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Summary. The effects of 14 1,1"-polymethylenebis(3-aryl substituted)thio-
ureas on the kinetic changesin chlorophyll, protein and free amino acid con-
tents, and in the activities of catalase and guaiacol peroxidase during senes-
cence of barley leaf segmentsin the dark were investigated. The anti-senes-
cence properties of bis-thioureas found expression predominantly in asignif-
icant inhibition of protein degradation. The degradation of chlorophyll-
protein complex was, however, slightly protected. The length of the poly-
methylene chain was adetermining factor for the effectiveness of bis-(phen-
ylthioureas derivatives of diaminoakanesfor the protein hydrolysis. Their
protective effect on the protein loss increased with increasing the number
of methylene groupsin the aliphatic chain. The activity of catalasein treated
tissueswasvery low while GPX activity increased during senescence period
but remained lower than that of the control, and declined with increasing the
length of polymethylene chain. The protein-protecting effect of bis-(4-hal ogen-
ophenyl)thioureas' derivatives of diamineswas higher than that of bis-(phen-
yhthioureas, and was afunction of the nature of halogen atom. Bis-(4-bromo-
phenyl)thioureas manifested the highest effect. The protein content in the
aging leaves increased in the following order F<Cl <Br and respectively
decreased the accumulation of free amino acids. The GPX activity increased
inthe order Br < F < Cl, whereas CAT activity (relatively low activity, signif-
icantly lower than the control) increased in the order F < Cl < Br. The mode
of action of the bis-(4-halogenophenyl)thioureasis probably associated with
a decreasing peroxidative damage caused by reduced AOS accumulation
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whichis proportional to the increase of electron-donor property of the halo-
gen atoms.

Key words: bis-thioureas, dark-induced leaf senescence, Hordeum vulgare

Abbreviations: AAC — amino acid content, AOS — active oxygen species,
APX — ascorbate peroxidase, CAT — catalase, Chl — chlorophyll, GPX —
guaiacol peroxidase, DPU — 1,3-diphenylurea, Put — putrescine

Introduction

Natural and artificial senescence has been studied in many laboratories by following
the loss of Chl, proteins, and nucleic acids and the corresponding accumulation of
free amino acids. Senescence is a multifactorial syndrome and free radicals and in
particular active oxygen species seem to play an important role in aging processes
(Fridovich, 1976). The connection between oxidative cellular damage and senescence,
on one hand, and antioxidant defense mechanisms on the other, has been postul ated
in both animals and plants. A widely discussed theory of aging, first proposed by
Szilard (1959) and extended by Orgel (1963), considers the aging process in terms
of the accumulation of molecular damage to informational molecules. This damage
may well be produced by an oxygen freeradical, such ashydroxyl radical [*OH], which
randomly alters DNA molecules or other components of the protein-synthesizing sys-
tem (Harman, 1969; Emanuel, 1976; Chance et a.,1979). Reactions involving free
radicals are implicated in wound healing (Salin and Bridges, 1981), senescence of
seeds (Steward and Bewley, 1980; Puntarulo and Boveris, 1990), fruits (Brennan and
Frenkel, 1977; Baker et a., 1978), carnation petals (Paulin et al., 1986; Droillard et d .,
1987), salinity (Sreenivasulu et al., 2000), chemical stress (Levinsh et al., 1995), etc.

Senescence-associ ated symptoms can effectively be retarded by using some exog-
enous phytohormones — cytokinins (Vassilev et al., 1979; Dhindsa et al., 1982; Lee
and Chen, 1982), gibberellic acid (GA;) (Whyte and Luckwill, 1966) and other groups
of plant growth regulators and suitable substances - polyamines (Altman, 1982; Alexi-
eva, 1994a; Alexieva, 1994b), indole and phenolic derivatives (Karanov, 1972), piper-
idinoacetanilides (Karanov et al., 1980), antioxidants (Pauls and Thompson, 1982),
etc. However, the mechanism of such inhibitory action of the plant growth regulators
is not clearly understood (Rodoni et al., 1998).

