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Abstract

Background. Ethyl acetate and aqueous extracts were obtained from fourteen plant raw materials and investigated
for the content of phenolic compounds, antiradical and anti-H,O, activity.

Material and Methods. The measured activities were expressed as absorbancy decrease of sample in the presence
of extract and in the absence of extract (control). Then antiradical (TAUs,;s) and anti-H,O, (TAUy,) activities of
extracts were calculated per 1 g of raw material. The activities of ethyl acetate and aqueous extracts of each raw
material were summing up and presented as a total activity per 1 g of raw material and marked as RAUs;s (anti-
radical activity) and RAUg, (anti-H,0O, activity). The antiradical activity of extracts was measured by the colori-
metric method with 1,1-diphenyl-2-picrylhydrazyl radical (DPPH") as a substrate. The anti-H,O, activity was
assayed by the enzymatic method using reaction with peroxidase (EC 1.11.1.7) type II from horseradish. The con-
tent of phenols in the extracts was measured by colorimetric method with phosphotungstic acid reagent.

Results and Conclusions. The strongest antiradical as well as anti-H,O, activity was demonstrated for ethyl
acetate extract 6 obtained from flowers of meadowsweet (Ulmariae flos). The weakest antiradical and anti-H,O,
activity was observed for aqueous extracts from respectively rind of grapefruit 19 (Paradisi pericarpium) and
Iceland moss 16 (Lichen islandicus). The greatest TAUs;s was calculated for 6 and lowest for 3 (aqueous extract
from rind of banana Musa pardisiaca L.). The greatest TAUg;, was calculated for 20 (aqueous extract from flowers
of meadowsweet) the lowest for 16. The highest RAUs;s and RAUs;, were calculated for flowers of meadowsweet
and the lowest for Iceland moss. The high positive correlation was observed between the content of phenolic com-
pounds in extracts and their antiradical and anti-H,O, activities (Adv Clin Exp Med 2005, 14, 3, 423-433).

Key words: antiradical activity, anti-ROS activity, plant extracts, phenolic compounds.

Streszczenie

Wprowadzenie. Z czternastu surowcéw roslinnych otrzymano wyciggi octanowe i wodne, ktére badano w kierun-
ku zawartosci zwigzkéw fenolowych, aktywnosci przeciwwolnorodnikowej i przeciwwodoronadtlenkowe;j.
Material i metody. Aktywnosci okreslono jako zmniejszenie absorbancji prébki w obecnosci wyciggu w porow-
naniu do prébki niezawierajgcej wyciggu (préba kontrolna). Nastepnie obliczono aktywnos¢ przeciwwolnorodni-
kowa (TAUs;s) i przeciwwodoronadtlenkowg (TAUy;y) wyciagéw w przeliczeniu na 1 g surowca. Aktywnosci wy-
ciggéw octanowego i wodnego kazdego z surowcow sumowano i podano jako catkowita aktywnos¢ wyrazong na
1 g surowca jako RAUs; 5 (aktywnos¢ przeciwwolnorodnikowa) i RAUs;, (aktywnos¢ przeciw H,0,). Aktywnosé
przeciwwolnorodnikowa wyciggéw mierzono metoda kolorymetryczng z zastosowaniem rodnika 1,1-difenylo-2-
pikrylohydrazylowym (DPPH") jako substratu, aktywnos¢ anty-H,O, — metodg enzymatyczna, stosujgc peroksyda-
z¢ (EC 1.11.1.7) chrzanowg typu I, a zawartos¢ zwigzkéw fenolowych — metodg kolorymetryczng, wykorzystujgc
jako odczynnik kwas fosforowolframowy.

