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ABSTRACT: The proliferation of β-cells is the main contributor to the mass cell 

maintenance in the pancreatic islets. In our earlier work the suppression of β-cell 

growth by aggregated peptide hormone of the pancreas, amylin, has been proved. 

The in-vitro protection of the cells from aggregated amylin-associated death by 

several plant extracts and their constituents has been shown. In the present work, the 

development of β-cells was suppressed preliminary by aggregated amylin. Then, the 

ethanol extracts of rose petals (Rosa damascena), melilot (Melilotus officinalis), 

leaves of grape (Vitis vinifera) and sorrel (Rumex Confertus) and the phenol 

glycoside fraction of rose petals were added to the cultivation medium, and the 

growth of cells suppressed by aggregate amylin was observed. The promotion of 

cells viability was registered with the trypan blue exclusion test and the DNA-comet 

analysis. In the other series of experiments, the reverse of pre-formed amylin 

aggregates in the presence of several plant preparations was registered using 

Thioflavin T fluorescence. The significant linear correlation (r = 0.75, p=0.02) 

between two propensities of plant: to inhibit amylin aggregation (observed in our 

previous work) and to dissociate the peptide aggregates was observed. Probably, 

both of these properties of plant preparations are conditioned by their specific 

interaction with amylin molecule and elucidate the perspective of studied plants in 

the protection of pancreatic islet β-cells against amylin-induced lost. 

INTRODUCTION: Pancreatic islets consist of 60-

80% beta cells, which secrete insulin, a hormone of 

profound importance in the regulation of 

carbohydrate, fat and protein metabolism. Beta 

cells death and dysfunction result in an insufficient 

amount of insulin that leads to high glucose levels 

in the blood, a metabolic disorder known as 

Diabetes mellitus (DM). The increase in beta cell 

mass can take place either through an increase in 

the cell number by neogenesis and proliferation 

(hyperplasia), or through an increase in the cell 

volume (hypertrophy) 
1
.  
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The primary mechanism of beta cell mass 

expansion in the postnatal period is replication 
2, 3, 

4
. An essential source of new pancreatic beta cells 

in adult mice is shown being the proliferation of 

preexisting cells 
2, 5, 6

. Many studies aiming to 

establish new therapeutic applications for DM are 

targeted at understanding and regulating the beta 

cells replication as a significant contributor to the 

increase of adult beta-cell mass 
7
. It is crucial to 

find the factors maintaining cell proliferation. This 

knowledge could lead to the development of new 

methods to increase the cell mass in DM. 

Amylin is a secretory product of pancreatic β-cells 
8, 9

. It is a regulatory peptide functioning in the islet 

β-cells and participating in the regulation of 

glucose metabolism along with insulin. Amyloid 

deposits of amylin were found in the islets of β-

cells in DM in humans and some mammals. Their 

cytotoxicity is one of the causes of β-cell loss in 
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type 2 DM 
10

. There are many publications 

evidencing the perspective of natural compounds 

like flavonoids, polyphenols, etc. in the prevention 

of amylin amyloidosis 
11-14

, considering them as 

effective remedies for β-cells maintenance and DM 

treatment. 

Armenia has a rich history in the field of 

phytotherapy. Herbal medicine developed thanks to 

medieval scholars Mkhitar Heratsi, Amirdovlat 

Amasiatsi, Grigor Magistros and many others 
15, 16

. 

Many medicinal plants have been disseminated 

from here throughout Europe. Some edible plants 

widespread in Armenia are used in folk medicine. 

Earlier we have demonstrated the effective 

inhibition of dipeptidyl peptidase IV and adenosine 

deaminase activities, elevated in diabetes, by 

several aqueous extracts of Armenian Highland 

plants 
17

. In our next work, the cytotoxicity of 

aggregated amylin to pancreatic islet β-cells has 

been proved 
18

.  

