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Development of Leech Extract as a Therapeutic Agent: A Chronological Review

Abstract

Introduction

Leech extract contains many identified bioactive substances which have a variety of biological
effects. Leech extract was discovered in the late 19" century and since then many
pharmaceutical products have been produced using leech extract for different ailments, but
many have been withdrawn. Ongoing studies focus on health authority compliant
pharmaceuticals to be used as modern medicine.

Methodology

The online databases including Google Scholar, Scopus, PubMed, and Web of Science, were
searched using different keywords: Leech, Leech extract, leech salivary gland extract and leech
saliva extract. The purpose of this review was to discuss the development of leech extract as a
therapeutic agent, including the evolution of extraction techniques, and the successful
manufacturing of leech extract-based pharmaceuticals.

Results

Leech extract was successfully developed as a therapeutic agent. Some of the developed leech
extract-based pharmaceutics were withdrawn and some are still in the market. The extraction
methods played a vital role in the quality and efficacy of leech extract-based pharmaceutics and
ultimately on their sustainability in the market. Also, the full characterization of leech extract
components is a key factor in the development of leech extract as a therapeutic agent.
Discussion

This review provides a comprehensive historical perspective on the development of leech
extract therapy, including its various stages of development and the key scientific and medical
advances that have led to its current state and discusses potential future applications.
Conclusion

Leech extract is an invaluable source of bioactive substances that can be utilized for the
treatment of mild and life-threatening medical disorders. This review will encourage other
scientists to continue their research on leech extract, especially in the areas of formulation and

marketing.
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1. Introduction

Leeches are segmented worms belonging to the Phylum Annelida, with about 700-1000 species
of leeches all over the world [1]. Leeches are found all over the earth, except terrestrial
Antarctica, and their habitats include freshwater, estuarine, and marine aquatic ecosystems, as

well as moist terrestrial ecosystems [2].

Some leeches are carnivorous; while some are sanguivorous and they feed on the blood of
other animals including amphibians, birds, reptiles, fish and mammals. Blood feeding leeches,
like other blood feeding animals, have active materials in their saliva to facilitate the feeding
process. Because of these materials and their therapeutic effects, leeches have been used for
medical purposes for centuries, mainly for bloodletting which was considered the key factor for
its usefulness in medical treatment. Many leech species are considered medicinal and used for

medical purposes such as Hirudo medicinalis, Hirudo verbena and Hirudo orientalis [3], figure 1:

The first documented evidence of the use of leeches in medicine goes back to Greek physicians
who described leech therapy for the treatment of many diseases. They believed that most
diseases could be treated by bloodletting, thus they have used many methods to achieve that,
including leeching. It was reported that Greek physicians had used leeches for the treatment of
arthritis pain, gout, ocular paralysis, acute liver disease, abdominal diseases associated with
dyspepsia as well as for the treatment of satyriasis [4]. With the rise of Arabic medicine in the
middle age centuries, leech therapy was well described and documented. Arab physicians used
leeches for the treatment of skin diseases, alopecia, joint diseases, after surgery and for pain
relief. The medicinal leeches were well described and differentiated from the non-medicinal
leeches by Avicenna and lbn Al-Quf. In Europe, during the 17" and 18" centuries, leech therapy

was used for almost all diseases [5].

In the early 20t century, the use of leech for medicinal purposes has declined due to the
discovery of chemical drugs and the development of specific theoretical bases of disease and
treatment. However, in the late 20" century, leech therapy witnessed resurgence in popularity,

particularly in plastic surgery and microsurgery. The United States Federal Drud Administration
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(FDA) approved the use of the medicinal leech, Hirudo medicinalis, in plastic surgery in 2004 as

a medical device, which led to an increased use of leech in medical practice [6].

Leech therapy, like any other therapy, may be associated with adverse effects and
complications. Patient non-compliance, bleeding, the need for blood transfusion, local or
systemic infection, allergic reaction and inflammation are the most reported complications of

live leech therapy [7].

