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Abstract

In recent years, numerous in vivo and in vitro studies have demonstrated that
Echinacea and its extracts can enhance immune function, thereby exerting
anti-inflammatory, antibacterial, and antiviral effects. The immunomodulatory
mechanisms of Echinacea and its extracts may involve binding to cell surface
receptors, activation of related signaling pathways, and expression of immune-
related factors. This article provides a concise overview of recent in vivo and in
vitro research on the immunomodulatory effects of Echinacea and its extracts,
along with their potential mechanisms of action.
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Abstract: In recent years, numerous in vivo and in vitro studies have demon-
strated that Echinacea and its extracts can enhance immune function in animals,
thereby exerting anti-inflammatory, antibacterial, and antiviral effects. The im-
munomodulatory mechanisms may involve binding to cell surface receptors, ac-
tivation of related signaling pathways, and expression of immune-related factors.
This article provides a brief overview of recent research on the immunomodu-
latory effects of Echinacea and its extracts and their possible mechanisms of
action.
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Echinacea, also known as “purple coneflower,” belongs to the Asteraceae family
and is a perennial plant native to eastern North America. It has been used
medicinally for hundreds of years, initially for treating colds and upper respi-
ratory tract infections [1-2]. Among nine Echinacea species, three are widely
used in medicine: FEchinacea purpurea, Echinacea angustifolia, and FEchinacea
pallida [3]. According to statistics, Echinacea ranks as the best-selling herbal
product in American and European markets, comprising 10% of total herbal
medicine sales [1,4]. In recent years, applications have expanded from clinical
use to animal production, with studies showing that Echinacea primarily exerts
anti-inflammatory, antibacterial, and antiviral effects by enhancing immunity.

As a feed additive in livestock and poultry production, Echinacea and its ex-
tracts improve feed intake and weight gain, enhance newborn survival rates
while reducing deformities, strengthen disease resistance, provide antibacterial
and antiparasitic protection, and improve product quality [5-6]. These bene-
fits all reflect, to varying degrees, the role of Echinacea in immunomodulation.
This review summarizes recent research on the immunomodulatory effects of
Echinacea and its extracts, offering references for studying the mechanisms un-
derlying their functions and providing a scientific basis for their promotion and
application in animal production.

1.1 In Vivo Studies

Under normal feeding conditions, dietary supplementation with Echinacea or
its extracts can modulate immune function in animals. Aly et al. [7] reported
that adding 0.25 mg/kg Echinacea extract to tilapia feed significantly increased
daily weight gain and blood lysozyme activity. Oskoii et al. [8] found that
dietary supplementation with 0.25% or 0.50% Echinacea elevated white blood
cell and lymphocyte counts in rainbow trout. Arafa et al. [9] demonstrated
reduced mortality in weaned rabbits fed Echinacea-supplemented diets, an ef-
fect attributed to enhanced immune function and antioxidant defense systems.
Ebrahimi et al. [10] observed increased relative weights of spleen and bursa of
Fabricius in broiler chickens fed Echinacea extract, with superior effects com-
pared to organic acid or probiotic supplementation. Hao et al. [11] reported that
Echinacea extract improved growth performance and immune organ indices in
broiler chickens. Niu et al. [12] showed that Echinacea extract significantly
increased infectious bursal disease virus antibody titers and cytokine levels [in-
cluding interleukin-2 (IL-2) and tumor necrosis factor-a (TNF-a/)] in chicken
peripheral blood while improving production performance. Ni et al. [13] found
that Echinacea enhanced nonspecific T cell activity, CD4+ T lymphocyte con-
tent, and the CD4+4/CD8+ T lymphocyte subset ratio in chicks, demonstrating
significant immunomodulatory effects. Song et al. [14] also showed that Echi-
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nacea extract is an effective immune enhancer that promotes immune organ
development in broiler chicks and increases Newcastle disease antibody produc-
tion in peripheral blood. Kim et al. [15] found that dietary Echinacea enhanced
antigen-presenting cell function in BALB/c mice by reducing the number and
function of regulatory T cells in the spleen. Wu et al. [16] conducted carbon
clearance tests in Kunming mice, demonstrating that 0.025 g/g chloroform
extract of Echinacea alleviated hydrocortisone-induced suppression of mononu-
clear phagocyte system function. Li et al. [17] reported significantly increased
spleen indices in immunosuppressed mice treated with Echinacea.

