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Objective(s) To investigate the effect of cinnamaldehyde and eugenol on the telomedependent
senescence of stem celldn addition, to search the probable targets of mentioned phytochemicals
between human telomere interacting proteins (TIPs) usingn silicostudies.

Materials and Methods:Human adipose derived stem cells (hASCs) were studied under treatment
with 2.5 pM/m| cinnamaldehyde, 0.1 pg/nh eugenol, 0.01% DMSO or any additive. The expression
TERT, AKT1 and DKC1 genes and the telomere length were assessed ovdir4d8atment. In addition,
docking study was conducted to show probable ways through which phytochendts interact with
TIPs.

Results:Treated and untreated hASCs had undetectable TERT expression, thety had different AKT1
and DKCL1 expression levels (CI=0.9%<0.05). The telomere lengthsvere reduced in phytochemicals
treated with hASCs when compared ith the untreated cells (P<0.05). Docking results showed that the
TIPs might be the proper targets for cinnamaldehyde and eugenol. Data mining showed there a
many targets for cinnamaldehyde and eugenol in the intracellular environment.

Conclusion: The general effect of cinnamaldehyde and eugenol is their induction of stem ce
senescence. Therefore, they could be applicable as chepreventive or antineoplastic agents.
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Telomerase prevents stem cell aging via telomere
lengthening (1). Some herbal ingredients have been
proposed as antiaging, and some others, aging
inducing agents. Antiaging effect of medicinal plants is
as a result of the antioxidant or free radical scavenging
properties of their ingredients (2-4). Cinnamon
(Cinnamomum  zeylanicun and clove Gyzygium
aromaticum) are rich in two active ingredients, which
are, cinnamaldehyde and eugenol, respectivel§b, 6).
These two phytochemicals have different biological
activities including, cytotoxic and apoptotic effects
on the cancer cell lines(6-8). Anti-mutagenidty, anti-
oxidant, antrinfammatory and anti-depressant
activities have also been reported for cinnamaldehyde
and eugenol(5, 9-11). The effect of phytochemicals on
telomere length and telomerase interacting proteins of
proliferating stem cells have not been reported yet.
Gene folds and cell characteristic changes could
manifest the ultimate effect of any interactin between

chemical components and intracellular proteins. Recently,
we have reported that cinnamaldehyde and eugenol affect
the human adipose derived stem cells (hASCs) viability,
doubling time and differentiation (12) using cheminforma-
tics and experimental approaches. In the present work, the
effed of cinnamaldehyde and eugenol on hASCs telomere
length was determined. Also, three importanttelomere/
telomerase interacting proteins (TIPs) including TERT,
protein kinase B isoform 1 (AKT1l) and DKC1 gene
expressions under cinnamaldehyde and eugenol tatment
were assessed. TERT and DKC1 gene's products are
necessary for whole enzyme telomerase activity(13);
protein kinase B phosphoryates and activates the
telomerase enzyme(14).

A probable mechanism of action of herbal
ingredients may be the direct binding ofphytochemi-
cals to the cell signaling molecules; this has been
shown for some phytochemicals, since the last
decade (15, 16). Further, experimental methods
are becoming more complicated, sensitive and accurate,
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but they are notempirical to study the ligandprotein
docking. Computational biology tools help in exploring
and assessing the probable ligangrotein interactions
in a virtual environment. Therefore, in the present
investigation, using computational biology and docking
tools, the probable cinnamaldehyde and eugenol
interactions with TIPs were explored. This approach
can help in finding suspected reasons for the present
study experimental results.

Cell culture, gene folds and telomere length

Cell cudture materials were from Gibcelnvitrogen.
Cinnamaldehyde (HPLC, >99.9%), eugenol (HPLC
grade; >98%), DMSO and antibiotics were from Sigma
Aldrich. The plasmid DNA ofpsiCHECK, used in
telomere length determination, was a gift from Dr
Farideh Talebi. Tlie gPCR master mix was from Solis
BioDyne. Human ASCs were prepared, after filling a
consent form by a 34year-old woman who was
admitted to a hospital for caesarean section. The hASCs
preparation and stem cell confirmation methods were
as described methodn our recent publication (12).

