
INTRODUCTION

Inflammation is associated with many common diseases
worldwide. Phagocytic cells, and the oxidative stress generated
by these cells play an important role in the inflammatory
response. There are two primary chemical pathways from which
oxidative stress is derived in vivo: reactive oxygen species (ROS)
and reactive nitrogen oxide species (RNOS). The resulting nitro-
oxidative stress may lead to diseases, such as cancer, coronary
heart disease, Alzheimer's disease, neurodegenerative disorders,
atherosclerosis, cataracts, inflammation, and aging (1).

At the cellular and organism level, antioxidant protection is
provided by numerous endogenous enzymatic and non-enzymatic
antioxidants. Because chronic medical conditions, often involving
persistent inflammation, afflict more than half of the population
numerous studies have searched for effective exogenous
antioxidants. In recent decades, interest in natural plant products
with antioxidant properties has grown rapidly, as these products
are assumed to be less toxic than synthetic antioxidants (2).

The Allium L. genus belongs to the Liliaceae family, and
includes approximately 500 species that are widespread around the
world. Ethnobotanical studies from Romania mention 32 wild and
cultivated species of Allium L. (3). These plants have been valued

for many centuries for their use in seasoning food, medicinal
properties, and in some parts of the world, their use in religious
rites. Allium schoenoprasum L. (chive) is an herbaceous perennial
plant that is easily grown. It is cultivated for its leaves, which have
both culinary and medicinal uses. In food chives are used as a
condiment that provides a milder flavor than other Allium species.
The medical properties of chives are similar to those of garlic, but
weaker. Chives are used to lower blood pressure, relieve sunburn
and sore throat pain, and as antimicrobial (4) and antifungal agents.
One mechanism by which A. schoenoprasum produces these
effects depends upon their antioxidant activity (5).

It is thought that the combinations of different natural
antioxidants present in medicinal plants work better than
individual antioxidants (6,7). The antioxidant activity of Allium
the species is due to a variety of sulphur-containing compounds
and their precursors, in addition to other bioactive compounds
such as polyphenols, dietary fibre and microelements (8).

Therefore, the aim of the present study was to evaluate the
anti-inflammatory effects of extracts from A. schoenoprasum
leaves. To this end, a model of experimental inflammation was
used to determine the inhibitory effects of phenolic compounds
found in A. schoenoprasum extracts on phagocytosis and nitro-
oxidative stress.
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MATERIAL AND METHODS

Chemicals

Sulphanilamide (SULF), N-(1-Naphthyl) ethylenediamine
dihydrochloride (NEDD), vanadium (III) chloride (VCl3),
methanol, diethylether, xylenol orange [o-cresosulfonphthalein-
3,3-bis(sodium methyliminodiacetate)], ortho dianisidine
dihydrochloride (3-3’-dimethoxybenzidine), ferrous ammonium
sulphate, hydrogen peroxide (H2O2), sulphuric acid,
hydrochloride acid, glycerol, trichloroacetic acid (TCA), trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), and
Folin-Ciocalteu reagent were purchased from Merck
(Darmstadt, Germany) and Sigma-Aldrich (Taufkirchen,
Germany). Analytical grade chemicals were used exclusively.

Plant material

Fresh A. schoenoprasum leaves (fragments of 0.5–1.0 cm)
were purchased from the Agrobotanical Garden of the University
of Agricultural Sciences and Veterinary Medicine Cluj-Napoca,
and extracted with 70% ethanol (Merck, Bucuresti, Romania) in
the Mycology Laboratory of Babes-Bolyai University, Cluj-
Napoca, Romania, by a modified Squibb repercolation method,
producing a 1:1 (w:v) extract (9). Plants were identified and
voucher specimens (CL 659561/14.05.2007) were deposited at
the Herbarium of "A. Borza" Botanical Garden, "Babes-Bolyai"
University of Cluj-Napoca, Romania.

Phytochemical analysis

The total phenolic content (PhC) of the extract from A.
schoenoprasum leaves was determined spectrophotometrically
using the Folin-Ciocalteu method as previously described (10,
14). Briefly, extracts from A. schoenoprasum leaves (20 ml)
were added to distilled water (640 mL) and Folin-Ciocalteu
reagent (200 mL), followed by incubation in the dark for 5 min.
After incubation, 150 mL of 20% sodium carbonate solution was
added. After 30 min incubation in the dark, the absorbance was
measured at 725 nm. A calibration curve was constructed using
the gallic acid standards (Pearson correlation coefficient:
R=0.996). The PhC for each sample was determined in terms of
gallic acid equivalents. Measurements were done in triplicate.

