitrile 

in deionized water at a flow rate of 

0.3 mL/min, and detected by a diode array 

detector. The sample was injected in 2.0 μL and 

analyzed in a cycle of 25 minutes [14]. The 

ESI-ion trap mass spectra of each compound 

were recorded in the positive mode in the range 

of 50-1600 m/z. 

2.8. Cytotoxicity Assays 

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 

diphenyl tetrazolium bromide - Sigma-Aldrich, 

USA) kit was used for evaluation of the 

cytotoxic activity of cyanobacterial extracts on 

Human cervix epithelioid carcinoma (HeLa 

ATCC CCL-2). Cells were seeded in a 96-well 

microplate, 5000 cells/well in a 200 µL culture 

medium (DMEM low glucose - PAN biotech, 

Germany) and kept at 37 °C and 5% CO2/95% 

air for 24 hours. After the incubation period, 

each well was supplemented with 50 µL 

cyanobacterial extracts at a final concentration 

of 500.0, 250.0, 125.0, 62.5, 31.2 or 15.6 µg/mL. 

For the fractions eluted from LH-20 column 

chromatography, the final concentration in each 

well was 20.0 µg/mL. Each concentration 

was tested in three parallels, and the experiment 

was repeated three times. Paclitaxel 

(Sigma-Aldrich, USA) was used as a positive 

control at concentrations ranging from 

0.003 µg/mL to 30 µg/mL. After 48 hours, cells 

were dyed with MTT, and the optical density 

was measured using a Microplate reader 

SpectraMax Plus384 (GMI, USA) at two 

wavelengths of 570 nm and 690 nm [15]. The 

IC50 values (the concentration of extract at which 

50% of cell growth was inhibited) were calculated 

by Excel and GraphPad Prism 8 software. 

3. Results and Discussion 

3.1. Morphological Characterization of 

Isolated Strains 

The isolation process based on the different 

morphology features of cyanobacterial colonies 

led to the establishment of six monoculture 

strains. Of these, strain HK7 was isolated from 

a water sample of Hoan Kiem Lake, and all the 

left strains, including HK5, HK8, NK1111, 

NS7213, and NS7661, were derived from soil 

samples collected in Hoan Kiem, Quoc Oai, and 

Dong Anh districts, Hanoi. Morphological 

characteristics and morphometries of the six 
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strains were observed and recorded using light 

microscopy equipped with a digital camera. As 

a result, the six isolates belong to six 

morphotypes based on characteristics of 

trichomes, heterocytes, akinetes, and vegetative 

cells (Figure 1 and Figure 2). 

The strain HK5 was a false-branching 

cyanobacterium in dark blue-green colour 

(Figure 1C, D). Filaments were heteropolar 

with one to three basal heterocytes in a series. 

The heterocytes were subspherical to spherical 

with 7.5-10.0 µm long, 8.7-11.2 µm wide. 

Trichomes slightly constricted at the cross walls 

inside a thin and colorless sheath (Figure 1C). 

Vegetative cells compressed disc-like to shorter 

than wide; terminal cells were hemispherically 

rounded; akinetes were absent. 

The strain HK7 (Figure 1A, B) was 

planktonic cyanobacterium in dark blue-green 

colour. Filaments were isopolar, slightly 

curved, and distinctly constricted at the cross 

walls in diffluent envelopes. The vegetative 

cells were subspherical, shorter than wide  

(6.0-7.7 µm). The spherical heterocytes 

appeared in intercalary (Figure 1B) or terminal 

filaments (Figure 1A) with 7.0-8.0 µm in 

diameters. Akinetes appeared in a series with 

7.5-10.0 µm in diameters in older trichomes.  

The strain HK8 (Figure 1E) was in  

olive-grey with simple characteristics. The 

trichomes were isopolar without heterocytes and 

akineties. The vegetative cells were subspherical 

with 3.0-3.8 µm; terminal cells were smaller with 

2.5-4.0 µm long and 2.7-3.1 µm wide. The 

trichomes were uniserial in a firm sheath and 

constricted at the cross walls. 

