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The Inhibitorv Effect of Some Probiotic on Some
Diarrhea Causing Pathogens

Karvther tl.lbrahenr AL- llaielan Dept.ol'Microbiology.College of Science AL-
Mustansiriy:r Universi$'
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Lactobacillus acidophilus ,Bilidiobacterium bitidium ,Saccharomyces boulardii

fl-S 4i..al 4.I*ll UJisr-ll e,aLij 4+Jralt !-i$l ,-;+ $ Saccharoinyces cerevisiae

E.coli, Shigella flexneri,S almonella typhimurium
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ABSTRACT
The study included detecting the antimicrobial activity of some

probiotics ( Lactobacillus acidophilus, Bifidiobacterium bifidium
,saccharomyces boulardii and Saccharomyces cerevisiae) against

some enteric bacteria especially G-ve bacteria (E. coli' Shigella

flexneri and Salmonella typhimurium).
Susceptibility test of bacterial isolates to some antibiotics showed a

considerable resistance to Ampicillin (1 00%),Amoxillin(837o)'Tetr
acycline,Trimeth op ri nre (7 5%) a nd Ch lo ra m phen icol(50%, ).as well :rs
they lvere sensitive to Nalidixic acid and Neontycin(83%)and
Cefotaxime(66o ). To detect the best incubation time rvhich gives the

highest inhibitory effect,probiotic isolates were grolYn

in(GlucoseYeast Ertract Pepton and Man Rogosa Sharpe broth

t
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nre(lia) li)r various incubation periods(2.1.J8 and 72hrs.) to obtain the
highest inhibitory effect to the probiotic I'iltrates and their
concentrates on bacterial grolvth.

The result sholved incubation period of ({8hrs.) w'as the best
incubation period Ibr probiotic to produce inhibitory materials
xgainst bacterial isolates under this study w'hile their concentrated
filtcrates (1,2 folds) e.rhibited the best inhibitory effects than
u nconcentrrted fi lterates.

INTRODUCTION
ln developing cou ntries,incidence of infectious diarrhea is very

high due to poor sanitation and n utritio n. Dia rrhea is a common
gastrointestinal problem,but an inexpensive and effective probiotic
also has ava lue.Probiotics have been shorvn to reduce the incidence of
diarrheal episodes and facilitate the recovery rvhen used as an adjunct
to oral rehydration therapy for acute diarrhea (l)

Elie metchnikoff lvas first introduced the probiotic concept in
1908,u hich observed the long life of Bulgarian rvho consumed
fernrented milk food(2;.

The term "probiotic'' rvas originally used by Lilley and still in 1965
for substance that stimulates other microorganism growth (3),while
Fuller defined probiotics as alive microbial feed supplement that
bcneficially effects the host beyond correcting for traditional nutrient
deficiencies by improving the intestinal balance(4).

The term probiotic was derived from the Greek meaninig"for life"
or" friendy bacteria "(S).Functional foods and nurraceuticals can
prevent and treat diseases,yogurt and other fermented milks
containing probiotics may be considered the first functional food.The
most frequently probiotic used (bacteria and yeasts) include the
Lactobacillus, Bifidiobacterium and Saccharomyces(6)

These organisms are non pathogenic and tox igenic,, retain viability
during storage and survive passage through the stomach and small
borvel(7).The benefici:rl effects of probiotic consumption are including
promotion recoverJ/ .[rom diarrhea positive influence on intestinal
Ilora,inhibition of pathogen growth,prevention of intestinal tract
inl'ections and stimulation of gastroin testin a I immunity(8) .But et
al.(9) have shorvn that oral ingestion of Saccharomyces cerevisiae by
human volunteers resulted in marked increases in the specific and
total activities of brush border membrane d isac ha rridases.

One u'ell-knorvn mode of action of probiotics is their antagonistic
activitY ag:rinst intestinal pathogens,also calted bacterial

，
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interference,this activity may be due to the production of specific
antimicrobial substance such as bacteriocins or microcins(10).
I)robiotics have been studied in the prevention and treatment of
traveler's diarrhea,as well as the treatment of crohn's disease-
associated dia rrhea,AIDs-associated d iarrhea and acute ctiarrhea( I I ).
Saccharomyces boulardii or Saccharomyces cerevisiae, a commercial
bakers yeast was used as a potential biotherapeutic agents in
combination with standard antibiotics for the treatment of
clostridium difficile- associatecl diarrhea ancl colitis(12).
The aim of this study lvas to detect antibacterial activity of some
selectable probiotics(lactic acid bacterih ancl yeasts) ancl the best
incubation period for probiotics under this study to obtain the highest
inhibitory effect against some of diarrhea causing pathogens.

MATERIALS AND METHODS
Samples collection:

Atotal of (25) samples of stool and reactal slvab were collected from
diarrhea patients in teaching laboratory of Baghdad,then bacterial
isolates were cultured on blood and Macconkey agar media at 37.c for
24hrs.aerobically.
Identification:

Depending on their cultural,morphological as well as biochemical
characterization of bacterial isolates. twelve isolates were identified as
(5) Escherishia coli,(S) Shigella flexneri and (z) Sarmonella
typhimurium.moreover the identification lvas verified by using
API2OE system according to (13).
Probiotic isolates:

Acommercial brand of ready powdered of probiotics were used :-
Saccharomyces boulardiirSaccharomyces cerevisiae (baker's
yeast),Lactobacillus acidophilus and Bifidiobacterium bifidium
obtained from college of science-Al Mustansiriya University.
Antimicrobial agents susceptibility test
Antimicrobial susceptrbility test using disk diffusion rvas performed
by the procedure recommended by the National Committee for
C linical La boratory Standards(NCCLS)( I a).Interpretative cha rt for
disk diffusion tests lvere these described in the current National
Committee for Clinical Laboratory Standards documents(l5). The
follolving disks and their concentrations in (pg) \vere used:
Antoxicillin(30pgicl isc),Neomycin(l0pg/disc),Cefotaxim(30pg/disc),Tet
racycline(30pg/disc),Ampicillin(l0pg/disc),Trimethoprim( l.29prglclisc)
,Chloramphenicol(30pg/disc) and Nalidixic acid(30pg/disc). (clisks
lvere obtained from Oxoid/England).
Determination of the inhibitory effect of probiotics
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Man Rogosa Sharpe broth and Glucose Yeast Ertract Pepton broth
Were inoculatetl by' I %(l08cell/ml) of Lactobacillus
acidophilus,Bifi diolbacterium bifi dium,Saccharomvces boulardii and
Saccharomyces cerevisiae (baker yeast)cultures then inocubated
anaerobically and zrerobically at 37'c for various periods of
times(24,:18 and 72)hrs.(l 6)
After incubation the culture was centrifuged at 4500 r.p.m. the
supernatant was filtered through millipore filter unit(0.22mm),then
the Well diffusion method mentioned by (17),was used on nutrient
agar.The plate was inoculated with 0.lml of pathogenic bacterial
broth using spreader. u ells rvere made in nutrient agar by cork
borer(Smm) and filled by the filterate (l00pl ) of probiotic isolates
before incubated at 37oc for 24hrs.The inhibition area around the well
was measured by(mm).The filtrate rvas concentrated by the freeze-
dryer(one and two folds) and the rvell diffusion method was repeated
to detect the effect of concentrated filtrate against the pathogenic
bacteria.

RESULTS and DISCUSSION
Out of twenty five of Gram -ve bacteria obtained (12) isolates were

identified including (5) Escherishia coli,(S) Shigella flexneri and (2)
Salmonella typhimurium

The antimicrobial agents susceptibility test of the isolates were
performed against (8) different agents including:
Amoxicillin(AX),Neomycin(N),Cefotaxim(CTX),Tetracycline(TE),Am
picillin(AM), Trimethoprim (TMP), Chloramphenicol(C) and
Nalidixic acid(NA).

Our results have been shorvn (table l) that some of bacterial
isolates under this study were susceptible to cefotaxim,nalidixic
acid,neomycin and choramphenicol, while they rvere resistant
to Ampicillin (100%),Amoxillin(83%), Tetracycline,Trimethoprime
(7 5o/o) and Chloramphenicol(50%).
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NA:na lidixicacid,N:neomycinrCTX:cefotaximrC=choramphenicol,
TE:tetracycline,ANi: a mpicillin, TMp:trimethoprim, AX:a moxillin,
S:sensitive, R:resistence

Agreat variation in the response of isolates towards the probiotic
filterates (un concentrated and concentrated (1 and 2 folds) was
o bserved (table 2 13 14,5 161718r9rl 0).

The antimicrobial activity of probiotic isolates against testing
bacteria on (MRS,GYEP broth) media under (24,48 and 72)
hrs.Incubation was estimated by using well diffusion method.

Our in vitro experiments showed (table 3,4) that concentrated
fi lterates of probiotic (Lactobacillus acidophilus,Bifidiobacterium
bifidiumand,Saccharomyces boulardiia) showed strong inhibitory
effect against Salmonella. typhimurium(1), Shigella
flexneri(2,4),E.coli(2,4) isolates compared with other isolates , rvhile
Saccharomyces boularJii and Saccharomyces cerevisiae had a little or
no effect on the grorvth of Shigella flexneri(5),E.coli(1,3,4) isolates.
This result came compatible with Al-Dulaimy( 30) when noticed that

concentrated filterates of LAB showed a good inhibitory effect against
Salmonella typhimurium when given to mice before and after
infection,in the same time Al -Khalidi(3l ) rvrote in her thesis that
Lactobacillus acidophilus possessed antimicrobial activity better than
other LAB isolates against some of pathogenic bacteria.

Diarrhea is a common gastrointestinal problem especially in the
developing rvorld .it can result from multiple aetiologies.probiotics
have been shown to prevent and assist the recovery from many types
of diarrhea (1) .A number of probiotic like (Lactobacillus

ab : Antirnicrobial asents Susceptibilitv Test o bacterial isolates
NA N CTX C TE AM TⅣIP AX

Sh。 1lexneril S S S R R R R R

shonexner12 S S S S R R S S
Sh.flexner13 S R S R R R R R

Sh.flerneri4 S S S R R R R R

Sh.flexneri5 S S R R R R R R

S.tl'phimuriuml S S R S R R S S

S.typhimurium2 R R S R S R S R

E.colil S S S S R R R R

Eocoli2 S S S S S R R R

Eocoli3 R S S S R R R R

Eocoli4 S S R S R R R R

Eocoli5 S S R S S R R R
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acidophilus,Bifidiobacterium bifidium,Enterococcus
faecium,Saccharom)'ces borrlardii) have been shou'n to prevent or
tre:rt diarrheal disease (18 ).

After (48) hrs. incubation, the probiotic isolates exhibited increased
inhibitory effect against enteric bacteria under study as observed by
formation of alarge inhibition zone compared rvith (24 and 72)
hrs.,while concentrated filterates (l fold) of Saccharomyces cerevisiae
had alittle or no effect on most of isolated bateria especially
Salmonella typhimurium( l), Shigella fl exneri( l.'3,1,5),E.coli(3'5)
iso lates.

Our results demonstrated that incubation period ({8) hrs. rvas the
best incubation period for probiotic isolates to produce inhibitory
material against diarrhea pathogens and concentrated filterates of
probiotics showed highest inhibition zone against bacterial isolates
under this study compared with un concentrated
one(tab|e3,4,6,7,9,10 ),'vhile there was no effect by Saccharomyces
cerevisiae observed against all isolates after( 12) hrs' incubation.

Clinical studies have shown that certain probiotics may be useful in
treating avariety of diarrheal disorders(19 ).

Microbial balance was an important factor in the maintenance of
intestinal homeostasis and yogurt or fermented milk supplementation
has been proposed to control diarrheal diseases(20 ).

Shahani et al.(21 ) reported that probiotics might also help
maintain a low acidic pH in the intestines to help inhibit the growth of
harmful bacteria. Lactobacillus acidophilus produce lactic acid,acetic
acid,benzoic acid,hydrogen peroxide and natural antibiotics known as

bacteriocins and microcins,so our conclusion about inhibitory effect
of Lactobacillus acidophilus was related to H2O2microcin production
or acidity and that came compatible rvith this report above because
the acid helped to reduce the pH of the intestinal surface area and
killed diarrhea pathogens,while H2O2 helped to inhibit the growth of
harmful bateria(Z2'1.

Black et al.( 23) treated( 44) Danish tourists rvith mixture of
Lactobacillus acidophilus, Lactobacillus bulgaricus,Bilidiobacterium
bifidum found frequency of traveler's diarrhea n'ls reduced from( 7l
to 13o/o) .

Moreover,Blomberg et al.(24 ) reported that conrpetitive inhibition
of bacterial attachment sites on epithelial surfaces rvas another
nrech:rnism of Lactobacillus acidophilus has been sho* n to inhibit the
attachrnent of E.coli to mucosal cells in pig ileunt.

As rvell as, the use ofyeasts in the treatnlent ofacute diarrhoeal
activity and safety.Saccha romyces boulardii has frrnctional properties

０́
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sinrilar to those of the iiormal intestinal flora rvith natural resistance
to antibacterial agents(2s ).

Further more, the effect of the yeast Saccharomyces boulardii
which has been used so far mainly in the treatment of acute diarrhea
and in the prevention of antibiotic- associated diarrhea were
attributed to its inhibitory effect on the growth of intestinal germs
and to the neutralization of toxin and to increase the activity of brush
border disaccharidases in human volunteers.(26 ). In the same as ,

Zbinden et al.( 27) investigated in vitro experiments that
Saccharomyces boulardii inhibited not only growth of S.typhimurium
and Yersinia enterocolitis but also their invasion in to hela cells.

Viable yeast lvere recently used to improve the resistance of the
intestinal ecosystem to bacterial infection,hypotheses inhibition of
bacterial toxin production or neutralizes the enterotoxicity of E.coli
toxins and Vibrio cholera toxin by produced a l20KDa protein able to
neutralize the effect of cholera toxin(28 ).

Bifidiobacterium showed that a colonization resistance mechanism
against S.tyhimurium in hurnan by lowering the ph level and presence
of short chain fatty acids and stimulated the immune system by
enhance(IgA).Besides that,(Ibrahim and Bezkorovainy) reported that
organic acids of Bifidiobacteria served as anti-infectious agents(29 ).

Table(2):Effect of Unconcentrated Filterates of Probiotics(24hr) on
Diarrhea Path

Diameter of inhibition zone (mm) of enteric
oathocens
Salmonella
tyhimurium

Shigella flexneri Eocoli

■

■
７

“

■
■ 2 3 4 5 1 2 3 4 5

L.acidophilus 20 ７

“ 12 12 12 16 13

B.bifldium

S.boulard五 ■
■

■
■ 14 ″Ｄ

■
■ 18 15 16 16 12 16

S.cerevisiae

(-):no inhibition zone.
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Table(3):Effect of Concentrated Filterates(l fold) of Probiotics(24hr)

0

Table(4): Effect of Concentrated Filterates(2 fold) of Probiotics(24hr)

0

(-):no inhibition zone.

