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ABSTRACT

The air-dried bark of safsaf tree, willow (Salix safsaf was extracted with
aqueous acetone. After the complete evaporation of acetone, some fractions
were separated from the resultant extract by using partitioning between
different solvent systems. One of these fractions (fraction ) was found to be
‘biolo&ically active. In this study it was tested for its insecticidal activity against
* the 4" instar of cotton leaf worm, Spodeptra littoralis (Boisd), and on the 4™
instar of Culex pipiens. Fraction I exceeded its original extract on C. pipiens
in its lethal effect with LGy, equal 1450, 560, 240, 220 and 125 ug / ml in
comparing with 2100, 1300, 1100, 500 and 130 be/miafter 1,2, 3,4 and 5
days exposure and with LTy, equal 4.6, 2.1, 1.5 and < 1.0 days in comparison to
48,42, 3.1 and 2.54 days in case o the original at 200, 500, 1000 and 1500
pg / ml. Fraction Il was more effective in reducing the pupation with EGo
equal 270 pg / ml comparing to 960 Hg / ml due its original extract. Although
fraction IT showed weak lethal effect, it exhibited a great anti-feeding activity
against S. Jittoralis in concentration and time dependant effect with ECspequal
to 160 and 1500 pg / ml after 24 and 48 hours exposure, respectively, Based on
GC-Ms analysis, this fraction appeared to be contain fatty acids; namely
hexadecanoic acid (Palmitic acid, CisH;,0,), octadecanoic’ acid (Stearic acid,
CisH30;) as saturated fatty acids and cis-oleic acid (%Octadecenoic acid,
CisH3402) as an unsaturated fatty acid as well as a flavonoid derivative of
apigenin.

INTRODUCTION
Various medicinal uses from the willow trees have been developed to help

cure stomach pains, fever and headaches, Aspirin, for example, is a derivative
of the willow species (Julkunen and Sorsa, 2001). They showed also that
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applying the bark powder to burns; brewing tea from the leaves to treat
rheumatism, which also acts as a mild Jaxative. Some water extracts from Salix
caprea, Calluna vulgaris and Potentilla erecta were the most potent
cyclooxygenase inhibitors and were active to inhibit the prostaglandin
biosynthesis and platelet activity factor (PAF) induced exocytosis in vitro
(Tunon et al., 1995). Saturated fatty acids (C-15 and C-31) and flavonoids
(apigenin, kaempherol and luteolin) were identified from S. lindleyana, which
has antipuretic  properties (Thapliyal and Bahuguna, 1993). 2°-
Cinnamoylsalicortin as a new phenolic glycoside, was found by Nichols -
Orians et al., (1992) in S. sericea which likely to posses biological activity. An
allelopathic effect of S. babylonica leaf Jeachates was shown on rice seed
inhibiting its germination (Koul et al, 1991). Leaves and flowers of
S boldtiana showed their antitumor and antimalarial effect through DNA
interaction mechanism (Pezzuto et al, 1991). Its leaves and branches were
shown to have anti-inflammatory effect when used as bathing agents depending
on the extraction temperature with improving the blood circulation (Shimizu
et al., 1993). Some phenylpropanoids like triandrin and n -coumaric alcohol
derived from S viminalis showed stimulating action in mice as spontaneous
motor and antihyprotic activities (Sokolov er al, 1990). Kolodziej (1990)
isolated four dimeric and five trimeric procyanidins from medicinal willow
(S. spp) bark, claimed to have analgesic and antipyretic effects. Malterudet. al.,
(1985) found that the isolated flavonoids from the wond of S. caprea were
potent inhibitors of wood-destroying fungi and inhibited some of rotproducing

fungi.

The aqueous extract of willow (S. safsafj bark was fractionated to some
biologically active fractions by partitioning between different solvent systems.
Fraction II, which was isolated from n-hexane layer, was found to be more
active to inhibit of root growth of wheat and squash seedlings with ICsgs equal
170 and 230 ppm, respectively. It was effective against the rice weevil,
Sitophilus oryzae with LCso equal 140 ppm during 2.4 days. It gave high lethal
effects against the terrestrial snail, Theba pisana with LCso equal 56 ppm
(Abdel-Aty, 2003).

