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Abstract 
Background and objectives: There is growing interest in introducing safe and bioactive natural red 

pigments to the pharmaceutical and cosmetic industries. This study was designed to determine the 

phytochemical content and potential cytotoxicity of red pigment from Callistemon citrinus (Curtis) 

Skeels (syn. Melaleuca citrina (Curtis) Dum.Cours.) flowers. Methods: The flowers’ anthocyanin 

rich pigment was extracted with ethanol (70%, v/v) containing 0.5% formic acid. This extract was 

fractionated by a three-step process through a Sep-Pak C18 cartridge with water, ethyl acetate, and 

methanol, respectively. The anthocyanin and coumarin content of the red pigment was identified 

based on a reverse phase high performance liquid chromatography-electrospray ionization mass 

spectrometry (HPLC/ESI-MS/MS). The MTT assay was used to assess the cytotoxicity of red pigment 

evaluated on normal human foreskin fibroblasts as well as two malignant cell lines: human breast 

cancer (MCF-7) and human fibrosarcoma cells (HT1080) at 24, 48 and 72 hours. Results: The 

anthocyanin compounds in the red pigment fraction were cyanidin (1), cyanidin 3,5-O-diglucoside (2), 

cyanidin 3-O-glucoside (3), and cyanidin 3-O-glucoside-8-ethyl-catechin (4). Flowers’ pigment also 

contained two furanocoumarins, including 8-(but-2-en-2-yl)-8,9-dihydro-2H-furo[2,3-h] chromen-2-

one (or 15-methyl angenomallin, (5)) and 9-methyl-7H-furo[3,2-g] chromen-7-one (or 8-

methylpsoralen, (6)). According to the MTT assays, the highest cytotoxic effect was observed on 

human foreskin fibroblasts with an IC50 values of <12.5 (µg/ mL, 24 h) and 85.2 (µg/ mL, 48 h). 

Conclusion: It might be assumed that application of the red pigment of C. citrinus in topical 

formulations and cosmetics should be done with caution due to the observed cytotoxicity on dermal 

fibroblasts. 
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Introduction 
There is growing interest in natural red pigments 
from plants in the food and cosmeceutical 
industries.  In general, among different classes of 
phytochemicals, carotenoids (mainly lycopene), 
anthocyanins, and betacyanins produce red colors 

in plant-based pigments. Red-pigments 
containing a high amount of anthocyanin are 
known to possess anti-oxidant, anti-inflammatory 
and anti-angiogenic properties [1].  The aim of 
this study was to determine the phytochemical 
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components of the red pigment of the cultivated 
plant Callistemon citrinus (Curtis) Skeels (syn. 
Melaleuca citrina (Curtis) Dum.Cours.)  
(Myrtaceae), which is commonly known as the 
common red bottlebrush, crimson bottlebrush, or 
lemon bottlebrush. The plant is native to 
Australia, but is also cultivated widely in other 
countries as an ornamental tree due to its 
beautiful red flowers. 
The Callistemon genus is a member of the 
Myrtaceae family. The plants in this genus grow 
mainly as small shrubs or medium-sized trees. 
Previous investigations have shown that this 
genus is a rich source for a variety of compounds, 
including hydrolysable/non-hydrolysable tannins, 
phloroglucinols, flavonoids/flavonoid glycosides, 
triterpenoids, and essential oils [2-5]. 
Callistemon (Melaleuca) species have been 
introduced as good sources of various 
phloroglucinols. For example, 
gallomyrtucommulone A, E, F, myrtucommulone 
B, callistenone B, and endoperoxide G3 have 
been isolated from M. citrina leaves and stems. 
As other examples, viminalins H, L, N and 
callisretones A, B with anti-inflammatory effects 
were isolated from M. linearis Schrad. & 
J.C.Wendl. (synonym of C. rigidus R.Br. Stiff 
bottlebrush) [6,7]. Several studies have also 
reported the presence of flavanone compounds 
such as leucadenone A-D (four β-triketone 
flavanones), which have been isolated from M. 
leucadendron L.[5,8]. Some isolated flavonoids 
from M. lanceolatus DC. including 4 ,5-
dihydroxy-6,8-dimethyl-7-methoxyflavanone, 
eucalyptin, 8-demethyleucalyptin, sideroxylin, 
syzalterin, and quercetin have shown potential 
efficacy against Alzheimer’s disease [9].  
Among other classes of phenolic compounds, 
chromones are an important group of Melaleuca 
genus compositions. For example, melachromone, 
5-hydroxy-7-methoxy-2,6,8-trimethylchromone, 
2,5-dihydroxy-7-methoxy-2, 6-
dimethylchromanone, eugenitin, and noreugenin 
are the chromones isolated from M. cajuputi 
Powell leaves [10].  
Although some investigations have been reported 
on the pigment compositions of Callistemon 
species (mostly hydrolysable tannins), just a few 
reports can be found on the anthocyanin or 
coumarin content of the pigments obtained from 
this genus. This study investigated the 
anthocyanins and furanocoumarin content of the 
red-pigment obtained from flowers of C. citrinus 
using the HPLC/ESI-MS/MS method. Also, the 