The strain NK1111 (Figure 2A, B) was in 

grey with isopolar filaments. The vegetative 

cells were cylindrical with 5.5-6.7 µm long and 

4.4-5.2 µm wide. The rounded heterocytes 

appeared solitary in intercalary (Figure 2B) or 

terminal filaments (Figure 2A) with 6.6-8.3 µm in 

diameters. Trichomes slightly constricted at the 

cross walls without any akinetes. Cells divided 

crosswise to the trichome axis resulted in 

regular vegetative cell chains. 
 

 

Figure 1. Morphology of strains HK7 (A, B), HK5 (C, D), and HK8 (E). 

TH: Terminal Heterocyte; IH: Intercalary Heterocyte; BH: Basal Heterocyte; 

Ak: Akinete; VC: Vegetative Cell; Sh: sheath; FB: False Branching. 
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Figure 2. Morphology of strains NK1111 (A, B), NS7661 (C), and NS7213 (D)  

TH: Terminal Heterocyte, IH: Intercalary Heterocyte, Ve: vegetative cells, LD: Lateral Division. 

 

The strain NS7661 (Figure 2C) was in light 

brown with coiled filaments. The barrel-shaped 

heterocytes appeared solitary in intercalary or 

terminal filaments with 3.6-5.1 µm long and 

3.2-4.7 µm wide. The vegetative cells were 

variable from disc-like to barrel-shaped and 

separated from each other. Cells divided 

irregularly in more than one plane, with 

numerous lateral divisions. 

The strain NS7213 (Figure 2D) was pale 

blue-green, distinguished from others by small 

cell size. The vegetative cells had barrel-shaped 

with 2.5-3.1 µm long and 2.5-2.9 µm wide. 

Trichomes clearly constricted at the cross walls 

without envelope. Heterocytes and akinetes 

were not observed.  

In short, the six isolates were different by 

several prominent characteristics indicating the 

diversity of cyanobacteria isolated in Hanoi. The 

strain HK5 was distinguished by false-branching; 

the HK7 was a unique strain with the 

development of akinetes. The strains NK1111 

and NS7661 possessed intercalary or terminal 

heterocytes but varied in vegetative cell 

arrangement in filaments; the NS7661 showed 

irregular cell arrangement due to more than one 

cell division plane. Finally, the strains HK8 and 

NS7213 exhibited simple filament that lacked 

heterocytes and akinetes but differed in 

vegetative cell shape; vegetative cells were 

subspherical to spherical in strain HK8 but 

barrel-shaped in strain NS7213. Based on the 

morphological characteristics, all the six 

isolated strains were placed into the order 

Nostocales, in which the strain HK5 belonged 

to the Tolypothrix genus, the strain HK7 

belonged to the Amphiheterocytum genus, and 

four other strains (HK8, NK1111, NS7213, and 

NS7661) belonged to Nostoc "sensu lato" clade  

[9, 13]. 

3.2. Evaluation of Cytotoxic Activity Against 

HeLa Cells 

All 12 crude extracts from 6 cyanobacterial 

strains were assessed for cytotoxicity against 

human cervical cancer cells (HeLa) at six 

concentrations ranging from 15.6 µg/mL to 

500 µg/mL. The results indicated that MeOH 
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and EtOAc extracts from two strains (HK7 and 

NK1111) exhibited cytotoxic activity, in which 

the highest inhibitory activity against HeLa was 

found at HK7MeOH extract with IC50 values 

of 84.6 μg/mL (Table 1). On the other hand, 

extracts from four strains (HK5, HK8, NS7213, 

and NS7661) did not affect the growth and 

shape of HeLa cells even at the highest 

concentration of 500 µg/mL; therefore, they 

were considered as inactive extracts. 