Furthermore, dietary Echinacea or its extracts can improve immune function in
diseased or challenged animals. Pourgholam et al. [18] demonstrated enhanced
immune function in Streptococcus-infected rainbow trout fed Echinacea extract.
El-Asely et al. [19] found that Echinacea extract effectively enhanced immune
function in Nile tilapia reared in water containing Aeromonas hydrophila. Qin
et al. [20] showed that Echinacea extract reduced mortality in turbot challenged
with Fdwardsiella tarda by significantly enhancing nonspecific immune function.
Ren [21] demonstrated that Echinacea extract effectively enhanced carp immune
function and generated strong resistance against Aeromonas hydrophila. Xiao
et al. [22] reported that Echinacea significantly enhanced immune function and
improved resistance to F. coli infection in mice challenged by intraperitoneal
injection of E. coli.

1.2 In Vitro Studies

The immunomodulatory effects of Echinacea and its extracts have been con-
firmed in vitro. Sasagawa et al. [23] found that Echinacea extract inhibited
IL-2 production in T cells from leukemia patients in a dose-dependent manner.
Zhai et al. [24] and Sullivan et al. [25] demonstrated that Echinacea extract ac-
tivated innate immune responses and regulated production of interleukin-6 (IL-
6), TNF-q, interleukin-12 (IL-12), and nitric oxide (NO) in mouse peritoneal
macrophages, with similar results reported by Yu et al. [26] in chicken periph-
eral blood mononuclear cells and the mouse macrophage cell line RAW264.7.
Classen et al. [27] showed dose-dependent effects of Echinacea extract on IgM
production in mouse lymphocytes and NO and I1-6 production in mouse alve-
olar macrophages. Groom et al. [28] found that Echinacea extract enhanced
macrophage phagocytosis and increased interferon-vy synthesis. Fast et al. [29]
demonstrated that Echinacea extract inhibited Pam3csk4-induced TNF-a secre-
tion in the human leukemia cell line THP-1. Sharma et al. [30-31] showed in
vitro challenges with Propionibacterium acnes and rhinovirus that Echinacea ex-
tract alleviated inflammatory cytokine production in human bronchial epithelial
cells and skin fibroblasts while inhibiting pathogen proliferation.

Collectively, these in vivo and in vitro studies demonstrate that Echinacea and
its extracts modulate inflammatory cytokines and lymphokines, enhance an-
tibody production, improve animal immune function, increase survival rates,
reduce mortality, and promote weight gain. Moreover, they provide immune
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protection in challenged and immunosuppressed animals, exhibiting pathogen
resistance and immune-enhancing effects.

Analysis of recent research results suggests that Echinacea and its extracts
may modulate immune function through three primary pathways: 1) Upreg-
ulating macrophage function through Toll-like receptor 4 (TLR4)-dependent
signaling cascades. Sullivan et al. [25] demonstrated that Echinacea polysac-
charides activate macrophage effector functions by binding as ligands to TLR4,
activating mitogen-activated protein kinase (MAPK) pathway proteins [includ-
ing extracellular regulated protein kinase (ERK), p38, and c-Jun N-terminal
kinase (JNK)], and ultimately activating nuclear factor- B (NF- B), with TLR4-
independent mechanisms also identified. Xu [32] confirmed these findings and
further discovered involvement of the TLR adaptor molecules myeloid differen-
tiation factor 88 (MyD88) and Toll/interleukin-1 receptor domain-containing
adaptor inducing interferon-g (TRIF). 2) Acting as ligands to bind cannabinoid
receptor-2 (CB2), activating related signaling pathways to exert immunomod-
ulatory effects. Gertsch et al. [33] showed that Echinacea extract modulates
immune function by binding CB2, activating cyclic adenosine monophosphate
(cAMP), p38MAPK, and JNK pathways, and increasing activating transcrip-
tion factor/cAMP-response element binding protein (ATF-2/CREB-1) activity
in peripheral blood mononuclear cells, with similar results reported by Chicca
et al. [34] in human embryonic kidney HEK cells. 3) Modulating expression of
immune-related genes to influence immune function. Wang et al. [35] used tar-
geted functional DNA microarrays to demonstrate that Echinacea extracts from
different plant parts affect expression of CD83, CD34, and chemokines (CCL2,
CCL3, CCL8, CDIA, CCR1, CCRY, etc.) in dendritic cells. Brush et al. [36]
also showed that Echinacea extract increased CD69 expression on T cells.

