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ABSTRACT 

Many plants have studied recently to protect the negative impact of immunosuppressive drugs. Echinacea purpurea root extract 

(EPR) has immunostimulatory effects. The present research was conducted to assess the potential effect of EPR on the 
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immunosuppressive action of cyclosporine-A (CsA) in rats. Male adult Wistar albino rats (n=32) were classified into four equal 

groups: control, CsA, CsA+ EPR 100 mg/kg/day, and CsA + EPR 200 mg/kg/day. After 21 days, blood was collected for measuring 

serum inflammatory cytokines levels (tumor necrosis factor-alpha (TNF-α) and interleukin-1 alpha (IL-1α)). Formalin-fixed splenic 

specimens were used for immunohistochemical staining for CD3 T lymphocytes and CD56 natural killer cells (NKC). Frozen spleen 

homogenates were used for detection of the antioxidant activities of superoxide dismutase (SOD) and glutathione-S-transferase 

(GST). The results displayed that pretreatment of CsA injected rats with both EPR doses significantly increased SOD and GST levels. 

EPR pretreated CsA rats showed a significant elevation in the area percent of the CD3+ T lymphocytes and CD56+ NKC. Besides, EPR 

pretreatment increased splenic immunostaining of CD3+ T lymphocytes and CD56+NKC compared to CsA group. The high dose was 

the most effective compared with the low dose. Hence, this study concluded that EPR has immunostimulant and antioxidant effects 

that inhibit the side effects of CsA. Further studies were warned to investigate the EPR effects on the cytotoxicity of CsA. 

 

Keywords: Immunosuppression, Echinacea purpurea root, antioxidants, cytokines, T lymphocyte, immunohistochemistry 

 

 

1. INTRODUCTION 

The immune system is a network of cells, organs, and tissues that work simultaneously to protect the body against the offensive of 

invaders. It is highly sensitive to different factors (Hawkley and Cacioppo, 2004). There are varieties of medications, which possess a 

negative impact on the immune system, as chemotherapeutic drugs, which play an essential role in immune system injury (Ali et al., 

2015). But, the use of immunosuppressive drugs is inevitable in many situations, like some malignant tumors (De Rham et al., 2013).  

Cyclosporine-A (CsA), is an immunosuppressant drug widely used in the treatment of many diseases.  Despite its therapeutic values, 

it has many adverse effects, where it reduces the immune system activity through interfering with the activity of T-cell and 

decreasing the production of lymphocytes, a type of white blood cells (Varey et al., 1986). Many studies confirmed that CsA reduced 

immunity in the experimental models (Rezzani et al., 2001 and Akhter et al., 2008). 

Finding a natural dietary supplement is mandatory to decrease the side effects of this drug. Echinacea purpurea L. (E. purpurea) is 

a medicinal herb that belongs to the Asteraceae family, commonly known as the purple coneflower (Kumar and Ramaiah, 2011). The 

most commonly used preparation is E. purpurea liquid extract (EPR) derived from E. purpurea root. It contains numerous biologically 

active compounds including polysaccharides, polyacetylenes, flavonoids, alkamides, caffeic acid derivatives and cichoric acid. The 

extract has a potent antioxidant activity (Kligler, 2003). E. purpurea has been utilized in the treatment and prevention of different 

pathological conditions (Bauer and Wagner, 1991). It is widely used as an immune-enhancing herb (Mistrikova and Vaverkova, 2006). 

It possesses wound healing properties (Miller, 2005), anti-inflammatory (Zhai, 2008), and antioxidant activities (Yu et al., 2013). It 

exerts a positive impact in treating hepatic and renal toxicities (Jukić et al., 2015). E. purpurea potentiates the immune system by 

activating macrophage, polymorphonuclear leukocytes, and natural killer cells (NKC) (Rezaie et al., 2013). 

The present work aimed to assess the influence of EPR on immunosuppressive events induced by CsA in adult albino rats. 

 

2. MATERIAL AND METHODS  

Drug and plant  

CsA 50 mg/ml, (Sandimmun-Novartis) was obtained kindly from King Abdul-Aziz University Hospital. The capsules’ content was 

dissolved in glycol, it freshly prepared. Liquid extract of EPR (USDA ORGANIC) was purchased from iHerb.com, HERB PHARM, Saudi 

Arabia. Country of origin of goods: USA.  

 

Experimental protocol 

Adult male Wister albino rats (n=32 rats), 170 - 210 g, were purchased from the animal unit of King Fahd Medical Research Center, 

KAU. All rats were kept to a week for acclimatization. The rats were caged at standard experimental circumstances (22 ± 3 °C and 50-

55% humidity). All rats were fed a standard nutritionally balanced diet, according to Reeves (1997) and free drinking water. 

