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Abstract

Background: Thyme has been used for centuries in southeastern Morocco to treat a wide range of diseases such
as inflammation disorders. The aim of the current study is to examine and to compare in vitro the anti-inflammmatory,
antioxidant, and anticoagulant activities of three thyme species grown in southeastern Morocco.

Results: Data showed that all studied species possess an important antioxidant activity: Thymus atlanticus (ICso =

16.59 ug/mL), Thymus zygis (ICso=15.43 ug/mL), and Thymus satureioides (ICso=14.65 ug/mL). Concemning the anti-
inflammatory activity, the highest effect was depicted in Thymus atlanticus followed by Thymus zygis and Thymus
satureioides. With regard to the anticoagulant activity, the aqueous extract of these species prolongs activated partial

illnesses.

thromboplastin time, prothrombin time, and thrombin time significantly (p < 0.05) in a dose-dependent manner.

Conclusion: Our results provide evidence that thymus extract exhibits marked antioxidant, anticoagulant, and anti-
inflammatory effects, thus justifying the popular uses of these plants to treat some inflammatory and cardiovascular
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Background

Inflammation is defined as a complex biological response of
vascular tissues against aggressive agents such as pathogens,
irritants, and damaged cells [1]. Inflammation and coagula-
tion are two main host-defense systems that interact with
each other [2]. Increasing evidence points to an extensive
cross-talk between these two systems; indeed, inflammation
activates coagulation and coagulation modulates the in-
flammatory activity in many ways [2]. Inflammation and co-
agulation are implicated in many cardiovascular diseases
such as thrombosis and atherosclerosis [3]. Therefore, any
agent with anti-inflammatory and anticoagulant activities
might potentially prevent the rate of several diseases,
mainly cardiovascular ones. Steroidal and nonsteroidal anti-
inflammatory drugs used to remedy the inflammatory-
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related diseases can cause severe adverse side effects such
as gastrointestinal ulceration, perforation, obstruction,
bleeding, and cardiovascular and renal failure [4]. Further,
anticoagulants have been widely used as a treatment of dis-
seminated intravascular coagulation and thrombosis in vari-
ous diseases especially in cardiovascular diseases [5, 6].
However, besides its beneficial effects, they have a variety of
undesirable effects [7]. Therefore, there is a need to develop
safer and more efficient anti-inflammatory agents from folk
medicine, which have regained their popularity in the treat-
ment of several human ailments in the last few decades.
Thyme is a perennial herbaceous plant, which belongs to
the Lamiaceae family and native to temperate regions in
Europe, North Africa, and Asia. Thyme has been used for
centuries not only for culinary dishes (as spice and liqueur
flavor agent), but also for a several therapeutic purposes.
Traditionally, it is well-known for its use as folk remedy for
gastrointestinal and respiratory disorders, cough, menstrual
cramps, and bacterial, parasitic, and fungal infections [8].
Thyme is helpful in the treatment of inflammation
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disorders, and it is most frequently used to improve liver
functioning and act as an appetite stimulant [9]. Over the
last two decades, more and more studies have conducted to
evaluate some biological activities of thyme, which showed
its antioxidant, antimicrobial, anti-inflammatory, immuno-
modulatory, and antitumor properties [8]. Moreover, our
previous study has shown that Thymus species have signifi-
cant amounts of phenolic and flavonoid compounds and
exhibit strong antioxidant activities [10].

This study aims to investigate and to compare the
antioxidant, anti-inflammatory, and anticoagulant effects
of three aqueous extracts obtained from three Thymus
species grown in southeastern Morocco.

Materials and methods
Plant material
The aerial parts of three thyme species (Thymus zygis,
Thymus satureioides, and Thymus atlanticus) were col-
lected in the Errachidia region (southeastern Morocco),
during the flowering period (April/June 2016). After the
taxonomic identification and authentication of the plants
by Dr. Ben Tatou (Botanist at the Scientific Institute,
Rabat, Morocco), voucher specimens of T. zygis L, T.
satureioides Cosson (No: RAB 77497), subsp. gracilis
(Boiss.) R. Morales (No: RAB 77494), and Thymus cf.
atlanticus (Ball) Roussine (No: RAB 77496) were depos-
ited in the herbarium of the Scientific Institute.

