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IS IT POSSIBLE TO PREDICT BIOLOGICAL ACTIVITY
OF ANY CHEMICAL, AND IF SO, HOW?

1. Understanding sterical structure

In the living system many kinds of organic molecules exist as L(S)—or D(R)—
enantiomers. Enantiomers are stereoisomers that exhibit a property known as
chirality. Usually, only one form of many chiral substances is present in biological
systems. For example, 19 of the 20 amino acids (except glycine) presented in
living organisms belong to L-forms and monosaccharides are presented by
D-forms. Chirality is recognized by biologists as being an important factor that
determines biological activity of large quantity of chemicals. Unfortunately, we
still do not know much about the exact mechanism of such enantioselective
recognitions in the living systems.

It is recognized that biochemical processes and activities depend on chemical
reactions that play important roles in biological functions. In order for a
biochemical reaction (the formation of new bond) to take place, the reacting
molecules should possess in sufficient energy (activation energy). The speed or
rate at which chemical reaction proceeds is dependent on the many reaction
conditions [1]. One of the main ones is a sterical factor. Sterical hindrance (steric
shielding) takes place when the size of groups within a molecule prevents the
chemical reaction. Understanding steric effects is critical to chemical processes
caused by biologically active substances: steric effects determine how and at
what rate hormones, pesticides, drugs will interact with their target bio-molecules.
An example of such phenomenon can be illustrated with amino acids: such
reactions do not occur if an hydrogen atom is hindered by neighboring radicals
(because they must collide in the correct orientation) and hence no biological
effects are revealing (reactions 1 and 2).
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This rule might also be applied to chemicals of cis-trans-configurations in
the free radical addition reactions (reactions 3 and 4).
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2. Sterical hindrance is the controlling factor in the relationship between

sterical structure and biological activity

It is very known that individual chemical properties of any chemical are all
derived from the unique molecular structure of that chemical. These principles
form the underlying basis for the prediction of biological activity from chemical
structure. There are essentially several basic approaches to the prediction of
toxicity/bioactivity from chemical structure. Among their, for example, are
mechanistic and statistical approaches. Mechanistic approach is based on the
analysis of physical, chemical or reactivity parameters to establish a structure/
activity relationship (SAR). In statistical approach information is generated from
collection of experimental (toxicological) data. Unfortunately, progress in
prediction of toxicity/bioactivity from chemical structure has been slow over the
past decades. Another approach that is currently being studied by us [2] is the use
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Figure. Chemical structure of D for diverse biologically active substances
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of sterical properties and reactivity of the investigated substance. Our studies
from the SAR suggest that this phenomenon is caused by the presence of an
active hydrogen atom (at the C- or N-atoms) which sterically is not hindered by
neighboring radicals. The fragment of the molecule that has the active hydrogen
atom is termed as a functional reactive group (FRG or descriptor, D) is an essential
factor determining biological activity of any given chemical. These chemicals to
be reactive and to cause biological effects should be transformed into free radicals
(by enzymes or endogenous metabolic free radicals) in the reactions of the
hydrogen atom abstraction. Several D of diverse substances are presented in
Figure.

Another FRG determining biological activity of chemicals are following:

() The functional groups having doubly or triply bonded atoms and likewise
cyclopropane:

>Cc=CL, —C=C—, >C=N—, —C=N, >C=0, —N=N—,

>S5=0, >C=S, >P=S5, >P=0, —N=0

@ The quaternary nitrogen atom in alkanes and cycloalkanes. In vivo these
chemicals form olefins in accordance to the Hofmann’s rule (Hofmann A.W.).

® The quaternary nitrogen atom in aromatic compounds. The substances of
this class are readily converted into free radicals in vivo.

@ The chemicals having active hydrogen atoms at two OH-groups in the
non-aromatic cyclic structure. Abstractions of hydrogen atoms from these structu-
res by another endogenous free radicals yield inert substances, that are termed as
antioxidants.

©® The chemicals having one or more OH-groups. Abstraction of the hydrogen
atom from such group by free radicals yields an oxygen centered radical.

3. Flanking substitutes can influence the selective activity

The biological activity/toxicity is also caused by the presence of specific
flanking substitutes (see table) [2]. These fragments of the molecule and FRG
have essential impact on the toxicity to living systems.

