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The influence of 4,6-benzo[h]naphthyridine and its derivatives 1-methyl- and
3-methyl-4,6-benzo[h]naphthyridines on the activity of peroxidase, catalase
and acid phosphatase, as well as on the contents of chlorophyll, sugars (in
general) and vitamin C in celery (Apium graveolens L. var. dulce Pers.) was
investigated by pot experiments. Biologically active azaaromatics compounds,
which were used in experiments, caused the changes of the enzymic activity
and biochemical composition of celery leaves.

azaaromatic compounds; celery; peroxidase; catalase; acid phosphatase; chlo-
rophyll; sugars; vitamin C

INTRODUCTION

Agrotechnics are biologically active, they may change physiological and
biochemical processes occurring in cultivated plants and disturb the regular
enzymic activity in their growth phases (Cafial et al, 1988; Carroll et
al, 1988; De Felipe et al., 1988). The topic of the research in this field
are among others enzymes: peroxidase, catalase and acid phosphatase, having
In view their important functions in the development processes of plants. The
fundamental physiological role of catalase is the decomposition of hydrogen
Peroxide (Mac Rae, Fer guson, 1985); the removal of this compound
I8 also the essential function of peroxidase (U padhyaya etal, 1985). Acid
Phosphatase plays an important role in the production and transport of inor-
8anic phosphates; these processes are a basis for a series of metabolic reac-
fon Duff et al, 1994).

Numerous investigations show that the changes of plant metabolism result-
g from application of agrotechnics are to be seen also as the changes of the
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biochemical composition of treated plants (Carroll et al, 193

8;
11a, 1989; Schaller etal., 1991). .
S alliz\?iln?g,inj?/i\zs ?hi above facts, it seemed of i_nt.erest to sFudy the 1r?ﬂue\me
of new chemical compounds (benzo[h]naphthyridines and its derlyatlvgg; on
the enzymic activity and contents of various components responsible for the
i f cultivated plants.

allrﬁle?tizrgr::égf v(sjork following azaaromgtics,.synthesised in the Depa;‘ément
of Organic Chemistry of Pedagogical University of Cz@stochqwa have ‘beten
used: 4,6-benzo[h]naphthyridine (A), 1-_methy1—4,6—benzo[h_]naphthyndme
(B) and 3-methyl-4,6-benzo[h]naphthyridine Q).

3 N
N N = #
N N

Employed benzo[h]naphthyridine and its derivative.s are interesting_from
the biological point of view — exhibit a large antibacterial spectrum (Sliwa,
1978).

MATERIAL AND METHODS

In the years 1991 and 1992 the plant under investigation was celery (Apium
L. var. dulce Pers.).
gng)f;ii;lrflems were carried out in the greenhopse. Plastic pots gqch of a U/surl—c
face of ca 0.1 m? were filled up with brown soil (7 /pot) containing L’Z o 0
humus; the soil pH (KCl) being equal to 63 The contents of élnrie,ntalr\ly
components before the beginning of cultivation was on average: i.itgtior;
1.2 g K70, 0.8 g P2Os and 0.6 g MgO/}]l)ot. Dulrxlng ;he whole vegeta
i round moisture was kept on the equal level. '
peré(;clletrl;evfas cultivated from seedlings grown on the‘ se_edbed and put into
pots during the phase of 3—4 leaves in the seconq half of May. .
The investigated compounds A-C were gpplled at two concen.}; e
0.01% and 0.1%; the spray with these species was made two we; SC '3
seedling of celery in pots. The amount of the cgnsxdered compoung ;i o
ca. 20 cm’ of the solution of a given concentration per pot (i.e. 0.02 and U-
— m? surface). . o
o ’?hec ;/)}ant material)for experiments was t.aken three times in per\l}?{{i toi(;)lrlf
month, beginning from July 1. For analysis three samples of eaf,‘ ; o
posed of twenty fully grown up leaves were taken. The enzymic act1v <)i, il
with the content of chlorophyll and of vitamin C have been determin®
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fresh plant material, the contents of sugars in the material kept in the dryer
at 95-100 °C for three hours.