Wiyniki i wnioski. Najwyzszg aktywnos¢ przeciwwolnorodnikowg oraz przeciw-H,0, obserwowano dla wyciagu
octanowego 6 otrzymanego z kwiatow wigzéwki btotnej (Ulmariae flos). Najnizszg aktywnos¢ przeciwwolnorod-
nikowg i przeciwwodoronadtlenkowg obserwowano dla wyciggu wodnego odpowiednio z naowocni grejpfruta 19
(Paradisi pericarpium) i porostu islandzkiego 16 (Lichen islandicus). Najwyzszg wartos¢ TAUs;s obliczono dla 6,
anajnizsza dla 3 (wyciag wodny ze skorki banana, Musa paradisiaca L.). Najwyzszg wartos¢ TAU, obliczono dla
20 (wyciag wodny z kwiatéw wigzéwki blotnej), najnizsza dla 16. Najwyzsza warto$S¢ RAUs;s 1 RAUg,, obliczono
dla kwiatéw wigzowki blotnej, a najnizszg dla porostu islandzkiego. Zaobserwowano duzg dodatnig korelacj¢ mie-
dzy iloscig zwiazkéw fenolowych w wyciagach i ich aktywnosciag przeciwwolnorodnikowg oraz przeciw-H,O,
(Adv Clin Exp Med 2005, 14, 3, 423-433).

Stowa kluczowe: aktywnos¢ przeciwwolnorodnikowa, aktywnos¢ anty-RFT, wyciagi roslinne, zwiazki fenolowe.
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The medical literature is full of claims that
reactive oxygen species and free radicals are
involved in various human and animal diseases
[1, 2]. Such diseases as rheumatoid arthritis,
haemorrhagic shock, cystic fibrosis and many
others are often mentioned. Chronic inflammato-
ry diseases lead to activation of macrophages
what in turn is connected with increased concen-
tration of reactive oxygen (ROS) and nitrogen
(RNS) species. ROS and RNS play important role
in normal physiology but in excess they enhance
the oxidative stress and tissue and cells injury
leading to many diseases such as cancer and athe-
riosclerosis [3, 4].

Numerous current scientific investigations
focus on looking for compounds which can be
used as free radicals, ROS and RNS scavengers in
such pathological conditions [5-7]. Plant
raw material seems to be a rich source of polyphe-
nolic compounds which in majority are very effec-
tive antiradical and antioxidant scavengers [8, 9].

Plant phenolic compounds are known to be
strong free radical scavengers and antioxidants
in vitro [8-10]. Phenolic compounds have also
been evidenced to exhibit antioxidant effect
in vivo [11-13]. For example, phenolic com-
pounds in red wine were found to inhibit LDL oxi-
dation in vitro and they might exert cardioprotec-
tive effect in vivo. This may explain the low inci-
dence of heart attacks in France (French paradox)
in these regions in which factors promoting car-
diovascular disease (smoking and high fat intake)
are common. Other studies showed inverse relation
of the incidence of coronary heart disease in men
with the dietary intake of phenolic compounds,
first of all flavonoids such as quercetin which orig-
inated from fruits and vegetables [14, 15].

In this work, ethyl acetate and water extracts
obtained from fourteen plant raw material were
investigated for their activity as scavengers of free
radicals and H,O, and the general phenolic com-
pounds content was measured colorimetrically.
Besides Spearman’s rank correlation coefficient
(r,) and type 1 error probability (p) were calculat-
ed between phenol content and antiradical activity
and anti-H,O, activity of these extracts.

Materials and Methods

Chemicals and Biochemicals

Polish Chemical Reagents — methanol, ethyl
acetate, Sigma — 1,1-diphenyl-2-picrylhydrazyl
radical (DPPH"), Peroxidase EC 1.11.1.7 (donor:
hydrogen-peroxide oxidoreductase) type II from
horseradish, Riedel-de-Haén — Phenol Red.

Plant Material

“Herbapol” Herb Factory, Poland — Inflo-
rescence of mountain arnica (Arnicae inflorescen-
tia), Iceland moss (Lichen islandicus), bearberry
leaves (Uvae ursi folium), mountain cranberry
leaves (Vitis idaeae folium), birch leaves (Betulae
Sfolium), senna leaves (Sennae folium), comfrey
root (Taraxaci radix), blackberry leaves (Rubi fru-
ticosi folium).

