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Abstract

Analyzes the effect of β-Carotene (BC) in the processes of differ-
entiation of adipose tissue Human Mesenchymal Stem Cells (hAD-
MSCs) and dental pulp Human Mesenchymal Stem Cells (hDPMSCs) 
for obtaining Insulin-Producing Cells (IPCs). The BC present in the 
methanolic extract was analyzed and quantified by UV-VIS, TLC and 
HPLC methods.

The cell viability test was done by flow cytometry, a concentra-
tion of 1.5 μM of BC or AP extract no cytotoxic effect on stem cells, 
so this concentration was used for the Human Mesenchymal Stem 
Cells (hMSCs) differentiation protocols for obtaining IPCs. The dif-
ferentiation tests were done with the AP extract or β-carotene stan-
dard addition which demonstrates the increased cell differentiation 
percentages by the presence of intracellular insulin. This was more 
outstanding in the hMSCs that were stimulated with the AP in stage 
3 and applied at all stages mainly in hDPMSCs, reaching up to 74% 
of the insulin-positive population respect to 11% where the mol-
ecules were not added. RT-PCR was performed for the level of gene 
expression like MAFA, PDX1 and NKX6.1 and those are found well 
expressed on differentiated cells.

This could be relevant in cell therapy in diabetes, where inclu-
sion of AP extracts or BC may improve yield of IPCs.

Keywords: Arthrospira platensis; β-carotene; Differentiation; 
Insulin-producing cells; Mesenchymal stem cells; Microalgae

Introduction

Diabetes Mellitus (DM) is a chronic metabolic disorder with 
rapid increase in prevalence, affecting 382 million people world-
wide, becoming one of the leading diseases of the 21stcentury 
[1], DM is the result of inadequate supply of functional β-cells, 
as these cells are responsible for the production of insulin. 
Diabetes therapy mainly involves insulin, drugs that enhance 
insulin secretion or inhibitors of the signaling of endogenous 
glucose production [2]. However, it is important what kind of 
cell therapy in diabetes considers the replacement of β-cells de-
rived from human stem cells by the induction of endogenous 
regeneration through the formation of new cells expressing 
insulin either by conversion of a differentiated cell type (trans-
differentiation) or differentiation of progenitors (neogenesis) in 
order to cure the disease [3].

Specifically, the use of Human Mesenchymal Stem Cells 
(hMSCs) has a high potential use in various therapies, due to 
their multipotent self-renewal capacity as well as potential to 
differentiate into mesodermal, endodermal and   ectodermal 

lineages. The hMSCs demonstrate expression of specific cell 
surface molecules such as CD105, CD73 or CD90 and CD44. 
The use of hMSCs presents several advantages such as the im-
munomodulatory potential, the reduction of problems related 
to tumorigenicity and that are found in adult tissues, so that 
their use may overcome potential ethical issues. Several tis-
sues that contain stem cells and these areas they have been 
called "niches", such as Human Adipose Tissue (hADMSCs), 
Human Bone Marrow (hBMMSCs), Human Wharton's Gelatin 
(hWJMSC), Human Umbilical Cord Blood (hUCBMSC) and Hu-
man Dental Pulp (hDPMSCs) [1]. hMSCs can be differentiated 
into various types of specialized cells such as Insulin-Producing 
Cells (IPCs). Several protocols for differentiation have been 
implemented to obtain IPCs, which vary according to the type 
of mesenchymal stem cell. In general, the protocols are carried 
out in three stages, where hMSCs are directed towards endo-
derm, later to endocrine progenitors and finally towards IPCs 
[4]. Due to the low efficiency of differentiation for obtaining the 
cells and efficiency of the functionality of these cells, there is a 
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great interest the development of an improved process of in vi-
tro differentiation, but information regarding the factors of the 
efficient differentiation of hMSCs to β-cells are yet unknown [1]. 
Specifically, hADMSCs and hDPMSCs are important cell sources 
and frequently used in the field of tissue engineering and/or re-
generative medicine. Due to its easy disponibility, pluripotency 
capacity and easy proliferation qualities, these cells can be ex-
ploited in cell therapy for diabetes to increase the yield of IPCs. 

One of the strategies that is followed to increase the efficien-
cy of differentiation protocols of differentiation is the search for 
new molecules, including those from phycoextracts. Several 
works focused on the study of the therapeutic activity of BC 
analyze the inhibition of tumorigenesis in stem cells and discuss 
the activity of this molecule in the differentiation of these cells 
by regulating differentiation markers, such as Drosophila Delta-
Like 1 Homologue (DLK1) which is a member of the Epidermis 
Growth Factor (EGF) similar to the family of homeotic proteins 
and is known to modulate the differentiation signaling in adipo-
cytes and several types of stem cells. However, little is known 
about the role of this type of extracts and molecules in a pro-
cess of differentiation of hMSCs towards IPCs cells [5]. 