The activity of peroxidase [EC 1.11.1.7] was determined with o-dianisid-
ine as H-donor (Gardiner, Cleland, 1974). The relative, elementary
enzymic activity is an absorbancy increase per minute (AA/min). The activity
of catalase [EC 1.11.1.6] was determined by measurement of the amount of
decomposed hydrogen peroxide in mg/1 g of the fresh mass of leaves during
1 minute, at 30 °C, according to Bergmeyer (1963) methods. The activity
of acid phosphatase [EC 3.1.3.2] was found by determination of phosphorus
generated from sodium B-glycerophosphate by enzyme contained in 1 ¢ of

o

fresh mass of plant leaves, according to methods described by Branden-
berger and Hanson (1953).

Chlorophyll a and b as well as the total chlorophyll (a+b) were determined
by spectrophotometric method (Bruinsma, 1963), vitamin C by Tillmans
method involving the reducing properties of L-ascorbic acid, and the content
of sugars in general by Luffa-Schoorla method (given by Rutkowska,
1981).

The results were worked out statistically using variance analysis (the
Fisher-Snedecor test F) and the Tukey test.

RESULTS

The influence of 4,6-benzo[h]naphthyridine (A) and its derivatives: 1-me-
thyl- and 3-methyl-benzo[h]naphthyridines (B, C) on the activity of peroxi-
dase, catalase and acid phosphatase in three growth phases of celery is given
in Table I. Azaaromatic compounds, which were used in experiments, caused
the changes of the enzymic activity of celery leaves. Here the changes are
dependent so on the kind of compound used, as well as on its concentration
and growth phase.

With the physiological age of celery, the increase of enzymic activity of
peroxidase took place. In all growth phases of plant a stimulation influence
on the peroxidase contents, independent on the kind of used azaaromatic, was
observed. As compared with the control plants, the increase of the enzymic
activity of peroxidase (average of action of A-C, average of growth phases)
Was 39% at 0.01% concentration and 35% at 0.1% concentration.

Along with the increase of the peroxidase activity, with the physiological
age of plants, the decrease of the catalase activity was observed. In all plants
treated with azaaromatic compounds during the whole vegetation period the
Tice of the catalase activity as compared with that in the control plant took