Table 1. The cytotoxic activity of extracts from six 

isolated cyanobacterial strains against HeLa cells 

Strains Extracts IC50 (µg/mL) 

HK5 
HK5-EtOAc > 500.0 

HK5-MeOH > 500.0 

HK7 
HK7- EtOAc 246.1 ± 17.1  

HK7-MeOH 84.6 ± 11.8 

HK8 
HK8-EtOAc > 500.0 

HK8-MeOH > 500.0 

NK1111 
NK1111-EtOAc 157.3 ± 7.6 

NK1111-MeOH 257.3 ± 10.3 

NS7213 
NS7213-EtOAc > 500.0 

NS7213-MeOH > 500.0 

NS7661 
NS7661-EtOAc > 500.0 

NS7661-MeOH > 500.0 

Positive 

control 
Paclitaxel 

0.011  

(13.5 nM) 

The cytotoxic activity of methanol extracts 

from fresh-water cyanobacteria were mentioned 

in several publications. In our previous study, 

the MeOH extracts of three nostocacean strains 

demonstrated cytotoxic activities against MCF7 

and HCT116 cells with IC50 values ranging 

from 47.8 μg/mL to 232.0 μg/mL [10]. The 

study of Karan et al., showed the cytotoxic 

activity of methanol extract from two other 

nostocacean strains (Nostoc linckia and 

Anabaena oryzae) against HeLa cells with IC50 

values ranging from 151.4 μg/mL to  

168.4 μg/mL [16]. The IC50 values (from 84.6 μg/mL 

to 257.3 μg/mL) of the HK7 and NK1111 

strains in this study were comparable to those 

of the previous studies, which indicated that the 

fresh-water cyanobacteria, especially the strain 

in the order Nostocales, were potential for 

producing cytotoxic compounds. 

3.3. Investigation of Cytotoxic Compounds in 

the HK7 Methanol Extract 

3.3.1. Fractionation of Extract by LH-20 

Column Chromatography 

Because of its significant cytotoxic activity, 

the HK7MeOH extract was selected for the 

bioassay-guided isolation of active compounds. 

500 mg extract was loaded on the top of the 

Sephadex LH-20 column and eluted in methanol 

100%. As a result, 28 eluted fractions were 

collected and analyzed using TLC. Based on the 

similar pattern of the TLC chromatograms, the 28 

fractions were combined into nine fractions 

(named K1 - K9). The pattern components of  

K1 - K9 fractions on TLC chromatograms 

observed at the wavelengths of 254 nm and 365 nm 

are shown in Figure 3. All nine fractions were 

tested for cytotoxic activity against HeLa cell line 

at a 20 µg/mL concentration. The result showed 

that the fraction K3 inhibited 70% growth of HeLa 

cells (cells were shrunk or detached) (Figure 4B), 

while the other eight fractions had minor effects on 

the growth and shape of HeLa cells (Figure 4C). 

Like the TLC chromatograms detected at 

the wavelengths of 365 nm, K3 possessed the 

blue band at Rf1 = 0.15 and was the fraction 

with the minor chlorophyll derivatives (only 

one fluorescence band appeared at Rf2 = 1.0) 

compared to other fractions (Figure 3B, D). In 

addition, none of the bands was detected at the 

wavelengths of 254 nm (Figure 3A), indicating 

that most of the impurities were eliminated 

from this fraction. Therefore, the fraction was 

clean enough to analyse the active component 

by high-performance liquid chromatography 

equipped with mass spectrometry. 
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3.3.2. Detection of Bioactive Compounds by 

LC-HRMS  

The fraction K3 was analyzed by LC-HRMS 

in the gradient of 30 - 100% acetonitrile in 

deionized water. The HPLC chromatogram at 

short wavelength of 210 nm showed two main 

compounds in K3 fraction at retention times of 

11.18 min and 13.65 min, respectively 

(Figure 5A). Compound 1 eluted at retention 

times of 11.18 min had a mass to charge of 

353.2706 m/z in [M+H]
+ 
mode (Figure 5B), and the 

accurate mass (experimental mass) of this 

compound was measured as 352.2633 Dalton 

(Da). Compound 2 eluted at 13.65 min exhibited a 

mass to charge of 279.1618 m/z in [M+H]
+
 mode 

(Figure 5C), and its accurate mass was 

measured as 278.1545 Da. Other peaks that 

appeared at the retention time range of  

18.0-19.0 min showed no mass, indicating 

non-significant compounds. 
 

 

Figure 3. TLC chromatograms of K3-K9 fractions. 