40



J Pest Cont. & Environ. Sci. 12 (1/2); 39-54 (2004).

The aim of the present study was pianned to investigate the insecticidal
activities of an isolated fraction mixture from Salix safsaf against C. pipiens and
S littoralis. ’

MATERIALS AND METHODS

Isolation of the tested fractions:

Based on Abdel-Aty (2003), The original fraction (15.43 % of the un
extracted materials) was obtained from S safsaf (Willow) bark by soaking in
70 % aqueous acetone for a month at room temperature and complete
evaporation of acetone as a solid. The original extracted solid was rodissolved
in water and partitioned with petroleum ether (30-40 °C) 7 times. The
petroleum ether free-aqueous laycr was cooled to give a brown precipitate that
was filtered off. The filtrate was extracted with ethyl acetatc 8 times using a
separatory funnel followed by evaporation of the resulted aqueous layer hefore
extraction with n-hexane. Adding toluenc to the n-hexane layer gave a resinous
material thal was dried using the hair dryer and over sodium hydroxide to give
a brown powder identified as fraction II (5.9 % of the un-extracted materials).

Treated insects:
The 4" instar of laboratory strains of cotton leafworm, S. /ittoralis (Boisd.)

and C. pipiens were cultured in the breeding sector of Pesticide Chemistry
Department, Faculty of Agriculture, Alexandria University.

Tested fractions:
Fraction IT and its original extract of S. safsaf (Willow) bark comparing

with Lannate (methomyl), Smethyl-N-[(methyl carbamoyloxy]
thioacctimidate as a comparative commercial insecticide,

Effect of the isolated fraction on Culex pipiens:

The larvae of C. pipiens were treated, in aqueous media, with the tested
fraction at concentrations of 5, 10, 25, 50, 100, 200, 500 and 1000 e / ml for
24 hours. Sixty larvae were divided into three replicates of each treatment.
Number of alive larvae was distinguished and the mortality percent was
caiculated after 24 hours according to Abbott (1925). After 96 hours, the effect
of the tested fractions on the pupation activity of the treated larvae was noticed
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and calculated comparing with control. Lannate was used as a comparative
commercial insecticide. Long-term effect was also studied for five days as
mortality percent was calculated in comparison to the original extract. Both the
lethal concentration of 50 % of the reated population (LGso) and the lethal time
of 50 % of the treated population (LTsp) were calculated on probit paper.

Effect of the isolated fraction on S. litroralis

A laboratory strain of cotton leafworm, S. littoralis (Boisd.), was rarred on
castor bean leaves according to Eldefrawi et al,, (1964). Sixty larvae (in the 4"
instar) were treated in three replicates for each treatment. The tested
concentrations were S, 25, 50, 100, 200, 500, 1000, 2000 and 3000 pg / ml
using the leaf dipping technique as reported by Kubo and Nakanishi (1977)
with slight modifications. The castor bean leaves were cut into equivalent
circles 2.5 c¢m in diameter and immersed in the tested solutions for 30 seconds
and dried before introducing to insects in plastic pots. The experiment was
carried out at 25 + 2 °C and 70 % relative humidity. Control was carried out
under the same experimental conditions. After 24 and 48 hours, the alive
number was counted and the mortality percents were calculated. The
antifeeding activity was observed by comparing the average consumed food of
each larva in control and treatment, determining the percentage of feeding
inhibition according to the formula presented by Abivandl and Benz (1984):

% FI=100 x (C-T)/ C
Where:

Fl, feeding inhibition; C, consumed food/control larva; T, consumed
food/treated larva.

GC-MS Analysis of the active fraction:
It was done on HEWLETT 58590 PAKARD SERIES II Gas

Chromatography coupled with HEWLETT 5989 B Mass spectrometer. This
analysis was carried out in Central Lab. Unit, the High Institute of Public
Health, Alexandria University.
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The used column was HP-5 MS (5 % Dimethy}, 95 % Dipheny!-
polysiloxane) and the inlet temperature was 260 °C. The sample (1.75 pg) was
charged in 4 pl of dimethylformamile (DMF) at a split ratio of 50:1. The
carrier gas was Helium (He) and the analysis temperature programme started at
- 80 °C for a minute and increased with 10 °C / min rate to 235 °C, which was
fixed for 25 minutes. Quadrable (226 °C) as an ion source and MS detector (its
temperature is 270 °C) were used. Sample was bombarded with (70 ev)
electron volt and the mass range was 40- 450.

