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a  b  s  t  r  a  c  t

This  study  evaluated  the  anti-inflammatory  and  antioxidant  activities  of Impatiens  noli-tangere  L.,  Bal-
saminaceae,  and  of Stachys  officinalis  L., Lamiaceae,  polyphenolic-rich  extracts  obtained  by  nanofiltration
process.  Results  showed  the  great  potential  and  efficiency  of  the nanofiltration  process  to  concentrate
the  herbal  extract’s  main  polyphenolic  compounds  (over  91%  phenolic  acids  and  flavonoids  reten-
tion).  S.  officinalis  polyphenolic-rich  extracts  had  high  antioxidant  activities  (IC50 2.5  �g/ml)  compared
to  I.  noli-tangere  polyphenolic-rich  extracts  (IC50 19.3  �g/ml)  and similar  with  that  of ascorbic  acid.
Polyphenolic-rich  extracts  were  investigated  to determine  the  pro-inflammatory  enzymes  lipoxyge-
nase,  cyclooxygenase-1  and  cyclooxygenase-2  and  their inhibitory  activity.  Furthermore,  high inhibitory
activity  of the  examined  extracts  was reported  for  the  first time,  for  both  lipoxygenase  (IC50 2.46  and
1.22  �g/ml  for I. noli-tangere  and  S. officinalis  polyphenolic-rich  extracts,  respectively),  cyclooxygenase-1
(IC50 18.4  and  10.1  �g/ml  for I.  noli-tangere  and  S. officinalis  polyphenolic-rich  extracts,  respectively)  and
cyclooxygenase-2  (IC50 = 1.9  and  1.2  mg/ml  for I. noli-tangere  and  S. officinalis  polyphenolic-rich  extracts,
respectively).  Additionally,  the  in  vivo studies  showed  that  S. officinalis  polyphenolic-rich  extract  has
a  higher  anti-inflammatory  effect,  the  hind-paw  volume  employed  for both  models  determined  that  I.
noli-tangere  polyphenolic-rich  extract  and  is also  higher  than  that of diclofenac.  It was noticed  that  their

anti-inflammatory  effect  persists  for  more  than  24  h. The  I. noli-tangere  and  S.  officinalis  polyphenolic-
rich  extracts  exert  anti-inflammatory  and  antioxidant  activities  and  these  properties  can  be  at least  partly
assigned to  the  presence  of  ursolic  acid,  caffeic  acid,  rosmarinic  acid,  quercetin  and  also  anthocyanidins
(genistin).  The  obtained  results  indicate  the anti-inflammatory  potential  of  the  studied  herbal  extracts.

© 2017  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
he  CC
access  article  under  t

ntroduction

Nowadays, the increasing rate of the inflammatory diseases
equires new alternative solutions to the nonsteroidal anti-
nflammatory drugs and a wider range of inflammatory products,
s well. Inflammation is a normal biological process in response to
issue injury, microbial pathogen infection and chemical irritation.

ound healing is a natural and fundamental histopathological

rocess that restores the function and the integrity of the dam-
ged tissues. This process includes three overlapping phases:
emostasis and inflammation, tissue formation and remodeling
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E-mail: gl radu@chim.upb.ro (G.L. Radu).
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(Clark, 1995). Therefore, a healing extract should exhibit anti-
inflammatory and antioxidant activities in order to have high
efficiency healing. Investigations performed over the last years
proved that the Lipoxygenase (LOX) and Cyclooxygenase (COX-1
and COX-2) pathways play an important role in the inflammatory
disorder’s development. In the same way, the drugs that inhibit LOX
concurrently with COX-1 and COX-2 may  enhance tissue regener-
ation (Martel-Pelletier et al., 2003; Hayashi et al., 2011; Steinhilber
and Hofmann, 2014). Leukotriene (LTB4), produced by the oxi-
dation of arachidonic acid by 5-LOX, is known to be an active
chemo-attractant for fibroblasts and monocytes and may  regulate
fibroblast activities in the skin’s wound healing (Jovanovic et al.,

2001). COX, may  also be involved in wound healing because it
appears to be associated with directed cell motility and new tis-
sue’s growth in airway epithelium, and skin (Savla et al., 2001).
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ntioxidants exert defensive effects against oxidative stress, by
cavenging free radicals (Valko et al., 2007). Recent researches
ndings indicated that plant based antioxidants represent great
herapeutic agents to combat oxidative stress closely associ-
ted with chronic inflammation (Njenga and Viljoen, 2006).
ence, antioxidants are believed to accelerate wound healing.

Fitzmaurice et al., 2011).
Impatiens noli-tangere L., Balsaminaceae, commonly known as

ouch-me-not balsam is an annual herbaceous plant found in damp
laces and forests in Europe, Asia and North America. Plants belong-

ng to the genus Impatiens are rich in organic acids, anthraquinones,
avonoids and phenolic acids (Choi and Kim, 2002; Paun et al.,
016).