Kawon, Herb Factory, Gostyn, Poland -
meadowsweet flowers (Ulmariae flos), gentian
root (Gentianae radix).

CNOS (seeds production), Wroclaw, Poland —
celery seeds (Petroselini semen).

Material obtained from fruits of edible quality
— apple rind (Malus domestica Borkh.), banana
rind (Musa paradisiaca L.), grapefruit rind (Para-
disi pericarpium).

Preparation of Extracts

The amount of raw material taken to the
extraction is showed in Tables 1 and 2. Each raw
material was extracted with 250 ml of 50% aque-
ous solution of methanol (70°C) for 2 days. Then
methanol was removed under reduced pressure
and remaining aqueous solution (125 ml) was left
in refrigerator (4°C) for 3 days. The precipitate
was filtered off (filter discs, grade 388, Filtrak)
and discarded. Next, water extract was extracted
with (5§ x 50 ml) ethyl acetate. The ethyl acetate
extract and remaining water solution were evapo-
rated under reduced pressure to obtain dry extracts
(the weight of extracts is given in Tables 1 and 2).

The yield of extraction expressed in percentages
was calculated according to the equation below:

We

R

Y= x 100%,

Y —yield of extraction (%); Wy — weight of extract
(g); Wi — weight of raw material taken to the
extraction (g).

Ethyl acetate and aqueous extracts obtained
from raw materials are marked in the text with the
following numbers (the numbers of respective
aqueous extracts are given in brackets): inflores-
cence of mountain arnica (Arnica montana L.,
Asteraceae) — 1 (aq. 15); Iceland moss (Lichen
islandicus, Parmeliaceae) — 2 (aq. 16); rind of
banana (Musa paradisiaca L., Musaceae) — 3 (aq.
17); rind of apple (Malus domestica Borkh.,
Rosaceae) — 4 (aq. 18); rind of grapefruit (Citrus
paradisi Macfayden, Rutaceae) — 5 (aq. 19); flow-
ers of meadowsweet (Filipendula ulmaria L.
Maxim., Rosaceae) — 6 (aq. 20); leaves of bear-
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berry (Arctostaphylos uva-ursi L., Ericaceae) — 7
(aqg. 21); leaves of mountain cranberry (Vaccinium
vitis-idaea L., Ericaceae) — 8 (aq. 22); root of gen-
tian (Gentiana lutea L., Gentianaceae) — 9
(aq. 23); leaves of birch (Betula pubescens Ehrh.,
Betulaceae) — 10 (aqg. 24); leaves of senne (Cassia
angustifolia Vahl, Caesalpiniaceae) — 11 (aq. 25);
seeds of celery (Apium graveolens L.,
Umbelliferae) — 12 (aq. 26); root of comfrey
(Symphytum officinale L., Boraginaceae) — 13
(aq. 27); leaves of blackberry (Rubus plicatus
Whe. et N. E., Rosaceae) — 14 (aq. 28).

Measurement
of Total Phenolic in Extracts

The measurement of general phenolic com-
pounds was carried out according to the method
Singleton et al. [16] with a modification described
below.

Solution A — 5.77 g of sodium tungstate
(Na,WO,* 2H,0) was dissolved in 75 ml of water
and 8 ml of 85% phosphoric acid was added. The
solution was heated in boiling water bath for
3 hours and after cooling adjusted with water to
the final volume of 100 ml;

Solution B — 18% solution of Na,CO; in water.

Procedure — 0.5 ml of A solution was added to
I ml of 50% methanol/water solution of extract
(1 mg/ml) and 8.5 ml of B was added. The
absorbancy at 750 nm was measured in a 1 cm
glass cuvette 2 minutes after the addition of solu-
tion B. The results were calculated as gallic acid
equivalents and expressed as general phenolic
compounds amount (mg) per 1 mg of the extract.
All measurements were made three times and stan-
dard deviation was calculated.