RESULTS AND DISCUSSION

Insecticidal activity against C. pipiens:

The isolated fraction II was weakly effective with mortlity percents
equal to 0, 7, 13, 20, 30 and 48 % on the mosquitoes larvae after 24 hours
exposure at 50, 100, 200, 500 and 1000 pg / ml, respectively in comparisen to
methomy! as a comparative commercial insecticide, which completely killed
the treated population at 100 ug / ml (Table 1). This preliminary result
encouraged the study of its long-term effect, and it was foamd that the effects of
the isolated fraction II exceeded its original extract of S, sefsafon C, pipiens
larvae for 5 days in its lethal effect with lethal concentration of 50 % of the
treated population (L.Cso) equal 1450, 560, 240, 220 and 125 pg / ml comparing
with 2100, 1300, 1100, 500 and 130 pg / ml after 1, 2, 3, 4 and 5 days exposure
Table (2). Their mortal effects were also time of exposure dependant as the
lethal time of 50% of the treated population (LTs) were 4.6, 2.1, 1.5 and < 1.0
days in case of fraction (1) in comparison to 4.8, 4.2, 3.1 and 2.54 days in case
of the original extract of S. safsaf (willow) bark at concentrations of 200, 500,
1000 and 1500 ug / ml, respectively indicating that the toxic effects on
mosquitoes is referred to its content of this fraction components. It is found that
the studied samples need more than 5 days exposure time to kill more than
50 % of population at 10, 50 and 200 ug / ml. At 3000 pg / ml they proved to
be extremely toxic with LTsp < 1.0 day. At the same time, the two studied
fractions showed sub-lethal effects on the treated larvae pupation. Fraction II
was the most effective fraction in reducing the pupae population with effective
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concentration on 50 % (ECso) equal 270 yg / ml comparing to 960 pg / ml in
case of the original extract (Table 3).

Table (1): Effect of the separated fraction from S. safsaf (Willow) onC. pipiens
larvae; shown as mortality percents . :

. o . .
cone Mortality % at different concentrations g / mi) LCs
0 5 10 25 50 100 200 500 1000
Lannate 0 67 70 83 93 100 <35

FractionI] 0 0 0 0 7 13 20 30 48 > 1000

Effect on S. litforalis:

Although the tested fraction (Fraction II) showed no lethal effect at less
than 500 pg / ml followed by a very low mortal effect against the treated larvae
within the exposure period as it gave 10 % and 15 % mortalities after 24 and 48
hours respectively at 5000 pg / ml (Table 4), It exhibited a great antifeeding
activity against the untreated iarval population in concentration and time
dependant effect. It caused feeding inhibition percents ranged from 9.8 to 78.4

UL PUILIMATIL wiiVeee &5 BEMSLAS SRR 0
a

after 24 hours exposure in comparison to control with effective concentration
on 50 % of population feeding activity (ECso) equal to 160 ug / ml. This effect
was diminished to range from 2.8 to 61.1 % inhibition after 48 hours exposure
comparing with the untreated popuiation with effective concentration on 50 %
of population feeding activity (ECso) equal to 1500 ug / ml. This reduced effect
may due to the adaptation of the treated worm to the used toxicant or due to
being hungry. This fraction was found to be less toxic than the used insecticide
(Lannate) as it caused 58 and 39.8 inhibition percents at 200 pg / ml in
comparison to 99.1 and 100 in case of Lannate (Table 5).
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Table (2): Effect of the sep4rated fraction from . safsaf (Willow) onC: pipiens
larvae; shown as mortality percents, LCso and LT values.