* Place. The increase of the catalase activity (average of action of A—~C and
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. CT- oY I. The influence of 4,6-benzo[h]naphthyridine (A) and its methyl derivatives (B, C) on the
sy s methyl derivatives (B, C) on {}, I ¢
I. The influence of 4.6—benzo[h]nz\phthyrld1nﬁ (Al) imd 1: Lﬂ;e;; leaves in different “"ww[I: contents of chlorophyll a and b, of total chlorophyll (a+b) in leaves celery in different growth
iy - seroxidase. catalase and acid phosphatase 1 L . hases
activities of peroxidase, cata phases
phases o . . :
I — Cailage Acid phosphll‘\i\r:'\sj Chlorophyll a Chlorophyll b Chlorophyll a+b
Peroxidase ( P/g) T Compounds (mg/g f.m.) (mg/g f.m.) (mg/g f.m.)
mg ¥/g and their o Bt ik
unds e
S[?(;ntli;ir rowth phaiés growth phases contents growth phases growth phases growth phases
~ontents rowth phases e =
contents g 1 1 ”Limt’iln I 1 HI |mean| 1 11 I [mean| 1 11 I |mean
Hn 1.72912.979 ;7()9%7 806 Control 0.160]1.198|1.126|1.161{0.721]0.960/0.87210.851 | 1.881 2.15811.998{2.009
0.069 : i et s
Control [0.062{0.066|0.07810.06 1750|3.646|3.854]3.083 A-001% |1.1611.2161.130|1.1630.7200.9380.874|0.844| 1.881|2.154 |2.004 |2.013
0.094 ' o B
A - 0.01% |0.090]0.11210.081 2.13503.136]4.062(3 111 B -0.01% |1.156/1.258|1.140|1.185(0.751{0.969|0.994[0.905|1.907 |2.227(2.134 |2.089
0.100 A R
B ~@01% 10,100/ 0103 LI 2.625|4.4483.7193.597 C-001% |1.149/1.204|1.129]1.161{0.716 | 1.065 |0.881 |0.887|1.865|2.269|2.010 |2.048
0.094 e o o
C-00lE 00120880 P01 2.334{3.709{3.844(3.295 A=0.1% 11.157/1.283|1.132|1.191{0.725|1.014|0.957|0.899 | 1.882|2.297 | 2.089 | 2.089
A-0.1% 4240|4.052|3.465 B -0.1% |1.1541.2981.1451.199]0.756 | 1.045 [ 1.000 0.954| 1.910|2.343|2.145 |2.133
.085 - ek
B-0.1% 0083008800540 1.854|3.823|3.5843.087 C-0.1% |1.190]1.278|1.138]1.202|0.841 | 1.071{1.0070.973|2.031]2.349 |2.145|2.175
0.092 5 | M [
C-0.1% 0.075(0.090{0.110 — pounds _ 061 for compounds — 0.042 LSDy s for compounds - 0.009 | for compounds — 0.006 | for compounds — 0.013
- 0.005 or cor § = U
LSDq.0s For* compounds for ol 0.94 for phases — 0.064 LSDy 45 for phases — 0.013 for phases — 0.009 for phases — 0.015
r phases — 0.008 or phases — 1.
LSDy 05 for p
: c % at 0.1% IIL. The influence of 4,6-benzo[h]naphthyridine (A) and its methyl derivatives (B, C) on the
9% concentration and 30% at ;
average of growth Phases) was 20% at 0.01% ¢ contents of vitamin C (mg/kg) and of sugars (% dry mass) in leaves of celery in different growth
. ion. . ea < s ) phases
(,oncentrathnﬂ_ f changes of acid phosphatase activity m plants &t L'dttd \yun
The analysis o ng . 1 derivatives also shows stimulating Vitamin C B!
4,6-benzo[h]naphthyridine and its methyl den e f acid phosphatase Compounds .
: e & ds. The increase of the activity of acid phosphate oY (mg/kg) (% d.m.)
effect on these compounds. 14% at 0.01% concentration and their
by the used of azaaromatic compounds was Caf _ J[ A—C and average contents growth phases growth phases
. - action of A-C 2
and ca 15% at 0.01% concentration (average of 3 I 11 I mean 1 1l 111 mean
- ases). . of chlorophyll
of growth }Dh i 012 experimental results shows that the contents O.t chlorop iyth Control 616.0 | 742.6 897.6 | 7524 | 0.920 | 1.630 | 2.154 1.568
e o ()j’SIS 1 hllz)rophyll (a+b) in leaves of celery slightly increase W I A-001% | 7832 | 844.8 | 1034.0 | 887.3 | 1.000 | 1.811 | 3220 | 2.010
. and total ¢ ¢ ants as we
‘.lan(li]b’i;mgical age. This regularity concerns so the control plants o B-001% | 633.6 | 7744 | 10208 | 8096 | 1.010 | 2071 | 3467 | 2183
its s age. . . It was ob
i t&;erlants treated with benzo[h]naphthyridines (Tart:l?lm o b s well as C-0.01% | 7700 | 7656 | 792.0 | 7759 | 1.140 | 1782 | 3.008 | 1.977
* . : s -hloro aa a
that A-C change essentially the contents of chlorophy A-0.1% 748.0 | 8404 | 1060.4 | 8829 | 0930 | 1.660 | 2.946 | 1.845
that of total chlorOP‘le.lrl1 (at;?éffect of the azaaromatic compounds (A—I?w‘f:; B-01% | 6028 | 6336 | 6952 | 6439 | 0920 | 1730 | 2.852 | 1834
rni ' . . I é
The resultsfcgngel ar%ons in leaves of celery are given In Table IIL 1.4 C-01% 567.6 | 6732 | 7172 | 6527 | 0950 | 1.650 | 2269 | 1.623
ents o roc | ; idine an 5
thtf con;d a S[inzulating influence of 4,6—beﬂZ0[h]ndphthyr(l-d]:eneral) in LSDy s for compounds — 12.9 for compounds — 0.057
observ . F sugars (1n g
1-methyl- and 3-methyl derivatives on the Ct(‘)ntenti OLS‘;? < ears <howed t;) LSD,, s for phases — 19.8 for phases — 0.087
. . . - - gars, ShOWCE o 0.
. ant factor, differentiating the ¢ e 0.0
celel:y. o 1mtp()tr'iton of A—C. The increase of sugars at concentration of
be the concentra -C.
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(average of A-C, average of growth phases) is 31%, and at 0.1% concentra-
g )
jon it is only 13%. e
uor";‘tllte invcs};igated azaaromatics show also as advantageous effect (m the
ntents of vitamin C in celery in its all growth phases (Table IH‘)_ 1["\?‘:/;13
(f:O nd that here A had the most stimulating influence, the increase of the
u : ; f o
c(())ntents of L-ascorbic acid independent on the concentration o.t A‘ W?iiva'
15% as compared with the control plants. Th_e methyl derwagvhe§ ;:ii 6
—l;eﬁzo[h]naphthyridine (compounds B and C) did not show so high influence
on vitamin C contents.

