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Historically Artemisia herba alba (AHA) is widely used in traditional Moroccan medicine. Few studies 
have been carried out to confirm its traditional use, in particularly immunological studies and to the 
authors’ knowledge; no study has treated the in vivo immunomodulatory effect of AHA aqueous 
extracts. This work was established to assess the immunological effects of AHA, including the humoral 
and cellular immunity effects in vivo. The immunomodulatory effect was assessed by measuring the 
titer of specific antibodies by the agglutination technique after immunization of Wistar rats with sheep 
red blood cells, while the pro-inflammatory effect was performed using a carrageenan-induced rat paw 
edema model. Administered AHA’s aqueous extract (AE) appears to have significantly (p < 0.01) 
stimulated the production of anti-SRBC antibodies with a dose-dependent effect compared to the 
control. These results were confirmed by a significant increase in the levels of white blood cells in 
particular neutrophils, lymphocytes, monocytes and eosinophils (p<0.05) for the doses 0.5 and 1 
g/ml/bw. For the same doses of the extract, a proinflammatory effect was observed by the size of 
edema and the presence of very dense inflammatory infiltrate made up of lymphocytes, plasma cells 
and polymorphonuclear neutrophils. The AHA’s AE have shown an important immunomodulatory and 
pro-inflammatory activities in vivo by enhancing the production of antibodies and the inflammatory 
reaction. 
 
Key words: Artemisia herba alba, Immunomodulatory effect, In vivo, pro-inflammatory effect, antibodies 
production, aqueous extract. 

 
 

INTRODUCTION 
 
Artemisia herba-alba (AHA) or Wormwood, known in 
Morocco as "Cheih", is a highly aromatic medicinal plant 
characteristic of the steppes and mountain ranges of the 
Moroccan  high   Atlas.  It   is   well   known  in  the  world 

especially in Morocco in herbal medicine to treat various 
diseases. 

AHA has antimicrobial activity well known in Jordanian 
folk medicine  (Aburjai  et  al., 2001; Darwish and Aburjai, 
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2010) and herbal tea prepared from AHA has been used 
as an antibacterial agent in Algerian folk medicine (Laid 
et al., 2008). It also showed anti-leishmanian activity 
against L. tropica and L. major promastigotes (Hatimi et 
al., 2001). 

AHA is used as an anti-diabetic (Kamal et al., 2007; 
Ashraf et al., 2010); indeed it is a very popular remedy for 
the treatment of diabetes mellitus, and many researchers, 
in particular, in Morocco have studied its hypoglycemic 
activity (Jouad et al., 2001; Eddouks et al., 2002). In 
addition to its hypoglycemic activity, Al-Waili has reported 
that the aqueous extract of AHA has a role in reducing 
high blood pressure, and also has anti-arrhythmic and 
anxiolytic actions (Al-waili, 1986, 1988). On the other 
hand, Skiker has shown that the aqueous extract of AHA 
induces a dose-dependent vasorelaxant action in aortic 
preparations isolated in rats (Skiker et al., 2010). 

In Jordan, AHA is widely used in traditional medicine to 
relieve stomach and intestinal pain, cough, fever and in 
the treatment of inflammation and eye disease (Abu-
Irmaileh and Afifi, 2003). In Tunisia, AHA is widely used 
in traditional medicine to treat several diseases such as 
diabetes, hypertension, neuralgia, and to relieve 
bronchitis and diarrhea (Marrif et al., 1995; Said et al., 
2002; Tahraoui et al., 2007). 

In Morocco, infusions of AHA have also been used as 
analgesic, antibacterial, and hemostatic agents. AHA’s 
essential oil has been used as a disinfectant, 
anthelmintic, and antispasmodic agent (Aehh et al., 
2010). The concocted of AHA have been used to treat 
menstrual disorders, fever (Abad et al., 2012) and in the 
treatment of nervous disorders (Alzweiri et al., 2011).  