The theory of leech therapy underwent a significant change with the discovery of
anticoagulants in the leech head extract by Dr. John H. Haycraft in the late 19% century.
Haycraft's discovery challenged the traditional belief that the benefit of leech therapy was
exclusively due to bloodletting. Haycraft suggested that the real therapeutic benefit was due to
the substances injected into the patient's body by the leech [8]. This discovery led to a deeper
understanding of the mechanism of action of leech therapy and paved the way for further
research into therapeutic benefits of leech extract and its active compounds. Haycraft's
contribution was an important turning point in the history of leech therapy and had a lasting
impact on the field [9]. The discovery of anticoagulants in leech extract opened the door for a
new era of leech therapy and encouraged researchers and physicians to explore the use of
leech extract as a therapeutic agent. This helped to overcome some of the limitations and
potential risks associated with live leech therapy, such as risk of infection, bleeding, and allergic
reactions. Over the years, numerous studies have been conducted to identify the active
compounds in leech extract and to develop safe and effective medicinal products based on

leech extract [10-12].

Many terms were used to describe this extract such as leech extract [13], leech head extract
[14], leech salivary glands extract [11], and leech saliva extract [15]. The use of leech extract as
a therapeutic agent has a long history and has gone through several eras of development. The
first era, which took place between 1884 and 1930, witnessed the discovery of leech extract
and the manufacturing and marketing of commercial leech extract injections, which were
primarily used to treat thrombosis and other circulatory disorders. However, the popularity of
leech extract declined with the advent of modern pharmaceutical products, and it eventually

disappeared from medical practice.



Journal Pre-proof

The second era, which lasted from 1930 to 1980, was characterized by a total lack of research
and development in the field of leech extract therapy. During this period, leech extract was

completely forgotten as a potential therapeutic agent.

The third era began in the 1980s with the reintroduction of leech extract, and specifically leech
saliva extract, as a potential therapeutic agent. This period has been marked by a renewed
interest in the use of leech extract for medical purposes, including the treatment of skin grafts,

venous insufficiency, and other conditions.

In this review, the development of leech extract as a therapeutic agent, the evolution of
extraction techniques, and the successfully manufactured leech extract-based pharmaceuticals

are discussed.

2. Methodology

A comprehensive literature search was conducted using the keywords “Leech extract”, “"Leech
saliva extract”, “Leech salivary gland extract” in the subject area of pharmacology
and pharmaceutical technology. The data were collected from scientific publications and
databases including Scopus, PubMed, Web of Sciences, and Google scholar. The English,
German, and French literature between 1884 and 2022 were included in the search. The main
criteria for including any article in this study was that it contained information about leech

extract preparation, compasition, development or formulation of it as a therapeutic agent.

A total of 316 articles were reviewed and only 106 articles were included in this review

according to the main criteria.

3. Results

Leech extract had been discovered in 1883 by John Haycraft, and it was studied thoroughly in
terms of pharmacological effects and chemical characteristics. In the meantime, many
experiments were performed to prepare a leech extract-based pharmaceutics to replace the
Hirudotherapy and utilize its therapeutic effect without exposing the patients to life leech
therapy complications. The results showed that the journey of developing leech extract as a

therapeutic agent has witnessed three major steps as follow:
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3.1 The Discovery of “Leech Extract”

The old use of leeching and leech therapy depended on the theory of four humours when
bloodletting was believed to help restoring the balance between body fluids which was ruined
by the disease [16]. Haycraft had noticed that, unlike normal wounds, the bleeding from the
wounds induced by leeches’ bites continued for at least one hour after leech detached without
coagulation. He reported that surgeons knew that the blood remained in a liquid form inside
leech’s body for a long time. His theory was that the leeches secrete ferment-containing juice
which prevents coagulation of blood within its body and enough remaining around the edges of
the wound to prevent, for some time, the outflowing blood from clotting. To prove his theory,
he incubated rabbit blood with either 6% saline or a crude extract of leech intestines or leech
heads in saline. The leech head extract prevented the blood from coagulation for 24 hours. In
this way, he demonstrated that the leech head contains a substance that inhibited blood
coagulation. For in-vivo studies, Haycraft developed an extraction method by soaking the
anterior part of leeches in absolute alcohol for three days, then evaporating the alcohol off,
grinding the leech with broken glass, extracting with water and filtering. Dogs and rabbits were
injected with this newly obtained leech extract and the withdrawn blood showed prolonged
coagulation time and the leech extract was proven to be eliminated by the kidney [8]. In the
following years, researchers conducted many studies to understand the nature of leech extract

and its action on blood [17].