DISCUSSION

mi extent of interference of biologically .active com-
et v dC“}‘mm_e . i ical esses occurring in plants, at
pounds into physiological and biochemica ‘proc‘. s ‘ rox;,dase e ot
present very often the changes of the enzymic activity od pgth e 101; m%b
and acid phosphatase are investigatedﬂ; it is conne%tgl ];we he ol g: $
enzymes play in the development (Canal etal, ;9 : o !9185\ et al.,
1988: Murumcar, Chavan, 1.987: .Upad ya.yc e s 15 n;_t;vn |
Ck;emical compounds influence in Va“m;ls marzgzilrt:ttizl;ltlllz%::yce?;ﬂlt gn
nzo[h]naphthyridines have shown t aiins ethest B
1tlt]12 ;te‘:'iiigiszeand [ca]talaie activities in the white cabbage and the leek (Her-
m Z}: ;;39]33;2.56“{ work we have established thqt '4’6—be}?mFh]f]?;?;htgg;:g:
1-methyl- and 3—methyl—4,6—benzo[h]naphthyrlldm‘es ( tetlels(;?lnd a;;& A
matic compounds) increase eflficiently tl::cof)ne;:;(eléia;ei,ﬂ(l:atajse e
ool _Celel‘y ea\1:‘e§n£zls mic activity in celery is dependent on
zlalzlf\;erfg;?r:eer%l'lf;)i);)stefr?c? %)ens t(t)le kinz’i and concentration of the used azaaro-
ma}lilcxeczngi(::ler(lid:ésults indicate. that the influence of investigated cm’np?lrlrr:is—
on the enzymic activity of plants is depf‘:nQent‘on thelr]jtmuﬁ:;é;‘g'?;ar,
tion may be the results of the study of kinetine and verllzylggs) Sy
Mishra, 1976; Kuroda et al., 1990; Reddy et ;11 qu;"CSL ot ol
heterocyclic aromatic growth regglators. The above aut‘ ors(;w,igs ! oot
trogen and oxygen atoms, present in molecules of these(;,om];k e ;hown i
the?r chemical and biological properties. The mentioned wo . l;ia}etinc ¥,
due to the increase of peroxidase .and cat.alase’ agtl(;/mes y
benzyladenine the ageing process of plants is retar ‘fa : tanoous lowering of
The rise of peroxidase activity along with the: simu O observe
the catalase activity with the physiological age o‘t pla?ltsj wth"lt ot with
in our experiments so in the control celery as well in tha

54
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4,6-benzo[h]naphthyridine and its derivatives, is held by numerous authors

as a symptom of the ageing of plants (Braber, 1980; Kar, Mishra,

1976; Omran, 1980; Upadhyaya et al., 1985).