In the recent 3 years have been synthesized in our laboratory certain 1,1¢poly-
methyl enebi s(3-substituted)ureas and thioureas which possess both phenylurea and
aliphatic diamine active moieties. Phenylureas and aliphatic diamines are known to
have senescence-del aying effects on plant tissues.

In our earlier work we reported on anti-senescence properties of some 1,1¢poly-
methylenebis(3-substituted)ureasin barley leaf segments by dark-induced senescence
(Yonovaet a., 2000).
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The present study assessed the biochemical and enzymatic responses of senescing
barley leaf segments to exogenously applied 1,1¢polymethylenebis(3-substituted)
thioureas. We analyzed the time-dependent changes in chlorophyll, soluble protein
and free amino acid levels, and in the activities of catalase and guaiacol peroxidase
during the process of senescence in darkness. Some important chemical structure -
senescence-retarding effect relationships were established.

Materials and Methods

Plant material and induction of senescence

Barley seeds (Hordeum vulgare L., cv. Alfa), soaked 2h in water, were sown onto
the vermiculite (with tap water) and grown under controlled conditions at a day/night
temperature of 24+1°C with a 16 h photoperiod and photon flux density of
120 umol.m—=2.s 1 for 7 days. Segments of the primary leaves, 3 cmin length, starting
5mm below the leaf tip, were harvested and then repeatedly washed with distilled
water. Ten segments were floated with abaxial side downward on 5ml of test solution
in Petri dishes which were kept covered at 24+1°C for 24, 48 and 72 h in darkness.
The test solutions used were either 1 mM KH,PO,—Na,HPO, buffer, pH 5.8 (control)
or 1mM solution of theinvestigated compounds, prepared in the same buffer and 0.1%
(v/v) Tween 20. Threereplicates for each treatment were performed, and all experi-
ments were repeated at |east twice.

Chemicals

14 Bis-arylthiocarbamoy!-substituted biogenic and non-biogenic diamines were tested
as senescence-retarding agents. The compounds synthesized and characterized erlier
in our laboratory (Y onovaand lonov, 1999) have the following common formula:

ArNHCS-NH(CH,) ,NH-CSNHAr,
where Ar=C4Hs- , n=2,3,4,6,7; Ar = 4-FC¢H,- , 4-CICzH,- and 4-BrCzH,-; n=2,4,6.

(1) Ar=CgHs-, n=2 (6) Ar=4-FCgH,-, n=2 (12) Ar=4-BrCgH,-, n=2
(2) Ar=CgHs-, n=3 (7) Ar=4-FCgH,-, n=4 (13) Ar=4-BrCgH,-, n=4,
(3) Ar=C¢Hs-, n=4 (8) Ar=4-FCgH,-, n=6 (14) Ar=4-BrC4H,-, =6
(4) Ar=CgHs-, n=6 (9) Ar=4-CICgH,-, n=2

(5) Ar=CgHs-, n=7 (10) Ar=4-CICgH,-, n=4 (11) Ar=4-CICgH,-, n=6

Determination of chlorophyll content and amino acid accumulation

After appropriate intervals of time, 10 segments (~ 0.250 g) were blotted and extracted
by boiling in 80% (v/v) ethanol for 10 min repeatedly. The ethanolic extracts were
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combined and made to 10 ml. Chlorophyllsaand b were guantified and expressed as
1g Chl.segment™ by transferring 600 pl aliquots of the ethanolic extract into 4.2 ml
of 80% (v/v) acetone and determining the absorbance at 663 and 645 nm according
to Arnon’s method (1949). Chlorophyll a/b ratio was then cal cul ated.

