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Effec of Saiicylic Acid and Gallic Acid on the Growh
Responses and PHysiologicdl Changes of Vicia faba

(cv٠ GIza 402) Seedlings.

I. Charges in growth responses, carboLydrate contents and
activities of certain enzymes

By

5toa , مlلA6da. د Sffira S. ousf4y ؟ an4$@س al%. £l-دTelauany
Botany Departnent, Faculty of Scienb, Ain shams

University, Abbassia, Cairo, Egypt.

Abstract
The i Duenceم af to concenaaLions (land 5mM) ofsلicylعi acid (SA)

and gallic acid (GA) on the changes of gowt ratE, cArbabydrate conLents
ad ue acUwiuy levels of cErain enzyes in Wicia Jaba (cv Giza 40)
sccdlings wcre exAmincd in he presenL study.

Treaumtent wiu SA and GA at 1 and 5mM ihibiued he $ of edعع
gemninaLion and supressed uhs raue of seedling growu {Expresscd mean عة
henguh of shcot And root and mean number and Lenguh of uhe laeral rLs)
ecept GA at 1mM vhich suimalated uhe seedling growu GA at lmM
ri rcasdع thE acuivit lewel ofcauAlase whle it derreased AA-oxidase acDwiuy
as compared wiuh the unaeater seEdling. 0 the ather hand, teauent wiuh
SA (1 and SmM) and GA (5mM) delined caاalase while they increكed AA
aidase AcLivLes below and ower uhose af ue unreted seedlings.

Ht was found taL, ue acuiviLies of plyphenol axidase and inverase
cnzymes ndع the contents of reducing sugars (excpt at I and 2 (d ysه
physcchaNids and oLslا carbohydmaLes wee kower in sedlمi gs teaLed wiu
SA and GA anا in conuol عا onEs. On uhe oعhu r hand. sععdlings imposd
u٥ SA aNd GA aL1 and5 mM cused an ele1aton of bouh suعrs conuents
(exccpt for seedlings gmowm wit SA5) And C. ad [ amylas acDvity aver
ose csuimaLed in the conLol sctdlings.

Key wors: Viciafaba, Gellie acid at 1mM: GA1, Gallic aع id at 5 mM: GA5, Salicylie
acidati : mل SA1, Salicylc acid at 5 mM: SA5.,

Introduction

MAny phenolic compounds, the most commnonly idenDfie as phytotoxins prcduced

by higher planGs @Rice, 1984) are widely spread in soil (Wang er al., 1967). Whitehead

(7
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1z". Taese,}0نا31 ر.£ ei: ir=2 0t3 نe c0?cen:1a:ننا3 لن the :ci 3alLجiء:، ،ما %±:نث ،

t:%0 تد حr ::ecompsito3, :EzvFig frة- p;3"،بن ;i: in:o ت5 t = sتت tتذ e :=.eذتذ:،ن تة "

٥:٦٢rexucaton i ةter ت} d ح icCLa. 95. Rovira, 1969 ard Tلu Ey, 197).

:٤Fcwm tc b of imgriance in te regulation cf' plarpcudLi5- 5e5 ت٠١a.٢ic/3 ،' ج٢

r3 no :'»nger crusidzred b3 pa3sive by-producs (Jai; andة etHoiism rnd=1٤٤: -ن

,i). Fenlic acid (FA) alters seed gerination (Eather and Eiahellig؟ av=. .. د:-aخ:13

inHioiis rzicle growt (Bluu er al., 1984) and decreases leaf expansion, leAf},34'ز 

rod.1c::on, dry weight accutulaDoR (Patterson, 1981; Blum end Dalron, 1985 and Blumع 

e± a'. 19E5 ab) photosy atheDic rates (Parterson, 1981) and leAf chlorophyil content

،Eذ helig and Rasmusscn, 1979 and Patterson, 1981). Tte magniade of these responses

v=nes wit' the concentaaon of fenuiic aعd (Eihelig and Eckich, 1984).

