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ABSTRACT: Delphinidin is an anthocyanidin which is found in fruits and vegetables as a primary plant pigment used
for various purposes. The purpose of this study was to investigate the in vitro genotoxic and antigenotoxic effects of
delphinidin chloride (DC) in human peripheral blood lymphocytes. Final concentrations of 25 pM, 50 pM, 75 pM and
100 puM of DC were tested for 24 or 48 hours treatment periods. For detection of possible antigenotoxic potential of DC,
human peripheral lymphocytes were co-treated with DC and a known clastogenic agent mitomycin-C (MMC).
Genotoxic and antigenotoxic effects of DC were determined with the chromosome aberration (CA) and micronucleus
(MN) tests. Cytotoxic effect of DC was determined by measuring the nuclear division index (NDI) and mitotic index
(MI). Additionally, total oxidant and antioxidant values were determined by a spectrophotometric method. CA
variations resulting from DC treatments did not reveal statistical significance as compared with controls. In tubes
treated with DC and MMC together, DC significantly decreased the CA frequency caused by MMC (P<0.01). This
decrease was almost 50% as compared to the positive control MMC. In this study, DC alone did not lead to the CA and
MN formation in all culture tubes. DC did not cause a significant oxidative stress. DC has an antigenotoxic effect against
the mutagenic effects of MMC.

KEYWORDS: Delphinidin chloride, genotoxicity, antigenotoxicity, chromosome aberration, oxidative stress.

1. INTRODUCTION

Anthocyanins, which was derived from the Greek words (Anthos, meaning flower, and kyanos meaning blue) are
composed of water-soluble pigments that change colour to red, purple and blue depending on the pH. Anthocyanins
belong to a main group of flavonoids, which are biologically synthesized by phenylpropanoid pathway. They are almost
tasteless and odorless, giving a sensation of slightly bitter feeling. Anthocyanins can be present in all tissues of higher
plants, however, they are particularly found in leafs, stems, roots, flowers and fruits.

Anthocyanins are in a class of polyphenols and it protects us from adverse effect of many agents (chemical, UV,
etc.) [1]. Flavonoids are the most common group of polyphenolic plant compounds and a large number of these molecules
exist in most of the tissues of many plants [2]. DC (E163b) (2-(3,4,5-trihydroxyphenyl) chromenylium-3,5,7-triol), the test
substance of this study has a polyphenolic diphenylpropan-based ring structure and it is available in the epidermal tissue
layer of the flower [3].

In addition to the above mentioned features of Delphinidin, cytotoxic, mutagenic, apoptotic and oxidative effects
of Delphinidin on healthy or cancer cell lines are remarkable. One study has indicated that although Delphinidin was a
weak mutagen according to DNA repair test, it did not significantly induce point or frameshift mutations. In addition, it
mildly increased the frequency of mutations in the D5 strain of Saccharomyces cerevisiae. However, in V79 Chinese
hamster cells, it has been demonstrated that Delphinidin is an effective inducer of micronuclei. On the other hand, addition
of S9 mix hardly caused any effect on the induction of micronuclei [4]. It was expressed that Delphinidin might be partially
effective on preventing the tumor invasion process in a way by inhibiting the activities of matrix metalloproteinase MMP-
2 and MMP-9 enzymes which are secreted by fibrosarcoma (HT-1080) cells and degrade extracellular matrix [5]. In another
study performed by Meiers et al. [6], it was found that delphinidin-rich foods inhibit the in vitro development of human
tumor cells (epidermoid carcinoma) at micromolar levels. It was found that pure form of delphinidin, which is isolated
from blueberry extract, induced apoptosis in HL60 (human promyelocytic leukemia) cells and inhibited growth of human
colon carcinoma (HCT116) cells [7].

Delphinidin is an antioxidant, which belongs to the group of anthocyanin basic plant pigments [3]. It is a colorant,
which gives blue hues in flowers of Viola tricolor (pansy) and delphinium (larkspur, palace flower). At the same time, it
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gives the blue-red color in fragrant grapes, which are used in the production of Cabernet Sauvignon wines [8]. Short-term
genotoxicity tests are generally preferred to describe genotoxic, anti-genotoxic and/or cytotoxic effects of plant extracts,
food additives, food colorings or any drug substances [9, 10, 11, 12, 13].

