
INTRODUCTION

To maintain an optimal body temperature, a delicate balance
between the production and loss of heat must be maintained, and
this thermoregulation is insured by a key gland called
hypothalamus which acts as thermoregulator center (1). Many
exogenous pyrogens, including microbes are responsible of
fever, but other reasons could explain the abnormal increase in
temperature like transplant rejection or tissue damage (2).
Unfortunately, the use of antibiotics and non-steroidal anti-
inflammatory drugs (NSAIDs) to treat hyperthermia has a lot of
side effect (3).

The inflammatory response, which involve key pro-
inflammatory mediators called cytokines; is considered crucial
for the organism defense system (4), but may lead when

deregulated to hazardous and sometimes irreversible
complications especially those linked to cardiovascular system
which may generate in long term some complex chronic
pathologies like rheumatoid arthritis, diabetes, heart disease
and even cancer (5, 6). The scientific community is aware
about the side effect of using non-steroidal anti-inflammatory
drugs (NSAIDs) even if it remains the best alternative to
effectively treat inflammatory illnesses (7). The actual progress
in science especially in pharmacognosy domain suggest that
plant may significantly contribute to treat illnesses related to
inflammation, especially those related to autoimmune
disorders (8).

The liver is considered a key organ to regulate metabolism
due to its capacity to catalyse several reactions especially those
that break down fats to produce energy (9), but also involved in
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carbohydrates and proteins metabolisms by converting the excess
of these molecules into triglyceride and fatty acids to be stored in
adipose tissue (10). This organ has also other physiological roles
and it is considered as the main center of detoxification, and this
could be explained by the fact that many toxic substances transit
at its level (11), which considerably contribute for the elimination
of undesirable xenobiotics from the body.

Diabetes mellitus is a group of metabolic disorders
characterized by a chronic hyperglycemia which can be the
result of abnormal insulin secretion, due to a defect in beta-cells
function or metabolic abnormalities (12). According to actual
statistics, nearly 463 million people around the world are
suffering from diabetes, especially in low-and middle-income
countries (13), and these alarming results brings us back to
revise our conception of therapy.

The actual lack of pharmacological and phytochemical
studies on C. tougourensis explains our interest to investigate
this species and the actual study is a continuation of the
previous studies, in which we revealed some in vitro and in
vivo properties of this species (14, 15). Another key reason is
the remarkable biological properties of some Centaurea
species including antioxidant, anti-inflammatory, cytotoxic,
immunomodulatory, hemostatic, herbicide and antidiabetic
activities due to their richness in various phenolic compounds
(16-18).

This study consists of evaluating for the first time the
possible antidiabetic, hepatoprotective, anti-inflammatory and
antipyretic activities of an endemic plant species from the Aures
region (Algeria) named Centaurea tougourensis.

MATERIALS AND METHODS

Chemical and reagents

All solvents and standards used in this study were purchased
from Sigma Aldrich, Steinheim, Germany. This includes; acetone
(C3H6O), brewer’s yeast, croton oil, eosin (C20H6Br4Na2O5), ethyl
acetate, ethanol, formaldehyde (CH2O), hematoxylin (C16H14O6),
indomethacin (C19H16ClNO4), industrial silymarin, methanol, n-
butanol (n-BuOH), nicotinamide (C6H6N2O), paracetamol
(C8H9NO2), streptozotocin (C8H15N3O7).

Plant material

Centaurea tougourensis was collected in spring 2019 at
Belezma National Park in the municipality of Fesdis (Algeria)
(GPS coordinates: latitude 35.621975; longitude 6.241327) and
was identified by experts in the field from agronomic department
of Batna-1 University (Algeria). A voucher specimen under the
code (CT/2019/LPTPCMB) was deposited at the Laboratory of
Improvement of the Phytosanitary Protection Techniques in
Mountainous Agrosystems, Agronomy Department, Institute of
veterinary and Agricultural sciences, University of Batna-1,
Batna, Algeria.

Experimental animals

Male Swiss Albino mice (25 – 30 g) were purchased from
Pasteur Institute (Algiers) and maintained at ambient
temperature (22 ± 1ºC), 12 h light/dark cycle with free access to
feed and water for two weeks to acclimatize with laboratory
conditions.

The experiments were performed as recommended by the
National Research Council guidelines (19) and approved by the
Biology Animal Ethics Committee of University of Batna-2,
Algeria (approval no. 14/DBO/FSNV/UB2/2017).

Preparation of plant extracts

The aerial parts of C. tougourensis were dried in a dry and
ventilated place, away from the sun's rays and then ground to
obtain (300 g) of fine powder. Maceration was carried out three
times with 3L EtOH-H20 (70:30) at room temperature for 3 days.
After liquid-liquid extraction with hexane, ethyl acetate and n-
butanol solvents, 1.58% of n-butanol, 1.03% of ethyl acetate and
0.42% of n-hexane extracts were obtained.

