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A B S T R A C T   

Fluorescence is used in various biological assays due to its high sensitivity, versatility, and precision. In recent 
years, studies using medicinal plant extracts have increased. However, fluorescence-based assays could be biased 
by plant metabolites autofluorescence. To address this issue, this study investigated the interference caused by 
methanolic extracts and chloroform fractions of three medicinal plants in three fluorescence-based assays on 
gastric cancer stem cells(CSC): resazurin reduction, confocal microscopy, and flow cytometry. CSC were isolated 
based on CD44 surface marker, incubated with methanolic extracts and chloroform fractions of Buddleja incana, 
Dracontium spruceanum, Piper aduncum. Resazurin assay evidenced that CSC exposed to extracts and fractions 
from the three plants showed significant differences in relative fluorescence units (RFU) levels (p < 0.001) 
compared to the unexposed groups after a 3-hour incubation. In addition, DMSO-treated CSC exposed to extracts 
and fractions had significantly lower fluorescence levels than living ones, but higher than extracts and fractions 
without cells. In confocal microscopy, cancer stem cells exposed to extracts and fractions of B. incana and 
P. aduncum were observed in the same emission spectra of the CSC markers. In flow cytometry, CSC exposed to 
extracts and fractions without any fluorescent dyes were detected in the double positive quadrants for CSC 
markers (CD44+/CD133 + ). Among the three plants, D. spruceanum exhibited the least interference. These 
results show that methanolic extracts and chloroform fractions contain autofluorescent metabolites that interfere 
with fluorescence-based assays. These results highlight the importance of a prior evaluation for possible fluo-
rescence interference to avoid interpretation biases in fluorescence assays.   

1. Introduction 

Fluorescence has been used in various biological assays due to its 
high sensitivity, versatility, speed, accuracy, and reading mode (An, 
2009). It has been widely spread within biological research, varying 
from the evaluation of cell viability with fluorescent dyes, such as DAPI 
and propidium iodide, to salts that generate a fluorescent compound 
when reduced by cellular activity, such as resorufin (Lavogina et al., 
2022). Fluorescent markers used for the visualization, monitoring, and 
quantification of individual molecules at cellular level have driven sig-
nificant advances in understanding cellular processes and dynamics 

(Specht et al., 2017). 
Fluorescent markers that use antibodies bound to fluorochromes are 

among the most utilized. They enable both quantitative and qualitative 
analyses of protein expression in various cell types (Mortensen and 
Larsson, 2001; McKinnon, 2018; Piña et al., 2022). The specificity and 
sensitivity of these fluorescent markers allow for the determination of 
the concentration and quantity of target molecules through the analysis 
of relative fluorescence intensity between control and experimental 
groups in quantitative approaches (Majumder and Fisk, 2014; Ng et al., 
2018; Cheung et al., 2021). In flow cytometry, the specificity of anti-
bodies and broad spectrum of fluorochromes have enabled their 
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widespread application to identify different cell populations (McKinnon, 
2018). Qualitative approaches, on the other hand, utilize fluorescent 
markers to gather morphological and spatial information about target 
molecules at subcellular and supracellular levels (Bhadriraju et al., 
2007). Immunofluorescent staining is also helpful in stem cell research 
for studying processes, such as cell differentiation, through the expres-
sion of specific proteins (Collier et al., 2017; Tapia-Rojas et al., 2020), 
molecules involved in stem cell niche signaling pathways (Kassmer 
et al., 2020), and cancer development (Cheung et al., 2016). 

In recent years, studies evaluating medicinal plant extracts on cancer 
cells have progressed to give scientific support to the ancestral knowl-
edge of these phytoresources and to identify new bioactive compounds 
that could be applied for treatment or prevention of disease (Saud et al., 
2019). Buddleja incana, Dracontium spruceanum, and Piper aduncum are 
medicinal plants traditionally used in Peru for hepatic and respiratory 
illnesses (Enciso et al., 2020), snake bites (Collantes et al., 2011), and 
wound healing and anti-inflammatory purposes (Herrera et al., 2019), 
respectively. These plants are currently being studied to evaluate their 
anticancer potential (Mayanga-Herrera et al., 2020). However, many of 
these plant extracts contain autofluorescent molecules that may cause 
interference with the fluorescent markers used in different assays. The 
most studied plant autofluorescent molecules are chlorophyll, which is 
excited by ultraviolet, blue, or green light and strongly emits in the red 
spectrum, and lignin, which has a broad emission range due to the 
presence of multiple kinds of fluorophores within its molecular structure 
(Donaldson, 2020). Likewise, different groups of secondary metabolites 
with bioactive properties may present autofluorescence, such as flavo-
noids, stilbenes, terpenes, and terpenoids (García-Plazaola et al., 2015). 