Then, the in vitro protection of cell viability by 

ethanol extracts of leaves of sorrel, sea buckthorn, 

grape, bryonia white roots, thistle seeds, melilot, 

rose petals, as well as some of their fractions,  has 

been studied in the presence and absence of 

aggregated amylin. We have also observed the in-

vitro inhibition of amylin aggregation by several 

plant preparations 
18

. The obtained positive effects 

allowed us recommending some of these plants and 

their constituents as probable sources for 

developing antidiabetic therapeutics. In this work, 

the ability of ethanol extracts of rose petals (Rosa 

damascena), melilot (Melilotus officinalis), leaves 

of grape (Vitis vinifera and sorrel (Rumex 

Confertus) and the phenol glycoside fraction of 

rose petals to destabilize the conformation of pre-

aggregated amylin was observed. The same plant 

preparations were added to the cultivation medium 

of β-cells after a two-day suppression of their 

growth by aggregated amylin. The DNA-comet 

analysis after the following cultivation during 2 

days manifested the protection of DNA against 

amylin-induced damage.  

MATERIAL AND METHODS: 

General: Thioflavin T (ThT), RPMI-1640 and 

supplements were purchased from Sigma Ltd, 

USA; amylin – from ‘‘Gene Cust’’, Luxembourg. 

All the other chemicals were of the highest purity.  

Spectral measurements were performed on Specord 

M-40 UV-VIS spectrophotometer (Germany) and 

spectrofluorometer Perkin-Elmer MPF-44A (USA), 

using quartz cuvettes with light path 0.5 and 1cm. 

The light and fluorescence microscopes model BH- 

2RFCA, Olympus, with a digital camera, model 

c35AD-4, Olympus was used. 

Plant Material: The collection and the ethanol 

extract preparation of GL, RP, SL and M, their 

fractionation and characterization were done as 

described in our previous works 
18, 19

. A voucher 

specimen has been deposited in the herbarium of 

the Botanical Department of Yerevan State 

University (Dr. Narine Zaqaryan).  

Amylin Preparation: The preparation of amylin 

solution, the formation of its aggregates and the 

evaluation of the aggregation state of the peptide, 

using the fluorescence (λex = 430 nm and λem = 485 

nm) were described previously 
18

. The dissociation 

of pre-aggregated amylin was studied incubating it 

in 20 mM phosphate buffer, pH 7.4, containing 

0.02% NaN2 (w/v) for 3 days with (or without) the 

plant preparation at definite concentration.  

Islet Cells Isolation and Cultivation: The 

isolation, cultivation of mouse pancreatic β-cells in 

the presence and absence of aggregated amylin, as 

well as the study of the influence of plant 

preparations on the viability of cells are described 

in our previous work 
18

. The experiments involving 

the laboratory animals were approved by Ethics 

Committee of Yerevan State Medical University 

after M. Heratsi, No 7-26.04.2012: Research is not 

contrary to the Directive 2001/20/EC of The Legal 

Aspects of Research Ethics and Science in 

European Community. 

DNA Comet Assay: DNA Comet assay was used 

for qualifying the genotoxicity of aggregated 

amylin and the ability of plant preparations to 

protect the DNA integrity in its presence. Alkaline 

Comet assay was conducted as described by 

Venturi et al. 
20

 with minor modifications. The cell 

suspension was centrifuged at 100  g for 3 min, 

the obtained cell pellets were re-suspended in 75 μl 

of 0.5% low melting point agarose in PBS and 

embedded on microscope slides. Cells were lysed 

for 2 h at 4 °C in solution containing 2.5 M NaCl; 

100 mM Na2EDTA; 10 mM TRIS; 1% Triton X-
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100, and the slides were placed in a horizontal gel 

electrophoresis tank, containing fresh 

electrophoresis solution (1 mM Na2EDTA, 300 

mM NaOH, pH > 13). The DNA was allowed to 

unwind for 20 min, and the electrophoresis was 

conducted for 30 min at 26 V, 300 mA.  

Then, the slides were washed in 0.4 M TRIS, pH 

7.5 neutralization buffer, stained with ethidium 

bromide (2 μg/ml) and analyzed immediately at 

80 magnification using a fluorescence 

microscope. One hundred randomly selected cells 

from each slide were scored using the Comet Assay 

Software Project (CASP, http://www.casp.source 

forge.net) image analysis software. The next 

parameters: tail length (TL; µm), tail DNA (TD; %) 

and Extent tail moment (TM; arbitrary units) were 

used as a metrics of DNA damage. Tail moment 

was defined as: TM = TLTD/100 
21

. 

