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Abstract: Thrombus (clot) in blood vessels is the result of fibrin accumulation under
unbalanced physiological situations, which can lead to serious consequences such as
myocardial and cerebral infarction .The currently available drugs for atherothrombotic
diseases are constrained by various limitations and an ideal drug is thus far to be developed .
Research has revealed microorganisms as vital resources for developing antithrombotics.
Traditionally used medicinal plants possessing antithrombotic activity have also been reported
before. Endophytic microorganisms that reside asymptomatically inside the living plant tissues
have recently been recognized as a repository of novel metabolites of pharmaceutical
significance. This review provides an insight into the feasibility and future prospects of plant
endophytic microbes as an emerging source of anti thrombotics.
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INTRODUCTION

An antithrombotic agent can be used therapeutically for prevention or treatment of an acute
thrombus. They include anti platelet aggregation drugs, anticoagulants and thrombolytic drugs,
which strike on different events in the formation of a thrombus ™. During thrombus formation,
fibrinogen is converted to fibrin via proteolytic action of thrombin, resulting in the formation of
insoluble fibrin clots. Thus, fibrin, fibrinogen and thrombin are important targets in the
screening of antithrombotic agents 2.

Thrombolytic drugs are able to dissolve a thrombus and reopen an occluded blood vessel. They
may be used to treat a heart attack, stroke, deep vein thrombosis or pulmonary embolism,
which can be immediately life-threatening. Plasminogen activators, such as reteplase or
recombinant tissue plasminogen activator (Retavase), alteplase or tissue plasminogen activator
(Activase), urokinase or urokinase-type plasminogen activator (Abbokinase), anisoylated
plasminogen streptokinase activator complex or APSAC (Anistreplase), streptokinase (
Streptase) etc. are the frequently used thrombolytic agents. They are also called fibrinolytic
agents as they are serine proteases and convert plasminogen to plasmin which breaks down
fibrin and dissolves the clot. Direct acting thrombolytic agents like plasmin is also being
developed 31, Despite their wide spread use, all these agents are relatively expensive and have
one or the other limitations like hemorrhagic side effects, short half-life in the body [4], low
fibrin specificity, allergic reactions Bl and reperfusion injury 6] Furthermore, the most widely
prescribed antiplatelet agents like Aspirin, Clopidogrel, Ticlopidine and anticoagulants like
Warfarin are also not efficient enough to prevent recurrent ischemic attacks - Therefore, there
is considerable interest worldwide to develop safer, efficient and less expensive
antithrombotics.

Various fibrinolytic compounds have been successively discovered from microbial sources,

including bacteria, actinomyces and fungi "} oriental fermented food products[S] , bat saliva

snake venom[m”m, earthworms [12”13], marine algae[”], mushrooms[ls][le] etc. But most of them
are still under study with added focus being given on microbes. Several plants used for the
treatment of thromboembolic diseases in different systems of traditional medicine have also
shown antithrombotic activity 7 1 this context, this review aims to focus on the prospects of

plant endophytic microbes as a potential source of antithrombotic drugs.
ANTITHROMBOTICS FROM MEDICINAL PLANTS

In traditional culture, medicinal plants are used all over the world and they are becoming
increasingly popular in modern society as natural alternatives to synthetic chemicals 8 There
are evidences that consuming herbs, natural food sources and their supplements having
antithrombotic (anticoagulant and antiplatelet) effect helps in prevention of cardio vascular

[19][20](21](22]

diseases and stroke . A lot of plants claimed in the traditional system still remain to
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be scientifically investigated ™). However, lately there are reports of thrombolytic activity of a
variety of medicinal plants as well (Table 1).

Table 1: Plants with in vitro thrombolytic activity

Plant Reference

Ocimum sanctum Khan et al. 2011'%*!
Curcuma longa

Azadirachta indica

Anacardium occidentale

Alpinia conchigera Sultana et al .2012'
Lannea grandis

Aglaonema hookerianum

Withania somnifera Shahriar et al. 2012'%”!
Terminalia arjuna

Moringa olifera

Asparagus racemosus

Sida acuta Bahar et al .2013!%®

Ficus glomerata Kirankumar and Ramesh 2014 #7]
Kalanchoepinnata Akanda et al .2014%®

Nigella sativa Ansari et al .2014 !