potential toxicity of this pigment was determined 
against normal human foreskin fibroblasts as well 
as cancerous cells using the MTT assay. 
 

Materials and Methods   
Ethical considerations 

This study was an in vitro study and did not 
involve any humans or animals.  The authors 
considered ethics in research in the study. The 
study was approved by ethical committee of 
Shiraz University of Medical Sciences 
(IR.SUMS.REC.1400.396). 
 
Plant materials 

Callistemon citrinus flowers were collected from 
cultivated trees in the Shiraz urban region, Fars 
province (29°34'48.1"N 52°36'36.1"E, with an 
altitude of 1499m) during the flowering season 
(10

th
 of May 2019). This species was identified 

by Dr. Ardalan Pasdaran (pharmacognosist) and 
authorized under voucher specimen number 
(MPPRC-00-01) at the Herbarium of Medicinal 
Plants Processing Research Center, Shiraz 
University of Medical Sciences, Shiraz, Iran. 
 
Chemicals 

Human breast cancer (MCF-7) and human 
fibrosarcoma cells (HT1080) were purchased 
from the Pasteur Institute (Tehran, Iran). The 
human foreskin fibroblasts were obtained from 
the Transplant Research Center (Shiraz, Iran).  
Solvents were of high purity and purchased from 
Dr. Mojallali Industrial Chemical Complex Co. 
(Tehran, Iran). All other chemicals were 
purchased from Sigma-Aldrich (USA) or Merck 
(Merck Millipore, Germany). The Sep-Pak C18 
cartridge was purchased from Waters Assoc. 
(Milford, USA). Trypsin was purchased from 
Gibco (Italy). 
 

Anthocyanin extraction and fractionation  
Air dried C. citrinus flowers were subjected to 
extraction. The flower powder (5 kg) was 
immersed in 10 liters of ethanol (70%, v/v) 
containing 0.5% formic acid. Previous works 
have shown that a higher percentage of ethanol 
would decrease extraction of polysaccharides and 
increase the extraction rate of phenolic 
compounds, including anthocyanins. After three 
times of extraction (30 min for each step), the 
combined supernatants were concentrated and 
dried with a rotary evaporator at 30 °C. The dried 
extract (10 g) was fractionated on a Sep-Pak C18 
cartridge Simple organic acids, sugars, and other 
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highly water-soluble compositions were washed 
away with 300 mL of an aqueous solution 
containing 0.01% hydrochloric acid (v/v, fraction 
A). According to the Oszmianski and Lee method 
[11], other phenolics such as flavonoids and non- 
anthocyanin compounds were separated from 
anthocyanins by using ethyl acetate as an 
intermediate mobile phase (300 mL, fraction B). 
In the final step, the anthocyanins fraction 
(fraction C) was subsequently eluted by 300 mL 
of methanol containing 0.01% hydrochloric acid 
(v/v). This final fraction was concentrated and 
used as the anthocyanin rich fraction for further 
analysis [11,12]. 

