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ABSTRACT

Background: In Iranian traditional medicine, Echium amoenum, is used as a native medicinal plant. 
Objective: To investigate the effect of Echium amoenum extract on humoral and cellular immune response. 
Methods: Hydroalcoholic extract of Echium amoenum was prepared and the proliferative responsiveness of peripheral blood and thymic 
lymphocytes to mitogen and alloantigen was determined by lymphocyte proliferation assay and two-way mixed lymphocyte reaction, respectively. 
Humoral antibody production to sheep red blood cell (SRBC) in mice was investigated by multiple intraperitonealy administration of the extract 
(1-100 ?g/ml) 24 and 48 hours before and after immunization of a group of mice with SRBC. The primary and secondary antibody titers to SRBC 
were determined by hemagglutination assay. 
Results: A strong increase in allogenic response was obtained at 10 ?g/ ml of the extract (stimulation index of 1.81, p < 0.01). Echium amoenum
showed no direct stimulatory activity on either lymphocytes or thymocytes in proliferation assay. However , the extract at concentrations of 50-
400 ?g/ml showed a co-stimulatory effect on mitogenic lymphocyte proliferation. The highest stimulation index was obtained at concentration of 
200 ?g/ml (1.44, p < 0.02). Despite these immunostimulatory effects, the extract showed a significant dose related decrease in the humoral 
antibody response (p<0.05). The mean antibody titer log2 for doses of 25, 50  and 100 mg/kg of the extract in the primary response ranged from 
5.1?0.7 to 6.5?0.5 compared to the negative control (8.5?0.9). The corresponding data for secondary response was 4.6?0.7 to 6.6?0.5 compared to 
10.8?0.7 in negative control. 
Conclusion: Although, the extract showed the capacity to augment lymphocyte proliferation in the presence of mitogen or alloantigen, humoral 
antibody synthesis in both primary and secondary response was inhibited. 
Irn J Med Sci 2000; 25(3&4 ):119-124.
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Introduction

Echium amoenum, is a herbal plant belonging to the Boraginaceae (ox-tongue) family and grow widely 
in the northern highlands of Iran. 

The best known species of this family, Borago officinalis is indigenous (semi-arid regions) of western 
Europe and naturalized in the eastern Unitated States. It is also cultivated for its delicate, blue flowers. 
The leaves of this plant are tongue like bristled while the seed contains a variety of fatty acids notably Y
-linoleic acid, a prostaglandin precursor. 

In western traditional medicine, crude leaves has been used as diuretic, demulcent, emollient and 
expectorant. 

Echium amoenum, has not been reported to grow in Europe or other parts of the world and is restricted 
to the northern parts of Iran. In Iranian traditional medicine, flower heads of this herb has long been used 
as a tonic and tranquillizer. Avicenna, the renowned Persian scientist and physician of the middle age in 
his epochal work "Canon of Medicine" (980-1037 AD) recommended the ash as well as other 
preparations of the plant in the treatment of oral ulcers and inflammations. A 

concoction of this herb mixed with wine was believed to bring about euphoria and when mixed with 
honey it was used to ease heart palpitations. Makhzan-Al- Adviya written by Khorasani, a historic 
Iranian physician, described Echium amoenum as being a remedy for cough, sore throat, pneumonia and 
dyspnea. It was also recommended in the treatment of a range of eruptive fevers of children. 
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Phytochemistry analyses of other species of Echium has revealed the presence of pyrrolizidine alkaloids, 
Echinone and Echinofuran1-3. Some anti-microbial and anti-inflammatory effects of these species have 
been documented in western studies. 4-5 

Immunological mechanisms have been implicated in the pathogenesis of a number of above-mentioned 
illnesses. This study was designed to investigate whether modulation of immunological reaction might 
underlie the folkloric efficacy of Echium amoneum. 

This study examined the effects of hydrochloric extract of Echium amoneum on:

I) spontaneously mitogenic activity on lymphocytes
II) in vitro lymphocyte proliferation and mixed lymphocyte reaction, and
III) in vitro humoral antibody response

Materials and Methods

Preparation of the extract:

Samples of fresh flower heads of Echium amoenum were collected during June from Mazandaran 
province. Plant materials were washed, dried and then 120 g of shade-dried powder was extracted with 
70% ethanol. The yield (w/w) of the extract was 33.3%. 