Therefore, this study was conducted with the intention of investigating the in vitro genotoxic and antigenotoxic
effects of DC, which is the main compound of dye-stuff of various plants, on human peripheral blood Ilymphocytes. For
this purpose, genotoxic and antigenotoxic effects of DC were determined using the CA and MN tests. Total oxidant and
total antioxidant status (TOS and TAS) values were also determined in order to measure the oxidative stress.

2. RESULTS

CA were determined with human peripheral lymphocytes treated with increasing concentrations (25 pM, 50 pM,
75 pM and 100 pM) of DC for 24 or 48 hours treatment periods. Most common chromosomal abnormalities were chromatid
type (B') breaks (Figure 1). This was followed by chromosome type breaks (B"), chromatid exchange (CE) (Figure 2),
chromatid type fragment (F'), chromosome type fragment (F"), sister union (SU) and translocation (T) abnormalities.

Figure 1. Chromatid type fracture in human peripheral lymphocytes treated with Delphinidin chloride
and MMC (x1000) (100 uM, 48h, 3)

Figure 2. Chromatide exchange in human peripheral lymphocytes treated with Delphinidin chloride and
MMC (x1000) (100 uM, 48h, 3)

In cultures, there was no significant difference (P>0.05) between CA findings obtained from control and solvent
control (DMSO) and chromosomal abnormality (CA) findings occured by the clastogenic effect of DC.

We have observed that the ratios of CA per cells were not affected from DC as in the CA results. CA variations
resulting from DC treatments did not reveal statistical significance as compared with controls (Table 1).
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Table1l. Chromosome Aberration* (CA) and cytotoxicity** indexes caused by Delphinidin chloride in
human peripheral lymphocyte culture
Test Time (h)  Conc. (uM) CCA%SE CA/Cell+SE
substance ) B -
Control - 0 1.5+0.5 0.015+0.01
DMSO 24 3uL 2.5£1.5 0.025+0.02
MMC 24 0.75 30.5+5.5 0.425+0.03
24 25 0.5+0.5¢3 0.050+0.05¢3
DC 24 50 1.5+0.5¢; 0.015+0.01c3
24 75 4.041.0c2 0.04040.01c3
24 100 1.5+1.5¢; 0.015+0.02c3
DMSO 48 3uL 1.5+0.5 0.015+0.01
MMC 48 0.75 475475 0.995+0.03
48 25 2.540.5¢3 0.02510.01c3
DC 48 50 4.041.0c3 0.040+0.01c3
48 75 2.541.5¢3 0.040+0.03c3
48 100 2.040.0c3 0.02540.01c3
MMC 24 0.75 30.5+5.5 0.425+0.03
DMSO+ MMC 24 3uL+0.75 uM 33.0+3.0 0.465+0.06
24 25 15.5£0.5¢c2d> 0.16540.01c1d
24 50 16.5+0.5¢c2d> 0.21540.03d:
Per MMC 24 75 1358250d;  0.15540.04cids
24 100 16.0+2.0c2d> 0.1850.03c1d>
MMC 48 0.75 475475 0.995+0.03
DMSO+ MMC 48 3uL +0.75 uM 39.0+1.0 0.310+0.04
48 25b 43.0+27.0 1.060+0.89
o 48 50 43.5+1.5 0.570+0.01
PerMMC 48 75¢ 64.0421.0 0.560£0.13
48 100d 25.5+16.5 0.445+0.36

*%k

In total. 200 well-spread metaphases were evaluated.
Cytotoxic effect (a:56. b: 124. c:175. d: 111 metaphases were evaluated). a: Significant from control; b:

Significant from solvent control; c: Significant from MMC (positive control); d: Significant from solvent
control+ MMC. alblcl: P<0.05; a2b2c2: P<0.01; a3b3c3: P<0.001

In tubes treated with DC and MMC together (24-hour treatment period), DC significantly decreased the CA
frequency caused by MMC (P<0.01). This decrease was almost 50% as compared to the positive control MMC. In addition,
CA/Cell frequency displayed a similarity with the frequency of abnormal cells. When compared to the control and solvent
control, there was no statistical significance found in abnormal cells or CA/Cell frequency at all concentrations treated for
48 hours (Table 1) in DC treated groups.
Different sizes and number of micronuclei (MN) formation (Figure 3) were detected in human peripheral
lymphocytes treated with different concentrations (25 uM, 50 pM, 75 pM and 100 pM) of DC for 24 or 48 hour periods. We
also found that the test substance did not significantly increase MN formation as compared to control and solvent control

(DMSO) for 24 or 48-hour treatment periods (

Table 2).