Measurement
of Antiradical Activity

The antiradical activity of the extracts was
measured according to Brand-Williams et al. [17]
Solution I was freshly prepared by dissolving 2 mg
of DPPH’ (1,1-diphenyl-2-picrylhydrazyl) in 54 ml
of MeOH. Solution II was obtained by dissolving
studied material in MeOH at 2.9 mg/ml concentra-
tion (1.45 mg/ml for 20 extract or 0.72 mg/ml for
6 and 7 extracts see legends of Tables 1 and 2).
Then 40 pl of 1T were added to 1460 ul of I at room
temperature. The absorbancy at 515 nm was mea-
sured in a 1 cm glass cuvette at 0 time and after
1 min of the reaction versus blank (40 pl of II
added to 1460 ul of MeOH). The control samples
were prepared in the following way: 40 ul of

MeOH were added to 1460 upl of I and the
absorbancy was measured (515 nm) at O time and
after 1 minute.

The antiradical activity of extracts (AUss) is
expressed as absorbancy decrease after 1 minute
of the reaction and calculated according to the
equation:

AUs;s = (Ao _AI) - (AOK_A]K)

where AUs;s — radical scavenging activity, A, — ab-
sorbancy of sample at 0 min of the reaction, A;— ab-
sorbancy of sample after 1 min of the reaction,
Ayx — absorbance of control sample at 0 min of the
reaction, A, — absorbance of control sample after
1 min of the reaction. Because the result of
(Apx — A k) was equal to O during the test the above
equation was simplified to AUs;s = (Ag — A)).

The measurements were made in three times
and standard deviations were calculated.

The anti-DPPH" activities (TAUs;s) for ethyl
acetate and aqueous extracts were calculated per 1 g
of raw material according to the following equation:

At
0.1102 WR

TAU;;s = x AUss,

At — total weight of extract (mg) (see Tables 1, 2),
0.1102 — the amount of extract in test sample (mg),
WR - weight of raw material taken to the extrac-
tion (g) (see Tab. 1, 2).

Total anti-DPPH" activity per 1 g of raw mate-
rial (RAUs;5) was calculated according to the fol-
lowing equation:

RAU5]5 = TAUCZ5]5 + TAU€515,

TAUas;s — anti-DPPH" activity of aqueous extract
calculated per 1 g of raw material, TAUes;s — anti-
DPPH- activity of ethyl acetate extract calculated
per 1 g of raw material.

Measurement
of anti-H,0, Activity

Hydrogen peroxide scavenging activity was
determined using a Pick and Keisari [18] method,
modified by Bahorun et al.[19].

100 pl of water solution of extracts at
0.71 mg/ml (or 0.42 mg/ml for 6, 7, 8, 10, 14, 20,
21, 22 see legend of Tab. 1 and 2) or 0 mg/ml
(sample without extract) were added to 100 ul of
0.002% H,0,. Then 0.8 ml of 0.IM phosphate
buffer (Na,HPO, : KH,PO, + 100 mM NaCl) were
added. The reaction mixture was preincubated for
10 minutes at 37°C. Then 1 ml of 0.2 mg/ml phe-
nol red dye with 0.1 mg/ml horseradish peroxidase
in 0.IM phosphate buffer was added. After
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15 minutes 50 pl of 1M NaOH were added and
absorbancy was measured immediately at 610 nm.

The H,0, scavenging activity (AUsy,) of
extracts was calculated according to the following
equation:

AUs;o= By — Bg.

AUgs,;o—scavenging of hydrogen peroxide activity;
B,—absorbancy of sample without extract, B — ab-
sorbancy of sample with extract.

The measures were made three times and stan-
dard deviations were calculated.

The anti-H,O, activity (TAUgy,) for each
extract was calculated per 1 g of raw material
according to the following equation:

At

IAUsi0 = 5071w
. R

x AUs0,

At — total weight of extract (mg) (see Tab. 1, 2),
0.071 — the amount of extract in sample (mg), Wg
— weight of raw material taken to the extraction (g)
(see Tab. 1, 2).