Humoral antibody response:

Six groups of 5 mice were immunized intraperitoneally (ip) with 5x109 SRBC on days 0 and +7. In four 
groups, different doses of Echium  extract (1-100 mg/kg) was administrated on days -2, -1, 1 and 2 of 
immunization (ip). The mice in the fifth group were injected with levamisol as an immunopotentiating 
agent (2 mg/kg, ip) on the same day. The sixth group was considered as non-treated control and injected 
only with normal saline. Blood samples were obtained from each mouse on day +7 for primary response 
and on day +14 for secondary response. Antibody titer was determined by hemagglutination assay as 
described previously.6 To 25 ?l of two-fold diluted serum samples in V-shape micro- titration plates, 
25 ?l of 0.1% SRBC suspension was added. After 1 hour of incubation the highest dilution of serum 
samples which caused hemagglutination was considered as antibody titer and the mean log2 of the titers 
were determined. 

Lymphocyte proliferation assay: 

Peripheral blood lymphocytes (PBL) from healthy individuals were separated using Ficoll-hypaque 
(Biotest, Germany) gradient centrifugation. Thymocytes prepared by teasing the thymus obtained from 
patients undergoing open-heart surgery. Appropriate concentrations of the cells were added to each well 
of a tissue culture plate (Nunc, Denmark). Then the same volume of media containing two-fold 
concentrations of 0.1 to 800 ?g/ml of the extract was added. Two series of the cells were cultured 
without the extract and with 20 ?g/ml of phytohemagglutinin (PHA) ( Bahar-Afshan Co, Iran) for PBL 
cells, and 10 ?g/ml of Concanavalin A ( Pharmacia, Sweden) for thymocytes. The effect of the extracts 
also on lymphocyte proliferation in the presence of sub-optimal dose of PHA was assessed. To each well 
of tissue culture plate containing the cells, PHA ( 10 ?g/ml) and different concentrations of the extracts 
were added. After 3 days of incubation , [3H]-Thymidine (Amersham Int. Plc) (0.5 ?ci/well) was added 
and then harvesting was done. CPM was measured using a counter (Pharmacia, Sweden). The mean 
CPM value of each of the three independent experiments performed in triplicate, and then the 
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stimulation index (SI) was calculated. 

Mixed lymphocyte reaction: 

100 ?l of each single cell suspension of PBL from two unrelated individuals were mixed in each well of 
microtissue culture plate and co-cultured in the presence or absence of different concentrations of the 
extract in triplicate. After 5 days of incubation , the same procedure was performed as for lymphocyte 
proliferation assay. 

Results

Hydroalcoholic extract of Echium amoenum was examined for its mitogenic activity on the human 
lymphocytes and thymocytes. As shown in Figure 1, the SI of all cultures treated with different 
concentrations of the extract was almost equal to zero, the same as negative control (SI< 0. 07). 
Similarly, extract-treated thymocytes showed no significant differences with non-treated cells (SI<0.06, 
data not shown). The results indicated that incubation of Echium amoenum extract in concentrations 
ranging from 0.1 to 800 ?g/ml had no direct stimulatory effect on the PBL and thymocyte proliferation. 
However, addition of 50 to 400 ?g/ml of the extract to the PHA-treated cultures significantly increased 
the lymphocyte proliferation (SI range: 1.29-1.44, p<0.02). Thus, Echium amoenum was shown to have 
a co-stimulatory effect with PHA in lymphocyte proliferative response. In MLR, Echium extract with 
concentrations of 0.1 to 10 ?g/ml showed a significantly higher SI than non-treated cultures (SI range: 
1.35-1.81, p<0.01) indicating the stimulatory activity of Echium amoenum on lymphocyte response to 
allogenic cells. The highest proliferative activity was detected at 10 ?g/ml. At concentrations higher than 
700 ?g/ml, both MLR and lymphocyte proliferation assay were inhibited. 

The effect of the extract on humoral antibody response was also examined. As shown in Table 1, a dose-
related decrease in humoral antibody titer due to the extract doses of 1 to 100 mg/kg is observed in 
treated mice both in primary and secondary response (p<0.05). As the concentration of the injected 
extract decreased, the antibody titer increased to reach near the level of non-treated mice. The mean 
antibody titer log2 for levamisol as the positive control was significantly higher than for non-treated 
mice (p<0.03). 

