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ARTICLE INFO ABSTRACT

Keywords: Ethnopharmacological relevance: Aging is related to many factors, such as genes, oxidative damage,
EPi'mediuml metabolic abnormalities, immune regulation and sex hormones. This article reviews the phar-
Agings macological mechanism of Epimedium on slow aging from six aspects: gene regulation, antioxi-
Antioxidants

dant, the regulation of metabolism, the modulation of the immune system, the regulation of sex
hormone, and clinical efficacy.

Aim of the studyThrough literature review, to discover the potential pharmacological mechanism
of Epimedium for slow aging.

Materials and methods: We reviewed the literature on the applications of Epimedium in multiple
systems and the potential underlying mechanisms with systematic and comprehensive illustra-
tions. The review includes the following aspects: gene regulation, antioxidant, the regulation of
metabolism, the modulation of the immune system, the regulation of sex hormone, clinical effi-
cacy and safety.

Results: The slow aging active components of Epimedium may be flavonoids, such as Epimedins A,
B, C and icariin The slow aging effect of Epimedium may be related to gene regulation, antioxi-
dant, the regulation of metabolism, the modulation of the immune system, and the regulation of
sex hormone. No severe adverse reaction has been reported.

Conclusions: Epimedium has potential slow aging effect and been widely used in the clinic for
aging-related diseases in the real world in China; however, large-scale studies are still needed.

Mechanismy
Metabolisms
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1. Introduction

Aging is a complex and multifactorial process characterized by an increased risk of adverse health outcomes [1] and is becoming a
predominant health problem worldwide. It has a significant impact on individual quality of life and public health strategies. Tradi-
tional Chinese medicines (TCMs) are essential parts of complementary and alternative medicine and may have a promising future in
the slow aging sphere.

From the TCM view, Epimedium (Berberidaceae) has rejuvenation and energetic functions and has been commonly used in many
traditional formulas for centuries via “nourishing the kidney and reinforcing the Yang” [2,3]. Studies have shown that Epimedium
possesses multispectral therapeutic activities, including slow aging, preventing osteoporosis, boosting immunity, anti-depression,
anti-myocardial ischemia, treating erectile dysfunction, and antineoplastic effects [4-6]. It has also been applied with other Chi-
nese herbal medicines to treat various age-related diseases, such as cardiovascular diseases, sexual dysfunction, immune deficiency,
and menstrual disorder [7-9]. Although in modern medical theory, aging and sexual function are not directly related, in traditional
Chinese medicine theory, aging is closely associated with kidney qi weakness. One of the main manifestations of kidney qi weakness is
sexual dysfunction. Epimedium (also named Barrenwort or Rowdy Lamb Herb or Horny Goat Weed, in Chinese as Yin Yang Huo, Yang
He Ye or Xian Ling Pi (shown in Fig. 1), is a commonly used herbal in TCMs or herbal tea. Epimedium is a genus of perennial woodland
herbs, and widely distributed under forests, in thickets or slopeswith an altitude of 650-3000 m.Epimedium is the largest herbaceous
genus of Berberidaceae. Epimedium and preliminarily recognized that the genus comprises about 62 species. As an Old World genus,
Epimedium is distributed disjunctively and very unevenly in woodlands or scrubs in the Mediterranean region, western Asia and eastern
Asia. Five species are distributed in Algeria and Caucasus, six species distributed in Japan, Korea, north-eastern China and Far Eastern
Russia, about 51 species in central southeastern China.China is the diversity centre and distribution centre for Epimedium [10].Herbal
Epimedium is prepared from the dried aerial parts of Epimedium wushanense T.S. Ying. (E. wushanense), Epimedium sagittatum Maxim (E.
sagittatum), Epimedium brevicornum Maxim (E. brevicornum), Epimedium koreanum Nakai (E. koreanum) and Epimedium pubescens
Maxim (E. pubescens) in Sichuan Province, Shanxi Province, Liaoning Province, and Gansu Province in China [11]. The therapeutic
processing procedure of herbal Epimedium includes stir-frying with suet, wine, fire moxibustion, salt, butter, etc. Of them, stir-frying
with suet is the most common (shown in Fig. 2) [12]. Epimedium is mainly composed of a diversity of flavonoids, where Epimedium
flavonoids (EFs) are the major flavonoids, with icariin (ICA, molecular Formula C33H400O;15) as the active monomer [13]. Prenyl fla-
vonoids, Epimedium polysaccharides, alkaloids, phytosterols, terpenoids, chlorogenic acid, and other bioactive components are also
contained in Epimedium [14,15].EFs and their derivatives are significant components of the genus Epimedium. In 17 Epimedium species,
more than 141 flavonoids have been found such as chalcone, flavone, flavonol, flavonol glycoside and flavanone [16]. From the genus
Epimedium, 31 lignans and the corresponding glycosides were identified, 12 ionones and their derivatives have been isolated, and only

Fig. 1. Epimedium sent forth from the dried aerial parts of Epimedium.
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Fig. 2. Yangheye is used as a traditional formulas herb after stir-frying with suet.
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Fig. 3. Epimedium was mainly composed of alkaloids and flavonoids which majority component was Epimedium flavonoids (EF), and the active
monomers was Icarriin (ICA, Molecular formula C33H40015).