Table(S):Effect of Unconcentrated Filteratesof Probiotics(48hrs) on

D

Enteric Diameter ofinhibition zone(mm

Salmonella
tyhimurium

Shigella flexneri Eocoli

1 2
，

“ 3 4
″
Ｄ

，

“ 3 4 5

L,.acidophilus 25 17 25 25 ″ｂ 20 17 17 16 15 18 15

Bobifldium 20 21 20 25 17 20 13
″
Э 18 15 16 14

S.boulard五 13 14
″Ｄ 18 “Ｄ 18 18 13 18 14

S.cerevisiae 15 一Ｄ 13 ″Ｄ
″
ｂ 20 15 15

(―)=nO inhibition zone.

n Diarrhea Pat
N E.t".t. Diameter of inhibition zone(@

PrttS

Salmonella
tyhimurium

Shigella flexneri Eocoli

■

■ 2 2 3 4 ”
Ｄ 1 2 3 4 5

L.acidophilus 25 20 25 25 一Ｄ ”Ｄつ

“ 17 17 18 16 18 16

B.bifldium 22 23 20 25 17 20 ”
Ｄ 16 18 16 18 14

S.boulard五 16
”
３ 20 18 ″∋ 18 ″∋ 18 15 18 14

S.cerevisiae 20 18 20 18 16 21
一Ｄ 16 13 16

iarrhea Pa ns

Enteric

:Probiotics

E)iameter ofinhibition zone(mm)Of enteric Pathogens

Salmonella
fyhimurium

Shigella flexneri E.coli

１
■

，

“
2 3 4 ″Ｄ 1

つ
´ 3 4 ″Ｄ

L.acidophilus 18
″
Ｄ 16 18 16 20 16 17 18 16 18 16

B.bifldium 18 16 18 18 18 20 18 20 20 19 20 19

S.boulardii 13 13
´
Ｄ 17 ”

３ 13 一Ｄ 14 16 ″
Ｄ 16

S.cerevisiae 13

f)i,n rrh ee
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Table(6): Effect of Concentrated Filterates(I fold) of Probiotics(48hr)
on Diarrhea Path

Table(7):Effect of Concentrated Filterates(2 fold) of Probiotics(48hr)
on Diarrhea Path

Table(8): Effect of Unconcentrated Filterates of Probiotics(72hr) on

Diarrhea Pathogens

rrhea ns

Ente ric Diameter of nhibition zone(mm) of enteric pathogens

Salmonella
tyhimurium

Shigella flexneri Eocoli

1 2 1 2  3 4 5 1
●
４ 3 4 ″Ｄ

I L.acidophilus 21 20 25 20 16 20 25 22 18 20 18 20

B.birldium 21 20 25 33 20 20 20 24 20 24 20 20

S.boulard‖ 17 20 13 15 17 16 14 20 16 17 20 16

S.cerevisiae 16 ″Ｄ 16 ″Ｄ 16

(-):no inhibition zone.

rrnea ra ns

Enteric Diameter of nhibition zone(mm) of enteric pathogens

Salmonella
tyhimurium

Shigella flexneri Eocoli

2 1 2 3 4 5
■
■ 2 3 4 ″Ｄ

L.acidophilus 23 22 27 30 20 25 25 23 18 25 20 20

B.bifldium 21 21 25 35 20 20 21 27 20 26 23 24

Soboulard五 18 20 15 25 20 17 15 20 16 18 17 17

S.cerevisiae 16 16 16 25 15 16 12 17 15 14 16 14

Enteric Diameter of inhibition zone(mm) of enteric
pathogens

Salmonella
tyhimurium

Shigella flexneri E.coli

，

“ 1
，

“ 3 4 ″Ｄ
７

“ 3 4 ″
Ｄ

L.acidophilus ″Ｄ 17 17 18 15 20

Bobifldium 17 17 20 18 17 18 20

Soboulard五

S.cerevisiae

(-):no inhibition zone.

9
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Filterates( I fold) of Probiotics(72hr)Table(9): Effect of Concentrated
on Diarrhea Path

(-):no inhibition zone
Table(l 0): Effect of Concentrated Filterates(2 fold) of Probiotics(72hr)

on Diarrhea Path
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ens
Enteric

thogens

Probiotics

Diameter of inhibition zone(mnr) of enteric path

Salmonella
tyhimurium

Shigella flexneri Eocoli

2 2 3 4 ″３ 2 3 4 Ｄ́

[,.acidophilus 20 20 20 24 16 20 18 17 15 16 15

B.bifldilHll 20 ″ｂ 20 20 17 16 22 22 18 19 18

Soboulard五 15 20 16 16 18 18 18 15 16 ″Ｄ

S.cerevisiae

Diameter of nhibition zone(mm) f enteric pathogens

Salmonella
tyhimurium

Shigella flexneri Eocoli

2
，

“ 3 4 ｂ́
，

“ 3 4 ″
Ｄ

L.acidophilus 25 25 35 30 30 28 “Ｄ，
“ 25 23 19 21 22

B.bifldillIIl 20 17 20 20 27 20 20 20 22 20 19 18

S.boulard五 16 25 20 つ

“

つ

“ 18 20 23 18 ”Ｄ 16 ″Ｄ
■
■

i S.cerevisiae

(-):no inhibition zot,g
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ABSTRACT

Esculetin added at the beginning of culture of Concanavalin-A
stimulated tymphocytes showed a dose-dependent cytotoxic effect.
Complete cytotoxicity was seen at 62.5 pM esculetin treatment' and
the lethal concentration fifty (Lc50) was 7.5 pM. As little as 0.25 pM
esculetin showed 6.6'/0 cytotoxicity compared to the control. With
CTLL-I6, an lL-2 dependent cytotoxic cell line, gro\ryth didn't
demonstrate any significant cytotoxicity in the presence of esculetin.
Rather, this cell line showed 8oh growth stimulation at 0.25 pM
esculetin treatment.

In the complete allogeneic primary lymphocyte culture (MLC)
response, complete inhibition was achieved with 32 pM esculetin'
whereas in the secondary MLC, complete inhibition required 64 pM
esculetin. Fifty percent inhibition of primary and secondary MLCs
were achieved with 12 and 20 pM esculetin respectively.

In two-ways MLC, it was shown that esculetin inhibition at low doses

was partly due to cytotoxicity and the inhibition was mainly due to
cytotoxicity at high esculetin doses. The results are discussed based

う
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on csculetin effects on the availability of target sites in immune

effector cells.

INTRODUCTION

Esculetin (6,7-dihydroxycoumarin) is a polyphenolic compound (1)'

It is a rveil known inhibitor of the enzyme lipoxygenase (Lo) (2-5)'

Recently, studies of the effects of the compound demonstrated it's

inhibition of human lvmphocyte proliferation and human cytotoxic

lymphocyte (CTL) generation in vitro (6)' The lipoxl'genase inhibitor

.r.,,t"tin, rras shorvn to inhibit: lymphoitt and nryeloid stem cells in

vitro (7), granulocyte-monocyte cotony forming cells (clonal

p.olifeiuiion) in vivo (8), as well as tumor cell proliferation (9-l l)'
Theanti-proliferativeeffectsofesculetinrvereattributedto
leukotrienes biosynthesis inhibition as wetl as to a dose-dependent

inhibition oftyrosine kinase and DNA synthesis (12-13)' Recent study

demonstrated a selective anti-tumor effect of the compound against

11'nrphoitl tumor cell lines (17). In this study, the effect of esculetin on

iroiiferating mouse CTL and CTLL-16 cytotoxic cell line is further

explored.

MATERIALS AND METHODS

Esculetin

6,7-dihydroxycoumarin rvas supplied from Fluka, AG' Switzerland'

ih. 
"o_pound 

was dissotved in deionized water and solubilized with

traceamountsoflNsodiumhydroxide.Dilutionsofthecompound
were made rvith double strength Clicks medium and used in the

experiments.

Mice

Eight rveeks old inbred strains of mice included: Bl0(H-25, B10'S(H-

2'f and Bl0.7R(H-2t'). They were purchased from Olac' Ltd'

Blackthorn, England.

Culture medittm

Click's medium (Biochrom, Berlin, FRG) supplenrented rvith l07o

heat inactivated fetat calf serum, t0 mM Heps buffer, 5xl0-' M 2-

mercaptoethanol and antibiotics.

11
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Cell suspension

Single cell suspensions were prepared from spleens. The erythrocytes
lvere lysed by three minutes in 0.15 M NH4CI and washed rvith the
medium. Cell viability was checked with the eosine-Y exclusion test.

Concanavalin A (Con-A.) Stimulation

L-vmphocytes of BALB/c were cultured at 2xl0{ cells/well in a flat
bottom 96-well microtitraion plate (Nance, Roskide, Denmark), with
100 pL of Click's medium containing 2 pglml Con-A (pharmacia,
Upssala, Sweden). Esculetin concentrations prepared in 100 pL
medium were replicated onto cells. Incubation was at 37oC in a

humidified 5o/o COz incubator for three days. Viability was

enumerated by the MTT-assay (14). Results were expressed as mean
*SD.

The CTLL-16 cytotoxic T-lymphocyte line was cultured at 2xl0a
cells/well in 100 pL of Click's medium in the presence of l0 U/mL
interleukin-2 (lL-2), (a gift from Dr. Claus Heeg, university of Ulm,
FRG). Treatmen with esculetin, incubation, and processing for MTT-
assay were as shown aboYe.

Pi'imary Mixed Lyrnphocyte Culture (Primary-MLC)

The procedure of Kabelitz and Al-Jorany (q' with ^ slight
modification was followed. Responder B10 (H-2) lymphocytes at
Sxlos/mlJ were mixed with 5x10s/mlJ B-10. s (H-2') stimulator
lymphocytes that were irradiated at 2000 Rads at a rate of 518

Rads/minute (Cs source Nuclear Data, Frankfort, FRG). The cells

rvere distributed at 100 pllwell in ^ 96-well flat bottom plate.
Esculetin concentrations in 100 pL of Click's meclium were

replicated onto MLC cells and incubated at 37oC in a humidified 5%
COz incubator for three days. Six hours before the termination of
culture, the cells were pulsed with 0.5 pCi Hr-Thymidine (specific

activity 6.7 Cilmmole), (New England Nuclear, Dreieich, FRG)-

Cultures were harvested onto filter papers using Skatron cell

harvester and were processed for counting using a Packard liquid
scintillation counter. Control cultures included ^ responder and

stimulator cell mixture only. Results of triplicate readings rvere used

to calculate oh inhibition using the formula C - T x 100, rvhere C

is the control reading and T is the test reacling. C
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Secondary-M LC

Primarv bulk MLC rvas preparetl as follous: responder and

stimulaior cells 50x10(' cells Bl0(H-2h) and 50r10" cells B'10'7R (H-

2t') respectively. Cells rvere cultured in 50 mL of Click's medium in

f-ZS nasfs at an uprrght position' at 37oC, in a hmidified 5' COI

incubator for 3 da,vs' Cells were harvested and viable cells were

separated using Ficoll-hypaque gradient'

Secondary MLC rvas prepared by culturing 2xl0r cells/welt

.".ou...,i from primary butk-MLC in 100 pL of medium in a 96-

well, round bottom plate in the presence of 5 U/mL IL-2' Esculetin

concentrations prepared in 100 pL of medium rvere replicated onto

cells, and incubated for 2 days at 37oC in a humidified 5% CO2

incubator. Cells tvere pulsed rvith 0.5 pCi of 'H-TdR and processed

as for primary MLC. Results of triplicate readings lvere used to

calculate 7o inhibition.

Al- lluslnnsiriltl J. Sci
\ ol. 18, \o 2, 2007

Trvo-rvay M LC

This was done by culiuring 5xl0s BALB/c (H-2d) and 5xl0s viable

C57 BLt6 (H-2b) lymphocytes in 100 pL of medium in a 96-well' flat
bottom plate. Esculetin treatments were as above' After 3 days of
incubation, viable, small, blast cells as well as non viable cells were

enumerated visually using Eosine-Y as the viability stain' Results

were expressed as the mean of triplicate readings'

RESULTS

Esculetin added at the beginning of culture of Con-A stimulated

lymohocyte dose-despondently was cytotoxic to mitogen stimulated

cells (Table l). Complete cytotoxicity as revealed by MTT-assay was

accomplished at 62.5-150 pM esculetin. The lethal concentration fifty
(Lc50) rvas 7.5 pM lor this response, and 95oh cytotoxicity was

achieved at 32 pM (data not shorvn). As little as 0.25 pM esculetin

was stitl cytotoxic (6'67o cytotoxicity) for responding lymphocytes'

CTLL-16, a cytotoxic cell line that depends on IL-2 for
growth, didn't shorv any appreciable cytotoxicity. Lc50 for this cell

line was more than 256 pM (data not shorvn). In addition, this cell

line showed stimulation of cell growth (87o stimulation), rather than

cytotoxicity at 0.25 pM esculetin concentration.
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The inhibition of allogeneic MLC by esctrletin is shorvn in Figure l.
prinrarv MLC was completely inhibited by 32 pM esctrletin, rvhile

secondary MLC required 64 pNI esculetin for conrplete inhibition.
Both responses showed a dose-dependent inhibition. Horvever, the

primary MLC was slightly less affected by esculetin than the

secondary MLC. The calculated 50% inhibition for both primary
and secondary responses gave 12 pM and 20 pM for them

respectively.

The inhibition of allogenic two-rvay MLC is shorvn in Figure 2.

esculetin, at 12.5 pM, caused a decrease of the total number of
lynrphocytes. Holyever, at thic dose, there was a decrease in small

non viable and blast lymphocytes. The effect of esculetin at 25 pM on

viability of responding lymphocytes was similar to the 12.5 pM dose

but there was an increase number of dead blast lymphocytes at 50

pM esculetin concentration. The cytotoxic effect of esculetin was

evident at 200 and 400 pM esculetin. The viable lymphocyte numbers

at 200 and 400 pM were reduced to about half of the number in the

control. Whereas, blast cells that were nonviable ' were drastically
increased, then killed at the above doses.

DISCUSSION

Esculetin, a polyphenolic compound that naturally occurs in plants
(l) rvas shorvn to have a cytotoxic effect on Con A responding
lymphocytes. This cytotoxic effect was dose-dependent (Table.l).
CTLL-16 cell line included as a control didn't shorv any cytotoxcity
to esculetin. Whether the cytotoxic effect of esculetin to Con A
responding lymphocytes is based on a specific target site which is
absent in CTLL-16 cell line is not clear at the present time. However,

it may be possible that lL-z, present in CTLL-16 cell line cuture

medium, bypassed the cytotoxic effect of esculetin, however this

possibility requires ful'ther studies. In this regard, however, esculetin

lvas sholvn to inhibit Tcell activation without suppressing lL-z
productio n or lL-Z receptor expression (6). Nonetheless, in the study

of Kabelitz anrJ Al-Jorany (6), phytohemagglutinin was used as the

nonspecific mitogen to clerive lymphocyte proliferation, compared to

Con-A stimulation used in this study-

The effect of esculetin on complete allogenic MLC rvhich demostrates

the generation of cytotoxic T lymphocytes was clear (Figure l). The

cytotoxic effect of the compound rvas higher in the primary response

than the secondary response. This may be related to the availability
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of more target in the primary CTL precursor: l-h:" in the secondary

response (irostly cTL efiectors). The inhibitory, rather than

cytotoxic effect ,i loy tloses of esculetin is rvorth nrentioning' As seen

inFigu.e2,relatingtotheresponseoftrvo-rvayMLC,itseemsthatat
low closes of esculelin there is an inhibitory effect, but at higher does

the inhibitory effect is mainly clue to cytotoxicity' The biochemical

basis of inhibitory and cytotoxic effects is not knorvn' The report of

drastic inhibition of alloreactive cytotoxic lymphocyte precursors

(cLP) at 50 pM esculetin reported in a previous study (6) might be

partlytluetocytotoxicityandmostlyduetoinhibitionofCLP.

The clear cytotoxicity of generated blast in the trvo-rvay MLC is seen

at 200 and 400 pM escul.tin 1rig, re 2). Interestingly, at these doses

more blasts are generated (esculetiin may stimulate blast genration

compared to controls) then killed'

Blast cells are cytotoxic lymphocyte precursors (cLPs) that

eventually develop intn effector CTLs. Although esculetin is known to

inhibit LO enzyme involved in leukotrien synthesis (3, l2), and affect

cell proliferation (7, l5-16), it is unclear whether the inhibitory effect,

seen at low doses of esculetin, on the generation of effector cytotoxic

T cells is related to leukotrienes inhibition. However' as seen in this

study, most of the effect may be related to a specific traget-directed

cytoioxicicty (Table l). Also, it is not clear, whether esculetin

intriuition of cell leukotrienes biosynthesis is related to it's

cytotoxicity. However, S-lipoxygenase (Lo) products participate in

signal transduction mechanism in T lymphocytes via stimulation of

piotein kinase C and cell proliferation and esculetin inhibits Lo

products(18).