Innate immunity constitutes the first line of defense against pathogens, with
TLRs being critical for immunomodulation. TLR4 is a key member of the TLR
family that recognizes pathogen molecules, particularly from Gram-negative
bacteria, and plays a vital role in natural immunity [37]. CB2 is primarily
distributed in immune tissues and cells with minimal central nervous system
expression, participating mainly in immunomodulation and neurodegenerative
processes [38]. Echinacea and its extracts can bind as ligands to these receptors
(TLR4, CB2), activating downstream pathways to induce immune responses.
Additionally, they can enhance defense functions by modulating immune-related
genes, thereby rapidly preventing invasion by harmful pathogens.

In summary, Echinacea and its extracts modulate immune function both in vivo
and in vitro, and their use as feed additives enhances animal immune function,
improves stress resistance, and promotes growth. The mechanisms involve recep-
tor binding (TLR4 and CB2), signaling pathway activation, and immune-related
gene expression. However, current research has several limitations: limited ap-
plication studies in livestock, mechanistic investigations restricted to in vitro
cell experiments without animal validation, and scarce safety data for feed addi-
tive use. Future research should address these gaps to provide theoretical basis

chinarxiv.org/items/chinaxiv-201711.00926 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00926

for safe and efficient application.

References

[1] MACCHIA M, ANGELINI L. G, CECCARINI L. Methods to overcome seed
dormancy in Echinacea angustifolia DC[J]. Scientia Horticulturae, 2001, 89(4):
317-324.

[2] HUDSON J B. Applications of the phytomedicine Echinacea purpurea (Pur-
ple Coneflower) in infectious diseases[J]. Journal of Biomedicine and Biotech-
nology, 2012, doi:10.1155/2012/769896.

[3] CHICCA A, ADINOLFI B, MARTINOTTIE, et al. Cytotoxic effects of Echi-
nacea root hexanic extracts on human cancer cell lines[J]. Journal of Ethnophar-
macology, 2007, 110(1): 148-153.

[4] SKOPINSKA-ROZEWSKA E, STRZELECKA H, WASIUTYNSKI A, et
al. Aqueous hydro-alcoholic extracts of Echinacea purpurea (L) Moench as tradi-
tional herbal remedies with immunotropic activity[J]. Central-European Journal
of Immunology, 2008, 33(2): 78-82.

[5] BARNES J, ANDERSON L A, GIBBONS S, et al. Echinacea species (Echi-
nacea angustifolia (DC.) Hell., Echinacea pallida (Nutt.) Nutt., Echinacea pur-
purea (L.) Moench): a review of their chemistry, pharmacology and clinical
properties[J]. Journal Pharmacy Pharmacology, 2005, 57(8): 929-954.

[6] GILROY C M, STEINER J F, BYERS T, et al. Echinacea and truth in
labeling[J]. Archives of Internal Medicine, 2003, 163(6): 699-704.

[7] ALY S M, MOHAMMED M F, JOHN G. Echinacea as immunostimula-
tory agent in Nile tilapia (Oreochromis niloticus) via earthen pond experi-
ment[C]//Proceedings of the 8th International Symposium on Tilapia in Aqua-
culture. Cairo: [s.n.], 2008.

[8] OSKOII S B, KOHYANI A T, PARSEH A, et al. Effects of dietary admin-
istration of Echinacea purpurea on growth indices and biochemical and hema-
tological indices in rainbow trout (Oncorhynchus mykiss) fingerlings[J]. Fish
Physiology and Biochemistry, 2012, 38(4): 1029-1034.