6 phenethyl alcohol glycosides were identified up to now. Other compounds along with the above mentioned constituents like xan-
thones, aldehydes, acids, and alkaloids were also isolated from Epimedium plants. Epimedins A, B, C, and ICA makes up 52 % of the total
flavonoids and above of herbal Epimedium, which are considered as major bioactive components [16] (see Fig. 3).

2. Potential mechanism of epimedium in slow-aging
2.1. Genes regulation

2.1.1. Aging-related genes

Current studies have shown that Epimedium has the effect of slow aging by reversing the expression of aging-related genes. Huang
[17] found that an age-dependent pattern was shown in gene expression of 199 genesd, in which most of them were reversed by
Epimedium. In neural network model, the output showed that Epimedium made the transcriptomics of 24-months-old rats 8-13 months
old. Among the 1885 peaks detected, 17 metabolites were identified to have significant age-dependent changes, and intervention of
Epimedium reset metabolites level to a younger level (18-month). Moreover, p16 gene mRNA expression increased in aging humans,
and Epimedium might inhibit expression of p16 gene to delay cells aging [18]. The degree of cell aging might be reduced by inhibition
of p16 expression of DNA repair capacity, and that life can be prolonged. The above studies have shown that Epimediummay have the
ability to reverse aging by regulating aging-related genes and their expression.

2.1.2. Longevity related genes

The study suggested that the regulation of longevity gene expression significantly slowed the aging process and reduced the
occurrence and development of many diseases [19]. Liu [20] found that EF could increasenuclear factor kappa-B (NF-kB) to a moderate
extent by way of IKK/IxB/Rel/NF-kB and that its related signaling pathway was through the regulation of IkBe and IkBa in aged rats.
They assigned 60 Sprague-Dawley (SD) rats into 6 groups as follows: 3-day (d), 4-month (m), 10 m, 18 m, 27 m, and 27 m + EF. The
results showed the mean level of NF-kB signal transduction kinase-related mRNA expression decreased with aging in rat splenic
lymphocytes. At 3 days after birth, the highest expression was observed, and the lowest level was observed at 18 months or 27 months
afterwards. With the intervention of EF, the expression level in the aged rats was raised to the 10-18-month level.

Furthermore, the results confirmed the effectiveness of EF in postponing aging. Chen [21] found that the lymphocyte apoptosis
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percentage showed a significant difference between the older age group and the young age group, comparing the EF-treated group and
the older age group (P < 0.01). Compared with the young group, in the older age group, 116 genes were upregulated, and 215 were
downregulated. Compared with that in the old group, in the EF-treated group, 447 genes were upregulated and 456 were down-
regulated, which involved cell apoptosis and cell proliferation regulation. The role of EF is to reverse the abnormal changes in gene
expression with opposite functions, such as apoptosis promotion and inhibition and proliferation enhancement and antagonization of
genes, to rebuild advantageous gene expression equilibrium, or to reconstruct immune homeostasis in aged individuals. In summary,
Epimedium and its active ingredients regulate longevity gene expression and reverse favorable gene expression for slow aging.

2.1.3. Anti- DNA damage

ICA is the primary pharmacologically active chemical constituent of Epimedium. Many studies have indicated the antioxidative
effects of ICA on p-amyloid-mediated neurotoxicity, DNA damage, and vein endothelial cell oxidative injury [22]. Compared with the
aging model group, ICA significantly increased the relative protein expression levels of NQO1, HO-1, and Nrf2 in the testis. In parallel,
the relative protein expression levels of y-H2AX, p-p53, and p21 were significantly decreased. ICA attenuates DNA damage in testicular
germ cells of natural aging rats, which may be associated with the activation of the Nrf2/HO-1 signaling pathway [23]. Zhao’s research
found that total flavone of Epimedium (TFE) decreased expression levels of YH2AX in spermatogonia and primary spermatocytes and
yYH2AX focal formation, and had downregulation of 8-OHdG levels at the same time [24]. In addition to that, TFE inhibited expression
levels of p-P53/p21 and chkl/chk2. With p53-dependent pathway, TFE reduces oxidative DNA damage effectively in the testes of
aging rats. Chen found that TFE can significantly antagonize the DNA damage of mouse bone marrow cells induced by mitomycin C
(MMC), which is characterized by a decrease in comet cell percentage and a shortening of comet tail length and has a significant
dose-dependent relationship. TFE has an excellent protective effect on DNA damage in mouse bone marrow lymphocytes induced by
MMC [25].