In vitro antioxidant activity

The in vitro antioxidant activity of the A. schoenoprasum
extract was determined using the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) bleaching method (11), the trolox equivalent
antioxidant capacity (TEAC) assay (12), and the hemoglobin
ascorbate peroxidase activity inhibition (HAPX) assays (13).
The influence of the extract on hydroxyl radical (HO·) formation
was studied by electron spin resonance (ESR) (14).

In vivo anti-inflammatory effects

Experimental design

The study protocol was approved by the Institutional Animal
Ethical Committee (IAEC) of the Iuliu Hatieganu University of
Medicine and Pharmacy Cluj-Napoca.

The experiments were performed on adult male Wistar-
Bratislava albino rats, weighing 200–250 g, that were bred in the
Animal Facility of Iuliu Hatieganu University of Medicine and
Pharmacy. The animals were randomly assigned to six groups
(n=8). Group I, rats were injected intramuscularly (i.m.) with
0.9% saline solution as a negative control. Inflammation was

induced by i.m. injection of turpentine oil (6 mL/kg BW) in
groups II-VI (15). Animals were housed under controlled
conditions (12 h light/dark cycle, at an average temperature of
21–22°C and humidity of 50–55%), and had free access to
standard pellet (Cantacuzino Institute, Bucharest, Romania)
basal diet and water ad libitum. After the i.m. injection, the
animals received the following intraperitoneal (i.p.) injections:
groups I and II received 1 mL of a 0.9% saline solution; groups
III, IV and V received 5 mL/kg BW of A. schoenoprasum plant
extract diluted in distilled waterto concentrations of 25% (0.25),
50% (0.5) and 100% (1) respectively; group VI received 20
mg/kg BW indomethacin (16). Twenty-four hours after the
incubation of inflammation, the rats were anesthetized using a
combination of 50 mg/kg BW ketamine and 20 mg/kg BW
xylazine (17), and blood was withdrawn by retro-orbital
puncture. Blood collected for use in the phagocytosis test was
harvested on ethylenediaminetetraacetic acid (EDTA) while
blood harvested for use in the nitro-oxidative stress test was
collected without anticoagulant. Coagulated blood was
centrifuged and the separated serum was stored in –80°C until
use. The total nitrites and nitrates (NOx), total oxidative status
(TOS), total antioxidant response (TAR) and oxidative stress
index (OSI) calculation was measured in the serum.

The experiments were performed in triplicate. At the end of the
experiments the animals were sacrificed by cervical dislocation.

In vitro phagocytosis test
Phagocytic activity was determined as previously described

with minor modifications (18). The blood samples that were
harvested on EDTA were incubated with an E. coli suspension
(4×106 bacteria/mL, in 0.9% saline solution in the ratio of 0.2
mL of blood/20 µL E. coli suspension) in a silicon tube at 37°C
for 30 min. May-Grünwald-Giemsa stained smears were then
prepared and counted by light microscopy using an Olympus
microscope). We used two parameters to asses phagocytic
capacity: the phagocytic activity (PA) which was the number of
the E. coli bacteria that were phagocytized by 100 leukocytes,
and the phagocytic index (PI) which was the percentage of
leukocytes that phagocytized at least one bacterium.

Oxidative stress evaluation
First serum samples were passed through 10-kDd filters

(Sartorius AG, Goettingen, Germany) and contaminant proteins
were removed by extraction with a 3:1 (v:v) solution of
methanol/diethyl ether. The sample methanol/diethyl ether ration
was 1:9 (v:v) (22). The Griess reaction was used to indirectly
determine NO synthesis (NOx). In brief, 100 µL of 8 mg/mL
VCl3 was added to 100 µL of filtered and extracted serum
supernatant in order to reduce nitrate to nitrite, followed by the
addition of the Griess reagents, 50 µL of SULF (2%) and 50 µL
of NEDD (0.1%). After 30 min incubation at 37°C, the sample
absorbance was read at 540 nm. The concentration of serum
NOx was determined using a sodium nitrite-based curve, and
expressed as nitrite µmol/L (19).

The total oxidative status (TOS) of the serum was measured
using a colorimetric assay (20). This assay measures the oxidation
of ferrous ion to ferric ion in the presence of various reactive
oxygen species in an acidic medium. The ferric ion are detected by
reaction with xylenol orange. Assay measurements were
standardized using hydrogen peroxide (H2O2) as the oxidative
species, and the assay results are expressed in µmol H2O2 Equiv./L.