 

Ethical approval 

This work was approved by the biomedical ethics research committee, Faculty of Medicine, KAU, no (HA-02-J-008).    

 

Experimental design  

The rats were equally classified into 4 groups (8 each): Group I (Control) rats were injected with the glycol subcutaneously (S.C.) daily 

for the 21 days. Group II, immunosuppressive model, (CsA) rats were injected S.C. with CsA at a dose of 15 mg/kg/day for 21 days 
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(Rezzani et al., 2001). Group III (low dose EPR), CsA + EPR (100 mg/kg/day). Group IV (high dose EPR), CsA + EPR (200 mg /kg/day). 

Rats in groups III and IV were orally ingested EPR extract daily. Rats of both groups were concomitantly injected S.C. with CsA for 21 

days. The chosen dose (100 mg/kg) according to a previous study (Rezaie et al., 2013). 

 

Biochemical studies 

Preparation of the spleen tissue homogenate 

About 0.5 g of spleen specimens were homogenized in about 4.5 volume phosphate buffer pH 7.4. The homogenates spleen samples 

were centrifuged at (3000 rpm for 15 min at 4 °C) (Abdallah et al., 2015). The produced supernatants were separated and kept frozen 

at −80 °C till assaying the antioxidant enzymes . 

 

Assay of antioxidant enzymes (SOD and GST) in spleen tissue homogenate 

Rat superoxidase dismutase (SOD), glutathione-s-transferases (GST) ELISA Kits obtained from the Glory Science Co., Ltd. Del Rio-TX-

United States was used according to the manufacture instructions. 

 

Assay of serum inflammatory cytokines  

Rats serum tumor necrosis factor-alpha (TNF-α) and interleukin-1 alpha (IL-1α) were determined used the Sandwich-ELISA kits 

obtained from the Glory Science Co., Ltd. Del Rio-TX- USA, according to the manufacture instructions.  

 

Immunohistochemical studies 

Spleen sections (5µm) were stained with anti-CD3 and anti-CD56 monoclonal antibodies for recognition of T-lymphocytes and NKC, 

respectively. The primary antibody against the CD3 was purchased from Novocastra Laboratories Ltd., Newcastle, UK. Whereas, the 

primary antibody against CD56 was purchased from Abbiotec-Dunbrook Rd., San Diego, CA 92126, USA. The areas percent of the 

CD3 and anti-CD56 positively stained periarteriolar sheath were quantified using computer-based image analysis software (ImageJ) 

(http://imagej.nih.gov/ij/).  

 

Statistical analysis 

Data were presented as the mean ± standard error (SE). Comparisons of groups were carried out using ANOVA test. The LSD test was 

used for determination the significances between different animal groups utilizing SPSS version 22. 

 

3. RESULTS  

Splenic antioxidant status  

The effects of EPR at different doses on SOD and GST activities in the spleen of different groups were summarized in Figures 1 and 

2.  
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Figure 1 Effect of EPR on splenic SOD activities in immunosuppression rats. Data are mean ± SE (n=8 rats). a Significant difference 

from control. b Significant difference from CsA.  
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The analyzed data displayed a significant decline in SOD and GST activities in CsA group compared to the control group. On the 

other hand, concomitant administration of both EPR low and high doses with CsA significantly increased SOD and GST activities 

compared with CsA group. Compared to the control group, CsA had a negative impact on enzymatic antioxidant status in spleen 

tissue, while oral administration of EPR to rats reversed this reduction. 
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Figure 2 Effect of EPR on splenic GST activities in immunosuppression rats. Data are mean ± SE (n=8 rats). a Significant difference 

from control. b Significant difference from CsA.  

 

Serum Inflammatory cytokines (TNF-α and IL-1α) 

The CsA group revealed a significant decrease in the serum levels of TNF-α and IL-1α as compared with the control group. 

Otherwise, the CsA group showed a significant difference as compared with the low dose of EPE (100 mg) and high dose (200 mg). 

The comparison between the control group and the two EPR groups revealed an insignificant increase in cytokine levels. All values 

presented in Figures 3 and 4. 
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Figure 3 Effect of EPR on serum inflammatory cytokines TNF-α levels in immunosuppression rats. Data are mean ± SE (n=8 rats). a 

Significant difference from control. b Significant difference from CsA.  
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Figure 4 Effect of EPR on serum inflammatory cytokines IL-1-α levels in immunosuppression rats. Data are mean ± SE (n=8 rats). a 

Significant difference from control. b Significant difference from CsA.  