Figure 3. Micronucleus formation in human peripheral lymphocytes treated with positive control (MMC)

(x1000) (0,25 pL/mL, 48h, 9).
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To determine the antigenotoxic effect of DC, 0.75 pM MMC was added to tubes that were also treated with the test
substance. In this comparison, significant decreases in micronuclei frequency were observed only at 50 and 75 pM
concentrations of DC for 48 h treatment as compared with MMC (Table 2).

To sum up the results, test substance did not significantly increase micronuclei formation, which is almost similar
to CA findings. However, antigenotoxic potential of DC was detected at 50 and 75 pM concentrations for 48 hour treatment.

Table 2. Micronucleus (MN) and cytotoxicity* indexes caused by Delphinidin chloride in human peripheral
lymphocyte culture

Test substance Time (h) Conc. (uUM) %0 MN=*SE MI+SE NDI+SE
Control - 0 1.5£0.5 4.62+£0.19 1.578+0.074
DMSO 24 3 uL 4.0£3.0 4.07+0.59 1.559+0.059

MMC 24 0.75 14.0£1.0 1.90£0.57 1.393+0.020
24 25 1.5+0.5¢, 4.26£1.30 1.531+0.004
DC 24 50 1.5£1.5¢, 3.96+0.60 1.562+0.157
24 75 3.043.0c; 2.83+0.13 1.670+0.038
24 100 2.0+1.0c, 3.20+0.17 1.465+0.032
DMSO 48 3 uL 1.5£0.5 2.851£0.79 1.509+0.089
MMC 48 0.75 53.5+£26.5 1.13+0.07 1.227+0.081
48 25 0.5£0.5¢3 4.75+1.18¢; 1.511+0.014¢;
DC 48 50 3.5+1.5¢3 3.35+£0.82 1.563+0.080c1
48 75 2.5£0.5¢3 3.05+0.29 1.497+0.019¢;
48 100 2.510.5¢3 3.87+0.37 1.435+0.026
MMC 24 0.75 14.0£1.0 1.90+0.57 1.393+0.020
DMSO+ MMC 24 3uL+0.75 uM 16.5£0.5 1.58+0.15 1.477+0.010
24 25 11.5£10.5 2.15+0.42 1.426+0.007
DC+ MMC 24 50 20.0+0.0 2.16£0.30 1.483+0.001
24 75 10.5£9.5 1.93+0.23 1.549+0.107
24 100 7.5£1.5 2.70+047 1.438+0.011
MMC 48 0.75 53.5+26.5 1.131£0.07 1.227+0.081
DMSO+ MMC 48 3uL+0.75 uMa 190.5£3.5a3 0.30+0.00 1.231+0.003
48 25 55.5+33.5d4 0.85+0.35 1.150+0.007
48 50 33.0+30.0d4 1.26£0.30 1.146+0.002
DC+ MMC**
48 75b 24.0£20.0d4 1.10+0.06 1.073+0.050 d4
48 100 72.04£37.0a; 0.7240.32 1.133+0.030
* In total. 2000 well-spread interphase were evaluated.
faied Cytotoxic effect (a:1841. b: 1610. binuclear cell were evaluated). a: Significant from control; b: Significant from solvent

control; ¢: Significant from MMC (positive control); d: Significant from solvent control+ MMC. alblcl: P<0.05; a2b2c2:
P<0.01; a3b3c3: P<0.001

NDI values in cultures treated only with DC did not show any difference when compared to the control or solvent
control (P>0.05). In cultures co-treated with DC and MMC, reduction in NDI were not statistically significant except at 75
uM concentration for 48-hour treatment period (P<0.05). Similar results were also obtained for MI (Table 2).

TOS were determined by spectrophotometric measurements of supernatants of 72-hour CA cultures. Decreases in
TOS were significantly higher than control levels at highest concentration (100 uM) in 24 and 48-hour treatment periods
(P<0.01). Moreover, the value measured at the highest concentration for 48 hour treatment period was higher than positive
control. At other concentrations, TOS values were found equal to the level of controls.