Croton oil-induced ear edema assay

In this test, the edema was caused at the level of the inner
surface of the right or left animal ear via an application of 20 µl
of a solution containing 80 µg of croton oil prepared in acetone-
water solution (1: 1 V/V) which is considered as irritant solution.
Mice’s ear which received this application was considered
croton oil control group while the other ear not treated with
croton oil served as negative control and received only 0.9%
normal saline solution. Another group served as positive control
and received, in addition to the irritant solution, 0.5 mg
indomethacin (20 mg/kg) which was considered as the standard.
Two other groups received respectively in addition to the irritant,
2 mg of the n-butanolic extract of C. tougourensis (200 and 400
mg/kg). Noting that the diameter and weight of each ear were
measured using a digital caliper before the treatment then 2h and
4h after the treatment (20).

The following equation was used to calculate the inhibition
percentage:

of ear edema:

MEEcont: represents the mean ear edema volume in the negative
control group at a given time; MEEtreat: represents the mean ear
edema in the extract or standard group at a given time.

Streptozotocin-induced diabetes

In order to evaluate this activity, the approach of Kim et al.
(21) was used. Induced diabetes in mice was performed by a
single intraperitoneal injection of streptozotocin (STZ) at the
concentration of 50 mg/kg; preceded by another injection of
nicotinamide (vitamin B3) at a concentration of 120 mg/kg to
avoid total destruction of pancreatic β cells by STZ. After 72 h,
the mice presenting a glycemia near or greater than 200 mg/dL
were selected for this study. The diabetic mice were subdivided
into four groups (n = 6) and received for 15 days via gastric
gavage their respective treatment; Group 1: received NaCl
solution (0.9%, 10 mL/kg, p.o.) and was considered
streptozotocin-control group; Group 2: was considered standard
group and received glibenclamide (5 mg/kg, i.p.), Group 3 and 4
received respectively a concentration of 200 and 400 mg/kg, p.o.
of the n-butanolic extract of C. tougourensis. Noting that a 5th

group was also used for this experiment and was not treated by
streptozotocin and considered as negative control group. Blood
samples were obtained from the tail vein and were measured
before and then during the 1st, 5th, 10th, 15th days after induction
of diabetes, using a glucometer (issucare model).

In addition, the following formula was used to calculate the
inhibition percentage of hyperglycemia:

Acont: represents the average glycemia in the negative control
group at a given time; Atreat: represents the average glycemia in
the extract or standard group at a given time.
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Hepatoprotective activity

This activity was tested for one week using paracetamol as
hepatotoxic agent. For this purpose; two types of silymarin were
used to compare their protective effects; an industrial one and
another purified from Silybum marianum extract. Mice were
subdivided into: Group 1: served as normal control and received
only 0.9% normal saline solution (1 mL/kg per day,
intraperitoneally) for 7 consecutive days, while the 2nd group was
considered as paracetamol-control group and received only
paracetamol (250 mg/kg) for 7 consecutive days. The 3rd and 4th

received respectively the industrial and natural silymarin at a
concentration of 100 mg/kg per day, for 7 consecutive days as well
as paracetamol (250 mg/kg per day, intraperitoneally), 3 hours
after administration of silymarin. In groups 5 and 6, mice received
respectively two different concentrations of n-butanol extract of
C. tougourensis (200 and 400 mg/kg per day, intraperitoneally)
each day for 7 days, followed by paracetamol (250 mg/kg,
intraperitoneally) 3 h after administration of the extracts (22).

Antipyretic assay

The possible antipyretic activity of C. tougourensis was
evaluated using yeast-induced hyperthermia model (23). The
normal body temperature of each mouse was recorded using digital
thermometer and then pyrexia was induced in all mice by
dorsolateral injection of 20% aqueous suspension of Brewer’s
yeast (10 mL/kg, p.o.). All groups were fasted overnight with free
accesses to water for 16 hours. Then, the rectal temperature of each
mouse was recorded and only animals showing an increase in
temperature of at least 0.5ºC were selected for the study. Mice were
then divided into four groups (n = 6) as follows: Group 1: served
as negative control and received NaCl (0.9%, 10 mL/kg, p.o.),
Group 2: served as positive control and received paracetamol (150
mg/kg, i.p.), Group 3 and 4 received respectively 200 and 400
mg/kg, p.o. of n-butanol extract of C. tougourensis. After
treatment, the rectal temperature of each group was recorded at 
1 h, 2 h, 3 h, 4 h and 5 h and the following equation was used to
calculate the inhibition percentage of pyrexia:

Where B represents the rectal temperature after pyrexia
injection; Cn represents the rectal temperature after 1, 2, 3, 4 and
5 h of treatment; A = normal body temperature.