 

HPLC/ESI-MS/MS analysis 

Anthocyanin rich fraction (fraction C) was eluted 

on a C18 column (Atlantis T3-C18 3µ, 2.1×100 

mm) using a Waters Alliance 2695 HPLC-

Micromass Quattro micro–API Mass 

Spectrometer system. The following conditions 

were used for the HPLC procedure: acetonitrile 

and water (each containing 0.1% formic acid) 

with a linear gradient (5-95%) from 0 to 25 min; 

and an isocratic gradient (95%) from 25 to 35 

min. at a flow rate of 0.25 mL/min were used as 

the mobile phase and the column temperature 

was 35 °C.  

The mass data was obtained on a Waters Quattro 

micro-API Mass triple quadrupole ion mass 

spectrometer coupled with HPLC. The 

quadrupole equipment was set at the following 

conditions: Mode, ESI
+
; capillary voltage, 4.5 kV; 

cone voltage, 35V; RF lense, 0.2V; extractor, 2 V; 

desolvation gas temperature, 300 
o
C at a flow of 

200 L/h (N2, grade 5); source temperature, 120 
o
C; 

and collision energy, 45 eV. 

 

Assessment of cell proliferation based on MTT 

assay   

The human foreskin fibroblasts, human breast 

cancer (MCF-7), and human fibrosarcoma cells 

(HT1080) were purchased from the Pasteur 

Institute of Iran.  Human foreskin fibroblasts 

were cultured in DMEM/F12 (Dulbecco’s 

modified Eagle's medium (DMEM), 

DMEM/Ham's nutrient mixture F12). MCF-7 and 

HT1080 cells were cultured in RPMI1640 

medium. All media were supplemented with 10% 

fetal bovine serum (FBS), and penicillin G (100 

IU/mL). The cultures were incubated at 37 °C in 

a humidified atmosphere containing 95% air/5% 

CO2 in a 75-cm2 sterile flask. To obtain the cells, 

they were trypsinized (1 mmol) in the late log-

phase of growth, centrifuged (1500 g for 5 min), 

and re-suspended in the culture medium [6].  The 

cells were counted and seeded into 96-well plates 

at a density of 7000 cells per well. 

The cytotoxicity of the anthocyanin rich fraction 

at different concentrations (12.5, 25, 50, 100, and 

200 μg/mL) on the cultured cells was detected 

using the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide (MTT) colorimetric 

method. Paclitaxel was used as the positive 

control with similar concentrations. Blank wells 

and wells with cells which received only media 

were considered as untreated controls.  After 24, 

48, and 72 h of incubation, 100 μL of each well 

medium was discarded and 100 μL of MTT 

solution (0.5 mg/ mL in phosphate-buffered 

saline (PBS), pH= 7.2) was added into each well. 

After 4 h of exposure and centrifugation at 3000 

rpm, the supernatants were discarded and 100 μL 

of dimethyl sulfoxide (DMSO) was added to each 

well. The absorbance of blank, controls and 

treated wells was measured using an enzyme-

linked immunosorbent assay (ELISA) plate 

reader BioTek Instruments®, USA at 570 and 

630 nm [6].    

 

Statistical analysis 

The mean and standard deviation (SD) of at least 

three experiments were used to represent all data. 

The IC50 values in the cytotoxicity tests was 

calculated using GraphPad Prism version 7 

(GraphPad Prism Software, USA).  Furthermore, 

Tukey's multiple comparison test and two-way 

analysis of variance (ANOVA) were employed to 

statistically compare the groups. The significant 

level was considered p≤0.05. 

 

Results and Discussion 
The chemical structures of compounds were 

established based on direct LC/MS/MS data 

analysis and comparison with previous literatures 

[13,14].  

According to the LC/MS/MS spectrum, cyanidin 

(compound 1, Figure 1a) was detected in MS
1
 

with m/z 288 and four daughter ions at m/z 153, 

121, and 213 in MS
2
. Some investigations on the 

Myrtaceae genus, including Eugenia, 

Metrosideros, and Syzygium  have shown that 

3,5-diglucosides anthocyanins such as cyanidin, 

delphinidin, petunidin and malvidin present as 

characteristic anthocyanin diglucosides in these 

genus [15,16]. In an investigation on the 
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anthocyanins content of native Australian fruits 

using the  HPLC-DAD/ESI/MS-MS method, 

Netzel et al. reported  the presence of cyanidin 

3,5-diglucoside with m/z 611, 449, and 287 as 

typical fragments in Syzygium paniculatum 

Gaertn [17]. Similar reports also exist about 

Eugenia myrtifolia Sims., Syzygium cumini (L.) 

