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Boron containing metabolites are found in plants, algae and microorganisms. Boron forms complexes
with fatty acids, such as borophycin, aplasmomycin, and tartrolon, and their derivatives. All these
metabolites are polyketide antibiotics and are of great interest for medicine, and the pharmaceutical
industry. In this paper, using the PASS computer program, we computed new biological activities for
boron compounds. The results obtained show that fifty biologically active boron compounds show anti-
cancer, antibacterial, and antifungal activity, with a confidence of 50 to 90 percent.

1. Introduction

Element boron with atomic number 5 was first discovered in 1808 by
French chemists Joseph Louis Gay-Lussac and Louis Jacques Thénard [1].
A few months later, British chemist Humphry Davy received pure boron
[2]. Boron, an orphan of the periodic table of the elements, is unique not
only in its chemical properties but also in its roles in biology [3-6].

After the discovery in 1808 that boron is one of the essential
microelements for higher plants, its biological role has been the subject of
a number of studies [7-9]. Boron is an important microelement necessary
for normal vital activity of plants, fungi and microorganisms. The lack of
boron stops their development, causes various diseases in plants [10-12].
Biological and physiological functions for boron-containing compounds
are well established, nevertheless, many questions still remain to be
answered [13-15]. In addition, synthetic boron compounds exhibit
significant pharmacological activity [5, 6, 16-20].

As already proved by numerous works, there is a relationship between
structure and activity, and this principle is called SAR (Structure-Activity-
Relationship). We used the computer program PASS, containing about one
million chemical compounds and more than 8,000 biological activities, and
calculated the biological activity of different natural and/or synthetic
compounds [21-23]. PASS predictions are based on SAR analysis of the
training set consisting of more than one million drugs, drug candidates and
lead compounds. The algorithm of PASS practical utilization is described
in detail in several publications [24-26].

In this paper, using the PASS computer program, we computed new
biological activities for boron compounds. The results obtained show that
complex boron compounds show anti-cancer, antibacterial, and antifungal
activity, with a confidence of 50 to 90 percent.

2. Natural Boron Polyketide Antibiotics

Ionophoric macrodiolide anticancer antibiotic borophycin (1,
structures see in Fig. 1) has been isolated from the lipophilic extract of a
marine strain of the cyanobacterium Nostoc linckia UH isolate GA-5-23.
Isolated natural antibiotic was found to display cytotoxic activity against
colon human LoVo cells line (MIC = 0.06 pg/mL) and an epidermal
carcinoma KB cells line (MIC = 3.3 ng/mL) [27,28].
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Second boron containing antibiotic, named as boromycin (2), was
isolated from a fermentation broth of Streptomyces sp. A-3376 [29],
although it was previously isolated from an African soil sample containing
Streptomyces antibioticus [30, 31]. It has showed antiviral activity against
HIV-1 and HIV-2 in vitro [30-32], and also antibacterial activity against
Mpycobacterium tuberculosis [33]. Two minor antibiotics (3 and 4) of the
boromycin fermentation, such as N-acetyl boromycin and N-formyl
boromycin have been discovered from the mycelia of the boromycin
producing Streptomyces antibioticus [34]. Boromycin derivative known as
desvalinoboromycin or TMC 25B (5), with anti-HIV activity was isolated
from soil Streptomyces sp. [29].

Antibiotic aplasmomycin (6) was first isolated from a broth cultivated
with a marine isolate from a protozoan parasite Plasmodium berghei [35],
although it was previously isolated from Streptomyces griseus SS-20, found
in shallow sea sediment [36]. Two other aplasmomycins such as B (7) and
C (8) are produced by a strain Streptomyces griseus NCIB 11371 [37].
Streptomyces griseus strain NCIB 11371 is also used to produce
aplasmomycin, boromycin, and monoacetyl-aplasmomycin [38].