Stachys officinalis L. (syn. Betonica officinalis L.), commonly
nown as wood betony or Bishop’s wort is a perennial herb and
s one of the largest genus of the Lamiaceae family. S. officinalis
ontains various alkaloids, saponins, flavonoids and phenolic acids
nd has been used in traditional medicine to treat various dis-
rders such as: respiratory tract, gastrointestinal tract, nervous
ystem, inflammatory disease and liver disorders (Háznagy-Radnai
t al., 2012; Vogl et al., 2013; Šliumpaite et al., 2013; Rigat et al.,
015).

In Romanian traditional medicine I. noli-tangere and S. officinalis
re known for their antioxidative, anti-inflammatory, astringent,
emostatic and wound healing properties (Ardelean and Mohan,
008; Vogl et al., 2013; Jarić et al., 2017). The literature provides

imited information about the chemical composition and biological
ctivity of I. noli-tangere. However, the anti-inflammatory effects of
. noli-tangere and S. officinalis polyphenolic-rich extracts have not
een studied.

aterial and methods

amples and reagents

Phenolic compound standards were purchased from Sigma
hemical Company (Sigma Aldrich, Germany) and Roth (Carl Roth
mbH, Germany), solvents were purchased from Sigma Chemi-
al Company (Sigma Aldrich, Germany) and kaolin was obtained
rom Health Chemicals Co. Ltd. (China). Polymeric membranes were
urchased from Millipore and Sterlitech. Impatiens noli-tangere
., Balsamiaceae, and Stachys officinalis L., Lamiaceae, herbs were
ollected from Cluj region, Romania. The voucher specimen no.
40632/1985 (det. Gh. Groza) for I. noli-tangere and voucher speci-
en no. 658238/2005 (det. L. Filipas) for S. officinalis were deposited

n the Botanic Garden of Cluj-Napoca.

nimals

All experiments were performed on adult male rats (n = 32;
97 ± 48 g), purchased from UMF  Biobase, Bucharest. They were
oused eight per cage in a ventilated cage fitted with wood sawdust
edding, with free access to water and food pellets. The experi-
ents were performed under controlled light/dark cycle conditions

12 h light/12 h dark; lights on at 6 a.m.) in the temperature ranged
etween 20 and 22 ◦C and the RH was maintained at 35–45%. All
rocedures were carried out according to EU Directive 2010/63/UE
nd with the approval of the Institutional Animal Care and Use
ommittee (Approval for pre-clinical experimental research based
n the protocol no. HERB07/21.01.2016).

reparation of polyphenolic-rich fractions from plant sources by

anofiltration

Air-dried leaves and stems of herbs were grounded, extracted
ith 50% EtOH then introduced in a sonication bath (Elma
rmacognosia 28 (2018) 57–64

Transsonic T 460, Germany), at a frequency of 35 kHz  for 90 min.
The herbal’s mass concentration in the solvent was 100 g/l. After
filtration through Whatman filter paper, the extracts were micro-
filtred through 0.45 �m pore size microfiltration membrane (MF)
(Millipore) as to remove any fine solid particles. The concentra-
tion experiments were further carried out by nanofiltration (NF)
membrane (Sterlitech membrane, NF90 with cut-off 200–400 Da).

Membrane filtration experiments were performed using a
lab cross-flow membrane filtration unit (KMS Laboratory Cell
CF-1, Koch Membrane, Germany). NF experiments were performed
according to the batch concentration mode, at a 9 bar trans-
membrane pressure and at 23 ± 2 ◦C temperature. The performance
of the nanofiltration process was evaluated through the rejection
(R, %) of NF membrane toward specific compounds (total phenolic
content), calculated as follows:

R =
(

1 − cp

cf

)
× 100 (1)

where cp and cf are the permeate and the feed concentrations of
the total phenolics.

Extracts analysis

Determination of the total phenolic content and of the flavonoids
The phenolic total content was determined by the Folin-

Ciocalteu method (Singleton et al., 1999), measuring the
absorbance at 760 nm,  using gallic acid (GAE) as a standard. Total
polyphenols contents were obtained from the regression equa-
tion of the gallic acid’s calibration curve (y = 0.0032x + 0.0073,
R2 = 0.9963) and expressed as GAE equivalents.

The total flavonoids content was  assessed by the aluminum
chloride colorimetric assay with the absorbance measured at
430 nm and quercetin (QE) used as standard (Lin and Tang, 2007).
Results were expressed as mg  QE equivalents/l of extract. Total
flavonoid contents were obtained from the regression equation of
the quercetin’s calibration curve (y = 0.0051x + 0.0286, R2 = 0.9966).