Total anti-H,O, activity per 1 g of raw material
(RAUg,) was calculated according to the follow-
ing equation:

RAUé}O = TAUaﬁm + TAU€6]0,

TAUag;y — anti-H,0O, activity for aqueous extract
calculated per 1 g of each raw material, TAUeg,
— anti-H,0, activity for ethyl acetate extract calcu-
lated per 1 g raw material.

Statistical Analysis

Statistical analysis was performed by calcula-
tion of Spearman’s rank correlation coefficient (r,)
between phenol content and antiradical or anti-
H,0, activities of extracts.

The probability of type 1 error (p) was also
calculated.

Results and Discussion

Anti-DPPH* and anti-H,0O, activity of ethyl
acetate and aqueous extracts is demonstrated in
Tables 1 and 2.

The strongest anti-DPPH" activity among ethyl
acetate extracts was measured for the extracts 7
and 6 respectively 3.647 and 3.580 AUs;s. Lower
antiradical activity was observed for 14, 10, 8 and 1
respectively: 0.795, 0.553, 0.538 and 0.507 AUss.
Other ethyl acetate extracts exhibited antiradical
features in the following decreasing order 13 > 12
>4>3>11>9>2>5 with activities respective-
ly: 0.383, 0.247, 0.217, 0.167, 0.153, 0.133, 0.103

and 0.090 AUs;s. Among aqueous extracts the
strongest anti-DPPH" activity was measured for 20
(1.573 AUs;s). Lower activity was showed for 21,
28 respectively: 0.767, 0.757 AUs;s. Antiradical
activity other extracts was in decreasing order
15>22>24>17>27>26>18=23>25>19
with activities respectively: 0.353, 0.323, 0.253,
0.137, 0.093, 0.077, 0.063, 0.063, 0.060, 0.047
AUss.

The strongest anti-H,O, activity of ethyl
acetate extracts was measured for 6, 7 and 14 with
activity equal to 0.960, 0.929 and 0.925 AUy
respectively. A lower anti-H,O, properties was
observed for 8, 10, 13, 12, 3 and 11 extracts with
activities 0.742, 0.663, 0.520, 0.458, 0.450 and
0.418 AU,y respectively. Activities of other
extracts are in the following decreasing order 4 >
>9>5>1 =2 with 0.240, 0.218, 0.110, 0.107,
0.107 AUg .

The strongest anti-H,0O, activity of aqueous
extracts was measured for 20, 21, 22 and 28 with
activities 0.940, 0.796, 0.648 and 0.558 AUy,
respectively. Activities of 15 and 24 was 0.393 and
0.327 AUgj. Activity of other extracts was as fol-
lows 0.160, 0.110, 0.105, 0.083, 0.070, 0.033,
0.025, 0.017 AU respectively for 26 > 25 > 27 >
>17>19 > 18 > 23 > 16 extracts.

Average anti-DPPH" activity calculated for
fourteen ethyl acetate and aqueous extracts was
equal to 0,794 AUs,;sand 0,330 AUs,s respectively.
Average anti-H,0, activity calculated for fourteen
ethyl acetate and aqueous extracts was respective-
ly 0,489 AUg;pand 0,304 AUsjp. One can say that
ethyl acetate extracts exhibit stronger anti-DPPH*
as well as anti-H,O, activities then aqueous
extracts.

The antiradical and anti-H,0O, activity of
ethyl acetate extracts well correlated with the
amount of phenol contents in the extracts. The
correlation coefficient (r,) between phenol con-
tent and antiradical activity and probability (p)
were equal to 0.93 and 0.0004 but between phe-
nol content and anti-H,O, activity respectively
0.81 and 0.0018.

The antiradical and anti-H,O, activity of aque-
ous extracts well correlated with phenolic com-
pounds amount in these extracts. The correlation
coefficient (r,) between phenolic amount in aque-
ous extracts and their antiradical or anti-H,0O,
activities and probability (p) were the same 0.95
and 0.0003.