Lastly, it is interesting to see the biochemical basis of the stimulatory

effect of esculetin for CTLL-16 cytotoxic cell line seen at low doses.

The high esculetin doses insensitivity of this cell line might be due to

the prJsence of lL-Z.It rvas demonstrated that IL-2 induced DNA

sy'nt-hesis was inhibitecl by esculetin and that sterols and 5-

lipoxygenase products are required for the Gl-s phase transition of

li-Z Oependent lymphocyte proliferation (15)'

The involvement of S-lipoxygenase protlucts and the effect of this

product as prerequist to initiate DNA synthesis, in addition to the

.rr..t of esculetin on IL-2 require indepth experintetrtation to reveal

an important target in CTL clonal expansion'
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ABSTRACT
Diabetes Mellitus is worldwide distributed disease with

metabolic disorder, the most marked feature of the disease is

elevated blood glucose. Abnormality of glucose metabolism leads to
the whole series of abnormalities, one of these complications is the
eye disease and sometime lead to blindness.

One hundred diabetic patients rvere studied which include
60 patients with eye disease and 40 without eye disease in comparison
rvith 30 patients control group of diagnosed eye disease , as well as 30

apparent healthy individuals. Enzyme Linked Immunosorbent Assay
(ELISA) technique tvas used to measure, serum levels of Interlukine-
6 (IL-6), in diabetic patients with & without eye disease in
comparison with control groups

This study reveals that mean serum level of tL-6 was

obviously higher in diabetic cases rvith and without eye disease, than
in patients and health;' control groups (129,101.12, 20.25,,9.4 pg/ml)
respectively.
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INTRODUCTION

Diabetes mellitus is clinical svndronte which is

characterized by metabolic abnormalities, hl perglvcemia, due to
absolute or relative deficiency of insulin, and by long term

complications involving eyes, kidneys, nerves and

blood vessels [1,2] it is ubiquitous disease rvith an ancient history' it
is nrost thirtl common disease in the rvorld [3]' being present in

approximately 37o of the adult population [4' 5]. There are two main

types of diabetes, Type-I Insulin Dependent Diabetes Mellitus
(ibOnf), and Type-II Non-insulin Dependent Diabetes Mellitus
(NIDDM).

The different levels of diabetes pathogenesis including,

genetic, autoimmune (Type-I), and metabolic (Type-I and Type-II)
are responsible for immune abnormalities demonstrated several

pathological features associated with two types of D'M' [6]'
Autoimmunity plays a major role for the development of

IDDM anrl some role in patients with NIDDM, rvhere as Abs to DNA

denote the autoimmune nature of the discase [7]'
Diabetes mellitus is the most common endocrine disease

with metabolic, vascular and neuropathic components that are

interrelated. The metabolic changes which is characterized by

alterations in carbohydrate, fat and protein metabolism secondary to

absent or markedly diminished insulin secretion or ineffective insulin
action [8, 91.

The term cytokine has been designated to include soluble

mediators secreted by lymphocytes (lymphokines) and those secreted

by Monocytes and macrophages known as (monokines)' while
cytokines synthesized and secreted by leukocytes are named

(interleukins) tl0l. All are secreted in extremely lorv concentration
(Picomolar to nanomolar range), and most manifest their biological
effect through specific receptors, rvith high binding affinities,
expressed at the surface of their target cell Il I l.

Cytokines participate in all phase of inrnrune response, they

all'ect proliferation, cl ifferentiation and ntigration of various cells in

immune system and regulate both hunroral and cellular immune

response Ill. They serve as chemical messengers that play pivotal
roles in communication both within cells of the immune system to

regulate the development and behavior of
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ittttttttne cff'ector cells, and bctlveen the imnrune svstenr ancl other
s\stenrs ol'the troclv lbrrning an integrated netu'orh that is highlr
evolr erl in the regrrl:rtion of imnrune responses [121.-l-ocla1' ltt least 28 individuals cl'tokines incluclecl in lnur nr:rirr
classes or lhmilies have been identified, these are; I8 interleukins (lLs),3
interf'erons (IFNs), 2 tumor necrosis factors (TNFs) and 5 grolvth factors
[13, 91. Interleukin-6 is a pleiotropic inflammatory cytokine produced by,
T cells, nronocytes, macrophages ancl synovial fibroblasts Il-ll.
C)riginalh'it rv:rs identified as a factor that intluces the final rnaturation
rtl'B cells into plasnta cells. Also interleukin-6 is involverl in direrse
biologic processes, such as the activation of T cells, the induction of the
actlte-phase response, the stimulation of the grorvth and differenti:rtion
of hematopoietic precursor cells [151.

This research lvas planned to study the level of IL-6 anrl its
possible role in Diabetes Mellitus in addition to its association w ith
retinopathy.

- MATERIALS & VIETHODS
During January 2003- July 2004, one hundred dinbetic

patients lvere studied. Those include 60 patients rvith eye disease and
{0 w'ithout eye disease in comparison rvith 30 patients control group
of ctiagnosed eye clisease , as *6ll as 30 apparent healthy inclividuals.
Enzyme Linked Immunosorbent Assay (ELISA) technique rv'as used
to measure, serum levels of Interlukine-6 (IL-6), in diabetic patients
lvith & lvithout eye disease in comparison lvith control groups
accorcling to the insti'uction of Diaclone France Com. All patients
have been-diagnosed by the consultant committee of Gastro-intestinal
tract (GIT) diseases in Specialist Surgeries Hospital.

All the results have been analyzed statistically using F-test
for quantitative dat:r, rvhile for qualitative data, the diflerence in
proportions lyas tested by using Chi-square (X') test rvith P value of
<0.05 as the level of significance [61.

RESULTS
'l'he results present in this study rvere biised on tlrr unulvsis

of date r.ri'one hundrcd patients rvith clinical evitlerrce of Dr1 ,, pe-ll.
sirtr' ;retierrts rvith eve diseirse :rs a complication of rli:rbet,-.s. thr rest
tbrtl har r cliabetes rvithout conrplication, control gr()irr)5 ri hich
inclucle thirty patients having eye disease as patients control rn(l

\l- \lrr.l:rrrsirir :r,1. Sci
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thirtt \l itltout tlialtetes apparent he:rlthr
illustrate in Figtrre (l;
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control inclividuals. zls

( onlrol CrouPs

I llrnlrh\ coDlr0l Piltient control

Prtit'nt: (irurrlx

f T11x ll rr ith c1e tlistasc I -!-r'pe ll Nith()ut t1c tlircase

40

Figure (l): Pie chart shorving the prevalence
rvithout eye disease in the patients groups.

of t)'pe II rvith and

of patients according to the age groups
(l) rvhich sho*s that \IDDNI with eye

Age and Sex Distribution:

The distribution
\las listed in the :lbove table
rlisease, I 8

patients (30%) are lounge'r than 50 r'ears. *'hile 42 p:rtients (70%)
tall in olcl age grotrp. Orr the other hancl tr pe II rvithout eve disease

24
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patients reveals that the rllajoritv of patients [2 individualsl (80"1,)

ilre belo\v 50 vears an(t onlv 8 patients (20"1,) wcre >50 years. On the

cOntrar\', :lnrot.lg tlre patiertt contl'ols grotlp the ltr:tjority ol' patients
(60"h) that contplain ol'eve disense are those above 50 vears.

Table(1):Distributioll of diabetic patients according to age & gender in
ith cont l

* : P value for type II rvith eye disease in comparison with healthy

control group.

Results in table (l) indicates that the mean age of type II
patients rvith eye clisezrse (53.10 = 8.21) rlas higher than the mean age

of type II patients rr,ithottt el'e tlisease (50.3 * 9.66), as shorvn in
Figure (2). Moreovet' there is highly significant difference between

the mean of age of patients w'ith eve disease in comparison lvith that
for patient controls (.16.3 - 6.J5) [P < 0.00011.

ヽ
、

COlllpariSon Ⅵ/1tn control groL

Age
groups
(Years)

Study Groups

Patients groups Control groups

Type H with
Eye

N=60

Type H
N=40

Patients

control

N=30

Healthy

control

N=30

No % No % No % No %

<40 6 10.0
，

“ 30.0 3 10.0 6 20.0

40-49 ，

“ 20.0 20 50.0 9 30.0 18 60.0

50-59 18 30.0 4 10.0
つ

″ 40.0 6 20.0

60- 24 40.0 4 10.0 6 20.0

Total 60 100°/。 40
100

%
30 1000/0 30 100%

Range 36-65 38-68 38-62 38-54

Mean 53.1 50.3 46.3 40。9

SD +8.21 +9。 66 +6。45 +6.26

P

(ANOVA)
★<0.0001



lntrrleuliitr-(r l'.rtitrtrttiotl itt tltt Sera ol'lratli l)iallctic ['alittttr
\attlir:t - Ilajrra - Ilatool

■ く40 □ 40-49 □ 50-59 ■ 60-
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Study Groups
shorving the age distribution of strrciied groups.

According to gencler, the frequency of patients rel'eals that there

were 36 females (60%) and 24 males (40%) for type II with eye

disease, with a female to male ratio 3:2. While type II without eye

disease patients include 30 females (75%) and l0 males (25%) with

ratio 3: I as illustrate in Figure (3).

r Female r Male

40
35
30
25
20
15

10

5

o Healthy corrtrol

lleillth\ control.l-11r ll rrith cl'e
rli s e:rse

Figure (2): Bar chart

，
■
一
二
じ

Ｚ́

Study Groups

Figurc (i): Bar chart shorving the gender distribution of
studied groups.

Estirnatiolr of Serum lL-6 Level:

St:rtistical analysis as sholvn in Table (2) reveals 
^

signilicant t'leration in serum IL-6 level of D.lI. patients rvith and

Patients corttrol

26
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\\ithout eve disease l(129 + 83 pg/ml), (l0l t 91.2 pglnrl) respectiveh'l
in ctlnpat-ison w'ith patients control (eye disease) (20.25 + 16.4 pg/ml)
and healthy control group (9.4 + 4.12 pglml) rvith P < 0.0001. Figure
({) confirnrs these facts.

\l- \lust:rnsiriva,1. Sci ヽ()l_18.ヽ o2.2{)()7

(2): The clifference in mean serum IL-6 level (pg/ntl) betrveen

d

Table
the str

. P value for diabetic patients (rvith
comparison lvith healthy control .

and lvithout eye disease) in

250

200

-150
.i
stoo

50

0

NIDDM VVITH
EYE

Patients control

Figure (J): Error bar chart showing the mean rvith its 95oh

confidence interval of serum Interlukine-6 level (pg/ml) in the studl*

groups.

Table (3) shorvs that the frequency of the IL-6 levels in sera

of the studied groups, a level of 17.64 pg/ml \Yas considered as a

cutoff value of serum IL-6 (calculation was carried out by taking the

mean serum IL-6 + 2 SD of healthy control), therefore' any serum IL-
6 higher than this value lvas considered as elevated level.

一
●
＞
ｏ
一
η
〓

一
Ｅ
一こ

の
∽

コ
じ

♂

り
０

es O ll

Type II

with Eye

N=40

Type II

DⅣI

N=20

Patients

Control

N=15

Healthy

control

N=15

Mean + SD 129± 83 101.12± 91。2 20。25± 16.4 9.4± 4。 12

P(ANOVA) ★<0.0001

Healthy conlrol
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-fable (3): Fre ruenc\' 0f IL-6 level in sera ()f the strtdv

Type II rvith ele disease (n:40) 67.5 32.5

Type II (n:20)

Patients control (n:15)

Health)'colltrol(n=15)

*A c,t-o[f yalue of serum IL-6 (mean + 2SD of healthy control
lel'el.

DISCUSSION

Accorcling to the age distribution of patients in comparison
rvith control groups the current study's results agreed with that
reported by [7, 18] that the age of diabetic mellitus patients type II
is considered to be an independent risk factor for eye disease as a
complication of diabetes mellitus.

consiclering the frequency of gender the present findings
that \r'ere reported by l19l shorvs that lvomen rvith gestational
cliabetes nrellitus (GDM) might develop type II diabetes nrellitus later
in their life.

These results agreed lvith that reported by Boon et al-,

(1999) [20] that eye disease as a complication occurs at least twice as

often in tliabetic men and three in diabetic rvomen as in the non

tliabetic population.

These results conflicted rvith that abroad [2ll in rvhich type
II w'ith :rnd u'itltout complication are higher in men than rvomen in
Japan.

-l-his study deals with the IL-6 concentrutiotr and its
virriation in the study groups. The results of this research shorv that
there is irn elerirtion in the level of IL-6 in the sera of tliabetic patients
particularll'those rvith eye infections. This is related to the

inllanuriator-r' nature of Diabetes Mellitus that is asscciatecl uith this

０
０

う

一

27

10 ００″ヽ

ヽ
10 50.0

t2 I ,0., 3 20.0

15  1  100 0 0



\l- \lrrst:ursit'ir':r .1. Sci Vol. lfl, \o 2, 2(X)7

cr ttrkine, rvhich recruits in the presence of e)'e diseases 122.
lnterleukin-6 is multifunctional protein produced by variety of cells,
such :ts monocytes, macrophage, Thz cell, endothelial cells
gr:rnulocvtes [231. It is a pleiotrophic cytokine ]vith central roles in
the regulation of inl'lammatory and imlnune reaction that indttce :t
r,ariety of biological responses and influences the grolvth of several
target cells [24-261.

So elevation of this cytokine may indicate the activities of
certain immune cells in addition to it's action on other cells, for
er:rmple nray promote B cell differentiation into plasma cells ancl

stimrrlirte lntibocly secretion ag:rinst Beta (p) cells of the pancreas as

in D.M. These facts explain its elevation in diabetic patients
particularly those rvith another inflammatory disease as eye infection
rvhich required its elevation 1241. This is really when rve noticed the
arising in its concentration in patient control group in comparison
rvith apparent healthy one. Although the frequency of IL-6 level lvas
observed to be higher among those rvithout eye disease, Imajority
(50%) are above the cut-off levell rvhich explained the exact and

direct role of IL-6 in D.M. rather than eye disease.
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ABSTRACT:‐
The present investigation describes the preparation of 5-triazolo―

13,4-bl‐ thiaz01idine‐ 4‐ one derivatives 141 fron1 2-hydrazino thiazoline‐            ?

4-one 121,whiCh Was synthesized from the reaction of Rhodanine lll,

with hydrazine hydrate and converted to SchifPs bases 13!by the              ―

condensation different aromatic aldehydes.The synthesized SchifPs

bases were cyclized by bromine in acetic acid to form triazole ring in

the new derivatives 141,、 vhiCh might result in biologicany active

agents.

The synthesized compounds、vere identirled by their m.pts.,IR

and UV― Visiblc,sI)ectral data.

INTRODUCT10N
Rhodanine lll iS One Of the heterocyclic compounds,which

::llTIilt[llil1llal::li:litllll?li:°lLi‖∫ドII:til:ll:'I:1121ξ l:

synthesize ne、 、 conlPolinds containing triazole and thiazolidine rings.

The presence of thc :le、、 triazole ring mav inhance the antibacterial

activity of thc startillg nlaterial Rhodanine(2).Thc synthesizing of

triazole derivati、 es 、、ns achieved through the synthesis of Schifi｀ s

bases, 、vhich are i11lportant COmpounds due to the presence of the

azomethine grollp(N=C),WhiCh has signincant effect on the enzymes
in biological systenls.