In this context, phytochemical studies of the 
composition of AHA in the different countries of origin and 
even in the different localities of the same country have 
shown great diversity and the presence of several chemo 
types (Belhattab et al., 2014; Zouari et al., 2010; Salido et 
al., 2004). 

However and despite its great use in traditional 
phytotherapy, few studies have been carried out to 
confirm the traditional use of AHA, in particular 
immunological studies and to our knowledge, no study 
has treated the in vivo Immunomodulatory effect of AHA’s 
AE and only a small number of studies have treated its 
anti-inflammatory effect in vivo. The authors work was 
established to assess the immunological effects of AHA 
AE in vivo, including the effect on humoral and cellular 
immunity responses. 
 
 

MATERIALS AND METHODS 
 

Plant material 
 
AHA was harvested at the end of May, each year (for more than 60 
years), in the Souss-Massa-Daraa region, particularly in the 
mountain ranges of the Grand Atlas of the province of Taroudant. 
After washing with distilled water the sample of AHA was dried for 
21 days in the open air, protected from light to preserve the integrity  

 
 
 
 
of the molecules as much as possible, avoiding alterations and 
proliferation microorganisms. After drying the aerial part of the plant 
was collected, stored in hermetically sealed jars and placed in a 
place protected from light and heat (4ºC) to avoid any risk of 
contamination, degradation or denaturing until it is used. Just 
before the preparation of the extract, a quantity of the plant was 
grinded in an electric grinder to very fine powder for a high 
extraction yield. 
 
 
Preparation of the aqueous extract: 
 
The extraction of bioactive substances contained in the aerial part 
of AHA was carried out by maceration-infusion in boiled distilled 
water. 25 g of the powder obtained were added to 250ml of boiled 
distilled water and then left for 30 min for infusion with stirring. The 
mixture obtained was filtered on Wattman paper and the filtrate 
obtained represented a 10% stock solution (100 g/L) which was 
concentrated in a Rotavapor under vacuum (water bath set at 40-
50ºC). After concentration, the extract was collected in a volume 
(selon la quantité de l’extrait) of distilled water and stored at in the 
dark at -20ºC. 
 
 
Animals 
 
Adult male rats of the Wistar Albino strain weighing between 220 
and 270 g from breeding at the animal facility of the Ain Chock 
Faculty of Science at Hassan-II University. The rats were housed in 
cages and divided into several batches. Each group has free 
access to water and food. The rats were kept at room temperature 
22-25°C. They were treated in accordance with the principle and 
directive set out in the manual on the care and use of test animals. 

 
 
Evaluation of the humoral immune response by the 
hemagglutination test 
 
The rats were divided into four groups as follows: Group 1 (3 rats): 
"Control Rats" received daily by gastric gavage 1 ml of distilled 
water for 10 days. Groups 2, 3 and  4 (3 rats each) received by 
gastric gavage daily 1 ml of the aqueous extract of AHA at the dose 
250 mg/kg bw;  500 mg/kg bw  and  1000 mg/kg bw, respectively 
for 10 days. On the fourth day of gastric gavage, the rats of the four 
batches received an intraperitoneal injection of 0.5 ml of sheep red 
blood cells (SRBC) at 1% in 0.9% NaCl and at the end of the 10 
days were sacrificed to recover the blood. 

The Titration of antibodies anti-SRBC was done on a 96-well 
microplate. A serial dilutions in 0.9% NaCl (1/2, 1/4; 1/8; 1/16 ;…) of 
the immune serum were made for a final volume of 25μl. A 25µl 
volume of the 1% SRBC solution was added to all the wells, 
followed by 2-h incubation at room temperature. At the end of the 
incubation, the hemagglutinating capacity of the anti-SRBC was 
read visually. Antibody titers were determined to be the reciprocal 
of the maximum dilution with a positive hemagglutination reaction. 