ANTITHROMBOTICS FROM MICROBES

Consequent to the purification of streptokinase from Streptococcus hemolyticus and

391 3 succession of microbes producing fibrinolytic

staphylokinase from Staphylococcus aureus
enzymes from fermented food and other sources have been discovered (Table 2 and 3). Their
isolation techniques, strain improvement methods, production parameters, purification and

properties of fibrinolytic enzymes have also been documented 311,

Table 2: Microbes with in vitro fibrinolytic activity isolated from oriental fermented foods

Microorganism Source Reference
Bacillus sp.KA38 Korean Jeot-gal Kim et al . 19971%%
Bacillus sp. DJ-4 Korean doenjang Kim and Choi 2000"**
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Bacillus amyloliquefaciens DC-4 Douchi Peng et al. 2003
Bacillus subtilis natto B-12 Natto Feng et al. 2009
Bacillus amyloliquefaciens Chinese soybean paste Wei et al. 201153¢
Bacillus subtilis LD-8547 Douchi Yuan etal.2012"
Aspergillus oryzae KSK-3 Rice-koji Shirasaka et al. 20125
Acetobacter sp. FP1 Fermented pine needle Parketal. 20128
extract
Bacillus subtilis and Cheonggukjang Choi et al. 2013%"

B. amyloliquefaciens

Paenibacillus sp. IND8 Cooked Indian rice Vijayaraghavan and Vincent
20141

Table 3: Other microorganisms with in vitro fibrinolytic activity

Microorganism Reference

Fusarium oxysporum Sun et al. 19981

Strptomyces megaspores SD5 Chitte and Dey 2000
Aspergillus ochraceus 513 Betomunkueva and Egrov 200114
Rhizopus chinensis12 Xiao-lan et al. 2005*"!

Bionectria sp. Rovati et al . 2010

Marine Fungi FG216 Xing et al. 20127

Streptomyces sp. Simkhada et al. 2012!*®!

Bacillus amyloliquefaciens CH51 Kim et al. 20131

Bacillus subtilis B-2805 Alekseev et al. 2014

ENDOPHYTIC MICROBES

Endophytes are those microorganisms that inhabit the interior of plants, especially leaves,

stems and roots and showing no apparent harm to host 5]

. Microbial endophytes mimic
bioactive compounds produced by the plant itself, thus making them a promising source of

novel molecules ®2. The production of bioactive substances by endophytes is directly related to
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the independent evolution of these microorganisms, which may have incorporated genetic
information from higher plants, allowing them to better adapt to plant host. Secondary
metabolites produced by endophytes can be safe for human use as they may have reduced cell

toxicity, otherwise host tissue will die (551

. Recently endophytic research has come out with
evidences of bioactive compounds with antimicrobial, antineoplastic, antioxidant,
immunosuppressive, antithrombotic, anti-inflammatory and anti Alzheimer’s activity among

others 4,

ANTITHROMBOTICS FROM ENDOPHYTIC MICROBES

Although only a few studies have been conducted on the antithrombotic activity of endophytes,
the results are promising as they draw attention to the production of different antithrombotics
such as fibrinolytic compounds, anticoagulants and antiplatelet agents.

Ueda et al. (2007) isolated a Fusarium sp. BLB, which produces a strongly fibrinolytic alkaline

protease, from Hibiscus leaves °*

. The enzyme was purified with ammonium sulfate
precipitation and column chromatography with CM-Toyopearl 650M and Superdex 75 and was
homogeneous on SDS-PAGE. Maximum activity of the protease with a molecular weight of 27
kDa was observed at pH 9.5 and temperature 50°C respectively. A serine protease with
fibrinolytic activity named verticase was identified by Li et al. (2007) from Verticillium sp. Tj33

strains residing in Trachelospermum jasminoides [56]