Experimental d esign

Four groups of hASCs studied were treated for
48 hr: 2.5 pM/ml cinnamaldehyde treated, 0.1 pg/rh
eugenol treated, 0.01% DMSO treated and untreated
hASCs. Cinnamaldehyde and eugenol were primarily
dissolved in 0.01% DMSO in phosphate Her, which is
the solvent. We have selected this concentrations
according to the cheminformatics and experimental
information about the best results of doubling time of
hASCs denoted in recently published work. According
to mentioned study, 2.5 puM/m cinnamaldehyde and
0.1 pg/ml eugenol exert better cell viability and
doubling time on hASCq12). Treated and untreated
hASCs were assessed for the telomere length and the

method was used17).

Protein tertiary structure prediction and docking study

Docking study needs3DS structures of the proteins
and ligands. The telomerase interacting proteins
(TIPs) were selectedaccording to the telomerase database
(http://telomerase.asu.edu/) (18). Therefore, 3CBswere
downloaded from PDB or modeled using Swissmodel
server (http://swissmodel.expasy.org/) (19, 20). Table 3
shows the 3DS of modeled TIPs using Swissmodel server.
For docking analysis, the mol2 format of cinnamaldehyde
and eugenol were prepared from zinc database
(http://zinc.docking.org ) (21). Molegro Virtual Docker
Ver4.2 was used for docking analysis; this software has
about 87% docking accuracy22).

Statistical analysis

The gene folds, absolute gquantities of telomere
length and docking scores were analyzed by SPSS
software Ver.20. The meantSDwas compared using
analysis of variances (ANOVA) and TukeldSD with a
confidence interval of 95%. Also, cluster analysis was
performed on the docking scores to select the best
scores preseration as graphic views of docking. For
clustering, the algorithm of nearest neighbor method
and squared Euclidean distance that was standardized
with Z score in SPSS software were used.

Data mining using protein -protein association
search tools

String daabase at the URLhttp://string -db.org/
predicts and plots the proteinprotein direct or indirect
association networks. Stringdb was used for TIPs
association network plotting. The string confidence of
association net tools was adjusted on the lowest
confidence level (0.15) to cover more associations.

expression of TERT, AKT1l and DKC1 genes. RNA Gene expression and telomere length

extraction (GeneAll), complementary DNA (cDNA)
synthesis (Viogene) and totaDNA extraction (QIAGEN)
were performed according to the kit instructions. Semi

Untreated hASCs were compared with 0.01%
DMSO, 2.5 uMhl cinnamaldehyde or 0.1 pgml
eugenol treated ones. The TERT gene wasot

quantitative PCR was done for TERT, AKT1, DKC1 and detectable in any untreated or treated hASCs group.

Actin-Beta gene expression, and quantitative PCR
(gPCR) was done for telomere length determination.
Primers and PCR programs are shown inables 1 and
2. For absolute telomere length by diploid genome
measurement using gPCR, previously described

K562 cells, telomerase positive cell lines, were used to
confirm whether the designed primers are competent
for amplification of detectable TERT in gPCR reaction.
The results of primer functionality were acceptable for
TERT gene expression determination. 0.01% DMSO and

Table 1. Primer pairs used for expression analysis of human TERT, AKT1, DKCd hausekeeping ActinBeta genes

Gene name Forward primer Backward primer Amplicon size
TERT 5'-GCTGACTTTGTCAAGGTGGAT 5'-GCTGGAGGTCTGTCAAGGTA 197 bp
PCR program: 50 cycles at 95C for 15 min, 95 °C for 20ex;, 60 °C for 20 scand 70 °C for 20 sc
AKTL 5'-GCTCAAGAAGGAAGTCATEG 5'-GTACTTCAGGGCTGTGAGGA 106 bp
PCR program: 45 cycles at 9% for 15 min, 95 °C for 20ex, 55.7 °C for 20 scand 72 °C for 20 sc
DKC1 5'-GCCAAGATTATGCTTCCABG 5'-CTTCTGACTTGCCTTTGG&RC 231bp
PCR program: 45 cycles at 95C for 15 min, 95 °C for 20ex;, 52 °C for 20 scand 72 °C for 20 sc
Actin-Beta 5'-AAACTGGAACGGTGAAGET G 5'- TATAGAGAAGTGGGGTGELT 174 bp