Arthrospira Platensis (AP) is a blue-green algae belonging 
to the family of cyanobacteria, rich in bioactive compounds, 
such as proteins, lipids, carbohydrates, trace elements (zinc, 
magnesium, manganese, selenium), riboflavin, tocopherol, and 
α-linoleic acid, has a 62% amino acid content and is rich in vi-
tamin B12 and it contains a whole spectrum of natural mixed 
phytopigments. Among them, carotenoids and phycocyanins, 
some of these compounds have antioxidant activity such as 
β-Carotene (BC) [6]. In spirulina, BC represents 67–79%, and it 
has been reported that these protections from photo oxidative 
damage and BC holds the prime position in provitamin A activ-
ity. BC is a known antioxidant and precursor of the retinoic acid 
molecule of relevance in differentiation processes [5].

AP and its extracts are widely used as nutrients for humans 
and animals, natural colorants in food and cosmetics and nu-
traceuticals and food additives for products of the pharmaceu-
tical industry, BC protect against certain chronic diseases such 
as cancer, diabetes, cardiovascular diseases etc, [7]. This mi-
croalgae extracts have been attributed antidiabetic properties 
due to the induction of recovery of damaged pancreatic β-cells 
through its properties as antioxidants, anti-inflammatory and 
anti-apoptotic [8]. But there are no reports in case of stem cell 
differentiation to produce IPCs with phycoextract inclusion.

In this work, we with AP extract and BC inclusion in each 
three stages and throughout the differentiation process [2] and 
focused on the evaluation during the differentiation process of 
hADMSCs and hDPMSCs to IPCs.

Material and Methods

Extraction Process

Arthrospira Platensis LB-23 (from university of Texas, Aus-
tin) was cultivated in UTEX spirulina medium, the biomass 
obtained was crushed in a mortar with glass beads and add-
ing methanol (10 ml/g) at 25°C and then centrifuged at 4°C at 
10,000 rpm for 15 minutes. The supernatant was evaporated at 
30°C in a Speedvac (Vacufuge-Eppendorf), then, the extract was 
solubilized in Phosphate-Buffered Saline (PBS) (1:10 v/v) and 
filtered with Whatman filters of 0.22 μg PES (Polyethersulfon, 
28420282). The efficiency of extraction was calculated accord-
ing to the following formula:

Analysis of AP Extract by TLC, UV/VIS AND HPLC

For qualitative analysis of BC, Thin Layer Chromatography 
(TLC) technique was used. Silica gel plates were used as a sta-
tionary phase, mounted on 20 x 10 cm glass and a mixture of 
Hexane: Acetone used at a proportion of 70:30 (v/v), the extract 
was analyzed together with the standard BC (C9750-5G Sigma-
Aldrich), with the running time of 20 minutes [9]. The Rf was 
calculated with the following formula:

A spectrophotometric method was also used for quantifi-
cation at a wavelength of 455 nm [10], by reading in triplicate 
and comparing with a standard curve constructed using com-
mercially available BC (C9750-5G-SIGMA) in a plate reader (Eon 
BioTek). Finally, an HPLC analysis was performed for quantita-
tive analysis. The standard of BC was diluted in acetone for 
standard curve generation and sample quantification, using a 
high-efficiency liquid chromatograph (Varian ProStar) with au-
tosampler, a Luna column was used (LC column 3μm-Phenomex 
00F-4162-E0), as a mobile phase a mixture of Hexane: Acetone 
82:18 (v / v) was used. Additionally, a standard of astaxanthin 
was included using the same conditions.

Characterization of hMSCs

The hADMSCs were obtained from ATCC (PCS-500-011, lot 
62098855), with hMSCs characterization certificate. The hDPM-
SCs were isolated from the third molar from a 22-year-old North 
American male patient, all procedures were carried out in ac-
cordance with the relevant institutional laws and guidelines 
and approved by the appropriate institutional committees. 
Informed consent was obtained for experimentation with hu-
man subjects. The dental piece was extracted by exodontia col-
lected under the ethical criteria without reported pathologies. 
The procedures to isolate the stem cells of the dental pulp were 
those mentioned by Karamzadeh [11], modifying the enzymatic 
solution, the digestion of the dental pulp was carried out by 
adding 1ml of 0.025% trypsin, the obtained cells they under-
went phenotypic characterization, according to International 
Society of Cell Therapy (ISCT). 

Flow cytometry analysis was performed to identify mem-
brane markers for hMSCs like CD44, CD73, CD90, and CD105 as 
well as the absence of hematopoietic markers using the analy-
sis kit BD (562245). Multi-differentiation was also performed 
for the hDPMSCs to osteocytes, adipocytes, and chondrocytes 
following the specifications of the ISCT. For this purpose, cells 
were cultured for 24 days in specific differential media under 
standard culture conditions like for the case of osteoblasts, the 
Human Osteoblast Differentiation medium was used (Sigma 
Aldrich 417D). Later Von Kossa staining was used to observe 
calcium deposits, which was done by adding 500 μl of 5% sil-
ver nitrate (AgNO3) and subjected to UV radiation at 120 μJ/
cm2 for 5 minutes. For the differentiation of adipocytes, the Hu-
man Adipocyte Differentiation medium (Sigma Aldrich 811D) 
was used. The staining with oily red was used to demonstrate 
the presence of fat vacuoles. After the culturing the cells with 
Chondrocyte Differentiation medium (Sigma Aldrich 411D), it 
was stained with a solution of 1% alcian blue. hDPMSCs with-
out subjecting differentiation treatment, were subjected to the 
same stains, these being the controls.
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Viability Assay

