Cynara cardunculus L. var. altilis Petioles | Encyclopedia.pub

Cynara cardunculus L. var. altilis Petioles

Subjects: Agricultural Engineering

Contributor: Lillian Barros

Cynara cardunculus L. is a species that belongs to the Asteraceae family, commonly designated as cardoon, and
comprises three botanical varieties: var. altilis DC, var. scolymus (L.) Fiori, and var. sylvestris (Lamk) Fiori. This
species is widely used in Mediterranean cuisine and folk medicine due to its nutritional composition, choleretic,

hypocholesterolemic, and diuretic properties and effectiveness in the treatment of hepatic diseases.

cardoon phenolic composition antioxidant activity seasonal changes

anti-inflammatory activity oxidative hemolysis antimicrobial properties

| 1. Introduction

Plant species, including those of the Asteraceae family, contain a massive variety of compounds with high bioactive
potential, being considered as the principal sources of new healing agents W2, |n particular, representatives of the
Asteraceae family have already been characterized by the presence of specific phenolic acids and flavonoids .
Despite the significant contributions that compounds of natural origin have made to the discovery of potent drugs,
with enormous structural complexity and diversity, their isolation and identification remain an important and
rewarding area of study, as new compounds continue to be identified. Plant species remain an excellent source for
the discovery of biomolecules with high pharmacological potential 4B, Plant secondary metabolites show
antioxidant, anti-inflammatory, cytotoxic and hepatotoxic, and antimicrobial activities, and several studies are

developing nowadays due to a huge plant biodiversity and their secondary metabolites &,

Cynara cardunculus L. is a species that belongs to the Asteraceae family, commonly designated as cardoon, and
comprises three botanical varieties: var. altilis DC, var. scolymus (L.) Fiori, and var. sylvestris (Lamk) Fiori. This
species is widely used in Mediterranean cuisine and folk medicine due to its nutritional composition, choleretic,
hypocholesterolemic, and diuretic properties and effectiveness in the treatment of hepatic diseases 229, Cardoon
is also an important source of components such as fiber, carbohydrates, inulin, minerals, and polyphenolic
compounds AL Besides its nutritional and phytochemical interest, this species is used in a wide variety of
industrial applications. For example, it can be used as vegetable rennet in the production of some protected
designation of origin (PDO) cheeses 22131 paper pulp 24, food oil 22, and bioenergy 2817 as well as animal
forage 18lI191 The multifaceted industrial applications of cardoon are fundamental for its economic valorization and
exploitation 7. However, industrial processing generates a large amount of wasted material, which can be an
important source of biologically active compounds 720 Since several parameters influence the chemical

composition and bioactive properties of the species (i.e., environmental conditions, harvest time, genetic variability,
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and plant tissue) 29211122 the proper exploration and characterization of the species and all its constituents are

extremely important and of great interest.

| 2. Plant Material

Petioles of Cynara cardunculus var. altilis DC cv. Bianco Avorio (Fratelli Ingegnoli Spa, Milano, ltaly) were
harvested during the growing period of 2017 to 2018 in Central Greece at the experimental field of the University of
Thessaly in Velestino (22.756 E, 39.396 N) [22l. Petioles were collected at sixteen harvesting dates according to the
principal growth stages (PGS) defined by the Biologische Bundesanstalt, Bundessortenamt, CHemische Industrie
(BBCH) scale, comprising the stages between PSG 1 and PSG 9 [28. Samples P1, P2, and P3 were collected in
September, October, and the start of November (all PSG 1), respectively; P4 was collected at the end of November
(PSG 2); samples P5, P6, P7, and P8 were collected at the beginning of January (PSG 3), February (PSG 3/4),
March (PSG 4), and April (PSG 4/5), respectively; sample P9 was collected at the end of April (PSG 5); samples
P10 and P11 were collected at the beginning (PSG 5/6) and at the end of May (PSG 6); P12 was collected at the
beginning of June (PSG 6/7); samples P13 and P14 were collected at the beginning (PSG 7/8) and at the end of
July (PSG 8); and samples P15 and P16 were collected at the beginning (PSG 8/9) and at the end of August (PSG
9). At each harvesting date, one leaf per plant from 15 individual plants (n = 15) was collected based on leaf
phenology and according to the principal growth stages defined by Archontoulis et al. 23, The morphology of
leaves at different harvesting stages is presented in Figure 1. For each harvesting date, all the collected leaves

were pooled into a batch sample. Each pooled sample consisted of at least 500 g of fresh tissue.
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Figure 1. Leaf morphology at different harvesting stages (Sample P 1-16). Photo credits: Petropoulos S.A.

(personal record).