Few studies have evaluated the autofluorescent interference of plant 
extract compounds during fluorescent assays, especially when using 
cancer stem cells as study models. Therefore, the objective of this study 
was to evaluate the autofluorescent interference of methanolic extracts 
and chloroform fractions from three medicinal plants in fluorescence- 
based assays performed on gastric cancer stem cells. 

2. Experimental 

2.1. General experimental procedures. 

Methanol, chloroform, hexane, dimethyl sulfoxide, DMEM/F-12 
medium and resazurin were purchased from Merck (Darmstadt, Ger-
many). All the solvents were ACS grade. Fetal bovine serum and anti-
biotic/antimycotic 100X were obtained from Biowest (Nuaillé, France). 
CD44 magnetic microbeads, LS column, FcR blocking reagent, MS col-
umns, CD24 Antibody anti-human FITC, CD44 Antibody anti-human PE 
and CD133/1 Antibody anti-human APC were bought from Miltenyi 
Biotec (Bergisch Gladbach, Germany). 

2.2. Plant material 

In this study, we used three traditional medicinal plants of Peru, that 
are studied by our research group to evaluate their effect on cancer cell 
lines. Buddleja incana was collected from Yacus at Huanuco department 
(09◦57′18.7′’S, 76◦31′28.8′’W), Piper aduncum from La Merced, Chan-
chamayo (11◦02′16.5″S, 75◦18′54.0″W) and Dracontium spruceanum 
from Lamas at San Martin department (6◦23́01.8″S, 76◦ 30′21.6″W). 
Plants were collected under the permission of the local authority and 
each specimen was deposited and taxonomically identified at the natural 
history museum of Universidad Nacional Mayor de San Marcos (Voucher 
N◦190,191 and 192-USM-2018). 

2.3. Extracts and fractions from medicinal plants 

Methanolic extracts and chloroform fractions were obtained as 
described by De Ugaz, O. L. (1994) with some modifications. Leaves of 
B. incana and P. aduncum were washed and dried at 40 ◦C for two days, 

and bulbs (rhizomes) of D. spruceanum for four days, then ground and 
sieved with a 1 mm mesh, obtaining a fine powder. For methanolic 
extract preparation, 375 g of plant powders was macerated with 1 L of 
methanol (Merck, 322415) each for five days, protected from light, and 
concentrated in a rotary evaporator (IKA RV-10, IKA ® -Werke GmbH & 
Co. KG, Germany) at 35 ◦C, 34 rpm, and 200 mbar. Chloroform fractions 
were prepared with 50 mg of the dry weight of the methanolic extract, 
dissolved in 100 mL of methanol, and liquid–liquid extractions were 
made sequentially with 100 mL of hexane (Merck, 1043672511) and 
100 mL of chloroform (Merck, 288306). In both cases, the solvents were 
evaporated by a rotary evaporator at 35 ◦C, 34 rpm, and 200 mbar. 
Finally, methanolic extracts and chloroform fractions were weighed and 
dissolved in dimethyl sulfoxide (DMSO) (Merck, 1029522500) at 32 
mg/mL concentration and stored at − 80 ◦C until use. 

2.4. Cell culture 

The gastric cancer cell line AGS (ECACC 89090402) was cultured in 
DMEM/F-12 medium (Sigma-Aldrich, D8900) supplemented with 10 % 
heat-inactivated fetal bovine serum (FBS) (Biowest, S1810) and 1X 
antibiotic–antimycotic (Biowest, L0010) (from now on denominated as 
complete DMEM) and incubated at 37 ◦C and 5 % CO2. The medium was 
changed every three days, and when the cells reached a confluence 
between 75 and 80 %, they were split or used for the assays (Mayanga- 
Herrera et al., 2020). 