PCR program: 45 cycles at 98C for 15 min, 95 °C for 20es 55.7 °C for 20 ecand 72 °C for 20 sc
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Figure 1. Tukey-HSD and ANOVA afgsis for AKT1 folds comparison using gPCR. The Figure shows the 0.01% DMSO or 2.5 pNM/m
cinnamaldehyde increase the AKT1 expression folds in hASCs. Nevertheless, the 0.1 bgdmenol did not affect AKT1 expression significantly

2.5 pM/ml cinnamaldehyde treated hASCs had higher
AKT1 folds (P<0.05) when compared with the untreated
cells. But the AKT1 folds did not change in the 0.1 pg/ml

eugenol treated cells as compared to the untreated hASCs untreated cells (P<0.05).
(P>0.05) (Figure 1). The 0.01% DMSO and 2.5 pM/ml

cinnamaldehyde significantly increased the DKC gene
folds in hASCs F<0.05). But 0.1 pg/ml eugenol decreased
the DKC1 folds P<0.05) compared with the untreated cells
(Figure 2). Untreated hASCs has the longest telomere
length as compared to 0.01% DMSO, 2.5 uM/ml cinnamal
dehyde or 0.1 pg/ml eugenoltreated hASCs (Figure 3).
There was no statistical difference among 01% DMSO
and untreated or phytochemicals treated cells #>0.05).

from the Swissmodel software

DKCI gene fold

Control

0.02 0.000 0.000

ANOVA
P-Value 0.000

DMSO 0.01% 0.004 0.000

Cinnamaldehyde |

2.5 pM/mL i

Tukey-HSD P-value

The shortesttelomere length was observed in eugenol
treated cells. Generally, the phytochemicals treated
hASCs had shdened telomeres as compared to the

Protein tertiary structure modeling and docking results
Figure 4 shows the gene name, number of
docking sites and the best minimum docking scores of
cinnamaldehyde and eugenol with 22 TIPs. Eh 3DS
prediction was done for human GAR1P, NHP2, NOP10,
PINX1, STAU2, TERT and Dyskerin that had no 3DS on the
protein data bank. Table 3 shows prediction information

Figure 2. Tukey-HSD and ANOVA analysifor DKCL folds comparison. The Figure shows th8.01% DMSO or 2.5 pikml cinnamaldehyde

increase the DKC1 expression folds imASCs. Bt the 0.1 ud ml eugenoldecreased DKC1 expression significantly

Table 2. Oligomers used for absolute quantification diASCs telomere length

Oligomer name

Oligomer sequence 58  0O#'8

Length or amplicon size

Telomere (TTAGGG) 84 bp
Standard sequences
for human species 2684 CAGCAAGTGGGAAGGTGTAATCCGTCTCCACAGACAAGGCCA 5b
GTTTGTACCCGTTGATGATAGAATGGG P
Telomere forward CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT 76
SOR o Telomere revers GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT P
primes 36B4 forward CAGCAAGTGGGAAGGTGTAATCC b
p

36B4 revers

CCCATTCTATCATCAACGGGTACAA
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Figure 3. Telomere length comparison between examined groupsThe control hASCs2.5 uM ml cinnamaldehydeand 0.1 pugml eugenol
significantly decreased the telomere lengthR-value< 0.05) but not in comparison with 0.01% DMSO groupR-value> 0.05)

Table 3. The predictedtertiary structures of some TIPsor unites

Number

Genename

Interaction with

Function

Predicted protein

structure

1 GAR1P (GAR1) Telomerase TR and RNP stability
2 NHP2 Telomerase TR and RNP stability
3 NOP10 Telomerase TR and RNP stability
4

Dyskerin (DKC1) Telomerase TR and RNP stability
5 PINX1 (orthologue of SOX7) Telomerase Inhibition of Telomerase activity
6 STAU2 Telomerase Not known
7 TERT(Telomerase gene) Other telomeric proteins Telomere lengthening

TR: telomerase enzyme; RNP: ribonucleoprotein; TERTelomerase gene
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Figure 4. Dendrogram of cluster analysis for 2 TIPs plus telomerase (TERT); Left table represents number of binding sites on each
protein for both cinnamaldehyde andeugenol and minimum docking scores. Clustering for docking scores performed by the nearest
neighbor method and the measure of Squared Euclidian distance. Some important docking results are showRigure 6-14
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Figure 5. Comparioon of docking scores for different ligand
proteins interactions. The cinnamaldehyde and eugenol docked
with TIPs in Molegro Virtual Docker (MVD) software. Analysis of
variance (ANOVA) shows there is a significant difference between
all scores (Cl= 0.95P=0.000)