All subsegquent handling of the extracts for the determination of free amino acid
content was performed as described previously (Palmer, 1985). The remaining ethan-
olic extracts were evaporated to dryness in vacuo at 40°C and the residue taken up
in 0.1N HCI. The solution was adjusted to pH 6.0 with NaOH and diluted to ca25mg
(fresh weight).ml=L. AAC content in 100 pl aliquots of the aqueous sol ution was deter-
mined by the ninhydrin method (Spies, 1957).

Determination of enzyme activities

An enzyme extract was prepared by homogenizing 10 leaf segmentsin 5ml of 0.1 M
phosphate buffer, pH 6.8, containing 0.1mM EDTA at 0—4°C and centrifugation at
12000" gfor 20 min. The assays of catalase [EC 1.11.1.6] activity (according to Kato
and Shimizu, 1987) and guaiacol peroxidase[EC 1.11.1.7] activity (according to Decker,
1977) have been described in detail previousy (Yonova et al., 2000). The specific
activity of catalase and peroxidase were expressed in micromoles of decompaosed
H,O, [umol.mg protein.min!] and micromoles of oxidized quaiacol [umol.mg™
protein.min™], respectively under the assay conditions. The in vitro activity of the
enzymes was not influenced by any of the compounds investigated.

Total soluble protein content in the enzyme extracts of barley leaf segmentswas
determined according to Bradford (1976) using bovine serum albumin as a standard.

At the start of all experiments, leaf senescence parameters were determined and
the experimental parameters were expressed as % of the initial values.

Statistical analysis

Data presented in thisreport were expressed as means+sD. Statistical tests were car-
ried out by using the Fisher’s Least Significant Difference —test. Differences between
means were considered significant at PE0.05 and P£0.01.

Results

Defining of the biochemical parameters regarding the leaf aging process

The obtained results showed that the bis-phenylthiourea derivatives of diaminoalkanes
retarded the chlorophyll lossin the aging leaf segments during the first 24 h more com-
pared to the control (13%). However, during the following aging periodstheir retard-
ing effect decreased and was approximately equal to that of the control. The length of
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the polymethylene chain was not a determining factor for the effectiveness of the com-
pounds—all five derivatives reacted in amost one and the same way towardsthe Chl
loss during the whole aging period. The only exception was the derivative of 1,2-
diaminoethane. The Chl loss in the leaf segments processed with this derivate was
26% compared to 45% in the control segments at the end of the second day (Table 1).

Fluoro-, chloro- and bromo-substituted bis-phenylthiourea derivatives of di-
aminoalkanes demonstrated different behaviour in regard to the rate of Chl lossin
the senescing leaf segments which was mainly determined by the nature of halogen
atom and not by the length of polymethylene chain (Table 1).

Fluoro-derivatives caused faster Chl degradation during thefirst 24 h (until 50%
compared to the initial Chl quantity and until 16% more than the control) whereas
chloro- and bromo-derivatives - during the second and third 24h, respectively. By the
end of the 3rd day, Chl quantity in the senescing segments processed with chloro-
and bromo-derivatives was almost equal or to 9% more than that of the control. Chl
quantity in the leaf segments processed with fluoro-derivativeswas lower compared
to the control (to 14%).

It was found that Chl degradation in the aging leaf segments treated with bis-
thioureas' derivatives of diaminoalkanes (except for two compounds) started mainly
with the Chl 5 degradation (increased Chl a/b ratio), similarly to the control. There
were differencesin the degradation rate of Chl 5 which depended on the type of the
applied compounds. Bis-phenyl- and bis-(fluoro)phenylthioureas destroyed Chl 5 at
ahigher rate than bis-(chloro)phenyl- and bis-(bromo)phenylthioureas.