Table
Summary of the important biologically active substances [2]
Typical Acute, oral
(coivtrrlllg;uzzsme) Descriptors flanking toxicity
substitutes | LDsq, mg/kg
Herbicides
(@]
CIO OO NH— L N(CH,), AT_NH_?=O —CH; Forrats
3000
Chloroxuron
For rats
C“Q’O@_ O— |CH— ﬁ— OH [Ar—0—cH—C=0|-COOH | 563 —-693
Cl CH, O [ |
Diclofop
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Typical Acute, oral
Descriptors flanking toxicity
substitutes | LDso, mg/kg

Structures
(common name)

Insecticides
(H5c20)2|1|= S CH, CONH, S=P_5-CHy— =0 ~NH, For mice
N\ _ 200
S Phosthion CH;
(H:C,0), P S CH, COOH 5=P-5-CHp-c=0 | -COOH | 630
I AN I —-CH,

S Acethion acid
Miscellaneous pharmaceutical substances
O NO For rats

QNH— yi—ll\l— CHyCH),Cl —N=0 -CHC1 |38-51

CCNU Ar—NH—C=0
(antineoplastic agent) |
H H | For rats
O- ch— ?I} NH=———3"S /(C;a Ar=QH=G=0="| _COOH | 10000
3
N O "'COOH —(li— H

Ampicillin (antibiotic)

4. Answers to the question

1. The primary role of described Descriptors in the designing of novel
bioregulators is to detect leads without performing experiments.

2. Substances having flanking substitutes such as -COOH, -OH, -COR and
-COOR possess strong biological activity to plants and microbes whereas their
toxicity to mammals is moderate or slight.

3. Chemicals having Descriptors which are formed by P and S atoms possess
as very strong toxicity as biological activity.

4. Chemicals having Descriptors which are not formed by P and S atoms
possess very/or strong biological activity, their toxicity is only moderate.

5. Bridgehead olefins which can form long-lived bridged free radicals in vivo
possess analgesic activity.

6. In order to design potent bioregulators with strong biological effects it is
need to chouse their cis-isomers.

7. Selection of Descriptors and flanking groups is the main condition that
must be accountable factors in the designing of novel bioregulators.

8. Chemicals having lipophylic CH,-groups as flanking substitutes possess
strong toxicity to mammals.

9. Chemicals having oxygen in the ring of a molecule possess strong biolo-
gical activity.

10. Substances that can form in vivo more than one free radical center simul-
taneously possess strong biological (analgesic) activity.

11. Factors which stabilize free radicals increase biological activity of che-
micals.
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Summary

In this report we consider the role of several factors in the bioactivity/toxicity of
hormones, pesticides and pharmaceutical substances. It is concluded that taking into
account sterical factors, functional reactive groups and flanking substitutes is predictive
tool in the prediction of bioactivity/toxicity of any given chemical.

B 3TOM co00IIICHNH MBI pacCMaTpUBaeM POJIb HEKOTOPBIX (PaKTOPOB, ONPEICIISIOIINX
OHOJIOTHYECKYIO aKTHBHOCTh (TOKCHYHOCTH) TOPMOHOB, NECTULHIOB U (hapManeBTH-
YyecKux npenaparo. CaenaHo BEIBOJ, YTO YU€T CTEPHIECKUX (PaKTOPOB, PyHKIIMOHAIBEHO
AKTHBHBIX I'PYII U OOKOBBIX 3aMECTHUTEINEH SIBISICTCS IPEIUKTHBHBIM HHCTPYMEHTOM B
IPOTHO3UPOBAHUU OMOJIOTHYECKOH aKTUBHOCTH (TOKCUYHOCTH) JH0O0Or0 XMMUYECKOTO
COCIMHEHUS.

B 1iboMy MOBIAOMIICHHI MU PO3IISAAEMO POJIb ASSKUX (HaKTOPIB, 110 BU3HAYAIOTH
010JI0T19YHY aKTUBHICTH (TOKCUYHICTh) TOPMOHIB, IECTHLIUIIB 1 (hapMaIleBTUIHUX ITPeTIa-
patiB. 3po0IeHO BUCHOBOK, IO BpaxyBaHHS CTEPUYHHX (IIPOCTOPOBUX) (aKTOPIiB,
(YHKIIOHAJILHO aKTHBHUX Py 1 OOKOBHX 3aMiCHHUKIB SIBISIETHCS Tepen0adyBaHUM iHCTPY-
MEHTOM B IPOTHO3YBaHHI 010JIOTIYHOI aKTUBHOCTI (TOKCHYHOCTI) Oyap-sKO1 XiMiduHOT
CIIOJIYKH.
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TEHETUYECKOE OBOCHOBAHUE CUCTEMBI POJA
TPUTUKAJIE (XTRITICOSECALE WITTMACK)

Pa3paboTka kilaccupuKaiyu CHHTETUUECKUX THOPUIOTSHHBIX aMQHILIOH/I-
HBIX BUJIOB, ITOJIyYEHHBIX SKCIIEPUMEHTAIFHO 00bEIMHEHHEM TUBEPTUPOBAHHBIX
TeHOMOB, IMeeT 0coboe 3HaueHHEe U TpeOyeT TIaTeIpHOTo aHaiu3a. Kaxbrii
HOBBII CHHTETUUECKHUIT BUJI JOJDKEH UMETh Ha3BaHUE U MECTO B CHCTEME POJa.