Tartrolon polyketide antibiotics (9-11) were isolated from the culture
broth of the gliding bacteria, Sorangium cellulosum strain source 678 [39-
41]. Isolated antibiotics were active against Gram-positive bacteria and
mammalian cells [5, 7, 42]. As well as boronated tartrolon antibiotics
produced by symbiotic cellulose-degrading bacteria Teredinibacter
turnerae in shipworm gills [41].

Biological activity of natural boron polyketide antibiotics is shown in
Table 1, and the structures of these compounds are given in Fig. 1. In
addition, the basic biological activities that are characteristic of
compounds of this class are antineoplastic, antifungal, and antimitotic, and
exhibit cytotoxic properties.

3. Boron Siderophore Complexes

Low-molecular-weight molecules known as siderophores have a high
specificity for chelating or binding several metals: iron, aluminum, boron,
cadmium, chromium, copper, gallium, indium, lead, manganese,
plutonium, uranium, vanadium, zinc and etc [43, 44, 45]. At present nearly
500 terrestrial siderophores are reported from selected microorganisms,
although only few metabolites of marine siderophores were identified [46,
47,48]. Siderophores have applications in medicine for iron and aluminum
overload therapy and antibiotics for improved targeting [49, 50]. In the
medicine, siderophore uses the “Trojan horse strategy” to form complexes
with antibiotics and helps in the selective delivery of antibiotics to the
antibiotic-resistant bacteria [51, 52].
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Boron siderophore complexes for vibrioferrin (12), rhizoferrin (13),

Table 1 Biological activities of boron polyketide antibiotics (1-11)

and petrobactin (14) have been obtained from the corresponding natural No.

metabolites [53, 54]. Vibrioferrin belonging to the carboxylate class of

Activity reviewed

Activities
confirmed (Pa)

Additional predicted activities
(Pa)*

siderophores have been isolated from Vibrio parahemolyticus, and 1
Gymnodinium catenatum [55, 56]. Rhizoferrin is a novel carboxylatetype
siderophore which has been isolated from Rhizopus microsporus and other

fungi of the Mucorales (Zygomycetes) [57, 58]. Petrobactin, a bis-
catecholate, R-hydroxy acid siderophore produced by the oil-degrading
marine bacterium Marinobacter hydrocarbonoclasticus [59, 60].

The structures of the boron siderophore complexes are shown in Fig. 2, 2
and the biological activity is shown in Table 2. For these boron compounds,
antieczematic, antinephrotoxic, and anti-inflammatory activity are
characteristic.
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Fig. 2 Bioactive boron siderophore complexes
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(0,780)
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(0,804)
Antibiotic (0,575)

Antieczematic (0,914)
Antifungal (0,834)
Immunosuppressant (0,727)
Antiprotozoal (0,697)
Antimitotic (0,692)

Antineoplastic (0,906)
Antifungal (0,890)
Antimitotic (0,742)
Cytotoxic (0,731)

Apoptosis agonist (0,725)
Immunosuppressant (0,620)
Hypolipemic (0,597)
Antineoplastic (0,895)
Antifungal (0,840)

Cytotoxic (0,770)
Antimitotic (0,725)
Apoptosis agonist (0,725)
Immunosuppressant (0,687)
Antiparasitic (0,538)
Antineoplastic (0,909)
Cytotoxic (0,866)