The increase of the acid phosphatase activity in plants treated with azaaro-
matic compounds may be connected with acceleration of growth of plants
(Angosto etal, 1988; Grapelli, Rossi, 1981).

The nutritive value of agricultural plants is dependent, among others, on
the yield of photosynthetic process, therefore the estimation of the total con-
tents of assimilation dyes, and especially of chlorophyll is at present very
often applied in investigations of the influence of various external agents,
including pesticides and other biologically active compounds on the quality
of these plants (Carrol et al, 1988; Grumbach, 1982; Kar,
Mishra, 1976).

Chlorophyll is an indicator of the development and ageing of plants (Kar,
1986; Kuroda et al, 1990; Reddy et al., 1985; Upadhyaya et al,
1985). In our experiment a small increase of the content of total chlorophyll
(a+b) in celery leaves treated with azaaromatic components was observed.

The stimulating effect of azaaromatics on the contents of chlorophyll along
with the simultaneous rise of the activity of peroxidase and catalase may
suggest that these substances retard the ageing process of plants in similar
way as growth retardants, used in agriculture (Kar, Mishra, 1976;
Kuroda etal, 1990; Reddy et al., 1985), this fact being probably con-
nected with their azaaromatic character.

The level of hydrocarbons is directly bound with the chlorophyll contents
(Davis etal, 1988; Pharr, Sox, 1984: Qouta et al, 1991). Chi-
noy (1984) describes the responsibility of assimilation dyes for the accumu-
lation of ascorbic acid.

This activity of applied substances is dependent on a numerous factors, the
kind, the species and the variety of plants as well as their physiological state
and development phase; also the kind and concentration of used compound
and other environmental agents should be taken into account Murawa,
Adomas, 1990; Schaller et al., 1991). On the other hand, the results
of examination of growth regulators show definitely their stimulating activity
on the contents of hydrocarbons and of vitamin C (Salama, Avadallo,
1989; Sturgis, Ruber, 1982).

The used azaaromatics compounds showed also the stimulating effect on the
leve] of vitamin C and sugars. A confirmation of an advantageous influence of
4,6-benzo[h]naphthyridine and its methyl derivatives on the contents of hydro-
Carbons and of vitamin C are our former studies concerning the effect of
benZo[h]naphthyridines and nitrobenzo[h]naphthyridines on the level of these
Components in chosen vegetables (Gurgul etal., 1987; Herman, 1993).
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gicka, Institut chemie, katedra biochemie a katedr

a organické chemie, Czestochowa,
Polsko):
Vliv 4,6-benzo[h]na
Vitu a chemické sloz
Ilisty,

phthyridinu a jeho metylovych derivitd na enzymovou akti-
eni celeru (Apium graveolans L. var. dulce Pers.) v jeho fizich

Scientia Agric. Bohem., 28, 1997 (4): 245-254.

.V nadobovych pokusech by

1 zkoumén vliv 4,6-benzo[h]naphthyridinu a jeho de-
fivatg I-methyl a 3

»methyl-4,6,benzo[hJnaphthyridinu na aktivitu peroxidazy a kyse-
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1€ fosfatdzy, jakoZ i na obsah chlorofylu, cukri (obecng) a vitaminu C u celery (Api.
um graveolans L. var. dulce Pers.).

Biologicky aktivni azaaromatické slouCeniny, které byly pouzity v pokusu, Zpiiso.
bily zmé&ny enzymové aktivity a biochemického sloZeni v celerovych listech,

azaaromatické slouceniny; celer; peroxidaza; kyseld fosfatiza; chlorofyl; cukry; Vita.
min C
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