After collection, the leaves were thoroughly cleaned with distilled water, then cut into small pieces and stored in air-
sealed plastic bags at deep-freezing conditions. All the samples were freeze-dried (Sublimator model EKS,
Christian Zirbus Co., Brunswick, Germany) and reduced with a domestic blender to a fine powder (~20 mesh). The
ground samples were stored in air-sealed bags in a deep freezer (-80 °C) and under protection from light until

further analysis.

| 3. Phenolic Compounds Composition

The results regarding the phenolic compound compositions, peak characteristics, and their tentative identifications
are presented in Table 1. The quantification of each individual compound is presented in Table 2, as is the
extraction yield (referring to the concentration of mg of compound/100 g of petioles but expressed in percentage) of
each sample. In Figure 2 are presented the main phenolic acids and flavonoids found in the samples studied and,

in the Supplementary Materials (SM1), the exemplified phenolic profiles of the sixteen samples of cardoon studied
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recorded at 280 nm. The phenolic compounds were tentatively identified according to their retention time (Rt), the
wavelength of maximum absorbance (Ayay), deprotonated ion ([M-H]"), and fragmentation pattern (MS?). A total of
fifteen compounds were tentatively identified in cardoon petioles, including ten phenolic acid derivatives (peaks 1,
2,3,4,5,7,10, 11, 12, and 15) and five flavonoid glycosides (peaks 6, 8, 9, 13, and 14).

—
]

(D)

Figure 2. Representation of the four major phenolic compounds found in the cardoon samples studied—namely,
two phenolic acids (5-O-caffeoylquinic—(A) and 1,5-di-O-caffeoylquinic acids—(B)) and two flavonoids (luteolin-O-

hexuronoside—(C) and luteolin-O-malonyl-hexoside—(D)).

Table 1. Phenolic compounds tentatively identified in the hydroethanolic extracts of cardoon petioles.

Peak R.t
(min)
1 4.18
2 6.14
3 6.52
4 6.63
5 7.10
6 15.97
7 16.69
8 18.61

Amax (nm)
321

266
321
326
326

285/sh324

322

266/343

[M-H]
~ (mlz)

353

153

353

353

353

463

515

461

MS? (mlz)
191 (100), 179 (33), 173 (5), 135 (5)
109 (100)

173 (100), 179 (11), 191 (10), 161 (5),
135 (5)

191 (100), 179 (7), 173 (5), 135 (5)
191 (100), 179 (7), 173 (5), 135 (5)

287 (100)

353 (100), 335 (25), 191 (62), 179 (15)

285 (100)

Tentative Identification
3-0O-Caffeoylquinic acid

Protocatechuic acid

4-0O-Caffeoylquinic acid

cis-5-0O-Caffeoylquinic acid

trans-5-O-Caffeoylquinic
acid

Eriodictyol-O-hexuronoside
1,3-di-O-caffeoylquinic acid

Luteolin-O-hexuronoside
derivative |
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Peak

9

10

11

12

13

Peak

Quantification (mg Equivalents of the Corresponding Standard Used for Quantification Per g of Extract)

Rt
- A nm

(miny Amax ()
18.86 267/343

19.01 334
20.39 324
22.66 329

23.69 268/332

P1 P2 P3 P4
n.d. n.d. n.d. ](-)?)éi
n.d. nd. n.d. ](-)zii
n.d. n.d. n.d. 30732:
3.6+ S'ZO 54+ nd
0.1° 0o3b 02° o
8.0+ 8.55 l(i.O y
02% o5t 052 h
n.d. n.d. n.d. ggffiﬁ
n.d. n.d. n.d. (())?)(iﬁ
n.d. n.d. n.d. ég’ii

M-H
! o Iz]) MS? (mlz)
461 285 (100)
o 353 (100), 179 (10), 173 (29), 353
(10), 191 (10), 135 (8), 161 (5)
515 353 (100), 191 (12), 335 (10)

353 (100), 335 (5), 229 (2), 255 (2),
515 203 (2), 191 (75),
179 (13), 173 (5, MS® base peak)

533 489 (100), 285 (20)

P5 P6 P7 P8 P9 P10 P11
0.83+ 052+ 048+ 035+ 051 0'5+68 032+
001 0.01¢ 0029 001" o0.01f 0ooozc 001
2.7+ 122+ 042z o.2+90 032+ 0'2+97 0.342 +
a c d - e - e

0.1 0.02 0.01 oooze 001 ooose 0001
339+ 12;18 249+ 192+ 164+ 11;64 11.9+
b - d - h

0.3 oosfs  04° 0.1 0.2¢ 002" 0.29

n.d. n.d. n.d. n.d. n.d. n.d. n.d.

n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.4343 0.3;98 0.5+98 AEDe 0.151 Ae Qe
- - - e - b f

000019 000" oo04a 001 ooord 001 o0
072+ 061 0.62z 0"193 0.60 = 0157 0.348 +
b de cd - e - i

0.01 0.01 0.01 000zs 001 000a! 0004
068+ 069+ 095+ 089+ 090+ 0'156 0.439 +
0.02 ¢ 0.01¢ 0.01® 0.03°¢ 0.03° 0002¢ 0001 e

Tentative Identification

Luteolin-O-hexuronoside
derivative Il

O-Dicaffeyolquinic acid

1,5-di-O-cafffeoylquinic acid

3,4-di-O-cafffeoylquinic acid

Luteolin-O-malonyl hexoside

P12

042+
0.02"

0.064
+

0.003f

6.1+
0.1%

n.d.

n.d.