2.5. Cancer stem cells isolation 

For the isolation of cancer stem cells, the protocol of Najafzadeh et al. 
(2015) was followed with some modifications. AGS cells were collected 
and resuspended in 1 mL of complete DMEM medium and counted in a 
Neubauer chamber. Ten million cells were centrifuged at room tem-
perature, 400 xg for 10 min, the supernatant was discarded, and the 
pellet was resuspended in 10 μL of anti-CD44 magnetic Microbeads 
(MiltenyiBiotec, 130–113-335), 10 μL of FcR blocker (Miltenyi Biotec, 
130–059-901) and 80 μL of staining buffer (1X saline phosphate buffer 
(PBS) with 2 % bovine serum albumin (BSA), ethylenediaminetetra-
acetic acid (EDTA) and 0.09 % azide). Then they were incubated in 
darkness at 4 ◦C for 15 min and washed with 1 mL of 1X PBS. The pellet 
was resuspended in 500 μL of staining buffer and, for magnetic sepa-
ration, it was transferred to an MS column (Miltenyi Biotec, 130–042- 
201) attached to the MiniMACS platform (Miltenyi Biotec, 130–090- 
312), which was previously washed three times with 500 μL of staining 
buffer. Finally, the cells labeled with the CD44 antibody attached to the 
column were eluted and cultured at 37 ◦C and 5 % CO2. The cells were 
analyzed by flow cytometry to determine the percentage of CD44 +
cells. 

2.6. Resazurin cell viability assay 

For this assay, the experiment was divided into six groups: 1) com-
plete DMEM without cells, 2) complete DMEM with methanolic extract 
or chloroform fraction from each plant, 3) complete DMEM with cancer 
stem cells, 4) complete DMEM with cancer stem cells and methanolic 
extract or chloroform fraction, 5) complete DMEM with dimethyl sulf-
oxide (DMSO)-treated cancer stem cells (dCSC) 6) complete DMEM with 
dCSC and methanolic extract or chloroform fraction. The final concen-
tration of each methanolic extract or chloroform fraction was 160 μg/ 
mL. Each group was replicated three times, except for groups 1 and 2, 
which were replicated six times. 

Gastric cancer stem cells, AGS CD44+, were seeded into a 96-well 
plate at a concentration of 5 x 103 cells/mL for the containing cells 
groups (3, 4, 5 and 6). Plates were incubated at 37 ◦C, 5 % CO2 for 12 h; 
then, the medium was replaced by 100 μL of the groups indicated above 
and incubated for 30 min. Then, 20 μL of resazurin (0.15 mg/mL) 
(Merck, R7017) was added to each well, except in half of replicates of 
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groups 1 and 2. Fluorescence was measured with an excitation wave-
length of 530/20 nm and detected at 590/20 nm on a multimode plate 
reader (Synergy LX, Biotech) at 3 h after resazurin addition. 

2.7. Confocal microscopy assay 

The AGS CD44 + cancer stem cells were seeded onto 20x20 mm 
sterile glass coverslips, previously placed in a 6-well plate, with com-
plete DMEM, incubated at 37 ◦C, and 5 % CO2 for 12 h. Next, the culture 
medium was replaced with methanolic extracts or chloroform fractions 
dissolved in complete DMEM from each plant in six different coverslips. 
Other coverslips were used as control and were not exposed to the 
extract or fraction of medicinal plants. All coverslips were incubated for 
one hour under the same conditions. Afterward, each coverslip was 
washed with 1X PBS, and 4 % paraformaldehyde (4 % PFA) was added to 
fix the cells for 15 min. The coverslips were washed thrice with 1X PBS, 
stained with 1X 4′,6-diamidino-2-phenylindole (DAPI) for 30 min, and 
washed with 1.5 mL of 1X PBS. For slides without extract or fraction, in 
addition to DAPI staining, 5 μL of CD24-FITC antibody, 1 μL of CD44-PE, 
and 1 μL of CD133-APC diluted in 93 μL of staining buffer were added. 
Another group of coverslips was maintained without exposure to the 
extract or fraction and without antibodies as a background control. All 
coverslips were mounted on microscope slides for observation in the 
confocal microscope (FluoView™ FV10i, OLYMPUS) excited at 405, 
473, 559, and 635 nm. 