Discussion

Study of the possible immunostimulatory effects of herbal plants on cell-mediated immunity (CMI) is a 
matter of interest for many investigators. In several distinct studies, the capacity of herbal plants on 
lymphocytic proliferation in the presence of mitogens, allogenic cells, and the specific antigens has been 
studied.7-12 In this regard, the immunostimulatory activity of garlic on CMI has been reported.8 Green 
tea has been proven to increase humoral and cellular activity.9 Ginseng enhances production of 
macrophages, B and T cells.9 Echinacea is being tried as an agent for immune stimulation10 and 
Acanthospermum hispidum, a tropical plant, has been shown to enhance the proliferation of T 
lymphocytes after stimulation with Con A or allogenic stimulator cells in the mixed lymphocyte 
culture.11 The present study has focused on the influence of Echium amoenum extract on mitogen and 
alloantigen-induced lymphocyte proliferation . This herb has a high application in Iranian traditional 
medicine for the treatment of infections and inflammatory diseases. Whether the therapeutic efficiency 
of this herb may, in part, be mediated via its influence on the immune response is not known. No 
immunomodulatory study has been reported for either Echium amoenum or other Echium species. The 
results obtained in this study indicated that Echium amoenum has the capacity of increasing the cellular 
immune response. The extract showed no spontaneous stimulatory activity on the human lymphocytes 
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and thymocytes but when the cells were cultured with the extract in the presence of a suboptimal dose of 
PHA, a strong enhancement in the cell proliferation was observed. Similarly assessment of the effect of 
the extract on allogenic reaction, another indicative of CMI determined by MLR, showed that Echium is 
able to increase this response. A possible explanation for these effects might be the presence of some 
components similar to lectins in the extract which can bridge cells by binding to surface proteins on 
stimulated cells and may co-stimulate and facilitate cellular interactions.12 The lymphocyte proliferation 
activity may also be due to the direct effect of Echium amoenum or may be mediated through activated 
release of cytokines such as IL-1, IL-2 and IFN-Y . In several studies, increase in cytokine production 
due to herbal plants has been shown,13- 14 large quantities of IL-10 have been secreted in culture of non-
activated peripheral blood mononuclear cells and allogenic cells with whole Nigella sativa proteins13
Seed extracts of Aegineta L induced IL-2 , IFN-Y , TNF and IL-6 production and lymphocyte 
proliferation in vitro.14 These reports highlight the need for further study, in particular to investigate the 
possible action of Echium amoenum extract and its components in interfering with cytokine production. 

Despite the stimulatory effects on cellular immunity, Echium amoenum showed an inhibitory effect on 
humoral antibody response. Alterations in antibody synthesis have been reported for other herbal 
plants.15- 20 In this regard, administration of heteropolysaccharides from the camomile flower to rats 
resulted in stimulation of development of the immune response to SRBCs.16 The aqueous extract of 
Achillea talagonica has shown a significant decrease in anti- SRBC hemagglutination titer in primary 
response,12 and in another study administration of Picrorhiza kurroa in mice prior to immunization with 
SRBC resulted in a significant increase in antibody titer and plaque forming assay.18 The antibody 
production to T dependent antigen SRBC requires the cooperation of T and B lymphocytes.21 The 
inhibition of humoral response to SRBC could be due to extract-induced inhibited phagocytic functions 
of macrophages, the cells involved in antigen processing and presentation, or may be influenced by 
relative amounts of different cytokines produced at the site of T cell and B cell stimulation.22- 24 It 
should be noted that different dosage schedules, timings and routes of administration of the antigen and 
the extract may influence different types of antibody response. In our study, the immunosuppression of 
humoral response was observed when the mice were treated intraperitoneally 1 and 2 days before and 
after injection of the SRBC. It is possible that on prolonged treatment, this inhibitory effect would be 
altered. 

In conclusion, this study showed that anti-inflammatory and anti-infection properties of Echium 
amoenum are associated with stimulation of cellular immune response and suppression of humoral 
antibody synthesis. The stimulatory effect could indicate it’s therapeutic potential for treatment of 
infections and the inhibitory action could partly be considered for anti-inflammatory effect of this herb. 
It is important to elucidate whether these distinct capabilities of Echium amoenum exerted by one 
component of Echium or by different components. Additional studies to find the relationship between 
these effects and the therapeutic usefulness of the herb accompanied with identification of active 
ingredients are in progress. 
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