Antifungal (0,866)
Antimitotic (0,721)
Apoptosis agonist (0,723)
Antiparasitic (0,586)
Immunosuppressant (0,598)
Antithrombotic (0,534)
Antineoplastic (0,928)
Antifungal (0,864)
Apoptosis agonist (0,854)
Antibacterial (0,848)
Cytotoxic (0,810)
Antimitotic (0,805)
Antiparasitic (0,773)
Antibiotic (0,684)
Immunosuppressant (0,667)
Antiprotozoal (0,568)
Antipsoriatic (0,541)
Antithrombotic (0,525)
Antineoplastic (0,944)
Apoptosis agonist (0,842)
Antifungal (0,838)
Antimitotic (0,801)
Antiparasitic (0,786)
Cytotoxic (0,741)
Antiprotozoal (0,629)
Immunosuppressant (0,632)
Antineoplastic (0,941)
Antifungal (0,867)
Apoptosis agonist (0,851)
Antimitotic (0,804)
Antiparasitic (0,792)
Cytotoxic (0,788)
Immunosuppressant (0,701)
Antieczematic (0,666)
Antinephrotoxic (0,605)
Hypolipemic (0,585)
Antineoplastic (0,941)
Antifungal (0,845)
Apoptosis agonist (0,846)
Antimitotic (0,792)
Antiparasitic (0,747)
Cytotoxic (0,733)
Antiprotozoal (0,689)
Immunosuppressant (0,656)
Antieczematic (0,630)
Antinephrotoxic (0,587)
Hypolipemic (0,539)
Antipsoriatic (0,533)
Antieczematic (0,898)
Antineoplastic (0,868)
Antifungal (0,850)
Antiparasitic (0,824)
Apoptosis agonist (0,797)
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10  Antibiotic Antibacterial
(0,806)

Antibiotic (0,597)

11  Antibiotic Antibacterial
(0,802)

Antibiotic (0,549)

Immunosuppressant (0,762)
Antihelmintic (0,744)
Vasoprotector (0,747)
Antiinflammatory (0,706)
Antimitotic (0,692)
Antinephrotoxic (0,679)
Cytotoxic (0,675)
Antithrombotic (0,644)
Neuroprotector (0,566)
Cholesterol antagonist (0,502)
Antieczematic (0,873)
Antineoplastic (0,867)
Antifungal (0,852)
Antiparasitic (0,817)
Immunosuppressant (0,779)
Antiinflammatory (0,754)
Cytotoxic (0,734)

Apoptosis agonist (0,700)
Antimitotic (0,687)
Antithrombotic (0,642)
Antinephrotoxic (0,622)
Antipsoriatic (0,611)
Hypolipemic (0,541)

Lipid metabolism regulator
(0,544)

Antifungal (0,869)
Antieczematic (0,865)
Antineoplastic (0,859)
Apoptosis agonist (0,834)
Immunosuppressant (0,755)
Neuroprotector (0,736)
Antimitotic (0,677)
Antihelmintic (0,653)
Antiinflammatory (0,641)
Hypolipemic (0,602)
Antileukemic (0,594)
Cholesterol antagonist (0,596)

* Only activities with Pa > 0.5 are shown

Table 2 Biological activities of boron containing siderophores (12-14)

No. Activity Activities confirmed
reviewed (Pa)

Additional predicted activities
(Pa)*

12 Antibacterial (R)-Pantolactone
dehydrogenase (flavin)
inhibitor (0,704)
Membrane integrity
antagonist (0,609)
Membrane
permeability inhibitor
(0,608)
Membrane
permeability enhancer
(0,419)

13 Notstudied

14 Not studied

Renin release stimulant (0,903)
Antiischemic, cerebral (0,758)
Antieczematic (0,728)
Antiviral (Arbovirus) (0,707)
Antinephrotoxic (0,663)
Neuroprotector (0,662)
Platelet adhesion inhibitor
(0,602)

Histamine release inhibitor
(0,532)

Allergic conjunctivitis treatment

(0,645)

Antieczematic (0,632)
Antinephrotoxic (0,586)
Antiinflammatory (0,607)
Renin release stimulant (0,616)
Antiischemic, cerebral (0,537)
Antineoplastic (0,524)
Adrenergic, ophthalmic (0,955)

HIV-2 integrase inhibitor (0,833)

Antiischemic, cerebral (0,626)
Antineoplastic (0,607)
Fibrinolytic (0,550)

* Only activities with Pa > 0.5 are shown

4. Boron Sugar Alcohol Complexes

Since the discovery of the first boron biomolecule, boromycin, several
other similar biomolecules are now well-characterized. More recently, it
was shown that the boromycin is natural anti-HIV antibiotic which is
produced by Streptomyces species and Sorangium cellulosum [29-40].
Natural boric acid can form borate complexes with organic acids such as
malic acid neutral borate complex, monomalic acid borate complex, and
the bis(malic acid) borate complex. These boron-containing compounds

were found in apple juice and wine [5, 7, 42].