 

 

 

Figure 5 A Photomicrograph of control rats showing the brown stained immunohistochemically stained by anti CD3 lymphocytes in 

PALS of W and R [A}. In CsA group marked decrease in the brown stained lymphocytes in PALS [B]. In CsA+EPR (100 mg/kg) group 

notice the narrow zone of CD3 positive cells PALS around A with negatively CD3 reacted cells [C]. In CsA+EPR (200 mg/kg) group 

increased CD3 positive cells in the periarteriolar sheath W and R. [W: White pulp, R: Red pulp and A: Arteriole]. 
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Immunohistochemistry study 

The control group showed heavy immune-stained spleen sections to CD3 represented by the brown positively reacted CD3+ T 

lymphocytes in the periarteriolar lymphatic sheath (PALS) (Figure 5 A). Meanwhile, the examination of the spleen sections from CsA 

group displayed marked depletion of the brown stained CD3+ T lymphocytes (Figure 5 B). On the other hand, the pretreated groups 

by the low and high doses of the EPR showed an evident increase in the area % of the CD3+ T lymphocytes population in the PALS 

(Figures 5 C and 5 D).  

The CD3 positive T lymphocytes area % is proved by the morphometric measurement of the PALS area percent. This recorded 

increase in the positive CD3 area % was statistically significant in the pretreated group by the high dose in comparison to the CsA 

group. However, the CsA group showed a significant reduction in the positive CD3 area % as compared with the control group. The 

morphometric results and its statistical analysis were summarized in (Figure 6). 
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Figure 6 Effect of EPR on the area percent of the CD3 positive T lymphocytes in PALS in immunosuppression rats. a Significant 

difference from control. b Significant difference from CsA.  

 

 

Figure 7 Spleen of the control rats immunohistochemically stained by anti CD56, showing the brown stained CD56+ NKC (arrows) 

[A}. In CsA injected rats showing a marked decrease in the CD56 + NKC [B]. In CsA+ EPR (100 mg/kg b.wt) group showing the CD56 

positively reacted NKC [C]. ]. In CsA+ EPR (200 mg/kg) group showing evident increase of theCD56positively reacted NKC (arrows)  

[D]. (W: white pulp and R: Red pulp).  
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Immunohistochemistry CD56+ examination for spleen 

Examination of CD56+ immunostained spleen sections from the control group displayed the normally distributed CD56+NKC mainly 

in the red pulp and in the marginal zone of the white pulp Figure 7 A. In CsA group the sections of spleen had marked decrease in 

the CD56+ NKC compared to the control group Figure 7 B. The pretreated group with EPR low dose, the demonstration of the 

positive CD56 NKCs was slightly increased compared to the CsA group. This increase did not return to that of the control Figure 7 C, 

while the pretreated group with EPR high dose, the positive CD56 NKCs was increased, this increase returns to that of the control 

spleen tissue Figure 7 D. 

The CD56+ NKC area % is proved by the morphometric measurement of the PALS area percent. The CsA group exhibited a 

significant reduction in the positive CD56 NKC area % as compared with the control group. However, the recorded increase in the 

positive CD56 NKC area % was statistically significant in the pretreated group by the high dose in comparison to the CsA group. The 

morphometric results and its statistical analysis were summarized in (Figure 8). 
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Figure 8 Effect of EPR on the area percent of the CD3 positive T lymphocytes in PALS in immunosuppression rats. a Significant 

difference from control. b Significant difference from CsA.  

 

4. DISCUSSION 

Cyclosporine A (CsA) is considered one of the common worldwide immunosuppressive drugs. It has been given for the treatment of 

autoimmune diseases such as rheumatoid arthritis and psoriasis. Its side effects have been attributed to the increase production of 

ROS and the altered antioxidant status. Treatment with CsA inhibits the expression and activity of antioxidant enzymes. Thus, the 

administration of the antioxidant supplementation with CsA treatment might be beneficial to prevent severe side effects. 

The present study revealed that there was a significant decrease in SOD and GST activities in the spleen tissue of rats injected 

with CsA compared with control. This can be explained by the occurrence of oxidative stress as CsA-generated free radicals. The 

current results are in accordance with (Chandramohan and Parameswari, 2013 and Abdul-Hamid et al., 2016). Furthermore, there 

was a marked rise in SOD and GST levels in the spleen tissue of rats pretreated with EPR low and high doses. It reported that the 

administration of EPR significantly increases endogenous antioxidants, such as SOD and GST. These results were in accordance with 

previous studies (Nematalla et al., 2011 and Zhu et al., 2017). 