Statistical Analysis: The data, obtained at least in 

three independent experiments, were analyzed 

using the software In-Stat, version 3 for Windows 

(Graph Pad Software, Inc., San Diego, CA, USA). 

The results were expressed as means ± SE. 

RESULTS AND DISCUSSION: 

Maintenance of Suppressed Viability of β-cells: 

In our recent work, the higher toxicity of 

aggregated amylin compared with its fresh solution 

to the primary culture of pancreatic islet β-cells has 

been proved. Then, the in-vitro protection of the 

cell viability by ethanol extracts of leaves of sorrel 

and grape, Bryonia white roots, thistle seeds, 

melilot, rose petals, as well as some of their 

fractions in the presence of aggregated amylin,  has 

been observed 
18

. Moreover, several plant 

preparations have been provided with the ability to 

inhibit the in vitro aggregation of amylin, and the 

high correlation between these two propensities of 

plant preparations has been demonstrated. 

In the present work, the experiments were 

implemented to observe the ability of plant 

preparations to support the development of β-

cells, primarily suppressed by aggregated amylin.  

Two cell samples were prepared. The first, in a 

usual cultivation media, was used as a control. The 

second sample contained 8 µM aggregated amylin. 

After cultivation for two days, the second sample 

(viability suppressed down to 43.9 ± 9.5% of 

control) was divided into six parts and into five of 

them, RP PhG fraction and the extracts of SL, GL, 

RP, and M were added up to the final concentration 

200 µg/ml of the dried plant material. Preliminary, 

we have shown these four extracts as being reach in 

flavonoid compounds 
19

, known as antioxidants 
22

 

provided by significant therapeutic value 
23

. After 

the addition of indicated plant preparations, the 

cultivation was continued for the next two days in 

the seven samples: the control, the part of the 

amylin-containing sample without plant 

preparations and five identical to the last one 

containing the added plant preparations. 

 
FIG. 1: ALIVE CELLS AFTER CULTIVATION IN THE 

ABSENCE AND PRESENCE OF PLANT PREPARATIONS 

In Fig. 1, the averaged results of three independent 

experiments are shown. The results are expressed 

as a percentage of the number of living cells in the 

control sample. Four-Day cultivation resulted in the 

decreasing of the amylin-containing sample down 

to on average 17.1 ± 3.6 % of the control sample. 

In the identical samples, cultivated during the last 

two days with the plant preparations along with the 

amylin, the cell counts were 34-50% of the control. 

The presence of plant preparations in the aggregate 

amylin-containing medium preserved the viability 

of cells in the level 2-3 times higher than that in the 

sample containing only amylin. The one-tailed P 

values of the difference between the results for 

plant preparation containing samples from that of 

amylin sample, estimated in the unpaired t-test, 

were: 0.056 (SL), 0.005 (GL), 0.001 (RP), 0.066 

(M), 0.012 (RP PhG). In general, they might be 

considered as rather significant. 

DNA-Comet: DNA-comet analysis of islet β-beta 

cells was performed after the above-described 

experiment. 

http://www.casp.sourceforge.net/
http://www.casp.sourceforge.net/
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FIG. 2: DNA-COMET PICTURES FOR β-CELLS, CULTIVATED 

DURING 4 DAYS: 1 - CONTROL, WITHOUT ANY ADDITIONS, 2-7 – 

THE CULTIVATION MEDIUM CONTAINED AGGREGATED 

AMYLIN (8µM); 3-7 – IN THE LAST 2 DAYS, THE CULTIVATION 

MEDIUM BESIDES AMYLIN CONTAINED, RESPECTIVELY, SL, 

GL, RP, M EXTRACTS AND THE RP PHG FRACTION 

In Fig. 2, the alkaline DNA-comet pictures for β-

cells cultivated for 4 days without any additions (1, 

control) and in the presence of 8 µM aggregated 

amylin (2) are shown. The pictures 3-7 represent 

the β-cell samples identical to sample 2, cultivated 

during last 2 days in the presence of, respectively, 

the ethanol extracts of SL (3), GL (4), RP (5) and 

M (6) and the RP PhG fraction (7). The final 

concentration of all plant preparations were 200 

µg/ml. 