Both types of hMSCs were grown in D'MEM/F-12 (Sigma 
D8437) enriched with L-glutamine and 10% FBS (Fetal Bovine 
Serum) under standard culture conditions. They were placed 
in six-well culture plates, utilizing different concentrations of 
the AP extract and BC standard diluted with culture medium 
DMEM/F-12 free of FBS for 72 hours. The cells were exposed to 
the extract and to the standard at different concentrations (3, 
1.5, 0.75, 0.375 and 0 μM) under standard culture conditions at 
37°C, 95% relative humidity and 5% CO2.

A follow-up was made by microscopic observation to visu-
alize if there was cellular damage in terms of morphological 
changes or cellular detachment produced by the AP extract an 
BC. Viability   analysis   was   performed   by   cytometry, the 
cells were harvested using Trypsin/EDTA (ATCC PCS-999-003), 
and the cell pellet was resuspended in PBS. Then viability test 
was carried out by flow cytometry using the BD Cell Feasibility 
Kit viability kit (349383) and the BD Accuri C6 flow cytometer, 
using the Side Scatter (SCC) and Forward Scatter (FCC) graphics 
and the FL3-FL1 channel.

Differentiation of hMSCs into Insulin-Producing Cells

Differentiation of hADMSCs

The process of differentiation of the hADMSCs was carried 
out using the protocol by Chandra [12]. This process consisting 
of three stages: stage 1 (of hMSCs to meso-endodermal cell; 
stage 2 (of meso-endoderms to endocrine progenitors) and 
stage 3 (of endocrine progenitors to IPCs), during the experi-
ment, AP extract was added to cultures in all the stages at a con-
centration of 1.5 μM, as well as a control of differentiation with-
out AP extract and a control without differentiation protocol 
was maintained. In other experiments, AP extract was added 
at stage-1 only, stage-2 only and stage-3 only respectively. The 
same process was followed the BC standard was used.

Differentiation of hDPMSCs

The process of differentiation of the hDPMSCs was carried 
out by using the protocol established by our research group, 
which consisted of three stages. In the first stage, serum free 
D´MEM/F-12, 17.5 mM Glucose, Activin A 100 ng/mL and CHIR 
3μM was used for five days at 37 °C and 5% CO2. On the fifth 
day the change was made to stage 2 which contained serum-
free D´MEM/F-12, 17.5 mM glucose, FGF 4 ng/mL, IGF 50 ng/
mL, Noggin 100 ng/mL, 1μM Dorsomorphin, 2 μM Retinoic Acid 
for five days. On the tenth day the change was made to stage 
3 which contained serum-free DMEM F-12, 17.5 mM glucose, 
10μM Forskolin, 3 μM Taurine, 10mM Nicotinamide, Dexa-
methasone 10 μM, Supplement B27 1% for five days. During 
the experiment, AP extract was added to culture at 1.5 μM, as 
well as a control of differentiation without AP extract and a con-
trol without undergoing the protocol differentiation was main-
tained. In other instances, AP extract was added at stage-1 only, 
stage-2 only and stage-3 only respectively. The same process 
was followed to use the standard of BC.

Analysis of Intracellular Insulin

Once the differentiation protocols were concluded, the cells 
were harvested with scrapper, then stained with anti-insulin 
antibodies Alexa Fluor 647 (565689) and analyzed in a Accuri 
C6 Flow Cytometer BD, permeabilizing the hDPMSCs and hAD-
MSCs with methanol: acetone 1:1 (v/v) samples in the flow cy-
tometer in channel FL-3 at 670 nm. 

Gene Expression Study

Gene expression profiling was done to determine in vitro cel-
lular responses of differentiation of hMSCs with and withouth 
β-carotene. At the end of each differentiation stage, cells were 
collected to carry out an RT-PCR analysis in order to look for 
MAFA, PDX1 and NKX6.1 genes transcripts, β-actin was used as 
a reference gene (Table 1).
Table 1: Sequences of PCR primers.

NCBI RNA
reference

Sequences
Amplicon TmF R

MafA NM_201589
CTTCAG-
CAAGGAGGAG-
GTCA

TTGTACAG-
GTCCC-
GCTCTTT

195 59

Nkx 6.1 NM_006168
CTGGAGA-
AGACTTTCGAA-
CAA

AGAGGCT-
TATTG-
TAGTCGTCG

239 57

Pdx1 NM_000209
TCCTACAG-
CACTCCACCTTG

ACTGGCAT-
CAATTTCAC-
GGG

227 59

Β-actina NM_001101.3
GGAGTCCTGT-
GGCATCCAC-
GAAACTAC

CACATCT-
GCTG-
GAAGGTG-
GACAGCG

261 65

Table 2: Percentages of intracellular insulin with the different 
treatments by adding the AP extract or the BC standard.