Oxidative stress-induced tissue damage can be enhanced by antioxidants, which work as a reactive oxygen species scavenger 

and suppress lipid peroxidation and other consequences of increased oxidative stress. Hence, safeguarded against different illnesses 

(Abdul-Hamid et al., 2016). In the present study, the protective effect of EPR involves in the maintenance of antioxidant capacity for 

protecting the tissue against oxidative stress. This amelioration may be attributable to the antioxidant and reactive oxygen species 

scavenging action of EPR (Hu and Kitts, 2000). E. purpurea contains many antioxidant compounds as echinacoside and caffeine acid. 

These antioxidants effectively eradicate superoxide anions by activation of SOD enzyme, as explained in a previous study (Mishima 

et al., 2004). Furthermore, analysis of E. purpurea extract illuminated that, it contains a series of active compounds as caffeic acid, 

polyphenolics including cichoric acid and glycosylated flavonoids and polysaccharides, which responsible for certain anti-

inflammatory and antioxidant activities (Turner et al., 2005). 
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The significant reduction in plasma cytokines of TNF-α and IL-1α in the experimental CsA group compared to the control group 

is consistent with the results of previous authors (Leitner et al., 2011 and Warda et al., 2013). This depression was clarified by the 

engagement of CsA to T lymphocytes cyclophilin. The T lymphocytes-cyclophilin complex restrains calcineurin, which stimulates the 

production of interleukin 2, which supports T lymphocyte activation and reproduction (Matsuda and Koyasu, 2000 and Liu et al., 

2014). Furthermore, it recorded that CsA inhibited T-cell secretion of several cytokines, including interleukin IL-2, IL-3, IL-4, and 

interferon-gamma (Calne, 2004). 

In the present work, low and high doses of EPR, reverted TNF- α, and IL-1 α values approximated the control values with a 

significant difference between pretreated groups as compared with CsA group. It was reported that Echinacea stimulates immune 

functions in healthy and in immunosuppressed animals (Kumar and Ramaiah, 2011). The polysaccharide heteroxylan has potential to 

activate phagocytosis, other polysaccharides as arabinogalactan induce the release of TNF that increase the level of macrophage IL-

1, interferon beta-2.Alkylamide, glycoproteins, and chicoric acid glycosides, also stimulate phagocytosis (Li et al., 2005). In addition, 

EPR enhances different immune reactions, including spleen lymphocytes, peripheral macrophages, and elevates T and B 

lymphocytes (Balciunaite et al., 2015). 

The results of this work observed decreased CD3+ immunoexpression. On the other hand, concomitant treatment with EPR 

improved this dropping. The obtained results agreed with previous studies (Omar et al., 2013 and Kabat-Koperska et al., 2016). They 

found a significant decrease in the percentage of CD3 positively reacting T lymphocytes in the spleen after CsA treatment. This may 

be explained by CsA inhibits T-cell activation by blocking IL-2 production. Echinacea purpurea root may stimulate splenic T-cell 

proliferation. In this study, the rats pretreated with EPR had a significant increase in CD3+T cell compared to CsA group. These 

results were in agreement with previous results (Skaudickas et al., 2003 and Dehkordi et al., 2011). EPR can stimulate splenic T-cell 

proliferation as a result of its chemical composition, which is responsible for immunomodulatory properties as choric acid, caffeic 

acid, and other polyphenols, glycoproteins, alkylamides and polysaccharides. Moreover, other studies suggest that EPR directly 

affects the T lymphocyte, macrophage, and dendritic cells (Wang et al., 2017). 

On the other hand, the current study displayed the apparent increase in the number of the NKC in the spleen tissue after the low 

and high doses of EPR pretreatment, but not reaching that of the control group. While CsA injected to rats caused marked 

decreased in reactive CD56 positive NKC in the spleen. This negative effect of the CsA on the NKC could be due to inhibition of IL-2 

and IFN gamma production by T cells (Fitzpatrick et al., 1994 and Gasteiger et al., 2013). Moreover, it is reported that 

arabinogalactans, the active components of EPR, has a stimulatory effect on the NKC through stimulation of macrophages. The 

presence of the alkamides, results in suppression of prostaglandin E2, which is the main suppressor of the NKC (Mistrikova and 

Vaverkova, 2006). This stimulatory effect of EPR induced an increase in NKC numbers in the spleen (Currie and Miller, 2000). 

 

5. CONCLUSION  

In summary, the current results indicated that the high dose of EPR is the most effective than low dose, which ameliorated 

biochemical and histopathological alterations in spleen induced by CsA-treatment. So, it is recommended to increase the awareness 

of people about the health benefits of EPR as natural antioxidant products. Also, the EPR intake value before and after CsA regime to 

avoid and prevent the development of oxidative stress. 
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