Mobile phase: 60% n-Hexane: 35% EtOAc: 5% MeOH; K3-K5 fractions at wavelengths of 254 nm (A) 

and 365nm (B); K6-K9 fractions at wavelengths of 254 nm (C) and 365nm (D). 

 

Figure 4. Morphology of Hela cells in cytotoxic test.  

A) Untreated cells; B) Cells treated with fraction K3; C) Cells treated with fraction K4. 
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Figure 5. Mass spectra of bioactive compounds in fraction K3. 

LC chromatogram at wavelength of 210 nm (A); 

mass to charge of Compound 1 (B) and Compound 2 (C). 



N. T. Trang et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 37, No. 3 (2021) 26-36 

  

34 

 

Figure 6. Possible structures for Compound 1 (7Z-plakortide H or 10-gingerdiol) and for Compound 2 

(pestaloficiol G, penicitrinol E-D, or isoversiol C). 

Source: https://pubchem.ncbi.nlm.nih.gov. 

Based on the accurate masses, the  

searches for possible natural compounds were 

performed on two updated websites 

http://dnp.chemnetbase.com and 

https://pubchem.ncbi.nlm.nih.gov, in August 

2021. As a result, three compounds (7Z-plakortide 

H, 10-gingerdiol, and ebelactone B) had an exact 

mass (theoretical mass) of 352.2613 Da with the 

formula of C21H36O4 which was the highest match 

to the accurate mass of Compound 1 (352.2633 Da). 

Of these, 7Z-plakortide H and 10-gingerdiol have 

been considered as cytotoxic compounds against 

non-small-cell lung cancer cell line/melanoma 

cell line [17] and ovarian cancer cell line [18], 

respectively; while the ebelactone B exhibited 

esterase and lipase inhibitory activity [19]. 

Therefore, based on the bioactivity and the exact 

mass, the possible chemical name for Compound 

1 would be 7Z-plakortide H or 10-gingerdiol, as 

illustrated in Figure 6. 

Nine compounds had an exact mass of 

278.1518 Da with the formula of C16H22O4, 

which was the highest match to the accurate 

mass of compound 2 (278.1545 Da). Of these, 

two compounds (truncateol and pestaloficiol A) 

showed antiviral activities [20, 21]; three 

compounds (oblongolide G, hyrtiosenolide A, 

and guignardone G) displayed antibacterial 

activities [22-24]; and four compounds 

(pestaloficiol G, penicitrinol E-D, and isoversiol C) 

exhibited cytotoxic activities [25-27]. Thus, based 

on the bioactivity and the exact mass, the possible 

chemical name for Compound 2 would be 

pestaloficiol G, penicitrinol E-D, or isoversiol C, 

as illustrated in Figure 6. 

Interestingly, all the reported compounds 

had similar exact masses and formulas with 

those of the two compounds detected in this 

study were isolated from other organisms 

(plant, sponge, or fungi) rather than 

cyanobacteria. Therefore, it is worthy to 

conclude that this is the first time these possible 

structures have been exploited in cyanobacteria. 

4. Conclusion 

Six cyanobacterial strains were isolated 

from water and soil samples collected at three 

locations in Hanoi. They showed the 

morphology diversity in characteristics of 

trichomes, heterocytes, akinetes, and vegetative 

cells; belonging to order Nostocales. Two out 

of the six strains exhibited cytotoxic activity 

against HeLa cells, with IC50 values of extracts 

http://dnp.chemnetbase.com/
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ranging from 84.6 µg/mL to 257.3 µg/mL. In 

addition, the bioassay-guided isolation of the 

HK7-MeOH extract led to the K3 fraction, 

which inhibited 70% growth of HeLa cells at 

the concentration of 20.0 µg/mL. The  

LC-HRMS analysis of fraction K3 recognized 

two natural compounds; Compound 1 showed 

the accurate mass of 352.2633 Da, suggesting a 

molecular formula of C21H36O4, and Compound 

2 had the accurate mass of 278.1545 Da, 

suggesting a molecular formula of C16H22O4. The 

detailed structures of these compounds would be 

elucidated by nuclear magnetic resonance 

measurement in the subsequent study. 
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