The content of total soluble protein in the senescing leaf segments treated with
bis-thioureas' derivatives of diaminoal kanes declined with advancing senescence but
remained higher than that of the control at the different aging stages (Table 2). Protein
loss was not observed. There was even increased protein content in the leaf segments
treated with bis-phenylthioureas’ derivatives during the first 24 h which later slowly
decreased. Protein content depended on the length of polymethylene chain in the
tested compounds and was in the reverse relation to the accumulation of free amino
acids. The compd. 5-treated leaf segments which had the lowest rate of protein hyd-
rolysis contained the highest protein quantity (173, 152, 136% compared to 85, 80,
79% in the control at 24, 48 and 72 h of senescence, respectively).

Fluoro-, chloro- and bromo-substituted bis-phenylthioureas’ derivatives of di-
aminoalkanes retarded protein degradation in the treated tissues much more strongly
compared to the control but more weakly than the unsubstituted bis-phenylthioureas.
Fluoro-derivatives showed the slightest protection compared to the other chloro- and
bromo-derivatives. The content of total soluble proteinin chloro- and bromo-derivatives
—treated leaf segmentsincreased during thefirst 24 h, then it decreased (by 26-40%)
at day 2 and increased again at the end of day 3 (by 13-40%). Thistime-course depen-
dency of the protein content changes correlated well with the kinetic alterations of
amino acid accumulation in the treated senescing segments.
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Table 2. Effect of some 1,1"-polymethylenebis(3-arylsubstituted)thioureas on the time-dependent
changes in soluble protein content in barley leaf segments induced to senesce in darkness. Segments
were floated on phosphate buffer (control) or on test compound solutions for 24, 48 and 72h. Dataare
expressed as pg.segment2, and as % of the initial values: protein 318+21 g.segment™.

et conc. 24h 48h 72h

compound

pg £ sd % pgtsd % pgtsd %

Control 271+15 85 254+7.2 80 25012 79

1 1mM 398+23 125 324+10 102 285+9.0 90

2 1mM 423+21 133 313+41 99 269+11 85

3 1mM 454+15 143 40416 127 358+17 113

4 1mM 510+41 160 409+12 129 346+29 109

5 1mM 552+29 173 482+13 152 432+12 136

6 1mM 368+10 116 350+16 110 329+4.0 104

6 0.1 mM 377+11 119 277+18 87 289+6.0 91

7 1mM 260+5.0 82 243+12 77 242+17 76

7 0.1mM 253+2.0 80 280122 88 267+9.0 84

8 1mM 380+4.0 119 365+11 115 356+19 112

8 0.1 mM 33740 106 43717 138 335+40 105

9 1mM 256121 80 324+18 102 387+33 122

10 1mM 452+17 142 233+18 73 38955 122

11 1mM 395+16 124 367+9.0 115 324+30 102

12 1mM 400+25 126 318+16 100 380+26 120

13 1mM 437+17 138 260+2.0 82 398+23 125

14 1mM 395+16 124 302+19 95 344+10 108
Standards:

DPU 1mM 215+7.0 68 200+25 63 22512 71

Put 5mM 413+2.3 130 43514 137 32624 103

LSD 5%=62.3205 LSD 1%=85.3680

The experimental resultsin Table 3 showed that the accumul ation of free amino
acids in the treated leaf segments increased with advancing of senescence similarly
to the control and the standards. Bis-phenylthioureas¢ derivatives of diaminoalkanes
increased the proteolysis at the end of 2nd day and during the 3rd day its rate was
either decreased or dlightly increased. The absolute quantities of amino acids at the
end of day 3 werelower (1.1-1.5 fold) than those of the control and Put. On the other
hand, the quantities decreased with the extension of polymethylene chain. The lowest
content of amino acids was observed after treatment with bis-phenylthioureaof 1,7-
diaminoheptan (217% compared to 316% in the control and 334% of the Put).

Fluoro- and chloro-substituted bis-phenylthioureas derivatives of diaminoalk-
anes increased the accumulation of amino acidsin the aging leaf segmentsbut at the
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Table 3. Effect of some 1,1¢polymethylenebis(3-arylsubstituted)thioureas on the time-dependent chan-
gesinthelevels of amino acid accumulation in barley leaf segments induced to senesce in darkness.
Segments were floated on phosphate buffer (control) or on test compound solutions for 24, 48 and 72h.
Data are expressed as pumol leucine eqv.segment™, and as % of theinitial values: AAs 2.237+0.26 pumol
leucine eqv.segment2.

