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There has been considerable interest in icariin (ICA) and its derivates, icariside II (ICS) and icaritin (ICT), due to their wide

range of potential applications in preventing cancer, cardiovascular disease, osteoporosis, delaying the effects of

Alzheimer’s disease, treating erectile dysfunction, etc.
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1. Introduction

The most plentiful polyphenols occurring in food are the natural flavonoids and their glycosides. To date, more than

15,000 different flavonoids have been identified and isolated from plants . Recently, due to their various health-

promoting properties , an abundance of food supplements containing those compounds have gained popularity among

the general population .

Icariin (ICA), icariside II (ICS), and icaritin (ICT) are the main active components of Epimedii, a traditional Chinese

medicine that was used to treat and prevent numerous health disorders, such as cardiovascular diseases, osteoporosis,

or sexual dysfunction . Recently, several studies investigated their potential as drugs against many common health

issues. In some cases, their medicinal effects were greater than those of certain currently used drugs . For example,

in the case of Alzheimer’s disease prevention, they have approximately the same efficacy as donepezil, but they are less

toxic .

Among various other factors, the low bioavailability of flavonoids remains a major obstacle to increasing their

effectiveness . As with other flavonoids, unfortunately, icariin and its derivates also have a low oral bioavailability (~12%)

and poor absorption; thus, their clinical applications are limited . Their poor oral bioavailability is caused by low water

solubility and membrane permeability, a slow dissolution rate in biological fluids, etc. Compared to other routes, oral

administration assures greater comfort, less pain, and, most importantly, higher patient compliance . Therefore, more

attention should be paid to overcoming this hurdle.

2. Icariin and Its Derivates

In ancient China and thence, elsewhere, the herbal medicine Herba Epimedii has been used as a tonic due to its powerful

anti-rheumatic properties and aphrodisiac effects . According to the Chinese pharmacopeia, the main active component

of the Epimedium sp. was found to be icariin and icariside II, the last being also called baohouside-I . With mass

spectrometry methods, the epimedins A–C and sagittatoside B have been established as other active components of

the Herba Epimedii . Several metabolism studies performed by means of HPLC methods have found that the intestinal

flora metabolized the icariin, converting it mainly into icariside II, icaritin, and desmethylicaritin . It was demonstrated

that ICS is the secondary metabolite because its content exceeded every other active agent .

2.1. Extraction and Preparation

A vast amount of ICA and ICS can be successfully extracted from Epimedium koreanum, another herb often used in

traditional Chinese medicine. As a result of purification with a two-phase chloroform-methanol-water solvent system from

200 mg of extract, 46.5 mg of ICA, and 17.7 mg of ICS were obtained. By means of high-speed counter-current

chromatography, a single-step separation process resulted in a high-purity (<98%) product . The low content of ICS

found in the extraction showed the necessity for another method capable of extracting it with a significantly higher yield.

One of the most viable solutions for preparing ICS is the enzymatic hydrolysis of the ICA. With this process, 98% of the

icariin was transformed into ICS. This technique consists of a reaction between ICA and β-glucosidase and an extraction

with ethyl acetate . In order to prepare a higher amount of ICS, a laboratory pilot scale (500 mL) of enzymatic

hydrolysis was successfully developed, which resulted in a 91% yield . Recent studies found an eco-efficient industrial
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preparation to produce ICS from ICA via enzymatic hydrolysis. The main difference in preparation was achieved by

substituting the β-glucosidase enzyme with β-glucanase. The conversion ratio of ICA was 99%, which exceeded the

previous ratios . Viable industrial production of icaritin originated from the discovery of a catalytic enzyme, a

glycosidase from Aspergillus nidulans, which made possible the biotransformation of epimedin C into ICT . Further

studies revealed possibilities for the bioconversion of ICA into ICT, which is a cost-effective method with a high molecular

conversion rate (91.2%) .

2.2. Medicinal Properties

Thanks to their outstanding medicinal properties in preventing and curing many common health issues, icariin and its

derivates have garnered great interest in terms of drug development.