2.8. Flow cytometry 

Flow cytometry assays were conducted as recommended by Gupta 
et al. (2011). Gastric cancer stem cells, AGS CD44+, were detached with 
1X accutase and centrifuged at 400 x g. The supernatant was discarded, 
and the pellet, containing 4 x 105 cells, was resuspended in 800 μL 
staining buffer and distributed in eight 1.5 mL microtubes. In seven of 
eight microtubes, 1 μL of CD44-PE antibodies (Miltenyi), and 0.5 μL of 
each methanolic extract or chloroform fractions of medicinal plants 
were added until reaching a final concentration of 160 μg/mL. The last 
microtube was left untreated, only with 0.5 % DMSO as control vehicle. 
All treatments were incubated for 1 h, washed three times with 1 mL of 
staining buffer, and finally resuspended in 200 μL of staining buffer. 
Before sample acquisition, fluorescence compensation was made with 
FITC, PE, and APC fluorochromes. Samples were acquired on the Flow 
Cytometer Amnis flowsight imaging (Merck), an imaging flow cytome-
ter (Amnis Flowsight) that has five detection channels for the 488 nm 
laser (Ch02: 505–560 nm, Ch03: 560–595 nm, Ch04: 595–642 nm, 
Ch05: 642–740 nm and Ch06: 740–800 nm) and two channels for the 
642 nm laser (Ch11: 642–740 nm and Ch12: 740–800 nm), equipped 
with an image analyzer system. The dot plot was configured to detect the 
markers CD44-PE and CD133-APC in channels 03 and 11, respectively, 
and CSCs were evaluated without fluorochromes but previously exposed 
to the extracts and fractions of Buddleja incana, Dracontium spruceanum, 
and Piper aduncum, except in the control group, which was not stained 
with fluorochromes or treated with extracts or fractions. 

2.9. Data analysis 

Resazurin assay data were analyzed using the statistical program 
GraphPad Prism V.8.0.0 for Windows. One-way ANOVA was used to 
compare the results of each experimental group, followed by a Post Hoc 
analysis of multiple Tukey comparisons, where p < 0.05 was considered 
a significant difference. The values are represented as the mean ±
standard deviation (n = 3). Confocal microscope images were analyzed 
using ImageJ. Flow cytometry data were analyzed using the IDEAS® 
software version 6.2 (Amnis corporation) for generating dot plots and 
images. 

3. Results 

3.1. Resazurin cell viability assay 

Our results show that, for the methanolic extracts and fractions 
evaluated (Fig. 1), there is resazurin reduction in groups 3 (Only CSC) 
and 4 (CSC with extract or fraction), as evidenced by relative fluores-
cence units (RFU) values. However, there was minimal resazurin 
reduction in groups 1 (onlye medium) and 2 (medium with extract or 
fraction), and 5 (only dCSC) and 6 (dCSC, with extract or fraction). 
Further, the RFU values in groups 2, 4, and 6 (with methanolic extracts 
or fractions) were mostly significantly higher than groups 1, 3 and 5 
(without any plant extracts or fractions). The RFU values obtained from 
the cell viability assay with resazurin are summarized in Table S1. 

3.2. Cancer stem cells characterization by confocal microscopy 

CD24, CD44, and CD133 are commonly used membrane surface 
markers to identify and characterize gastric cancer stem cells (Tapia, 
2022; Lin et al., 2021). In this study, AGS CD44 + cells were confirmed 
by confocal microscopy, supporting evidence of the presence of cancer 
stem cells (Fig. 2). 

Fluorescence was detected in the cytoplasm of AGS CD44 + cells 
incubated with chloroform fractions of B. incana, P. aduncum and 
D. spruceanum as observed in four different channels. However, in the 
control group, fluorescence was only observed in the channel for 
detecting DAPI, but no fluorescence was detected in other channels 
(Fig. 2). 

3.3. Flow cytometry analysis of cancer stem cells 

The results of imaging flow cytometry showed that when treated 
with extracts and fractions, CSCs displayed fluorescence in channels 02, 
03, 04, 05, 06, and 11. The highest fluorescence intensity was observed 
in cells treated with methanolic extracts than chloroform fractions. In 
contrast, the control cells showed no fluorescence at all. These findings 
are highlighted in Fig. 3. 

Fig. 4 displays the percentages of cells stained with extracts and 
fractions that could have tested positive for CD44-PE and CD133-APC 
markers, if used. In the control group (unstained CSC), the region 
where double positives (+/+) are evaluated shows a percentage of 0.7 
%, while tCSC treated with methanolic extract of B. incana were 100 %, 
D. spruceanum were 14.5 %, and P. aduncum were 69.9 %. On the other 
hand, CSCs that were treated with the chloroform fraction of B. incana, 
D. spruceanum, and P. aduncum showed as 68.1 %, 2.9 %, and 73.5 %, 
respectively. 

4. Discussion 

In this study, we performed three fluorescence-based assays for 
analyzing cancer stem cells previously exposed to methanolic extracts 
and chloroform fractions, demonstrating that plant metabolites fluo-
rescence could interfere and lead to biased results. 