HPLC–MS analyses of phenolic, anthocyanidins and anthocyanins
compounds

The polyphenol’s measurement method was  based on the pre-
vious HPLC analysis to evaluate the compounds in the extracts
(Cristea et al., 2009). The chromatographic measurements were
performed using a complete HPLC Shimadzu system, through a C18
Nucleosil 3.5, 4.6 × 50 mm,  Zorbax column. The system was coupled
to a MS  detector, LCMS-2010 detector (liquid chromatography mass
spectrometer), equipped with an ESI interface. The mobile phase
consists of formic acid in water (pH 3.0) as solvent A and formic
acid in acetonitrile (pH 3.0) as solvent B. The polyphenolic com-
pound’s separation was performed using binary gradient elution:
0 min  5% solvent B; 0.01–20 min  5–30% solvent B; 20–40 min  30%
solvent B; 40.01–50 min  30–50% solvent B; 50.01–52 min  50–5%
solvent B. The flow rate was: 0–5 min  0.1 ml/min; 5.01–15 min
0.2 ml/min; 15.01–35 min  0.1 ml/min; 35.01–50 min 0.2 ml/min;
50–52 min  0.1 ml/min. ESI source and negative ionization mode
have been used. The gallic acid, chlorogenic acid, ellagic acid, caffeic
acid, rutin, rosmarinic acid, luteolin, quercetin, quercetin 3-�-d-
glucoside, apigenin, umbelliferone and kaempferol were used as
reference standard. Full scan acquisition mode was  initially used in
m/z range, between 50 and 1000. Further, selected ion monitoring
(SIM) mode was used to search for some particular ions.

The identification and quantification of anthocyanidins and

peonidin 3-O-glucoside have been conducted according to the
previously reported HPLC–MS method (Albu Birsan et al., 2017),
using a mobile phase water-formic acid (95:5, v/v) (solvent A) and
methanol-formic acid (95:5, v/v) (solvent B). The compounds were
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eparated on a Nucleosil 100-3.5C18, Kromasil, 100 × 2.1 mm col-
mn  after 47 min. The analyses were performed at 40 ◦C, at the
.15 ml/min flow rate, using binary gradient elution: 0 min  6% sol-
ent B; 0.01–10 min  6–30% solvent B; 10.01–25 min  30–50% solvent
; 25.01–30 min  50–60% solvent B; 30.01–36 min  60–6% solvent
; 36.01–47 min  6% solvent B. ESI source and positive ionization
ode were used for anthocyanidins and anthocyanin compound’s

ssessment. The MS data acquisition with the ESI interface was per-
ormed under the following condition: nebulizing gas (N2) flow
ate, 1.5 l/min; curved desolvation line (CDL) voltage, 40 V; CDL
emperature, 150 ◦C; heat block, 120 ◦C; detector voltage, 1.5 kV,
nterface voltage 4.5 kV.

ntioxidant activity-scavenging effect

The antioxidant activity was measured with the UV-Vis spec-
rophotometer (Jasco V-630), using the DPPH radical scavenging
ctivity (Bondet et al., 1997). Briefly, 100 �l samples of differ-
nt concentrations of extract were mixed with 1000 �l of the
reshly prepared 0.25 mM DPPH in methanol and 1900 �l methanol.
bsorbance at 516 nm was determined after 10 min. The decreasing
f the DPPH radical absorption by the antioxidants action is used
o evaluate the antioxidative activity. The antiradical activity was
alculated using the equation:

 inhibition of DPPH activity =
[(

A0 − As

A0

)]
× 100 (2)

here: A0 = blank absorbance; As = sample absorbance. Ascorbic
cid (vitamin C) was used as standard antioxidant. The calculated
C50 values denote the concentration of the sample required to
ecrease by 50% the absorbance at 516 nm.

nti-inflammatory activity

n vitro cyclooxygenase (COX) and lipoxygenase (LOX) inhibition
ssays

The I. noli-tangere and S. officinalis polyphenolic-rich extracts
ere first tested in order to investigate the anti-inflammatory

esponse by inhibiting the COX-1, COX-2 and LOX enzymes.
he COX (EC 1.14.99.1) activity was monitored on a spec-
rophotometer at 611 nm,  as the result of the N,N,N′,N′-
etramethyl-p-phenylenediamine (TMPD) oxidation reaction with
rachidonic acid. This assays were performed according to Amessis-
uchemoukh et al. (2014) and Petrovic and Murray (2010) with

light modifications. The efficacy of extracts and reference com-
ound (ibuprofen) to inhibit both COX-1 and COX-2 isoenzymes
as determined as the concentration causing 50% enzyme inhibi-

ion (IC50). COX-2 selectivity indices (SI) were also calculated as
OX-1 (IC50)/COX-2 (IC50).