Mesen-
chymal 
Stem 

Cell Type

Extract 
Type

Undif-
ferenti-

ated

Differenti-
ated

Differentiated With AP or BC

Control
Without AP 

& BC
Stage-1 Stage-2 Stage-3

All
Stage

hDPM-
SCs

BC 0.80 0.71 2.32 5.76 38.13 74.36

AP 0.84 11.47 41.68 71.29 24.45 47.41

hAD-
MSCs

BC 0.82 3.85 2.22 10.5 19.26 13.06

AP 0.81 5.43 8.65 17.87 48.45 25.65

RNA Harvest

For the extraction of RNA, the RNA extraction kit was used 
(Promega Z6012), cell concentration of 1x106. RNA quantifica-
tion was performed with the Quubit® RNA Assay kit, reading in 
the Qubit 3 fluorometer and was stored at −85°C until further 
molecular analysis.

Reverse Transcript (RT)

2 μg of extracted RNA was reverse transcribed to cDNA using 
a commercially available kit for RT, the RT Promega GoScriptTM 
Reverse Transcription System kit was used (A5001), then it was 
taken to the thermal cycler and a cycle was run in the ProFlex 
PCR. The cDNA obtained was further amplified by polymerase 
chain reaction.

Polymerase Chain Reaction (PCR)

System thermocycler (Life technologies) with the following 
temperature cycles: 25°C for 5 minutes, 42°C 1 hour, 70°C 15 
minutes. For PCR, the Promega kit (M7806) was used with the 
ProFlex PCR System thermocycler running 40 cycles at the fol-
lowing temperatures for different genes: 95°C (2 minutes), 95°C 
(30 seconds); MAFA 57°C; NKX6.1 59°C; and PDX 1 59°C (30 sec-
onds), 72°C 5 minutes, 4°C without time limit. 2% agarose gels 
were made for electrophoresis (Sigma A9539) in TBE 0.5x buf-
fer under the following conditions: 60 Volts for one hour and 
15 minutes, in a BIO-RAD development chamber and a power 
source of the same brand. Later, gels were stained for visualiza-
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tion with GelRed (Biotum 41003) and images were revealed in 
a BIO documenter RAD GelDocTM XR. The marker used in each 
reaction was a 100-Base Pair (bp) ladder.

Statistical Analysis

The Kruskal-Wall is test was used. Statistical analysis was car-
ried out in STATGRAPHICS software (Centurion XVI). A p value of 
(0.05) was considered significant.

Results

Obtention of Extracts

AP was obtained from recently harvested biomass with 
a yield of BC of 1.26% of the biomass. The content of BC was 
calculated in the extract after filtration with 0.2 um syringe fil-
ters. There are some reports indicating that BC content is 80% 
of the carotenoids present in AP extract, the remainder con-
sisting mainly of phycoxanthin and cryptoxanthin. Each gram 
of dry spirulina contains total carotenoid values like 4.43±0.03 
mg/g, among all trans-β-carotene, all-trans-zeaxanthin, 9-cis-β-
carotene, and diatoxanthin were found to be the major carot-
enoids present in spirulina. The content of all-trans-β-carotene 
was highest among the four major carotenoids in A. platensis 
[13]. But in our case, we generated it from recently harvested 
weight biomass to use it more effectively as crude extract form 
for cell line application. Our value shows the difference in BC 
content reported is within the range and may be due to pro-
cessing differences and filtration.

Analysis of AP Extract by TLC, UV/VIS and HPLC

Analysis by Thin Layer Chromatography (TLC).

The TLC picture showed that the AP extract contains BC ac-
cording to the calculation of the retention factor, Rf = 0.910. 
For BC the Rf value of the commercially available standard was 
used (Figure 1A). It also contains some other pigments like chlo-
rophyll and lutein. This confirms the presence of BC physically 
our AP extract. 

Previous studies showed that Arthrospira platensis extract 
contains the following pigments: echinenone, canthaxanthin, 
zeaxanthin, myxoxanthophyll, chlorophyll a, pheophytin a, 
β-carotene and α-carotene [14,15]. In our study we also found 
six bands of pigments that may represents: 1. Canthaxanthin/
zeaxanthin or astaxanthin, 2. Lutein, 3. Chlorophylls, 4. Myxo-
xanthophyll 5. Pheophytene and 6. BC. As we have only stan-
dard sample of BC and this pigment was our point of interest to 
study, we confirmed the presence of the same pigment in our 
crude extract we used [16].

There are reports that BC induces neuronal cell differentia-
tion, concomitant with a marked increase in the phosphoryla-
tion of extracellular signal-regulated kinases (ERK, p42/p44). 
Currently, little is known about the role of BC in the differen-
tiation and self-renewal characteristics of stem cells. So here in 
our study we evaluated whether BC has a role or not in stem 
cell differentiation both as a crude phytoextract level and in its 
purified form.

Analysis by UV/VIS Spectrometry

The BC content of AP extract was estimated by a UV/VIS 
spectrometry (Eon BioTek) using a calibration curve prepared 
with commercially available BC. The working stock showed a 
concentration of 19.65 mg of β-carotene/mL of AP extract.