Resazurin is a non-fluorescent compound that, when reduced, is 
converted into resorufin, a fluorescent compound, with a maximum 
excitation at 544 nm and emission within the spectrum of yellow-orange 
color with a peak at 590 nm (Balbaied and Moore, 2020). This emission 
range is similar to some secondary metabolites contained in plants 
(Donaldson, 2020), including polyacetylenes, anthraquinones, antho-
cyanins, alkaloids, and tannins (García-Plazaola et al., 2015). 

Alkaloids and tannins have been reported in D. spruceanum (Rivera- 
Parada, 2013), anthocyanins in B. incana (Enciso et al., 2020), and fla-
vonoids and quinones in P. aduncum (Mayanga-Herrera et al., 2020; 
Arroyo et al., 2011). These metabolites have an autofluorescent emis-
sion in the yellow-orange spectrum, similar to resorufin, however, in this 
experiment no significant increase in the fluorescent signal was 

S. Tapia-Rojas et al.                                                                                                                                                                                                                            



Saudi Journal of Biological Sciences 31 (2024) 104000

4

observed in the groups with methanolic extracts or fraction, but without 
cells and resazurin (Fig. 1). Although a non-significant higher signal was 
observed in extract treatments with resazurin compared to medium 
alone, this phenomenon can be attributed to the antioxidant capacity of 
some plant extracts, as these are often reducing agents (Yadi et al., 
2018), which could cause the reduction of some resazurin molecules to 
resorufin, resulting in increased fluorescence. This possibility comprises 
the three plant species analyzed, since they have reported antioxidant 
activity in their extracts (Ingaroca et al., 2018; Paredes-López et al., 
2018; Enciso et al., 2020). 

Our results showed that groups containing living cells, with or 
without exposure to extracts or fractions, displayed higher levels of RFU 
compared to other treatments. This is due to the reduction of resazurin 
to resorufin resulting from cellular metabolism, mainly through mito-
chondrial enzymes (Präbst et al., 2017). The groups with plant extracts 
or chloroform fractions showed significantly higher RFU levels than the 
other groups. This difference is likely caused by the interaction of 
compounds between CSC molecules and the metabolites of the plant 
extract or chloroform fraction, e.g. isorhamnetin, quercetin, vitexin, 
yangonin, fisetin, morin (Zou et al., 2002; Sentchouk and Bondaryu, 
2007), which increases autofluorescence. This phenomenon has also 
been observed in human lymphocytes (Ottoni et al., 2019). The 

fluorescence of certain metabolites, such as quercetin, has been 
observed to increase 10-fold when found in a less polar medium 
(Sentchouk and Bondaryu, 2007), as in this study where the extracts or 
fractions are dissolved in 0.5 % DMSO. Additionally, there can be an 
increased substitution of oxygenated species to benzenes of phenolic 
compounds that cause an increase in the intensity of fluorescence 
(Williams and Bridges, 1964). The fluorescence increase is mainly due to 
the extracts antioxidant capacity and cells redox potential (Jiang et al., 
2014). 

In this study, it was observed that groups with extract or fraction 
showed a higher level of RFU, usually regarded as cell proliferation. 
However, it cannot be interpreted as an increase in the number of viable 
CSCs because the incubation time with the extract or fraction was only 3 
h. This period is insufficient to observe cell growth proportional to the 
RFU values obtained. In addition, images from the inverted microscope 
did not show differences in the number of cells per well (Figure S1). 
Therefore, this misinterpretation would generate a type II error, false 
negative for cytotoxicity tests, and type I error, false positive for cell 
proliferation tests. On the other hand, groups containing dCSC had 
higher levels of RFU compared to the groups that only contained cell 
culture medium. This difference could be attributed to the residual 
presence of autofluorescent molecules accumulated before cell death, 

Fig. 1. Fluorescence generated by methanolic extracts (Mo) and chloroform (Cl) fractions of Buddleja incana leaves (BiL) (A and D), Dracontium spruceanum bulb 
(DsB) (B and E), and Piper aduncum leaves (PaL) (C and F), and its interaction with CSC by resazurin viability assay. M: medium, CSC: Cancer Stem Cells, dCSC: 
DMSO-treated Cancer Stem Cells, RFU: relative fluorescence units. Groups: 1: complete DMEM, 2: complete DMEM + methanolic extract/chloroform fraction, 3: 
complete DMEM + CSC, 4: complete DMEM + CSC + methanolic extract/chloroform fraction, 5: complete DMEM + dCSC, 6: complete DMEM + dCSC + methanolic 
extract/chloroform fraction. Φ: Groups without resazurin. (****) p < 0.0001, (***) p < 0.001, ns: non-significant. 
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Fig. 2. Confocal microscopy images at 25X magnification of AGS CD44 + gastric cancer stem cells (CSC) stained with stem cells markers or treated with chloroform 
fractions. Control: CSC not stained nor treated with any fractions. CSCm: CSC stained anti-CD24/FITC, anti-CD44/PE and anti CD133/APC (gastric cancer stem cell 
markers). Control: Cells not treated with any extract or fractions. 