Inhibition of LOX from Glycine max (type I-B; EC 1.13.11.12)
as determined by monitoring the absorbance’s increase at 234 nm

Granica et al., 2013). Briefly, 50 �l of the different extract’s concen-
rations was pre-incubated with 100 �l of soybean LOX solution
1000 U/ml in borate buffer solution, pH 9) and 3000 �l of borate
uffer at 25 ◦C for 15 min. After pre-incubation 100 �l of linoleic
cid (substrate) was added to each tube to start the reaction.
nhibition percentage of LOX was determined using the formula
E − S)/E × 100, where E is the activity of enzyme without test sam-
le and S is the activity of enzyme with test sample. Ibuprofen
nd quercetin were used as reference compounds. IC50 values –

he inhibitory concentration of the extracts required to decrease
y 50% the enzyme’s activity – were determined from the plotted
raphs of enzyme inhibition (%) against the concentrations of the
xtracts.
rmacognosia 28 (2018) 57–64 59

In vivo anti-inflammatory activity
In vivo studies were performed on an experimental model of

paw inflammation in male rats. Two models of inflammation were
employed in order to assess the anti-inflammatory effect of S.
officinalis and I. noli-tangere extracts: kaolin and dextran induced
hind-paw edema. Four groups of eight rats, each received intra-
plantar in the left hind-paw 0.2 ml  dextran solution 0.6% and in
the right hind-paw 0.2 ml  kaolin suspension 10%. Group 1 (con-
trol) received no treatment, while groups 2–4 received topical
treatment: diclofenac gel 1% (group 2-reference group), S. offici-
nalis extract (group 3-E1), I. noli-tangere extract (group 4-E2). Each
extract (5 ml)  and of diclofenac gel were applied immediately after
the inflammation induction (extracts with a pre-set standard com-
position: polyphenolic compounds 14 mg/5 ml)  and maintained in
contact with the inflammatory region for 24 h using sterile bandage.
The initial paw volume (baseline – V0) was assessed. The volume
of the induced edema was  determined after 1, 2, 3, 4, 5, 24 h from
the inflammatory agent’s intraplantar administration. The volumes
were determined using an Ugo Basile Plethysmometer. The growth
percentage (Gper) of the edema was calculated and compared with
control group as well as with reference group, according to Eqs.:

Gper (%) vs. control =
[

(Ps − Psc)
Ps

]
× 100 (3)

Ps represent the paw size of the sample and Psc represents the
paw size of the control.

Gper (%) vs. reference = Gper (%) vs. control − Gper (%) vs. baseline (4)

Statistical analysis

All measurements were performed in triplicate and Excel 2007
was used for statistical processing. Standard deviation (STDV) was
<10%. Correlation analyses were performed using a two-tailed Pear-
son’s correlation test and Student’s t-test.

Statistical analysis for in vivo anti-inflammatory activity was
performed using GraphPad Prism version 5.00 for Windows
(GraphPad Software, San Diego California, USA). The type of dis-
tribution of the animal response was established with D’Agostino
& Pearson test. Data are reported as means ± standard error of the
mean (SEM) and were statistically analyzed using parametric Stu-
dent’s t-test. A confidence interval (CI) of 90% and p values of 0.05
or less were considered to be significant.

Results and discussion

Phytochemical characterization and antioxidant activity of
polyphenolic-rich extract

The performance of the nanofiltration process used to obtain
herbal extracts enriched in polyphenolic compounds was evaluated
by the total polyphenol and flavonoids content’s determination and
also by the DPPH scavenging activity.

Table 1 shows that after NF step, the retention of the total phe-
nolic compounds and also of the total flavonoids was  higher than
91%, indicating also a good concentration performance of the mem-
brane. This result is in accordance with the previously made studies
to evaluate the potential of the nanofiltration process for the con-
centration of flavonoids. Conidi et al. (2012) reported 0.89 retention
value (R) in the concentration of flavonoids in orange press liquor
and Arriola et al. (2014) achieved R value of about 0.96 in the con-

centration of flavonoids in the watermelon juice.

In this study, the presence and content of eleven polyphenols
and four anthocyanidin and anthocyanin compounds were studied
by HPLC–MS analysis in the MF  and NF retentate fractions (Table 2).
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Table 1
Phenolic compounds and flavonoids content in the extract fractions of the Impatiens noli-tangere and Stachys officinalis.

Medicinal plant Parameters MF fraction NF fraction R,%

Permeate Retentate

I. noli-tangere TPC, GAE mg/l 1188.8 ± 7.6 247.7 ± 2.1 2786.9 ± 11.2 91.1
TFC,  QE mg/l 945.4 ± 1.9 148.9 ± 0.9 1983.1 ± 7.8 92.5

S.  officinalis TPC, GAE mg/l 1796.0 ± 8.1 351.4 ± 3.2 4402.5 ± 12.6 92.0

M ; TFC, 

n

I
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e
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e
i
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p
h
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w

p

T
H

TFC,  QE mg/l 872.5 ± 5.5

F,  microfiltration process; NF, nanofiltration process; TPC, total phenolic content
ations.