Test

Conc. 24h 48h 72h

compound
pmol £sd % pmoltsd % pmol+sd %
Control 3.487+0.10 156 5.745+0.18 257 7.077£0.36 316
1 1mM 5.082+0.13 227 5.959+0.12 266 6.162+0.01 276
2 1mM 3.990+0.11 178 5.895+0.19 264 5.311+0.21 237
3 1mM 3.672+0.11 164 5.756+£0.14 257 6.137+0.11 274
4 1mM 4.726+0.12 211 4.803+0.16 215 5.183+0.08 232
5 1mM 3.024+0.16 135 4955+0.12 222 4.853+0.14 217
6 1mM 4.751+0.15 212 4.427+0.14 198 5.918+0.26 265
6 0.1mM 2.960+0.11 132 4.253+0.07 190 6.665+0.19 298
7 1mM 3.283+0.11 147 3.780+0.20 169 6.266+0.09 280
7 0.1mM 4.403+0.19 197 2.512+0.09 112 6.914+0.21 309
8 1mM 1.543+0.05 69 2.910+0.04 130 3.631+0.02 162
8 0.1mM 1.790+0.19 80 4.451+0.35 199 4.975+0.17 222
9 1mM 4.334+0.03 194 6.632+0.31 296 7.318+0.20 327
10 1mM 4.004+0.49 179 8.792+0.48 393 5.615+0.24 251
11 1mM 4.502+0.24 201 3.706+0.11 166 4.875+0.09 218
12 1mM 1.990+0.05 89 2.885+0.18 129 3.532+0.20 158
13 1mM 2.164+0.04 97 3.557+0.07 159 3.333+0.15 149
14 1mM 1.890+0.05 84 3.632+0.05 162 3.581+0.08 160

Standards:
DPU 1mM 2.437+0.09 109 2.984+0.20 133 4.328+0.28 194
Put 5mM 3.603+0.08 161 6.171+0.03 276 7.476+0.57 334

LSD 5% = 0.71609; LSD 1% = 0.9556

end of day 3 their quantities were lower than those of the control and Put. Generally,
therate of protein hydrolisis declined with the extension of polymethylene chain. The
lowest content of amino acids was observed after treatment with the above derivatives
of 1,6-diaminohexane.

Bromo-substituted bis-phenylthioureas’ derivatives exhibited more different reac-
tioninregard to thisindex. Therate of protein hydrolisisin the leaf segmentstreated
with such compounds was much lower during the whol e period of senescence. Actual-
ly proteolysiswas present only during day 2 and the quantity of free amino acidswas
1.6—2-fold lower than that of the control. This quantity remained the same at the end
of day 3 and was lower compared to the control and the DPU (2 and 1.3-fold, res-
pectively).
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Changes in activities of antioxidative enzymes during dark-induced senescence

The examined bis-thioureas' derivatives of aliphatic diamines moderately promoted
the specific peroxidase activity and strongly inhibited the specific catalase activity
in the aging leaf segments.

Bis-phenylthioureas’ derivativesinduced adoubleincrease (relativeto theinitia
activity) in the GPX activity in the aging leaf segments during day 1 and another
double increase during day 3 but the activity values remained lower than those of the
control. The GPX activity decreased with increasing the length of polymethylene
chain. The CAT activity was strongly inhibited (40-60% relative to the initial value
at day 1) during the whole period of senescence and it was 3—6 times lower than that
of the control at the end of day 3. The only exception was bis-phenylthiourea derivat-
ive of 1,2-diaminoethan (comp. 1) which increased the CAT activity up to day 2 (37%
over the control) and then drastically decreased. (Figs. 1A and 2A)

Hence, the strong protective effect of compd. 5 in regard to the process of prote-
olysisis not aconsequence of increased antioxidative enzyme activities. So, probably
it either inhibits the proteases or reduces the quantity of free radicals which are sub-
strates of the antioxidant defense enzymes.