2.2. Antioxidant

2.2.1. Anti-free radical

In the 1950s, Harman first proposed the free radical theory of aging [26], in which age-associated functional losses are regarded as
the accumulation of oxidative damage to macromolecules (lipids, DNA, and proteins) by reactive oxygen and nitrogen species pro-
duced by several endogenous and exogenous processes [27]. Excessive accumulation of free radicals in the body could cause cell
damage and tissue and organ disorders, which would ultimately lead to aging. Epimedium can affect aging with many mechanisms,
particularly by regulating endocrine and immune systems and improving metabolism and organ function. Furthermore, EFs are able to
reduce liver oxygen levels in an isolated culture of hepatic tissue. Researchers have found that Epimedium can eradicate free radicals
and decrease their reaction activity. Zhao [28] indicated that the phenolic compounds from Epimedium possessed significant anti-
oxidant activity. The experiment indicated that Epimedium remarkably activated superoxide dismutase (SOD) and increased gluta-
thione peroxidase (GSH-Px) activities of red cells in aged mice. In contrast, Epimedium obviously reduced the serum content and liver
lip peroxide (LPO) in aged rats, and the content of lipofuscin (LF) in the cardiac muscle of aged mice. The results suggested that EF can
be a potential slow-aging ingredient to increase SOD and GSH-Px activities and inhibit the formation of LPO and LF [28]. Zhang [29]
found that ICA was one of the main constituents contributing to the antioxidant activity of Epimedium. Liu [30] confirmed that ICA was
an antioxidant with much higher effectiveness in kinetics.

2.2.2. Against p-galactose-induced aging

Subcutaneous injection of p-galactose (D-gal) can cause the rapid aging of experimental animals, which is similar to the natural
aging process [31]. To investigate the protective effects of Epimedium on D-gal-induced H9c2 cell senescence, Li [32]used D-gal-in-
duced (50 mmol/L) to induce the aging of H9c2 cells. He found that Epimedium decreased the quantity of p-galactosidase-positive cells,
the content of malonaldehyde (MDA), and the fluorescence intensity of ROS, increased the activity of SOD, and enhanced the condition
of chromatin. ICA is a significant constituent of flavonoids from Epimedium, and tyrosine kinase TrkB (tropomyosin receptor kinase B)
was investigated in D-gal-treated rats. By the Morris water maze, it’s found that subcutaneous injection of D-gal (500 mg/kg/d) for four
months can cause memory loss. Morphological abnormalities of neurons in the hippocampal region and reduced expression of
brain-derived neurotrophins factor (BDNF) and TrkB were observed. D-gal-induced rat behavioral dysfunction and neurodegeneration
was markedly attenuated after ICA (60 mg/kg/d) was given orally 1 h after subcutaneous injection of D-gal daily for 4 months, which
was evidenced by shortened escape latency, reduced search distance and rescued morphologic abnormalities. These results clearly
demonstrated that D-gal produced learning and memory deficits after chronic administration. ICA can protect neurons from D-gal
insults and improve memory loss [33]in D-gal aging mice [29,34].

2.3. The regulation of metabolism

2.3.1. Cellular metabolism

Cheong [34] found that EF could stimulate the proliferation and migration of adrenocortical stem cells in corticosterone-treated
rats, which was recognized as a model of Shen-yang deficiency. The study also indicated that EF could improve growth hormone
(GH), insulin-like growth factor-binding protein (IGFBP), and growth hormone-releasing hormone (GHRH) in model rats through a
gene chip test, which indicated that EF could remarkably upregulate the secretion of the endocrine hormone. Gao [35] demonstrated
that EF could resist D-gal-induced senescence in H9c2 cells by increasing antioxidant activity and reducing apoptosis. Homocysteine
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significantly increased cellular senescence both in vitro and in vivo. Xiao [36] indicated that ICA delayed homocysteine-induced
endothelial senescence in vitro and in vivo. Activation of the PI3K/Akt-eNOS-dependent signaling pathway may be responsible for
the efficacy of ICA. In summary, all of the abovementioned results indicated that EF and its extracts could counteract the suppression of
glucocorticoids on the hypothalamus-pituitary-adrenal (HPA) axis and postpone aging on stem cells, which are probably the cyto-
logical foundation. Furthermore, TCM could treat age-related diseases by activating endogenous stem cells by mobilizing and elevating
hormone and cytokine levels and promoting potential organisms into energetic states. It is a novel angle for the therapy of degenerative
diseases to activate endogenous stem cells in regeneration response.