Dccreuzea Iear v.ater poteatia ,( ل تكك( short argor pressure ( )3ج and osmotc

potental[ز;كلأ have been ooservcd in soybean and sorgbum seedlings after teaument with

250 to 1U0OuM FA for oae day @Paterson, 1981 and Einheilig cr al., 1985).

THnsp i aDonت and vater Utilizaton in cucuber seedlings decreased after 2 dAys of

-eaamren vah 500uN FA @Blum et al., 1985 b). Hovever Blum et al. (1985 b) noted that

-٠٦b٤٣ :eadiing3 wilted witin 2 h of teameent wt 50huM FA but visibly recoverzd

..٦:: 24 H. They Suggested tha٤ FA terporarly rodificd warer uptakc by the roots,

.c; the inward difusion of water needed fa cel and leaf eapansionذ Rvcء i1 ة

Ahmed (1987) found that all doses of Ne-salicylate caused significant decreses ia

cdiuciTg 3"Gars , Sucrase and po!yscchanide contenis at te early stages of teaf growth

c: %heat pleI=

The presEs study د deدis with tc effect of rorophenolic acids (s icylc تع acid, SA)

1nd polyphenclic acids (gallic ecid, GA) on the growتth, carbohydrate meraboiism and

cRvities cfcerain oRidarivE and hydrolytc enzymes during seed gemuination and carlyة 

seedling grOwh oF Viriafeha cv. Ciza 402.

٥;3٦، ٠
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Materials and Methods

Grewtb of thv planLs.

Seeds of Viciafaba cv. Giua 402 were'surfacE sterilizcd wit 0.1 % HgClو for 10

min ard then wesked thorughiy with sterile water. The seeds were gerنnarcd in plasLic

pots (15 cm in diemeter And 1l cm in depuh) on Whauan filter paper no. 45 under the

foLlowiag conditions: relarive humidity of 60-65 %, day lengt of 12 h and dayfnight air

temperauure: 2218"C. Tea.seeds were planted in cach pot and aلl pors were amranged into

5 groups each of 8 poUs, then each group recieved 15ml of the foLlowing soludons.

1- DisNlled water to repesent the untreated plants.

2- SalicyLic acid at the concentations of 1 and 5mM

3- GalLc acid at the concentratoNs of 1 and 5aM4.

The soluton of cech rreatent @pH7.8) was daily renewed and at irtervals of 1,2,7

and 14 days, gcminared seeds or seedligs of only 2 poLs were harvcsted per reauenL

ThE percentage of gerinaDon and cerain morphological measureuens were taken

ysed using the least sigiuifican difTerence CLSD) at 1% and 5% levelsل nd suatsticaly anaة 

cf probabiLity (Snedecor and Cochman,1967).

Methods of analysis

Estimation of carbohydrates

The diferent carbohydrare fractons were detemined in the oven dried plant tissues.

TEe metods of exTaction and clanification were similer to those adopted by Seid' aird

NAguib (1964). THe direct reducing sigars were detemined following the procedure of

Somogyi (1937) as described by Youris (1963). The total reducing SUgarS weme

estimsted afier th hydrolysis of the sucrose by inverase. The sucrose content was

calculated from the diffcrence btween the total rcducing sugars and the direct reducing

SUgars. Polysacchanides were esdimated in the dry residue left after exraction of soluble

sugamS by the rethod adopted by Naguib (1963).

(9)
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Cnude extacts were preparcd by hcmoenizing 1-5g fresH! matter with 30 n­

-3i5-HCl buffer pH 7.4 (Guerier and Srullu, 1990). ThE homogenates vere certifged

ar 7070g for 30 min and the supernatants were directy used for thie enzymassays.