Measurement of biochemical parameters in antidiabetic and
hepatoprotective assays

The blood samples of anesthetized mice were collected from
the jugular vein using a needle mounted on a syringe and

transferred into adequate tubes. The blood was analyzed for
biochemical parameters (alanine aminotransferase (ALAT),
aspartate aminotransferase (ASAT), phosphatases alcalines
(PAL), blood sugar level, urea, creatinine, triglycerides, high-
density lipoprotein (HDL), low-density lipoprotein (LDL) and
cholesterol).

Histological examination

At the end of the antidiabetic, hepatoprotective and anti-
inflammatory experiments; the mice were sacrificed and the
pancreas, liver and ears tissues of each group were removed and
fixed in 10% formaldehyde solution and then decalcified with
Plank-Rychlo’s solution. After that, they were processed with a
graded mixture of ethanol and xylene, and then embedded in
paraffin. Tissue sections were stained with hematoxylin and
eosin (H&E) as a preparation for histological evaluation.

Statistical analysis

Data obtained from this study were expressed as mean ±
SEM and the statistical analyses were performed by One-way
ANOVA followed by multiple Dunnet’s test, using GraphPad
Prism version 8 (California corporation, USA). Results were
considered significant at p < 0.05, p < 0.01, p < 0.001.

RESULTS

In-vivo anti-inflammatory assay

As noted in Table 1, the n-BuOH extract of C. tougourensis
showed a non-negligible suppression of ear edema induced by
croton-oil with a maximum inhibition percentage of (39.58%)
for the highest tested concentration of 400 mg/kg, while the
indomethacin value was slightly higher (47.91%). These results
were considered highly significant (p < 0.001) when compared
to control group. Noting that a small weight variation (10.35%)
was observed in the group of mice which were treated with n-
BuOH extract (400 mg/kg), while those of control group was
important (38.27%).

The histopathological investigation of ears revealed that
groups of mice which were treated with standard
(indomethacin) (20 mg/kg) (Fig. 1C) or both n-BuOH extracts
(200 and 400 mg/kg) of C. tougourensis (Fig. 1D and 1E)
preserved ear thickness and integrity. However, an epidermal
hyperplasia was observed in the group, which received croton-
oil application in their right ears (Fig. 1B) and was boarded by
an important neutrophil infiltration, which spread until cartilage
and striated muscle areas. This suggest and important
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Treatment Dose  Ear diameter 
(mm) 

Ear weight 
(mg) 

Before 
treatment 

After treatment Left ear 
(witness) 

Right ear 
(treated) 

Weight 
variation (%) 2 h 4 h 

Control – 0.28 ± 0.02 0.45 ± 0.01  0.48 ± 0.01 37.15 ± 1.61 75.42 ± 2.79 38.27% 

Indomethacin 20  
mg/kg 

0.23 ± 0.01a 0.26 ± 0.01c 
(42.22%) 

0.25 ± 0.00c 
(47.91%) 

37.82 ± 2.81ns 42.26 ± 2.06c 4.44% 

n-BuOH extract  200  
mg/kg 

0.26 ± 0.01ns  0.36 ± 0.01c 
(20%) 

0.35 ± 0.01c 
(27.08%) 

36.11 ± 2.2ns  52.53 ± 3.25b  16.42% 
 

n-BuOH extract 400  
mg/kg 

0.26 ± 0.01ns  0.32 ± 0.01c 
(28.96%) 

0.29 ± 0.01c 
(39.58%) 

33.56 ± 0.69ns  43.91 ± 2.66c  10.35% 
 

 

         O              
                      

      
 

Table 1. Effect of n-butanolic extract of C. tougourensis on croton-oil induced ear edema in mice.

Values are mean ± SEM, n = 6. One way ANOVA followed by multiple Dunnet’s test. Level of Significance ap < 0.05, bp < 0.01, cp <
0.001 compared with control group, ns is no significant. Values given in parentheses represent percentage inhibition of ear edema.



inflammatory response. We also noted the presence of several
edema in dermal layer.

Antidiabetic assay

The results of antidiabetic activity of the plant are shown in
Fig. 2. The n-BuOH extract of C. tougourensis has significantly
reduced the hyperglycemia exerted by streptozotocin especially
for tested concentration of 400 mg/kg. The blood glucose level
was reduced gradually from the 1st day of treatment to reach the
value of (93.2 ± 3.61 mg/dL) at the end of the 3rd week, which

corresponds to an inhibition percentage of hyperglycemia of
(68.29%). It is also interesting to see that these values are close
to those expressed by the standard glibenclamide (5 mg/kg),
which showed an average glycaemia of (82.8 ± 2.31 mg/dL),
corresponding to inhibition percentage of (71.83%). Noting that
these data were considered highly significant (p < 0.001) when
compared to diabetic-control group.