Osteoporosis is characterized by low bone mineral density and an increased incidence of skeletal fractures in the aged population,
especially postmenopausal women [37,38]. Medicinal herbs have been commonly used as alternative therapies in the prevention and
treatment of osteoporosis under the TCM theory in China, while Epimedium is one of the most frequently used herbs [39]. According to
the theory of TCM, Epimedium is a kind of herb with the function of improving the skeletal system by enhancing kidney function. Prior
studies have also indicated that Epimedium could enhance bone metabolism, improve bone mineral content, and restore trabecular
bone mass, architecture and bone biomechanical properties [40,41].

We searched PubMed using the following keywords: osteoporosis, postmenopausal osteoporosis, Epimedium barrenwort, Bishop’s
hat, fairy wings, horny goat weed, and Yin Yang Huo, and found six preclinical studies investigating the role of Epimedium in improving
osteoporosis. A study found that ICA, which is a prenylated flavonol glycoside originating from Epimedium, increased the peak bone
mass attained by young rats and promoted the maturation and mineralization of rat calvarial osteoblasts [42]. Another study showed
that icaritin could stimulate osteogenic differentiation and inhibit adipogenesis of marrow mesenchymal stem cells [43]. Overall,
preclinical studies revealed the potential effects of Epimedium in preserving bone mineral density (BMD) and improving the bone
formation rate.

2.3.2. Lipid metabolism

Metabonomic understanding of Epimedium or its active ingredients can be verified through various pathways. For example, the
TOR, AMPK, SIR-2 and IIS pathways and the TOR, AMPK, and SIR-2 pathways are thought to be closely related to dietary restriction.
Epimedium reduced the levels of total cholesterol (TC) and triglyceride (TG) in hyperlipidemic rats. Hu [44] divided 70 rats into five
groups and gave them daily intragastric administration of normal saline, simvastatin, or ICA (30 mg/kg/d, 60 mg/kg/d) for 4 weeks.
The levels of blood lipids, SOD, and MDA were measured. The results indicated that the levels of blood lipids, including TC, TG,
low-density lipoprotein-cholesterol (LDL-C), and MDA, were significantly increased. In contrast, high-density lipoprotein-cholesterol
(HDL-C) and SOD were significantly decreased. The mechanisms may be associated with the anti-inflammatory and antioxidative
stress effects of ICA. It has been reported to be effective for treating a variety of cardiovascular diseases by lowering blood fat. Liquid
chromatography coupled with mass spectrometry (LC/MS) based on a metabolomics approach was applied to characterize the aging of
rats by Yan [45]. Serum samples from the 4 groups were collected at 4, 10, 18 and 24 months, and rats treated with TFE were profiled
by LC/MS. Critical age-related metabolites, such as unsaturated fatty acids, saturated fatty acids, and amino acids, displayed
age-related changes. Most of them were reset to a younger level with administered TFE. This investigation indicates that aging is
identified by a series of diversifications in lipid metabolism and free radical accumulation, and TFE is expected to be a promising novel
slow-aging ingredient, considering that its slow-aging effects might be the result of the regulation of lipid metabolism and anti-
oxidation properties.

To investigate the effects of aging on rat urinary metabolites and to evaluate the slow-aging effects of Epimedium, Wu [46] chose 4-,
10-, 18- and 24-month-old rats that were administered TFE. Based on current metabonomic analyses, the results indicated that 26
characteristic resonances were highly related to aging. Additionally, distinct resonances were reset to mainly younger groups after
intervention by TFE. These metabolites involved creatinine metabolites, aliphatic amine metabolites and some important in-
termediates or end products of energy metabolism. This result indicates that intervention by TFE can postpone the process of aging and
shows antiaging effects, which might be due to the amelioration of pyruvate metabolism and oxidative phosphorylation. According to
the above studies, Epimedium is considered to be a promising potential slow-aging medicine.

2.3.3. Bone metabolism

We identified four clinical trials examining the role of Epimediumin bettering osteoporosis in English by searching PubMed. A 24-
month randomized, double-blind placebo-controlled clinical trial evaluated the effects of Epimedium-derived phytoestrogen flavonoids
(EPFs) on BMD in postmenopausal women in Hong Kong, China [8]. One hundred healthy late postmenopausal women were ran-
domized into the EPF treatment group (n = 50; a daily dose of 60 mg ICA, 15 mg daidzein, and 3 mg genistein) or placebo control group
(n = 50). EPFs maintained BMD at 12 months and 24 months, while BMD decreased in the control group, with statistical significance
between the groups [8]. However, either serum estradiol or endometrial thickness was found to be changed in each group [8]. Another
clinical study exploring the clinical efficacy of medicinal cake-separated moxibustion for senile osteoporosis [39] found that Epi-
medium, as a medicine for external application, which is the main component of the medical cake, was able to improve the symptoms
of senile osteoporosis patients, enhance BMD, and lower serum f-type I collagen carboxy-terminal peptide. Another 5-year multicenter
follow-up study enrolled 194 postmenopausal women in Mainland China, comparing kidney-tonifying herbal Fufang with phytoes-
trogenic Epimedium (10 g/day, twice per day, n = 101) and placebo (n = 93) [47]. All patients were supplemented daily with calcium
and vitamin [47]. BMD increased significantly from baseline in the kidney-tonifying herbal Fufang group at 5 years, while BMD
decreased in the placebo group (p < 0.05); the fracture incidence was lower in the kidney-tonifying herbal Fufang group, with a
relative risk of 0.57 (95 % confidential interval, 0.43-0.70, p < 0.05) [47].
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2.4. The modulation of the immune system

