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ABSTRACT

An experiment was conducted in two successive seasons to study the effect
of omithine and phenylalanine ( 100,200 and 400 ppm ) on growth, carbohydrates,
pigments and alkaloidal content of Dafurs innoxia Mill leaves at flowering stage. The
highest value of plant height and number of branches or leaves were obtained from
plants treated with 200 ppm ornithine and phenylalanine. Plants treated with 400 ppm
omithine and 200 ppm phenylalanine gave the highest value of leaf area and dry
weight of leaves.

The application of amino acids, omithine and phenyialanine resuited in low
levels of soluble as well as, non soluble sugars and total carbohydrate of Datura
leaves as compared to the controi. While the same treatment gave the highest level of
chiorophyll a and b, whereas carotenoids were decreased dus to applications of low
concentrations of omithine and phenylalanine.

Ormithine and phenylalanine showed a stimulatory effect on leaf chemical
composotions such as nitrogen, protein, RNA, DNA and alkaloidal content. The
highest values of theses contents were obtained from ornithine at 400 ppm and
phenylalanine at 200 or 400 ppm.

iNTRODUCTION

Datura innoxia Mill. is one of the most important medicinal plants
containing alkaloids. The accumulation of the alkaloids attains its maximum in
the leaves during the flowering stage. The leaves are rich in two alkajoids:
hyoscine and hyoscyamine, which are reputed for their use as pre-
anaesthetics in surgery, prevention of motion sickness and mania (Hilal and
Youngken, 1984). The alkaloids in several Datura species, are mostly formed
in the roots, but are rapidly translocated to theleaves. The plant produces
hyoscyamine ( C,z #y; NO; } and the valuable drug hyoscine ( Cy; Hyo NO; ).

The six amino acids regarded as the starting points for atkaloids
biosynthesis, namly, phenyalanine, tryptophan, ornithine, lysine, histidine and
anthranilic acid. Feeding experiments with labelled ornithine, have revealed
that this amino acid is incorporated sterospecifically to form the pyrolidine ring
of tropine. Also, phzanyalanine, is the precussor of tropic acid Esterification of
tropic acid with tropine produce hyoscyamine (Balbaa et al, 1976 ).

The similarity of some alkaloid structures to piant growth hormones
{Nowacki ef af, 1865 ), stimulated the idea that at least some alkaocids or their
precursors can play a role in growth regulation. However, exposure of an
alkaloid rich plant to treatments with alkaloid precursors could either exceed
the optimal level and prove to be inhibiting, or the level may still below the
critical point and however, be stimulating. Trofimova et al., (1973), reported
that the addition of certain amino acids to the nutrent medium stmutated
alkaloid synthesis and adenosin triphosphatase activity of Datura inncxia.
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Ahmed and Leete, (1970 ) and Evans and Woolley, { 1976 ) recorded that the
development of arginine, ornithine, proline and glutamic acid groups played
apart in the biogenesis of tropane alkaloids of Datura inncxia, Hence, the
presentwork was conducted aiming to study the effect of these compounds
on growth and yield of Datura innoxia, and its alkaloidal content.

MATERIAL AND METHODS

The present work conducted in two successive seasons 1998 and
1999 at the Experimental Station of Medicinai Plants, Faculty of Pharmacy,
Cairo University. The seeds of Datura innoxia Mill were planted on the 25" of
March in the two seasons in the plot area 2m’ contained 8 plants similarly
spaced. The design of the experiments was a complete randomized block
design of three replicates .

The object of the study was to investigate the effect of ornithine and
phenylalanine on the growth of Datura innoxia, as well as its chemical
compositions. The treatments were divided into two groups; at the first group
the plants were sprayed with three concentrations { 100, 200 and 400 ppm )
of ornithine, and the second group, the plants were sprayed with the same
concentrations of phenylalanine, additional control treatment was sprayed
with distilled water . Plant were sprayed twice with the above mentioned
concentrations after 50 and 65 days after planting .

During the flowering stage, the mean value of plant height, number of
branches per plant, number of leaves per plant, leaf area and dry weights of
leaves were recorded. Total carbohydrates % in leaves, soluble and non
soluble sugars were determined according to Dubois et a/ |, (1956 ) The
photosynthetic pigments of fresh leaves , chlorophyll a, b and carotenoids
were determined and caiculated according to the standard method of Moran
(1982). Total nitrogen was determined by Kjeldahl method { A.O.A.C.,1984) ,
the crude protein was calculated by muitiplying the total nitrogen by 6.25 .
Tatal nucleic acids was determined spectrophotometrically according to the
method of Nieman and Poulson ( 1963 and 1967 ) in the fresh leaves .Total
alkaloids were extracted according to the method of Balbaa et a/,( 1964 ) and
then determined according to the colorimetric method of Karawya et al (
1975 ).

Data obtained were subjected to standard analysis of variance
procedure, Snedecor and Cochran , { 1980 ).