Fig. 3. Representative images of a single AGS CD44 + cancer stem cell (CSC) in imaging flow cytometry treated with methanolic extracts (Mo) or chloroform 
fractions (Cl) of Buddleja incana leaves (BiL), Dracontium spruceanum bulb (DsB), and Piper aduncum leaves (PaL). Control: CSC not stained nor treated with any extract 
or fraction. Lasers: 488 and 642 nm.Ch: Channel. Ex: Excitation wavelength. Em: Emission wavelength. 
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such as flavins, which have a fluorescent emission that covers the 
yellow-orange spectrum (Shilova et al., 2017) and accumulate under 
conditions of cellular stress (Surre et al., 2018). Additionally, the re-
sidual presence of NAD(P)H, product of mitochondrial dysregulation 
(Aleshin et al., 2015,) and the enzymatic activity present after cell death 
(Tan and Qian, 1996), could contribute to the reduction of resazurin to 
resorufin to raise the fluorescent signal in the treatment with dCSC. 

A significant difference in RFU levels was observed between the 
groups of dCSC treated with methanolic extract and untreated. This 
difference can be attributed to the sequential process used to obtain the 
methanolic extract and the chloroform fraction, which have different 
polarities. The methanol phase, due to its high polarity, extracted a 
higher number of metabolites, while the chloroform phase, being less 
polar, extracted a smaller amount of metabolites (Mayanga-Herrera 
et al., 2020). Methanol is known for its high power to extract various 
active components because of its polar nature, and it is widely used as a 
solvent for extraction processes (Cowan, 1999; Madani et al., 2021). 
However, studies indicate that methanol could lead to the generation of 
artifacts during the extraction process, which may be detected at the 
same wavelengths of flavonoids, carotenoids, tetrapyrroles, fatty acids, 
among others (Sauerschnig et al., 2018). These artifacts might interact 
with residual molecules from cells and the culture medium, such as 
bovine serum albumin, potentially causing an increase in fluorescence 
(Sentchouk and Bondaryu, 2007). On the other hand, chloroform is a 
solvent with lower polarity, and it extracts fewer metabolites, gener-
ating a fraction free of tannins and rich in terpenoids and flavonoids 
(Chethankumara et al., 2021; Jones and Kinghorn, 2012). A lower level 
of RFU at 590/35 nm was observed in groups 5 (only dCSC, which were 
dead) and 6 (dCSC with extraction or fraction) when treated with 

chloroform fraction in comparison to those treated with methanolic 
extract, probably due to that most of the compounds were retained in the 
first extraction with methanol, whereas chloroform, being less polar, 
extracts a smaller amount of metabolites (Cowan, 1999; Madani et al., 
2021). 

In confocal microscopy, CSCs treated with P. aduncum exhibited the 
highest fluorescence in the four emission spectra compared to the other 
plant treatments. The autofluorescence in the green spectrum may be 
caused by alkaloids and flavonoids (Arroyo et al., 2011), while the 
yellow emission may be attributed to quinones, tannins, and alkaloids. 
On the other hand, the red emission is only attributed to quinones 
(Talamond et al., 2015; Donaldson, 2020). Furthermore, fluorescence 
was detected in the cytoplasm in the blue emission spectrum that 
overlaps with DAPI. This cytoplasmic stain is not seen in the control 
group or dCSC and can be associated with certain phenols and alkaloids 
present in P. aduncum, which can emit in the blue spectrum (Arroyo 
et al., 2011; Donaldson, 2020). Additionally, the autofluorescence in 
this group was visible throughout the cell, indicating that its phyto-
chemical compounds could be interacting with molecules of different 
cellular compartments. 