2.4.1. T lymphocytes and B lymphocytes

Cellular immune system aging, remarkably immune senescence, and T cell aging initiated by thymic involution sources of chronic
inflammation in the elderly (termed inflammation), potentially induces an acceleration of brain aging and memory loss [48]. The
overall change in the function of the immune system, which increases with age, is called immune senescence. Immune senescence
results from multiple factors in the internal and external environment, in which T lymphocytes and B lymphocytes play a crucial role in
the development of immune senescence [17,49,50]. Furthermore, Rhew [51] indicated that ICA had an immunoadjuvant effect that
may enhance the immune response as an adjuvant. A study showed that treatment of ICA at 10 mg/kg/day in mice could suppress the
immune response with prolonged allograft skin survival [52]. In patients who needed maintenance hemodialysis, Wang [53] found
that Epimedium could significantly increase the CD3", CD4*t, CD8", CD19" and NK cells counts in spleen (P < 0.05) and increasing
bone marrow cells. In the delayed-type hypersensitivity mouse model, Epimedium increased the CD4" level of T-lymphocyte sub-
populations. In addition, Epimedium can rebuild the immune homeostasis of T lymphocyte apoptosis and retard immune senescence,
the mechanism of which may be that it can suppress the excessive apoptosis of splenic lymphocytes in aged rats and activate
Rel/NF-kappaB/I B/IKK and their signal transduction pathway to upregulate NF-kappaB through adjusting I Bepsilon and I Balpha.

2.4.2. Immuno-homeostasis

The vital gene background of immune homeostasis imbalance is connected with the expression pattern and downregulation of
apoptosis, inhibiting gene expression in aged individuals. Epimedium can reverse abnormal changes in gene expression with opposite
functions, such as promoting and inhibiting apoptosis and enhancing and antagonizing proliferation genes, to remodel immune ho-
meostasis in aged individuals [21].

2.4.3. Neuroendocrine-immune network

In Cai’s study [54], they tested the slow-aging properties of ICA and its three derivatives, icariside I, icariside II and icaritin, in C.
elegans. They found that ICA and one of its derivatives, icariside II, prolonged adult lifespan. Additionally, they discovered that
icariside II delayed age-associated phenotypes in a rodent study, suggesting that icariside II significantly enhanced healthy aging. They
indicated that Icariside II might act through the IIS pathway to affect the lifespan of C. elegans. To investigate the effects of ICA on the
mRNA expression of BDNF and TrkB in the hippocampus of natural aging rats. BDNF belongs to the neurotrophin family, which acts on
neuronal survival and growth and has been associated with the cognitive process [33]. The study suggested that the stress paradigm
and aging certainly had effects on the regulation of BDNF mRNA and TrkB mRNA, which might be related to damage and protective
function of the hippocampus. ICA treatment improved the arrangement of neurons and attenuated neuronal degeneration. Compared
with the control group, ICA increased the expression of BDNF and TrkB mRNA in the hippocampus of aging rats. The antiaging effects
of ICA might be related to the increased BDNF and TrkB mRNA expression in the hippocampus. Zhang [55] found that ICA can increase
mitochondrial activity, inhibit beta-amyloid (Abeta) production, and enhance the expression of neurotrophic factors in the brains of
model rats induced by sodium azide. Epimedium may prolong adult lifespan through the IIS pathway, increase the expression of BDNF
and TrkB mRNA in the hippocampus during aging and increase the expression of neurotrophic factors in the brain.

2.4.4. Inflammation-aging

The natural aging process is associated with chronic, low-grade, mild inflammation. This phenomenon is called inflammaging
(inflammation-aging) [35,36,44]. Epimedium has a wide range of anti-inflammatory, antibacterial and antiviral activities. The results
of Ti’s experiment revealed that compound 6 was the most potent of the 10 different compounds tested in the current study, with a
maximal inhibitory ratio of 79 % in vitro anti-inflammatory activity [45]. Antibacterial experiments have shown that diphylloside A,
icarisoside A, and desmethylanhydroicaritin have significant activity toward bacteria [46]. Epimedium has definite anti-inflammatory,
antibacterial and antiviral effects and has many functions. Inflammation-aging is now thought to be related to chronic diseases, such as
Parkinson’s and Alzheimer’s disease (AD), atherosclerosis, and type 2 diabetes, and Epimedium may have certain prospects in pre-
venting these diseases.