One of the most important medicinal properties of icariin and its derivates is its anti-cancer effects. Although a great

decrease in mortality rate has been achieved with the most recent adjuvant chemotherapy regimens, the side effects and

toxicity of this procedure are still notable. Hence, there is a high demand for the development of a mechanism-based

nontoxic agent that could be applied during patients’ treatment . ICS has shown great potential as a new anti-tumor

agent, due to its ability to potentiate paclitaxel-induced apoptosis in melanoma cells. Compared to 5-Fu, a chemosynthetic

anticancer drug, icariside II showed stronger anticancer activity on Hela cells, where its IC  was 10 µM for ICS, while in

the case of 5-Fu, IC  = 31.1 µM . The apoptotic mechanism was also proven on human prostate cancer cells, which

demonstrated the great potential for ICS to be used as an effective cancer chemotherapeutic agent . Animal

experiments demonstrated that ICS successfully inhibited cervical cancer cell proliferation and promoted apoptosis;

therefore, ICS is a promising agent for use in cervical cancer therapies . The anti-leukemic activity of icariin was

thoroughly studied and its potential in offering a new treatment option for patients was confirmed . As the main

metabolite of icariin, icariside II also showed anti-leukemic effects in vitro; consequently, new opportunities for further

studies were created . Recently, in vitro experiments proved that ICS is able to promote immune cells to kill the rapidly

growing cancer cells . In vivo studies showed a great reduction in the weight of mice liver carcinoma, which was

achieved with ICS treatment. The reduction compared to 5-Fu was 50% greater . Icariside II contributed to the anti-

proliferative and anti-apoptosis effect of thalidomide. Therefore, in combination with clinically used drugs, it can have an

enhanced therapeutic effect in the treatment of multiple myeloma .

Recent studies  highlighted the importance of icariin and its derivates in drug development and in auxiliary therapies

to cure different cardiovascular diseases . A 26-week course of therapy, administered to spontaneously hypertensive

rats, proved that ICS successfully reduced blood pressure and improved the ventricular wall thickness .

Ever since the ancient Chinese era, Epimedium extract has been widely used as an aphrodisiac. In the past few years,

many studies have investigated and proved the role of icariin and icariside II in the treatment of erectile dysfunction .

An improvement in erectile function was observed in spontaneously hypertensive rats, since icariin successfully

decreased the content of endothelial microparticles in their blood, from 1.58% in the control group to 1.01% . In vitro

studies indicated that icariin could lead to increased testosterone secretion . Further in vivo experiments proved that

rats treated with an appropriate dose of icariin had a significantly (p < 0.001) higher testosterone level. This treatment also

showed a slightly (p < 0.01) greater sperm count than in the control group. It was indicated that icariin contributes to

improved testosterone and sperm production by gene regulation .

The degeneration or death of nerve cells can lead to neurodegenerative diseases (such as Alzheimer’s disease,

Parkinson’s disease, Huntington’s disease, amyotrophic lateral sclerosis, and multiple sclerosis ), which so far are

incurable. Icariside II showed an approximate efficacy to match that of donepezil, which is one of the few drugs approved

by the Food and Drug Administration (FDA) to slow the worsening of the symptoms of Alzheimer’s disease . Icariside II

can be used in the treatment of excitotoxicity-related diseases, due to its potential as a protective agent for the

hippocampal neurons . Several studies have indicated that ICS showed promising results in the prevention  and

treatment  of brain ischemic injury. The currently prescribed non-steroidal anti-inflammatory drugs are highly debated,

due to their inconsistent results and toxic effects. Therefore, a new treatment was developed to increase the efficacy of

the treatment and reduce its toxicity. ICS is also a possible protective non-toxic agent for acute neuroinflammation-related

diseases .

Osteoporosis is a health condition that weakens bones by causing low bone mass and the deterioration of bone tissue .

Recent studies have shown that icariin and its derivates are potential drugs for postmenopausal osteoporosis treatment.

In vivo experiments on ovariectomized rats showed that icariside II can promote the bone marrow stromal cells’

differentiation into osteoblasts and enhance osteoblast activity . Recent studies showed that icariin treatment on
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fractured bones can accelerate healing . In vivo experiments on different ages of rats with induced tibia fractures

showed that icariin promoted fracture healing by activating the BMP-2/Smad5/Runx2 pathway .

It is necessary to highlight that, reportedly, ICA, ICS, and ICT showed low to no toxicity .

The above-mentioned medicinal properties of icariin and its derivates are summarized in Figure 1.

Figure 1. The medicinal properties of icariin .

As can be seen from Figure 1, icariin’s most well-known therapeutic properties are its anti-tumor effects, cardiovascular

function improvement, sexual dysfunction amelioration, and neuroprotective effects. All of these properties emphasize the

need for bioavailability improvements in these materials.
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