In cultures treated with DC and MMC, TOS value measured at highest concentration for 24 hour treatment was
statistically higher than the control (Solvent control + Positive control) (P<0.05). Other variants remained in control levels
with slight increases. All the obtained TOS values in 48 hour treatment period were statistically significant at several levels.
In this period, the highest increases were observed also at 100 pM concentration (Table 3).

Test substance significantly increased total antioxidant status at all concentrations for both treatment periods (24
and 48 h). In cultures treated only with DC for 24 hours, TAS values were significantly higher than each of the controls
(except the lowest concentration). As compared with their controls, TAS values exhibited very significant increase in
cultures treated with both test substance and positive control (MMC).
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DC did not cause a significant oxidative stress. Unlike DMSO, DC reduced the oxidative stress. OSI values
measured in cultures treated with DC and MMC did not show significant differences as compared to their controls (Table
3).

Table 3. Effect of the delphinidin chloride (DC) to oxidative stress in human cultured lymphocytes for 24
or 48-hour treatment periods

Time

Test substance (h) Conc. (uUM) TOS = SE TAS £ SE OSI = SE
Control - 0 3.891+0.58 0.593+0.015 6.545+0.80a3
DMSO 24 3 uL 6.165+0.39 0.558+0.036 11.14+1.42

MMC 24 0.75 4.1931£0.70 0.588+0.024 7.101+0.90
24 25 5.000+1.05 0.709+0.018b1c1 7.020+1.31

DC 24 50 4.841+0.76 0.902+0.023a3bscs 5.350+0.70by

24 75 5.838+0.76 1.230+0.021a3bscs 4.737+0.54by

24 100 7.694+0.81a; 1.931+0.026asbscs 3.981+0.37b,

DMSO 48 3 uL 5.808+0.11 0.558+ 0.015 10.420+0.09a3
MMC 48 0.75 3.928+0.66 0.561+0.015 6.975+0.98

48 25 4.98240.74 0.736+0.040 6.76910.64b;

DC 48 50 4.85240.83 0.844+0.017a3b1c1 5.735+0.87b,

48 75 5.789+0.85 1.135+0.043asbscs 5.081+0.56b,

48 100 7.725+0.13asc1 1.816+0.077asbscs 4.266+0.25b,
MMC 24 0.75 4.1934£0.70 0.588+0.024 7.101+0.90

DMSO+ MMC 24 3ulL+0.75 uM 3.194+0.97 0.37740.083a; 9.510+4.67a;
24 25 5.341+0.58 0.780+0.003a1c2d> 6.854+0.77
DC+ MMC 24 50 4.716+0.55 0.937+0.018a3c3d3 5.048+0.67
24 75 6.072+0.86 1.239+0.015a3c3d3 4.893+0.64
24 100 7.23610.64a1d1 1.923+0.045a3c3d3 3.758+0.24
MMC 48 0.75 3.928+0.66 0.561+0.015 6.975+0.98
DMSO+ MMC 48 3ulL+ 0.75 uM 1.584+0.07 0.378+0.048a, 4.23740.34
48 25 4.644+0.86d; 0.755+0.013a1c2d3 6.140+1.04
DC+ MMC** 48 50 5.324+0.49d, 0.871+0.012a3c2d3 6.105+0.48
48 75 5.762+0.42d» 1.148+0.002a3c2d3 5.020+0.37
48 100 7.539+0.36a1c1d3 1.803+0.048a3c2d3 4.190+0.31

a:Significant from control; b: Significant from solvent control; c: Significant from MMC (positive control); d: Significant from
solvent control+ MMC.
alblcl: P<0.05; a2b2c2: P<0.01; a3b3c3: P<0.001