Plant material was dried, and then stored in the dark
at room temperature (25 °C) before extraction.

Preparation of rich polyphenol extracts

The air-dried aerial parts (30 g) were ground and then ex-
tracted with double-distilled boiling water (450 mL) using
a Soxhlet extractor for 5h. The extracts were concen-
trated to dryness, and the residues were stored at 4 °C.

In vitro antioxidant activity using ABTS assay

The ABTS antioxidant activity was measured according
to the technique described by Bouhlali et al. [11]. The
ABTS radical cations (ABTS+) were made following the
reaction between the aqueous solution of ABTS (7 mM)
and the aqueous solution of potassium persulphate
(2.45 mM). The mixture was put in the dark at room
temperature for 12—-16h before use, and then diluted
with distilled water to reach an absorbance of 0.700 +
0.005 at 734 nm. Different concentrations of the sample
(30 uL) were added to 3 mL of the ABTS solution; after
incubation for 6 min at room temperature, the absorb-
ance at 734 nm was taken immediately. The ICs, (con-
centration providing 50% inhibition) values were
calculated from the plotted graph of scavenging activity
against the concentrations of the samples.
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In vitro anti-inflammatory activity

Inhibition of albumin denaturation

The inhibition of albumin denaturation was measured
using Chandra et al.’s method [12], with slight adjust-
ments. Briefly, 1 mL of 1% bovine serum albumin (pre-
pared in phosphate-buffered saline, pH 6.4) was added to
1 mL of variable concentrations of plant extract (200—
1500 pg/mL). This mixture was left for 20 min at room
temperature and then heated at 70 °C for 5 min. The re-
sultant solution was getting cold to room temperature,
and their turbidities were read at 660 nm. The same
process was recurring using double-distilled water, and
the indomethacin was considered as control and stand-
ard respectively. The inhibition percentage (IP %) of pro-
tein denaturation was calculated as follows:

Percentage inhibition (IP %)= ((Abs control — Abs
sample))/(Abs control) x 100, where Abs control is the
absorbance without sample and Abs sample represents
the absorbance of sample extract/standard.

The membrane stabilization potential

The membrane stabilizing effect was determined using the
method described by Murugan and Parimelazhagan [13].
Sterilized Alsever’s solution, prepared by dissolving citric
acid (0.05%), sodium chloride (0.42%), sodium citrate
(0.8%), and dextrose (2%) in distilled water, was mixed
with equal volume of blood collected from healthy human
volunteers who did not use any NSAIDS for 15 days be-
fore blood collection. After centrifugation at 3000 rpm of
result, blood solution, the cell pellet was washed with iso-
tonic saline (9 g/L) which was used then to prepare a sus-
pension containing 10% cell pellet. The assay mixture
contains 1 mL of phosphate-buffered saline, 0.5 mL of
blood suspension (10%), 0.5 mL of a plant extract with
various concentrations of 200 to 1500 pg/mL, and 2 ml of
hypotonic saline (3.6 g/L). After incubation for 30 min at
37 °C, the mixtures were centrifuged at 3000 rpm and the
hemoglobin content of supernatant was estimated by a
spectrophotometer at 560 nm. Distilled water was used as
the negative control. The positive control was diclofenac
sodium at the final concentration ranging between 20 and
1000 pg/mL. The percentage of membrane stabilization
(% MS) was determined as follows:

MS% = ((Abs control-Abs sample) x 100)
/(Abs control)

where Abs control is the absorbance without plant ma-
terial and Abs sample is the absorbance of plant extract or
standard. Again, the IC5o was calculated from a graph de-
fining inhibition against the different concentrations.
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In vitro anticoagulant activity

In vitro anticoagulant activity was determined by the
method described by Athukorala et al. [14] with very little
modifications. Briefly, 8 mL of pooled normal human
plasma was prepared from a healthy individual with no his-
tory of abnormal bleeding. The peripheral venous blood
was collected in polypropylene tubes with 3.8% sodium cit-
rate (9:1) and was centrifuged for 15 min at 2400g.