The total antioxidant response (TAR) was measured in serum
using a colorimetric assay (21). In this assay the rate of hydroxyl
radical producion by the Fenton reaction was monitored by
following the changes in the absorbance of coloured dianisidyl
radicals. Upon addition of a serum sample, the hydroxyl radical-
initiated oxidative reactions are suppressed by antioxidant
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present in the serum. Inhibition of dianisidyl oxidation prevents
the subsequent colour change, thereby effectively measuring the
total antioxidant capacity of the serum. This assay is calibrated
using trolox and results are expressed as mmol trolox Equiv/L.

The ratio of the TOS to the TAR represents the oxidative
stress index (OSI), an indicator of the degree of oxidative stress
(22): OSI (Arbitrary Unit) = TOS ( mol H2O2 Equiv/L) / TAR
(mmol trolox Equiv/L).

All of the spectroscopic measurements were performed
using a Jasco V-530 UV-Vis spectrophotometer (Jasco
International Co., Ltd., Tokyo, Japan).

Statistical analysis

All results were expressed as the mean±S.E.M. for normally
distributed data. Otherwise, the median and first quartile (Q1)
and third quartile (Q3) were reported. Statistical comparisons
between two independent groups were performed using the
Student's t-test (with equal and unequal variances, depending
upon to the results of the F-test) for normally distributed data.
Mann-Whitney's test was used for non-parametric data. Pearson
and Spearman's correlation analyses were used to calculate
statistical relationships between parameters. A p value <0.05 was
considered as statistically significant. Analyses were performed
using SPSS 16.0 for Windows (SPSS Inc, USA).

RESULTS

Phytochemical analysis of the phenolic content

The total PhC of the A. schoenoprasum extracts, expressed
as gallic acid equivalents (GAE), were small, amounting to
approximately 68.5±2 g GAE/g leaves.

The in vitro antioxidant effect

The DPPH assay is widely used to investigate the free
radical scavenging activities of several natural compounds.
Extracts from A. schoenoprasum leaves exhibited low
antioxidant activity with an EC50 value of 6.72±0.44 g/mg
DPPH (Table 1, Fig. 1). The TEAC assay was used to evaluate
the total oxidant-scavenging activity of the leaf extracts. The
mean TEAC value of the A. schoenoprasum extracts was
132.8±23 µg trolox eq./g leaves (Table 1, Fig. 2). Unfortunately,
EPR and HAPX analysis did not yield signals that were above
the detection limit.

The in vivo anti-inflammatory effects

In vitro phagocytosis test

In the turpentine-induced rat inflammation model there was a
significant increase in both the PI (51.2±2.12%) and the PA

(177±12.01 E. coli/100 leukocytes) (p<0.001) compared to
control rats. Indomethacin excerted a strong anti-inflammatory
effect (p<0.001) decreasing both the PI (17±2.22%) and the PA
(18±2.84 E. coli/100 leukocytes). Only highest A. schoenoprasum
concentration reduced the PI (27±3.18%) and the PA (52±2.21 E.
coli/100 leukocytes) significantly (p<0.001), but the effect was not
as pronounced as that of indomethacin (p<0.01). Importantly, the
changes in PI and PA were correlated (r=0.97) at the highest A.
schoenoprasum concentration tested. A. schoenoprasum extracts
at concentrations of 0.25 and 0.5 did not affect the PI (50±3.95%
and 48±1.43%, respectively) and the PA (102±11.50 E. coli/100
leukocytes and 98±8.48 E. coli/100 leukocytes, respectively).
These results were not significantly different from those of the
turpentine-induced inflammation group (p>0.05) (Fig. 3).
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A.

B.

Fig. 1. Assays conducted using A. schoenoprasum leaf extracts
obtained by DPPH bleaching: (A): DPPH bleaching profiles for A.
schoenoprasum at several concentrations (g dried plant/mg
DPPH); (B): The plot of % DPPH consumed in 10 minutes vs.
extract concentration used for the EC50 determination.

Type of assay Parameter Value 
EC50 (g/mg DPPH) 6.72±0.44 
TEC50 (min) 6.60 
AE (×102) 225 DPPH bleaching assay 

QF (µg quercetin eq./g plant) 16.4±2.3 
TEAC TEAC (µg trolox eq./g plant) 132.8±23 

DPPH = 1,1-diphenyl-2-picrylhydrazyl; TEAC = trolox equivalent antioxidant capacity; values are expressed as mean ± S.E.M. of
three determinations.

