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‘The Lithuanian contribution to the European studies of explosives starts from 16505, having been w
summarized in the book of Kazimieras Simonavicius (1600-1631) Artis Magnae Artilferiae (Latin. AKNO,)— e AHENO(NO,), o At

& NO;),NO, @
Amsterdam. 1650 (French - 1651, German - 1676, English and Dutch - 1729) (Fig. 1)). This e
textbook served as a manual for the European artillerymen for 150 years, including their contribution ~
tothe development of Congreave rockets in 1300s NO + unidentified products

These reactions also contribute to the biodegradation of explosives.

In our studies [ 1-5, 7] since 1998 we examined the following mechanisms of flavoenzyme-catalyzed
reduction of nitroaromatic explosives:

4) single-electron reduction by flavoenzymes dehy NADPH:eytoch
P-450 reductase, ferredoxin:NADP™ reductase, and others. These reactions follow an outer-sphere
clectron-transfer model, i.c., the reactivity increases with an increase in their single-clectron reduction
potential of compounds (E'+, E' 7., (Www.bchilt/potential.pdf), and is relatively insensitive to
their structural pecularities (Fig. ) . Among thje explosives, the typical reactivity order is tetryl
pentryl ~ TNC > TNBO ~ TNT ~ DNBF > NHOH-DNTs ~ NH2-DNTs > NTO ~ ANTA.
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Fig. 1 The title page of K. Simonavicius book rris Magnae Artilleriae, Pars 1. (Amsterdam. 1650).
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The German occupation during the WWT (1915-1918). the occupation of T.ithuanian Republic by -
(he Soviel Union (1940). the WW2 events (1941-1945, the fights between the Red Army and o
Wehrnacht). and the post war events (the fights between the Soviet Army and the T ithuanian =
resistance (1945-1951), and (he training activities of the occupant Soviel Army (1945-1991)), = 10t
resulted in the massive oceurrence of the unexploded devices (mines. artillery and aviation bombs,
rockets) in Lithuanian territory (lermain, groundwater, and the territory of the Baltic sea). and iis <
‘general contamination by the e exploded ordnance residues (Pabrade, Kaitiai, Radininkai, and w
Rukla firing fields). Totally. 222 territories (240 k') are heavily alfected by those activities, which
resulted in 19 casualitics (13 killed, 6 wounded between 1990-2006) 100
Alter the reestablishment of the independence of Lithuania (1990). ¢a. 200000 explosive devices
were destroyed 1ill 2007 (Tig. 2A.1). According to the Lithuanian Goverment Decision of
2007.04.17. the fnal destruction of the explosive devices in the terrain may last untill 2018 (the 10'

main responsible Juozas Vitkus Tngincering Batalion (Kaunas)). The implementation of these
tasks seens [easible, however. it is complicated by the unexpecied lindings (e.g.. the S00-3000 ke
aviation bombs from the Soviet period (1945- 1990) including the 500 kg bomb found in Kaunas
(Aleksotas suburb) in 2006), Lypically, the unexploded bombs are found bols in rural (Pravieikés.

Zalioji forests). and in urban (Vilnius. Kaunas, Klaipeda, Siauliai, Panevézys. Alytus. Taurage) 8 9
regions. Fig.3 QSAR in the reduction of ArNO, by electrontransferases eytochrome P-450 reductase (P- No,
In contrast, no activities on the decontamination/bioremediation of the lerrain, including the 450R), NO-synthase (aNOS), adrenodoxin reductase/adrenodoxin complex (ADR-ADX). .
territorics of the firing ficlds in Tithuania. has heen carricd out, generally due to the lack of funds for PAN
the scientilic research, However, since 1998 the elforts of several scientific tenms of the Institue of b) Two-electron seduction of explosives and ofher nifroaromatics (n = 39) by liver DI-diaphora o
ﬂvm hemistry and du l.mmm of Tmnmmnology of Vilnius University were dirceted to the analysis of (NQOI). and the tract cloacae (NR). The cbtamed resuls 4
eell of cxplosives. show that in general, the reactivily also increases with £'7 of compounds, however, it is more sensitive [A N
to their strueture. In NQO1-catalyzed reactions. reactivity increases with an increase in the highest w0 i
torsion angle between the nitrogroup(s) and the amomatie ring, and is relatively insensitive to their Van o
der Waals volume (VdWvol). In NR-catalyzed reactions. reactivify decreases after an increase in
VdWvol above 0.3 . A similar trend is observed in the reactions of E. cloacae PB2 NADPHPETN g6 Sl omlne i exglostves B4 FNE
reductase (PETNR), which performs both two-electron reduction of nitrogroup (Seheme 1) or aromatic % . D ), 24

ring (Scheme 2)

(pentryD) (3). dipentryl (4), tripentryl (5), 2.2° 447,66 hexanitro-diphenylamine (hexyl) (6).
We also examiined the the mammalian cell eytotoxicity of nitroaromatic explosives. Using two cell lines, hexyl-N-ethyh (), 456.7 (TNBO) (8), 13,6,
we found that the eytofoxicity of explosives increases with an increase in their £'7or E' ., . except for the (INC) (9).4, (DNBF) (10), 5-nifro-1.2.4-triazole (ANTA) (11),
amino- and hydroxylamino- metabolites of TNT, which possess higher than expected eytotoicity [2, 4].
Typically. the order of cytotoxicity is tetryl, pentryl > TNC > TNT, DNBF >> NTO, ANTA. The protective and S-nitro-1,2.4-triazol-3-one (NTO) (12)
effects of antioxidants show that the main_ cylotosicity mechanism id oxidative stiess (fiee radical
formation). Tnhibitor of NQO1, diocumarol. shows controversial effects, thus, the role of two-electron Acknowledgements
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Briefly, nitroaromatic explosives (AfNOy) are toxic and mutagenie to bumans and other mammalian
species. Their toxicity is partly attributed fo the single-clectron enzymatie reduction fo radicals accompanied
by the for

4-NHOH-DNT

I
clg, (MM)

clg, (UM)

ration of the reactive axygen species (oxidative stresstype of eytotoxiity). and their r\xa-(fmm-
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. . Toxicity of explosives and other nitroaromatics Toxicity of explosives and other
Itis important to note that 2¢4¢” reduction being catalyzed by the “oxygen-insensitive’ nifroreductases of
manecons bt e morgais sl g ol o e the bidegnitions nicoumatc
explosives in the environment. In parallel, cerfain nitroreductases reduce the aromatic ring with i
formation of P i feecnnletps derimen (Sehimp 2,

in FLK cells (fibroblasts) nitroaromatics in mice splenocytes

Fig. 4 Fig. 5