Activities of ascorbic acid oxidase (AA-oxidase), polypherol oxidase and caralase

(,ssayed according u the methods desctibed Hy Bukheriee And Choudhuri  ؟vere ع1981)

K2r and Mishrz (1976) nd ة Bswas and Choudhuni (1976) respectiveiy. AcDvites of

AA-oxidse and polyphenol oxidasc were expressed as ue change in the opdicتa density
} . - .٠٠ « ، - 'destoyed gو fresh weighr H" Cauaiase acuivity was expressed As u mole H,0ي 

fiesh vweightH"".

Acdivires of٩ and amylases م were assaycd Accoring to the methDds desciibed by
Davis (1977) and Malik and Singh (1980) respecuively- Aciviry of e amylase was
expressed as the decrease in opDcلa density per unit Dme. TbePamylase acDvity, on the
other hand, was cxpressed as ug maltose relcased fou starch by the enzye g-' 6esh
weight M-".1neruAse activity was assaycd according to the merh uscd by Russcll and
Jimmy (1980) wth sore modifcatons. The modificaton5 were that the reducing sugars
hbcrated from Sucrose were detcmined by the methd of Somogyi (1937). Lnverase
activity was erprsscd as mg rcducig sugars releAsed by the enzyae g" fresb weight

 -م1.

Results

EmTeet of SA Aad GA on seed gemmination and seedliing growth or Yleز faba.

Results presen!ed in tahle 1 show that SA and GA at their vsed concenmatons (] and

5 mM) variahly affectcd tbe of ؟ sced germinaton of Vicia faba plants @24 h after

rreatment) so that high significant inhibition, complete inhibidion, tigh signifcant

stimulation and significAnt inhibiuion were obsered at SA1, SA5, GA1, and GA5

rEspectively as compared to the conTol results. V:cia faba seeds imposcd to $A1,SA5,

GA1 and GA geminated at the % of 73.3, and ,.ث6100 66.7. successively after 2 days

which were highly significan y لا dccreased (except GA1) than te conual results.

(10 ز
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The prorsion of the plu=nule wة s completely inhibited in seeds irposed t

h:ie 3A1, GA1 and GA5 highly signifcanUy stmulated te plumule length atag

day: aEove uhe vnTeated seeds. The rdicle length was found to be significant

highly siEnificanDy decreased at SA1 and SASwhile GA1 and GA5 bighly sgnif٠

and significantly increased this cnitetior if being compared wiuh that of the €

secdligs after 7 days. All reauents adopted highly signilicanty depressed the

length of both shoots and mots below the contol seedlings after 14 days w:

exception thet GA1 highly significanty increased the same cniteria. At the saص e a••

days), al teamens used (except SA1) either highly significantly decreased the r

of lateral roots or bighly significحa tly stirulaued (except CA) uhc mean !enguh of

roots below and above those of the unTeared seedlings respectvely.

ETTect of SA and GA on the carbobydrate contents:

Reducing sugars: The contents of reducing sugars detemined in Vici،

seedlings imposed to SA,,SA5GA1 and GA5 at 1 day and SA, and SA, a1 2 "d yم

obviously elevated over that detemmined in the coresponding conTol. On the othe:

thc same contents were found to be markcdly declined in Viciafaha seedlings iup

GA, and GA5 ar2 days and SA1, SA5, GA1 and GA5 at 7 and 14 days below tH

rhe conrols. Among te used phcnolic acid treaments, SA5 and GA1 gave the }

and the lowest values of mducing sugars Tespecdvely turoughout the expeصin ental3

(table 2).

5ucrose: Tab!e 2 shows that teament withGA1, GA5 and SA1 obviously el!

e level of sucros while SA5 teaLuent lowered this lEvel above and belovv te s7, -

level detemined in vater - grown plants at all plant ages, THe highest value of s٤

7as detemined in plants imposed to 1mM gحllic acid.

Polysaccharides: The polysaccharides contenUs detemined in variously t

and uareated Viciafaba seedlings were progressively and markedly decreascd ac٠.٠

th plant age. Moreover tis faction was found to b lower in all teaments emy

than those of the Unteared plaRUs. The arder of decreases were as follows: Co.