The results of DNA-comet were analyzed using 

CASP image analysis software. The defined 

parameters are listed in Table 1. All three 

parameters: Tail length TL, µm, Tail DNA TD, % 

and Extent tail moment TM, a.u. for sample 2 are 

very significantly (P<0.001) higher than those for 

the control sample. These results evidence the cell 

DNA damage and prove the genotoxicity of 

aggregated amylin towards β-cells. 

TABLE 1: THE PARAMETERS OF DNA-COMET ANALYSIS OF β-CELLS 
Sample Statistic TL, µm TD, % TM, a.u. 

Control aM 7±1.29 9.95±3.2 1.01±0.38 

amylin aM 64.4±7.11 51±5.6 31.5±4.5 
bP1 P<0.001 P<0.001 P<0.001 

SL aM 13.6± 1.34 25.44± 3.2 3.78± 0.67 
bP1 P>0.05 P<0.01 P>0.05 
cP2 P<0.001 P<0.01 P<0.001 

GL aM 8.1±1.8 11.54±2.4 1.25±0.58 
bP1 P>0.05 P>0.05 P>0.05 
cP2 P<0.001 P<0.001 P<0.001 

RP aM 11.3±2.44 17.45±4.4 2.45±0.9 
bP1 P>0.05 P>0.05 P>0.05 
cP2 P<0.001 P<0.001 P<0.001 

M aM 11.8±1.4 11.84±1.9 1.49±0.35 
bP1 P>0.05 P>0.05 P>0.05 
cP2 P<0.001 P<0.001 P<0.001 

RpPhG aM 20.5±3.6 24.94±6.1 7.04±2.5 
bP1 P > 0.05 P > 0.05 P>0.05 
cP2 P < 0.001 P< 0.05 P < 0.05 

aM – mean values, bP1 - the statistical significance of difference from control sample 1 

cP2 - the statistical significance of difference from aggregated amylin containing sample 2 

The most of the parameters for the samples 3-7 

differ from those for control not significantly 

(P>0.05), but rather significantly from those for 

sample 2 (mainly P<0.001, at least P<0.05). These 

results confirm the ability of the used plant 

preparations to facilitate the integrity of DNA, 

damaged in the presence of aggregated amylin. 

Disaggregation: As one of the possible ways for 

protection by plant preparations of amylin-

suppressed β-cell viability could be considered 

their ability to destabilize and dissociate the peptide 

aggregates. Using the Thioflavin T fluorescence 

test, we studied the influence of several plant 

preparations on the conformation state of 

preliminary aggregated amylin. As in the case of 

amylin aggregation research, described in our 

previous work 
18

, this study was limited by 

fluorescence properties of plant preparations too. 

Some of preparations quenched the ThT 430/485 

fluorescence; the others were provided with their 

fluorescence in this spectral region. Therefore, 

taking into account the results of the preliminary 

screening, in the study of disaggregation of 

preformed amylin aggregates only the weakly 

affecting preparations/ concentrations were used. 

The preliminary aggregated amylin was incubated 

for 3 days in the presence (or absence, control) of 

the plant preparation in definite concentration, as 

described in the materials and methods. 
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FIG. 3: THE DECREASE OF AMYLIN AGGREGATION STATE 

UPON INCUBATION OF PRELIMINARY AGGREGATED PEPTIDE 

IN THE PRESENCE OF PLANT PREPARATIONS 

In Fig. 3 the aggregation states of pre-aggregated 

amylin samples are presented after incubation 

during 3 days in the presence of the extracts of RP, 

SL, and GL, the fractions enriched by phenol 

glycosides from rose petals (RP PhG) and by 

flavonoids from sorrel leaves (SL Fl). The 

aggregation state of each sample is expressed as a 

percentage of the pre-aggregated amylin incubated 

at the same conditions without any plant 

preparation (100%). The concentration of all plant 

preparations in the incubation medium was 

7.5µg/ml. The highest degree of the aggregation 

decrease was registered in the presence of the 

extract of RP (p<0.01), and the fractions RP PhG 

(p<0.01) and SL Fl (p<0.05).  