[9) ARAFA N M S, SALEM S M A, FARID O A H A. Influence of Echinacea
extract pre- or postnatal supplementation on immune and oxidative status of
growing rabbits[J]. Italian Journal of Animal Science, 2010, 9(3): €63.

[10] EBRAHIMI H, RAHIMI S, KHAKI P. The effect of organic acid, probiotic
and Echinacea purpurea usage on gastrointestinal microflora and immune system
of broiler chickens[J]. Journal of Veterinary Research, 2015, 70(3): 293-299.

[11] HAO Zhihui, CHEN Zhangliu, QIU Mei, et al. Effects of different Echi-
nacea extracts on immune function in broiler chickens[J]. Journal of Traditional
Chinese Veterinary Medicine, 2010, 29(2): 7-11.

chinarxiv.org/items/chinaxiv-201711.00926 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00926

ChinaRxiv [$X]

[12] NIU Xiaofei, SHI Wanyu, NI Yaodi, et al. Effect of Echinacea on immune
efficacy of infectious bursal disease vaccine[J]. Animal Husbandry and Veterinary
Medicine, 2008, 40(9): 5-8.

[13] NI Yaodi, XU Li, DU Jian. Effect of Echinacea polysaccharide on periph-
eral blood T lymphocyte subsets in chickens immunized with IBDV vaccine[J].
Chinese Journal of Veterinary Medicine, 2014, 50(5): 57-59.

[14] SONG Hongwei, LI Xiuju, YUE Li. Effects of Echinacea extract on immune
function in broiler chickens[J]. Feed Review, 2014(6): 7-10.

[15] KIM H R, OH S K, LIM W, et al. Immune enhancing effects of Echinacea
purpurea root extract by reducing regulatory T cell number and function[J].
Natural Product Commaunications, 2014, 9(4): 511-514.

[16] WU Jiangtao, LIU Ke. Effects of Echinacea extract on mononuclear phago-
cyte system function in mice[J]. Journal of Yantai University: Natural Science
and Engineering Edition, 2001, 14(2): 131-134.

[17] LI Wan, LIU Shuiping, SHI Ruonan, et al. Effects of Echinacea extract
on immune organ indices and serum hemolysin levels in mice[J]. Journal of
Traditional Chinese Veterinary Medicine, 2015, 34(6): 40-42.

[18] POURGHOLAM R, SHARIF ROHANI M, SAFARI R, et al. Effect of
Echinacea purpurea extract on immune system of rainbow trout (Oncorhynchus
mykiss) resistance to streptococcosis[J]. ISFJ, 2013, 22(3): 1-12.

[19] EIL-ASELY A M, AMIN R A, EI-HABASHI N M. Effect of dietary admin-
istration of Echinacea purpurea on immune responses, histopathological alter-
ation and microbial safety in Nile tilapia (Oreochromis niloticus) infected with
Aeromonas hydrophila[C]//Proceedings of the 5th Global Fisheries and Aqua-
culture Research Conference. Giza: Faculty of Agriculture, Cairo University,
2012: 100-114.

[20] QIN Zhihua, DONG Wenbin, JIANG Lingxu, et al. Effects of Echinacea
extract on non-specific immune function of turbot (Scophthalmus mazimus)[J].
Oceanologia et Limnologia Sinica, 2015, 46(3): 665-669.

[21] REN Yonglin. Effects of Echinacea extract on growth performance and
immune function of carp[D]. Master’ s thesis. Ya' an: Sichuan Agricultural
University, 2008.

[22] XTAO Zhengzhong, WU Suxiao. Effects of Echinacea extract on immune
function in mice[J]. Jiangsu Agricultural Sciences, 2011, 39(3): 275-276.

[23] SASAGAWA M, CECH N B, GRAY D E, et al. Echinacea alkylamides in-
hibit interleukin-2 production by Jurkat T cells[J]. International Immunophar-
macology, 2006, 6(7): 1214-1221.