Figure 1: A) TLC plate showing the presence of carotenes in the AP 
extract. B) 628 Chromatogram of the AP extract. Shows the peaks 
corresponding to the presence of BC and 629 probable castaxan-
thin/zeaxanthin presence in the extract.

In the first step for determining the overall quantity of BC 
present in our sample, we used a spectrophotometric method. 
The absorbance at 455 nm of a solution containing a known 
amount of the standard was taken and the spectrophotometric 
quantity was calculated by using Beer’s Law. The accuracy of the 
spectrophotometric quantity and quality was compromised if 
the solution contains other components that also absorb at the 
same wavelength, therefore, the presence of interfering com-
ponents was further determined by chromatographic analysis. 
It was clear from the TLC analysis that it also contains chloro 
phylls, but these pigments do not absorb at the same wave-
length as BC (Figure 1).

HPLC Analysis

At the second step in our characterization of AP extract was 
the determination of the chromatographic purity of the crude 
extract. The standard was analyzed chromatographically, the 
chromatographic purity and presence of BC was conformed 
relative to all peaks in the chromatogram, because the total 
area of all the peaks represents the total spectrophotometric 
absorbance.

The HPLC analysis showed that the AP extract contains BC 
with retention times very close to the standard of BC that is 
found at 1.5 minutes, and another peack close to astaxanthin 
standard at minute 7.7. A calibration curve was obtained using 
standards of BC and astaxanthin (Figure 1B). 

AP extract used in our study did not shows any other dis-
tinct peak closer to α and β-carotene peaks. The other smaller 
peaks in Figure 1B, were very far in the spectra as to interfere 
with the spectrophotometric determination we used for quan-
tification purposes. We found six picks here, which is similar in 
agreement with the number of bands separated in TLC plate 
(Figure 1). The main two picks found and conformed was BC and 
α-carotene. We think that the other peak closest to astaxanthin 
may be castaxanthin/zeaxanthin, but this remains to be deter-
mined as we lack of all the carotenoid standards.
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Characterization of hMSCs

Isolation of hDPMSCs

A culture of the pulp tissue from the dental organ, third mo-
lar tooth, was obtained, with typical fibroblast morphology with 
adherence to the tissue culture flask (Figure 2A) fulfilling the 
first criteria indicated by the International Society of Cell Ther-
apy [17]. Once the dental piece was processed to obtain the 
hDPMSCs, we observed by means of inverted microscopy that 
adherent cells when proliferating, formed rosettes. This process 
took approximately 15 days until we performed a subculture to 
expand the cells and achieve a working stock for subsequent 
analyzes. In this process, it was observed by optical microscopy 
that the adhered cells had typical fibroblastic spindle morphol-
ogy. 

Phenotypic Characterization of hDPMSCs.

Phenotypic characterization of cells for mesenchymal mark-
ers showed 94.7% positivity for CD90 and CD73, 98.2% with 
CD44, 92.6% with CD105 and the content of hematopoietic cells 
was <2% (Figure 2B). Adult mesenchymal stem cells derived 
from human pulp dentine tissue (hDPMSCs) were obtained 
from a culture of the adherent cell population. Similar results 
found in other assays with mesenchymal cells such as [18].

These phenotypic characteristics are described by various 
authors where they define these membrane markers to identify 
hMSCs, and we demonstrate the presence of these through cell 

Figure 3: A) Monitoring by microscopy of cytotoxic effect of BC and AP extract in hDPMSCs and hADMSCs. The figure shows the maintenance 
of characteristic morphology of the hDPMSCs when exposed to both the AP extract or the BC after 72 hours. B) Dot Plots of the viability tests 
by cytometry of hMSCs treated with AP extract and BC showing 90 % viability. C) Viability tests of hMSCs treated with AP extract and BC show-
ing 90 % viability.

surface antigens, as well as the absence of hematopoietic mark-
ers such as CD34, CD11b CD45, CD19, and HLA- DR. This phe-
notypic characterization of the hMSCs is of relevance to have 
evidence that the studies are indeed based on analysis with this 
cell type [19].

Multi-Differentiation

The hDPSMCs were culture in the presence of differentiation 
media, then monitored by microscopy and the formation of 
lipid vacuoles was demonstrated by oil red staining in differenti-
ated cells transformed to adipocytes. On the order hand, cells 
differentiated towards chondrocytes, after the staining with al-
cian blue, showed the blue lines produced by collagen fibers 
that are a characteristic of chondrocytes. Finally, the Von Kossa 
stain evidenced calcium deposits present in the cells differenti-
ated towards osteocytes, Figure 2C.

These characteristics are carried out in several works in which 
hMSCs are used to demonstrate its multipotentiality, the imag-
es (Figure 2C) show that the cultured hDPMSCs have the capac-
ity to be multidifferentiated and these strains, the osteoblastic 
cells, the calcium deposit extracellularly, the chondrogenic cells 
where the acidic polysaccharides found in the stained cartilage 
and the adipogenic cells where the neutral lipids are stained in 
the cells after the induced differentiation are observed, observ-
ing lipid droplets inside the cells stained red, these results show 
similarity with others jobs [20].