SA5> SA1> GA5> GA1.

(11)
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٢ot٠٠ er5٥hyr5!+. -5 :la5 of totai c?rbchyتd ats esUiد azd in Vicia faba
p:2,،3 nc5.ed 1%.D 3Hا ,Aت .GA1 an1 GA5 were found, in mDO5٤ CaS45, r b= loaer tlan
iU.-± det±cted in thc mnteated plants. The segrerce of dcrease were shown to bE:
co-٤cl> SA> S.45> GA1> CA5 excepr in gemuinnred seeds of 1 day-old.

Efrect of SA and GA on tHe activitics of inver!ase, qand [amyiasEs:

The relative chsnges in uhe acDvites of inverwese,s End {-amylases are showr in

:ab!c 3. As compared to he unaated plants the invemasE activty of Wiciaabc plants was

obvio±sly decreased in respoasc to the phenolc acids teaments, At ،all ages. 'The

3Equence of decreasesere fourd to be: contol >SA1> SAS> GA1> GA5.

Ir conrast the activiries ofa and {-amyiases were markedly elevated above the

untreated planGs throughout the expeninIental peniod. The order of increases were as

follows: GA1> OA5> SA1> SA5> contol.

EfTect of SA and GA on the activities of certain oxidative enzymes.

Throughrout the expenimental pcriod, GA1 markedly increace the acDvity of catalase

cnzyme above that of the control, whereAs SA1, SكA and GAS markedly decreased the

cntalase acDviTy below that of the contol plants. The mAgninude of decrease was most

pronounced i plants imposed to SA5 (table 4). 1Te segucncE of icreAses in the catalase

acnivity were: S5> GA5> SA1> conTol.

Table 4 shoبw s whatSA1, SA5, CA1 aad A5 ت markcdly declined te acDvity levels of

polypheDol oxidase below those of the conTesponding contols at te all plant ages. The

serueDce of decreases were as folows: conaol> SA1> SAS> GA1>GAS.

The acDviry levels of AA- oxidase detecte in Viciafaba plants teated with SA1,

SA5 ad 0A5 were found to be uArkedely elevated above those of the conresponding

conTols, while uhe acDvity of the same enzyme delected in plants imposed to GA1 was

fond to be lower than that detected in te control plants (tableA).
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Discu5sion

Phenolic ecids at the concentations used in this stdy significanDy influer

gemmination and gowth of Wicia faba piants. SA and GA mosty inhibited ser

emmination, SA signifcantly supressed the men length of shoot and root ar

significanty increased the number and mean length of lateral roots at tEe latest suge

sedling growth. GA at the low concentation employcd, generally increased1 the،pls

grovth while its high concentaDon significanty suppressed the rate of te plantgry:

Phenolic coapounds have been shown to be of imporuance i the regulationof pla

gorwth and meteboLism. it wvas Dotcd that a low coacentation of SA increased thEgIoW

of maize seedlings, whie the higher concentradon iahibited it (Jain and Srivasuav.

1981). Feruhic acid @FA) was found to alter seed gemination (Leather and Einhellv±

1984), inhibits radicle growth (Blum et al., 1984) and decreases leAf expansion and l٤

production @Patterson, 1981; Blum andDalton, 1985). TEe magitude of these respon4

varies with concentaton of FA (Einhellig and Eckrich, 1984). SeveIal lines of eviden­

point to water stress as an important factor in the observed responses to Fر .

Tnanspirution and weter utilization in cucumber seedlings decreased after 2 days­

teatment with 500uM FA and it rodifed water upuake by te roots which, in nة 

reduced te inward diffusion of water needcd for ccll a dج leAf erpansion @Blum et €

1985 a,b and Booker er al., 1992).

Although uhe role of pherolic substances as a plant morphogentic regulators is wei!