Boron alcohol complexes were discovered more than 40 years ago by
Alan Darvill and co-workers, who described one of the most complex
carbohydrates found in nature [61]. Rhamnogalacturonan II, or RG-I], is
found in plant cell walls [62-64]. Boron alcohol complexes are found in all
higher plant [5, 7, 65, 66]. In a normal plant, boron binds to RG-1I and forms
a bridge that holds everything together. In the mutant, a little bit of the
structure of the RGII has been changed, and because of the change in
shape, it cannot hold the boron quite as well. Fertilizing mutants with high
levels of boron also reversed dwarfing because the high amount of
available boron effectively forced RG-II to cross-link [67, 68].

Complexes of boron with sugars or/or sugar alcohols are utilized as
nutritional supplements, with the carbohydrate portion being selected to
provide a relatively high boron-sugar association constant of at least 250
and preferably 500 or more [5, 7, 42, 69-71]. In one class of preferred
embodiments, boron is complexed with a saccharide (15-29) having
coplanar cis-OH groups capable of forming five- or six-membered rings
through ester bonding with boric acid. Such complexes may
advantageously comprise fructose, mannose, xylose, or sorbose. In
another aspect of the invention, a carbohydrate-boric acid complex may
exist charged or neutralized with calcium, magnesium, or other cation(s)
in which calcium fructoborate is the preferential form.

Compound (15) is the central part of boron containing dimeric
polysaccharide complex known as RG-II with missing links. It is present in
the cell walls of all higher [5, 7, 13, 42]. Autoinducer-2 (16) and common
analogous compounds of arabinitol, ribitol, and xylitol boron-sugar
complexes (17-29) have been isolated from natural sources, and they
belonging to family of signaling molecules used in quorum sensing [5,7].
Natural boron sugar alcohol complexes as established having antibacterial
and antifungal properties [13, 42]. Predicted activities of these boron
carbohydrate complexes showed in Table 3.

Fig. 3 Boron sugar alcohol complexes (15-29)

Table 3 Confirmed and predicted activities of boron sugar alcohol complexes (15-
32)

No. Activity reviewed  Activities Additional predicted activities
confirmed (Pa)  (Pa)*
15 Antibacterial, Antifungal Antineoplastic (0,857)
antifungal (0,814) Antithrombotic (0,790)
Antibacterial Antiinflammatory (0,788)
(0,797) Hepatoprotectant (0,774)
Antiparasitic (0,712)
Vasoprotector (0,702)
Antioxidant (0,651)
Neuroprotector (0,676)
Apoptosis agonist (0,643)
Cytotoxic (0,571)
Cholesterol antagonist (0,542)
Interleukin antagonist (0,538)
Antibiotic (0,537)
Antidiabetic (0,511)
16 Antibacterial, Antifungal Antieczematic (0,875)
antifungal (0,636) Antineoplastic (0,869)
Antibacterial Antipsoriatic (0,727)
(0,616) Antinephrotoxic (0,684)

Antiinflammatory (0,692)
Antiprotozoal (Plasmodium)
(0,651)

Cite this Article as: V.M. Dembitsky, T.A. Gloriozova, Naturally occurring boron containing compounds and their biological activities, J. Nat. Prod. Resour. 3(2) (2017) 147-154.