To obtain better yield and higher efficacy, the extraction method was modified by Bock who cut
the leeches” heads, rubbed them with dry sand, mixed them with sodium chloride 0.7 % and
shook the mixture for 2 hours. Then centrifuged the mixture, collected the supernatant and
labeled it as non-diluted leech extract. The remaining billets in centrifuge tubes were washed

with sodium chloride and centrifuged again to obtain a diluted leech extract [18].

Later, Franz reported a more developed method for the extraction of leech extract. While
conducting his study, he described for the first time the leech salivary glands and he believed
that they were the source of the bioactive materials. He had also discovered and proved that
the active material was in the head of a leech. The extraction method depended on Prof

Jakobi’s studies who named the full extract “Hirudin” for the first time [19]. The extraction

7
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procedure was applied on the full leeches’ heads or dissected leeches’ heads where only the
pharyngeal rings are taken and used for the extraction. The heads were rubbed with sand for 20
min then the thymolized saline was added and extracted for 1 hour at 37°-38° C with stirring
and then centrifuged to separate the non-dissolved parts. The extract was heated to 60° C for 2
hours and then centrifuged. After that it was exposed to chloroform vapors for 3 days,
centrifuged again and finally dried in a desiccator over sulfuric acid. The yield was 8 -9 mg
extract per head which corresponded to 12.5%. The study was extended to discover the time
needed for leeches to recover their active materials after feeding and the time needed was 14
days. The study also reported a suitable method to stabilize the leech extract by drying the
extract and keeping it away from moisture and air or by keeping it in thymol-sterile glass tubes.
This product was then marketed as a medicine for the first time by (Sachsse and Co., Leipzig,
Germany) [20]. There was likely growing interest in the therapeutic potential of leech extract
during this period and companies were actively working to commercialize and market leech
extract-based medicines. Overall, the development of this extraction method and the
subsequent commercialization of leech extract-based medicines likely represented a significant

milestone in the history of leech extract therapy.

The studies on the use of leech extract in the clinic had accelerated especially as an
anticoagulant for blood transfusions. Later, as more was learned about the biological properties
of leech extract, researchers began to explore its potential use in other areas, such as the
treatment of eclampsia and as an anticancer agent. On the other hand, many studies were

conducted to prove the safety or toxicity of leech extract.

The mechanism of anticoagulation activity of leech saliva extract was also studied and the
antithrombin and antiplatelet aggregation effects of leech extract were described by [14]. In
1914 leech extract was used for blood transfusion in the dose of 7 mg/500 ml of blood and
showed no toxic reaction except for some chills and febrile reactions [21]. However, other
research showed toxicity of some hirudin preparations which was explained by the lack of
hirudin standardization and the impossibility of sterilization of hirudin by heating which
destroyed the anticoagulation effect of hirudin [22]. Leech extract was also used for the

treatment of eclampsia, a condition characterized with seizures in pregnant women who
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develop high blood pressure and damage to organs such as the liver and kidneys. The use of
leech extract in the treatment of eclampsia was based on the belief that leech saliva could help
to regulate blood flow and reduce the risk of blood clots, which could be a complication of

preeclampsia [23].