[24] ZHAT Z L, HANEY D, WU L K, et al. Alcohol extracts of Echinacea
inhibit production of nitric oxide tumor necrosis factor-alpha by macrophages
in vitro[J]. Food and Agricultural Immunology, 2007, 18(3/4): 221-236.

chinarxiv.org/items/chinaxiv-201711.00926 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00926

ChinaRxiv [$X]

[25] SULLIVAN A M, LABA J G, MOORE J A, et al. Echinacea-induced
macrophage activation[J]. Immunopharmacology and Immunotozicology, 2008,
30(3): 553-574.

[26] YU B, LEE T T. Immunostimulant activity of Echinacea extracts in
vitro[C]//Proceedings of 2010 International Conference on Biotechnology and
Food Science. [S.]]: [s.n.], 2010: 37-41.

[27] CLASSEN B, THUDE S, BLASCHEK W, et al. Inmunomodulatory effects
of arabinogalactan-proteins from Baptisia and EchinacealJ]. Phytomedicine,
2006, 13(9/10): 688-694.

[28] GROOM S N, JOHNS T, OLDFIELD P R. The potency of immunomodula-
tory herbs may be primarily dependent upon macrophage activation[J]. Journal
of Medicinal Food, 2007, 10(1): 73-79.

[29] FAST D J, BALLES J A, SCHOLTEN J D, et al. Echinacea purpurea root
extract inhibits TNF release response to Pam3Csk4 in a phosphatidylinositol-3-
kinase dependent manner[J]. Cellular Immunology, 2015, 297(2): 94-99.

[30] SHARMA M, SCHOOP R, SUTER A, et al. The potential use of Echi-
nacea in acne: control of Propionibacterium acnes growth and inflammation[J].
Phytotherapy Research, 2011, 25(4): 517-521.

[31] SHARMA M, SCHOOP R, HUDSON J B. Echinacea as an antiinflamma-
tory agent: the influence of physiologically relevant parameters[J]. Phytotherapy
Research, 2009, 23(6): 863-867.

[32] XU Xin. Effects of Echinacea extract on immunity and anti-Salmonella
infection capacity in mice and its mechanism[D]. PhD dissertation. Hangzhou:
Zhejiang University, 2014.

[33] GERTSCH J, SCHOOP R, KUENZLE U, et al. Echinacea alkylamides
modulate TNF-« gene expression via cannabinoid receptor CB2 and multiple
signal transduction pathways[J]. FEBS Letters, 2004, 577(3): 563-569.

[34] CHICCA A, RADUNER S, PELLATI F, et al. Synergistic immunomophar-
macological effects of N-alkylamides from Echinacea purpurea herbal extracts|J].
International Immunopharmacology, 2009, 9(7/8): 850-858.

[35] WANG C Y, CHIAO M T, YEN P J, et al. Modulatory effects of Echinacea
purpurea extracts on human dendritic cells: a cell- and gene-based study|[J].
Genomics, 2006, 88(6): 801-808.

[36] BRUSH J, MENDENHALL E, GUGGENHEIM A, et al. The effect of
Echinacea purpurea, Astragalus membranaceus and Glycyrrhiza glabra on CD69
expression and immune cell activation in humans[J]. Phytotherapy Research,

2006, 20(8): 687-695.

[37] MOLTENI M, GEMMA S, ROSSETTI C. The role of toll-like receptor 4 in
infectious and noninfectious inflammation[J]. Mediators of Inflammation, 2016,
2016(7): 1-9.

chinarxiv.org/items/chinaxiv-201711.00926 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00926

ChinaRxiv [$X]

[38] ZHANG Shujuan, TANG Wangxian. Role of cannabinoids and their recep-
tors in immunomodulation[J]. Journal of Huazhong University of Science and
Technology: Medical Edition, 2014, 43(2): 236-238, 241.

*Corresponding author, associate professor, E-mail: acatmxb2003Q@Q163.com
(Executive Editor: Jian Jingying)

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.00926 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00926

	Echinacea and Its Extracts Modulate Animal Immune Function and Their Mechanism of Action: Postprint
	Abstract
	Full Text
	Echinacea and Its Extracts: Modulation of Animal Immune Function and Mechanisms of Action
	1.1 In Vivo Studies
	1.2 In Vitro Studies