Presented data from Table 2 show that the fractions from
. noli-tangere contain mainly flavonoids, especially isoquercitrin
nd rutin, while in S. officinalis fractions, the phenolic acids are the
ominant components, especially the chlorogenic, caffeic and ros-
arinic acids, in agreement with the ones reported in literature

Choi and Kim, 2002; Šerá et al., 2005; Šliumpaite et al., 2013; Paun
t al., 2016).

The total concentrations of anthocyanin and of anthocyanidin
ompounds in NF retentate fractions were higher than those found
n the microfiltrate fractions. Peonidin 3-O-glucoside was  the major
nthocyanin found in I. noli-tangere extracts, while the S. officinalis
xtracts contain genistin and cyanidin as main anthocyanidins. This
s the first report on the presence of the anthocyanin and antho-
yanidin compounds in I. noli-tangere and S. officinalis herbs extract.

Our study’s significant contribution stays in that of new
olyphenol’s identification and quantification for the studied
erbal extracts. In this regard, for both I. noli-tangere and S. offi-

inalis the ursolic acid is reported for the first time in the literature,
hile umbelliferone is also first time reported in S. officinalis.

Since inflammatory diseases are considered to be caused by lipid
eroxidation process where free radicals are involved (Bouarroudja

able 2
PLC–MS polyphenols, anthocyanin and anthocyanidin compounds of extract fractions.

Compound [m/z]− Impatiens noli-tangere 

MF  fraction, �g/ml Retentate

Polyphenolic compounds
Ursolic acid
455.4

3.65 ± 0.2 5.56 ± 0.4 

Chlorogenic acid
353

2.34 ± 0.1 4.37 ± 0.2

Caffeic  acid
179

– – 

Rosmarinic acid
359

27.05 ± 2.0 49.86 ± 2.8 

Umbelliferone
161

–  – 

Quercetin
301

6.97  ± 0.4 10.33 ± 0.8 

Luteolin
285

0.06  ± 0.01 0.14 ± 0.01 

Apigenin
269

–  0.09 ± 0.01 

Rutin
609

21.83 ± 1.7 44.93 ± 3.0 

Ellagic  acid
301

0.37 ± 0.02 1.58 ± 0.1 

Quercetin
3-�-d-glucoside
(Isoquercitrin)
463

52.04 ± 3.2 89.70 ± 4.2 

Anthocyanin and anthocyanidin compounds
Peonidin 3-O-glucosida
463

2.47 ± 0.2 8.09 ± 0.5 

Malvidin
331

0.26  ± 0.01 0.28 ± 0.02 

Cyanidin
287

–  – 

Genistin
433

–  – 
74.2 ± 0.6 2103.2 ± 9.4 96.4

total flavonoids content. Results are expressed as mean ± SD of triplicate determi-

et al., 2016), antioxidant properties of the extract fractions were
also studied. The nanofiltration retentate were found to be more
effective, as both of the plant’s extract showed the DPPH free radi-
cal scavenging activity higher than those of the microfiltrate and of
the standard reference, ascorbic acid (Table 3). This is also in accor-
dance to the phenolic and flavonoid contents of the nanofiltrate
retentate.

Anti-inflammatory activity

In the first experimental part, the extract fractions from
both medicinal plants were evaluated for their in vitro
anti-inflammatory activity using LOX, COX-1 and COX-2, three
enzymes involved in inflammatory process, an important stage
of the wound repair in response to the tissue damage. COX is
one of the most significant enzyme in pharmacology, since COX
inhibition is the mechanism of action for most of the nonsteroidal

anti-inflammatory drugs.

The results of the LOX and COX inhibitory activity (IC50) are
presented in Table 3. Results showed for both of the studied herbs
that the NF retentate fractions possess the highest inhibitory

Stachys officinalis

 NF �g/ml MF  fraction, �g/ml Retentate NF �g/ml

2.34 ± 0.1 6.94 ± 0.4

156.66 ± 9.5 289.24 ± 10.8

29.93 ± 1.5 62.43 ± 2.0

33.82 ± 2.1 86.18 ± 5.4

1.12 ± 0.1 2.24 ± 0.1

0.97 ± 0.05 1.61 ± 0.1

0.60 ± 0.03 1.97 ± 0.1

3.55 ± 0.2 6.29 ± 0.5

0.10 ± 0.01 0.16 ± 0.01

0.52 ± 0.03 1.89 ± 0.1

1.15 ± 0.1 2.94 ± 0.2

4.87 ± 0.2 4.96 ± 0.3

0.31 ± 0.02 0.31 ± 0.01

3.76 ± 0.2 6.45 ± 0.4

14.09 ± 1.1 32.72 ± 2.5
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Table  3
DPPH scavenging activity and anti-inflammatory activity represented by IC50 (�g/ml) of Impatiens noli-tangere and Stachys officinalis extract fractions and its representative
compounds.