The first report of the use of leech extract as anticancer agent goes back to 1913 [24]. While
testing different materials on carcinoma in mice, they reported that leech extract not only
inhibited the growth of tumor but also caused some regression of tumor. However, subsequent
experiments showed that cancer cells eventually became resistant to the effects of hirudin, and
the potential for long-term effectiveness as an anticancer agent was limited [25]. Additionally,
there were concerns about the toxicity of hirudin, as seen in experiments with Guinea pigs [26].
Haas in 1924 reported the use of leech extract for hemodialysis and applied it on humans after
a series of experiments on animals. The first experiment on human subjects aimed to confirm
the non-toxicity of hirudin and the safety of the procedure. The hemodialysis lasted for 15 min
with satisfactory results [27]. At the same time, Necheles used another commercial hirudin
prepared by Passek and Wolf Hamburg for the dialysis in animals and he claimed that this
preparation is less toxic [28]. Yet, the following experiments were not encouraging because of
the toxicity of different hirudin preparation and at the same time the heparin was discovered

and replaced hirudin in hemodialysis [29].

Along with the development of leech extract as a therapeutic agent, many scientists and
physicians suggested the use of leech bite to deliver the active materials to the patients rather
than using impure and non-standardized extract thereof. Termier was the first one to suggest
and implement this method and called it “hirudinization of blood”. The method was applied
successfully for the treatment of pulmonary embolism [30]. This method resembles the
traditional hirudotherapy (leech therapy) in applying live leeches but differs in the mechanism

(hirudinization of blood) which was completely understood at that time.

Unfortunately, this revival of medical leeches as therapeutic agents stopped completely when
their supply from natural sources in Southeastern Europe was interrupted during World War Il.
Moreover, new powerful but much less expensive natural (heparin) and synthetic oral
(coumarin) anticoagulants became available and soon proved to be useful in clinical settings.

9
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Thus, the chance of developing hirudin as a therapeutic agent had declined, just because of the
natural limitations in supply and the existence of competitor drugs which did not have these

limitations [31].

To summarize the first era of developing leech extract as a therapeutic agent, it is obvious that
researchers and physicians succeeded in producing an injectable leech extract which was used
clinically. Commercial leech extract (hirudin) was produced and marketed by Sachsse and Co.
Leipzig Germany, and Passek and Wolff of Hamburg. Regardless the reports about the toxicity
and incapability of standardization of some hirudin preparations at that time, many papers
stated that leech extract was used clinically for the treatment of some disease and ultimately
injected into human patients. The reported toxicity of hirudin could have been due to allergy
and shock which could also be partly explained by the presence of endotoxin in leech extract.
The lack of standardiz ability can be overcome now by the utilization of suitable analytical
methods for leech extract. The adverse event of bleeding could now be addressed by adjusting

the dose and blood transfusion.

3.2 The Discovery of Leech Extract Constituents as Pure Compounds

The second era showed a decline in the use of leech extract as a therapeutic agent while the
traditional use of live leeches or leech therapy continued without any support or approval from
international health bodies. The studies on leech extract were limited to the isolation and
purification of pure compounds and testing their activities on different diseases. The first
isolated pure compound was the leech hyaluronidase [32], followed by pure compound
“hirudin” [33], bdellins [34], eglins [35], decorsin [36], and many other active compounds. The
biological activities of these isolated compounds were studied and they can be summarized in

Table 1.

Recombinant hirudin was produced [73], which opened the door to produce injectable drug
such as lepirudin, desirudin, and bivalirudin. Lepirudin was marketed under the brand name
Refludan (Bayer) as anticoagulant in patients with heparin-induced thrombocytopenia (HIT) and
thromboembolic disease to prevent further thromboembolic complication for the patients who

are not able to use heparin [74]. Desirudin was approved by FDA under the brand name of

10
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Iprivask as a direct thrombin inhibitor. Iprivask is indicated for the prophylaxis of deep vein
thrombosis, which may lead to pulmonary embolism and in patients undergoing elective hip
replacement surgery [75]. Bivalirudin was approved by FDA under brand name Angiomax is
indicated for use as an anticoagulant in patients with unstable angina undergoing percutaneous

transluminal coronary angioplasty (PTCA) [76].

