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Evaluation of the Sensitivity of Locally Isolated L. tropica in
Macrophages to Pentostam (Ex vivo) and Study the Expression of the
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Abstract:

Anthroponotic cutaneous leishmaniasis (ACL), an endemic disease in Syria,
is mainly caused by Leishmania tropica. Long-term use of pentavalent
antimony (Sb(V)) compounds for CL treatment has led to the emergence of
locally strains with varying drug sensitivity patterns. This study aimed to
evaluate the drug susceptibility of local L. tropica isolates to pentostam and
investigate the gene expression of GSH1, MRPA, AQP1, TryR, and PgpA,
potential resistant genes. This study was conducted with monocytes isolated
from human peripheral blood. These monocytes were then differentiated into
macrophages and infected with promastigotes of four local L. tropica isolates
(L1-L4). Infected macrophages were treated with three different
concentrations of pentostam for 24 hours. Subsequently, the amastigote
burden and IC50 values of pentostam were determined for each isolate. Total
RNA was extracted from heat-transformed amastigotes and reverse-
transcribed into cDNA. Relative gene expression of resistance genes was
assessed using RT-qPCR. Our results showed significant differences in IC50
values among the isolates (L3 > L2 > L4 > L1), with a 1.7-fold difference in
the inhibitory effect of pentostam between the most resistant (L3) and least
resistant (L1) isolates. No significant differences in MRPA and AQPI1
expression were observed. Only isolate L3 showed a significant increase in
PgpA expression compared to other isolates. All isolates exhibited significant
differences in GSH1 expression except for the L1/L4 pair. A strong positive
correlation (r = 0.98) was found between GSH1 expression and IC50 values.
Significant differences in TryR expression were also observed among the
isolates, except for the L1/L4 and L.2/L.4 pairs. Increased TryR expression was
associated with higher IC50 values. This study demonstrates that local L.
tropica isolates exhibit varying degrees of susceptibility to antimony
pentavalent compounds, associated with differential gene expression,
particularly upregulation of GSH1 and TryR in more resistant isolates. Further
studies are needed to elucidate the role of PgpA overexpression. These
findings provide valuable insights into drug resistance dynamics in CL and
highlight the need for developing targeted therapies against local isolate-
specific resistance mechanisms.