\l- \11151111.1,'i.r a .1. Sci oヽl 18,ヽ 02,2007

0

¨型唯獣 N鴨＋

「―

―
―

‐Ｉ

ＨＩ

∃

Ｓ
Ｏｕ一一

Ａ

一

日

Ｉ

Ｃ

〓

Ｈ

　

　

　

　

　

Ｎ

〇

　

　

　

　

　

一

２‐
．

Ｅｔ

　

　

　

　

　

Ｈ

Ｉ

　

　

　

　

　

　

　

Ｎ

川
ゝBr2

AcOH

EXPERI■71ENTAL:―

1。 Synthesis of Rhodanine llト

Rhodanine、 vas synthesized by the reaction of sodiuln chloroacetate

and anll■ onlum dithiocarbamate.The yield was

83gm.,m.pt.: I 65+2', I 68+0. 5'(rl.
2. Synthesis of Hydrazino thiazoline-4-one [2]:

In a trvo-necked round-bottomed flask connected to a reflux
condenser and a thermometer, rhodanine (0.003 mole) was dissolved in
(15 ml) ethanol.To this solution (0.003 mole) of hydrazine hydrate was
added drop-
wise rvith continuous stirring at 65"C for 3 hrs.The mixture was poured
on crushed ice to give brown precipitate, lvhich was recrystallized from
ethanol to give a good yietd(r).The melting point, yield and spectral data
are shoryn in table (1)

3. Synthesis of Schiffs bases [3]:
In a round-bottomed flask equipped with double surface condenser

fitted rvith calcium chloride guard tube, a mixture of hydrazino
compound (0.001 mole) and appropriate aromatic aldehyde (0.001
nrole) in (30 ml) ethanol containing drops of glacial acetic acid , was
reflured for 12 hrs.The nrixture was poured on ice lvater to give
precipitate, rvhich was recrystallized from acetic acid (s).

The melting points,yields,and molecular formulas are sholved in
table (2) and the spectral data are listed in table (3).

4. Synthesis of S-Triazolo-[3,4-b]-thiazolicline-4-one [4]:
In a round-bottonred llask Schiff's base compound (0.005 nrole)

rvzrs suspended in glacial acetic acid (5 ml) and anhydrous sodium
acetate (0.12 gm) lvas added. To this stirred mixture a solution of
bromine(0.l gm) in glacial acetic ncid (2 ml) was added drop-rvise. The
hydr:rzone dissolved and after 1.5 hr. the solution lvas pourecl into
uater (50 rnl). The separaterl crvstals were collected, rvashetl rvith

肝 ぴ
]

づ
(
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\\'2lter. clried and recry'stallized fronr ethllacetute.The nlelting points,
yielrls ancl nrolecular formulas are sholved in table [{l and the spectral
data :rre listed in table l5l .

Table (l): The melting point , percentage vield ,the spectral data for
and molecular formula for compound [21

o.-\)-N
/tt( } NHNFI,-s-

mop.
Oc

Yield

%
Molecular
formula

じ(NHNH2)
cnl~l

じ(C=N)
cnl‐

l

じ(C=0)
cm~1

じ(OthO'S)
cm~1

UV―ViS

228-230 80 C3H5N3SO
3300-3280

(3100)
1600 1700

じ(C― N)

1250

293

252

Table (2): The melting point , percentage yield and molecular formula
for compound [3a -3dl

o.>-N H( \ *r-*:C-*-s-

Comp.
No.

‐Ar m.p.°C Yield% Molecular
formula

3a ◎ 255-257 80 C10H9N3SO

3b ご
%

1  260-263 95 croHsNrSOs

I 0* i*
'

3rr @,u ti 280-zB2
I

75.5

65

C10H9N3S02

C10H8N3SOB
r
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Table (3): The IR and UV-Visible spectral clata for conrpounds
[3a-3dJ

ＨＩぃ
〓Ｎ一ＨＮ

Ｎ
、
ォ

ｋ

C6ntp:

No。
―Ar ・ じ(C― H)・

arOrni cm11

じ(C=H)
alibll.‐

じ(C=N)
Clll~1

じ(N―刑D
C111~1

じ(C― S)

cm~1

uothers
-lcm

UV― Vis.

nm

3a ◎ 3000 2960
1680

1600
3200 830 302,230

3b づ
Q

3040 2980
1660

1600
3250 840

じ(N02)
1550,

1360

378,

352,260

3c く
(E)》

OH 3000 2960
1660

1570
3280 820

じ(OH)
3500

295,

255,302

3d く ⊇ 〉
Br

3000 2880
1650

1620
3100 840

じ(C― Br)

730
302,255

rabre (4): rhe mertine Pillii;il,lfflill,recurar rormuras

o

ffi^'
Comp.
No:|

lm。 |:°C Yield‐ %
ルlolecular‐

fOrnluli

4a ◎ 167-169 30 C10H7N3SO

4b づ
Q

173-175 20 C10H6N4S03

4c く
(二)》

OH 150-152 30 C10H7N3S02

4d く

=>Br

210-212 一３つ

´

C10H6N3SOB
r

〓
　
　
　
　
　
　
　
　
ヽ

=Arl
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Table (5): The IR and UV-\'isible spectral data flor corrtpounds [aa-adl

RESULTS And DISCUSSION
The synthesis of Z-hydrazino thiazoline-4-one lvas the first step in

the synthesis of the target compound. Rhodanine \vas treated with
hydrazine hydrate in order to replace the thiol group by hydrazine
group.

The spectral data of compound 121 in table (l) shorved the
appearance of multiple bands in IR spectra at (3200-3300 cm-t) due to
stretching vibrations of hydrazine (NHNH2) group bands and
disappearance of stretching band at (2500 cm-r) for thiol group (6).

UV spectrum shorved an absorption peak at (293 nm), which
belongs to (n-n*) transition of the non-bonding electrons and at (252
nm) due to (n-n*) transition of the n-bonds electrons.

The hydrazino con)poun(l rvas converted into Schiffs bases I3l
through condensation u'ith aronrutic aldehydes. The spectral data are
listed in table (3).

The cvclization of the svnthe'sized Schifl's bases. to produce the
triazole ring, rvas done b1 the tre:rtnrent of those b:rses rvith a solution of
bromine in glacial acetic acirl. Table ({) shorved the physical properties
of the products and table (5) shou ed the spectral data.

The IR spectrunt shouerl the disappearance of absorption band of
(NH) group in Schiffs bases anrl appearance of a band at (1650-1660
cnr-'; dtre to (C:N) stretching vibration.

UV spectrunr shou'etl the lbsorption peaks, u'hich *'ere caused by (n-
n") anrl (n-n*) transitions in the prorlucts.

Ar

″０ヽ
，

Comp.
No.

―Ar
じ((j― 11)

:lroin.

Ci11‐
1

じ(C― H)
arom.

cnl‐
1

o(C=N)
cnl‐

l

uothers
cm-t

UV― Vis.

■m

4a ◎       1  3010  1  1:;:
1660 250,220

|

4b  l

No,;l;'"' i ,, r, li:g I ,uto
じ(N02) |

1530   1 305,2410= い∞ 富:
1310

4c ◎ 釧 13080 淵 1630
じ(OH)
3400

310,237

4d く コ ヽ
Br 3090     11:: 1660

じ(C―Br)

650
323,238
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ABSTRACT:
Condensation of 4-chloro benzaldehyde and urea with ethyl

acetoacetate in the presence of La(〕 13・ 71‐120 gaVe a quantitative yield of

ethy1     4-(4-chloro     phenyl)-6-Inethyl-2-oxo‐ 1,2,3-4-tetrahydro

pyrimidine-5-carboxylate(1)。  Reaction of compound(1)With
hydrazine hydrate resulted carbohydrazide derivative(2).Interaction

of(2)with ethyl acetoacetate,CS2/KOH(r.t。 )16 hrs,CS2/KOH,△,7

hrS,C6H5C00H/POCi3,HC00H and phenyl isothiocyanate afforded
new  3,4-dihydropyrimidine‐ 1lHl-2-one  derivatives (3-8).  The
compound(8)was cOllVerted into 3,4-dihydropyrimidine-1lHl-2-one
derivatives comprising l,2,4-triazole (9)and l,3,4-thiadiazole (10)

moieties.The characterization of the products have been done on the

b`Isis of some spectral data(IR,Uや つ。

INTRODUCTION:
Dihydropyrimidinone and their derivatives have been reported

to possess significant activity as antihl'pertensive, antifungal,
antibacterial, anticancer, antileukemic, antitttmor, anthlemintic,
herbicidal, plant grorvth regulators ancl corrosion inhibitors (l-3). Also,

some heterocyclic ntoieties such as triazole, thiadiazole and oxadiazole

nuclei are knolvn to possess antibacterial, fungicidal properties, in
acldition they have shorvn biological activitv against parasites and

3S
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title structure
We report hene, the synthesis of sonre derivatives of the
tvpe containing the above mentioned moieties.

EXPERIMENTAL:
Nlelting points determined in open capillaries on a Gallen Kamp

MFB-600 nrelting point apparatus and are uncorrected. The IR
spectra \vere recorded by KBr discs or films with a Pye-Unicam SP3-
100 spectrophotometer. UV spectra were recorded rvith a Hitachi-2000
spectrophotometer.
P r e p u r o t i o n of e t h y I - 4 - (4 - c lt I o r o p h e ny l) - 6- m et lty I - 2 - o.ro- l, 2, 3, 4 -
t e t r u I r )' d r o p.t' r i nr i d i n e- 5 - c u r b oxy I at e ( I ) :

4-Chloro benzaldehyde (1.14 gm, 0.01 mole), urea (1.8 gm, 0.03

nrole) and ethanol (15 ml) rvere added to a stirred ethyl acetoacetate
(1.3 gm, 0.01 mole) and then catalytic amount (0.9 gm) of LaCl3.7H2O
was added. The mixture was refluxed for 7 hours. After cooling, the
mixture poured onto ice lvater (30 gm) and the precipitate lvas filtered.
The solid (l) rvas recrystallized from ethanol-rvater (50-50) to give
compound (l) (Table l).
Preparution of 4-(4-chlorophenyl)-6-methyl-2-oxo- 1,2,3,4-tetrahydro
py ri midin e- 5-curbo hydrazide (2) :

To a solution of compound (l) (0.9 gm, 0.003 mole) in absolute
ethanol (20 ml), hydrazine hydrate 99% (2.7 gm,0.08 mole) rvas added

droprvise. The mixture lvas refluxed for l2 hours. The solvent rvas

removed in vacuo and the solid product was collected and

recrystallized to give compound (2) from ethanol (Table l)-
P r ep ar ati o n of 4 - ( 4 - c h I o r op h e ny l) - 6- m et hy l- 5 - [ ( 3 - methy l- 5 - o xo- 4, 5 -
dihydro-1H-pyrazol-1-y:) corbonyl-3,4-dihydro pyrimidine-2(1H)-one (3):

A mixture of carboh5'drazide (2) (0.28 gm,0.001 mole) and ethyl
acetoacetate (1.3 gm, 0.001 mole) in absolute ethanol (30 ml) was

heaterl at reflux temperature for 7 hrs., the solvent was evaporated

under vacuum and the formed precipitate lvas filtered off and
recrystallized from ethanol-water (50-50) to give compound (3)

(Tablel).
Preporutiotr of potossium 4-(4-chlorophenyl-N-ethane thioy!)-6-^ethyl-2-
o-uo- l, 2,.3, 4 -t et r u h y d r o py r i nt i rl i n e- 5 - c ur b o h y d ruzi de (4 ) :
A mirture of carbohyclrazicle (2) (2.8 gm,0.0l mole) in eth:rnol (10 ntl)
was adcled to carbon disulphide (1.5 gffi, 0.018 mole), potassium

hyclroxide (0.36 gm, 0.01 nrole) and ethanol (20 ml). The reaction
mixture rvas stirred at room temperature for 16 hrs., then it was

concentrated and the resulting solid was collected and recrystallized
from ethanol to give compound (a) (Table 1).

Prepurution of 4-(4-chlorophenyl)-5-(5-mercapto-1,3,4-o-urtdiuzol-2-yl)-6-
n t e t I r _t' I - -i,4 - d i hy d ro py r i m i di n e- 2 ( I f{) - o n e ( 5) :

39



\\ |lr hc\i\ r,f \ rli 3,J-l)ih1 rlrrpr r inritl ine-2-( I I I )-r)nc I)crir:rt ir cr
Itc(lhir- Suxd- Snh!r

To a nrixture of carbohytlrnzide (2) (2.8 gnl. 0'01 trlole) in

ethunol (10 ml) r'as :rdcted KOH (0.36 gnr. 0.01 nrole) in ethanol (20

nrl), folloret.l b) CS: (1.5 gnr,0.0l8 nrole). The reaction mixture rvas

relluxecl for 7 hours. Then it was concentratcd. tlissolved in coltl watcr,

acidified \vith diluted colrl hvdrochloric acid ( l0o%) and the resulting

solid \r'xs collected, lvashed w'ith distilled \} ater and recrvstallized fronr

acetone to give compound (5) (Table l).
Prepurution of 4-(4-chlor phenyl)-6-met lt1'l-5-( 5-ph enyl- I ,3,4-o'rodiuzol-
2-.r't)-3.4-ttilrydropyrimi di n e-2 ( I H)-one (6):

To n ca rbohl'tl razide (2) (0.72 gm, 2.5 mnrole) in dry benzene (5

nrl), phosphorous oxychloride (7 nrl), benzoic acid (0.33 gm,2'5 mmole)

and benzene ( l0 ml) rvrrs added. The ntir(rrre u as refluxed for 7 hours'

The solvent lvas evapol'ated, poured onto cold rvater and the mixture
u as left overnight. After treatment of the resulting solid rvith sodium

hl droxide (10%), the precipitate rvas filtered and recrvstallized from
chloroform (Table 1).

P r ep trut iotr of 4-(4-c h I or op h enyl)- 6- ntet h1' l- 2-o-r o-N'(p h e ny I
curbotrotlrioyl)- 1,2,3,4-tetrahydro pyrintidine-4-curbohl'drazide (7):

A mixture of carbohydrazide (2) (1.8 gm,' 0'006 mole) and phenyl

isothiocyanate (0.9 gm, 0.006 mole) in absolute ethanol (20 ml) rvas

refluxed for -[ hours. The solvent ]vas e]aporated and the residue ]Yas

purified on a column of silica gel using acetone-lvater (30-70) as eluent.

The product is oily (Table l).
Preparution of 4-(4-chloro phenyl)-5-(5-nrercapto-4-phenyl-4H-1,2'4-
t rirrzo t-3 -y t)-6- methy l-3,4-d i hy dro pyrimi di ne-2 ( I H)' o n e (8) :

A nrixture of compo.rnd (7) (0.62 gm, 0.001 mole) and sodium
carbonate (4"/o, l0 ml) rvas gently relluxed for { hours. After cooling'
the mixture was acidified with dilute HCI (10%)' the precipitate was

collected and recrystallized from ethanol (Table l).
Preparation of 5-(5-unilino-1,3,4-thiadiazol-2-yl)-4-(4-chloro)-6-metlryl-
3,4-di hy dropyrimid i- ( 1 H) o ne (9) :

A mixture of compound (7) (0.62 gm' 0.001 mole) and conc.

HrSOr (10 ml) rvas stirred at room temperxture for 2l hours, and then

poured onto crushed ice. The resulting precipitate rvas collected and

recrl'stallized from acetone-rvater (Table l).
Prepur ion of 4-(4-c' hIo rophenyl)-N-forntyl-6-tnethyl-2-o-ro- 1,2,3,4'
t e t r a l,yd ro p!'rinidin e- 5-cs r bo hyd r azide ( I 0) :

A solution of carbohydrazide (2) (0.9 gnt, 0.003 mole) in ftrrmic
acitl (20 ml) was rellured for 2 hours. l'he solr ent u as evaporated antl
the resitlue rvas recrystallized front ethanol-\later (50-50) (Table l).
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Table (l): Sonre physical properties of compounds ( I - l0)
Ｃ‐

人

（

同

）

一

い

‐ ‐‐

【

¨

‐

Ｈ

Ｒ

　

　

ＣＨ

Comp.
No.