RESULTS AND DISCUSSION

1- Growth characters :

Data presented in Table (1) showed that the application of ornithine
and phenylalanine at different concentrations had a significant positive effect
on growth characters of Datura innoxia , such as plant height , number of
branches and leaves , leaf area as well as dry weight of leaves , compared to
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corresponding control. Concerning plant height and number of branches , the
data showed that foliar application of ornithine and phenylalanine especially
200 ppm, showed the highest value of plant height and number of branches
comparing with other treatments and control. Number of leaves per plant
generally increased with all concentrations of ornithine . the most effective
treatment in this respect was that of 200 ppm ornithine and phenylalanine for
number of branches.

Table (1): Plant height, number of branches, number of leaves, leaf area
and dry weight of leaves of Datura innoxia Mill. as affected by
ornithine and phenylalanine.

Average of two seasons }.

Plant | number of leaf dry weight
Treatments height | branches/ l::vr:sbfp:l:::l area/plant of
cm) | plant (cm’} | leaves/plant
Control 95.89 28.25 129.35 20075 29.66
- 100 | 97.76 2964 134 41 197.33 27.05
°I“‘""“e 200 | 101.31 32.28 137.87 199.95 28.62
ppm) 400 | 9354 28.13 133.25 239.23 30.34
i 100 | 96.14 30.96 128.75 198.48 30.16
phenylalanioe  5oa T 54 31.85 134.18 206.40 3223
(ppm) 400 | 87.96 | 2664 127.82 197.25 25.25
[ 1S0.at5% 1.91 1.97 163 1.78 1.84

It is clear from the same table that ornithine {400 ppm) significantly
increased leaf area and dry weight of leaves. While the maximum significant
value for these characters were obtained as a result of phenylalanine at 200
ppm.

From the above mentioned data, it can be concluded that ornithine
and phenylalanine at 200 ppm had a favourable effect on growth characters
of Datura innoxia, compared with other treatments and control.

Concerning the effect of amino acids on vegetative growth, the
present results are in agreement with those obtained by Salonen (1980),
Moursy et al., (1988) and El-Bahr et al., { 1990 ), they reported pronounced
enhancement of some vegetative growth criteria of different species under
the effect of amino acids application. These results are also supported by
those obtained by Gamal  ElDinetal, ( 1997 ) and Reda et a/,, { 1999 ),
who reported that foliar application of amino acids on lemon-grass and
Hyoscyamus muticus plants significantly promoted plant growth.

2- Chemical compaosition:
(a) Carbohydrate :

Data presented in Table (2) show lhe effect of omithine and
phenylalanine on soluble as well as non soluble sugars and total
carbohydrates of Datura leaves. All treatments led to significant reduction in
soluble sugar contents of Datura leaves in comparison with control. Similar
trend as soluble sugars was recorded for non soluble sugars, except that the
highest concentratien of phenylalanine (400 ppm ) favoured the highest
content. Also the same resuits were obtained on total carbohydrate of datura
leaves.
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Generally, it seems from the above mentioned data that ornithine and
phenylalanine, when used at lower concentrations, reduced the soluble, non
soluble sugars and total carbohydrates of Datura innoxia leaves. These
results are in harmony with related literature, where Et-Sherbeny and Hassan
(1987), also, Gendy and Rabie (2000), found that carbohydrates content in
Datura sp. were decreased due fo amino acids application.

Table (2): Soluble sugars, non soluble sugars and total carbohydrate
percentage of dry leaves of Datura innoxia Mill, as affected
by ornithine and phenyialanine ( Average of two seasons).

Treatmiehts Bu'iuhl;.sugars_ Non solu:zl'a sugars | Total car;ohydrate
Control & 87 10.24 15.11
100 4.49 5.74 ] 14.25
arnithine {ppm) 200 4,66 9.16 13.82
400 480 5.08 13.66
100 4,15 9.97 14.12
phenylalanine (ppm) | 200 409 10.01 14.02
400 414 11.18 15.32
LSD at5% 0.08 0.06 0.07
{b) Photosynthetic pigments :

The influence on photosynthetic pigment obtamed for ornithine and
phenylalanine treated Datura innoxia M. leaves is presented in Table (3). It
could be noticed that all treatments .signiﬁc-;antly increased chlorophyll a,
chicrophyll © and chiorophylt a+o values over the control. The highest
increases were obtained with ornithine at 100 ppm and phenylalanine at 200
ppm concentration ( Table 3 ). _

From the same Takle, caratencgids content of Datura leaves showed
insignificant responses o alkaloid precursor {reatments, except ornithine and
phenylalanine at (100 ppm). The other concentrations of ornithine and
phenylalanine slightly decreased carotenoids conient in Dafura leaves. It
could be, however, noted that only chlorophyll a and b responded significantly
to the alkaloid precursor treatments. On the other hand, an inhibitory effect of
certain alkaloids precursor was detected on carotenoids synthesis in plants.
Similar results were obtained on Datura piants by Ei-Sherbeny and Hassan,
(1987), Hussein et al., {1992), who stated that application of amino acid
treatment resulted in significani effect on chlorophyll a and b in Datura
leaves, while carotencids decreased significantly. The accumulation of
photosynthetic pigments chlorophyll a, b, as a result of these nitrogen
compounds may be due to the important role of nitrogen in the biosynthesis
of chlorophyll molecules, Mayer et al., (1868).
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Table {3): photosynthetic plgments contentmg/g dry leaves of Datura
innoxia Mill. as affected by ornithine and phenylalanine.
(Average of two seasons ).