The groups of mice treated by C. tougourensis (400 mg/kg)
showed also a significant decrease (p < 0.01) of various
biochemical parameters tested in this study, especially urea (0.26
± 0.02 g/L), ASAT (270 ± 1.3 U/L) and ALAT (40.5 ± 2 U/L),
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Fig. 1. Results of
histopathologic examination
of mice ear tissues (H&E
stain, magnification × 100);
(A): Normal control, (B):
Croton oil-control, (C):
Indomethacin (20 mg/kg),
(D): n-BuOH extract (200
mg/kg), (E): n-BuOH
extract (400 mg/kg).
CA - cartilage layer, DE -
dermal layer, E - edema; EP
- epidermal layer, FP - fatty
part, SM - striated muscle,
NI - neutrophil infiltration. 

 

 

                 

                  

                 

            

  

 

Fig. 2. Effect of C.
tougourensis extracts
on blood glucose level.
Values are expressed
as mean ± SEM (n =
6). One way ANOVA
followed by multiple
Dunnet’s test. Level of
significance ap < 0.05,
bp < 0.01, cp < 0.001 is
statistically significant
with a comparison to
diabetic control group.
Values given in
parentheses represent
percentage inhibition
of hyperglycemia.



when compared to diabetic control group, and these values were
considered more considerable than the tested standard
glibenclamide. However, the values of triglycerides, total
cholesterol, HDL-C and LDL-C were elevated in almost all
treated groups (Table 2).

The histopathological investigation of liver tissues revealed
that the groups of mice treated with standard glibenclamide (5
mg/kg), or n-BuOH extract at a concentration of 400 mg/kg of
C. tougourensis didn’t present any signs of inflammation, which
is not observed in the sinusoids, but the presence of granulocytes
(yellow arrow) around the central vein was noted, and even
disseminated in the liver parenchyma (Fig. 3C). Another
phenomenon was observed especially in the liver treated by the
extract (400 mg/kg), which is expressed by a vacuolization
explaining the installation of a sclerosis or the existence of a
steatosis (Fig. 3E). We noticed an important neutrophil
infiltration (yellow arrow) in diabetic-control group, a necrosis

(Blue arrow) and a vascular congestion around the central vein
(red circle) in this group (Fig. 3B).

Concerning the mice group which were treated with n-
BuOH extract at a concentration of 200 mg/kg, the lesion shows
a discrete congestion, which attenuation could be the result of
plant action, whereas we noted the appearance of cell necrosis as
it is shown by the blue arrows (Fig. 3D). This could be due to
inflammatory response process, which suggests the onset of the
immunological response.

Regarding the histopathological investigation of pancreas, it
revealed that groups of mice which were treated with both n-
BuOH extracts (200 and 400 mg/kg) of C. tougourensis (Fig. 4D
and 4E), or standard glibenclamide (5 mg/kg) (Fig. 4C)
preserved the islets of Langerhans integrity (green arrow), and
didn't present any signs of inflammation. However, several
vascular congestions (red circle) were observed in diabetic-
control group (Fig. 4B).
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Biochemical parameters 

 
 

Normal control 

STZ treated groups 

Diabetic-control Glibenclamide 
(5 mg/kg) 

n-BuOH  
(200 mg/kg) 

n-BuOH 
(400 mg/kg) 

Urea (g/L) 0.235 ± 0.01 0.34 ± 0.02 0.28 ± 0.04ns 0.31 ± 0.04ns 0.26 ± 0.02a 

Creatinine (mg/L) 4 ± 0.00 4 ± 0.00 4 ± 0.00ns 4 ± 0.00ns 4 ± 0.00ns 

ASAT (U/L) 238 ± 3.5 414 ± 2.81 325 ± 2.26a 335 ± 1.65ns 270 ± 1.3b 

ALAT (U/L) 30.5 ± 1.75 64 ± 2.48 48.5 ± 2.75b 51 ± 2.96a 40.5 ± 2b 

Triglycerides (g/L) 1.16 ± 0.04 1.73 ± 0.25 1.51 ± 0.46ns 1.74 ± 0.25ns 1.72 ± 0.28ns 

Total cholesterol (g/L) 0.85 ± 0.03 1.26 ± 0.03 0.94 ± 0.04a 1.31 ± 0.13ns 1.26 ± 0.17ns 

HDL-C (g/L) 0.52 ± 0.02 0.74 ± 0.02 0.51 ± 0.1a 0.83 ± 0.11ns 0.83 ± 0.09ns 

LDL-C (g/L) 0.05 ± 0.01 0.20 ± 0.04 0.19 ± 0.12ns 0.16 ± 0.02ns 0.08 ± 0.02b 

 
           O          L    

                   
         

     
 

Table 2. Effect of C. tougourensis extract and glibenclamide on various biochemical parameters in streptozotocin-induced diabetic mice.