. Mortality % at different times (Days) LTs
Fraction Cone. D
1 2 3 4 5 (Days)
(ng/ml)
Control 0 0 0 0 0
10 0 0 12.5 16.7 229 >5
50 0 42 14.6 229 31.3 >5
100° 0 10.4 16.7 27.1 43.8 >5
200 6.3 18.8 313 43.8 58.3 4.8
Original 500 8.3 25.0 31.3 50 77.1 4.2
extract 1000 188  27.1 41.7 62.5 91.7 3.1
1500 292 41.7 50 75.0 100 2.54
3000 625 72.9 100 100 100 <1.0
LCs, 2
(gl 2100 1300 1100 500 130
10 0 2.8 10.4 27.1 43.8 >5.0

50 83 167 250 313 437 =50
100 146 250 318 417 480  >50

200 18.8 313 41.7 459 54.2 4.5

500 354 47.9 62.5 74.0 938 4.2
Fraction1l 1000 45.8 54.2 70.8 91.7 97.7 3.1

1500  50.0 70.8 91.7 100 100 <1.0
2000 625 72.9 100 100 100 <1.0
3000 854 100 100 100 100 <1.0
LCsy 1450 560 240 220 125

(ug/ml)
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Table (3): Effect of the separated fraction on the mosquito larvae pupation after
96 hours.

Pupation % zt different concentrations { pg / ml}

Compound ECs
o s 10 25 S0 100 200 500 1000
Original 00 100 100 100 95 8 78 60 35 960
extract
i 100 % 8 s 67 6 53 27 ¢ 270

Table (4): Effect of fraction 11 from S. safsaf (Willow) on the cotton leaf worm
(S. littoralis);, shown as mortality percents.

Mortality % at different concentrations (pg/ml)

Time of
Compound
exposure
05 25 50 100 200 500 1000 2000 3000 5000
Lannate 24 hr 0o 55 65 g0 100
48 hr 00 60 75 9) 100
Fraction il 24 hr 00 0 0 0 0 0 5 5 5 10
o 4% hr 60 O 0 0 1] 5 5 5 15 15

GC-MS- analysis of fraction I1
GC-MS analysis of fractionII, separated from the S. safsaf, willow bark is

shown in Table (6), from which it was found that the major constituent
appeared at a retention time () of 15.32 to 17.72 minutes. This region contains

fatty acids, which is 65.06 % of the total peaks area.
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At 15.32 minutes retention time (10.22 % area) the compound having a
molecular weight equal to 282.26 appeared to be cis-oleic acid with 98 %
matching quality (The highest quality of the predicted compounds and the other
appeared molecules should be its molecular fragments). Its mass spectrum
showed its fragments at m/e = 264, 238, 222, 125, 97, 69, 55 and 44 which are
the same of the standard compound emphasizing that this compound is cisoleic
acid (9-octadecenoic acid). This fragmentation process could be explained as

follows:

-CH, - CHy

e *CH,«CH,),-CH=CH, 4CH,-CHy{CHy);-CH=CH,
m/e =69 mie=97
*CH,CH,-CH=CH,
mie = 55 1
-co
CHy«CH)CH=CH" *CHp(CHy)5- CH=CO
mfe =139 1 m/e = 125

CH,-(CHy)-CH=CH-{(CHp),-CH'=CO
m/e= 264

1 -H,0
CH;<CH,)-CH=CR-(CH;)r-COOH
m/e= 181

- 00,

CH;-(CH,);-CH=CH-{(CHy),-CH,CH;"

- CV twie =238 \-L;Ha-(CH;)-;-

CH4~(CH,)-CH=CH-CH)(-CHy" CH,«CH,), -CH=CH," !
mig =222 mie =125

Fragmentation pathways of cis-oleic acid (9-Octadecenoic acid)

a8 E
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The compound with molecular weight of 254.23 (jts structure formula is
CisH30;) identifi-ed as palmitoleic acid with 55 % matching quality. At a
retention time of 15.49 minutes (17.0 % area) with 98 % matching quality a
compound with molecular weight of 256.24. The fragments of this isolated
. compound appeared at m / e = 256, 213, 129, 73, 57 and 43, the same of the
standard palmitic fatty acid as follow:

*CH 5-(CH 3),,-CH 3 COOH CH 4-(CH 1)13-CH,*
mie =217 mie =213
+H
. CH,;.CH, CH 3-(CH 3}13-CH , COO H .¢o,
' m/e =155
’
JCH,.CH,-CH,-
oM *CH 3-(CH 3),4-CH , CO OH
mie =213 ﬁ -2C,yH,
+
CH 5-{CH ;)4-CH, COOH .
: 5”' "21';5 : CH 3-(CH ;)¢-CH, COOH
m/iew |87

i-co,
o]