3. DISCUSSION

In this study, DC, the test substance was a blue-purple dyestuff found in flowers and fruits, and some other organs
of plants. The lack of data on the genotoxic effects of this compound led us to perform this study. According to our results,
DC did not induce chromosome damage in cells at any concentration for any treatment periods. In addition, it reduced
the genotoxic effects of MMC, which is a well-known clastogen. Moreover, it increased the antioxidant status and reduced
the oxidative stress significantly as comparison to the solvent control. Similar to our findings, it has been reported that
various anthocyanins similar to delphinidin exhibited protective effects against DNA damage caused by tert-butyl-
hydroperoxide (TBHP) [26]. In another study, it has been shown that purified delphinidin, extracted from eggplant
(Solanum melanogena), decreased the micronuclei frequency caused by cyclophosphamide in polychromatic erythrocytes
of mice (10 and 20 mg/kg b.w.). However, delphinidin did not present any mutagenic or genotoxic effect in mice bone
marrow and peripheral blood cells [27]. However, delphinidin was cytotoxic in metastatic colorectal cancer cell lines (LoVo
and LoVo/ADR) according to Cvorovic et al. [15]. Singletary et al. [28] have reported that 0.6 pM concentration of
delphinidin significantly blocked the formation of DNA adducts caused by benzo[a]pyrene (BP) in non-cancerous (benign)
human mammary epithelial cell line. Fritz et al., [29] have revealed that delphinidin has protective effects against oxidative
DNA damage caused by menadione in human colon carcinoma cells (HT29), which also supports our findings. However,
in the same study, delphinidin did not display antioxidant effect in the absence of catalase. In addition, it has been found
that delphinidin exhibits growth inhibitory activity in breast cancer cells of various molecular subtypes [30]. In another
study, it has been revealed that delphinidin was protective against the effects of topoisomerase II poison on DNA in a
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concentration-dependent manner in vitro [31]. The protective effects of delphinidin against DNA damage caused by
cyclophosphamide have been also reported by other researchers [32].

A large number of in vitro animal models showed that flavonoids modulate important cellular and molecular
mechanisms related to carcinogenesis also epidemiological studies have affirmed that, among many flavonoids,
delphinidin appears to be an efficacious compound seen in a diverse manner in different stages of carcinogenesis [33].
Domitrovié and Jakovac [34] proposed that delphinidin revealed therapeutic effects of in CCl(4)-induced liver fibrosis by
inciting extracellular matrix degradation. Delphinidin exerts HATi activity against anti-inflammatory signaling by
blocking p65 acetylation, which is a compound that may prevent inflammatory arthritis [35]. Moreover, the
photoprotection of delphinidin against the adverse effects of UV radiation has been reported by Afaq and Katiyar [36].

4. CONCLUSION

In conclusion, the results of this study indicate similarities with the findings of other studies. In this study, we have
found some evidence that DC has antigenotoxic and antioxidative potential. Furthermore, it was determined that the test
substance had no significant cytotoxic or proliferative effect in human peripheral lymphocytes. Therefore, this study
suggests that DC can be used as a important protective agent against tumor growth. Additionally, in vivo studies are
warranted to determine the optimal antigenotoxic concentrations.

5. MATERIALS AND METHODS
5.1.Chemical Substances

DC was purchased from Cayman Chemical Company (CAS No: 528-53-0) (Figure 4). The molecular structure of DC
is illustrated in Figure 4. Purity of DC was = 97%. Dimethyl sulfoxide (DMSO) (CAS No. 67-68-5. Merck, Darmstadt,
Germany) was used as solvent control. Gibco PB-MAX Karyotyping Medium was used for the short-term culture of
peripheral blood lymphocytes for cytogenetic studies (Gibco, CAT No 12557-013). Colchicine (CAS No. 64-86-8),
cytochalasin B (Sigma-Aldrich CAS No. 14930-96-2) and MMC (Sigma CAS No: 50-07-7) were purchased from supplier
companies.

5.2.Experimental Design

This study was carried out with the confirmation of Cukurova University Ethics Committee (33/10). Human blood
samples were supplied from two healthy volunteers who are non-smokers, and have no alcohol and drug use, one male
and one female (n=2), whose ages are 22 and 24, respectively and treated with four different final concentrations of DC (25
uM, 50 puM, 75 uM, 100 pM). DMSO was used as a solvent control (3 ul/2.7 ml chromosome medium) in two different
treatment periods (24 or 48 h).