Fluoro-, chloro- and bromo-substituted bis-phenylthioureast derivatives of di-
aminoal kanes stimulated GPX activity (especially fluoro-derivatives on thefirst day)
more strongly than the unsubstituted bis-phenylthioureas and at the end of day 3 the
activity inthe aging leaf segmentswas equal or lower compared to the control (bromo-
derivatives had relatively the lowest activity) (Figs.1B and 2B). Generally, the CAT
activity was strongly inhibited during the first 24 h (40-75% relative to the initial
value) and remained at this level or continued to fall until the end of day 3. Bromo-
derivatives showed atendency to increase the CAT activity (by 32-50%) during day
3 but the values remained 1.6-2 times|ower than those of the control. Two compounds
demonstrated differencesin their behaviour: i) chloro-derivative of 1,2-diaminoethane
(compd. 9) significantly stimulated CAT activity during thefirst 24 h (288% relative
totheinitia value and 112% over the control), then declined trice and kept this activity
up to day 3 of senescence; ii) fluoro-derivative of 1,6-diaminohexane (compd. 8)
showed the greatest catal ase activity at the end of day 3-116% compared to 123%in
the contral, relative to the initial activity.

Discussion

In this study, we demonstrated, for what we believe to be thefirst time, the anti-senes-
cent properties of 14 bis-thiourea derivatives, consisting of a polymethylene hydro-
phaobic chain between the both thiourea bridges. Moreover, we examined the nature
of in vitro senescence-dependent changesin some parameters affected by the various
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Fig. 1. Comparative time-dependent changesin the levels of guaiacol peroxidase
activity during dark senescence of barley |eaf segmentsfor 24, 48 and 72 h: the
effect of compoundsNo 1-14 at 1.0 mM. Theinitial GPX value was 2.503+0.35.
Each valueis amean of 3 replicates. LSD 5 % = 0.6149; LSD 1 % = 0.8255.

compounds. The latters have two activity-determining structural components— phen-
ylurea and aliphatic diamines. The former is known to have a senescence-retarding
effect as cytokinins and the | atter retards al so senescence of detached plant leaves as
polyamines.

Senescenceis associated with a progressive decreasein protein and chlorophyl|
contents and a marked increase in protein degradation (Thimann 1980; Dhindsa et
a., 1981; Miller and Huffaker,1985). A declinein catalase activity and arisein per-
oxidase activity are characteristic responses of aged tobacco leaves (Kato and
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Fig. 2. Comparative time-dependent changesin the levels of catalase activity dur-
ing dark senescence of barley leaf segments for 24, 48 and 72 h: the effect of
compounds No 1-14 at 1.0mM. Theinitial CAT value was 0.295+0.0072. Each
valueisamean of 3replicates. LSD 5% =0.1249; LSD 1% =0.1715
Shimizu, 1987). Both enzymes play arole in detoxifying H,O,, but their behaviour
suggests quite different roles in senescence. The observed changes in the activities
of catalase and guiaicol peroxidase showed a similar trend in our experiments.

Leaf senescence appears to require continued protein synthesis since the latter
has been strongly inhibited by cycloheximide (Martin and Thimann, 1972; Thimann,
1980, Dhindsaet al., 1981, Lamattina et al., 1985, Lalonde and Dhindsa, 1990). Itis
not clear, however, whether this requirement isfor the continued synthesis of the pre-
existing proteins or for the synthesis of new ones. At present little is known about
the identity of the proteinsthat are synthesized during leaf senescence.
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Research evidence showed that anti-senescent properties of bis-thioureasfound
expression predominantly in asignificant inhibition of the protein degradation. The
treated tissues preserved protein content and kept low levels of amino acid accumul a-
tion. They even demonstrated a protein synthetic capacity during the whole
senescence period. However, the degradation of chlorophyll was slightly protected.
The Chl changes were less significant between treated and non-treated tissues over
the investigated period.