LowR, there has been little study of te mechanism at te molecular leveL. The, prese,

study prved tHAt the phenolics ar their high concentaLion used, decreased the ecDvi?

• !evels of catalase and polyphenol oxidase while iNcreased the activity level ،c,

AA-oridase. in this connection, Fassenein et al. (1937 b) found that teating sorghu;

grainswitH coumanin resulted in decreased acDvides of catalase and peroxidaseع nzye

Positive correlauion occurs between phenolic acids treatment and water stess. in t}

teated plants (Patterson, 1981; Einhelig et al., 1985 d ع Booker et al., 1992). In .t

respect, Dwivedi et al. (1979), Mukherjee and Choudhuri (1981) and Hassanein ar

E!-Telwany (1989) observed thar water stress lowered the acdivity of catalase ar.

AA-oxidase in the srdied plants.
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Thus :ie :iج nificnt cHanges in rhe sadied oxidtive cnzyas, in t5 present work,

٢ ru5ponse t0 seed retent vith rierolic acids used, may cAuse the accumulaton of

cج nain toxic sت bsuAncEs that fiectع whe metatlic pathways and canscgaenviy thE rate of

growu. The quinones forned by te axidation of phenolic substaRcEs are gnitei:-nج٤- 

toxc :o the plant cell enzyues (Mayer ,Harel قمة 1979}, and the reducEon nز uhe a Dviryع

f ca:alase ray resuit in accumulaued toxic ievels of hydrOgen peroxide wbich may bم 

involVed in the suppresscd growth rateof Viciafaba plants imposed to phenolic acids in

:iiE [reSent sRdy،

Tratig seeds and s=±dlings of ViciGfcbawith SA and GA gavE rise, in general, to

decreased iEvels of reducing sugars, polysaccharides and total carbohydrates while they

causcd genemal increAses in the sucrose contents below and above those of the unteated

plants reSpecDively.

It may be stAted that uhe efiect ofphenolic: compounds on the metabolism varies with

te plant, stage of plant growth, the organ of te plat and the doses of phenolics used.

Ahص ed (1987) found tat all doses of Na-sAlicylate caused sigificant decreases in

reducing sugars, sucrose, and polysaccharide cortents at the early Stages of leAf growh

of wheat plant However, Hassanein er al. (1987 a) fouad uhat no obvious changes in

polysaccharides and reducig sugas contents and markcd dccreases in sucrose content

were observcd in cotmarin teAted sorgbum grains as comparcd wiL those of the

unurcatcd ones.

Our results also showcd uhat, SA and GA dercreaseD the actvity of inveraase while

they incresed theactiwites ofe' aidP-amylases. L this respccL, Hassanein etal. (1987a) ;

found that coumarin iahibited markedly the acDvities of a ylasesص and invertase i

sorgHm grains. The reletive amounts oF sucrose in plants may b detemmineع by the

telutive acrivites of both sucrose synHzeuase ndع invertase enzymes. On the other hand, ',

1ere are mDore or less possiive relaDoDship bereen thz arounts ofeach'of sucrose and '

=cducing sugars and we acuivity of invertase since te rcducing sugars may be uscd us

respiratoay sbsTatcs andلor in buiding the amino acids, amides and proueins (Aلadb la er

al., uvder press). THe changes in٩ and amylases- م acDvities of the teeted and unTreated

(14)
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c. and scealings cf Wicia faba are cbserved to coincide with the comrespcند 

c::nges in the polyseccharides leveL These results are supported by thE results ob

by Hassanein er gl. (1987 a).Ln additon, the deline i polysaccharides and consc

te toual carbohydrate contents partcularly in seedlings of 7 and 14 days old r

atTibuted in par to the incrzased actvites ofeandP-arrylasEs and in parr to thE in}

phc:osynthetic rate cEused by phenolics TreatEnts. hn this respecL FA Trea
dccreased leaf prdvcDion and cry weight accumulation (Paterson, 1981; Blur

Delton, 1985 and Elum er al., 1985 a,b), leaf chlorophyll content CEinhelliي 

RasavSsen, 1979) and photosyTthEtc rates @Parterson, 198I).