3.3 The Return of Natural Whole Leech Extract as a Better Therapeutic Agent

Although leech therapy was not so popular during the first half of the 20" century, it started to
have a great comeback beginning with the 1960s when physicians noticed its remarkable
benefits in relieving venous congestion of skin transplants [77]. The use of leech therapy in
plastic reconstructive surgery continued to gain popularity and was further optimized during
the 1990s. This led to the U.S. Food and Drug Administration (FDA) recognizing and approving
the use of medicinal leeches as a medical device for the treatment of venous congestion in graft
tissue in plastic surgery [6]. Alongside with the comeback of leech therapy, leech salivary gland
extract (SGE) had also gained more attention after the discovery of its unique composition and
the possibility of employing the leech SGE for the treatment of complicated diseases such as
lung tumor [11, 78]. This development helped leech extract to revive and find its way back to
modern pharmacies as commercial products. Since 1983, many studies reported promising and
successful leech extract-based pharmaceutical formulations especially in the Chinese market.
The extraction method has also been modified and optimized to the level of obtaining the full
leech saliva components without killing the leeches. Therefore, the following text will discuss
the “leech extract in Chinese medicine”, and the “leech saliva extract” as different products

according to their extraction methods and their application and their commercial products.

3.3.1 Leech extract in Chinese medicine

Leech therapy has been used in Chinese traditional medicine for thousands of years and the
leech (Shuizhi) has been listed in Chinese pharmacopeia and identified as the full body dried
powder of Whitmania pigra, Hirudo nipponica and Whitmania acranulata leech species. Leech

extract can be found as oral, topical, or injected medicine in Chinese market.

3.3.1.1 Oral leech extract in Chinese traditional medicine

11
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Oral leech extract is prepared as tablet or capsules, containing dried leech powder only or
combined with other herbal or animal extracts. Many approved medicines can be found in

Chinese pharmacopeia and Chinese market such as:

1. Zhixiong (capsules) has been used clinically for the treatment of acute and chronic
cerebrovascular diseases due to its contents’ abilities to improve the blood circulation,
decrease blood coagulation, activate meridians and relieve stasi [79].

2. Shenyuandan (capsules) has been used for the treatment of coronary heart disease and
angina pectoris. It protects against myocardial ischemia/reperfusion injury, ameliorates
oxygen-free radical injury in ischemic myocardium, and improves the antioxidant ability
of myocardial tissue. It attenuates atherosclerosis by promoting autophagy, probably
through regulating genomic DNA methylation and Atgl3 promoter demethylation [80].
Clinically, Shenyuandan’s efficacy and safety in reducing the incidence of peri-
procedural myocardial injury among patients with unstable angina who underwent
elective percutaneous coronary intervention was tested using a prospective,
randomized, double-blinded, placebo-controlled trial. The results showed a significant
decrease in the number of peri-procedural myocardial injury in Shenyuandan group
compared to placebo group [81].

3. Naoxintong (capsules) has been reported to have multiple protective effects on
cardiovascular diseases including coronary artery disease, coronary microembolization,
myocardial - infarction, acute coronary syndrome, ischemic stroke, and ischemia-
reperfusion injury [82].

4. Tongxinluo (capsules) has been used for coronary heart disease, unstable angina
pectoris, and acute stroke in addition to its ability to improve serum lipid levels [83].

5. Dahuang Zhechong (pills) has been reported to improve pulmonary function, quality of
life, and exercise capacity of silicosis patients [84], reduce serum biomarkers of liver
fibrosis in patients with chronic hepatitis B [85] and suppress colorectal cancer liver
metastasis via ameliorating exosomal CCL2 primed pre-metastatic niche [86].

6. Maixuekang (capsules) consists of leech Whitmania pigra/Hirudo nipponica extract only

and has been prescribed for acute coronary syndrome [87].

12
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3.3.1.2 Parenteral leech extract in Chinese medicine

The Chinese injectable leech extract Shuxuetong was prepared from the whole leech body and
earthworm using different techniques. The leeches (Hirudo nipponica Whitman) and
earthworms (Pheretima aspergillum) were cleaned and sterilized by soaking them in normal
saline repeatedly. Then they were grinded and homogenized, and then exposed to freeze thaw
cycles with a freezing temperature of -15 C. The mixture was centrifuged, and the supernatant
was separated. The supernatant was ultrafiltered using a cut off membrane of 6000 Dalton and
the filtrate was obtained, and the Shuxuetong was ready for medical use. Shuxuetong was
prepared by mixing leech extract and earthworm extract in the percentage of 33%-84% and
16%-67%, respectively, as injectable solution 1-20ml, infusion 50-200ml/ bottle, or freeze-dried

powder for injection [88].