0.42 +
0.01f¢

0.313
0.005
0.589

0.001 f

derivative |

P13
0.559 *
0.004 ¢d

0.279 +
0.002 ©

874
0.21

n.d.

n.d.

0.44 +
0.01"

0.631 =
0.002 ©

0.54 +
0.019

P14
0.54 +
0.01 9

0.058 +
0.001 f¢

9.74
0.1'

n.d.

n.d.

0.444

0.004 %

0.38 +
0.0

0.5411
+

0.0004 9

P15

n.d.

n.d.

n.d.

132+
0.034

2.524

0.003 ¢

n.d.

n.d.

n.d.

d.

P16

n.d.

n.d.

n.d.

2.02
0.1°¢
4.17

0.04 49

n.d.

n.d.

n.d.
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Peak Quantification (mg Equivalents of the Corresponding Standard Used for Quantification Per g of Extract)

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16
0.395
9 nd d nd 0471 041z N 096+ 049+ 110+ 126+ 075+ 076% 349+ 26+ o o
e o “ 00019 o0.01" 00041 005° 001° 002 4 005°¢ o.o1' 002" 0022 01" o o
129 171
0 38 + nd. nd. nd. nd. nd. nd. nd. nd. nd. nd. pg,  Ses dbs
ol 0039 0.02° o ol
S 84t 115+ 16+ 50t 129+ 478 69+ 542+ . 131+ o9gx 1425
1 = * * 0.4° 0.3 03" 1d 01! 03¢ : 02k 05! 22%! 019 0.2 iy
042 01° 049 ) : ) : ) 0.02 ¢f ) ) : : 0.03"
1, 24%f 32+ 35% 458 163+ 28+ 303+ 169% 36% 44 160  22% 6.3+ 530+ 154+ 1'30
0oa" 01" 01° 002° 003% 01° 004" o001% 01° 01% o004k 0.1 022 0.02° 003 oo
148 305 108 sore 127 with the
13 + + + n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0'045 +
001¢ 005" 012 ‘ 002° jnic and
0.679 | k
2 nd nd nd 108+ 070+ 062+ 1.16= . 094+ 082+ 059+ 064t 0763+ 091t o o cal Keys
- - = o01P @]1 ¢ 002" o001% g 001° 004° 0[%]' 0.02" 0002f  0.02¢ - -
' n ([M-H]
- 079+ 0457+ 054: 038+ 020+ 063 045+ OB ggy O0T8S 44y ectra for
1 ndondoondo 552 o004 0039 0010 0019 002° 0.02° : 0.019 * oozc  nd ond !
: ‘ : : : : : 0.0003¢ 0.0003 2 ‘ K6
, pea
oA 47+‘8 31'8 40+  69.7t 486+ 29.3% 46.1% 27.3% 349% 32;56 219+ 149+ 395+ 296+ 161+ 23;85 i3 d
03° oa2h 16 0.12 0.4° 05! 0.4¢ 0.2} 0.4 AEIE 0.4 02" 02°¢ 02! 02™ o ogl )o and a
! i ! ! _ _
side unit.
- 1':18 3‘35 1‘1'8 359+ 2211+ 210+ 37+ 256+ 34%  34% 2202 2'107 5241+  45%  20l% 1'+27 )
oolk oos! oga 001 ¢ 0003" o001 019 0059 01°© 0.1°¢ 0.005' o n 0003 e 01° 004! o vatives |
- )1 and a
S 93'5 63'7 101+ 733+ 508+ 314+ 498+ 208+ 383+ 339+ 2408 17.3% 448+  341% 362% 5(1'2
et Lo e 0.1° 0.4° 05k 03f 01' 03" 01! 0.39M 02" 0.29 0.31 05 o1¢ unit. The
Yield o546 274 3099 309 3479 3936 3353 37.56 22.86 30.98  20.17 1546  14.42 11.90 14.4 1457 ectively,

(%)
= 2
PICOCIIUNYy a ucpiuwiialcu il |[visri]  ac rinZ 9090 aliu ivio  1naylliciine al 14 409 allu 441 \44¢ u ™ 42 u, malonyl

group) and m/z 285 (162 u, a hexosyl moiety).