 
 
Evaluation of the AHA AE effect on the induced inflammatory 
edema by Carrageenan 

 
According to the method of Winter et al. (1962); a carrageenan 
solution (1% in 0.9% NaCl) at a dose of 0.2 ml / rat paw was 
injected. The carrageenan was injected into the fascia of the right 
leg plank, and into the fascia of the left leg (control) the same 
volume of 0.1 ml of physiological water was injected. 30 min before 
the injection of the carrageenan, the different batches of rats 
received  the  different  treatments  orally. The measurements of the 



 

Lahna et al.           155 
 
 
 

Table 1. Titer of anti-SRBC antibodies in rats treated with AHA AE. 
 

Doses of AHA AE (g/kg) Antibody titer* Antibody titer/control titer 

0 1877.33±443.40 --- 

0.5 11946.66±4636.35 6.36 

1 1.21175×10
17

±8.54×10
16

 6.45×10
13

 

2 5.34378×10
28

±2.78×10
28

 2.84×10
25

 
 

*p value < 0.05. 
Source: Author 2022 

 
 
 
volumes of the edema of each paw were carried out before the 
induction of the edema and after the injection of the carrageenan at 
T=0 min (time of injection), T = 30 min, T = 60 min, T = 120 min, 
and T = 180 min. The legs were weighed after sacrificing the 
animals by cerebral dislocation and cutting the legs at the level of 
the taxo-articulation. 

The rats were divided into five groups of 3 rats as follows: Group 
1: Control group; injection of 0.5 ml of NaCl. Group 2; injection of 
0.5 ml of 1% carrageenan without any treatment, groups 3: injection 
of 1% carrageenan preceded by treatment with Diclofenac (100 
mg/kg), groups 4 and 5 injection of 1% carrageenan preceded by 
treatment with aqueous extract of AHA at a dose of 500 mg/kg bw 
or 1g/kg bw, respectively. 
 
The increase in paw edema (AUG) was calculated using the 
following equation: 
 
AUG = Size of edema (cm) of swollen leg (Right)   -    Size of 
edema (cm) of healthy leg (Left) 

 
 
RESULTS 
 
Evaluation of the humoral immune response by the 
hemagglutination test 
 
Compared to control, the titer of anti-SRBC antibody in 
rats treated with AHA extract was significantly higher 
(p<0.05). This titer was proportional to the injected dose; 
it went from 1/2048 to 1/524248, to 1/8388608, then to 
1/8589934592 for the respective doses of 0.5, 1, and 2 
g/kg (Table 1). The administered extract appears to have 
stimulated the production of the anti-SRBC antibodies in 
dose-dependent manner. 
 
 
Evaluation of the AHA AE effect on the induced 
inflammatory edema by Carrageenan 
 
Assessment of the increase in the size of the paw 
edema (% AUG) 
 

For the control group (AHA AE 0 g/kg), it was observed 
that the injection of carrageenan resulted in a significant 
increase (p < 0.05) in edema of the legs of the rats from 
the second hour of treatment (35.95 ± 13.46) to the third 
(46.12 ± 15.72), fourth (50.5 ± 13.49), and fifth hour 
(66.77 ± 9.25). Figure 1 shows variation of the percentage 

of increase in paw edema (% AUG) in the treated rats 
with aqueous extracts of Artemisia herba alba.  

For the standard or positive control group, which 
received an anti-inflammatory treatment with Diclofenac 
at 0.1g/kg, the results showed a very significant decrease 
(p < 0.01) of the edema of the paws of the rats from the 
1st hour following the induction of the edema by 
carrageenan (from 33.76 ± 6.2 to 23.08 ± 5.75), followed 
by another very significant (p<0.01) decrease after the 
2nd (16.54 ± 5.77) and 3rd hour (16.58 ± 6.53) of 
induction of edema. After the 4th hour of the experiment, 
a very significant increase (p < 0.01) in the % AUG 
(AUGmentation in edema size) of the paws of the rats 
(23.2±5.05) was observed and which continues at the 5th 
hour (53.85±3.1) then wait for it to reach its maximum 
after 24 h of the experiment (65.3±5.15). At the end of the 
experiment (48 h) the % AUG was 19.67 ± 55.22. 