Conclusion: It may be stated1 tHat teament wiith SA and OA, dcreasedl the %

gminaDon and the growh mate of Viciafaba seenlings except at lmM gaللic acid.4

increased the activity of catalase while it decreased A8-oxidase acDvity that may

mole in the obserbed stmulated plant growuh. O the other hand, the decLined actit°

catalase and the inceased one of polyphenol oxidase especialy at SA1, SA5 anG

may be partcipated in the inhibition af secd gcrmination and sccdling gTOw،

addition, teating seeds and sعedlings qf Viciaaha wit the use phenolic acids i

increased acTvites of4 endp- amylعsa s ndم sucrose content while they dccreaser

of iveruase actvity, rcducing sugars. polysaccharides and total carbohydrate conten'
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Table (2) Efrect cf salicylic zcid aad gaLlic acid on the carbohydrate contents during
eed gemiiation and early seedLing growth of Vicia faba . Values listed are؟ 

tIc avcrage of triplicate deteminations and expressed as mg glulcose
eguivalent g! dry weigit (±sd).

١٢
Concenmration م8٤5/ Reducing SucroSe Polysaccharidesا 

dy٨ ز (m M) SUgلs
١ أ

i4و contol (H,0)\ 13.1±3.5 17.5 ± 2.6 88.7 ± 10.5
 لا

/٤ SA1 20.8 ± 3.8 30.1 ± 5.3 77.0 ±  ا8.7

١ ا SA5 26.9 ± 4.5 14.7 ±2.5 80.6 ± 8.$

GA1 14.7 ± 3.3 35.6 ± 4.7 67.8 ± 5.9

GA5 16.8 ±2.8 22.4± 3.6 73.3 ل5.6± 112.5 ±10.5

Control (H,0) 14.7 ± 4.1 11.9 ± 2.8 84.6 ± 8.3 111.2 ± 15.3

SA١ 16.8 ± 3.2 17.5± 2.2 71.8 ± 7.8 106.1 ± 104

2١ SA5 18.9 ± 3.5 8.8 ± 3.5 74.8 ± 6.3 102.5± 8.9

GA1 11.2 ± 3.2 25.9 ± 5.4 61.2± 7.1 98.3 ± 12.1

GA3 ، 13.3 ±2.2 15.2 ±2.4 66.5 ± 6.2 95.0±10.3 م

Control (H,O) 20.3 ±5.3 14.7 ± 3.3 79.2±9.4 114.2± 18.6

SA1 15.4 ± 4.4 19.3± 3.2 66.5 ± 5.8 101.2± 14.1

١إ7 SA3 16.8 يد3.3 12.6±1.8 69.6 ± 7.4 99.0 ± 8.6

٢ \ GA1 9.9± 4.5 27.3 ±4.2 50.0 ± 5.5 87.2± 8.1

GA5 ا 12.6 ± 3.9 16.8 ±2.0 55.8 ± 5.5 85.2 ± 6.4
 مح،!١

Conurol @,o) } 17.5±5.6 ±17.5 ي5.3 68.8 ± 10.3 103.8 ± 111

١ ا -SA1 12.6± 3.6 21.4 ± 4.1- 1 62.5 ± 75 96.5± 8.3
 أز

SA5 ا،ا 14.7 ± 3.0 ±15.4 ل2.6 ±65.2 ر 7.3 95.3 ± 6.8

١١ GA1 7.8 ± 3.1 30.1 ±6.1 84.3 إ3.8±46.4 ±6.4
١'
#

A 10.9كG ا١ ±2.8 19.3± 3.6 50.0 ± 3.2 80.2±5.9
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،.TabRe {3) Effect of saiicyiic acid and gallic acid on the activities of inveriase, -and -
aaniylases during seed gemination and early seedling growth of iicia faba .
Values listed are the average of triplicate deteminations (± sd).