Peaks 1 and 3 (3-O-caffeoylquinic and 4-O-caffeoylquinic acids) have been previously described in cardoons [20](21]
[26][27], Similarly, peaks 4 and 5 (cis-5-O-caffeoylquinic and trans-5-O-caffeoylquinic acids) were previously
identified in different cardoon tissues [2222] peak 6 (Eriodictyol-O-hexuronoside) in cardoon inflorescences 21) and
bracts 29 and peaks 8 and 9 in cardoon heads 22] and bracts 9. peaks 13 and 14 have been previously
described in cardoon bracts 2% and inflorescences 3. Different isomers of dicaffeoylquinic acids have also been
reported in different cardoon tissues, such as trans-3,4-O-dicaffeoylquinic, cis-3,5-di-O-caffeoylquinic, and trans-
3,5-di-O-caffeoylquinic acids 26 a5 also in cardoon leaf midribs and petioles (trans-4,5-di-O-caffeoylquinic acid)
(26] Finally, peak 2 was tentatively identified as protocatechuic acid based on the chromatographic information
described by Graca et al. 28] and its previous detection in the bracts of Cynara cardunculus var. scolymus 29 1o

the best of our knowledge, protocatechuic acid has not yet been reported in the altilis variety.

5-O-Caffeoylquinic (peak 3) and 1,5-O-Dicafffeoylquinic acids (peak 11) were the phenolic compounds present in
RigRelSaBBERRRN BT HoRiMAanstuaiafdwshciayish cta e (BN Al L RAMB oW Gy eRperd Faspigetfiraps
giti®RNess stnples WPSImmatlie PRlioldsta@gthpleEPA1—9tadre PhRRQICat agisien (Sigher Bontddits 2B10BREHoRE
e8MPBHRES Wvete3ddiePmind® (83, A2ANHARY: Srdetpl dgyenaifs SaHpIef e AP ELRBRPURRRA. Rf&sld
i dtly ansyERSF Hetsl PheRalicoiamPRIEHISi e RiaeRI IS b aibiifash ERMRAISIESamples harvested at the
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senescence (samples P15 and P16) and the early growth stages (samples P1-3). Only six of the identified
phenolic compounds were detected in these samples (mostly derived from caffeoylquinic and dicaffeoylquinic
acids). Moreover, differences in the extraction yields were observed between the tested samples (Table 2), with
samples at the late maturity stages (P12—-P16) showing the lowest extraction yield. This finding could be
associated with the lignification that takes places at late maturity, which could make less effective the tested
protocols in the polyphenol extractions BB, Therefore, the results of this study showed that harvesting time has
an influence on the phenolic content and composition in petioles. Although several reports have already proven
that the stage of maturity influences the phenolic composition of different plant tissues of cardoons (flower heads,
bracts, and receptacle), to the best of our knowledge, none of these studies has analyzed the phenolic composition

of the petioles throughout the growth cycle.

| 4. Bioactive Properties
4.1. Antioxidant Potential

The antioxidant activity of the hydroethanolic extracts of cardoon petioles was studied using two cell-based
methodologies (TBARS and OxHLIA), and the obtained results are presented in Table 3. All the analyzed samples
exhibited the ability to inhibit the oxidation process in both cell-based assays performed. For the TBARS assay, the
samples in the early maturation stages revealed, in general, lower I1Csq values (i.e., more potent antioxidant
activity); in particular, sample P3 (PSG 1), with the highest phenolic content among the analyzed samples, showed
the highest antioxidant activity, with an ICsq value lower than the positive control Trolox (ICsq value of sample P3:

5.0 pg/mL; Trolox: 9.1 pg/mL).

Table 3. Antioxidant activity of the hydroethanolic extracts of cardoon petioles.

Antioxidant Activity (ICsg, pg/mL)

Sample TBARS (& - 60 min) (8t = 120 min)
P1 15.8+0.1™M 244 £5° 323+7¢€
P2 22.6+0.4] 392+102 563+ 172
P3 50£0.1° 386+22 542 +7 2
P4 75.6+0.5¢ 65+4! 180+ 3N
P5 61.0+0.5°¢ 110+5h 245+ 719
P6 20.3+0.2' 195+54 382+5¢
P7 20.8 +0.5X4 224 + 9 be 466 +18°
P8 56.6 0.5 168 + 4 © 370+ 4¢d
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Antioxidant Activity (ICs, pg/mL)

OXxHLIA OXHLIA
Sample TBARS (At = 60 min) (At = 120 min)

P9 92+1P 122 + 49" 206 + 49"
P10 58+ 2f 122 + 49" 206 + 4 9"
P11 83.9+04° 157 +6°© 289+ 9 ©f
P12 345+0.5" 135+519 266+ 4"
P13 27+2! 114 +2 9" 185+ 4"
P14 449+059 102 + 4N 201 +59"
P15 287 +22 208 + 14 °d 400 + 40 ©

rthrocytes

P16 21.9+0.4Kk 150 + 86f 243 + 4 ©f samples

0 ) ’ i 'PSG 8/9)
Trolox 9.1+0.3 21.2+0.7 41.1+0.8

50 lues and,

therefore, with the lowest antioxidant activity.