However, in the group treated with AHA’s AE at dose of 
0.5 g/kg of bw, a significant increase (p < 0.05) of the 
edema of paws of the rats from the second hour 
treatment (33.34 ± 7.43). This increase continues to be 
observed in the third (44.09 ± 6.09), the fourth (45.33 ± 
6.6), the fifth hour (78.22 ± 14.41).  

The results observed in the group treated with 1 
g/kg/bw of the extract showed a significant (p < 0.01) 
increase in the % AUG of the paws of the rats at the 
second hour (48.88 ± 9.08), third (54.56 ± 6.63), fourth 
(61.85±4.44), fifth (71.52 ± 5.96), and also after 24 h 
(80.32 ± 6.37) of the treatment. For the 2 g/kg/bw a 
significant increase (p < 0.05) in % AUG was observed 
after fourth hour of treatment (49.51 ± 14.96) and which 
progressed and reached its maximum at the fifth hour 
(67.6 ± 11.95). The pro-inflammatory effect observed with 
induction of the edema by carrageenan was confirmed 
with significantly higher level of white blood cells (p > 
0.05) in the rats treated with AHA AE at the doses of 0.5 
g/kg and 1 g/kg/bw compared to the negative and 
positive control. Whereas this level is slightly lower in the 
group of rats treated with AHA AE at 2 g/kg bw compared 
to the two control groups (Figure 2A). 

Number of neutrophils (Figure 2B), of eosinophils 
(Figure 2C), monocytes (Figure 2D), and of the 
lymphocytes (Figure 2E) was significantly higher (p > 
0.05) in the group the rats treated with AHA AE at 0.5 
and  1 g/kg bw  than those treated at 2 g/kg bw compared 
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Figure 1. Variation of the percentage of increase in paw edema (% AUG) in the treated rats with 
aqueous extracts of Artemisia herba alba. 
Source: Author 2022 

 
 
 
to the negative and positive control.  

The histological study confirmed a pro-inflammatory 
effect of AHA AE. In the negative control group, a very 
edematous and congestive fibrous tissue with a 
polymorphic inflammatory infiltrate and some polymorphic 
neutrophils of lymphocytes and plasma cells was 
observed (Figure 3A). For positive control group 
(Diclofenac 0.1 g/kg) an inflammatory infiltrate of low 
intensity was observed with fibro-fatty tissue and a 
striated muscle tissue dissociated by fibrosis as well as 
rare lymphocytes (Figure 3B). 

In the Group treated with AHA AE at 0.5 g/kg bw a very 
intense inflammatory polymorphic pseudo-follicular 
infiltrate was observed (Figure 3C). 

Tissues of paws of rats from the group treated with AE-
AHA at 1 g/kg bw showed a fibro-fatty striated muscle 
tissue dissociated by intense diffuse inflammation made 
up of macrophage plasma cells lymphocytes with 
histiocytes sometimes centered with a necrotic 
suppurative focus (Figure 3D). Group treated with AHA 
AE at 2 g/kg/bw showed a fibro-fatty and striated muscle 
tissue dissociated by intense diffuse inflammation made 
up of lymphocytes plasma cells, histiocyte macrophages 
sometimes centered with necrot suppurative focus 
(Figure 3E). 
 
 
DISCUSSION 
 
Studies have revealed the presence of several molecules 

known for their immunostimulatory effects, such as 
tannins, triterpenes, coumarins and flavonoids as well as 
several other phenolic compounds (Saleh et al., 1987). 
Likewise, the use of immunomodulators has an important 
place in the current development of immunotherapy. 
Immunomodulatory agents of plant and animal origin 
trigger the body's immune reactivity against active agents 
by activating the non-specific immune system (Kulkarni et 
al., 2001). On the other hand, innate and adaptive 
immunity depends on the activity of white blood cells. 
Innate immunity largely depends on the activity of 
granulocytes and macrophages, while the adaptive 
immune response depends on lymphocytes, which 
provide long-term memory immunity (Raphael et al., 
2000). 