R
Purification

solvent 興。p・ ('C) Yield%

1

○
‖~C~OCH2CH3 Ethanol+H20 214‐216

90

７

“

Ψ
― C一NHNHっ Ethanol 280-282

60

3 一:一 サヽ
~TH:

EthanolttH20 130-134 85

4
○
＝

Ｓ

＝

―C―NIINH― C―SK Ethanol 190-192
40

”Ｄ

N一 N

人。以sH
Acetone 113‐ 115 32

6 N―一N

人、。メ
◎

Chloroform 86-89 50

7

０

＝

Ｓ

＝

―C―NHNH― CttNHph Acetone+H2O Oily 70

8 人
、
メsH

ph

Ethanol 150-153 64

9
N――N

人SttNHph
Acetone+H,0 145-148 55

10

Ｏ

＝

０

＝

―C―NHNH― C―H
EthanolttH,0 140-142 75
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RESLILTS & DISCT SSIO\:
-the nelv pyrazole. oradinzole. thiatliazole and triazole

clerivatives lvere prepare(l lbllo*,ing the reaction sequences outlined in

schemes (l-2). The starting nraterixl et h vl-{-({-ch lo ro phenyl)-6-

methyl-2-oxo-1,2,3,4-tetrahydro pyrimidine-s-carboxylate (l) rvhich

was prepared by the reaction of 'l-chloro benzaldehyde and urea rvith

ethyl acetoacetate in the presence of LaCl.r.7H:O'
The reaction proceeds through thc ntechanism outlined in

scheme (3).
'the IR spectrx sholved the N-H stretching absorption near 3160-

3220 cm-r ancl the C=O stretching one at l7l0 cm-r, in addition to the

band at 1650 cm-r for the C:O stretch of amide (Table 2)'
'Ihe reaction betrveen compound (l) and hvdrazine hydrate

afforded the carbohydrazide (2) in a gootl vield' The IR spectrum. of
compouncl (2) exhibited a C:O stretihing vibration at 1700 9--' (-

CONgNUu)and NH, NH2 stretching vibration at 3150-3300 cm-r'

A 3,4-dihydro pyrimidine-2( I H )-one incorporated into pyrazol

moiety was synthesized by the relction of (2) rvith ethyl acetoacetate in

absolute ethanol which afforded {-({-chloro phenyl)-6-methyl-5-[(3-

methyl -5-oxo-4,5-dihydro-lH-pyrazol-l-yl) carbonyl-3,4-dihydro
pyrimidine-2 (lH)-one (3). The structure of (3) rvas proved on the basis

of its melting point and spectral data. The IR spectrum showed the

presence of tfre C:O stretching band at 1710 cm-r for pyrazole ring,
combinetl rvith disappearance of the NH2 stretching band at 3180-3300

cm-'.
Carbohydrazide (2) rvas allorved to react rvith carbon disulphide

and potassium hydroxide at various conditions. Thus, rvhen compound

(2) rvas stirred with carbon disrrlphide and potassium hydroxide at

room temperature, potassium l-(J-chloro phenyl)-\-ethane thioyl-6-
methyl-2-oxo-1,2,3,4-tetrahytlro pyrimidine-5-carbohvdrazide (4) was

obtaineri. On the other hand, rr hen a mirture of carbohydrazide (2),

KOH/CS2 in ethanol rvas heatett at reflu\ tenrperature 4-(4-chloro

phenyl)-5-(5-mercapto-1,,3.'J-oxatl iazol-2-r' l)-6-nrethyl-3'4-dihydro
pyrimidine-2(lH)-one (5) w as restrlted.

These reactions \lere proceettcd at different nrechanisms as

shorvn in schemes (d and 5).
-fhe structure of these deriratirt's (-l and 5) Iyere pro!'en on the

basis of their melting points rntl spectral tlLrta. The IR spectrum of
compound (4) exhibiietl a C:S stretching bund 1240 cm-' combined

rvith the disappearance of the i\fl2 stretcliing band at 3180-3300 cm-r.

On the other hand, the forntation of (5) *.rs indicated bY the presence

12
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of (C:\) stretching bantl at 1640 cnl-r, SH stretching at Zl40 cm-rand
C-O bancl at 1240 cm-r.

ln artother orirtliazole preparation, conclensation of hydrazide (2)
*'ith benzoic acicl in the presence of phosphorous oxychloricle afforcled
{-(4-chloro phenyl)-6-methyl-5-(5-phenyl-1,3,4-ox adiazol-2-yl)-3,4-
dihvdro pvrinridine-2(lH)-one (6) rvhich clisplav trvo bands at 1640 cm-I and 1230, 1080 cm-' for the C:N stretching band and C-O-C
asymmetric and symnretric stretching respectively.

..\ 3.-l-dihvclro pvrimidine-2(lH)-one incorporated into triazol
and thiacli:rzole moieties were also synthesized. Condensation of
carbohydr:rzicle (2) n,ith phenyl isothiocyanate afforded the
corresponding thiosemicarbazide (7) in an alkaline medium (5%
Na2co3) and an acidic medium (conc. H2sor) are well known method
for the synthesis of 1,2,4-triazole, thiadiazole derivatives and thus 4-(4-
chloro p h eny l)-5-(5- m erca p to-4-p h e nyl-4 H- l, 2,4-triazol-3-y l)-6-
ntethvl-3,{-clihydro pyrimidin e-2(lH)-one (8) and 5-[4-(4-chloro
phenyl)-6-rnethyl-l ,2,3,4-tetrahydro pyrimidine-5-yll-N-phenyl-1,3,4-
thiadiazol-2-anrine (9) were obtained from the corresponding (7) by
this method. The IR spectrum of (7) exhibited a C:O stretching band
at 1670 cnr-r and c:S stretching band at 1240.r-'. The 1,,2,4-{riazore
derivative (8) displayed in its IR spectrum carbonyl ancl a C:N
absorptions near 1670 and 1640 cm-r, respectively, in adclition to SH
at 2600 cm-'. The lbrmation of 1,3,4-thiadiazole derivative (9) rvas
confirmecl by the presence of C:N stretching bancl near 1650 cm-r and
NH stretching band near 3250-3350 cm-'.

Furthermore, 4-(4-chloro phenyl)-N-formyl-6-methyl-2-oxo-
1,2,3,4-tetrahydro pyrimidine-S-carbohydrazide (10) was obtained in
75o/o yieltl rvhen the carbohydrazide (2) was allowed to react with
formic acid. The structure of compound (10) rvas confirmed by the
presence of tlvo amiclic carbonyl stretching bands at l7l0 cm-l and
1680 cnr-r(CONHNHCHO), in addition to aldehyclic C-H at2700-2g00
a,n-'.
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Table (2): IR and UV spectral data ol'conrpounds (l-10)

ヽ
′
ol. 18,No 2.2007

l

2.l18

1.738

2.175

０

５

５

１

６

８

０

７

４

へｊ

２^
一
つ
４

二

一

3220-3160 2950-2880 1583‐ 1480 3100
1640

1650
820

1710(C=0,CStcr)

1250(C_O― C,

,S笙→

1240(C¨ N)
3280-3150(NH2)

l・094 287_0

1600‐ 1500 3100
1,Anつ

乙 0.410

1.076

252.0

234.0

3550-3300 2950… 2880
1640

820

860
‐D

|.001

0.334

0.375

307.0

244.5

231.5

3500‐3390 2920‐ 2810 1550‐ 1450 3050
1700

1650
1710(C=O)

p)′ razOlc l・ ing

4

2.081

1.732

2 134

299.5

276.5

250.0

3500-3300 2990‐ 2900 1600-1500 3020
1680

1640
850 1240(C=S)

5

1.878

1.620

1.874

297.0

2780
2600

3300‐3190 2990_2950 1500‐ 1410 3100 1700 850
1640((1=N)

1240((｀ ―()― (｀ )

2440(SII)

47

Cornp,

No.

IU:V:
||‐「|1911,|1111,|,1・

R。
|111111(り ,|す |‐ |■ .|1111‐11.

|■| ‐| 
‐‐‐■

‐

1008 IC■0
Rillg ll

substititibll
Othcrs



S.yrtthesis of Nerv J,4-Dihydrogryrimidine-2-( lH)-one Derivatives
Itedha- Suad- Sahar

Characlcris(ic I.It. blnd (u) cnr-

6

２

３

１

６

８

０

９

　
４

９

303.0

275.5

248.5

3220‐ 3160 2990‐2900 1600‐ 1500 3040 1650 890
1640((「 =N)

1230,1080((｀―())

7

父
υ

ヽ
Ｄ
　
０

８

５

０

８

７

２

291.5

278.5

249.5

3550‐ 3300 2950‐2800 1610‐ 1500 3100
1670

1650
800

1240((｀ 三S)

670‐ 710(1ll()!l()

stlbsl)

8

2269
1 540

1.587

304.0

274.0

262.0

3500‐ 3390 2910‐2840 1550‐ 1450 3100 l()70 S()()

1640(C‐N)

2600(SIl)

670-710(「 lll=

stlbst.)

9

.699

.482

.854

305.0

282.0

253.0

3500‐ 3300 2980‐2880 1610-1520 3100
1690

850
1650((｀ =N)

690‐ 750(「 |llご

st!bst。 )

10

2.l14

0.496

0.531

291.0

232.5

226.0

3300‐ 3190 2990-2900 1600-1500 3030
1710

1680

1650

850 2700-2800((ll())



..\l- )lust:rrrsirir u ,1. Sci ヽo! :8、 ヽ(,2、 2()(}'

References:

l. EL-tVIaghraby, M.A., Khalafalla. A.K. Hassan, M.E. and
Soliman, H.A., "Synthesis and studies on heterocyclic nitrogen
compoundS", J. Ind. Chem. Soc., LXIII, 910-9 (1986).

2. Anastas, P., Williaffi, T., o'Green chemistry frontiers in benign
chemical synthesis and procedures", oxford Science publications,
l 998.

3. Bose, D.S., Fatima, L. and Mereyala, H.B., ,oGreen chemistry
approaches to th e synth esis of 5-alkoxy ca rbonyl-4-a ryl-3,4-cl ihyd ro
pyrinridine-2(lH)-ones by a three component coupling of one-pot
condensation reaction. Comparison of ethyl, water and solvent free
condensations", J. Org., Chem., 68, 587-590 (2003) and references
cited therein.

1. AL-Naimi, K.H.. Basheer, H.A. and Al-Bayati R.I.H.,
"Synthesis and studies on heterocyclic nitrogen compounds,r, J.
Educ. And Science,36, 60-67 (1999).

5. Al-Bayati R.I.H., AL-Habib, M.J. and Abdulla, I.K.,
"Synthesis of heterocyclic nitrogen compounds", Iraqi J. Chem.,
24(2),188-191 (r998).

6. Al-Bayati, R.I.H., Al-Hassan, S.S. and Al-Janaby O.A.,
"Synthesis and spectroscopic study of some nelv pyrimidines", Iraqi
J. Chem., 27, 799-807 (2001).

7. Al-Hassan, S.S., Al-Bayati, R.I.H. and Al-Janaby O.A.,
"Synthesis of nelv pyrimidines derivatives", Iraqi J. Chem., 28(l),
ts7-167 (2002).

8. Saleh, M.A., Abdel-Mageed, M.F., Abdo, M. and Shokr, A.M.,
"Synthesis of novel 3H-q u ina zoline-4-ones contain ing pyrazoli none,
pyrazole and pyrimidine moieties", Molecules, 8, 363-373 (2003).

9. Sharba, A.K., Al-Bayati, R.I., Aouad, M. and Rezki, N.,
"Synthesis of oxadiazoies, thiadiazoles and triazoles derived from
benzo-[bl-thiophene", Molecules, 10, 1l6l-1168 (2005) ancl
references cited in.

10. AL-Rikabi, S.A.K., M. Sc. Thesis, "Preparation and
characterization of some new derivatives of 3,4-dihydropyrimidine-
2(lH)-one", College of Science, AL-Mustansiriya Universitv,
Baghdad (2004).

ll. Zhang, L.X., Zhang, A., Chen, X., Lei, X., Nan, X., Chen D.
and Zhang, 2.,'oSynthesis and biological activity of 3-(2-furanvl)-6-
aryl-1 ,2,1-trizrzolo-[3,{-b]-1,3,4-thiadiazoles", Molecules,, 7, 681-689
(2002).

12. Gupta, R., Sudan, S., Mengi V. antl Kachroo, P.t-.,
"Heterocvclic systents containing bridge nitrogen atom; svnfhesis

49



Srnrhtrir i,l \rs -1.1-l)il'\(l',,l)\rinrirlinr-2-(lll)-onc l)erir:rtirt. 
ltrrlha- \uarl- Sahar

and ntih) pcrtensive activity of sonre l-16-(-l-alko11. phenyl)-3-
nr ethl l-5,6-d i hyd ro-5-t riazolo-[3,4-b ]-[ l ,3,J l-t h iatl iazo l-5-y l l-3-(5-
aryl-s-triazol-3-thio) propan-2-ols", Ind. J' Chenr', Scct. 8, 35,621-
623 (1996).

13. Gcorge. T., NIehta, D.V., Tahilranrani. Dar id J. and
Tahvalker. P.K., "Synthesis of some 5-triazoles rr,ith potential
analgesic nnd antiinflammatory activities", J. NIed. Chent'' l4({)'
335-338 (1971).

14. Sharrna, R.S. and Bahel, S.C., "Synthesis of a ryloxy/a ry lacety I

(th iosenr ica rbazid es s u bstituted- I ,3,-l-o ra d iazo les, 1,3,4-

thiadi.lzoles, 1,2,4‐ triazoles and related conlpounds as potential

flingicides'',J.Ind.Chem.Soc.,LiX,877-880(1982).

50



.\l- \ltt.lirrr:rrirr.1. Sci V'ol. ltJ, \() 2. l(t{t-

Study'The Parameters of The Semiconductor Laser and lts
Application In The Design of Laser Levelling System

l-Lizrtl '1. Al-l)ahan 2-lbrahim It. Agool J-Hanan A. Nail'

l- Al-Nahrian University,College of Science,Dep:rrtnrent of Laser & Optoelectronics
Engineering

2 - 3 Al-Mustansiriyah University, College of Science, Department of Physics

2007 ll 123 : r*iiill JJ+e e+Jtj 2006111311 :'''-i!l r:li C:-E

i,.a>tS,lt

.g*Jl L9Ei..rs,Jt*_,1Y1 i;r:lr i 4-.lSi*l il,r.r,!l dDl,4Jdl ot$l _,r-,1;.! rfl.tr-^ a-l-,;.r,",^'t

Jl .rlitJ,'t ljJ L+l,e .P a:r!t 4lSJ dJ,f*Jl .-*S L3U *j.ajf 3gi ,',-rrl O" dtjiJl rj{l t l

;il3.r.i)-j a'- +-j[:"ff ria r-iJEi .eiUi"lt .llllule tlErtl lra die d+Jr3J tJ+:ij 3.1r.-o Lt ,.