AU K RISPBESGERAR I dB5R Y a0 4 ShdDY o T RIS RNE deLiRtS KL HNBetRBGa CRABE GOfEsHRided
maniiandyteraneasidas Cehdfep YABERF WRIRGNAHR B BXrastagneeiralimaeReeAdRAN he AR e
{RmREC Al YR RENIG AL RAGLY & SUBEIARE WITBAR Up LG AR MGIRETO S A 18ch as the type and
viability of the plant tissue, the genetic information, and the maturity state 19212611321 | the present study, the
better antioxidant results in the TBARS assay were obtained in the samples at early maturity coinciding with the
highest content of phenolic compounds. With the correlation study performed, it was possible to observe a negative
correlation between the phenolic content and both antioxidant activity assays performed, since the higher the
concentration of phenolic compounds, the lower the ICso values (and, therefore, greater antioxidant activity).
However, the R values were not very satisfactory, since phenolic acids (R = —0.296), flavonoids (R = —0.260), and
total compounds (R = —0.301) only explain, approximately, 10% of the values obtained in the TBARS assay. In
previous studies, a negative correlation was confirmed between the total phenolic compounds and phenolic acid
content and high antioxidant activity as well 3134 Moreover, according to the study of Pagano et al. 32, the
antioxidant activities observed were mostly correlated with the dicaffeoylquinic acid contents (-0.93 to —0.98 values
for the Pearson’s coefficient), whereas lower coefficient values (-0.5) were observed for the caffeoylquinic acids.
This finding could partly explain the findings of our study, where caffeoylquinic acids were the most abundant
phenolic compounds. However, the same was not verified for the OxHLIA assay, pointing to other compounds that
could be involved in the antioxidant capacity as evaluated by this method, e.g., sesquiterpene lactones and inulin
361371 According to the literature, the results regarding the correlation between the phenolic compound contents
and the antioxidant activity are contradictory and can be highly affected by the extraction protocols and other
parameters related to the genetic material and growing conditions [22I28] or the plant part 2831 Moreover, the fact
that this study evaluates the antioxidant potential of petioles throughout the growth cycle is maybe another reason

that our results are in contrast with other reports and show weak correlations between the phenolic compounds
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and antioxidant activity. Considering the variable chemical compositions during the growth season, the correlation
analysis did not allow us to obtain as high Pearson’s coefficient values, as in the literature reports where a single

harvest [28183I34135] or g limited number of harvests were applied [£2l22],

To the best of the authors’ knowledge, this is the first report regarding the antioxidant activity of cardoon petioles
collected throughout the growth cycle. In general, cardoon petioles exhibited higher antioxidant potential than

cardoon bracts and heads with the same genetic information previously studied by our group 2252,
4.2. Anti-Inflammatory Activity

The evaluation of the anti-inflammatory activity was performed through the measurements of the capacity to inhibit
the proinflammatory mediator NO by the LPS-stimulated murine macrophage cell line (RAW 264.7). The obtained
results are presented in Table 4. All petiole extracts exhibited anti-inflammatory activity, except for samples P5, P6,
and P7 (ICsg > 400 pg/mL). The anti-inflammatory activity of the cardoon petiole extracts varied over the entire
growth cycle, which suggests that the growing stage has an influence on the anti-inflammatory potential. The
sample collected at principal growth stage 5 (P9) revealed the highest anti-inflammatory capacity, with an
IC5q value of 14.2 pug/mL, which was lower than the positive control dexamethasone (ICsq = 16 pg/mL). This finding
further supports our previous study regarding the correlation of antioxidant activity and phenolic compound
contents, since sample P9 did not contain the highest amount of any detected phenolic compound, thus implying

the presence of other bioactive compounds not detected in our study.

Table 4. Anti-inflammatory activity of the hydroethanolic extracts of cardoon petioles.

Anti-Inflammatory Activity (ICso; pg/mL)

Sample RAW 246.7
P1 154 + 44
P2 91+2¢
P3 179+ 3¢
P4 222 +132
P5 >400
P6 >400
P7 >400
P8 191+10°
P9 142+05h
P10 34+49
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Anti-Inflammatory Activity (ICso; pg/mL)

Sample RAW 246.7
P11 40+29
P12 36+209
P13 18+2"
P14 31+19
P15 80+3f
ontrary to
P16 79+3f ie highest
e S50 = 183
Dexamethasone 50 16+ 1N S0
= ' , 2 extracts

() s

showed significant activity 221 petioles collected at principal growth stage 7/8 have an interesting potential to be