In CSCs treated with the chloroform fraction of B. incana, fluores-
cence was detected in the green and yellow spectra and slight staining of 
the cytoplasm in the blue and red emission spectrum. Within the 
phytochemical components reported for B. incana, the blue emission can 
be caused by phenolic compounds, coumarins, and alkaloids; the green 
emission by flavonoids, terpenoids, tannins, and alkaloids; the yellow 
emission by alkaloids and tannins (Enciso et al., 2020); and the red 
emission by leucoanthocyanidins (Talamond et al., 2015; Donaldson, 
2020). The autofluorescence intensity was higher in the green emission 

Fig. 4. Flow cytometry dot plots showing four quadrants and schematic gating of AGS cancer stem cells (CSC) treated with methanolic extracts or chloroform 
fractions of Buddleja incana, Dracontium spruceanum, and Piper aduncum, in channels Ch03 (560–595 nm) and Ch11 (642–740 nm). Control: CSC not stained nor 
treated with any extract or fraction. Lasers: 488, and 642 nm. 

S. Tapia-Rojas et al.                                                                                                                                                                                                                            



Saudi Journal of Biological Sciences 31 (2024) 104000

7

spectrum and decreased in the yellow, blue and red spectra covering 
different cell compartments. 

CSCs treated with the chloroform fraction of D. spruceanum showed 
fluorescence in blue and green emission spectra and a weak stain in the 
yellow emission. The cytoplasm fluorescence in the blue spectrum can 
be attributed to alkaloids and coumarins present in the plant; the 
emission in green to flavonoids, tannins, terpenoids, and alkaloids 
(Rivera-Parada, 2013); and the weak signal in yellow emission to some 
alkaloids (Talamond et al., 2015; Donaldson, 2020). Unlike the other 
plants, D. spruceanum chloroform fraction caused minor interference to 
fluorescent markers for CSCs, which would allow any fluorophore to be 
used in the yellow and/or red spectrum; additionally, fluorescent CSC 
characterization tests would need only normalization in the green 
emission spectrum with this fraction. In all treatments, emission in the 
blue spectrum could also be intensified by the accumulation of NAD(P)H 
produced by the metabolic stimulus of exposure to chloroform fractions 
(Croce and Bottiroli, 2014). 

Flow cytometry images from CSCs treated with extracts and fractions 
show in the majority of channels, either in greater or lesser intensity. 
The methanolic extracts of B. incana, D. spruceanum, and P. aduncum 
generated greater fluorescence intensity in the CSCs than those treated 
with chloroform fractions. This could have been due to the methanolic 
extracts containing a more significant amount and variety of auto-
fluorescent metabolites, unlike the chloroform fractions, attributed to 
the sequential process done to obtain them (Mayanga-Herrera et al., 
2020), the degree of polarity of the solvents (Cowan, 1999), and the high 
extraction power of methanol (Madani et al., 2021) as opposed to 
chloroform, as mentioned above. 

The methanolic extract of B. incana presented the highest fluores-
cence in all emission spectra, which indicates a greater bioavailability of 
the metabolites present in the extract that exhibit autofluorescence, such 
as alkaloids, flavonoids, anthocyanins, and tannins (Donaldson, 2020; 
Enciso et al., 2020). The bioavailability of metabolites also allows more 
significant chemical interaction with cellular components that can lead 
to increased fluorescence (Ottoni et al., 2019). This intense fluorescent 
signal from treatments with the methanolic extract of B. incana and 
D. spruceanum could generate significant interference in the emission 
and excitation channels of the flow cytometer, which would avoid a 
correct interpretation when using fluorescent markers. This inconve-
nience increased in the red (642–740 nm) and far red (740–800 nm) 
emission spectra, where a strongly cellular fluorescence signal was 
observed in the methanolic extract of B. incana and methanolic extract 
and fraction of P. aduncum apparently due to the fluorescence spectrum 
of chlorophyll present in the leaves used to obtain the extract of these 
species (García-Plazaola et al., 2015).The methanolic extract of B. incana 
showed the highest fluorescence in all emission spectra. This indicates a 
greater bioavailability of the metabolites present in the extract, which 
exhibit autofluorescence, such as alkaloids, flavonoids, anthocyanins, 
and tannins (Donaldson, 2020; Enciso et al., 2020). The bioavailability 
of these metabolites allows for more significant interaction with cellular 
components, leading to increased fluorescence (Sentchouk and Bon-
daryu, 2007). However, this intense fluorescent signal from treatments 
with the methanolic extract of B. incana and D. spruceanum could cause 
significant interference in the emission and excitation channels of the 
flow cytometer, which could result in an incorrect interpretation when 
using fluorescent markers. This problem increased in the red (642–740 
nm) and far red (740–800 nm) emission spectra, where a strong cellular 
fluorescence signal was observed in the methanolic extract of B. incana, 
as well as in the methanolic extract and fraction of P. aduncum. This 
strong fluorescence signal is apparently due to the fluorescence spec-
trum of chlorophyll present in the leaves used to obtain the extract of 
these species (García-Plazaola et al., 2015). 