The total anti-DPPH* (TAUs,s) and anti-H,0,
(TAUjg9) (Tab. 1 and 2) activity was calculated
for ethyl acetate and aqueous extracts and addi-
tionally calculated per 1 g of raw material in
order to comparison the yield of activity extrac-
tion from different raw materials for ethyl acetate
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surowce roslinne

Fig. 1. Total anti-DPPH" activity (RAUs,s) of each raw material calculated as a sum of activities of ethyl acetate and
aqueous extracts and expressed per 1 g of raw material (see Material and Methods): IMA — inflorescence of mountain
arnica, IM — iceland moss, RB — rind of banana, RA — rind of apple, RG — rind of grapefruit, FM — flowers of mead-
owsweet, LB — leaves of bearberry, LM — leaves of mountain cranberry, RG — root of gentian, Lbi — leaves of birch,
LS — leaves of senne, SC — seeds of celery, RC — root of comfrey, Lbl — leaves of blackberry

Ryec. 1. Catkowita aktywnos¢ przeciw-DPPH" (RAUs,s) badanych surowcéw roslinnych obliczona jako suma
aktywnosci wyciggéw octanowych i wodnych oraz przeliczona na 1 g surowca (patrz Material i metody):

IMA — kwiatostan arniki, IM — porost islandzki, RB — skérka z banana, RA — skérka z jabtka, RG — skérka z grejpfruta,
FM - kwiaty wigzéwki, LB — liscie macznicy, LM — liscie boréwki brusznicy, RG — korzeri goryczki, Lbi — liscie
brzozy, LS — liscie senesu, SC — nasienie seleru, RC — korzeri zywokostu, Lbl — liscie jezyny
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Fig. 2. Total anti-H,O, activity (RAUj;) of each raw material calculated as a sum of activities of ethyl acetate and
aqueous extracts and expressed per 1 g of raw material (see Material and Methods): IMA — inflorescence of mountain
arnica, IM — iceland moss, RB — rind of banana, RA — rind of apple, RG — rind of grapefruit, FM — flowers of mead-
owsweet, LB — leaves of bearberry, LM — leaves of mountain cranberry, RG — root of gentian, Lbi — leaves of birch,
LS — leaves of senne, SC — seeds of celery, RC — root of comfrey, Lbl — leaves of blackberry

Ryec. 2. Catkowita aktywnos¢ przeciw-H,0, (RAUg,,) kazdego z surowcéw obliczona jako suma aktywnosci
wyciggéw octanowych i wodnych oraz przeliczona na 1 g surowca (patrz Materiat i metody): IMA — kwiatostan arni-
ki, IM — porost islandzki, RB — skérka z banana, RA — skorka z jabtka, RG — skorka z grejpfruta, FM — kwiaty
wigzéwki, LB — liScie macznicy, LM — liscie boréwki brusznicy, RG — korzent goryczki, Lbi — liscie brzozy,

LS — Iiscie senesu, SC — nasienie seleru, RC — korzen zywokostu, Lbl — liscie jezyny
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and aqueous extracts (see section Material and
Methods).

The greatest anti-DPPH" activity (TAUs,s) for
ethyl acetate extracts (Tab. 1) was calculated for
extracts 6 (3810 TAUs;s) and 7 (2915 TAU;,5) but
the weakest anti-DPPH" activity was calculated for
3 (6 TAUs)s) and 2 (17 TAUs5;5). The strongest anti-
DPPH" activity 2855 and 1502 TAUs,s of aqueous
extracts (Tab. 2) was calculated for extracts
respectively 20, 21 but the weakest was calculated
for 16 and 26 respectively 42 and 48 TAUs,s. The
greatest anti-H,0O, activity (TAUg,y) in ethyl acetate
extracts (Tab. 1) was equal to 1583 and 1152
TA Uy, for respectively 6 and 7 extracts but the
least for 2 and 3 with respectively 27 and 25
TAUg;. The strongest anti-H,O, activity of aque-
ous extracts was calculated for 20, 21 and 22 with
respectively 2648, 2420 and 2292 TAUg,. The
weakest anti-H,O, activity was 19 TAUg,, for
extract 16.