Table 1. A comparison of the DPPH bleaching and TEAC assays on the contents of A. schoenoprasum leaf extracts.



The evaluation of oxidative stress

In order to determine the anti-inflammatory mechanisms of
A. schoenoprasum extracts, markers of nitro-oxidative stress,
including NOx, TOS, TAC and OSI was evaluated in the serum
from turpentine oil-treated rats. Serum NOx was significantly
elevated in the turpentine oil-treated group (p<0.001) compared
to serum from the control rats. Importantly, indometathacin
decreased NO production (p<0.001). Treatment of inflamed rats
with extracts from A. schoenoprasum leaves reduced NO

synthesis in a concentration-dependent manner, with the highest
concentration having the greatest inhibitory effect (p<0.001). In
addition, we found that 0.25 A. schoenoprasum had comparable
efficiency (p<0.001), but that 0.5 (p<0.001) and 1 (p<0.001) had
greater inhibitory activity on NO synthesis compared to
indomethacin. When we compared the three A. schonoprasum
dilutions, we found that the highest concentration had the
greatest inhibitory activity (p<0.001 for 0.25 vs. 1; p<0.001 for
0.5 vs. 1) (Table 2). The A. schoenoprasum-induced NOx
decrease correlated with the PA (r=0.86) and the PI (r=0.79).
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Fig. 2. The determination of
the TEC50 for the A.
schoenoprasum leaf extracts
(left) and the calibration
curve used in TEAC assay
(right).

A. 

B. 

Fig. 3. The in vitro assessment of the effects of A.
schoenoprasum leaf extracts on the phagocytic activity of
blood leukocytes: (A): The phagocytic activity (PA = the
number of the E. coli bacteria phagocytized by 100
leukocytes); (B): The phagocytic index (PI% = percentage of
leukocytes that phagocytized at least one bacterium).
SCHONO = A. schoenoprasum leaf extract. Values are
expressed as mean ± S.E.M. of three determinations.



Turpentine-induced inflammation significantly increased
(p<0.001) and treatment with indomethacin significantly
reduced (p<0.001) the TOS. Importantly, the TOS was also
significantly reduced by the treatment with any concentration of
the A. schoenoprasum extract (p<0.001). The inhibitory effects
were strongest for the highest plant extract concentration
(p<0.001 for 0.25 vs. 1; p<0.01 for 0.5 vs. 1). Indomethacin
treatment had a similar effect on TOS inhibition (p<0.01)
compared to treatment with either the 0.25 (p<0.01) or the 0.5
(p<0.01) A. schoenoprasum extract. However, the A.
schoenoprasum extract was a better TOS inhibitor than
indomethacin (p<0.001) (Table 2).

Inflammation reduced the TAR in the experimental model
(p<0.001), and indomethacin treatment significantly increased
the TAR (p<0.001). the decrease in the TAR was prevented by
the treatment with the 0.2, 0.5 and 1 A. schoenoprasum
(p<0.001) extracts, and all dilutions were equally efficaceous
(p<0.001). All tested A. schonoprasum dilutions had a reduced
antioxidant effect compared to indomethacin treatment
(p<0.001) (Table 2). The decrease in NOx was negatively
correlated with the increase in the TAR (r= -0.67).

In the inflammation group, the OSI was significantly
elevated (p<0.001), and indomethacin treatment decreased the
OSI (p<0.001). The 0.25, 0.5 and 1 extracts of A.
schoenoprasum leaves induced a significant decline in OSI
(p<0.001). The 0.25 extract of A. schoenoprasum had similar
effect (p>0.05), but the 0.5 and 1 extracts were better at reducing
the OSI (p<0.001). The 1 extract of A. schoenoprasum leaves
was the most effective (p<0.001) (Table 2). The OSI correlated
with the TOS (r=0.92) and NOx (r=0.81).

DISCUSSION

The extracts of A. schoenoprasum leaves that we prepared
proved to have anti-inflammatory activity through a mechanism
involving the inhibition of phagocytosis and a reduction in
oxidative stress.