Extract fractions DPPH LOX COX-1 COX-2 SI

I. noli-tangere
MF 650.6 ± 34.2 5.73 ± 0.3 42.3 ± 2.1 6.2 ± 0.5 6.82
Retentate NF 19.3 ± 1.2 2.46 ± 0.2 18.4 ± 1.5 1.9 ± 0.3 9.12

S.  officinalis
MF 136.01 ± 8.1 7.70 ± 0.5 49.2 ± 3.4 38.8 ± 2.7 1.27
Retentate NF 2.5 ± 0.3 1.22 ± 0.1 10.1 ± 1.0 1.2 ± 0.2 8.42

Rosmarinic acid – 1.21 ± 0.1 – – –
Caffeic  acid – 2.29 ± 0.1 – – –
Quercetin – 1.10 ± 0.1 53.7 ± 4.2 35.2 ± 2.4 1.53
Ibuprofen – 1.5 ± 0.09 12.1 ± 0.8 13.9 ± 0.2 0.87
Ascorbic acid 2.2 ± 0.2 – – – –

Results are expressed as mean ± SD of triplicate determinations.

Table 4
Paw edema evolution for dextran- and kaolin-induced administration.

Group/Model Time (h) after inflammation induction

Baseline 1 2 3 4 5 24

Group I (control)
Dex 1.14 ± 0.04 1.70 ± 0.07 1.79 ± 0.06 1.83 ± 0.05 1.90 ± 0.07 1.71 ± 0.09 1.27 ± 0.08
Kao  1.13 ± 0.02 1.46 ± 0.04 1.68 ± 0.04 1.81 ± 0.03 1.88 ± 0.04 1.86 ± 0.05 1.66 ± 0.07

Group  II (D)
Dex 1.10 ± 0.05 1.59 ± 0.05 1.6 ± 0.04 1.68 ± 0.035 1.72 ± 0.05 1.58 ± 0.05 1.24 ± 0.03
Kao  1.15 ± 0.06 1.38 ± 0.05 1.52 ± 0.05 1.67 ± 0.06 1.74 ± 0.05 1.75 ± 0.05 1.58 ± 0.03

Group  III (E1)
Dex 1.12 ± 0.04 1.61 ± 0.04 1.66 ± 0.04 1.74 ± 0.03 1.8 ± 0.02 1.63 ± 0.03 1.21 ± 0.03
Kao  1.11 ± 0.03 1.35 ± 0.03 1.47 ± 0.04 1.69 ± 0.03 1.77 ± 0.03 1.63 ± 0.02 1.5 ± 0.03

Group  IV (E2)
Dex 1.07 ± 0.04 1.38 ± 0.03 1.46 ± 0.05 1.56 ± 0.05 1.59 ± 0.06 1.43 ± 0.05 1.11 ± 0.02
Kao  1.08 ± 0.04 1.22 ± 0.02 1.33 ± 0.03 1.47 ± 0.04 1.54 ± 0.03 1.58 ± 0.04 1.28 ± 0.02
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ach value represents the mean ± S.E.M. of n = 8 animals.

ctivity comparable to the standard ibuprofen, versus the MF
ractions. Amongst the fractions, the S. officinalis retentate
F fraction exhibited high inhibitory activity with IC50 value
f 1.22 ± 0.1 �g/ml for LOX and 10.1 ± 1.0 �g/ml for COX-1.
he both fraction of I. noli-tangere extract and S. officinalis
etentate NF fraction showed better COX-2 isozyme inhibi-
ion (IC50 6.2 ± 0.5, 1.9 ± 0.3 and 1.2 ± 0.2 �g/ml, in sequent)
han ibuprofen. Moreover, the I. noli-tangere retentate NF
raction (SI = 9.12) and S. officinalis retentate NF fraction
SI = 8.42) exhibited the highest COX-2 selectivity index.
hese results support the traditional use of I. noli-tangere and
. officinalis in remedies for inflammatory diseases.