Shuxuetong injection has been included in the Chinese Pharmacopoeia and had total sales of
over $93 million in 2017 in China. Based on the source of the medicine, the main active
ingredients were believed to be hirudin and lumbrokinase, so it is extensively prescribed as
anticoagulant and fibrinolysis in acute cerebral infarction, acute phase of ischemic stroke and
other coagulation related diseases [89]. Later, a study showed that hirudin is not detected in
Shuxuetong, while the main ingredients are free amino acids, peptides, monosaccharides,
polysaccharides, nucleic acids and other components. The extraction method could be the
reason behind the absence of hirudin which is broken down into smaller polypeptides during
the preparation of Shuxuetong [90]. Regardless of the presence or the absence of hirudin,
Shuxuetong showed high anticoagulation effect making it a suitable candidate in the treatment
of cerebral infarction. Animal studies have shown that Shuxuetong can effectively improve
spinal cord injury due to its active materials ability to enhance spinal cord blood flow [91]. In
addition to improving blood flow to the injured area, Shuxuetong facilitates angiogenesis during
wound healing following traumatic brain injury in rats. The growth of new capillary blood
vessels formation was enhanced after the treatment with Shuxuetong which promoted the
endothelial cell proliferation via the vascular endothelial growth factor/vascular endothelial

growth factor receptor-2 pathway [88].

13
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Clinically, Shuxuetong injection was used in combination with other chemical drugs for the

treatment of ischemic stroke [92].

3.3.2 Leech saliva extract

In leech farms, leeches are fed on blood using many techniques such as feeding on living frogs
and fish, or on animals' blood through sieve, or artificial membranes. To study the effect of
some chemicals found in blood on the feeding response of leeches, Galun and Kindler
developed a method to feed leeches through artificial membrane consisting of silastic
membrane [93]. This method was further developed and used for the extraction of diluted
leech saliva extract [10]. Leeches were fed on a pre-heated phagostimulatory solution
consisting of NaCl 0.015M and Arginine 0.001 M through a sausage membrane. While feeding,
leeches secrete the saliva into the solution. Once the feeding is completed, the diluted saliva is
obtained by squeezing leeches from posterior sucker towards the anterior sucker. This method
was further optimized to ease the extraction process as leeches show some resistance against
squeezing. Leeches can be stressed to regurgitate the saliva by adding salt or wood ash [94],
ethanol [95] and ice [96]. The LSE extracted using this method showed remarkable biological

activity such as anticoagulant [10], antidiabetic [97], antibacterial [98] and anticancer [99].

Many attempts have been reported to prepare a pharmaceutical formulation using whole leech
saliva extract (LSE) which is extracted using this method [95]. Researchers claim that LSE is the
suitable candidate as it contains the active materials only without any leech body components
which were present in leech body extract and that could reduce the possibility of allergy and
shock which may result from whole leech body extract injection [10]. LSE can be sterilized,
depyrogenated, standardized and formulated as topical or parenteral drug. Up to date, there
are no approved commercial products of LSE, but the literature contains many proven active

products which could be marketed soon.

LSE was prepared as a topical liposomal gel for the treatment of knee osteoarthritis and the
effect was assessed clinically [100]. A clinical trial was designed to evaluate the effect of adding

LSE liposomal gel treatment to the physiotherapy of patients with knee osteoarthritis. The

14
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results showed that the group receiving the combined treatment had significant pain reduction

and quality of life improvement compared with the group receiving physiotherapy only [100].