It was observed that CSCs have lower fluorescence intensity than 
those analyzed in confocal microscopy. This difference can be attributed 
to the fixation processes performed in confocal microscopy, where 
aldehyde-derived fixators are known to undergo condensation reactions 

with amines and proteins, generating fluorescent products (Croce and 
Bottiroli, 2014). 

In fluorescence-based assays, an imaging flow cytometer is advan-
tageous as it enables individual cell visualization, allowing the identi-
fication of available detection channels with no interference. It also 
considers the possibility of compensation to avoid false positive or 
negative results. In contrast, conventional flow cytometry only relies on 
the percentage of positive cells for a particular fluorescent marker, 
which can lead to erroneous interpretations of results when interference 
occurs in the same detection channel. The interference of extracts and 
fractions can be detected in these channels, which may interfere with 
future assays for the analysis of CSC markers. 

Imaging flow cytometry showed autofluorescence for all extracts and 
chloroform fractions due to the chemical nature of the metabolites 
present. This can mainly be attributed to the alkaloids existent in 
D. spruceanum (Rivera-Parada, 2013), alkaloids and tannins in B. incana 
(Enciso et al., 2020), and quinones, tannins, and alkaloids in P. aduncum 
(Talamond et al., 2015). Furthermore, a solid fluorescent signal was 
observed in the extracts of B. incana and P. aduncum, which can be 
attributed to the quinones and leukocyanidins present respectively in 
these plant species (Arroyo et al., 2011; Enciso et al., 2020). However, 
the most significant contribution of fluorescence could be generated by 
protochlorophyllide, since it is excited and emits fluorescence within the 
range of the red spectrum (Amirjani and Sundqvist, 2006). Instead, 
fluorescence was not observed in D. spruceanum extracts due to their 
non-foliar nature as a raw material for making the extract. 

These results detail the importance of evaluating the excitation and 
emission channels generated by fluorescence because of the plant 
extract, and then choosing immunofluorescent markers in the channels 
where no interference is generated or that can be compensated. This is a 
procedure that might be ignored during investigations (Ottoni et al., 
2019). Moreover, the employment of modern equipment such as the 
spectral cytometer allows for the analysis of the full spectrum of both 
cellular autofluorescence and the fluorophores used, providing advan-
tages in compensation. Similarly, the mass cytometer, also known as 
cytometry by Time-Of-Flight (CyTOF), uses antibodies conjugated with 
heavy metals instead of fluorophores (Jaimes et al., 2022). However, it’s 
important to note that these advanced equipment are not widely avail-
able, which would make their use challenging. 

5. Conclusions 

The methanolic extracts and chloroform fractions of Buddleja incana, 
Dracontium spruceanum, and Piper aduncum contain autofluorescent 
metabolites that interfere with fluorescence-based assays performed on 
cancer stem cells. The autofluorescence of methanolic extracts and 
chloroform fractions, not being in contact with cancer stem cells, does 
not generate significant fluorescence levels. Nonetheless, in presence of 
resazurin, metabolites present in extracts or fractions can reduce it to 
resorufin, causing fluorescence levels (RFU) to increase. Cancer stem 
cells contain autofluorescent compounds from cell activity, which have 
conjugated rings as chemical structures, such as NAD(P)H, FAD, and 
flavins, among others that can interact with some plant metabolites, 
such as flavonoids, tannins, alkaloids, and others, which significantly 
contribute to fluorescence increase. Methanolic extracts and chloroform 
fractions mask the detection of gastric cancer stem cell surface markers, 
CD24, CD44, and CD133, in confocal microscopy assays. Similarly, these 
extracts and fractions interfere with flow cytometry assays, both quali-
tative and quantitative analysis. 

These results highlight the importance of a prior evaluation of the 
fluorescence generated when using methanolic extracts and chloroform 
fractions in fluorescence-based assays on cancer stem cells to avoid 
interpretation biases and look for channels where there is no interfer-
ence or where interference can be normalized or compensated according 
to the type of test desired to run. 
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