Previous papers suggested that the anti-inflammatory activ-
ty of the plants is greatly correlated to their content of the
henolic acids, flavonoids, anthocyanidins and anthocyanins. The
nti-inflammatory effects are attributed to their inhibition capacity
f the inflammatory reaction in its different stages, including COX
nd LOX activity (Cai et al., 2004; Nagasaka et al., 2007; Patel et al.,
013). Some studies suggest a relationship between LOX inhibition
nd the ability of the inhibitors to reduce Fe3+ at the active site to the
atalytically inactive Fe2+. This inhibition is related to their ability to
educe the iron species in the active site to the catalytically inactive
errous form (Muller, 1994). The anti-inflammatory properties of S.
fficinalis and I. noli-tangere may  be attributed to the presence of
rsolic acid, caffeic acid, rosmarinic acid, quercetin, rutin, cyanidin
nd genistin previously studied for their anti-inflammatory prop-

rties (Liu, 1995; Ikeda et al., 2008; Mulabagal et al., 2009; Kashyap
t al., 2016; Kim et al., 2016; Ganeshpurkar et al., 2017).

Furthermore, there was a correlation between the relatively
igh amount of total phenol and LOX inhibition as well as DPPH free
radical scavenging activity, because lipid hydroperoxide forma-
tions are usually inhibited as a result of the scavenging of lipid-oxy-
or lipid-peroxy radicals formed in the course of enzymatic peroxi-
dation.

Increasing evidence showed that oxidative stress is generated
via free radicals that play an important role in inflammatory pro-
cesses whereas antioxidants and free radical scavengers played a
vital role in attenuation of inflammation. Reactive oxygen species
(ROS) are implicated in cell signaling, playing an essential role in
signal transduction. In inflammatory diseases high levels of ROS
are produced and accumulated. Previous studies have shown an
important role of antioxidant and/or radical-scavenging mecha-
nism in various anti-inflammatory, anti-arthritic, neuroprotective,
and wound healing potential of drugs (Mahajan and Tandon, 2004;
Arulselvan et al., 2016; Tambewagh et al., 2017).

In vivo anti-inflammatory activity
The volume of the paws initially and after inducing inflamma-

tion, for both dextran (Dex) and kaolin (Kao) are given in Table 4,
while Gper (%) vs. control and Gper (%) vs. reference are illustrated
in Figs. 1 and 2, respectively.

Dextran is a polysaccharide with variable molecular weight,
which induces inflammation by osmotic mechanism. Our results
are similar to those found in literature. An inflammatory response
appears shortly after Dextran’s administration (about 30 min–1 h).
This response is characterized by the accumulation of fluid with few

proteins, partial degranulation of mast cells and a small number of
neutrophils. Dextran-induced inflammation develops gradually in
the early hours of the proinflammatory agent intraplantar adminis-
tration (p < 0.05, Student’s t test). The inflammation is reduced and



62 G. Paun et al. / Revista Brasileira de Farmacognosia 28 (2018) 57–64

5%

0%

-5%

-10%

-15%

-20%

-25%

-30%

-35%

-40%

-45%

-50%

Kao

Group II (D) Group III (E1) Group IV (E2)

Dex

P
aw

 o
ed

em
a 

gp
er

 %
 V

s.
co

nt
ro

l
∗

∗
∗

∗

∗

∗

∗ ∗
∗ ∗

V
0

V
1

V
2

V
3

V
4

V
5

V
24 V
0

V
1

V
2

V
3

V
4

V
5

V
24 V
0

V
1

V
2

V
3

V
4

V
5

V
24

Fig. 1. Growth percentage of the edema vs.  control group, baseline (V0) and after 1 h (V1), 2 h (V2), 3 h (V3), 4 h (V4), 5 h (V5), 24 h (V24) following inflammation induction with
dextran  (Dex) or kaolin (Kao). *p < 0.05 vs control group for both models of inflammation (t-test Student, CI 90%).
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Conclusion

This study presents for the first time the investigation on
the anti-inflammatory activities of I. noli-tangere and S. officinalis

Table 5
Correlation coefficients between assays for phenolic-rich extracts.

Pearson correlation coefficients (r) Significance (p < 0.05)

TPC TFC TPC TFC

DPPH 0.929 0.653 0.01929 0.01267
-30%

ig. 2. Growth percentage of the edema vs.  reference group, baseline (V0) and afte
ith  dextran (Dex) or kaolin (Kao). *p < 0.05 vs control group for both models of infl

he edema is much diminished after 24 h from the administration
f dextran (Gulati et al., 1983; Motoyama et al., 2016).

Kaolin is an aluminosilicate with a stronger, longer lasting
nflammatory effect than dextran. The most likely mechanism of
he kaolin-induced inflammation is mediated by prostaglandins,
ot by histamine or by serotonin. Kaolin-induced inflammation
evelops gradually in the first hours after intraplantar administra-
ion of the proinflammatory agents (p < 0.05, Student’s t-test) and
t persists even after 24 h (Motoyama et al., 2016).