REYORRJIPS BRHFE8SERS S8MIROUREANV NSRRI HEVHADA POIffaliaht SERRFIY YWREBFRBSIHNING W& daiSoRRas

ERdPIACKNLIfrTEHEN 63095 00 O UIEEY, VAIBES BEHES SERIUSHMY raestemdentPiiBhP HERARES 1ol it 138k oF the
AlERosRidOaUeIgR dtigda. the first study that has assessed the anti-inflammatory potential of cardoon petioles

throughout plant maturation.
4.3. Cytotoxic Effects against Tumor and Nontumor Cells

The cytotoxic potential of cardoon petiole extracts is presented in Table 5. The results are expressed as the extract
concentrations that cause 50% of the cell proliferation inhibition (Glsg values). According to the obtained results,
the cytotoxic potential of the petiole extracts not only depends on the growth stage but, also, on the employed type
of cell lines. HelLa is the cell line that presented the greatest susceptibility, with lower values of Glsg at almost all
states of maturity, except for samples P1, P3, and P16 (Table 5). For these samples, the HepG2 and MCF-7 cell
lines were the most susceptible ones (lowest Glsg values). Samples at the mid-to-late maturation stages (especially
sample P9) had greater cytotoxic potential, in contrast to the samples harvested at the early growth stages
(samples P4-8) that presented higher Glsg values. In general, the Glsg values for the nontumor cells (PLP2) were
higher (i.e., lower cytotoxicity) than those obtained for the human tumor cell lines. Considering our findings
regarding the anti-inflammatory activity where sample P9 recorded the best performance among the tested

samples, bioactive compounds other than polyphenols should be acclaimed for the observed activities.

Table 5. Cytotoxic activity of the hydroethanolic extracts of cardoon petioles.

Cytotoxic Activity (Glso; pg/mL)

Sample MCF-7 NCI-H460 HeLa HepG2 PLP2
P1 150 + 39 173 +144d 153+ 64 155+9d 239+ 164
P2 76+1°¢ 80+6¢ 58+59 65+4°¢© 143+ 74
P3 191+4¢ 223+7¢ 141 + g de 68 +2¢ 336+ 112
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Cytotoxic Activity (Glsg; pg/mL)

Sample MCF-7 NCI-H460 HeLa HepG2 PLP2
P4 253+5P 238 +23°¢ 132+5°¢ 228+9°¢ 307+9°
P5 >400 353 +252 20+2°¢ 351+142 >400
P6 >400 >400 204 + 152 >400 314+19°
P7 345+202 >400 269+ 8P >400 >400
P8 203+15°¢ 312+8P 82+3" 304 +11° 282+12°¢
P9 12+1" 16.0+05 M 11.1+0.3" 14+19 16+1"
P10 43 +2N 36+29" 17+1" 17+29 49 + 3Kk
P11 58+ 49 55+ 19 38+2" 62+5° 61+ 2]
P12 26+1" 35+1 9" 19+1" 16+19 44 + 1k
P13 23+1" 70+1°f 17+1" 19+29 37+1N
P14 51 + 39" 30+2" 20+1" 19+29 55+ 1)
P15 66 + 5 °f 86+3° 54 + 39" 47+ 4" 112+4°
P16 60+2 72+5°¢f 55+ 3 9" 39+3f 116+6° nt tissues
Ellipticine 1.21+0.02 K 0.9+0.1! - 1.03 +0.09 1.10 + o.% n 234021 ~YOUNGer
L __racts. As

Rt~ A I~ i S 2

previously noticed [21[22] in addition to the stage of maturity and plant tissue, the bioactive potential may also be
influenced by factors such as the genetic information, growing location, and tissue viability. To the best of the
Rathits’ &Erowebgolgssdte asflttencaezinthie statdetyl slagmionthPiffgietaxietpatentiainel Hzeneatsthommpeaimies pasdntd
yirjrbibeandelitelert o3 the diteraB)reGlsy values correspond to the extract concentrations that cause 50% of the cell

growth inhibition. L
4.4. Antimicrobial Activity

The results obtained in the antibacterial assessment of the cardoon petioles are presented in Table 6. All the tested
extracts revealed the capacity to inhibit the bacterial growth; in general, the Gram-positive bacteria revealed a
higher susceptibility than the Gram-negative. These results are in agreement with previous reports, due to a
greater susceptibility of Gram-positive bacteria as a result of their membrane constitution 2212239 |n general,
petioles at principal growth stage 3 (sample P5) showed higher antibacterial activity, with lower MIC values for all
the bacteria tested (MIC values between 0.75 and 1.51 mg/mL), even though the effectiveness varied greatly in the
different types of bacteria studied. While the early maturation states (samples P2 and P3) showed a lower potential
against the bacteria Bacillus cereus, Escherichia coli, and Salmonella Typhimurium (MIC values between 2.31 and
4.78 mg/mL), sample P4 (PSG 2) was the least effective against Staphylococcus aureus (MIC values of 6.84
mg/mL), sample P16 showed a low effectiveness against Listeria monocytogenes (MIC values of 4.73 mg/mL), and