Our results documenting the in vitro antioxidant activity of
A. schoenoprasum extracts were in accordance with other
studies that investigated the same effects of the bulbs, leaves and
stalks of cultivated A. schoenoprasum plants. These studies
indicated that all parts of the A. schoenoprasum plant exhibit
some antioxidant activity, particularly the leaves. When tests of
a crude extract of A. schoenoprasum were performed in a tissue
culture model, it was noted that the roots exhibited the highest
antioxidant activity (14). In general, the amount of natural
antioxidants present in the plant materialvaries with cultivar, soil
composition, climate, geographic origin, cultivation practices
and exposure to diseases, such as fungal infections (7). The
antioxidant activity of A. schoenoprasum leaf extracts derived

using the DPPH bleaching method were four orders of
magnitude lower than those obtained using the TEAC method.
Extracts obtained using the TEAC method had greater
antioxidant activity than other previously tested extracts (5).

Many studies have indicated that polyphenols in herbs
possess anti-inflammatory activities, that manifested through
ROS scavenging, metal chelation, and modulation of antioxidant
enzyme activity, as well as effects on cell signaling pathways
and gene expression (23). The total PhC of the tested A.
schoenoprasum leaf extracts was found to be low, as we (25, 26)
and anothers (24) have reported.

Not only does the PhC of every plant differ from every other
plant, but it also differs depending upon the particular part of a
given plant that is analysed. The analysis of A. schoenoprasum
leaf extracts that was previously performed determined the
presence of 19 polyphenolic compounds (µg/100 g leaves). A non-
hydrolysed sample contained p-coumaric acid (149.59±1.05),
ferulic acid (188.06±1.51), sinapic acid (44.91±0.39),
isoquercitrin (363.78±1.89), quercetol (58.38±0.62) and
kaempferol (129.83±1.03). Conversely, the hydrolysed sample
contained only p-coumaric acid (163.71±1.35), ferulic acid
(542.33±1.93), sinapic acid (44.91±0.39), quercetol
(200.48±1.74) and kaempferol (1563.46±2.96) (25, 26). The total
amounts of polyphenols were higher in the hydrolysed samples
compared to the non-hydrolysed samples, suggesting that
polyphenols are present as both unbound and bound glycosides
and/or esters (25, 26). These phytochemical analyses suggested
the possible anti-inflammatory and antioxidative effects of the A.
schoenoprasum polyphenols.

Turpentine oil is like carrageenan, a non-antigenic
inflammatory stimulus (27), which activates phagocytosis as
part of the cellular acute phase response associated with
inflammation. There are two professional phagocytes:
polymorphonuclear granulocytes (PMNs) and mononuclear
cells. After recognizing a target, a phagocytic cell is activated.
Activation results in the ingestion of the target by the phagocyte
and destrunction of the target via the intracellular activity of
reactive oxidants and hydrolytic enzymes (18).

In our study, we evaluated the anti-inflammatory activity of
blood leukocytes. Only the total A. schoenoprasum leaf extract
nitrate reduced the PI and the PA nitrate and this effect was
smaller than that of indomethacin.

Our previous phytochemical analysis of the A.
schoenoprasum leaf extract revealed high amounts of allicin
(320.0±1.71 mg/100 g vegetal product), β-sitosterol (25.09
mg/100 g vegetal product) and campesterol (7.21 mg/100 g
vegetal product) (25). Allicin is thought to be the main active
component in the antimicrobial, antifungal (it is more effective
than nystatin) and antiviral activity of Allium species. The high
allicin content of A. schoenoprasum leaf extracts may explain
the anti-inflammatory effects. Furthermore, phytosterols have
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CONTROL INFLAMM. INDOMETHACIN SCHONO 0.25 SCHONO 0.5 SCHONO 1 

NOx  
(µmol/L) 4.24±1.41 69.79±2.94 39.86±5.68 40.34±4.08 38.22±5.06 32.40±2.81 

TOS  
(µmol Equiv. H2O2/L) 

15.20±3.12 167.26±6.60 81.41±9.34 80.90±7.58 72.54±7.28 58.33±8.62 

TAR  
(mmol Equiv TROLOX/L) 1.32±0.05 0.23±0.07 1.1±0.01 1.10±0.06 1.10±0.09 1.10±0.10 

OSI  0.12±0.05 7.26±0.39 0.73±0.23 0.74±0.16 0.68±0.14 0.54±0.16 

NOx = total nitrites and nitrates; TOS = total oxidative status; TAR = total antioxidant reactivity; OSI = oxidative stress index;
SCHONO = A. schoenoprasum leaf extract; values are expressed as mean ± S.E.M. of three determinations.

Table 2. The effects of A. schoenoprasum leaf extracts on parameters of nitro-oxidative stress.



anti-inflammatory and immunomodulatory properties (29).
Therefore, we concluded that β-sitosterol and campesterol
contained in the extracts of A. schoenoprasum leaves might play
an anti-inflammatory role as well.