All the values are mean ± SEM, n = 6. One way ANOVA followed by multiple Dunnet’s test. Level of significance ap < 0.05, bp <
0.01, cp < 0.001 compared with diabetic-control group, ns is no significant. ALAT, alanine aminotransferase; ASAT, aspartate-
aminotransferase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

 

  

  

 

             

            

               

               

    

 

Fig. 3. Results of
histopathologic examination
of mice liver tissues (H&E
stain, magnification × 100);
(A): Normal control, (B):
Diabetic-control, (C): Gli-
benclamide (5 mg/kg), (D):
n- BuOH extract (200
mg/kg), (E): n- BuOH
extract (400 mg/kg).



Hepatoprotective activity

Regarding the hepatoprotective activity, the biochemical
results from this study clearly indicated that C. tougourensis has
a good hepatoprotective effect with both tested concentration
(200 and 400 mg/kg), but was considered more effective with the
highest tested concentration, and this for all tested parameters
when compared to paracetamol-control group (Table 3).

In this study, a natural silymarin was also tested and
showed almost similar results with industrial silymarin

especially for dosed parameters: urea, creatinine and ALAT.
However, ASAT and PAL values were considered better for the
group treated by industrial silymarin. Noting that the influence
of natural silymarin on the four tested parameters related to
lipid metabolism was also comparable with industrial
silymarin values.

The histopathological investigation revealed that the groups
of mice which were treated with both n-BuOH extract (200 and
400 mg/kg) of C. tougourensis didn't present any signs of
inflammation (Fig. 5E and 5F). However, a vascular congestion
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Fig. 4. Results of
histopathologic examination
of mice pancreas tissues
(H&E stain, magnification 
× 100); (A): Normal control,
(B): Diabetic-control, (C):
Glibenclamide (5 mg/kg),
(D): n-BuOH extract (200
mg/kg), (E): n-BuOH
extract (400 mg/kg).
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Biochemical 
parameters 

 
Normal 
control 

Paracetamol treated groups  
Paracetamol-

control 
Industrial 
silymarin 

(100 mg/kg) 

Natural 
silymarin 

(100 mg/kg) 

n-BuOH 
 

(200 mg/kg) 

n-BuOH 
 

(400 mg/kg) 

Urea  
(mmol/L) 

0.10 ± 0.00 0.21  ± 0.01 0.16 ± 0.03ns 0.15 ± 0.03a 0.16 ± 0.01ns 0.15 ± 0.01a 

Creatinine  
(mmol/L) 

0.18 ± 0.05 0.26 ± 0.06 0.23 ± 0.1ns 0.23 ± 0.04ns 0.2 ± 0.1ns 0.21 ± 0.02ns 

ASAT  
(U/L) 

69.08 ± 1.57 94. 96 ± 1.6 64 ± 2.37b 84.07 ± 1.82ns 69.42 ± 0.25b 67.19 ± 1b 

ALAT  
(U/L) 

19.98 ± 1.11 30.4 ± 0.25 19.75 ± 0.35a 22.2 ± 0.28 ns 19.43 ± 2.45a 10.29 ± 1.35c 

Alkaline 
phosphatase (U/L) 

35.65 ± 2.75 53.84 ± 1.4 48.05 ± 1.64ns 59.27 ± 0.81ns 43.96 ± 0.88a 36.65 ± 1.15b 

Triglycerides  
(mmol/L) 

0.20 ± 0.00 0.22 ± 0.02 0.21 ± 0.08ns 0.23 ± 0.06ns 0.3 ± 0.03ns 0.2 ± 0.01ns 

Total cholesterol 
(mmol/L) 

0.3 ± 0.04 0.5 ± 0.01 0.39 ± 0.07ns 0.39 ± 0.05ns 0.33 ± 0.02ns 0.34 ± 0.09ns 

HDL-C  
(mmol/L) 

0.25 ± 0.05 0.37 ± 0.05 0.26 ± 0.03ns 0.28 ± 0.06ns 0.27 ± 0.06ns 0.21 ± 0.05a 

LDL-C  
(mmol/L) 

0.03 ± 0.00 0.05 ± 0.00ns 0.04 ± 0.01ns 0.03 ± 0.00ns 0.04 ± 0.00ns 0.03 ± 0.00ns 

 

                      
                    

          
    

 

Table 3. Effect of C. tougourensis extract and two types of silymarin on various biochemical parameters in paracetamol-induced
hepatotoxicity in mice.

All the values are mean ± SEM, n = 6. One way ANOVA followed by multiple Dunnet’s test. Level of Significance ap < 0.05, bp <
0.01, cp < 0.001 compared with paracetamol-control group, ns is no significant. ALAT, alanine aminotransferase; ASAT, aspartate-
aminotransferase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.



(red circle) was observed in the group treated with natural
silymarin (100 mg/kg) but the general aspect of hepatocytes was
normal and a few necrosis (blue arrow) were observed in the
group treated with industrial silymarin (100 mg/kg) (Fig. 5C and
5D) respectively.

A severe vascular congestion was observed in paracetamol-
control group with an important neutrophil infiltration (green
arrow) and a restrained necrosis (Fig. 5B).