Treatments Chlorophyll a | Chlorophyll b| Chl. a+b | carotenoids
Control 4.85 1.53 6.35 2.31
100 5.94 2.47 8.41 2.36
ornithine (ppm) | 200 5.34 1.96 7.30 2.04
400 5.33 2.04 7.37 1.48
; 100 5.24 213 7.37 247
phenylalanine a5 5.00 2.05 3.05 1.96
(ppm) 400 5.22 1.95 747 2.08
LSD. at5% 0.06 0.04 0.08 0.05

(c) Nitrogen, protein, RNA, DNA and total alkaloids:

Total nitrogen and crude protein contents (%) of Datura leaves are
showen in Table (4). It could be concluded that all concentrations of
treatments excepting phenylalanine {400 ppm) significantly increased total
nitrogen or crude protein in Datura leaves. The highest recorded values of
total nitrogen and protein percent were obtained in the leaves of plants
treated with 400 ppm ornithine { 4.01 and 25.06 % ) followed by 200 ppm
phenylalanine ( 3.49 and 21.81 % ) respectively. These results agree with
those obtained by El-Bahr ef al, (1990) on Datura metal and Talaat and
Youssef (2002) on Basil plant. They concluded that some alkaloid precursors
treatment resulted in an increase of total nitrogen or crude protein.

The effect of ornithine and phenylaianine on RNA and DNA (mg/g) in
Datura leaves is presented in the same Table (4). It could be noticed that all
treatments significantly increased RNA and DNA compared with control.
Increasing the concentration of ornithine and phenylalanine caused a gradual
increase in both RNA and DNA mg/g in the leaves. The maximum increase
was obtained with higher concentrations of ornithine and phenylalanine (400
ppm ). On the other hand, all treatments of foliar spray at different rates of
ornithine and phenylalanine induced reduction in RNA/DNA ratio. These
results are in agreement with those obtained by Drumm and Walter (1982)
and Hassanein et ai., ( 1998 ) who feund that the nucleic acid contents (DNA
and RNA} increased progressively during their active growth reaching their
maximum levels when the leaves approach their full expansion.

Table {4) : Nitrogen, protein, RNA, DNA and total alkaioid content of
Datura innoxia Mill, leaves as affected by ornithine and
henylalanine. (Average of two seasons ).

., |Protein| RNA | DMA [RMAJtotal alkaloids conlent | lotal alkaloids content

Treatments | N% | o | mgq | mgig !ONA|  molgdrvweight | mgtotal dry weight
Control 312 | 1850 | 077 | 058 §1.33 326 38 B9
—— T700] 326 | 2038 086 | 067 [128 402 10874
Omithine  =5a =333 | 2081 | 090 | 0.73 [1.23 219 715,92
PM) 50 201 | 25.06 | 099 | 076 1130 233 31 37
—T100] 332 | 2075 | 085 | 075 1113 417 12577
phenylatanine 555151 91 | 563 | 079 (118 305 150.54
(Pm)  300] 320 | 20.00 | 085 | 081 117 525 13356

[SDals% | 011 | 065 | 005 | 008 1010 .07 510
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The data presented in the same Table (4) reveal that the application
pf alkaioid precursors ornithine and phenylalanine, resuited in significant
increase in the alkaloidal content ( mg/g ) and /or (mg per total dry weight ) in
the leaves of Datura innoxia, in comparison to the control. Best results were
obtained with phenylalanine at ( 400 ppm ). While, ornithine at 10¢ ppm gave
the lowest increase of total alkaloids (mg/g). On the other hand, application of
phenylalanine { 200 ppm ) recorded the highest values of alkaloidal contents (
mgftotal dry weight ). Generally, it may be conciuded from the
abovementioned results that phenylalanine treatment had a stimulatory effect
in increasing the alkaloidal content, compared to ornithine. These results are
in harmony with those of Koul etfal, ( 1983), Nyman et al, ( 1893), Ali
(1998) and Reda et al, (1999). They all came to a conclusion that, ornithine
application lead to a significant increase in alkaloid production of
Hyoscyamus muticus and Atropa belladonna. There is a strong correlation
between alkaloid formation and ornithine, This incorporatiun of the precursors
enhanced the production of alkaloid. Also, from the abovementioned data it
could be concluded that, alkaloids content increased in Datura leaves by
application of phenylalanine treatments. These results agreed with the
findings of Ghosal et al., (1985) and Kafarski et al., (1995). They reported that
alkaloids were derived from aromatic acids phenylalanine and tyrosine. In this
connection Ei-Sherbeny and Hassan (1987) and Moursy ef al,, { 1988 } on
Datura stramonium and Ali and Ahmed (1998) on Atropa befladonna,
reported that the application of phenylalanine, caused significant increases in
alkaloids content of the leaves.
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