Another LSE product produced using Asian leech (Hirudinaria manillensis) and prepared for the
treatment of different types of cancers, especially prostate cancer. LSE effects were evaluated
in vitro and in vivo models, but no clinical study has been performed yet [12]. LSE IC50 was
determined in vitro in five prostate cancer cell lines using MTS cell viability assay. In vivo
efficacy of LSE was determined in Lymph Node Carcinoma of the Prostate (LNCaP) and 22RV-1
in nude mice xenograft models. LSE was injected subcutaneously at a dose of 5mg/kg once a
week for 4 weeks and docetaxel was used as positive control. The results showed that LSE has
significantly reduced the tumor size and improved the PSA and other biological markers. LSE
anticancer effect was similar to docetaxel effect with no side effects [101]. The studies revealed
that LSE inhibited Proteinase Activated Receptor 1 (PAR-1) which is responsible for hormones
like cellular signals in different cancer cells including those of the breast and prostate.
Moreover, in LNCaP cells the Androgen Receptor (AR) activation and the Prostate Specific
Antigen (PSA) expression were significantly reduced after treatment with LSE. Inhibition of
phosphoinositide-3-kinase (PI3K) and Phospholipase C, Gamma 2 (PLCG2) were also observed.
It has been found that LSE modulates a multitude of pathways which makes it a very promising
candidate for treatment of cancer with an important advantage of low toxicity and reduced

potential for development of drug resistance [102].

4. Discussion

Leech extract has been found to be effective for the treatment of many diseases due to its
unique composition. Its extraction method has gone through huge development starting with
the whole-body extract through the extraction of leeches’ heads and salivary gland to the
extraction of leech saliva without killing the leeches. Many leeches extract-based

pharmaceuticals have been produced and marketed (Table 2)

The success of leech extract-based pharmaceuticals and the development of new extraction,
filtration and formulation techniques along with the proven benefits of leech therapy enhance

the scientific community’s confidence in the possibility of obtaining a leech extract-based
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product which is in compliance with modern health authorities’ rules and regulations. However,
apart from medicines marketed in China, there is no FDA approved leech extract-based
pharmaceuticals yet. The published data shows promising products with enhanced

pharmacological effects and wide safety margin comparing to existed chemical drugs.

A study was conducted using propensity score method to analyze the effect of Maixuekang
capsule on the treatment outcome of coronary heart disease. The study team examined the
electronic medical record database of 22 large-scale tertiary hospitals in China and reported
the patients with coronary heart disease taking or not taking Maixuekang capsule in
combination with other chemical drugs. After matching, there were 2464 cases in
the Maixuekang and non-Maxiuekang groups. The results showed that Maixuekang group had

better recovery and improvement compared to non-Maixuekang group [87].

Clinically, the effects of Shuxuetong (Leech extract injection) in adjuvant treatment of ischemic
stroke on the degree of nerve injury, lipid metabolism and blood coagulation function were
studied. The study included 74 patients who were divided into two groups, where the control
group received regular chemical treatments, while Shuxuetong group have received
Shuxuetong injection in addition to the regular treatments for three months. The chemical
drugs included 100 mg aspirin enteric-coated tablets, 75 mg sulfate clopidogrel tablets,
20 mg atorvastatin and 30 mg edaravone injection with 250 mL normal saline. After one and
three months of treatment, the degree of nerve injury, lipid metabolism and blood coagulation
function indices were evaluated. The results showed that Shuxuetong had significantly
alleviated the injury of nerve function, improved blood lipid metabolism and coagulation

function in patients treated of ischemic stroke [92].

The wound healing properties of leech extract cream was compared to phenytoin cream, and
the results showed that leech cream and phenytoin cream could promote wound regeneration
by accelerating the re-epithelialization process and initial angiogenesis [106]. The antitumor
properties of LSE and docetaxel in prostate cancer were assessed. The LSE has significant in
vitro and in vivo anti-tumor activity with no apparent side effects compared to the chemical

drug docetaxel [101].
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5. Conclusion