JjJ uJe dt-JYl i;il.r.e3n:i .&J*ll 5-,!ll .3 , dil+ii*Yl 3jlt.2,Jil,*JYl 6Jilr.l :cll *il_,,sJt

,-;Jc ,J$.1 Cl .iirSJl yljr,rJc g.1EJ clJs3 ,6.;jlJl ob 6. u*l*Yl r,1;ll qjl+ jA3 ()h-5l^.!l rlil
..t-,.Yl rlj;Yl A,* €Jj.i dlJsJ (2N3055) 6J.Iill JJ*.,-rI-i J (555) crs:!.Jlsll 6e3^Jl J. $
3-;jlr oa +tilt ;;tst .(lOMHz) ,)l ,h.rJtc r_,!; dl*JYl 6;jlr,J-c (Jlg +sllll ,ri.i,,i i;jtrl o:a

glllS , ;.i,lSJl lja ,-S;:ll ;r,l3.l r.lo 43S ,,iJrJrll Li.ntSJl t"a Ory*- i#j;' ,Jc g3,i:'3_, cjLlt*yt

e**g-.;Jt rlj:)l .P gJs L{,1s }l-:lll .;Jl3r t-l ,4J3rJoJl Li^ilJsll .rrl Ja (BPWI06) t} u. Ja

il--lJl 6Jl,j,Yl oe , i ?,<rl ds.J .(8C107) ey ,ui*rlj,J" aSs (741) dr'i.j,ill ri;. q* Crl
5.,r-jlr 4le..l.* dlJs3 ,;',3r3;.s$l eLlijg (LED) e&ll il-iill Jj+ltJ di"ji CIJ .'pi-Yl 6;Jlr a-U-trr

.o.#l

ABSTRACT
ln the present work is studying the parameters of the

semiconductor laser used in the transmitter circuit in the laser levelling
system. The second st:rge of this research includes the setting up of the
Iaser levelling system and proving that the rvork of this system is b1'
choosing laboratory area and applying the rvork of the system on the
chosen area. This system includes three circuits: The transmitter circuit,
the receiver circuit anC the display circuit The transmitter circuit
consists of the laser pcinter which represents the main part uf this

″
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circuit, !rn(l includcs zrlso the oscillator circuits $ hich consist classic

timer chip (555), po* cr transistor (2N3055), xn(l other small parts' these

circuits 2rre used to ensure the opcrirtion ol' e:rch circuit rvith high
lrequency uhich is about (l0Mtlz). -I'he sccond circttit, is the receiver
circuit, consists of trvo important parts - the photodiode detector and

amplifier circuits. This detector (BPWl06) is one of the photon detector
types, and the amplifier circuit contains the main parts rvhich are the

operation:rl :rmplifier (741) and transistor (BCl07). The receiver signal
can be detected by the display circuit,, uhich is represented by the sound
circuit.

INTRODUCTION
When Javan and his colleagues discovered the first laser in 1960,

it rvas considered as an :rcademic curiosity. Tr-rda1 it is difficult to
encompass the bandrvidth of the applications of l:rser in a felv rvords.
The construction of structures rvith an accur:lcv in the realm of
nanometer, demonstrates very distinctll' the lasers multiple possibilities
while rvorking on materials.(r)

The rate of development and the number of nerv applications of
lasers in the past ferv decades have been phenomenal. Lasers have

fostered a revolution in the field of electro-optics and communications,
there is an indication that the rapid grou th of laser technology will
continue and that laser use rvill become more lvidespread.

Despite the benefits of technology, it is axiomatic to say that
improper use or design of any apparatus can produce undesirable
effects; on the other hand, although technical achievement often moves
in advance of a full understanding of the hazards, it has been

encouraging to lv itness.(2'J)

This study aims at studying the parameters of the semiconductor
laser rvhich is used in the transmitter circuit in the system; these
parameters include (output potver, threshold current, operational
volt:rge, rvavelength, divergence beam, distribution of the intensity
beam):rnd designing a system for laser levelling.
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THEORETICAL PAI{T
I -semi co rr tl ucto r I user

A laser diode,, or semicon(luctor laser, is not very different in
principle from the light emitting cliocle(r), and thet' are very reliable
devices that may have long lifetime if tre:rted properly, and the polver
source for a laser diode is a simple constant-current supply(s).

When a device is called a "laser diode", this generally refers to the
combination of the semiconductor chip thnt m:rkes the actual lasing
along rvith a monitor photocliocle chip (fbr use in feedb:rck control of
power output) (6).

The development of high polver diode laser arrays have an
important role in the development of diode laser technology, such
arrays offer high radiance diode sources suitable for applications like
materials process and pumping of solid state lasers.(s)

-Description of Loser Diode
A semiconductor laser uses a small chip of semiconductor

material as the active medium. In size and appearance, the
semiconductor laser is similar to a transistor or to a semiconductor
diode. Thus, its properties and its polver-supply requirements are quite
different from the devices. In contrast to those lasers, the voltages tend
to be very lolv, a few volts instead of kilovolts. The semiconductor laser
is a current-controlled device, rather than a voltage-controlled device;
this will affect on the design of the polyer supply(s).The semiconductor
laser device commonly takes the form of a rectangular parallelepiped as
illustrated in Fig.(l). The dimensions typically are a few hundred
micrometers, up to perhaps one millimeter. The junction is a plane
within the structure, two of the sides perpendicular to the junction are
purposely roughened so as to reduce their reflectivity, the other trvo
sides are made optically flat and parallel, by either cleaving or
polishing. These tlvo surfaces form the mirrors for the laser cavity, the
reflectivity of the air-semiconcluctor interface is high enough that no
other mirrors are needecl. Although sonretimes one of the reflecting
surfaces may be coated to incre:rse the ret'lectivity and to enhance laser
operation.(s).
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Figure (l):Skelch of semicontluclor !aser device(s)

The p-n junction provides the active medium' so to obtain laser

action rve need only to meet other necessary requirements of population
inversion and optical feedback. In order to obtain stimulated emission

there must be a region of the device rvhere there :rre man)' ercited

electrons and vacant states (i.e. holes) present together. This is achieved

by forrvard biasing a junction formed from very heavily doped (n) and

(p) materialsrT) .

2- Levellitrg s)'stent
The need for levelling instrument is as old as the mankind rvhen it

started to erect monuments which were planned to last for good.(8)

Leopold (1727) introduced levelling. "Levelling is the science of
how to determine, rvith suitable instruments, that further trvo points are
removed from the center of the earth" .A common instrument used on

construction sites using a plumb bob.(e)

These systems also permit the use of smaller machines and less

skilled operators. Holvever, the use of these semi-automated st'stems

requires investments in the Iaser surveying equipment as well 2rs

modification to equipment to permit electronic feedback control units.
Still, laser levelling appears to be an excellent technological choice in
many insta n ces. 

('o)

Levels are probably the most conrnronlY used instrunrents in

constru ctio n- rela ted surveys today. These instruntents can be diridcd
into three categories: automatic levels, digital lel'els, and laser levels.' 'r'
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EXPERIMENTAL I'AITT
ln this \vork, studving the pnr2lmeters ol'scnriconductor lzrser and

clesigning the laser levelling system rr ill be tliscussccl,, lvhich consists of
three main electrical parts:

I Tlte Transmitter Circuit
This diagram shorvs the transmitter circuit

0.1pF 2N3055
50v

{70pE
50\ “

ヾ

Figure (2): Diogram of tlte transmitter circuit

l.l The Loser Pointer
The main part of the transmitter circuit is the laser pointer, it

represents by the head of the transmitter circuit.
This laser diode has the following properties: The operating current is
in the range of (2-74) mAmp., the maximum frequency equals
(10MHz), rvavelength is 635nm and the output polver is (4.5)mW.

The most visible applications of laser diodes are the ever more
popular laser pointers. The basic laser pointer is the standard red laser
pointer. The red laser pointer emits a (670-635)nm beam.
l.l.l Meusurentent of tlte Output Pon,er c&. the Thresltold Current of the

Diode Loser
The procedures of the measurement of the diocle laser :rre:
o Set the r:rnge of an ammeter at (l00mA)
. Connect the circuit shorvn in Fig. (3).
. Adjust the D.C. po\ver supply to get (l5V)
o PIot a graph of V(D.C) against output polver (I) and clrarv a plot of

graph of I(D.C.) against the (output porver).
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Figure (3): The diogrum of the nreosuretnettt output power

I.I.2The Meosurement of the Laser Beam Divergence Angle
One of the stringing features of most lasers is that the output is in

the form of an almost parallel beam. Consider a monochromatic beam

of light of "infinite" extent, rvhich passes through aI-r elliptical aperture

of diameter D. The beam lvill norv diverge by an amount dependent on

the diameter D.
The procedure of the measurement is limited to the following steps:

o Place the diode laser at a distance of about (l m) from the screen.

. Increase the distance (z) from (l to l4)m and determine (w) at each

meter.
o Plot a curve for (rv) as a function of z ancl find the slope.

. Find the experimental value of the solid angle.

Laser

Screen

Figure (4): The cliagram of the meosurentent of loser divergence
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1.1.3 Tlte frIeusuretnettt o.f the Luser LVuvelengtlr
The set up of tlre e\perinlental procedures to nleasure the

wavelength of the diode litser is shorvn in Fig. (5).

EMEE
Figure (5):T'he diugrum of the experimentol procedures to meosure the
wovelengtlt

The study of the effects of visible radiation on the stability of the
monochromator lvas u idened to increase the throughput, and the
emergent radiation fronr the monochromator lvas a lens to a spot size on
the photodiocle. The exposure dose is calculated from the total radiant
polver incident per unit area at the focal plane during the course of
irradiations.

1.1.4 Study of the Goussian Distribution of the Diode Laser
The intensity distribution across a section of the TEM00 mode is

Gaussian and is expressed by Fig. (6)

Intensity

lu/e2

Distance from optic irris x

Figurc.(6 ) : Goussion intensity distributiott
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The procedures x,hich sltott, the Goussiun distribulion ure:

o Set the erperiment requirenlents ils is shoun in Fig' (7) belorv

\rIH)FE E-!
Laser diocle Fine gauze Concave lens Pinhole Detector Screen

Figure(7):The system layout of the experiment of the Goussian distribution

o Shorv the energy pattern (distribution) through the fine Gauze

rvithout putting the pinhole and the detector'

o put a graph paper on the screen and fix the position of the center of
each spot.

o
o
O

a
o

ooooO
.oOO

a.o.o

6t. .1.
０
ヽ

O o .'
o....

●

●

oo O.'
oo.
ooo
a'a

F'igure (8): The Gaussiun Puttern

o put the pinhole and the cletector and measure the laser intensity for
each spot.

o Plot the tlvo dimensional curve for x and y.

1.2 The luser diode oscillutor circuits
The main parts of the oscillator circuit are:
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1.2.1 The clussic tinter c'ltip (555)
Integrated circuit (IC) timers are probably the most timing

intervals ranging fronr microseconds to hours. Thel'can also be used as

easily controllable, the (555) IC timer is composed of 23 transistors, 2

diodes, antl l5 resistors,:rncl rnight appear to be quite compler. ('')

1.2.2 Pon'er trnnsistor und heut sinking (21V3055)

It is necessarv in some circuit to use power transistors or any chip
that used high current and gives high power. The transistor (2N3055) is

porver transistor, it is cheap price and wide useful.(rr)
The properties of the polver transistor (2N3055) is:
r.si -N
2. NF/S-L
3. The operating voltage is (100V).
J. The operating current is (15A).
5. The maximum polver received (l5W).
6. The maximum frequency(>2.5MH 27.(ttt

2 The receiver circuit
The receiver circuit consists of the follorving parts: (Fig. 9)
1. Photodiode detector, 2. Amplifier circuits

Figure (9): The diagram of the receiver circuit

巨 wi;:t

μF

50V

100KΩ 10KΩ

100KΩ

10KΩ

0.l ll

2.2Ω
5♀
Y

C1815
ミ
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ミ 0.lμ F
50V

Detector
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2. I Pholodir.ttle Delector
lnphotondetectors.theabsorptit)lll)1.()ctssresrrltsdirectll.in

some specific quanturn event (such zrs the photoelectric emission of

electrons from a surlace) rvhich is then (counted) b) the detection

system. Thus, the output of photon cletectors is governed by the rate of

absorption of light quanta and not directll by their encrgy'

2-2 Amplifier circuils
The main parts of the amplifier circuit 2rre:

2.2.1 Operutittnal Amplifier (741)

ihi, *nut originally designed to perform the mathematical

operations. The operational amplifier has tlvo input terminals, and uses

clirect coupling behveen input and output. T1 pic:rllr, the device gives a

basic lorv frequency voltage gain of about 100000 betrveen the inputs

and output,(12)

2.2.2 The transistor (8C107)

The properties of the transistor (BCl07) are:

1. Si-N
2. Unijunction
3. The operating voltage is (50V)
4. The operating current is (0.1A).

5. The maximum Power is (0.3W).

6. The maximum frequency is (300MHz;.(r{'
The voltage at the base if (BCl07) is close to the positive supply

voltage and this transistor is srvitched off, since it is an npn type

(BC1-07). lvhen not signal, the vottage goes negirtive, srvitching this

transistor on, ancl make it possible to deternrine the light level for which

the operational amplifi er switches.

3 The Displuy circuit
tn this section, the received signal cln be detect by the sound

circuit it is represented the style of the tlisplaY circuit, such that

converting the light t() the sound and clrn listen to the voice by using

multimectia speaker system (Superrvoofer) '\LF\ (ltl)-S205)' Fig' (10)
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Figure (10,t: The diugrom of the sound circuit

RESULTS & DISCUSSION
In this research, the results obtained from the laser levelling

system are discussed. These results deal with the laser transmitter and
receiver circuits and measurement of the parameter of the laser used in
the transmitter circuit, and thus received to the final design of the laser
levelling system is reached.
I Meusurement of the Loser Porameters
I.l Measurement of the Muximum Output Power and the Threshold

Current
Fig.(ll) shows the output characteristics of a laser diode as a

function of input current. At lorv values of the input, the device acts:rs a

light-emitting diode (LED), producing a relatively small amount of
incoherent light. At a thresholcl value, where the population inversion is

Iarge enough so that gain by stimulated emission can overcome the
losses. As current increases above the threshold value, the light output
increases much more rapiclly than the LED region. The light is norv

coherent laser light. Icleally, the light output should increase linearly
lvith the current, as is shown in this figure.

I()()K`2 10K≦ 2

100KΩ

0。 lμF

C1815

Pou er
supplv

Output

1 speaker

i-o
47011F
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100V
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Figrrre (ll): The outpttt of the luser diode us ulfutrction of drive current

From this figure, the value of the threshold current equals

(1a.3mA). and maxintum output power, is equal to (7.5mW).

1.2 Meosurement of the Operutiottol Voltoge

The output characteristics of :r laser diode as a function of power

supply (voltage) as sholvn in Fig.(12). At the minimum value of the

polver supply rvhich begins to increase representing thereby the

operational voltage rvhich is equal to (2.0V). As power supply increases,

the light output increases linearly as is shorvn in this figure.
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Figure (12): The output of a luser diode us u func'tion of power supply
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1.3 Meusurement of the Luser Beum Divergenc'e Angle
The divergence of beam l:rser as shorvn in Fig.(13), it is one of the

most striking I'entures cf most lasers rvhich forms:rn:rlmost pzrrallel

beam.
When the light laser beam extent passes through an elliptical

aperture of diameter, the beam rvill diverge by an amount depending on

the size of spot. The resulting irradiation distribution on the screen

consists of a bright area surroun(led by concentric alternate darkness.

Figure (13): The relation between the distances with the width of spot

From this figure, calculation of the beam divergence (e) by applying
equation this:
0: Sin -' 1w/zS

When (wlz\ equals the slope of the linear relationship and this
beam divergence proved to be equal to 18.963o

1.4 Measurement of the Laser LYavelengtlt
The spectral respcnsiveness of all the laser diodes lvas measured

before and after irradiation and a significant constant decrease in the
responsiveness is observecl rvhich is almost constant over the entire
lvavelength range-from 600nm to 668nm.

The results of the measurements of the lvavelength of the

semiconductor laser can be seen in Fig.(14), this figure sholvs the
relationship behveen the rv:rvelengths and the output porver.