The results obtained in the present study showed that 
the daily administration of AHA’s AE at doses of 0.5, 1, 
and 2 g/kg for 10 days made it possible to increase in a 
very significant way (p < 0.01) the level of antibodies in 
healthy rats immunized by the SRBC compared to control 
rats. This reveals the important immunostimulating effect 
of AHA’S AE and this can be the result of the richness of 
this plant in immunoactive molecules as revealed by 
several other studies such as the immunomodulatory 
action of inulin which activates the complement and the 
immunostimulatory action of alkyl amides on innate 
immunity (Faivre, 2012; Wamine, 2012).  

These results lead us to suggest that AHA's AE 
contains one or more immunostimulatory molecules, 
whose   immunostimulating  effect  can  be  explained  by  
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Figure 2. Variation of hematological parameters in the rats treaded with AHA AE. (A) White blood cell count in rats treated with 
0.0 g/kg, 0.5 g/kg, 1 g/kg, 2 g/kg, (bw) aqueous extracts of Artemisia Herba Alba and 0.1 g/kg (bw) diclofenac. (B) Neutrophil 
levels in rats treated with 0.0 g/kg, 0.5 g/kg, 1 g/kg, 2 g/kg, (bw) of the aqueous extracts of Artemisia Herba Alba and 0.1 g/kg 
(bw) diclofenac. (C) Eosinophil levels in rats treated at 0.0 g/kg, 0.5 g/kg, 1 g/kg, 2 g/kg, (bw) aqueous extracts of Artemisia 
herba alba and 0, 1 g/kg (bw) diclofenac. (D) Monocyte levels in rats treated with 0.0 g / kg, 0.5 g / kg, 1 g / kg, 2 g / kg, (bw) of 
the aqueous extracts of Artemisia Herba Alba and 0.1 g / kg (bw) diclofenac. (E) Lymphocyte level in rats treated with 0.0 g/kg, 
0.5 g/kg, 1 g/kg, 2 g/kg, (bw) of the aqueous extracts of Artemisia herba alba and 0.1 g / kg (bw) diclofenac. 
Source: Author 2022 
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Figure 3. Histological observations of paw tissues after treatment with the Artemisia herba alba extract. (A) Sections of 
paw tissue’s (HE x200) of untreated rats (negative control). (B) Section of paw tissue’s (HE ×200) of rats treated with 
Diclofenac 0 1 g/kg (positive control). (C) Section of tissues of the paw (HE ×200) of rats treated with aqueous extracts of 
Artemisia herba Alba at 0.5g/kg bw. (D) Sections of tissues of the paw (HE ×200) of rats treated with aqueous extracts of 
Artemisia herba alba at 1 g/kg bw. (E) Sections of tissues from the paw (HE ×200) of rats treated with aqueous extracts of 
Artemisia herba alba at 2g/kg bw.  
Source: Author 2022 

 
 
 
better recognition of the antigen given by activated T 
lymphocytes, which then proliferate and release 
cytokines (Smith and Kroes 2000). Or by the activation of 
complement and the release of reactive oxygen or 
nitrogen species by activated phagocytes and pro-
inflammatory cytokines (Smith and Kroes 2000). This 
immunostimulatory effect can also be attributed to 
efficient macrophage function or improved lymphokine 
synthesis. On the other hand the increase of the humoral 
response as evidence by the improvement of the 
reactivity of the anti-SRBC antibodies in vivo as a 
consequence of immunization indicates an improved 
response of the macrophages and the subsets of B 
lymphocytes involved in the synthesis of antibodies 
(Patwardhan et al., 1990). 