2.5. The regulation of sex hormone

Sex hormones are closely related to aging. In men, steroid hormone levels are positively correlated with aging [56], so the rate of
steroid hormone change can be used as a biomarker for healthy aging [57]. In women, declining ovarian function across the stages of
the menopause transition contributes to vascular aging [58]. Estrogens were reported to be neuroprotective, and a decrease in their
level may be related to many neurodegenerative diseases [59]. The level of sex hormones directly affects sexual dysfunction; however,
sexual dysfunctions and aging are inexorably related in both men and women, but aging-related sexual dysfunctions are poorly
investigated [60-62]. Epimedium means high libido in Chinese and has been used as a male enhancement supplement and infertility
therapy for a long history under TCM theory. According to TCM, renal dysfunction is the leading cause of sexual dysfunction. Epi-
medium can enhance renal functions to improve sexual functions and can be combined with Western medicine in clinical practice.

Age-related changes in psychological, physical, and sexual functions in men are partially explained by testosterone deficiency [63,
64]. Most clinical symptoms in aged men can be categorized as sexual or nonsexual [64]. Nonsexual symptoms include decreased
energy or motivation, feeling sad or blue, poor concentration and memory, reduced muscle bulk, increased body fat, and diminished
work performance [65,66]. Sexual symptoms include erectile dysfunction (ED) and decreased libido, frequency of sexual desire, and
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nocturnal erections [48,67]. ED, the inability to reach or maintain an erection to satisfy sexual intercourse sufficiently, is common
among aged men [68]. In addition to increasing age, major causes of ED also include cigarette smoking, obesity, diabetes mellitus,
hypertension, and depression [69,70]. Standard, efficient, and safe therapies for ED are still hardly reached [69,71,72]. Alternative
treatments for ED, including acupuncture and herbs, are becoming popular worldwide. Epimedium may serve as a potential inhibitor of
phosphodiesterase type 5 (PDE5) [73,74].

2.5.1. Males

We found two clinical trials investigating the effects of Epimedium on symptom improvement in aged males by searching PubMed. A
randomized, double-blind, placebo-controlled crossover study of herbal medicine including Epimedium was conducted for the treat-
ment of ED in Thailand in 2013 [75]. Sixty-one adult patients with mild to moderate ED were randomized to receive herbal medicine
with Epimedium or identical-looking placebo: patients were randomized to receive herbal medicine for two weeks and were switched to
receive placebo for another two weeks, with a one-week washout period between the two periods, and vice versa for the other group
[75]. A questionnaire named IIEF (The International Index of Erectile Function) was used to assess the effects of therapy. IIEF is a
questionnaire which used to evaluate the ED, such as orgasmic function, erectile function, intercourse satisfaction, sexual desire, and
overall satisfaction [75]. At baseline and the end of each treatment IIEF scores were collected. Herbal medicine showed a higher trend
of improvement in the IIEF score for all domains compared with placebo (only with a statistically significant difference in the field of
erectile function) [75]. Another open-label, randomized clinical trial compared the effects of a preparation containingEpimedium and
Kampo (approved for reimbursement in Japan but different than Epimedium in TCM) in Japan [76]. Forty-nine aging male patients
with mild or severe symptoms were enrolled and randomly assigned to the Epimedium or Kampo groups for 6 months. Patients
receiving Epimedium showed better somatic and psychological signs of aging, including ED, than their baseline and the Kampo group
[76].

2.5.2. Females

Approximately 1.5 million women experience menopause transition symptoms each year, and major symptoms of menopause
include vasomotor symptoms, vulvovaginal atrophy, insomnia and adverse mood [77,78]. Clinical trials indicate the efficiency of
estrogens in reducing vasomotor and sexual symptoms but increasing the risk of adverse effects of having breast cancer, stroke, venous
thromboembolism, and endometrial cancer [77,79]. Epimedium is also widely used in Asia as alternative medicine in menopausal
women to improve menopausal transition symptoms by enhancing renal and hepatic functions according to TCM’s theory.

We found only one clinical study investigating the effects of Epimedium in menopause by searching PubMed [80]. Ninety women
were randomized into a 6-month Epimedium water extract therapy group and a 6-month water placebo control group [80]. The results
indicated that the components of Epimediumcould significantly increase the level of serum estradiol (p < 0.01) [80].