From this erperinrent, the meirsured w'avelength equzrls (635nm).
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1.5 The Gsttssion distribution
The Gaussian clistribution of the semiconductor laser is shorvn in Fig. (15).
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Figure (15): Gaussian distribution of the semiconductor laser

2 The Design of the Lsser Levelling System

After having connectetl the transmitter and receiver circuit as is

shown in Fig.(16), we come to the final design of the laser levelling

system rvhich is as sholvn in Fig.(17).
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Figure (17): Thefinal design of the lqser levelling system

CONCLUSIONS
From this work we concluded the following points:-
1. Measuring the parameters of the laser diode rvhich is used in the

tr:rnsmitter circuit, zrnd the results reached at were: the wavelength
(635nm), output polver (a.SmW), divergence beam (18.963"), the
threshold current (la.3mA), and operational voltage (2Y.

2. The output polver of a laser diode increases lvith increasing the input
current.

3. The output polver of a laser diode increases rvith increasing the polver
supply (voltage).

4. After the current reirches the value of the threshold current,
permanent damage occurs, lvhich means that the Catastrophic
Optical Damage (COD) and the light output frequently drop rapidlv
rvith increasing in the current.
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by using the semiconductor laser5. Designing :r laser levclling system

h:rs bcen re2rched at strccessfully,
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ABSTRACT

The dye BDN-I is nickel complex used in the Q-switching of neodymium

Iasers. The saturation behavior of the dye has been measured, which exhibits

strong residual absorption even at specific large incident energy- The excited

state absorption crosssection for BDN-I in chloroform and benzene for which

residual absorption is deduced has been calculated to be 8.002x10-r8 and

7.604x10-'8cm' respectively at l.06pm .Consequently the ratio p(absorption

cross section at first exciied state to that at ground state )of BDN-I in

chloroform and benzene has been measured to be 0.297 and 0.300

respectivelY.

TNTRODUCTION
For passive Q-srvitched Nd:YAG taser technique , the choice of particular

dye depencls on its high molar extinction coefficient at l.06pm ,photochemical

siability, ancl recovery time to the ground state(l).The_dylrvhich has been

usetl in our rvork as a saturable :rbsorber for the Nd:YAG laser is BDN-I

mixecl with chloroform and benzene. Bis-(4-Dimethylaminoclithobenzil)-
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Nickel, is :r chemical compound thnt prepared in lraq(2).According to the
results (3), one can im:rge tne saturable absorber as four Ievel representation
and that the ground rvith first excited state contributes the absorption
clynamics. For establishing simulation of passively Q-srvitched Nd:YAG laser

using BDN-I in chloroform and benzene as :t s:tturable absorber, we have to
find parameters of the follorving rate equations(4):

avg_

c/r

弊=kgⅣg καⅣα―μαⅣ翻―/。 ]′

Rp-/rNr-KrNrn

争=んⅣ酬一κα Ⅳ♂

争 =亀Ⅳ♂一んⅣ御

1ll

12]

131

14〕

The parameters used in these coupled rate equations are defined as

follows: n is the photon number in the laser cavity, I/* it the population

inversion of the laser, l/" is the ground state population of the saturable
absorber, 1(* and Ku' are coupling coefficients, p is the ratio of the excited state

absorption cross section to the ground state absorption cross section of the

saturable absorber, N., is the first excited state population of the saturable
absorber, I. is the cavity decay rate, rRo is the pumping rate , /, is the decay

rate of the upper laser level, and 7, is the relaxation rate of the saturable
absorber. The calculation of the ratio F of the saturable absorber is the

desirable aim of this rvork.

SATURATION BEHAVIOR
Passive Q-switching technique exploits the nonlinear properties of

saturable absorbers. Their absorption coefficient decreases readily with
increasing light intensity and thus it becomes more transparent as the light
becomes intense (5). Accordingly saturation behavior of the saturable
absorber clepends on the absorption dynamics. fr{any researches(6-8)

represented a theoretical description of the absorber behavior according to

the number of the energy levels rvhich contribute the absorption dynamics.

Fig.(t-a) shows an energy level scheme for a three level system. Initially, all
molecules of the saturable:rbsorber are in the ground level 1 .The laser
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photons rvill excite moleculcs from the grou nd level I to the level 3.In a fast

svstem r 3r (( r tr, r rr the cxcitation to level 3 is followed immediately
by a transition to level 2. u'hich is long livetl. -fhe process of bleaching is thus
occurred at transferring of nrolecules frorn lerel I to level 2 through level 3.

Accordingly, the total absorption mechanisnr is determined by the ground
level only.

The absorption dy'namics nray be tlescribetl bl'a four level system as

illustrated in Fig.(l-b). The excited nrolecules fronr the level I to level 3 relax
vastly to level 2 of recovery time t,, .During the stav of the molecules in level 2,

they may be excited to higher lf ing level J bl absorption of incident radiation
(excited state absorption ). Therefore, the residual absorption can be

accounted for excited state irbsorption * ith a cross section (o..,.,, ).The
relaxation fronr level { to level 2 is generalll' r'er1' short (tr:-0). We must
rememberthefactthatsirturirbleabsorbcrsarecharacterizedby(o*.,.,>
o".,.0).Accordingly both the ground and first excited state are responsible for
the absorption mechanism for this s) stenr. Thus a four level saturable
absorber representation is more actual than the three level representation.

Experimental
The system shorvn in Fig.(2) has been used for measurcment of the ground

and excited state absorption cross sectio4 of BDN-I in chloroform and
benzene using the excitation pulses generated by Nd:YAG laser. It consists of
Nd:YAG rod I as an active medium and the BDN-I 2 as Q-srvitch dye which is
implemented outside of the cavity by' putting it in the setup directly facing the
laser output pulse at the output coupler. Using a pulse forming network with
an external triggering the flash lamp has been operated and thus the laser
pulse energy is varied .An ED-500 genetic joule meter 3 has been used to
measure the laser pulse energy. It has been connected to a fast storage
oscilloscope 4 model PM 3350 (frequency 100 MHz) rvhich rvas supplied by
Philips Company.

Results and l)iscussron
Using this arrangement, the curves of Fig.(3)and Fig.(,1) have been

obtained .They show existence :r strong residual absorption at the highest
values of energy corresponding to a limiting transmission of 0.620 and 0.635
for BDN-I in chloroform and benzene respectively. By focusing the beam rvith
energy starting lvith lmJ, dolvn to iln :rreil of 0.125cm2 (the spot area of the
Nd:YAG laser), the pulse intensitv fronr SmJ/cmz up to l00mJ/cmr at
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constant time (the free running pulse duration of the Nd:YAG laser) can be
achieved.

A (0.023 mole/l) molzrr concentration of BDN-I in chloroform and benzene
was used to nranulhcture a dye Q-switch foil with thickness 100 pm (2).This
foil has been used in our calculation. The initial transmission,measured nn
oscilloscope, was 20o and 22oh for BDN-I in chloroform and benzene
respectively. Those indicate values of molar extinction coefficients at l.06pm
of \:6991.556 and 6583.1 64cm2/mmole respectively. That are equivalent
to an absorption cross section of og.,." :26.941x10-r8 and 25.345x10-'8cm2
respectivell'. Conversely the best fit was obtained for o".r.,,:8.002x10-r8 ancl
7.601x10-'tcm' for BDN-I in chloroform and benzene respectively,
corresponding to a limiting transmission at high values of energy, of 0.620 ancl
0.635 respectively. Consequently one can calculate the ratio F:0.297 and 0.300
for BDN-I in chloroform and benzene respectively as saturable absorber using
the Nd:YAG Iaser excitation pulses.

One must keep in mind, value of the ratio (F) of BDN-I mixed rvith
solvents different according to the solvent type. The reason is that the ability
of dye for absorption differs from solvent to another and the ratio p thus
being different. From observation of the absorption cross sections for both
ground and excited state, it is clear that 6g.s.a ) 6..r.o as it is expected
theoretically.

The experimental curve can look the same for dyes having four level
representation. The experimental curyes of Fig.(3) and Fig.(4)depending on
the obtained data, especially residual absorption, is strong evidence for
representing the dye levels as four level system. This ensure the expected
theoretical interpretation about four level and three level representation. At
last, we have to note that the high values of the incident energy upon the dye
which determine the yalue of o..r." neyer exceed the threshold damages energy
of the dye.

Conclusion
From the experimental curves one can depend on this method to investigate

saturation behavior of any saturable absorber. As a result it can be
recommended to calculate the ratio B .
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Fig.(l): (:r)Three level scheme. Bleaching results from transference of

morecures from r__-2. (b) Four revel scheme. Residual absorption resurts from

the transition 2-' 1.

□一回・ i・

Fig.(2):The ratio p measurement system'
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ABSTRACT

The main aim of this paper is to prove that a families of some cubic

vector fields on 2 - dimensional manifolds ,all singularities with
characteristic orbits are topologically determined by ^ finite set

,moreover we prove that two singularities (R',6,X) and (R2,0,X)

are Co- equivalent after polar blowing up ,provided there is

characteristic orbits.

Key lvords. Normal
vector Fields.

forms, bifurcations, blowing uP, singularity of

INTRODUCTION

The qualitative analysis of vector fields on the plane has been a

subject of major interest in pure and applied mathematics' In (1),

Poincar6 laicl the foundations of these fields. A major contribution

was then the work of Andronov In (2), we propose an overvielv of 2D

vector field topology taken from the qualitative theory of second

orcler dynamic system, the singularities may occurs in linear vector

fielcls, An affine linear vector field X is described in the follolving way
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And is uniquely deternlined by itS Jacobian(Or gradicnt rllatrix)at

the loCation of its possible zero.That is depending on the eigenvalues

ofthe l■ atrix A,integi'al curves Of X Inay haVe difFerent aspects over

the plane, the claSSirlcatiOn is given in((3),(9),(10))。
 In thiS paper,

First,lⅣ e introduce the basic nOtatiOns required fOr the qualitative

analysis Of vector rlelds,seCOnd,we focuS°
n nonlinear cubiC VectOr

fields deternlined by a rlnite set called the normal forrll,thirdゃ
gives

the polar bloヽ Ving up of SOme cubiC polynonlial vector rlclds.In the

foHoヽ 'ヽing,、ve consider a steady、
′ector rlekls derlned orl the plane.

l Basic Concept:

1.l DerlnitiOn:A''singularity of a C k― VeCtOr fleld''is a triple(Rn,P,

X)SllCh that X is a C k― VectOr rleld On R n with the property X(p)=0

and p is a singular pOint ofthe vector rlelds x。

1.2 DefinitiOn of Germ:TWO Vector rlelds x and Y on Rn with X(0)

=Y (0)=O are gerln― equivalent in O, if they coincide on sOme

neighborhoOd Of O.The equivalence class for this equivalence relation

are called germ of Vector rlelds in ooLet Gn denoted the Set of germs

of C∞ vector rlelds On Rn.

又、マ∈Gn,then tt andマ are k― jet
l.3 DerlnitiOn Of k―iet:  Let

鷲rttt驀輛霧漁I盛顆モ]W三li■驚ポ事
This equivalence classes ale Caned k―

jets,the k―jet of C"VeCtOr rleld

X on O being denoted by」 k(X)(0)。

1.4 DerlnitiOn Of  C° ―equivalence:   叉、マ∈Gn are topologica‖ y

equivalent if fOr sOllle(and hence fOr all)representatives X and Y

Of tt and▼  ,there exist neighborhoods U and V Of O in Rn ,and a
honleOmorphism h:U― → V,IIlapping integral curVes of X tO integral

clirves of Y ,preserving the "Sense'' but nOt necessarily the
parameterization,ifヽ ve denote the f10ヽv of a vectOr rleld x as usual by

Φx:D⊂ Rn× R―→Rn,then the condition in this derlnitiOn means that if

p∈ U and Φ x(p,10,tl])⊂ U、 11>0,then there iS SOme t2>O SuCh that

力(Φ 、(ρ、10.′ 1]))=Φ l(ん (ρ )、 [()、
′2])).
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1.5 Definition of C"-conjugacY: Let X and Y be trvo (gernrs of) vector

fielttsn'ithX(0):Y(0):0.WesaythatXandYare"(locally)C-
conjugate(l) " if there exists a homeomorphisnt h in a neighborhoocl

V ol'0 such that if pe V and te R have the property Oy(p.t) € V, then

h(<D , (P.t )) = @ ,(h(P),t)) -

1.6 Definition of characteristic orbit: We say that a vector field X on

R".
X (0) :0, has a" characteristic orbit" in 0, if for some V there exists

an integral curve r + ox()-.t) remaining in v for t> 0 (or for t<0)

and such that
Ox(Y",t)>0,Vt 2 0(resP.Vt <0)'
Ox(y".t) --+ 0,Fort -+ o (resp. t + --),

2 Normal forms of cubic vector fields:
Normal form theory (see (4), (5)), is a technique for transforming the

ordinary differential equations describing nonlinear dynamical

systems into standard form. Using a particular class of coordinate

transformations, One can remove the inessential part of higher order

nonlinearities, the standard development of normal form theory
involves several technical assumptions (often restricted to
homogenous polynomials), Normal forms allolvs the use of restricted

class of coordinates transformations (typically homogeneous

polynomials) to put the bifurcations found in nonlinear dynamical

system into a few standard forms.

Now let X is a Ck-vector field on Rn with X (0):0 'it is
possible to bring the i- jet of X (with i < k) in a simple form by a c--
change of coordinates. Let X, be the vector field, whose component

functions are linear, and such that Jr(xrX0)=JI(XX0) ' Let Hh denote

the vector space on R" given by homogeneous polynomials of degree

h .Let [Xr .- ]h, Hl, --+Hh be the linear map lvhich assign to each Y

e FIL the Lie product[Xr , Y ]. We now consider the splitting

HL = Bh @ Gh ,where Bh = Im([X, ,- ]; and G h is some complementary

space.

Taken's normal form theorem (see (4)):

Let X, X, , B " and G " be as above' then for i < k < 'o , there is

a C- - diffeomorphism 0:( R", 0) -+(R", 0) such that X' = 0*(X) is of

the form
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where g′ ∈(ン , i=1,2,..., ′ and
x′ = XI+g3+ g3+ °̈  +g′ +R′

J′ (RI)(0)=0,X′ iS Called the normal fOrm ofthe vectOr rleld x.

Noヽ  ■e say about an falllilies of 
・ヽectOr rlelds X on Rn with

JI(｀ )‐ J2(｀ )=Oand J3(X)≠ O are a cubic vectOr rlelds

Theorem(2.1):Let X bea Ck―CubiC VeCtOr rleld(for k≧ 4)with X(0)

=O and itS

3-jet at O iS J3(X)(0)=(0, aヽ
3), a∈  Rヽ {0}, tllen there iS a

diffeomorphisnl

h:(R2,0)→ (R2,0)suCh that

h*f=(0,a x3>(ΣΣα卜Xky:k,Σ  Σβ卜
kyi k)+Rr,Where

i二6k=O           i=6k=0

α卜.β卜∈R and Rr iS a vectOr rleld with zero r―
jet.

3 Polar B10Wing Up:
3.1.COnstruction

The b10Wing― up methOd,(see(5),(6),(7),(8)),is the technique we uSe

to decompose a singularity into a silnple singularities.In its different

驀 ∬ hi照 講
疑 典 遭 1搬 1llII

Let X:(R2っ 0)→ (R2,0)be a Vec

Φ:R2→ R2be

a diffeomorphiSm On R 2 suCh that Φ.(叉 )=X or叉 =DΦ XΦ
‐l,Where

lf the Vector fleld X has the property that jl(X)=J2(X)=Oand

j3(X)≠ 0,then we d市ide tt by r2,which makeS Sense.In the sequel,

by ''blov/ing llP'' We M′ in allvayS mean the construction leading to

又=十又 ,Wh“ Htth h唱 醸 耐 電
…

ぬ 価 鳳 嶽 の到 °Wne

又 =ζ :ぃ )岳 十rζ 2(α →ヽ1,Where■
andユ are such that

∂α    ∂r     '

Φ率(£ Xα J・ )=(ヽ£一y:})(Φ (α ,rD,

０
０

，
′
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o. ( rf 11o.r.t=
CU

y寺 )(Φ(α 'r)〉
＋Ｃヽ

一へ鉢

Ｘ

3.2. Calculations Concerning Blorving Up

In this section we derive some formulas lvhich lve need later on. Let

X be a C''- vector fielcl on R2 have the propertY j r(X) = Jz(X) = 0and
j:(X) + 0, we blorv up X in O.The vector field X induces a vector field.