V.M. Dembitsky and T.A. Gloriozova / Journal of Natural Products and Resources 3(2) (2017) 147-154

150

Radiosensitizer (0,647) 24 Antibacterial, Antifungal Antioxidant (0,959)
Allergic conjunctivitis treatment antifungal (0,573) Antiinflammatory (0,925)
(0,643) Antibacterial Antineoplastic (0,891)
Antiviral (Picornavirus) (0,578) (0,552) Antiinfective (0,776)
Antiviral (0,552) Vasoprotector (0,776)
17 Antibacterial, Antifungal Antiischemic, cerebral (0,913) Antiarthritic (0,742)
antifungal (0,533) Phobic disorders treatment Antiviral (0,736)
Antibacterial (0,883) Apoptosis agonist (0,674)
(0,447) Antieczematic (0,865) 25 Antibacterial, Antifungal Vasoprotector (0,898)
Platelet antagonist (0,813) antifungal (0,441) Antiviral (Arbovirus) (0,781)
Antiviral (Arbovirus) (0,778) Antibacterial Apoptosis agonist (0,771)
Vasoprotector (0,756) (0,436) Antiischemic, cerebral (0,770)
Antidiabetic symptomatic Antiinflammatory (0,766)
(0,752) Neuroprotector (0,751)
Anticoagulant (0,710) Autoimmune disorders
Antidiabetic (0,682) treatment (0,613)
Antipsoriatic (0,666) Platelet adhesion inhibitor
Antiviral (Picornavirus) (0,652) (0,578)
Antiarthritic (0,639) Antithrombotic (0,576)
18 Antibacterial, Antifungal Antiischemic, cerebral (0,834) 26 Antibacterial, Antifungal Antineoplastic (0,788)
antifungal (0,585) Antieczematic (0,825) antifungal (0,593) Antiviral (Picornavirus) (0,654)
Antibacterial Antiinflammatory (0,805) Antibacterial Hypolipemic (0,650)
(0,499) Antipsoriatic (0,742) (0,580) Antileukemic (0,644)
Radiosensitizer (0,707) Antinephrotoxic (0,600)
Antinephrotoxic (0,700) Dementia treatment (0,587)
Antineoplastic (0,686) Antiviral (0,580)
Antiprotozoal (0,644) 27 Antibacterial, Antifungal Antineoplastic (0,926)
Antiinfective (0,581) antifungal (0,532) Apoptosis agonist (0,783)
Antiviral (Picornavirus) (0,583) Antibacterial Antiarthritic (0,774)
19 Antibacterial, Antifungal Multiple sclerosis treatment (0,459) Chemoprotective (0,752)
antifungal (0,443) (0,967) Vasoprotector (0,736)
Antibacterial Autoimmune disorders Antioxidant (0,717)
(0,421) treatment (0,947) Antiviral (Arbovirus) (0,623)
Antipsoriatic (0,893) 28 Antibacterial, Antifungal Adrenergic, ophthalmic (0,914)
Antiarthritic (0,879) antifungal (0,566) Antidiabetic (0,834)
Antineoplastic (0,810) Antibacterial Antineoplastic (0,730)
Radiosensitizer (0,721) (0,508) Antiviral (Arbovirus) (0,723)
Antiinflammatory (0,595) Antiinfective (0,720)
20 Antibacterial, Antifungal Adrenergic, ophthalmic (0,999) Vasoprotector (0,705)
antifungal (0,543) Antieczematic (0,751) Antieczematic (0,700)
Antinephrotoxic (0,652) Antipsoriatic (0,688)
Antipsoriatic (0,642) Antiinflammatory (0,693)
Antiviral (Arbovirus) (0,656) Antiviral (0,671)
Antiischemic, cerebral (0,612) 29 Antibacterial, Antibacterial Vasoprotector (0,879)
Antiinflammatory (0,602) antifungal (0,564) Antineoplastic (0,799)
21 Antibacterial, Antifungal Adrenergic, ophthalmic (0,911) Antifungal Antiinflammatory (0,726)
antifungal (0,517) Vasoprotector (0,779) (0,529) Neuroprotector (0,727)
Antibacterial Antiviral (0,758) Antiinfective (0,681)
(0,462) Neuroprotector (0,761) Apoptosis agonist (0, 653)
Antiinfective (0,646) Antipsoriatic (0,627)
Allergic conjunctivitis treatment Antiviral (Picornavirus) (0,619)
(0,623) Antithrombotic (0,559)
Antiviral (Influenza B) (0,518) * Only activities with Pa > 0.5 are shown
22 Antibacterial, Antifungal Adrenergic, ophthalmic (0,918)
antifungal (0,545) Antiinflammatory (0,783)
Antibacterial Antineoplastic (0,772)
(0,521) Antiviral (Arbovirus) (0,753)
Neuroprotector (0,762)
Radiosensitizer (0,731)
Lipid metabolism regulator
(0,681)
Antiviral (Picornavirus) (0,677)
Antileukemic (0,675)
Antithrombotic (0,604)
Antiinfective (0,598)
Autoimmune disorders 30 Riboflavin BC
treatment (0,588)
23 Antibacterial, Antifungal Antiischemic, cerebral (0,763)
antifungal (0,482) Vasoprotector (0,759)
Antibacterial Antineoplastic (0,753) o H )
(0,429) Antiinfective (0,722) \K
Ant%h.ypoxuz (0,718) PN N o
Antiviral (0,693) H
Antiinflammatory (0,686) "\/\H\/
Antidiabetic (0,667)
Dementia treatment (0,614) o 32
Vascular dementia treatment
(0,519) Fig. 4 Bioactive riboflavin boron complexes
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5. Riboflavin Boron Complexes 6. Boron Carbohydrate Lipophilic Complexes (Boronic Lipids)