3. Efficacy

We summarized some clinical trials of Epimedium to observe its clinical efficacy. Still, these clinical trials have a small sample size
and lack large-scale randomized controlled clinical trials andmulticenter trials.

3.1. Sexual function

Epimedium has a good effect on improving sexual function. In China, Zhuang collected 20 cases from middle-aged ED patients and
divided them into treatment and control groups. The treatment group used the anhydroicaritin (AHI) homolog (extracted from Epi-
medium),and the results showed that AHI has therapeutic efficacy in middle-aged men in the ED (P > 0.05) [81]. Sixty-one adult
patients with mild to moderate ED were randomized to receive herbal medicine with Epimedium or identical-looking placebo: patients
were randomized to receive herbal medicine for two weeks and were switched to receive placebo for another two weeks, with a
one-week washout period between the two periods and vice versa for the other group [75]. Use the IIEF to evaluate the improvement of
ED. IIEF scores were collected at baseline and the end of each treatment, and herbal medicine showed a higher trend of improvement in
the IIEF score for all domains compared with placebo [75]. Another six-month study (including 49 aging males) in Japan showed that
Epimedium has better somatic and psychological symptoms of aging, including ED, than their baseline and the Kampo group [76]. In
addition to oral administration, external application of Epimedium compound (containing 3 % peppermint oil and 30 % ICA) can play a
role in local anesthesia, reduce the sensitivity of the penis head, and have a good therapeutic effect on premature ejaculation [82].

3.2. Osteoporosis

Epimedium also has a good curative effect in treating osteoporosis and delaying postmenopausal bone loss. A 24-month randomized
double-blind placebo-controlled clinical trial (one hundred women were included) evaluating the effects of EPFs on BMD in post-
menopausal women was carried out in Hong Kong, China [8]. Another 5-year multicenter follow-up study enrolled 194 post-
menopausal women in mainland China, comparing kidney-tonifying herbal Fufang with phytoestrogenic Epimedium (n = 101) and
placebo (n = 93) [47]. BMD increased significantly from baseline in the kidney-tonifying herbal Fufang group at 5 years, while BMD
decreased in the placebo group (p < 0.05); the fracture incidence was lower in the kidney-tonifying herbal Fufang group, with a
relative risk of 0.57 (p < 0.05) [47]. EPFs maintained BMD at 12 months and 24 months, while BMD decreased in the control group,
with statistical significance between the groups. However, either serum estradiol or endometrial thickness was found to change in each
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group. Epimedium, as a medicine for external application, which is the main component of the medical care, was able to improve the
symptoms of senile osteoporosis patients, enhance BMD, and lower the serum f-type I collagen carboxy-terminal peptide [39].

3.3. Coronary heart disease

Atherosclerosis is the common pathological basis of ischemic cardiovascular and cerebrovascular diseases. One hundred twenty-
aged patients with kidney deficiency syndrome of ischemic cardiocerebral vascular diseases (60 cases of coronary heart disease and
60 cases of cerebral atherosclerosis) were treated with Epimedium compound granules [83]. The results showed that after the thera-
peutic period, the total and marked effective rates were 96.7 % and 39.5 %, respectively, in the treatment group. The improvement
rates were 70 % in electrocardiograms of patients with coronary heart diseases and 75 % in electroencephalograms of patients with
cerebral arteriosclerosis.Epimedium compound granules can also significantly reduce the content of serum cholesterol and TC, and
increase the content of HDL-C. It can obviously increase the activity of serum SOD and reduce the content of MDA. The therapeutic
effectiveness in the treatment group was better than that in the control group treated with Su-Guan-Bian. It proves that Epimedium
compound granules has the function of preventing and treating atherosclerosis. According to experimental observations, the thera-
peutic effectiveness was related to the fact that Epimedium compound granules with lower blood lipids have anti-free radicals and
adjust the balance between prostacyctin 12 and thromboxane A2 (TXA2/PGI2).

4. Adverse reactions

Although Epimedium is listed as both a food and a medicine, it is not definitely safe. In recent years, many studies have reported the