All coagulation assays were repeated six times using a
coagulometer (Stago start 4, French), and the average of
the assays was taken. For activating partial thromboplas-
tin time (APTT) assay, 50 pL of citrated normal human
plasma was mixed with 25 pL of aqueous extract and in-
cubated for 10 min at 37 °C, then 50 uL of APTT reagent
was added to the mixture and incubated for 3 min at
37°C. Thus, by adding 50 uL. of CaCl, (0.025 mol/L),
clotting was prompted and time was recorded.

In prothrombin time (PT) assay, 50 pL of citrated nor-
mal human plasma was mixed with 25 puL of aqueous ex-
tract and incubated for 10 min. Then, 100 pL prothrombin
time reagent, pre-incubated for 10 min at 37 °C, was added
and clotting time was recorded. For thrombin time (TT)
measurement, 100 pL. of citrated normal human plasma
was mixed with 25 pL. of aqueous extract and incubated
for 10 min. Then, clotting time was recorded after adding
50 uL. of pre-incubated TT reagent (10 min at 37°C) to
the mixture.

Statistical analysis

Statistical analysis was performed using StatView 5.0
software. The experimental results were reported as the
average of five repetitions for all the experiments + SE
(standard error). Analysis of variance (ANOVA) and
post hoc Bonferroni (p < 0.0018) tests were used to com-
pare the experimental groups. Pearson’s correlation coef-
ficient () was used to measure the association between
two variables. Differences at p <0.05 were considered
significant.

Results and discussion
Evaluation of antioxidant activity
The antioxidant activity was carried out using ABTS assay,
which measures the ability of antioxidant to scavenge the
(ABTS+e) radical generated in aqueous phase. As revealed
in Table 1, all samples exhibit a potent antioxidant activity
(IC50=16.59 ug/mL for Thymus atlanticus, 1Cso=
15.43 pg/mL for Thymus zygis, and 1C5o = 14.65 pg/mL for
Thymus satureioides). Significant difference (p < 0.01) was
observed among the studied Thymus species. These scav-
enging abilities are very less than that of ascorbic acid
used as a reference antioxidant (ICs5o = 1.96 pg/mL).

This finding supports our previous studies, which have
mentioned the potent antioxidant activities of aqueous ex-
tracts of selected thyme species using DPPH, FRAP assays,
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Table 1 Antioxidant activity of studied thymus species based on
ABTS assay

Sample ICs0 (Hg/mL)
Thymus atlanticus 16.59+£0.32
Thymus zygis 1543 +£044
Thymus satureioides 14.65+0.36
Ascorbic acid 1.96+0.1

All data expressed as mean values + SD (n = 6) represented by error bars

and inhibition AAPH-induced oxidative hemolysis [15].
These results are lower than those reported by Roby et al.
[16] for Thymus vulgaris and Labiad et al. [17] for Thymus
satureioides. These strong antioxidant activities might be
caused by the high content of phenol compounds and fla-
vonoids, which have been reported to be implicated in free
radical scavenging [18].

Anti-inflammatory activity

Inhibition of protein denaturation

Auto-antigens produced during protein denaturation
induced type III hypersensitivity reaction, which in
turn is associated with illnesses, for instance, rheuma-
toid arthritis, serum sickness, glomerulonephritis, and
systemic lupus erythematosus [19]. Several nonsteroi-
dal anti-inflammatory drugs have been reported to
prevent denaturation of proteins in addition to their
capability to prevent endogenous prostaglandin pro-
duction by blocking COX enzyme [20]. Hence, the
ability of plant extract to prevent protein denaturation
makes it possibly useful for anti-inflammatory remedy
development.

The results in Table 2 indicate that all Thymus species
inhibited the denaturation of bovine serum albumin in a
dose-dependent manner. The potency order was as
shown here: Thymus atlanticus (ICso=122.90 pg/mL)
exhibits the greatest prevention of protein denaturation,
followed by Thymus zygis (ICso=133.25pug/mL) and
Thymus satureioides (ICso = 181.42 ug/mlL).