/٨٤e، د ا٨= -=ت Concentrar:=أ n
- amylasE as a decrease i، - amylase sة ug mة iuصs

Hnvertase op5cal densiTy pcr unit rccaوed Lom suarch by be
»Gت dا[ me cnzymzg f،w.hح 

±6.6 و{ ، 1.3 0.45± 0.11 10 ±3(Catrol @,O·أ 
٩

 ا
SA1 3.7± 0.6 0.39 ±0.12 20 ±4

٢ 2.8±0.5١١ 1 A30.43 ؟ ± 0.10 15±3
١  لا

١
- GAI 2.0 ±0.5 0.33 ±0.15 30±5١١

، • GA1.1 ك± 0.5 0.35 ± 0.13 25 ±4

Conurol (H,0) 4.5± 0.8 0.41 ± 0.16 15±3

SA1 3.3 ± 0.6 0.34±0.11 25±4

٥ إ SA5 2.4 ± 0.4 0.38 ± 0.06 20 ±4

GA1 1.5 ± 0.3 0.28 ± 0.05 40± 6

GAs 0.5 ± 0.1 ، 0.31 ±0.08 ±30 ي7

Conrol (H,0) 8.3± 1.1 0.34±0.10 30±5

SA1 7.5± 0.38 0.26 ± 0.03 453 7

7 S45 6.3 ± 0.8 0.39 ± 0.05 ±35 ي3

GA1 4.8± 0.5 0.20± 0.03 ±70 ل8

0.5±3.4 ا به ا 0.23 ± 0.03 55±6

/c«أ «O) ±11.8 ا 1.3 0.44 ± 0.10 40±5
 ر

SA1 9.2± 1.5 0.31 ± 0.06 ±50 ي5

SA5 8.3± 0.8 0.39 ± 0.05 45±3

GA١ 5.0 ± 0.3 0.25 ± 0.03 80±7
GA5 4.2± 0.7 0.28 ± 0.03 75±7

(21)
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·5H. IfRect زبا) cf saiioylic aci and galiic acid on the Ectivities ofsome oxidative
eizyes 6uring seed gemmination and early seedling growth of Wicia faba.
Values listed are te average of triplicate detemninations (± sd).

AA - oxidasePolyphenol­
oxidasECatlase

6.0 ± 1.3

6.5±1.0

±58 ل8

29±5

8.0 1.415±5

5.1 ± 0.612±2
7.0± 0.89± 2

536± 33

192± 10

 ي يد،

CercenLationب\ e.ي 
i m3ج٠- 

Cooi@,o] د
SA1

96 ± 10SA 1 ذ

480 ±25

168±15

GA1

GكA 

6.3 ± 0.925 ±6

7.5± 0.6

8.6 ± 0.8

5.5± 0.6

7.8 ± 1.2

12±3

10±3

• 8±2

5±1

4.8 ± 0.3

5.8 ± 0.3

48 ±5

42±5
6.6 ± 0.8

2.9 ±0.2

6.2± 0.5

39±3

31±3

±25 ي3

432±20

288 ± 20

192±15

528±26

240 ± 28

480±26

432±22

Control @,O)

SA1
 و

SAs5ج ز 

GA1

CAs

288 ± 16

(Nurol (H,Oم Cإ 

} s
SA7 ك

624±19GA1

336± 18GAs

3.5± 1.1

4.1 ±0.7

60 ±6

48 ±5

5.5 لذ0.7

2.3±0.4

4.8± 0.3

43± 3

36±4

29 ±4

920 ± 36

720± 33

336± 19

Control (H,0)

SA1

SA5

1392±46GA1

528±21GA

٤

}«

٨
 ا:
 _ر
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