Antipyretic activity

As shown in Table 4, the obtained results revealed that 16 h
after fever induction by yeast; both C. tougourensis

concentrations (200 and 400 mg/kg) showed an antipyretic effect
but more considerable results were found for the highest tested
concentration of (400 mg/kg), with a corresponding rectal
temperature reduced to (32.36 ± 0.18ºC) 5 h after treatment. It is
also interesting to observe that during the first hours of
treatment, the percent inhibition of hyperthermia was almost the
same for paracetamol (150 mg/kg) and C. tougourensis (400
mg/kg) groups, and was considered in general significant (P <
0.05) when compared to control group. However, during the 4 h
and 5 h hours following the treatment; the antipyretic property of
our plant was higher than paracetamol group at the concentration
of (400 mg/kg) and reached (90.18%) for C. tougourensis group,
while the value of paracetamol group was only (79.2%).
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Treatment Dose  Temperature (°C) 
  Normal 16 h after 

yeast 
injection 

  After 
treatment 

  

   
 

1 h 2 h 3 h 4 h 5 h 
Control – 32.66  

± 0.22 
34.73  
± 0.24 

34.66  
± 0.24 

34.48  
± 0.26  

34.41  
± 0.25  

34.08  
± 0.27  

33.56  
± 0.23  

Paracetamol 150  
mg/kg 

32.15  
± 0.23ns 

34.9 
 ± 0.23ns 

33.93 ± 
0.11ns 

 
(35.27%) 

33.48 ± 
0.16a 

 
(51.63%) 

33.13  
± 0.12b 

 
(64.36%) 

32.96 ± 
0.14b 

 
(70.54%) 

32.73  
± 0.17a 

 
(79.2%) 

n-BuOH extract  200  
mg/kg 

32.46  
± 0.24ns 

34.48  
± 0.18ns 

34.1  
± 0.23ns 

 
(18.81%) 

33.85  
± 0.26ns 

 
(31.18%) 

33.56  
± 0.3a 

 
(45.54%) 

33.21 ± 
0.29a 

 
(62.87%) 

32.88  
± 0.23ns 

 
(78.9%) 

n-BuOH extract 400  
mg/kg 

32.1  
± 0.22ns 

34.75  
± 0.27ns 

33.76  
± 0.31a 

 
(37.35%) 

33.43  
± 0.29a 

 
(49.84%) 

33.06  
± 0.26b 

 
(63.77%) 

32.53  
± 0.2c 

 
(83.75%) 

32.36  
± 0.18b 

 
(90.18%) 

 

           O             
                       

      

 

Table 4. Effect of n-butanolic extract of C. tougourensis in yeast induced pyrexia before and after yeast injection.

All the values are mean ± SEM, n = 6. One way ANOVA followed by multiple Dunnet’s test. Level of significance ap < 0.05, bp <
0.01, cp < 0.001 compared with control group, ns is no significant. Values given in parentheses indicate percentage inhibition of pyrexia.

 

   

   

 

             

            

             

     

              

   

 

Fig. 5. Results of
histopathologic examination
of mice liver tissues (H&E
stain, magnification × 100);
(A): Normal control, (B):
Paracetamol-control, (C):
Natural silymarin (100
mg/kg), (D): Industrial
silymarin (100 mg/kg), (E):
n-BuOH extract (200
mg/kg), (F): n-BuOH
extract (400 mg/kg).



DISCUSSION

Plants are vital for the stability of ecosystem, and essential for
humans and all living organisms, and their role is not just limited
to providing us with oxygen and nutrients (24), but plays also a
key role in biotechnology area, as a new source of energy called
clean energy (25). Their pharmacological properties are also
remarkable. The phytochemical screening of C. tougourensis
revealed the richness of this species in various classes of
secondary metabolites, including tannins, flavonoids, triterpenes,
alkaloids, saponins, mucilage, quinones and anthocyanins.
Noting that a high polyphenol yield was observed the n-BuOH
extract of this plant (26). Several studies reported that flavonoids
are able to prevent the activation of a key transcription factor
called nuclear factor-kappa (NF-κB), that play a crucial role in
the establishment of immune and inflammatory responses, but
these flavonoids may also prevent the interaction of this factor
with specific DNA binding sites of several pro-inflammatory
mediators (27), since we know that NF-κB is responsible of many
proinflammatory pathways and cytokines activation such as
lipoxygenases (LOX), cyclooxygenase 2 (COX-2), tumor
necrosis factor-alpha (TNF-α) and several interleukins (IL-1, IL-
6 and IL-8). Goettert et al. (28) suspected that flavonoid may
generated this anti-inflammatory effect via p38 MAPK pathway
but could also prevent mRNA transcription of inducible nitric
oxide synthase (iNOS) (29), which represent a key pro-
inflammatory agent.