Skeels., and Syzygium malaccense (L.) Merr. & 

LM Perry [18-20]. According to these literatures, 

compound 2 (Figure 1b) with a m/z of 611 as the 

parent ion in MS
1
, daughter ions with m/z 449, 

and 287 (MS
2
)

 
corresponded to cyanidin 3,5-O-

diglucoside. The daughter ion resulted from 

losing glucose fragments which were presented at 

3 and 5- substitution of the anthocyanin. 

The other observed parent ion at m/z 450 (MS
1
, 

Figure 2a) with the MS
2
 fragment at m/z 287 is 

correlated to 3 substituted cyanidin. Therefore, 

the structure of compound 3 was suggested as 

cyanidin 3-O-glucoside. Several reports can be 

found in literature on the identification of 

cyanidin 3-O-glucoside with a similar MS-MS 

pattern in the plants of the Myrtaceae family, 

such as Eugenia spp., Syzygium spp., and 

Myrcianthes spp. [21-23].   

 

 

 
Figure 1. Positive ion ESI-MS spectrum and fragments of cyanidin (a) and cyanidin 3,5-O-diglucoside (b) 
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The hydrogen [M+H]
+
 adduct ion was observed 

with a good abundance at m/z 766 (Figure 2b). 

Loss of one unit of glucose from the C-O 

glycosidic bound of compound 4 produces a low 

abundance ion at m/z 605 [M-162]
 +

 (fragment A). 

The next fragmented ion at m/z 453 resulted from 

the loss of the 2-(3,4-dihydroxyphenyl) 

acetaldehyde moiety from fragment A. Further 

fragmentation resulted in a cyanidin moiety with 

m/z 287. According to previous reports, the ion at 

m/z 315 (a high relative abundance signal product 

ion) corresponds to a vinyl-catechin adduct [24]. 

Another observed ion product at m/z 453, which 

is a common observed ion in procyanidins dimers, 

corresponded to Retro-Diels-Alder fragmentation 

in this category of pigments [25]. Therefore, 

based on mass data and compression with 

previous works, compound 4 was determined as 

3-O-glucoside-8-ethyl-catechin [24]. 

 

 

 

 
Figure 2. Positive ion ESI-MS spectrum and fragments of cyanidin 3-O-glucoside (a) and cyanidin 3-O-glucoside-8-ethyl-catechin (b) 
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Although anthocyanins with an ethyl-bridged 

catechin backbone are an important natural 

pigment in wine, they have been reported from 

other plant sources, for example from Vaccinium 

macrocarpon Aiton. Stevens variety, and 

Vaccinium vitis-idaea L. [26,27]. In addition to 

the described anthocyanins (Table 1) in this study, 

two furanocoumarins were also determined from 

C. citrinus flowers. The identified 

furanocoumarins are 8-(but-2-en-2-yl)-8,9-

dihydro-2H-furo[2,3-h] chromen-2-one (or 15-

methyl angenomallin, compound 5, Figure 3a) 

and 9-methyl-7H-furo [3,2-g] chromen-7-one 

(known as 8-methylpsoralen, compound 6. 

Figure 3b). 

 

 
 

Figure 3. Positive ion ESI-MS spectrum and fragments of 8-(but-2-en-2-yl)-8,9-dihydro-2H-furo[2,3-h] chromen-2-one (a) and 

9-methyl-7H-furo[3,2-g] chromen-7-one (b) 
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Table 1. Anthocyanins and furanocoumarins in red-pigment of Callistemon citrinus (Curtis) Skeels flowers identified by 

HPLC/ESI-MS/MS (positive mode) and their principal mass fragments  

 Anthocyanin 

 Compounds MS1 (m/z) MS2 (m/z) 