"CH 3+(CH ;)¢-CH 5
2 -2C4 H
w/ew 129 *CH,-CH, €00 H =228 +ey . (cy.y,-CH, COOH

e =13 mie= 129

Fragmentation pathways of hexadecanoic acid (Palmitic acid)

From the fragmentation pathways surely that this compound s
hexadecanoic acid (palmitic acid), In the same manner, Tetradecanoic acid
(Myristic acid) with molecular weight equal 228.21, (Cy4H2037), Pentadecanoic
acid (CysH0,) with molecular weight of 242.23 and heptadecanoic acid
(Margaric acid) (M.w = 270.26, Ci7H34Q) with 92, 78 and 60 % matching
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quality. These acids could be considered as the major compound fragments by
loss one or more CH; group. The compound (CistheO2, 284.27) was eluted at
15.71 minutes retention time with 10.81 % of the total peaks area and with
96 % matching quality with stearic acid (octadecanoic acid). Its fragmentation
pathways emphasized its structure as the jsolated compound gave 284, 256
(M-28), 213 (M-73), 185 (M-99), 129, 97, 57 and 44 m / e fragments that are
the same of the standard stearic acid fragments. Heptadecene-8Carbonic acid-
(1) and cis-oleic acid with 96 % and 98 % maiching quality (1242 % of the
total area) were predicted at 17.22 minutes. Because of cis -oleic appearance
before at 15.32 minutes with the same quality, it could be thought that the
ciuted molecule is heptadecene-8-carbolnic acid (1). Stearic acid (octadecanoic
acid, 95 % quality and 7.93 % area) was eluted at and 17.42 minutes retention
time accompanying with tetradecanoic acid {C142302, 42 % matching quality)
and pentadecancic acid (C19H3002, 38 % matching ‘quality), which could be

considered as its fragments.

Another compound having the structural formuia of C;120s was appeared
and it was identified as follows:

It can be suggested that from its formula, it is a methylated flavonoid
structure because the skeleton of the flavonoid is C;s only. It has only five
oxygen atoms that means no oxygen atom on the carbon atorn number 3 (3C-H
not 3C-OH). Twelve hydrogen atoms indicate the presence of (2C=3C) double
bond. So among flavonoids have been isolated from the plant Salix sp, this
compound could be identified as a methylated derivative of apigenin that was

isolated by Thapliyal and Babuguna (1993).

r,//' OH(CHa}
i
HO N 0 =y i
o8
eH O
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Table (6): GC-Ms analysis of fraction II, isolated from the willow bark, Salix
safsaf :

Retention % Molecuiar Match. Structure
time (min.}  Area weight quality formula

Identified compound

282.26 98 CisH,,0, Cis-Oleic acid
: B3z 102 o 5 CigHnO, Palmitoleic acid
256.24 o8 CieH320, Palmitic acid
228.21] 92 Cqust Myrsitlc acid
2 1549 - 170 24223 78 CisH;,0, Pentadecanoic acid
. ’ Heptadecanoic acid
27026 60 C;H.,0; (Margaric)
3 15.71 10.8 28427 96 CisH;,0, Stearic acid .
298.29 43 Ci1sH30, Nonadecanoic acid
Heptadecene- 8-
¢ m g 2226 o g“g“gz Carbonic acid~(1)
' Rt Cis-Oleic acid
284.27 95 CisH350, Stearic acid
5 17.42 7.93 228.21 42 CiHs0;  ~  Tetradecanoic acid
24223 38 CioH350, Pentadecanoic acid
6 17.72 6.73 284.07 CieH205 Apigenin- methy|

It could be concluded that this fraction contains fatty acids mainly cis-
oleic, palmitic, stearic and myristic acids as well as the methylated derivative of
apigenin flavonoid. These results agree with Thapliyal and Bahuguna (1993) as
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they isolated fatty acids (C15 to C 31) and apigenin among other flavonoids
from Salix lindleyana.
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