The pigment with yellow-green fluorescence was first found and
described by the English chemist Alexander Wynter Blyth in 1872 [72].
Much later, in the 20-30s of the 20t century, vitamin B2, also called
riboflavin, was isolated and its structure was established [73-75].
Riboflavin is used for increasing energy levels, boosting immune system
function, maintaining healthy hair, skin, mucous membranes, and nails, for
slowing aging, canker sores, and for memory loss including Alzheimer's
disease [73-77]. It is also used for preventing various types of cancer
including cervical, gastric, liver, and lung cancer, eye fatigue, cataracts, and
glaucoma [78, 79].

Water-soluble vitamin B2 boron complex was first isolated in 1942 by
Douglas Frost [80], later their structures were studied and described [81,
82]. The structures of riboflavin boron complexes (30-32) are shown in
Fig. 4, and the biological activity of these compounds is shown in Table 4.

Boron containing metabolites are widely distributed in nature [5, 7, 13,

42]. Marine algae synthesized many different biological active compounds
[5, 7], produced boron containing [42] and also metalloperoxidases [59].
Boron carbohydrate complexes have been isolated from algae, lichens,
fungi and microorganisms [5, 42].
Boron carbohydrate lipophilic complexes (33-44) were synthesized in
2009-2011; however, the results of these studies were never published
[83]. The physiological role of boron carbohydrate lipophilic complexes is
not established. Physiological activities of boron carbohydrate lipophilic
complexes (33-45) were calculated using the PASS program, is presented
in Table 5, structures are shown in Fig. 5.

Table 5 Biological activities of boron sugar alcohol lipophilic complexes (33-44)

No.  Predicted biological activities (Pa)*
33 Antieczematic (0,912); Vasoprotector (0,786); Antiinfective (0,768);

Table 4 Biological activities of boron containing (30-32) Antiviral (Arbovirus) (0,763); Antiinflammatory (0,756); Neuroprotector

No. Activity Predicted biological activities (Pa)* (0'7.43) . . L

reviewed Antithrombotic (0,682); Antifungal (0,673); Platelet adhesion inhibitor
45); Antineoplasti ;A i i 19);

30 Notstudied  Trimethylamine-oxide aldolase inhibitor (0,908) fgfn 53' ntlr:eop isttlz (60(;?}76]' poptosis agonist (0,619);
(R)-Pantolactone dehydrogenase (flavin) inhibitor (0,906) unosuppressant (0,604)