These effects are close to that reported for indometh-
acin (ICsq = 86.07 pg/mL) which is the standard anti-
inflammation drug. This result may be due to the high
quantity of polyphenols found in these Thymus species,
which are found to promote anti-inflammatory activity

Table 2 In vitro anti-inflammatory activity aqueous extracts of
three Thymus species

Sample MSP ICsq (g/mL) IPD ICs0 (pg/mL)
Thymus atlanticus 9328+ 144 1229+ 1.069
Thymus zygis 15620 + 2.25 13325 +2.20
Thymus satureioides 20441 +£2.10 18142+2.13
Indometacin 97.83 066 86.07 £0.84

MSP membrane stabilization power, IPD inhibition of protein denaturation
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Table 3 In vitro activated partial thromboplastin time measurements of aqueous extracts in human pooled plasma

In vitro activated partial thromboplastin time measurement (seconds)

Concentrations of a sample in the clotting mixture (ug) Thymus atlanticus Thymus zygis Thymus satureioides
036 3460+ 1.09 34.88+1.05 36.23+1.39

0.71 3463 +£0.86 3745+ 1.59*% 37.82 + 1.49%

143 3572+ 1.05 38.1£2.11% 45,63 + 2.44%

2.86 3665+ 1.18 39.57 £2.11% 49.20 £ 3.60**

5.7 207.10 £ 6.15%** 120.00 + 7.87*** 61.95 + 1.57%%*
1143 999. £ 0.00%** 999.00 + 0.00%** 21855+ 1.97%%*

Negative control

Unfractionated heparin (0.0007)

3508+ 153
87.63 £331%

Values are expressed as mean + SEM of six measurements. T. zygis, T. atlanticus, and T. satureioides vs negative control

*P < 0.05; **P < 0.01; ***P <0.001

[21]. Indeed, Ali et al. [22] showed, using bovine serum
albumin (BSA) and bovine 3-lactoglobulin that the gallic
acid, caffeic acid, and coumaric acid improved thermal
stability of these proteins. The same results were ob-
served for BSA using ferulic acid [23]. These interactions
of polyphenols with proteins have changed the second-
ary structure of proteins [22].

Membrane stabilizing potential

Inflammatory response led to a significant secretion of
lysosomal enzymes, caused further tissue inflammation,
and hence, generates different disorders [24]. Knowing
that the erythrocyte membrane is an analogue of the
lysosomal membrane and its stabilization implies that
the extract can thus stabilize the lysosomal membrane
[25]. Hence, the inhibition of erythrocyte lysis induced
by hypotonia was employed to examine the anti-
inflammatory activity of plant material. As figured in
Table 2, all extracts displayed a potent inhibition of
erythrocyte lysis in a dose-dependent manner. In fact,
Thymus atlanticus showed the highest membrane stabil-
izing effect (ICs50=93.28 ug/mL), followed by Thymus
zygis (ICs9=156.20 ug/mL) and Thymus satureioides
(IC50 = 204.41 pg/mL).

Furthermore, results of the erythrocyte-protective effect
found for Thymus atlanticus extract are higher to that of
indomethacin (ICsy=97.83 pg/mL). These extracts may
act by way of cell deformation via their interaction with
membrane proteins [26] or other compounds in the
erythrocyte membranes, which cause later alteration of
the surface charges of the cells.

Flavonoids may interact with the polar head of phos-
pholipids at the water lipid interface, arising membrane
rigidity, reduce fluidity and enhance mechanical stability
of lipid bilayers [27]. Moreover, Oteiza et al. [28] have
suggested that interactions of polyphenols at the surface
of bilayers through hydrogen bonding can act to reduce
the access of deleterious molecules (i.e., oxidants), there-
fore protecting the structure and function of mem-
branes. Several reports have mentioned that plant
flavonoids and polyphenols have anti-inflammatory
characteristics [29].

In vitro anticoagulant activity

The anticoagulant effect of studied Thymus species was
measured using three in vitro assay methods: activated
partial thromboplastin time (APTT), prothrombin time
(PT), and thrombin time (TT).