OH
OH
cr
HO ot
= OH

OH

OH

Figure 4. Molecular structure of delphinidin chloride

5.3.Chromosome Aberration (CA) Test

1/10 heparinized peripheral blood (0.2 ml) was added to each tube of 2.5 ml PB-max chromosome medium [14].
Cells were cultured in an incubator at 37 °C for 72 hours. Four non-toxic concentration (25 pM, 50 uM, 75 uM ve 100 pM)
were chosen according to Cvorovic et al. [15]. Delfinidin chloride was dissolved in DMSO and used max 3 pL for 2.7 ml
medium. To reveal genotoxic effects of Delfinidin chloride, the cultures were treated with Delfinidin chloride during 24 or
48 hours after the start of incubation (24 or 48 hour treatment periods). In addition, solvent control (DMSO) and positive
control (MMC, 0.75 uM) were also used in the culture tubes. To reveal the effect of DC against the effects of MMC, 0.75
uM of MMC was added to each culture tube together with a test substance in a different culture series. Other processes
related to the method were performed with minor modifications according to Evans [16] and Perry and Thompson [17].
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For each slide, 100 metaphases (200 metaphases for two donors) were examined to detect the chromosomal
abnormalities caused by DC. Chromosome number and structural abnormalities that we observed in the studied cells were
evaluated in accordance with International System for Human Cytogenetic Nomenclature (ISCN) [18]. The number of
structural and numerical CAs per cell and the percentage of cells containing abnormalities (CA / cell) were calculated.

For determination of the effects of DC on cell division, MI was calculated. A total of 3000 cells for each slide (6000
cell for two donor) were examined and the cells at the metaphase stage were determined and recorded. MI= ([The number
of dividing cells]/3000) x 100.

5.4.Micronucleus (MN) Test

MN test developed by Rothfuss et al. [19] was carried out with some modifications. Donor selection and the set up
of human lymphocyte cultures were almost the same as in the CA methods. However, in this method, incubation time was
68 hours. To block cytokinesis, 6 1g/ml cytochalasin B was added 44 h after the initiation of culture time. Likewise, solvent
control (DMSO) and positive control (0.75 pM MMC) were included in different test tubes. In this test, cultured cells were
treated with the test substance for 24 or 48 hours as in the previous test.

Slides were stained for 4 min. 1000 binucleated lymphocytes of each donor (total 2000 binucleated cells) were
analyzed to calculate the percentage of MN. Percentage of micronucleated binuclear cells were calculated by dividing total
binuclear cells (1000) by micronucleated binuclear cell number. Also, a total of 1000 cells were scored to determine the
frequency of the cells with 1, 2, 3, or 4 nuclei. Based on this ratio, NDI was calculated [20].

NDI was calculated according to the following formula;

NDI= (1xN1 + 2xN2 + 3xN3 + 4xN4)/N
N1: Number one nucleated cells
N2: Number two nucleated cells
N3: Number three nucleated cells
N4: Number four nucleated cells

N: Total cell number

5.5.Total Oxidant and Total Antioxidant Status Test

Total oxidant and antioxidant level tests were performed using 72 hour cultured peripheral blood donors treated
by controls and DC. Culture tubes were centrifuged at 2000 rpm for 5 min and supernatant gathered. Then, it was stored
at -80 °C for spectrophotometric analysis. TOS and TAS values were determined using commercial TOS and TAS kits
(Relassay, Turkey). Calculation of TOS values is based on the oxidization of divalent iron (ferrous ion=Fe+2) to trivalent
iron (ferric ion=Fe+3) by oxidant if it is present in the samples. Ferric ions form color complex in acidic medium. This color
density is proportional to the amount of oxidizing molecules and was measured spectrophotometrically (530 nm). Test
was calibrated with hydrogen peroxide and the results were expressed as per litre of hydrogen peroxide micro molar
(mmol H>O; Equiv/L) [21]. Determination of TAS values is made based on the bleaching of ABTS (2,20-azino-bis [3-
ethylbenzothiazol-6- sulfonic acid]) radical cation by antioxidants. Therefore, TAS values were measured
spectrophotometrically (660 nm). Results were expressed as mmol Trolox equivalent/L [22]. Oxidative stress index (OSI)
was determined using TOS and TAS values and calculated using the following formula [23, 24, 25].

OSsI =TOS / TAS
5.6.Statistical Analysis

All the data were represented as the mean * standard error. The data displayed a normal distribution (Shapiro-
Wilk). One-way analysis of variance (ANOVA) and post hoc Dunnett's tests were performed using SPSS software
(Chicago, IL). Concentration-effect relationship was investigated by Pearson correlation. In statistical comparison between
the control, positive control and treated groups, the value of " <0.05 " was determined as statistically significant.
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