Isopenicillin-N epimerase inhibitor (0,798) Antieczematic (0,948); Antiinflammatory (0,802); Lipid metabolism
Sulfur dioxygenase inhibitor (0,783) 34 regulator (0,799); Neuroprotector (0,769); Spasmolytic (0,738);
Genital warts treatment (0,577) Antithrombotic (0,713)

Antineoplastic (sarcoma) (0,506) Antiinfective (0,714); Antifungal (0,678); Antipsoriatic (0,659)

31 Notstudied  Trimethylamine-oxide aldolase inhibitor (0,895) Antineoplastic (0,680); Hypolipemic (0,603); Antibacterial (0,530)
(R)-Pantolactone dehydrogenase (flavin) inhibitor Antieczematic (0,912); Antiviral (Arbovirus) (0,807); Vasoprotector
(0,891) 35 (0,776); Lipid metabolism regulator (0,752); Antiinflammatory (0,736);
4-Hydroxyphenylacetate 3-monooxygenase inhibitor Spasmolytic (0,723)

(0,791) Antiviral (0,656); Antiinfective (0,651); Antifungal (0,651);
Isopenicillin-N epimerase inhibitor (0,768) Antithrombotic (0,632); Antineoplastic (0,654); Hypolipemic (0,553);
Sulfur dioxygenase inhibitor (0,765) Antibacterial (0,520)

Protoporphyrinogen oxidase inhibitor (0,744) Antieczematic (0,944); Antiinflammatory (0,842); Lipid metabolism
Bilirubin oxidase inhibitor (0,632) 36 regulator (0,841); Spasmolytic (0,771); Antiviral (Arbovirus) (0,746);
Genital warts treatment (0,565) Cholesterol antagonist (0,739)

32 Not studied  Trimethylamine-oxide aldolase inhibitor (0,895) Apoptosis agonist (0,717); Antineoplastic (0,701); Antipsoriatic (0,683);
(R)-Pantolactone dehydrogenase (flavin) inhibitor (0,891) Antithrombotic (0,675); Antifungal (0,665); Hypolipemic (0,650)
4—(;]-;};clr0xyphenylacetate Spleaveeneinhibloy Antiinflammatory (0,916); Spasmolytic (0,890); Vasoprotector (0,855);
©, ] - . o 37 Antiviral (Arbovirus) (0,781); Lipid metabolism regulator (0,708);
Isopenicillin-N epimerase inhibitor (0,768) . -

- inhibi AT Antipsoriatic (0,694)
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Fig. 5 Boron carbohydrate lipophilic complexes (Boronic lipids)
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* Only activities with Pa > 0.5 are shown
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7. Borolithochrome Complexes

Red algae - this is the most elegant and beautiful in form and color, a
group of algae, and the inhabitants of marine ponds [84, 85]. Fossil
remains indicate that this is a very ancient group of plants. Fossil red algae
are found in Cretaceous sediments [86, 87]. There is a close connection
between red and blue-green algae, which manifests itself in the similarity
of pigments, the structure of thylakoids, and the reserve material [85, 88,
89]. Red algae contain unusual fatty acids [90-93], polar lipids [90, 94],
polysaccharides [95, 96], halogenated and antifouling compounds [97, 98]
and also other biologically active compounds [99, 100].

A group of researchers from the University of Gottingen, and the
University of Linz has determined the structure and origin of Jurassic
period borolithochromes. Borolithochromes (45-53) are organic
biomolecules that were from the Jurassic putative red alga Solenopora
jurassica [101, 102]. These pigments were identified as spiroborates with
two pentacyclic sec-butyl-trihydroxy-methyl-benzo[gh]-tetraphen-one
ligands and less-substituted derivatives. The borolithochromes are unique
spiroborates with two exceptional pentacyclic aromatic ligands. It is the
first reported boronated aromatic polyketide, whose structural similarity
to modern-day clostrubin A, a secondary metabolite, suggests that
borolithochromes may come from ancient bacteria. The borolithochromes
are characterized as complicated spiroborates (boric acid esters) with two
phenolic moieties as boron ligands, representing a unique class of fossil
organic pigments.