. It was subsequently purified by a
combination of DEAE-52, Sephadex G-75 and hydrophobic column chromatography and was
demonstrated to be homogeneous by SDS-PAGE and isoelectric focusing. Verticase, with a
molecular mass of 31 kDa and optimum pH and temperature 9-10 and 50°-60° C, was found to
be an enzyme that hydrolyzes fibrin directly without activation of plaminogen. Lu et al. (2007)
screened the endophytic strain Paenibacillus polymyxa EJS-3, which produces novel fibrinolytic
enzyme from root tissues of Stemona japonica (Blume) Mig, a Chinese traditional medicine[57].
Lu et al. (2010) purified the fibrinolytic enzyme PPFE-I from Paenibacillus polymyxa EJS-3, which
showed additional significant anticoagulant effect in vitro “ The enzyme with a molecular mass
of 63.3 kDa and optimum temperature and pH 37 °C and 7.5 respectively was purified with
ammonium sulfate precipitation, hydrophobic, ion exchange and gel filtration chromatography.
An endophytic Fusarium sp.CPCC480097 was also found to show high anti thrombotic activity
(Wu et al. 2009) 2l and a fibrinolytic enzyme with molecular weight 28 kDa was identified by LC-
MS/MS. Four endophytic strains, Rahnella aquatilis, Pantoea agglomerans, Rhodotorula sp. and
Penicillium paxilli, isolated from Taiwanese herbal plants, showed inhibitory effects on
collagen-induced and thrombin-induced platelet aggregation (Hsieh et al. 2009)[58]. Six
secondary metabolites identified as lumichrome, genistein, daidzein, cyclo-Pro-Val , cyclo-Pro-
Phe and methyl 2,4,5-trimethoxybenzoate were isolated subsequently from Rahnella aquatilis
using bioassay-directed fractionation. Ahmed et al. (2013) isolated endophytic fungus FH-3 with

fibrinolytic activity from Hibiscus leaves of Selangor, Malaysia [16],
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FUTURE PROSPECTS

Investigations on antithrombotic activity of endophytes are in its infancy. Most of the

endophytic research focuses on screening bioactive compounds with antimicrobial and

(5411581 Acknowledging the fact that endophytes are able to produce

antineoplastic activity
antithrombotics and also considering the growing scenario of mortality due to thrombotic
diseases worldwide, equal attention should be given by researchers to exploit antithrombotics

from endophytes.

In general, the study of endophytic microorganisms represents a relatively new branch and

therefore an unexploited field [60]

[

. It is since the isolation of Taxol producing endophyte
Taxomyces andreanae 1 that endophytic microorganism fermentation came forth as an
alternative cheaper and sustainable approach. Recently in biotransformation process also,
endophytes have received big attention as biocatalysts in the chemical transformation of
natural products and drugs, due to their ability to modify chemical structures with a high

degree of stereo specificity t621,

Most of the endophytes in medicinal plants still remain to be researched on. Among the
hundred thousand species of medicinal plants on earth, no more than five hundred species had
been investigated worldwide for endophytes 631 Bioactive natural products of medicinal plants
have long been an important source of medicinal raw materials. However, the natural habitats
for wild medicinal plants are being threatened by overuse and environmental and geopolitical
instabilities . Research on endophytes has now been accelerated, as extinction of any single

plant species will diminish the entire suite of associated potential endophytes 541,

Another unexploited endophyte reservoir which needs to be focused alongside is the seaweeds
of the marine biome. Substances obtained from endophytes associated with seaweeds have

been shown to have antimicrobial, cytotoxic, antioxidant and other properties (651,

Additional pharmacological studies like in vivo assays, isolation of active components and
clinical studies are necessary before these antithrombotics are introduced to the market. For a
successful commercial production, strain improvement techniques, production parameters,
purification and characterization processes of the compound etc. also need to be optimized 41,

CONCLUSION

Despite the availability of most modern and highly developed procedures like angioplasty,
thrombolysis still continues as a widely accepted, timely intervening rescue practice in acute
myocardial infarction. For ischemic strokes also, giving thrombolytics within three hours of the
first stroke symptoms can facilitate in restraining stroke impairment. In many cases,
antithrombosis therapy may be continued to decrease the risks. But an affordable, safe and
efficient antithrombotic is yet to be formulated. The feasibility of endophytic antithrombotics
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should be studied in the light of this ever mounting need of alternative antithrombotics.
Endophytic microbes have the ability to produce antithrombotic metabolites. But there is need
for further exploration of the scantily researched endophytic habitats. This implies that in the
future, these hidden microbes may provide high quality drug candidates to improve thrombosis
prevention and treatment.
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