Sr * {0}!Xo: (r(o,OX3) WhereSr = {(x,y):x2 +y2 =l}, Looking at the
oa

Taylor expansion of X at 0 it is clear that
k+l

(r(cr,O) = ! tul"' cos cx. - af 'l sin cr ; cosicr sin k*l-ic,

i-0
r.k:kA

And I it! ul'*'y* 'Xft-tI ul'\iyk-iXf;lrepresent the co- jetof X
k=o i .o c)Y' - oY

in 0. The singularities on sr x {0} are exactly the points
rvhere(r(s,0) = 0.

Proposition. (See (6)) (r(cr.0) Satisfies one of the following conditions:

I q,1cr,0; is nowherezero.
II q,1o,o;:0 has a finite number of solutions (at most 2k+4).

III for every cr e [0,2n [ , (1(ct.0):0.

Whencruis a solution of q,1cr,0;:0, it is clear that cr' +n is: (1(crs +n,0)

Furthermore, the orbits in the neighborhood of (crs + 7r,0) are

analogous to the orbits ofX in the neighborhood of(4u,0). The only

possible difference is the sense .in order to have topology information
about both. Two such singularities will be called equal up symmetry,
ancl we will talk about a "symmetry pair of singularities."

If X=(r(o,r)3+rl2(a,.;$is a C--vector field, we can
da ot

consider its Taylor expansion in a singularity. We check in which

rvay the j*(XXcr,O) are related rvith the .o- jetof X in 0-

We see that

n⑩ =二嗜榊 Qlrll lX争 哺取⑩ギ数》
With
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ずにハ=+f場に∝0,

耐じ潤=守主詳等。)の。

(1)blliOalilarepertinent:

(2)The n‐jet of X in a pOint of Sl× {0}depends entirely with(k+n-1)

=Jet Of X in O。

The fOrmulas fOr the llet Of Xin a point(α 、0)a re

も
数

…

p9=Σ は ぼ
…

‖ 淑 計 %

(争 Xα ,① =Σ Fa卜ち n3α ‐0+1)b卜
J)Jn2 α cos α―a卜

Jぃ 2-1)Jn α COS2α

+は +卜 Ob卜・ COS3司 ×c。♂
J αJnk・ α

This Win be ca‖ ed the "tangential eigenvalue'' of tt in(α ,0)・

Furthermore(型 2)(α,0)=0,and

(争 Xα,0=Σ [b卜
+2 cos α_a卜+2sh α]cOζαぶnk・

2」α

Taken'S theorem(See(4)):there is a C′
―Vector rleld tt On slx R2

such that O中 (X(q))=X(0(q))fOr a‖ q∈ Si× R2,～
      ・ ∂  ・ ∂
Xに、r)=α

房
+『

扉

Wherei=lfandi=(X,(― y,X))

i=上 g and g=(X,(X,y)〉
r

BecauSe f,g are in general posi● on,又
|、

|。|も
a Morse―snlale system

and in each point(9。 ,0)∈ Si X{0}Where X is zero,X has a hyperbolic

singularity,if Y hasthe Same k,jet as X and iS atleast Ck‐
l,and if Y

andマ are derlned analogous to X and X,then an the abOve remarks

concerning tt also hold for マ.this means that we Can make a

homeomorphisIIl h Of neighborhood U lof SIx10}in sl xtr∈
R、 r≧ 0}

Onto another such neighborhood U 2 Stich that h maps integral

curves   Of   X    tO   integral   curves   Of   マ.i.eo   if
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p€ Ur and Dx(p,t0,tll) ,t; >0,is contained in U,' then there is a t.,> 0

such that h(D1(p,[0,tr])) = Dv(h(p),[0,tr])'

Using h, rve construct a Cu-equivalence betrveen the tlvo germs by

tnking: q:O(U1) --+ O(U2) defined by to(0)= 0 and tp(p) = cDh@-i(p)for

p* 0. where O-r(p) has to be chosen so that it's r-coordinate is positive

.The fact that <p is a homeomorphism which sends X integral curves

to Y integral curves follows immediately'

Theorem (3.1):

Let X be a cubic vector field on R2, with

it'sJ.,(X) = (xr + *y',3Yt -x'y),then for

cD:Sl , Rl -R2such that the polar blowing t

has the following form:

X : 2coscrsin cr(sin2cr-cos'cr;a * r(cosrcr+3

4 Proof of the results:

Jr(X) = Ju (X) = 0,such that

k=2 , there is

up X of the vector field X

,a
sin'u) -'0r

Proof oftheorem(2.1)

We define a suitable vectOr space I―Ii~2 to deterΠline a baSiS fOr the

spム ce Gi.

Let Yk二 (0,Xi k 2yk) ,k=0,l,2,… ,i-2

zn = (xi-n-' Yn, An*i-n-3rn+l ; n十 1

Zi_1=(yi~2.0)

The set{Yk}高 ∪{Zn}1萬 brm a standard basヽ br the VectOr space

Hi-2 ,to determine the Space Bl, We COmpute the fO110wing
calculations:

I(0,a x3),Yk l=(0,a kxi~k+lyk~l)

I(0,a x3),zn l=(a n xi~n+lyn―
l,0)

1(0,a、
3),zi 21=(a(i-2)x3yi 3.3a、 2)12)

The space H!generated by Biand SOme COInplenlentary set,hence we

ch。。se              GI              Such              that
,

Gi={X:X=('Lα卜Xkyi k、 iゞβ卜
k yi~k))、 WhCrc α卜、β〉∈R,and   by

k=0 k=0

Taken'S theorem 141,there is a C′
―hOmeon101‐ phism flinction h:

(R2,0)→ (R2,0)  suCh   that   h*f  =  (0,a、
3)  十

０
０
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kyi k)+Rr,Where α卜.β〉∈Rand Rrお a vector

neld with zcro r― jet.

Proof oftheorem(3.1)

Let X be a C4_veCtor ield On R2  ,with Xl(0)=X2(0)=0, and

J3(X)=(ヽ
3・

)ヽ2.3)3-、
2)),conSider the fo‖ OIVing calculation:

Clに、→=■ (X,い 対 αヽ
"←

he symbdく 、)represenヽ ぬe hner

product)

=」午((x3+Xy,3y3+X2y),(―y,x))(α「)

r

=斗←x3y_xy3+3xy3_x3y}
r

=斗 {2y3-2x3y}
r

=2 cosα sin α(Sin2 α
_cos2 α)

ζ2(α r`)=十《X3+xy2,3y3_x2y),(x,y)〉

=1卜 {Xl+X2y2+3y4_x2y2}

=COS4 α+3sinl α

So the polar blowing up tt is

X=ζic,ol+rζ 2に ,→♀

=ギ午《X3+Xy2.3y3-x2y)、 ←y,X))岳 +ギ}((X3+Xy2,3y3_x2っ。(x,ガ〉♀

=:卜 (―ヽ̂y一 X y3+3xy3_x3y)1+1:(Xl+x2y2+3y4_、
2y2)鼻

=(2cosα sin∝ sin 3α―Cos 2α 》
I[十

r lCOSlα +3sin4 0景

sO ne pdtts whtte 2∞ sα Jn∝Jぽα一ご→=Oam以嗜o<:9,

つ

一

〇
〇
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5;r- in^(x.0).(-.u),(-.u),+2
X-rr.x,;at the

(ヽ)l18、 ヽo2、 2()()7

linear part of the vector field

points, lve calculate the following

0l
I

I

i

I

I

'u+3tin'o _1,,,,,

I i$trrct-1. I )
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above singular
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ABSTRACT
This research lvas conducte(l during (1996-1997, 1997-1998,

1998-1999) seasons in Turvaitha Research Station / Agriculture
Research Center and Food Technologr. / )Iinistrl' of Science and

Technology. The research has induced I'aluation of three genotypes of
tlvo rory barley for malting (39, .15, 52) intltrction bl gamma ray and

comparison rvith the original I / 5 and Clipper variett'. Randomized

Complete Block Design (RCBD) has been used rvith three replications
and the accumulation analysis. The results shorved that the induction
genotypes (39, 45, 52) rvas superiority on his original and Clipper
variety in yield and its component characters, rvhereas there is no

significant effect for year and the interaction betrveen years and
genotypes for all studies characters, so the results shorved that the
quality testes ryas suitable for malting. We can conclude from this
study that genotypes (39., 45,52) rvas suitable for Iraqi environment
and for malting.
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ABSTRACT

The effect of Prebiotics (Honey, Inulin and Raffinose)' on the grorvth and

inhibition activity of three local lactic acid bacteria isolates (Lactobacillus

gasseri,Lb.acidophilus and Lb.plantarum) rvere tested against some diarrheal
causing bacteria (Escherichia coli Ol57:HT,Enteropathogenic E

coli,salmonella typhimurium and Shigella flexneri) .

The results of this study shorved that Prebiotics (Honey and

Raffinose)enhanced the grorvth of three lactic zrcid bacterial isolaies.

While the Inulin enhanced the grorvth of Lb.plantarum.
Prebiotics increase the inhibition activity of lactic acid bacterial isolates in

some case according to Prebiotics tvpe and diarrheal causative bacteria. The

results shorved that the honey increase the inhibition activity of Lb.gasseri and

Lb.acidophilus. were as in the case of inulin ,inhibition activity of
Lb.pl:rntarum increased against diarrheal bacteria.

a-.aYilt

OJJ.-,:iJ)IJ rl-.,,rjl :,-,1^ 'j, Cl3 (Prebiotics) +r':fSl '[:Ujidl .tr+ -)='3[: u*Jl

dlns- yll c)h^Lrtr-_ris+l rjrj 4rrl$ dlYJe r,rt3 !.rrLy:i!l 4JlriJlJ J ill uleiJj+lJllj
,-;-+ rl,-+.r ( Lactobacillus gasseri,Lb. acidophilus, Lb plantarum)

E n tero pa th o gen ic, Esch e rich ia col i O I 57 : H7 ),Jt{-.,,X 4+i--,-ll !,'1$l

.( Shigella flexneri3 Salmonella typhimuriumr E.coli

sJe 4+hill ,jJujiJ! l!ll3 lJ$ij ,ilLil ot k+!e dJ'.4rjl n c 6-iE:ll cr.i;

Se L"J- YJ 6J.hJ*Jl 4Lb-J t-,,tL i-,,t'-.ft dJ3)Jl L":LtLr IJJ+ 6Yf tlil J'j

Lb. Llill s,-rl p-r.-;l irJlJ+ryl Gt;i ,s.i t-+ , j,+lilJ J..'ll tlri:*.l

+l-L Lb.gasseri, Lb. aci{ophiltls a+l-'tJl J"j,J!t r;.rE g,1Ls3 plantarum

o-l a :;f rill nLgiJl I )iij elLil OlSs , tJ.hJ-Jl !-S q'P lil'r ':-' & di-Je I u

eeSJt 3jJ W 6YLrll Lh4 d,.:usxl ,;bb !j5+ iYj.l aiAi,::ll artt-ilt srq,

j r- ;13 d..'ll *ii c.rtss . dtsl 4++ (J. ,Jtti..Yl Uisi eJiJ 4{+ i}" ilrill
』
´

〃L●K Lb. plantarumJ Lb.gasseri C;]J-HJ 4+j+11$ r;lt'ilt Sq-1
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. (!tl*tts Us-lills t".JlJl)

Aijtisill l)ijl ol;'.;*:..,r t+lU ( Probiotics ) fu+ll oliil.ll L,ef L^+

l+JJlsi sillJ .(7)+J.:^ll 15.a ,,Jc 6+$. .:l;rr'18 ,rtt':'-. ,rijl SUJS. Jl 4JJl
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rlj;l .r+3 rh-)lJ e;)lLll 15"IJl sp (Normal flora) ,*,',:ii< b+lg O
.(8) ot*-ltt L*;dl 6uill

./ 3 rri.tl -iliiill i +d! iltrltt LU.:^tt Lorl9.3 .ilr'is)Jl o&L tJ-risJ iJ4jj

9. c.ili-lt a:pJl 6tJljla,;Yl ey.c qF L.t. t-.13.1 '''di il , ul*i)U i,..irrll 6UiJl

4JLti-l) LSY! 4-.r.ilJ*ll a:X+-ll eLrr. Yl c-!1. 
:tl-l J.j 6- ,Jc t#Jre JXi

a+tlss i.,.:-.)te .il;4i-:,jr," Cl 6L.J-,1,,TI iF +dl t{+Lijl 1-,o )rij, et-}J
oYLr 6),tcS ars>tl i-,.-.U.-tlS jJ1SyJl 72t 13* U+- YS.:{ll 13* gil;cY

'(tO: 9)(Antitunror effect)31-;3)U .rr 'Jl Lr*tjr
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e-;sill j:.iri Di O. olJall l3liJJ+l-. ,r- -+ i;t S.:t :Usilt 
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!A i:cl + c".aiijl dJl ,:iJJl sp .ly 73o Bifidobacterium tliq
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. rJe1lill e t-.Yl ,1 fg-r;ltr a,r-JtsltS 6-ttr-.ll

O-" l-rrJl ol tr o.!t.$ll ti}]j;J 4+yrll 4.,,1<)Ul oc-ls ltA 4r"ry lJEj

I 0iJrlri 3:$ 1r...,!!.1t rb e. 151 aY-Fll j"i S,+-:ir rj.-:: !tuJ 6L:J^ill

' aa ,J-;ril jS+S qs- 6lJj,LaS ti+hi.:-l ;-+l i+r.ll lJ isJll ,lsi 4+#3ll

L+.,;3s1.Yf r- ,Jc e+ts.tt 6l-$rl L;lr+ -,ri: ii-* i.+ i-lJrJ ril oel;
:l ,,.!l t ,,;S+ll ol 11 i.!.,,.,,:iJl Lf+llrs iF.l d Lrlj:3 !.-Jl ilr6srll rAla

. r:'- ^ i.i:l3l .Jq-,$ ,rYLJ !3r=s, :l_)-'qs q-l$,i*Y cjit{i.Dll
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cr$ll gul 4;F & , s-L6jll 
, tJjJ+ J..ait (,.i _j+.$l illsdt oli.a3,.. t,lg +:Utt

. [l] (Shabe.a Effect) l-'"-.u 
-+. E - {irerl

i-i,lLi^Jl3 cll-rt ...- ll

s+4 gJEYI .e rt-.i o-,;LlJ.o+ CIJ- ,Jo a.rj- tiJ:ll 4#1.,sll 4sJ.,ll .Li..elJ. u"JJi

Oi t& n'. >> K:- >> ZnPt') q+ AJqr.:+1r,l*S (Quality Factor) di-ei &lri ds,j,Jt

M: ,ll:il sle 4J-,t -!| CJy.lr.,)l i3U3 u*$ q.t-i .r- .s-ilryl 1,:3t! L{a Ktj K,
crLejlol qlrl i,y-a_,!Jl oia alG ,rtE\3 . (Magnetization Vector) .LncJ e-::r 9
fu.rk-a 

6,1 'rr-Lr alJr:.:Jl ,r3.s iS-.p , :. Jl te+l \il..l+ C*i.tsX;)l (Parameters)

.[v.t] (Slonczervki) ,r5.*i+i!*.,, {.1.! 0.. L,r:*.rl iir,altJ u"i,,.i,i.Jl -Jhr)

9ルイ//δ。=κ .sin 21//+″ α 71///、    __ く|)

夕=(δ。//α )(〃 一′ //)+(δ。//α )〃～cos ω r_…… (2)
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