Figure 2: A. Cell culture of the pulp tissue of the dental organ. Obtaining the pulp tissue of the third molar, the fractionated third molar dental 
piece is shown, exposing the pulpal cavity from which the tissue was obtained and adherent cells in culture with fibroblastoid morphology, 
showing a high cell confluence. B. Phenotypic analysis of membrane markers flow cytometer for hDPMSCs. C. Differentiation of the hDPMSCs 
to cell types: adipogenic, where the conditions of the lipids inside the cells are observed; chondrocytes, where the polysaccharides are ob-
served; osteoblastic, where calcium deposits stained in black are observed.
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Viability Assay

Monitoring hMSCs Exposed to the Extract by Microscopy

In the case of hADMSCs and hDPMSCs no evident morpho-
logical changes were observed when exposed to the various 
concentrations of BC or AP extract compared to the control at 
the end of the 72 hours of exposure (Figure 3A). Hence 1.5 μM/
mL concentration was selected for subsequent tests.

This monitoring by microscopy is necessary to demonstrate 
evident morphological changes in the cells when exposed to a 
stimulus of the molecules in which it is not known or can cause 
cell death. Previous studies [21,22] demonstrate the need to 
have a first approach with microscopy follow-up which is the 
starting point to be able to give continuity in the trials to have 
evidence of cell viability with respect to its maintenance in ad-
herence as well as the maintenance of its morphology [21].

Viability Analysis by Flow Cytometry

The cytotoxic analysis run by cytometry did not show cell 
death in the presence of the AP extract, Figure 3B.

Exposing the hDPMSCs to the extract and the standard 
showed that there is no negative impact on the maintenance 
of stability in terms of viability (Figure 3C). Several studies have 
looked for a cytotoxic activity, especially in studies of molecules 
where the antineoplastic potential was studied, however we 
did not find a cytotoxic effect in the concentrations used.

Differentiation to IPCs

The morphological changes are observed in the stage three, 
where the cells lose the fibroblastic morphology acquiring 

Figure 4: A) Differentiation to IPCs. In the image, the cellular mor-
phology resulting from the differentiation of hMSCs is observed as 
the acquisition of a slight spherical morphology. B) Presence of in-
tracellular insulin in hDPMSCs and hADMSCs where, with BC and 
AP extract at different stages of differentiation.

Figure 5: Percentage of differentiated cells. A) hADMSCs, showing 
intracellular insulin with AP extract and BC treatment. B) hDPM-
SCs, showing intracellular insulin production with AP extract and 
BC treatment.

spherical shapes. These changes are mostly observed in the 
protocol where the AP extract was included during stage 3 and 
when it is added during all the three stages of differentiation 
being more visible in the hDPMSCs (Figure 4).

Reports of morphological changes after the differentiation 
of mesenchymal stromal cells into IPCs step by step where mor-
phological changes are observed towards spherical cells such as 
cellular aggregation [23]. In our trials, cellular aggregation was 
not found, although rounding was observed since they elimi-
nate the typical fibroblastic form on the other hand, other stud-
ies [24] mentioned that there are no significant morphological 
changes presented and similar morphological results found 
from our study. Other authors mentioned in general morpho-
logical changes with a tendency to form cellular aggregation 
which is different from our results.

Safer methods have been proposed by the addition in cul-
ture of growth factors, such as Growth Hormone (GH), Gluca-
gonlike Peptide-1 (GLP-1) or Hepatocyte Growth Factor (HGF), 
but in human cells, the elevated proliferation is associated with 
a loss of IPCs features, like Pdx-1 or insulin expression [25]. Re-
cently the generation of glucose responsive IPCs from hMSCs 
has been reported for the treatment of type 1 diabetes by Kim 
et al. 2012 [24]. But there are no reports on algal extract in cell 
differentiation method of hMSCs to IPCs.

Analysis of Intracellular Insulin

In our results, we found that adding AP extract or BC in the 
cellular differentiation process increases the presence of intra-
cellular insulin in the differentiated cells in both hDPMSCs and 
hADMSCs. The percentage of differentiated cells that presents 
intracellular insulin in cells without submitting them to a treat-
ment with either AP extract or BC is below 11.47%, contrasting 
with the differentiation assays where the extract or standard 
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was added, where cellular differentiation percentages goes up 
to 70% (Table 2, Figure 4A, 4B). This was more outstanding in 
hDPMSCs that were stimulated with the BC in stage 3 of differ-
entiation counting 74.36% of cells with the presence of intracel-
lular insulin. When the AP extract was added to cell cultures at 
the second stage, 71.29% of cells showed the presence of intra-
cellular insulin. In the case of the hADMSCs, a greater stimulus 
was presented when the AP extract was added both in stage 
tree and in all the stages presenting 48.45% and 25.65% respec-
tively (Figure 5A, 5B).

In cell line hDPMSCs pure BC and AP extract both shown bet-
ter intracellular insulin production at different stages of differ-
entiation, whereas in hADMSCs cells AP extract shown better 
cell differentiation.