The low disaggregation of aggregated amylin was 

registered in the presence of M extract, coumarin 

fractions from SL and RP (not shown). Let’s note 

that only very low concentrations of these 

preparations were studied due to their fluorescence 

limitations. 

Correlation of the Ability of Plant Preparations 

to Dissociate the Preformed Aggregates of 

Amylin with their Capability to Inhibit the 

Peptide amyloidosis: In our previous work, the in-

vitro inhibition of amylin aggregation by several 

plant preparations has been described 
18

. Moreover, 

the comparison of IC50 values in the inhibition of 

amylin aggregation and the protection of β-cells 

revealed the high linear correlation between IC50 

values of five preparations: extracts of GL and SL, 

and SL Fl, RP PhG and RP Cm1 fractions (r = 

0.9945; p=0.0005). We assumed that these two 

abilities of each plant preparation – to protect β-

cells from aggregated amylin and to prevent 

aggregation of the peptide, are the interdependent 

properties. In the present work, we compared the 

early studied ability of plant preparations to inhibit 

the process of the peptide aggregation 
18

 with the 

observed in the current research their ability to 

reverse the preformed aggregates of amylin. We 

performed the correlation analysis between these 

two features for the GL and SL extracts, and the SL 

Cm1, RP Cm1, SL AD, SL Fl, RP PhG, RP PhG 

fractions under the identical concentrations. In Fig. 

4 the obtained linear correlation curve is shown. 

 
FIG. 4: THE LINEAR CORRELATION CURVE BETWEEN THE 

ABILITIES OF PLANT PREPARATIONS TO REVERSE THE PRE-

AGGREGATED AMYLIN AND TO INHIBIT ITS AGGREGATION; 

THE VALUES ARE EXPRESSED AS PERCENTAGE OF CONTROLS 

The evaluated coefficient r = 0.75 (p = 0.020) 

manifests a rather significant correlation between 

the compared features of the studied plant 

preparations. Taking into account the demonstrated 

in the previous work high correlation between the 

abilities to protect β-cells from the toxicity of 

aggregated amylin and to inhibit the amylin 

aggregation, we can conclude the interdependence 

of three propensities of plant preparations: to 

inhibit the amylin aggregation, to destabilize the 

pre-formed aggregates of the peptide, and to protect 

the β-cells from toxic action of aggregated amylin.  

CONCLUSION: The ethanol extracts of rose 

petals (Rosa damascena), melilot (Melilotus 

officinalis), leaves of grape (Vitis vinifera) and 

sorrel (Rumex confertus) and the phenol glycoside 

fraction from the ethanol extract of rose petals 

supported in-vitro the aggregate amylin suppressed 

the growth of islet β-cells. The DNA-comet 

analysis proved the genotoxicity of aggregated 

amylin to β-cells and demonstrated the protection 

by plant preparations of DNA integrity against the 

aggregated peptide. The most of studied plant 

preparations destabilized the pre-formed cytotoxic 

aggregates of amylin in-vitro. A significant 

correlation (r = 0.75, p=0.02) was observed 

between the abilities of plant preparations to 

dissociate the preformed aggregates of amylin and 

to inhibit the peptide aggregation.  
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Probably, three properties of plant preparations: to 

protect β-cells against killing by aggregated 

amylin, to inhibit the peptide aggregation and to 

dissociate its preformed aggregates are conditioned 

by specific interaction between amylin molecule 

and plant constituents: phenol glycosides, 

flavonoids, coumarins, etc. These specific 

interactions may be considered as mechanisms of 

promotion of β-cells development assuming that in 

these processes the direct action of plant 

constituents on the amylin molecule is responsible. 

The obtained results allow recommending the use 

in the diet by persons at risk group the plants with 

shown effectiveness. Besides, the widely utilized in 

the world rose petals and melilot, and the user in 

the Armenian (oriental) cuisine leaves of grape and 

sorrel could be considered as sources for 

antidiabetic agents directed to increase in beta cell 

mass. 
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