Finally, this immunostimulating effect of AHA’S AE can 
be used to strengthen immunity against many 
microorganisms.  

The injection of carrageenan causes the release of 
several    chemical     mediators     responsible     for   the 

inflammatory process. Indeed, this inflammatory response 
is biphasic: the initial phase of which lasts about an hour 
is due to the release of histamine and serotonin, 
bradykinin is released during the second phase (1.5 - 3 
h), and the biosynthesis of prostaglandins takes place 
beyond the third hour (Reanmongkol et al., 2009). After 
carrageenan induces an inflammatory edema; the results 
of the evolution of edema and the histological studies 
showed that the AHA AE extract increased the 
inflammatory reaction in a dose dependent manner 
during the 5-6 h until 24h after treatment compared to the 
non-treated groups. 

These results can be explained in part by the presence 
of polyphenolic compounds such as tannins and 
flavonoids (Bruneton, 1999). On the other part by the 
activation of chemical mediators, that increases the 
permeability of local capillaries and cause exudate to 
escape from the bloodstream into the interstitial space. 
This exudate is the cause of localized edema, which in 
turn  compresses nerve endings thus causing a sensation  



 

 

 
 
 
 
of pain (Devulder et al., 2002; Rousselet et al., 2005). 
Other studies seem to indicate that flavonoids have the 
ability to modulate the functioning of the immune system 
by inhibiting the activity of enzymes that may be 
responsible for inflammation, they can also modulate the 
adhesion of monocytes during inflammation by inhibiting 
the expression of inflammatory mediators (Gallego et al., 
2007) other flavonoids are able to inhibit histamine (Kim 
et al., 2004) or even prevent the formation of 
prostaglandins which cause inflammation. Such effects 
have been described (Yin et al., 2008) and which are due 
to the presence of flavones. Numerous studies seem to 
indicate that flavonoids capable of modulating the 
functioning of the immune system (Da-Silva, 2004; 
Middleton et al., 2000) effects on B or T lymphocytes can 
be variable, for example flavones (apigenin, luteolin and 
7, 3’, 4’hydroxyflavone) and the flavones (kaempferol, 
quercetin and myricetin) inhibit the proliferation of T 
lymphocytes while myricetin activates B lymphocytes 
(Mookerjee et al., 1986). On the other hand during the 
inflammation process, NO is produced from L-arginine by 
inducible NO synthase (iNOS), the rapid reaction 
between superoxide and NO induces the formation of 
peroxynitrite which is a toxic substance that contributes to 
tissue damage in inflammatory diseases (Szabo, 2003). 
 
 
Conclusion  
 
The results obtained in the study showed that the daily 
administration of aqueous extracts of AHA at doses 
between 0.5 to 2 g/kg for 10 days made it possible to 
significantly increase the level of antibodies in healthy 
rats immunized with SRBC compared to healthy control 
rats. This reveals the important immunestimulating effect 
of these aqueous extracts of AHA and this can only be 
the result of the richness of this plant in immuno-active 
molecules as described by several other works. This 
increase in the level of antibodies as a function of the 
concentration of the aqueous extracts of AHA 
administered proves the existence of a significant dose-
effect ratio on the humoral immune response. 

On the other hand, the results of the test of the induced 
inflammatory state revealed that the aqueous extracts of 
AHA had a significant pro-inflammatory effect for the 
dose of 0.5 and 1 g/kg/bw which lasted four hours, the 
higher the dose, the more the pro-inflammatory effect is 
delayed. The EA of AHA would act more on the humoral 
immune response by increasing the rate of antibody 
production whereas for the dose of 1 g/kg/p.c. 

The important immunomodulatory and pro-inflammatory 
activity of the AHA AE could be explained by this 
richness in flavonoids. It will be interesting to determine 
the mechanisms by which these active ingredients 
present in these extracts of AHA would strengthen the 
immune system and  increase  the  humoral  and  cellular  
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