Several studies report their yield pancreatic islets with beta 
cells or insulin-producing cells by using anti-insulin antibodies 
generally by immunofluorescence techniques [26]. Other stud-
ies conduct this analysis by means of flow cytometry [27]. In 
this study we performed the cytometry analysis to quantify the 
cells that presented intracellular insulin as a starting point to 
verify if the extract or carotene induced this differentiation [28].
The Kruskal-Wallis test was used. Since the P value is less than 
0.05, there is a statistically significant difference between the 
all stages of application with undiffenciated cells with a level of 

Figure 6: The Box Plot showing means of the different treatments. 
Percentage of differentiated cells. Showing intracellular insulin with 
AP extract and BC treatment in each stage of differentiation.

Figure 7: Analysis of gene expression. A) Shows just the expression 
of b-actin in hDPMSCs without differentiation. B) shows the expres-
sion of B-actin, Maf A, PDX1 and Nkx 6.1 in the differentiated hDPM-
SCs without the addition of AP extract or BC standard. C) Shows the 
expression of B-actin, MAFA, PDX1 and NKX6.1 in the differentiated 
hDPMSCs with the addition of AP extract in the stage two.

95.0% confidence (Figure 6).

Analysis of GENE Expression

Typically, an up regulation in the expression of pancreatic 
endoderm markers as well as key transcription factors (Pdx-1, 
Nng-3, NeuroD, Pax-4, Nkx2.2, Nkx 6.1, Pax 6, Isl 1 and glucose 
transporter Glut-2) occurs during development of the pancreas. 
Pdx1 activates the promoters of several genes involved in the 
maturation of beta cells, including INS, GLUT2, glucokinase, 
and islet amyloid polypeptide. According to previous reports, 
glucose uptake in pancreatic beta cells is controlled by Glut-2, 
which is essential in the mechanism of glucose-induced insulin 

secretion [12]. 

The presence of PDX1 and NKX6.1 bands resulting from RT-
PCR experiments, with-actin as an endogenous gene in the dif-
ferentiated cells observed in our experiment, confirmed differ-
entiation into beta cells, and the absence of the same genes 
was observed for the undifferentiated cells (Figure 7).

Similar to other studies [29,30] the goal was to obtain IPCs to 
analyze the presence of representative genes of β-cells. These 
studies mention that PDX1 is an important marker in the pro-
duction of IPCs, and NKX6.1 is a gene that intervenes in the 
maturity of IPCs, with respect to the intervention of endocrine 
cells, but this is more evident in the second stage of differentia-
tion due to which we perform the RT-PCR in mature cells, PDX1 
and MAFA are the genes those were expressed (Figure 7).

Discussion

The use of cell replacements for different conditions or ail-
ment is an area of intense research nowadays, in diabetes and 
specifically Diabetes Mellitus type 1 (T1DM). The purpose of 
such work is to repopulate the pancreas with insulin-producing 
cells obtained in vitro in order to replace the cell population lost 
[31]. One of the alternatives explored has been to obtain insu-
lin-producing cells in vitro, by means of the differentiation of 
mesenchymal stem cells, thus avoiding the need of donors [32]. 
It is hoped that this cellular replacement will restore the normal 
function of the pancreas more efficiently than through thera-
pies such as transplants, pharmacological therapies and treat-
ments with recombinant proteins. Since these treatments have 
not shown sufficient efficacy and profitability to improve health 
conditions of the diabetic population and although β cells have 
already been obtained in vitro from human stem cells, a coarse 
yield in insulin production has not been found, to be proposed 
as candidates in cell therapy [33]. Therefore, the objective of 
the differentiation studies that have been carried out to analyze 
how the new approaches could be used to improve the perfor-
mance and functionality of the pancreatic β cells obtained in vi-
tro. The hMSCs are one of the pluripotent adult stem cells most 
relevant for these approaches, because of their ability to dif-
ferentiate into replacement cells, modulate their local environ-
ment, activate endogenous progenitor cells, and secrete vari-
ous factors. At least seven clinical trials are reported in phase 
I / II, where hMSCs exhibited exciting therapeutic effects [34]. 
However, a relevant point remains that is the requirement of a 
feasible and accessible source of hMSCs for the efficiency in the 
differentiation protocols. Si et al. 2012 reported especially cells 
from adipose tissue [35] and dental cells as a feasible source [1].

In addition to the above, the search for new molecules that 
induce the differentiation of stem cells takes relevance, although 
there is scarce information on the use of extracts of microalgae 
or bioactive molecules from those used in the differentiation of 
mesenchymal cells to IPCs. There are studies of the effects of BC 
in the differentiation of tumor cells by upregulation of differen-
tiation markers, BC is a well-known antioxidant and precursor of 
Retinoic Acid (RA), and both induces differentiation [5]. It plays 
an important role as physiological process regulators such as 
embryonic development such is involved in cell differentiation 
and proliferation. Other studies also analyze the influence of BC 
on DNA methylation is very important process to maintain gene 
silencing in the development standard [36]. 