The complexity of some diseases such as cancer and diabetes or the complications associated
with aging which affect the whole body requires the patients to receive many medications at
the same time increased the need for combined drugs. However, the increased number of
medications taken by the patients at the same time led to severe and serious side effects which
left some important organs at risk such as liver. Therefore, the health community confirms the
need for a medication which can work on different sides with high efficacy and less side effects.
Increasing number of scientific reports suggest health benefits of leech therapy. Centuries of
use in diverse populations attesting to its relative safety warrant further investigation of leech
saliva extract as a pharmaceutical agent. Leech saliva extract could be a treatment of choice for
complex diseases due to the multitude of ingredients it contains which are combined naturally
and demonstrate diverse biological activities. However, more research is needed to elucidate
full chemical composition and mechanism of action of each compound that is present in leech

saliva extract.
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Figures:

A

Figure 1: some medicinal leech species, A: Hirudo verbena, B: Hirudo medicinalis, C: Hirudo

orientalis

26



Journal Pre-proof

Table 1: Isolated chemical compounds from different leech species

Leech species

Isolated compounds

Hirudo medicinalis

Hirudin[33], Destabilase[37], Bdellin B[38], Calin[39], Factor Xa

inhibitor, Bdellastasin[40], Hirustatin, Leech-derived tryptase

inhibitor (LDTI)[41], Hyaloronedase[32], Eglins[35], Apyrase[10],

Collagenase[10], Leech carboxy peptidase inhibitor [42], Lipase
(triglyceridase), Cholesterol-esterase[43], Steroids, Histamine, and

Serotonin[43].

Hirudinaria

manillensis

Bufrudin[44], HM1, HMZ2[45], Hirullin P6, Hirullin P18[46],

Manillase[47], Gelin[48].

Hirudo nipponia

Leech granulin[49], Guamerin[50], Piguamerin[51]

Theromyzon Theromin[52], Therostasin[53], Cytin[54], Therin[55], Tessulin[56],
tessulatum Theromacin and Theromyzin[57], Renin-like enzyme[58]
Haementeria Leech antiplatelet protein (LAPP) [59], Antistasin [60]

officinalis

Haementaria ghilianii

Hementin[61], Tridegin[62], Ghilantin[63], Saratin[64],

Haementeria depressa

Hementerin[65], Lefaxin[66],

Haementarea lutzi | Hementerin[67]
pintu
Haemadipsa sylvestris | Haemadin[68],

Macrobdella decora

Decorsin[69]

Placobdella ornate

Ornatins[70]

Leech in general

100++ unidentified proteins [71, 72]
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Table 2: Leech extract-based pharmaceuticals

Leech extract- Route of Claimed usage Year of Used for
based product administration marketing
Hirudin Sachsse Injection Anticoagulant [20] | 1904- Blood transfusion [21],
and Co., Leipzig, 1925 Eclampsia [23],
Germany hemodialysis [27]
Hirudin Passek Injection Anticoagulant [28] | 1920- hemodialysis [28]
and Wolf 1925
Hamburg
Piyavit Oral Anticoagulant 1993- acquired heart valvular
[103] 1995 disease [103]
Shuizhi and Oral Anticoagulant, 1960s- Acute and chronic
other oral antiplatelet today cerebrovascular diseases
Chinese aggregation [104] [79], atherosclerosis
formulations [80], ischemic stroke
[82], acute coronary
syndrome [87].
Shuxuetong Injection Anticoagulant 1990s- Ischemic stroke [92]
[105] today
Recombinant hirudin derivatives
Lepirudin Injection Anticoagulant [74] | 1997 heparin-induced
thrombocytopenia [74]
Desirudin Injection Thrombin inhibitor | 2003 Antithrombin in elective
[75] hip replacement surgery
[75]
Bivalirudin Injection Anticoagulant [76] | 2000 unstable angina [76]
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Hirudin, the first
injectable leech extract
was produced and
marketed by Sachsse and

Leech therapy was

common, and it LSE was introduced as
was used for substitution  of  whole
almost all diseases leach extract

Co.,, Leipzig, Germany

Developing LSE as
therapeutic agent |

Until
[ 19th
\_Century /

Leech extract was
discovered by Dr
John H. Haycraft

The chemical composition
of leech extract was
understood, and the pure
compounds were isolated

FDA approved the use of
medicinal leeches as a
medical device for the
treatment  of  venous
congestion in graft tissue
in plastic surgery
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