In general, the high protein content in treated tissues correl ated with alower rate
of proteolysis. Chloro-derivatives were the only exception. The higher protein content
in treated tissues could possibly be attributed to a test-compounds-induced decrease
in the free radical content, and particularly in hydrogen peroxide accumulation. We
make this suggestion on the basi s of the decrease in the activities of H,0O,-scavenging
enzymes.

Thelength of polymethylene chain was not adetermining factor for the effectiv-
eness of bis-phenylthioureas’ derivatives of diaminoalkanes concerning Chl lossin
the senescing leaf segments. It was adetermining factor, however, for the protein hyd-
rolysis. The protective effect of the compounds on the protein loss increased with
the extension of polymethylene chain and similarly the capability for protein synthesis
inthe senescing leaves also increased. It wasfound that |eaf senescenceis associated
with the synthesis of new proteinsin vivo (Lalonde and Dhindsa, 1990) and in vitro
(Malik, 1987). Therate of protein hydrolysiswasin reverse relation to the length of
polymethylene chain. The activity of catalase in treated tissues was very low while
GPX activity increased during the senescence period, but remained lower than that
inthe control. The activity of GPX declined with increasing the number of methylene
groupsin the aliphatic chain.

The protein-protecting effect of bis-(4-halogenophenyl)thioureas’ derivatives of
diamines was higher than that of bis-(phenyl)thioureas. Bis-(4-bromophenyl)thioureas
manifested the highest protein-protecting effect. The results showed that this effect
was afunction of the nature of halogen atom. The protein content in the aging |eaves
increased in thefollowing order F < Cl < Br and respectively decreased the accumula-
tion of freeamino acids. The GPX activity increased inthe order Br < F < Cl, whereas
CAT activity (relatively low activity, significantly lower than the control) increased
inthe order F< Cl <Br.

The activities of AOS-scavenging enzymes (SOD, GPX, APX and CAT) usually
decrease during dark-induced senescence (Dhindsa et al., 1981; Pastori and del Rio,
1994). Our results are thus consistent in demonstrating asignificant decreasein catal-
ase activity whilethat of GPX increased in the treated tissues with increasing duration
of senescence but it remained less than in control. The decrease in the activities of
H,0O,-scavenging enzymesin the treated tissues suggests aless need to scavenge AOS.
Therefore, the content of AOS (substrates of antioxidant defense enzymes) is less,
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i.e. oxidative damage to macromol ecules could be less. However, the test-compounds
protected predominantly protein degradation but not chlorophyll degradation.

The greater protecting effect of bis-(4-bromophenyl)thioureas may be explained
through the differences in the electronic properties of halogen atoms. In the order
F < ClI < Br the electron-donor properties of the atoms increase because the energy
needed for the separation of one electron from anegativeion decreases. This probably
determinesthe greater reaction capability of bromo-derivatives compared to the other
halogen derivatives.

Conclusions

Results from the present study demonstrate that all bis-thioureast derivatives of di-
aminoalkanes can protect proteolysis more strongly than Chl degradation and the pro-
tective effect increases with the extension of aliphatic chain. The protein-protecting
effect of bis-(4-halogenophenyl)thioureas¢ derivatives of diaminesis higher than that
of bis-(phenylthioureas and it is a function of the nature of halogen atom. Bis-(4-
bromophenyl)thioureas manifest the highest protein-protecting effect. The mode of
action of the bis-(4-halogenophenyl)thioureasis probably associated with decreasing
peroxidative damage caused by reduced H,O, accumulation which is proportional to
the increase of electron-donor properties of the halogen atoms.
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