1 Cyanidin 288 153, 121, 213 

2 Cyanidin 3,5-O-diglucoside 611 449, 287 

3 Cyanidin 3-O-glucoside 450 287 

4 Cyanidin 3-O-glucoside-8-ethyl-catechin 766 453, 315, 153 

 Furanocoumarin 

5 8-(but-2-en-2-yl)-8,9-dihydro-2H-furo[2,3-h] chromen-2-one 

( or 15-methyl angenomallin) 

242 186, 142, 100, 57 

6 9-methyl-7H-furo[3,2-g] chromen-7-one (or 8-methylpsoralen). 200 144, 100, 57 

MS1: parent ion in mass spectrum; MS2: daughter ion in mass spectrum 

As seen in Figure 4, different concentrations of 

the red pigment of C. citrinus had a range of 

cytotoxicity on all examined cell lines. 

The highest cytotoxicity was observed on human 

foreskin fibroblasts, and even at the lowest 

examined concentration (12.5 µg/mL), the 

proliferation of the fibroblast cells was inhibited 

by up to 67% thus the IC50 value on human 

foreskin fibroblasts was estimated< 12.5 (µg/ mL) 

at 24-h time point. This effect was decreased at 

48 h time pint (p≤0.05) with the IC50 value of 

85.2 (µg/ mL). However, the number of living 

cells was increased after 72 h of exposure to the 

lower concentrations of the pigment, which 

shows a proliferative pattern.  

The extracted pigment did not exhibit 

considerable cytotoxicity on MCF-7 and HT1080 

cells at low concentrations. But the inhibition of 

cell proliferation reached 60% at high 

concentrations (100-200 µg/mL). After 72 h of 

exposure, the MCF-7 and HT1080 cells showed a 

proliferative pattern at low concentrations (12.5-

25 µg/mL). It is likely that the molecules added 

to the culture media were consumed or 

metabolized by the cells during the first hours 

(especially at lower concentrations). Because the 

cytotoxicity was not 100%, the remaining 

surviving cells began to grow during the 

remaining time (to 72 hours) to compensate for 

the loss, which might explain the proliferative 

pattern at the 72 h time point. 

One recent study on the anthocyanin content of C. 

citrinus flowers reported the presence of cyanidin 

3,5-O-diglucoside and cyanidin 3-O-glucoside, 

which is in accordance with the results of the 

present study [28]. However, in contrast to this 

report, we could not detect peonidin-3,5-O-

diglucoside and cyanidin-coumaroyl glucoside 

pyruvic acid. Also, we have detected two other 

anthocyanins, including cyanidin and cyanidin 3-

O-glucoside-8-ethyl-catechin. Moreover, we 

detected two furanocoumarins including 8-(but-

2-en-2-yl)-8,9-dihydro-2H-furo[2,3-h] chromen-

2-one (or 15-methyl angenomallin) and 9-methyl-

7H-furo[3,2-g] chromen-7-one (which is also 

known as 8-methylpsoralen). The difference 

between the present study and the Laganà et al. 

report may arise from the differences in the 

applied method for anthocyanin extraction as 

well as the instruments which were used for 

structure elucidation. Also, the ecological 

condition of where the plants grow has a 

significant impact on their anthocyanin contents 

[28]. 

Mass spectrometry is one of the common 

methods to identify natural compound [29]. 

Several reports have applied LC-MS 

spectrometry for structure elucidation of 

furanocoumarins. For example, Yu at al., have 

identified nine new furanocoumarins from 

grapefruit juice retentate [13]. Jain et al., have 

reported two new furanocoumarins, including 5-

(1” ,1” -dimethylallyl)-8-methyl psoralen and d 2” 

-O-acetyl oxypeucedanin hydrate-3” -methyl 

ether from Ficus carica root heartwood [14]. 

Heinke et al., applied liquid 

chromatography/electrospray tandem mass 

spectrometry to analyze a series of prenylated 

furanocoumarins from the leaves of Yemenite 

Dorstenia species. Several derivatives of psoralen 

(ficusin) have been identified in these plants  [30]. 