Serotonin is an important neurotransmitter that coordinate
neurons communication, helping human controlling his emotion,
overcome stress, digestion of nutrients, development of the brain
functions of the fetus (30, 31), but is also considered a key pro-
inflammatory agent (32), generating these effects by acting on
his respective receptor called serotonin 1A receptor (5-HT1A) or
on other subtypes of this receptor such as 5-HT2A and 5-HT6. A
study made by Hassan et al. (33) on five medicinal plants,
reported a highly significant anti-inflammatory effect of these
species on the development of edema, and suspected that the
high saponin proportions in their plants may inhibited the release
of, histamine, serotonin and kinins, considered as the principal
pro-inflammatory mediators during the first phase of the
inflammatory response, which will automatically block the
release of the inflammatory mediators of the second phase.
Polyphenols can also exert a non-negligible immunomodulatory
effect to reduce mast cells and neutrophils degranulation, since
these cells contains a high proportions of histamine and
serotonin, to prevent the onset of the inflammatory response
related to these compounds (34, 35).

Plants are also known for their remarkable antidiabetic
effect, especially species of the genus Centaurea such as C.
alexanderina which demonstrated a remarkable ability to
regulate blood glucose level in different diabetes pathologies
especially type 2 diabetes which is marked by an abnormal
elevation of glycemia level (36). Several studies (37, 38)
reported that during diabetes, phytocompounds such as tannins,
saponins and alkaloids may actually increase the sensitivity and
secretion of insulin to decrease the blood glucose level to
physiological state which may explain the anti-hyperglycemic
effect of C. tougourensis. Interestingly, in our previous
investigation (15), we revealed the hypoglycemic effect of this
plant using oral glucose tolerance test (OGTT) which is a good
preliminary test to detect the possible antidiabetic effect of a
specific plant species.

It’s well known that the risk to develop type 2 diabetes is
dramatically linked to an abnormal elevation in blood
concentration of creatinine, urea, ALAT and ASAT (39, 40),
considered the principal markers of renal and liver dysfunction
but also responsible of pancreatitis which in result increase

insulin resistance and suppress its secretion leading to an
abnormal hyperglycemia. Several studies showed that the actual
biocompounds found in plant can significantly lower urea and
creatinine synthesis by preventing protein metabolism since
amino acids like methionine, arginine, glycine, alanine citrulline
and glutamate (41, 42) are the basic element of their production.
It seems that these phytocompounds possess also a remarkable
diuretic effect, which significantly contributes to the elimination
of excessive amount of urea and creatinine from the body (43).
Flavonoids participate also actively in the regulation of key
hepatic enzymes activity such as glucose-6-phosphate
dehydrogenase, ALAT and ASAT by regulating hepatic
gluconeogenesis pathway (44).

Some researchers found that there is a link between
antidiabetic and anti-inflammatory responses (45, 46), since the
antidiabetic effect of secondary metabolites can significantly
reduce bleeding process and microvascular complications
related to chronic inflammation by decreasing significantly local
cytokines release previously cited and even the secretion of a
key protein involved in inflammatory process called C-reactive
protein (CRP) (47, 48).

Another studies (49, 50) showed that anthocyanin, could
play an important role in the treatment of type 2 diabetes and
obesity, by enhancing insulin sensitivity and the expression of
GLUT4 and GLUT2 genes. In fact, these transporters play an
important role in carbohydrate metabolism, by stimulating
glucose uptake into hepatocytes, adipocytes and muscle cells. It
was suggested that the polyphenols generate this phenomenon
via a mechanism called phosporylation by glucokinase to
facilitate the diffusion of glucose across the cell membranes of
these cells, which will decrease the glucose level in bloodstream
and thus the hyperglycemia (51, 52).

It’s well known that during fever; there is an important
release of prostaglandin (PGs) which is a key pro-inflammatory
cytokines, and the important decrease in rectal temperature
recorded in this study, could be explained by the fact that C.
tougourensis compounds may inhibit the production of this
cytokine. A study made on two Centaurea species namely; C.
depressa and C. solstitialis revealed that the high amount of
terpenes in these species especially in sesquiterpene lactones is
responsible of their antipyretic activities by acting on central
nervous system (CNS) (53), which is in perfect accordance with
the obtained results since C. tougourensis contains considerable
amount of terpenes.

Bioactive compounds present in plants can also inhibit the
pyrogenic effect of many microbes, and recent clinical tests have
even shown that some classes of compounds, such as saponins
and flavonoids may decrease the abnormal rise in temperature
due to transplant rejection or tissue damage (54, 55). This
antipyretic effect, could also be the result of a strong inhibition
exerted by polyphenols on the activity of immune cells, to
prevent the production of PGE2, interferon-γ, TNF-α and IL-1β,
considered the principal pro-inflammatory mediators during
fever (56). Researchers supposed that the blockage of
MAPK/NF-κB signaling pathway could prevent the onset of
inflammatory response related to pyrogens (57). These scientific
progresses will certainly contribute to the future elaboration of
more effective anti-inflammatory drugs, instead of using the
actual drugs present on the market, including antibiotics and
non-steroidal anti-inflammatory drugs (NSAIDs) (3).