samples P11-13 were the least effective against Enterobacter cloacae (MIC values between 3.24 and 3.63
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mg/mL). Sample P7 (PSG 3/4) also demonstrated an interesting effectiveness against Escherichia
coli and Salmonella Typhimurium (MIC values between 0.78 and 1.57 mg/mL). Gram-positive Bacillus cereus was
the more susceptible bacteria (MIC values between 0.75 and 2.39 mg/mL). On the other hand, Staphylococcus
aureus was the bacteria that revealed higher MIC values and, therefore, lower susceptibility (MIC values between
1.51 and 6.84 mg/mL). Nevertheless, none of the tested extracts presented higher activity than the positive

controls used (i.e., commercial antibiotics streptomycin and ampicillin).

Table 6. Antibacterial activity of the hydroethanolic extracts of the cardoon petioles.

Antibacterial Activity (mg/mL)

B. cereus S. aureus monoc)l;t,:ogenes E. cloacae E. coli S.Typhimurium

MIC MBC MIC MBC MiIC MBC MIC MBC MIC MBC MIC MBC
P1 1.17 233 233 466 233 466 233 466 233 466 233  4.66
P2 239 478 478 955 478 955 1.15 231 239 478 478 9.55
P3 231 461 461 923 231 461 461 923 461 923 461 9.23
P4 1.71 342 6.84 6.84 3.42 6.84 171 342 171 342 342 6.84
P5 075 151 151 3.02 151 3.02 151 3.02 075 151 151 3.02
P6 169 3.37 337 675 169 6.75 337 6.75 169 337 6.75 >6.75
P7 157 3.13 313 6.27 157 313 157 313 078 157 157 3.13
P8 163 327 163 327 163 327 163 327 082 163 163 3.27
P9 189 378 189 378 1.89 378 189 378 094 189 1.89 3.78
P10 178 355 355 711 1.78 355 1.78 355 1.78 355 355 7.11
P11 1.81 181 363 7.26 3.63 726 363 726 181 363 3.63 7.26
P12 0.81 1.62 324 6.48 3.24 6.48 324 6.48 324 6.48 324  6.48
P13 1.72 172 3.43 343 343 6.87 343 6.87 343 6.87 343 6.87
P14 085 171 171 342 171 342 171 342 171 342 171 3.42
P15 115 231 231 461 231 461 231 461 231 461 231 461
P16 1.18 236 473 946 473 9.76 236 473 236 473 236 473

Streptomycin  0.10 0.20 0.04 0.10 0.20 0.30 0.20 030 020 0.30 0.20 0.30

Ampicillin 0.25 040 025 045 0.40 0.50 0.25 050 040 050 0.75 1.20

Cardoon petioles presented higher antibacterial activity than other plant tissues of cardoons previously studied,
namely heads 22 practs 29, viable and nonviable seeds harvested in Viseu, Portugal (321 and inflorescences from

different genotypes 21 These results further evidenced the influence that the different plant tissues, genetic
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MiQ@mmatmomad iohitritp iy cadioce raratioma B o nrstaigal diabie spidelesomegntratie rorPivs ibieactwer go s rdjato iuyreoaad
ampi@ltiioned in the case of the anti-inflammatory and cytotoxic activities, the phenolic profiles of the best-
performing samples (P2 and P5) did not justify a correlation between the phenolic compound contents and the

antibacterial activities of the cardoon petioles, and other bioactive compounds should be implicated.

The antifungal potential of the cardoon petioles collected at different maturation states was also analyzed, and the
results are presented in Table 7. The antifungal potential changed depending on the fungi tested. In general,
samples with mid-to-late maturations stages were more effective—namely, samples P10 and P11 against the fungi
strains Penicillium funiculosum, Penicillium ochrochloron, and Penicillium verrucosum var. cyclopium (MIC values
between 0.30 and 0.91 mg/mL). Sample P10 (PSG 5/6) presented lower MIC values than the positive control used
(commercial antifungal ketoconazole). Sample P14 showed a higher efficiency against Aspergillus fumigatus (MIC
value of 0.28 mg/mL). The sample collected at early maturity (sample P5) was the one with the highest antifungal
capacity against Aspergillus versicolor (MIC value of 0.50 mg/mL). On the other hand, petioles harvested at the
early maturation stages (samples P1-3) had less antifungal potential, particularly against Aspergillus
fumigatus, Aspergillus versicolor, and Penicillium ochrochloron (MIC values between 0.92 and 3.71 mg/mL). For
the remaining tested fungi strains (Aspergillus niger, Penicilllum funiculosum, and Penicillium
verrucosum var. cyclopium), petioles at lower maturity levels (samples P2—P5) revealed the highest MIC values
and, therefore, the lowest antifungal potential. Previous works have already proven the antifungal potential of
cardoon. It was verified that the maturity stage of cardoon heads and bracts had an influence on the antifungal
potential 29[22 pyt, also, the genetic information (21 and the plant tissue 2221321 The variable activities of the
studied samples against the tested fungi imply that bioactive compounds other than polyphenols should be

implicated in the observed antifungal properties of cardoon petioles.