Studies about the use of biomolecules or extracts from mi-
croalgae specifically Arthrospira platensis and BC have been 
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focused on evaluating their roles as possible therapeutic attri-
butes like antioxidant activity. So, in this study, the impact of 
these molecules in the process of cell differentiation was ex-
plored. Fatty tissue mesenchymal trunks and in vitro dental pulp 
cells found that there is a need for stimulant to obtain better 
differentiation yields in the cells. With the presence of intracel-
lular insulin, a low toxicity was evidenced, no evident morpho-
logical changes found when being added to use it in concentra-
tions of 1.5 μM of BC and AP extract presenting a percentage of 
dead cells from 2% to 7%. Roosita et al. 2014, used concentra-
tions of 5 μM in the trials, and report that there was no damage 
to the cell line. This is relevant to ensure that during the differ-
entiation process the hMSCs will not be affected by exposure to 
phycoextracts.

These AP extract containing BC as well as the pure standard 
when added together with the mixture of molecules used in 
each of the stages of the differentiation process and throughout 
all the stages of differentiation showed morphological changes 
like the control of differentiated cells without adding AP extract 
or BC. These changes are observed until the end of the differ-
entiation or from stage 3 in the differentiated hMSCs without 
adding the of AP extract or BC. In the process of differentiation 
of the hMSCs where segregate BC or AP extract morphologi-
cal changes are observed from stage 1 of differentiation, being 
more evident in hADMSCs exposed to BC or AP extract. In the 
case of the hDPSCs, a change is shown when adding the AP ex-
tract, observing from stage 1 groupings by areas and until the 
end of the differentiation, similar to other reports [38].

The presence of intracellular insulin in both the hADMSCs 
and in the hDPMSCs that were exposed to BC, as well as in the 
AP extract, showed a higher population percentage of insulin-
positive cells compared to the treatments in which they were 
not added. In particular, the highest percentages of intracellular 
insulin-positive cells without adding the extracts or BC reached 
11%, whereas hDPMSCs reached up to 71% of cells with the 
presence of intracellular insulin when the AP extract was add-
ed. In the second stage of differentiation, a similar percentage 
was reached when adding BC throughout all stages of differen-
tiation, for the case of the hADMSCs the highest percentage of 
cells with intracellular insulin presence was 48% when adding 
the extract in stage 3 of differentiation and 19% when adding 
BC in the same stage of differentiation so that the production of 
insulin in newly differentiated pancreatic β cells is favored from 
these mesenchymal stem cells when adding the treatments 
with AP extract or BC.

These results could be attributed to the antioxidant activity 
of both the BC and the molecules contained in the AP extract, 
this is discussed in other studies where they use molecules with 
antioxidant properties in an in vitro differentiation process such 
as [39,40], where they used astaxanthin in a protocol of differ-
entiation of pluripotent cells induced towards the formation 
of neural progenitors, reporting the expression of the NeuroD 
gene, as well as inducing an increase in the levels of proteins 
related to cell proliferation and levels of expression of transcrip-
tion factors related to the formation of neural progenitors. This 
is of relevance since it has been described that the NeuroD gene 
is involved in the maturation of beta cells during the secondary 
transition, NeuroD is activated in stage 2 of the process to act 
as a target of the Ngn3 gene which, as already described before, 
it is key to the development of endocrine cells. These results 
could be attributed to the antioxidant activity of both the BC 
and the molecules contained in the AP extract, this is discussed 

in other studies where they use molecules with antioxidant 
properties in an in vitro differentiation process such as [39,40], 
where they used astaxanthin in a protocol of differentiation of 
pluripotent cells induced towards the formation of neural pro-
genitors, reporting the expression of the NeuroD gene, as well 
as inducing an increase in the levels of proteins related to cell 
proliferation and levels of expression of transcription factors re-
lated to the formation of neural progenitors. This is of relevance 
since it has been described that the NeuroD gene is involved 
in the maturation of beta cells during the secondary transition, 
NeuroD is activated in stage 2 of the process to act as a target 
of the Ngn3 gene which, as already described before, it is key to 
the development of endocrine cells [41].

The sample of the extract of Arthrospira platensis in stage 2 
of the differentiation of hDPMSCs showed the bands of PDX1 
NKX6.1 and MAFA, like the differentiated cells without adding 
the extracts. These genes are specific for beta IPCs, as several 
studies have shown amplifications for different genes such as 
PDX1, INS, Glut 2, Pax 6, Nkx 6.1, NKX6.2, Isl-1, with the objec-
tive of putting evidences that their cells differentiated towards 
pancreatic cells [42,43].

Conclusions

The biomolecules present in the phytoextracts of Arthro-
spira platensis and BC are promising not to alter the cell via-
bility and to promote the differentiation of the hADMSCs and 
hDPMSCs, to IPC. Although the tests did not show significant 
morphological changes at the end of the differentiation assays, 
the presence of intracellular insulin demonstrated an increase 
in most of the treatments with respect to the differentiation 
process where they were not exposed to phytoextract or BC 
when applied to stage 3 and all the stages, presenting better 
results when using AP in the differentiation of hDPMSCs. The 
HPLC assay shown that the AP extract contains BC  and an-
other carotenoid pigment (probable Zeaxanthin/astaxanthin), 
so it may be due to interaction between these molecules, which 
causes favorable results regarding the presence of intracellular 
insulin.
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