In this study, we used silymarin as reference drug; indeed, the
hepatoprotective effect of this flavolignan compound is well
known by scientific community. Several researches already
reported the anti-inflammatory effect of silymarin on both
animals and human hepatic stellate cells, but also to preserve
liver functions and histological integrity (58, 59). For almost all
biochemical parameters tested in this study, a very similar results
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were observed in the groups treated with industrial silymarin or
natural silymarin, except for ASAT and PAL parameters, which
were better in the group treated by industrial silymarin. This
difference could be explained by the fact that industrial silymarin
was more active on liver, especially on hepatic mitochondria
considered as main production site of these enzymes (60).
Indeed, the active portion of silymarin called silybin, may
actually limited the production of ASAT, ALAT, PAL and other
pro-oxydant markers via a strong downregulation process exerted
on cyclooxygenase cycle, leukotrienes, and the production of free
radicals in other specialized cells localized in liver such as
Kupffer cells in mice (61, 62). Silymarin may also reduced
markers of hepatic fibrosis such as alpha smooth muscle actin,
collagen α 1(I) (αSMA) (63), which explain in part the normal
hepatocytes aspect observed in the group of mice which received
industrial silymarin. The hepatoprotective potential of
polyphenols is well known especially those of flavonoids and
terpenes and researchers explained it by the fact that these
biocompounds may actually slow down and even prevent
necrosis process of liver cells (64), and this has been
demonstrated in several studies using paracetamol or
tetrachloride (CCl4) as hepatotoxic agents (65, 66). There is an
important relationship between antioxidant and hepatoprotective
process since we know that the liver is the principal center of
detoxification. In oxidative stress situation, polyphenols are able
to activate an important pathway called Nrf-2 signaling pathway
which in return considerably increase the expression of key
enzymes namely; heme oxygenase-1 (HO-1) and
phosphoramidite adenine dinucleotide quinone oxidoreductase-1
(NQO-1) to significantly decrease oxidative stress damage in
liver tissues by enhancing free radical elimination process (67).
Another study suggested that phytocompounds may actually
regulate membrane channel exchange process especially those of
hepatocytes which contribute to an optimal exchange of fluids
across the membrane (68).

The hepatoprotective activity of phenolic acids has also been
reported, these compounds can inhibit in a dose-dependent
manner the activity of 5-lipoxygenase, since the activity of this
enzyme is associated with several liver disorders, such as hepatic
steatosis and other hepatic inflammatory injuries linked to
macrophage infiltration and monocyte chemoattractant protein-1
(MCP-1) expression (79-71). Phenolic acids could also increase
the activity of several antioxidant enzymes such as glutathione
reductase and glutathione transferase (72), but also inhibited
lipid peroxidation (73) and thus decrease the oxidative stress
exerted on hepatocytes.

A study carried out by Sikora-Wiorkowska et al. (74)
revealed that the co-administration of rosiglitazone and 15-
deoxy-Δ12,14-prostaglandin j2 (PGDj2), considered as agonists
of peroxisome-proliferator-activated receptors PPARγ, can
significantly reduce the hepatotoxic effect exerted by
cyclosporine A (CsA), and this protection was reported on the
biochemical and histopathological levels.

Another study made by Atta et al. (75) underlined the
possible link between the high proportions of alkaloids,
flavonoids and phenolic acids compounds detected in their
plants and the preservation of the histological structure and
integrity of rat’s liver and pancreas. These researchers suggested
that these biocompounds may have reduced the oxidative stress
exerted on these organs, by stabilizing liver enzymes functions
and other parameters. Another compound named ellagic acid
demonstrated a non-negligible antidiabetic effect by preserving
cardiomyocyte structure, via the activation of a key protein
named silent information regulator 1 (SIRT1), but also by
preventing the acetylation of key factors such as nuclear factor
erythroid-derived 2-like 2 (Nrf2) and NF-κB, which in return
will considerably attenuate cardiomyocyte injury from oxidative

stress (76). This information is very important, since
cardiovascular complications are frequent in both type 1 and
type 2 diabetes. Noting that a similar approach was used by these
researchers to determine the antidiabetic effect of their plants,
which is in accordance with the results of this study.

In conclusion, the results of this study indicated that the n-
BuOH extract of C. tougourensis may offer a good protection
against diabetes induced by streptozotocin, hepatotoxicity
induced by paracetamol, ear edema induced by croton oil, and
hyperthermia induced by yeast. These pharmacological
properties could be explained by the richness of this plant in
various phytocompounds that may acted with a synergistic
way. Further investigations are required for better
understanding of the chemical composition, to identify the
bioactive compounds responsible of the pharmacological
properties of Centaurea tougourensis.
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