Table 7. Antifungal activity of the hydroethanolic extracts of cardoon petioles.

Antifungal Activity (mg/mL)
P.

A. A. ; 4 P. P.
fumigatus versicolor A. niger funiculosum ochrochloronverrucosum var. cyclopium
MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC
P1 371 742 186 371 18 371 093 18 186 3.71 1.86 3.71
P2 183 366 1.83 366 366 739 092 183 092 1.83 0.92 1.83
P3 371 742 093 18 186 371 093 186 371 7.42 1.86 3.71
P4 114 228 057 1.14 >9.12 9>12 057 114 057 114 0.57 1.14
P5 101 201 050 1.01 >8.05 >805 >805 >805 101 201 >8.05 >8.05
P6 112 225 112 225 >9 >9 >9 >9 562 112 9 >9
P7 052 104 052 104 >836 >836 052 1.04 052 1.04 1.04 2.09
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Antifungal Activity (mg/mL)
P.

A. A. . P. P.
fumigatus versicolor b IR funiculosum ochrochloronverrucosum var. cyclopium

MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC

P8 218 436 1.09 218 109 218 054 1.09 054 1.09 0.54 1.09

P9 252 504 126 252 126 252 126 252 126 252 0.63 1.26

P10 237 474 118 237 118 237 059 118 030 0.59 0.30 0.59

P11 091 181 091 181 181 363 045 091 091 181 0.45 0.91

P12 054 108 054 108 054 108 108 216 1.08 2.16 1.08 2.16

P13 057 114 114 229 114 229 057 114 057 114 0.57 1.14

P14 028 057 057 114 114 228 057 114 114 228 0.57 2.28
P15 090 180 1.80 3.60 360 718 1.80 3.60 0.90 1.80 1.80 3.60 1eans of
, further,

P16 364 728 091 182 182 364 091 182 182 364 0.91 1.82
(40][41] its (PCs)

Ketoconazole 0.25 050 020 050 020 050 020 050 1.00 1.50 0.20 0.30 _

vith PC1

accounting for 39.51%, PC2 for 17.62%, PC3 for 11.91%, PC4 for 7.39%, PC5 for 6.71%, PC6 for 4.54%, and
finally, PC7 for 4.06%. For simplification reasons, only the first three PCAs will be considered, since they added
more than 10% to the cumulative variance, up to a total of 66.23%. PC1 was positively correlated with phenolic
compounds with peak numbers 4, 5, 6, and 13 and total phenolic compounds PLP2 and OxHLIA At60 and
N gatBlimadirh dsanaanterirad omm dbke nbiineahipodisial G e gri2kaHA MBStV esc ol OhnkP RS QIRE PHlic and
citric acids. PC2 was only negatively correlated with the phenolic compound with peak number 3, total phenolic
acids, total phenolic compounds, HepG2, MCF-7, RAW264.7, PLP2, oxalic acid, quinic acid, and total organic acid.
PC3 was positively correlated with phenolic compounds with peak numbers 2 and 3, HepG2, NCI-H460, and quinic
acids and negatively correlated with phenolic compounds with peak numbers 9 and 12 and the total flavonoids.
These results indicated the correct application of the PCA, allowing the differentiation of petiole samples between
the tested maturity stages, as shown in the corresponding scatterplot (Figure 3). Moreover, the presented plot
suggests that the differences in the chemical compositions and bioactive properties of the tested petiole samples
are correlated with the maturation stage. In particular, nine distinct groups were detected consisting of samples P1
and P2; sample P3; sample P4; sample P5; samples P6, P9, P10, and P14; samples P7 and P13; samples P8, 11,
and 12; sample P15; and sample P16. The early (samples P1-P5) and late maturity stages (samples P15 and
P16) are scattered in the scatterplot, whereas the intermedium maturity stages (samples P6—-P14) are closely
located. The loading plot (Figure 4) of the first two components revealed groups of positively correlated variables—
namely, the upper-left quadrant comprising malic acid and the phenolic compound with peak number 9; the lower-
left quadrant comprising phenolic compounds with peak numbers 1, 3, 6, 7, 8, 14, and 15; TPA, and citric acid; and
the lower-right quadrant comprising phenolic compounds with peak numbers 4, 5, 10, and 13; oxalic acid; TPC;
RAW264.7; NCI-H460; OxHLIA At60; and OxHLIA At120.
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Scatterplot
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Figure 3. Three—dimensional principal component scatterplot of the tested variables at different maturation stages
of cardoon petioles (samples P 1-16).
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Figure 4. The principal component loading plot of the tested variables at different maturation stages of cardoon
petioles.
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