Table 1
Summary of clinical trials of Epimedium.
Clinical Trial Study Design Study Subjects Subject Formulation Dosing Effective Outcomes Safety Outcomes
Number
Zhang et al., RCT Healthy late 100 Capsule, 4 capsules, Beneficial effect on Neither dominant
2007 (8) postmenopausal composing 15 mg daily preventing bone loss side effects on
women Icariin major systems nor
( mean age 64y ) abnormal
hematology
indicators were
found
Deng et al., RCT Postmenopausal 194 Herbal Fufang 10 g/day, Beneficial effect on No notable
2012 Osteoporosis twice daily preventing bone loss adverse events
(48) (47-70y ) were observed
Punyawudh Randomized, Patients with mild or 63 Tablet, composing 1 tablet 1h Improvements in mild Dizziness (13.3
etal., double-blind, mild to moderate ED Epimedium before to moderate ED %), face numbness
2013 placebo- (>18y) Drevicornum planned (1.6 %), and
(76) controlled, Maxim 120 g sexual tachycardia (1.6
crossover study activity %)
Nishimatsu RCT Male patients with 94 Capsule, 1 capsule, Improvement in Epigastric
etal., mild or moderate composing 5mgof  twice daily symptoms of aging, discomfort (4 %)
2014 symptoms of aging Epimedium herb including ED, in males  and skin rash (4 %)
(77) (mean age 63y) extract
Yan et al., RCT Normal 90 Herba Epimedii 300 mL, Decreased the TC and No serious adverse
2008 postmenopausal water extract daily TG levels; increased effects were
(81) subjects (mean age the serum level of E, observed
57y)
Zhao et al., RCT Patients with stable 90 30 g ShanYao and 80ml, twice  Improved in dyspnea, No serious adverse
2012 moderate or severe 12g daily exercise capacity, and effects were
91 COPD (58-90y) Herba Epimedii, quality of life observed
immersed in water
for 30 min,
decocted twice,
then filtered
Cai et al.,, RCT Patients took 65 EB 5g 5g daily EB could relieve the Not reported
1998 prednisone (age not neuroendocrine-
(92) reported) immunological effect
inhibited by
exogenous
glucocorticoid
Liao et al., Controlled trial Patients of 34 ES 0.6 g/Kg Therapeutic effect on Not reported
1995 hemodialysis daily the sexual disorder
93) maintenance (age and immunologic
not reported) inadequacy

RCT: randomized controlled trial; ED: Erectile dysfunction; TC: cholesterol; TG: triglyceride; E2: serum estradiol; EB: Epimedium brevicornum; ES:
Epimedium Sagittatum; COPD: chronic obstructive pulmonary disease.
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adverse effects of Epimedium and its related preparations, but no significant adverse effects have been discovered. A study evaluated the
safety range of the water extract of Epimedium and found that its LD5y was above 80 g/kg; its IC50 values in Chinese hamster ovary cells
and lung cells were 55.4 and 19.53 mg/ml, respectively. In addition, the study also found that all toxicity tests were negative [84]. The
long-term toxicity of the TFE was also measured. Using a typical Wistar rat model, a study discovered that the dosage of long-term
toxicity was 410 g/kg/day for 12 weeks, and no significant pathology changes were observed [85]. The genetic toxicity of the
water extract of Epimedium was tested and showed that the herb is nongenotoxic [86]. In terms of adverse drug reactions, an animal test
showed that after 3 days of administration of Epimedium in mice, symptoms of vomiting, poor appetite, and decreased activities
occurred [84]. After being administered for 15 days, fatty degeneration of the liver ensued. In addition, Epimedium has androgen-like
action, and androgen often has certain hepatotoxicity; therefore, it can be inferred that Epimedium may have certain hepatotoxicity
[871.

5. Application status of Epimedium

To the best of our knowledge, almost all clinical trials of Epimedium have been carried out in Asian countries, mainly in China. A
limited number of English-written articles contributed to the lack of generality. Well-designed and well-conducted studies should be
carried out to test the effects of Epimedium in clinical applications. We stated the investigational clinical status of Epimedium in this
section (Table 1). Although there are no sufficient large-scale clinical trials to provide evidence of Epimedium in clinical practice, we
wish to win global interest in Epimedium as a natural slow-aging herb.

6. Conclusions

Aging-related diseases have become a significant public health problem globally, and considerable progress has been achieved in
the field of Western slow-aging agents. Natural plants, especially Chinese herbal medicine, have built up a characteristic medical
system directed by traditional Chinese medical theory and have provided rational means for various diseases, including aging. Herbal
Epimedium species have been widely used in TCM for sexual enhancement, immunity improvement, and slow-aging treatment, with
flavonoids and polysaccharides being the major active components. In this review, we summarized thepotential mechanisms of its
slow-aging activity and randomized controlled trials on the effectiveness and safety of Epimedium. Some studies have demonstrated the
slow-aging effects of EF and ICA on aging. We also showed the adverse effects of Epimedium in clinical trials and analyzed the reasons.In
summary, the dosage of Epimedium ranges from 250 to 500 mg, but the ideal dosage remains unknown. There are no major contra-
indications when using this herb, but clinical trials to test long-term adverse reactions are lacking. Epimedium is an herbal medicine to
stimulate kidney Yang in the TCM theory, and its hormone-like action may cause some potential side effects that need further research.
Due to the developments of modern pharmacological investigations on EF and ICA. Currently, Epimedium is widely used in the clinic for
aging-related diseases in the real world in China; however, large-scale studies are still needed; therefore, we need to study more about
it and use it more appropriately.
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