A similar behavior is found for the group treated with diclofenac
odium, used as an anti-inflammatory reference. The initial vol-
me’s increase is significantly lower compared to that of the
ontrol, due to the diclofenac, a non-steroidal anti-inflammatory,
on-selective COX inhibitor. The reduction of edema is significant
ompared to the control, both in the kaolin- and dextran-induced
nflammation for the first five measurements. This is consistent

ith the literature data, which report 30 min–1 h after administra-
ion for the onset of action and the effect time of 6–8 h. 24 h after
he edema induction, the measurements are similar to the control
roup (Rana et al., 2016; Mundhava et al., 2016).

I. noli-tangere polyphenolic-rich extract shows a weak anti-
nflammatory effect, the hind-paw volume determined for both
f the employed models being lower than the control group. The
ifferences are not statistically significant. Anti-inflammatory
ffect of this extract is significantly weaker than that of the ref-
rence – diclofenac.

S. officinalis polyphenolic-rich extract has a high anti-
nflammatory activity, in both models, which suggests a complex
echanism (involving, among others, inhibition of prostaglandin
ynthesis as supported by our in vitro data). Furthermore, the
nti-inflammatory effect is significantly higher than that of
iclofenac and persists for more than 24 h, as proved by the
V1), 2 h (V2), 3 h (V3), 4 h (V4), 5 h (V5), 24 h (V24) following inflammation induction
ation (t-test Student, CI 90%).

obtained results in case of the kaolin-induced inflammation
model.

As far as our literature survey could ascertain, the pro-
inflammatory enzyme’s inhibitory potentials of the studied plants
have not yet been reported elsewhere. Therefore, data presented in
this section could be assumed to be an original contribution to the
literature.

In our study, the Pearson correlation test showed that total
phenolic content for both species was strong correlated with
antioxidant assays (DPPH assays) (r = 0.929), with lipoxygenase
inhibition (r = −0.887) and also with cyclooxygenase inhibition
(r = −0.899), and significance (p < 0.05). There is also a moderate
correlation between total flavonoid content, antioxidant assays
(r = 0.653) and enzyme inhibitory activity (r = −0.599 for LOX
and r = −0.797 for COX, respectively) and significance (p < 0.05)
(Table 5).
LOX  −0.887 −0.599 0.01823 0.01164
COX  −0.899 −0.797 0.01919 0.01255

LOX, lipoxygenase inhibition; IC50, the half maximal inhibitory concentration to
produce 50% inhibition of the enzyme activity; COX, cyclooxygenase inhibition, IC50.



 de Fa

e
c

o
e
n
o
a
i
i
a
c

a
j

A

t
t
V
c
f
a
a
m

E

P
t
t
t
l

C
l
p

R
n

C

A

A
P

R

A

A

A
A

A

G. Paun et al. / Revista Brasileira

xtracts, as well as their polyphenolic, anthocyanidins and antho-
yanins profile.

Nanofiltration process using the NF90 membrane with cut-
ff 200–400 Da, was successfully applied for concentration of the
thanolic I. noli-tangere and S. officinalis extracts, achieving a phe-
olic acids and flavonoids compounds enriched extract. The target
f this study consists in obtaining more effective antioxidant
nd anti-inflammatory products. The anti-inflammatory activity
s demonstrated here for the first time. It is assigned to the pro-
nflammatory mediator’s inhibitory potential developed by the
ntioxidant and phenolic components of I. noli-tangere and S. offi-
inalis polyphenolic-rich extracts.

The results of this study confirm the folklore use of I. noli-tangere
nd S. officinalis extracts as a natural anti-inflammatory agent and
ustify its ethnobotanical use.
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Granica, S., Czerwińska, M.E., Piwowarski, J.P., Ziaja, M.,  Kiss, A.K., 2013. Chemical
composition, antioxidative and anti-inflammatory activity of extracts prepared
from aerial parts of Oenothera biennis L. and Oenothera paradoxa Hudziok
obtained after seeds cultivation. J. Agric. Food Chem. 61, 801–810.

Gulati, O.P., Sharma, S.C., Hammersen, F., 1983. Hemodynamic, biochemical and
morphological changes in the dextran and d-galactosamine-induced edemas
in rats. Arch. Int. Pharmacodyn. Ther. 263, 272–287.

Hayashi, S., Sumi, Y., Ueno, N., Murase, A., Takada, J., 2011. Discovery of a novel
COX-2 inhibitor as an orally potent anti-pyretic and anti-inflammatory drug:
design, synthesis, and structure-activity relationship. Biochem. Pharmacol. 82,
755–768.

Háznagy-Radnai, E., Balogh, Ú., Czigle, S., Máthé, I., Hohmann, J., Blazsõ, G., 2012.
Antiinflammatory activities of hungarian stachys species and their iridoids. Phy-
tother. Res. 26, 505–509.

Ikeda, Y., Murakami, A., Ohigashi, H., 2008. Ursolic acid: an anti- and pro-
inflammatory triterpenoid. Mol. Nutr. Food Res. 52, 26–42.
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