Table 4 In vitro prothrombin time measurements of aqueous extract in human pooled plasma

In vitro prothrombin time (seconds)

Concentration of a sample in the clotting mixture (ug) Thymus atlanticus Thymus zygis Thymus satureioides
0.35 1237 +£022 1215+ -0.24 12.13+£025

0.71 1243 +0.27 1222 +0.21 1220+0.14

142 12.77 £ 027 1228+0.23 1257 £0.12%

2.85 13.13+£0.15%* 12.72 £0.23* 1262 +0.15*

5.7 22.63 + 1.44%%* 1830 £ 0.47*** 14.65 £ 0.24***
1143 56.82 + 1.59%** 465+ 2.59%** 34.50 + 2.04%**

Negative control

Unfractionated heparin (0.028)

1237 +0.20
21.88 £ 0.94***

Values are expressed as mean + SEM of six measurements. T. zygis, T. atlanticus, and T. satureioides vs negative control

*P < 0.05; **P < 0.01; ***P <0.001
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Table 5 In vitro thrombin time measurements of aqueous extracts in human pooled plasma

Concentrations of a sample in the clotting mixture (ug) Thymus atlanticus Thymus zygis Thymus satureioides
0.36 1792 +£081* 16.65+0.55 16.13 £ 049

0.71 19.1+061%** 17.67 £ 0.22%* 1628 +0.29

143 2122 +£0.72%% 19.63 £ 0.68*** 1643 £ 0.66

2.86 23.7 £0.80%** 2433 +1.8%%* 19.3 +1.35%*

57 29.9 £ 1.45%* 26.65 +0.82%** 2415+ 1.16%**
1143 7446 + 1.70%%% 54.21 +3.00%** 4216 £ 179
Negative control 16.65 £ 0.64

Unfractionated heparin(0.028) 18.72 +0.32%**

Values are expressed as mean = SEM of six measurements. T. zygis, T. atlanticus, and T. satureioides vs negative control

*P <0.05; **P < 0.01; ***P <0.001

APTT assay is used to assess the inhibition of intrinsic
factors of blood coagulation pathways such as F XII, XI,
V, I IX, and prekallikrein, while PT assay is assessed to
examine the inhibition of the extrinsic coagulation path-
way, especially factors V, VII, and X [30]. TT assay exam-
ines disorders in the final phases of coagulation because it
reproduces the blood coagulation that converts fibrinogen
into fibrin by the act of thrombin [31].

The results in Tables 3, 4, and 5 show that the aque-
ous extracts of studied thyme species prolonged signifi-
cantly the PT, APTT, and TT in a concentration-
dependent manner when compared to the negative
control. Thymus atlanticus exhibited the highest anti-
coagulant activity followed by Thymus zygis and Thymus
satureioides. In fact, T. atlanticus prolonged PT clotting
time from 12.37 to 56.82s, APTT clotting time from
35.08 to 9995, and TT clotting time from 16.65 to 74.46
s at the concentration of 11.43 pug, while T. zygis pro-
longed PT clotting time from 12.37 to 46.5s, APTT clot-
ting time from 35.08 to 999 s, and TT clotting time from
16.65 to 54.21 and T. satureioides prolonged PT clotting
time from 12.37 to 34.50s, APTT clotting time from
35.08 to 218.55s, and TT clotting time from 16.65 to
42.16 s at the same concentration.

According to these results, it is clear that the prin-
cipal pathways (intrinsic, common, and extrinsic path-
ways) of the coagulation cascade are significantly
affected by thyme species extracts. In this respect,
previous works have reported the prolongation effect
of polyphenol compound on the coagulation time
[32], including rosmarinic acid and caffeic acid, the
major phenolic compounds of tested Thyms aqueous
extract in this study [15], which mentioned in many
works to possess a high effect of inhibition of coagu-
lation time [33, 34]. Hence, these effects could be at-
tributed to their high polyphenol content. Moreover,
more studies are necessary to further investigate the
active compounds of these plants and the mechanisms
involved in action.

Conclusion

In conclusion, the present findings suggest that the
studied Thymus species have important antioxidant,
anti-inflammatory, and anticoagulant activities. The dif-
ferences of these activities among these plants can be
attributed to their bioactive compounds. These findings
may partly explain the use of those plants in the Mo-
roccan traditional medicine for the treatment of inflam-
matory and cardiovascular diseases. To illustrate the
active component to comprehend their special effects
better, more studies are currently in progress.
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