The total anti-DPPH" (RAU5;5) and anti-H,O,
(RAUg)p) activity was calculated per 1 g of raw
material as a sum of total activities of ethyl
acetate and aqueous extracts of each raw material
(see section Material and Methods). The results
are demonstrated in Table 3 and Figure 1, 2. The
higher total anti-DPPH® (RAUs;s) (respectively
6665 and 4417) and anti-H,O, (RAU;) (respec-
tively 4231 and 4012) activity was calculated for
flowers of meadowsweet and leaves of bearberry.
The lowest RAUs,;s value was calculated for Ice-
land moss and rind of grapefruit respectively 59
and 67 and the lowest RAUy,, value was calculat-
ed for Iceland moss (46) and root of gentian (127).

In conclusion one can say that:

a) extracts 6 and 7 and extracts 20 and 21
exhibited the strongest anti-DPPH* AUs,s and anti-
H,0, AUy, activities;

b) extracts 2 and 5 and extracts 16 and 19
exhibited the lowest anti-DPPH® AUs;s and anti-
H,O, AUy, activities;

c) the greatest anti-DPPH* (TAUs;5) and anti-
H,0, (TAUy,y) activity was calculated for extracts
6, 7. The lowest anti-DPPH" activity was calculat-
ed for 2 and 3, and the lowest anti-H,0O, activity
was calculated for 3 and 16 extracts.

d) the higher total anti-DPPH' (RAUs;s) and
anti-H,O, (RAUy,;,) was calculated for flowers of
meadowsweet but the lowest for Iceland moss.

Our results showed that extracts obtained from
leaves (leaves of bearberry, leaves of mountain cran-
berry, leaves of blackberry) show strong antiradical
and anti-H,0O, activities. An exception are leaves of
senne which exhibited weak activity. Strong antirad-
ical properties of extracts isolated from leaves was
demonstrated also by Bahorun et al. [19].

The authors observed good positive correlation

Table 3. Total anti-DPPH" and anti-H,0, activity of each
raw material calculated as a sum of activities of ethyl
acetate and aqueous extracts and expressed per 1 g of raw
material (see section Material and Methods)

Tabela 3. Catkowita aktywnos¢ przeciw-DPPH" i przeciw-
-H,0, badanych surowcéw roslinnych obliczona jako suma
aktywnosci wyciggéw octanowych i wodnych oraz przeli-
czona na 1 g surowca (patrz Material i metody)

Raw material RAU;;s  |RAUg
(Surowiec)

Inflorescence of mountain arnica 415 555
(Kwiat arniki)

Iceland moss 59 46
(Porost islandzki)

Rind of banana 419 416
(Skoérka z banana)

Rind of apple 184 169
(Skoérka z jabika)

Rind of grapefruit 67 141
(Skorka z grejpfruta)

Flowers of meadowsweet 6665 4231
(Kwiat wigzéwki)

Leaves of bearberry 4417 4012

(Lis¢ macznicy)

Leaves of mountain cranberry 1256 3405
(Lis¢ boréwki brusznicy)

Root of gentian 152 127
(Korzeri goryczki)

Leaves of birch 560 1094
(Lis¢ brzozy)

Leaves of senne 152 461
(Lis¢ senesu)

Seeds of celery 77 238
(Nasienie seleru)

Root of comfrey 226 410
(Korzen zywokostu)

Leaves of blackberry 1737 2135
(Lis¢ jezyny)

between the content of phenolic compounds in
extracts and their antiradical and anti-H,O, activi-
ties what is discordant with the result obtained by
Kahkonen et al. [20]. Strong positive correlation
between the content of phenolic compounds in plant
extracts and antioxidant or antiradical activity of
these extracts was also demonstrated by Chinnici et
al. [21], Kuti and Konuru [22] and Chun et al. [23].

The calculations demonstrated in the paper could
be used to screening measurement and comparing of
anti-ROS activity of different plan raw material.

Flowers of meadowsweet, leaves of bearber-
ry, leaves of mountain cranberry appeared to
have strong anti-ROS features. These raw materi-
als could be used in the future as a source of
powerful antiradical and anti-H,0, extracts or
compounds.
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