Am¢urnonnueiii poxn tputukane (X Triticosecale Wittmack = Triticum L. X Se-
cale L.) otHOCHUTCS K moaTpurOe muieHunueBsx (Iriticinae Benth.) TpuGsl
Triticeae (Hordeae) cemeiicTBa 3makoB (Poaceae Barnh., win Gramineae Juss.)
MOPsIKa OMHOAOIBHBIX TpaB (Poales Small). OH BKJIFOYaeT CHHTETHYECKUC BUJIBI
(bepTHIIBHBIX PELMITPOKHBIX MEXPOIOBBIX THOPUIOB MEXKLy ITPEACTABUTEISIMU
ponos mmenutis! (T7iticum L.) n pxu (Secale L.), paznugaromiyecs IIOUIHOCTHIO,
MPOUCXOXKICHUEM U XPOMOCOMHBIM COCTaBOM T'€HOMOB.

PeanpHOCTh poma XTputukane (XTriticosecale Wittmack) He BbI3bIBaeT
COMHEHHUIA. Buzipl TpuTHKAae penpOAYKTHBHO H30JMPOBAHBI OT HCXOIHBIX BUIOB
TIIEHHIBI X PKU U OTIIMYAIOTCS OT HUX MPOUCXOXKICHHEM, KAPUOTHITHUECKH, TI0
COBOKYITHOCTH MOP(OTreHeTHUECKUX NPU3HAKOB, CENEKIHOHHON MpopadboTKon
U apealioM pacupocTtpaHenus. 3a nocieanue 40 JeT UHTEHCUBHOUN CeNeKIUU
co37aH OOIIMPHBIA MCXOMHBIM MaTepHall U HOBbIE BBICOKOYpOXKaiHBIE cOpTa
03UMBIX U sIpoBbIX TpuTHKae. [To nanapiM ETDB (The European Triticale Data-
base) 00beM MUPOBOH KOJUIEKITH TPUTHKaJE BbIpoc ¢ 5203 oOpasios u3 9 rene-
THuecKux 0aHkoB B 1999 1. o 11 721 o6pasiia u3 23 renbankoB 18 crpan 82006 1.
2056 obpa3sros 3apeructpupoBanbsl B SIMMY T (Mexwuko), 7788 06pa3ios mpo-
ucxonat u3 EBporsl, Bkitouas koseknuio u3 3876 obpasmnos BUP (VIR) [1].

Terpamnougnnie TputTukaie (Triticosecale tetraploidii (lebedevii) Kurk.,
AARR, BBRR, DDRR, A/B/DRR, 2n=4x=28) BKJIF04YaIOT B COCTAB si7ipa TUILJIOHI-
eI RR-TeHOM pykM U AMIUIOMAHBIA WM PEeKOMOMHAHTHBIA HAbOp XpOMOCOM
A-, B- u D-renoMoB mmenuniibl. CocTaBisroT okoiio 3,2% reHodoHia TpUTHKAIIE.
B komnexunn BUP npencrasnensr 124 obpazuamu. Pactenus no mopdosnoru-
YECKUM MpPU3HAKAM 3aHUMAIOT IPOMEXYTOUHOE MOJOKEHHE MEXIY MIICHUIIeH
U poxblo. [IpU3HAaKK PKU BBIPAXKEHBI CUIIbHEE, YEM Y TEKCAIUIOMIHBIX U OKTO-
IUTOMJHBIX TpUTHKaNe. TeTparioniHbple TPUTHKAIIE — O3UMBIE, PEIKO SIPOBBIE,
CaMOOIIBIINTENH, CKJIOHHBIE K IEPEKPECTHOMY ONBUICHUIO. VICTIONb3yrOTCS IS
PEKOHCTPYKIIMU T€HOMA TPUTHUKAJIE.

I'ekcanmuiouanslie Tputukaue (Triticosecale hexaploidii (derzhavinii) Kurk.
Et Filat.,, T/AABBRR, S/RRAABB, 2n=6x=42) BKJII04atOT B COCTaB sIIpa JHUILIO-
uaHbIe HA0OPHI XpoMocoM A-, B-reHomoB 1 R-renoma pxu. CocTaBisioT 6osee
90% renodonna tputukane. B xomtexinu BUP npencrasnens 3492 obpasamu.
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