Over the last couple of decades, the dual role of NO as a
deleterious as well as a beneficial agent has been widely
explored. Besides the essential role as signalling molecule, NO
reacts with oxygen as well as with superoxide, to generate RNS.
These RNS inevitably react with biological targets, and may lead
to cell death. On the other hand, the protective effects of NO have
been noted, and the proposed mechanism involves an antioxidant
activity. The balance between nitrosative and oxidative chemistry
therefore depends upon the relative concentration of NO. Thus, at
low NO fluxes, these reactions would tend to lead to the
oxidation of substrates, whereas at higher levels of NO,
nitrosation reactions would predominate (30). In our turpentine-
induced rat inflammation model, we observed a large release of
NO. Treatment with A. schoenoprasum extracts reduced NOx
activity in a concentration-dependent manner, the higher being
the stronger inhibitor. This effect may be linked to the PhC,
because other studies showed that natural phenols are efficient
scavengers of nitrogen dioxide (NO2

.), a peroxynitrite (ONOO-)
intermediate (31). Furthermore, the diluted A. schoenoprasum
extracts had effects comparable to indomethacin, and the
undiluted A. schoenoprasum extract was a better NOx inhibitor
than indomethacin. These results suggest that inhibition of NO
synthesis is an important mechanism in the anti-inflammatory
effects of the A. schoenoprasum leaf extracts.

The methods of quantifying oxidative damage, often called
fingerprinting, involve analysing a range of specific ROS-
derived biological end-products, such as lipid, protein, and DNA
modification, as well as low-molecular-weight antioxidants (32).
The presence of these end-products serves as proof of the prior
existence of ROS. The measurement of TOS reflects the additive
oxidantive effect of different molecules (20). The reduction in
TOS after A. schoenoprasum treatment indicated that the anti-
inflammatory effects of A. schoenoprasum were due to, in part,
to reduction in oxidative stress.

Currently, golden standard methods for measuring
antioxidant capacity in biology do not exist. Assays of total
antioxidant capacity like TAR, instead of individual
antioxidants, have been developed since in vivo antioxidant
systems work together and not in isolation. As such, interactions
between hydrophilic and lipophilic antioxidants and
undiscovered antioxidant species risk being ignored (21). By
increasing TAR the A. schoenoprasum treatment had an anti-
inflammatory effect. These data show that A. schoenoprasum
leaf extracts different in vitro and in vivo antioxidant effects.

The oxidative/antioxidative balance was also evaluated by
calculating the OSI (22). The parallel TOS decrease and TAR
increase after A. schoenoprasum treatments reduced the OSI to a
greater extent than indomethacin treatment.

Numerous reports show that nitrosating intermediates have
the greatest affinity for thiols such as glutathione (GSH),
suggesting that thiols are a primary target for nitrosative stress.
Glutathione-depleted cells were dramatically more susceptible
to toxic nitrosative stress. Furthermore, several studies show that
the formation of S-nitrosothiol-protein adducts inhibits variety
of enzymes, including antioxidant enzymes (20, 30). These
mechanisms may explain the correlations observed between
increased NOx, a reduced antioxidant effect, and increased TOS
and OSI in inflamed rats. These processes may also be involved
in the biological effects of the A. schoenoprasum plant extracts,
since NOx activity correlated with the TAR.

In summary, this study supports the hypothesis that extracts
of A. schoenoprasum leaves exert anti-inflammatory effects in
the rat turpentine oil induced-inflammation model. This effect

might be due to inhibition of phagocytosis, which occurs through
the reduction of nitro-oxidative stress. It is possible that the total
phenolic constituents, as well as allicin, β-sitosterol and
campesterol may contribute to the anti-inflammatory activity of
A. schoenoprasum leaf extracts. Based on these observations,
adjunctive administration of an A. schoenoprasum leaf extract
may be a useful host-modulatory therapy in inflammatory
diseases.

Abbreviations: DPPH, 1,1-diphenyl-2-picrylhydrazyl; ESR,
electron spin resonance; GAE, gallic acid equivalent; HAPX,
hemoglobin ascorbate peroxidase activity inhibition; NOx, total
nitrites and nitrates; OSI, oxidative stress index; PA, phagocytic
activity; PhC, total phenolic content; PI, phagocytic index;
RNOS, reactive nitrogen oxide species; ROS, reactive oxygen
species; TAR, total antioxidant response; TEAC, trolox
equivalent antioxidant capacity; TOS, total oxidative status;
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