The biological activity of isolated boron containing complexes was not
determined. Therefore it was interesting, using the computer program
PASS, which allowed to clean up possible biological activities. Fig. 6 shows
the structures of the viable compounds, and Table 6 shows the biological
activities. We can note that virtually all components have dominant
activities such as cardiotonic, antiarrhythmic, and antineoplastic, with a
confidence of 75 to 90 percent.

Fig. 6 Bioactive borolithochrome complexes

Table 6 Predicted biological activities for borolithochrome complexes (45-53)

No. Predicted biological activities (Pa)*

45 Cardiotonic (0,901); Antiarrhythmic (0,889); Antineoplastic (0,758)
Antiseptic (0,673); Antieczematic (0,663); Psychotropic (0,609)
Mucositis treatment (0,607); Apoptosis agonist (0,585);
Antiinflammatory (0,570)

Antiinfective (0,552); Antifungal (0,547); Fibrinolytic (0,544)
Cardiotonic (0,877); Antiarrhythmic (0,860); Antineoplastic (0,741)

46 Antieczematic (0,656); Mucositis treatment (0,583); Antifungal (0,579)
Antiinflammatory (0,557); Apoptosis agonist (0,552); Antiseptic (0,543)
Psychotropic (0,514)

Cardiotonic (0,881); Antiarrhythmic (0,865); Antineoplastic (0,752)

47 Antieczematic (0,678); Antifungal (0,572); Antiinflammatory (0,564)
Mucositis treatment (0,555); Apoptosis agonist (0,554); Psychotropic
(0,542)

Cardiotonic (0,862); Antiarrhythmic (0,842); Antineoplastic (0,756)

48 Antiseptic (0,728); Apoptosis agonist (0,606); Antiinflammatory (0,575)
Antifungal (0,540); Antieczematic (0,551); Fibrinolytic (0,507)
Cardiotonic (0,843); Antiarrhythmic (0,818); Antineoplastic (0,742)

49 Antiseptic (0,584); Apoptosis agonist (0,575); Antifungal (0,572)
Antiinflammatory (0,563); Antieczematic (0,558); Fibrinolytic (0,507)
Cardiotonic (0,847); Antiarrhythmic (0,822); Antineoplastic (0,750)

50 Antieczematic (0,582); Apoptosis agonist (0,577); Antiinflammatory
(0,568)

Antifungal (0,565); Antiseptic (0,529)
Cardiotonic (0,886); Antiarrhythmic (0,868); Antineoplastic (0,771)

51 Antiseptic (0,645); Apoptosis agonist (0,620); Antieczematic (0,617)
Antiinflammatory (0,590); Fibrinolytic (0,572); Kidney function
stimulant (0,543)

Antifungal (0,540)
Cardiotonic (0,863); Antiarrhythmic (0,843); Antineoplastic (0,756)

52 Antieczematic (0,617); Apoptosis agonist (0,585); Antiinflammatory
(0,576)

Antifungal (0,571); Antiseptic (0,525); Kidney function stimulant (0,513)
Cardiotonic (0,868); Antiarrhythmic (0,846); Antineoplastic (0,764)

53 Antieczematic (0,639); Apoptosis agonist (0,587); Antiinflammatory
(0,582)

Antifungal (0,564); Kidney function stimulant (0,544); Antimutagenic
(0,509)

* Only activities with Pa > 0.5 are shown

8. Conclusion

For more than 100 years, scientists have been interested in the element
of boron, as well as in its natural complexes found in microorganisms and
algae. Biological activity of many of them has already been studied, but the
discovery of new natural complexes, as well as the synthesis of new boron
compounds, will undoubtedly be a breakthrough in the pharmacology of
boron compounds. The data given by us on the biological activity of
already known boron compounds shows, that these compounds are very
interesting and useful both for academic science and for pharmacology
and medicine.
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