We have detected 8-methyl psoralen; this 

compound and its derivatives have been 

identified in several plants, including hogweed, 

Ficus carica and some other plants in 

Umbelifercea and Rutaceae [14,30-32]. The 

furanocoumarin angenomallin was also reported 

from some plant species, such as Notopterygium 

incisum [33] and Angelica anomala [34]. 
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Figure 4.  Inhibition of cell proliferation by different concentrations of red pigment obtained from Callistemon citrinus flowers; 

A) normal human foreskin fibroblasts; B) HT1080 (human fibrosarcoma cells); C) MCF-7 (human breast cancer) using MTT 

assay at 24, 48 and 72 hours; the data is represented as Mean ± SD and each experiment was done three times, independently. 
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Very limited reports on the presence of some 

simple and complex coumarins in the Myrtaceae 

family can be found in literature. Esculin from 

Myrtus communis L. and three phenylcoumarins 

(Costatamins A–C) with anti-inflammatory 

activity from Angophora costata (Gaertn.) 

Britten are some examples of the coumarins in 

Myrtaceae plants [35,36]. 

The acidified methanolic extract of C. citrinus 

flowers has been recently reported to have 

antioxidant, cytoprotective, and anti-angiogenic 

properties. This extract was reported to have no 

significant changes in the vitality of mononuclear 

cells (0.0–100.0 µg/mL) while at higher 

concentrations (125, 150, 175, 200 µg/mL), the 

cell mortality reached 50% [28].  In our study, we 

observed a high cytotoxicity for C. citrinus red 

pigment on human foreskin fibroblast cell line 

even at low concentrations. It also had a range of 

cytotoxicity on MCF-7 and fibrosarcoma cell 

lines at different concentrations. The differences 

in the results of these reports might be due to the 

different cell lines as well as the differences in 

the phytochemical constituents of the extracted 

pigments applied in these studies. It is unclear if 

the observed cytotoxicity was induced by the 

anthocyanins or the furanocoumarins content of 

the red pigment fraction of C. citrinus. In 

particular, several furanocoumarins are well 

known for their cytotoxicity on dermal cells [37-

39]. Nevertheless, previous reports showed that 

cyanidin and its glycosides (the main 

anthocyanin components of the red-pigment 

obtained from C. citrinus) could exhibit cytotoxic 

effects on different cell lines, such as human 

monocytic leukemia cells [40], glioblastoma cell 

lines [41], and prostate cancer cells [41,42]. 

Polyphenols such flavonoids and anthocyanins 

have shown a variety of biological activities in 

clinical trials [43]. Because of their antioxidant 

characteristics, anthocyanins have attracted 

special interest as cosmetic and therapeutic 

phytochemicals for the skin [44]. Although 

anthocyanins are easily absorbed and detected in 

plasma after oral consumption, they have low 

bioavailability after ingestion. Therefore, they are 

generally detected in very low concentrations in 

human plasma after absorption. It is believed that 

only 1% of the total anthocyanin intake will be 

detected [1,45]. Anthocyanin penetration into the 

stratum corneum, which is required for 

bioactivity, is poorly understood. However, 

previous studies have shown that some 

anthocyanins are able to penetrate the skin and 

reach depths [46,47].  

 

Conclusion 
In the present study, the red pigment of C. 

citrinus showed cytotoxic effects on human 

foreskin fibroblasts even at low concentrations. 

Dermal fibroblasts are cells that reside in the 

dermis layer of the skin and are responsible for 

the creation of collagen, an extracellular matrix. 

They also play an important role in wound 

healing. In animals, fibroblasts are the most 

frequent connective tissue cells. They are crucial 

in the immunological response to tissue damage. 

Despite the previous report on the anti-oxidant 

properties of anthocyanins of C. citrinus [28], 

application of the red pigment of C. citrinus in 

topical anti-oxidant formulations and cosmetics is 

not recommended due to the observed 

cytotoxicity on dermal fibroblasts in the present 

study.  

On the other hand, some skin conditions, such as 

keloids and hypertrophic scars [48], Elejalde 

syndrome [49], cutaneous mucinoses,  

scleroderma, scleromyxedema [50,51], and 

psoriasis are linked to increased proliferation of 

skin cells such as fibroblasts. Theoretically, using 

cytotoxic agents on fibroblasts could be 

beneficial in such disorders. 
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