Docking scores of both cinnamaldehyde and
eugenol were analyzed using cluster analysis (Rige 4)
and oneway ANOVA (Figure 5). Eugenol had
more hydrogen bonds than cinnamaldehyde.
Cinnamaldehyde tend to inhabit the hydrophobic pds
of the proteins, although in some cases, it formed
hydrogen bonds with hydrophilic domains of
TIPs. According to the cluster analysis, the ligand
protein docking scores were divided into 8 distinct

Figure 6. Docking result of RPL22(PDB ID: 3J3A protein with
eugenol Above Binding site ofthe eugenol (green) on the protein;
Below: Hydrogen bounds of liganeprotein interaction (striated
lines) in binding site pocket. MolDock Score for this interaction=
101.80. It is the best scoreof dockings and belong to the category
5 of clustering

clusters. The dendrogram of cluster analysis

represents calculated distances between the best
phytochemicals-TIPs docking scores (Figurd).
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Figure 7. Docking result of TERT(modeled structure) protein
with eugenol Above Binding site ofthe eugenol(green) on the
protein; Below: Hydrogen bounds of ligandprotein interaction
(striated lines) in binding site pocket. MolDock Score for this
interaction= -95.6. This score belongdo category6 of clustering

Figure 9. Docking result of KU70KU80 heterocomplex (PDB ID:
1JEQ) protein with eugenolAbove: Binding site of eugenol (green) on
the protein; Below: Hydrogen tounds of ligandprotein interaction
(striated lines) in binding site pocket. MolDock Score for this
interaction= -84.95. This score belongs to category 4 of clustering

Figure 8. Docking result of HSP9OAALPDB ID: 3Q6N) protein
with eugenol; Above: Binding site of eugenol (green) on the
protein; Below: Hydrogen bounds of liganeprotein interaction

(striated lines) in binding site pocket. MolDock Score for this
interaction=-89.73. This score belongs to category 3 of clustering

Iran J Basic Med Sci, VoR0, No.3, Mar 2017

Figure 10. Docking result of 143-3 (PDBID: 2BR9) protein with
eugenol Above Binding site of eugenol (green) on the protein;
Below: Hydrogen bounds of liganeprotein interaction (striated
lines) in binding site pocket. MolDock Score for this interaction=
80.42. This score belonggo category1 of clustering
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Figure 11. Docking result of KIP(PDB ID: 1Y1A) protein with
eugenot Above Binding site of eugenol (green) on the protein;
Below: Hydrogen bounds of liganeprotein interaction (striated
lines) in binding site pocket. MolDock &ore for this interaction= -
75.21. This scorebelongsto category2 of clustering

Figure 12. Docking result of RNPCZPDB 1D:2CQ4 protein with
cinnamaldehyde; Above: Binding site of cinnamaldehyde (green)
on the protein; Below: binding pocket has not hydrogen bounds.
MolDock Score for this interaction=-62.42. This score belongs to
category 8 of clustering

There was a significant difference between
docking scores of TIPgphytochemicals (Cl= 0.95;P-
value= 0.000). As an example of docking results and
according to the cluster analysis, only the best
interactions from each category are presented in this
article (Figure 6-13). An interesting result was
obtained for eugenol and telomeric DNAbinding
domain of HNRNPAL protein (PDB ID: 1PGZ). The

Figure 13. Docking result of SMN1(PDB ID: 1G5\) protein with
eugenot Above Binding site of eugenol (green) on the protein;
Below: Hydrogen bound of ligand-protein interaction (striated
line) in binding site pocket. MolDock Score for this interaction=
58.96. This score belongs to category 7 of clustering

Figure 14. Docking result of HNRNPAL (PDB ID: 1PGZ) protein with
eugenol; Left: Binding site of eugenol (green) on the protein; Right:
Hydrogen bounds of liganegprotein interaction (striated lines) in
binding site pocket. MolDock Score for this interaction=82.83. The
molecule eugenol locates in a deep binding pocket of protein

eugenol was exactly docked in the binding site of the
telomeric DNA purines of HNRNPA1Kigure 14).

Association network information

Figure 15 shows an association network between
TIPs and telomerase; this is plotted using string data
base (see materials and methods The thicker lines
represent the stronger associabn. A low score
(0.15) was selectedfor drawing the associationnet;
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