Key words: Anthroponotic Cutaneous leishmaniasis, L. tropica, pentavalent
antimony, pentostam, amastigote, Resistant genes.
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1:54.all 3@ail metacyclic promastigote ddsied) Jagudl dualal JIKEY) (o atilia) APl 2aall aaan Cang
a5y Al clae @ AUl e Galdl K9 07 min 524l 2900 rpm A e i) Cuticsl) (o 3ml S o(Aalls il
2l sl e ilas paas cuiy Jlilal) (slaall (ga 10 pl 331 & (RPMI-1640 30 Jasy (30 Iml @ idley PBS1X
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Cuslio pas el gyl e 100 pg/ml - 250 pg/ml-1000 pg/ml : JE 58I =3 jaeas 5 100 mg/ml S5
Aald) 38 Alules e 100R] = )30 Ansia (b Aes )1 V3 (e Aie IS LT cialse 5, JalSH IMDM oy (0
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Ciadal & (@8 (et 5add ABjal) Bl dapy b il CS5 o @iie sae Lgelily Al Can DA e 3ml Ao
Aoy b 48y 15 5add Cuidas Waws (Al e Geed Baal T 2 8 L) oSals e S ) aashe 50 (s 0.2m
DA Bl Jead S0 130 e o dasie Aayd 2 Bl o 3RS 15 801 12000 g Aoy o clipall cildiy 8530 )
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Al it s Ll ity Lald) slasiul %70 Jsl) ge paldal) olld D5 cisie da)3 2 Bla b 3l ead
15 83l Ligia 43 55 Bla A Sl z3all ae DNase Jls RNase d) (e B oLl (o 5041 Lo} canial o5 celsgl
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30 52d digie 4553 37 Bl b Sl il 5 3L Lalall &5)a) (e 601 go DNase I a3l (e 64l die (<
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aaY Lgalasiad cpal digie 353 (80-) Bha b clisal) il laey i) Jee il Jaf
GSURNA I 5805 Gy 1% 55 o)l Aadla o @Y1 50,eSH ¢Sl Ay Jgjaall RNA 358 (e B 5
-Nanodrop 2000 ss3lll Jguall Caadall (sliia Slga aladindy Lgislas cadasy
(cDNA) a«ia DNA (/) mRNA J255.2.5.2
(GScript First-Strand Synthesis ath alasicl (cDNA) acic DNA J die IS (0 JSIRNA I (0 436 408 g
ahgSea T3S e (ssmn aulia ana 28T 12000 clghall 3y driad) 5580 cilodel ¢ L) & Gus Kit;GeneDirex)
Lasiio aiiglSiign )l cha Tl 50 pmol S5 Oligo (AT) cpaedl) die (uise o 1pl 4l Ciacaly Jgjeall RNA (1o
Sl ol e Js asiie oo dilaly 1301 ) aaal Jesi &, 10mmol S5 ANTP mix dan¥) lghalals cpmansY)
Gl pall Chpnl & Bl e 533l wmgg s 52ad U lades  Lasie 32 65 B 8 (382 5 5aal gall (s
gt ﬁ.})’j o« 1plsmol 0.1 S5 Dithiothreitol (DTT) S ¢ 1015 (5X 1st strand buffer) Jagaill d5)ls (he 4l
Sl pas A Jsagll SLISH @il e S el (e daulie dueS5 200 unite/u]l 1S5 GScript RTase sl
dee Calay 0 Wy 45k d5)0 50 Bha (B Aol Badd daluall DUl ciicas cDNA ) dogsll dilee 13,2001
Bha da Benall b Juganll gilys a5 dugie A2 70 Bha G dkds 15 52d Gumall Gub Go (ouSall el i
Aellanin) (al agia a3 20-
qRT-PCR e sl Auadead) JoUiill asl) SLARY) Adslua gy (Aad) ) (ul8.3.5.2
(GRT- aiall el g3 3l el sl ludad) Jelil) ik, sl el (ggiuns e Axs Y1 el (DAY (g5 gy
aiiyall s2awial) 2l Zaglaall (pn 1AM Ldagl) cilialls Auald due g cilidpe Hakiuls dxiadll cDNA clie e PCR)
Oy (AQPT) Jacil (s syl sl Bpazall umlls (Pgp A) A (15 05SHe aad Byl (yalls (MRPA) A 03 b
S BLEYL ,(1-GCS) i dpalisla—lalas g lihasl w3 Shasall GSHI (i (TryR) Gsdisilanill JI5ial w8l
Maxima SYBR adls Jasia) Eus (1 Js2all) Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) duaajall (paal
qPCR master mix (s 12501 (e (gsn Jelis JSI25p1 0)8 Algi aan jucaail green/ROX qPCR, Thermo, Lithuania
S el oLl o Calia aan I ALY, el G 5 a3 (A (30 JSI0.5umol 5 ,cDNA (3« 200ng .2 X
Lg,all 389 (RT-gPCR, Agillant Technologies, USA) "SASS\ bl sl lga il a}a.»; L ollsal) q\.@.ﬂ %)
BT72 A EE65(372 AAE30 ¢ 259 E8E30 295 A4l 15) 5540 ¢ 295 b Gy 10:44

qRT- PCReSS S (b dasiiuaal) dus sil) bt pall A gl cdladeatl . (1) Jgan

(bp) PCR U 537 s glil) Jualesl i gall el
101 AGCTCGGTCTACGACTCCAA GAPDH-F Reference gene
GTAGCCCCACTCGTTGTCAT GAPDH-R
146 TGGGACTTGTGCTGACACTC MRPA-F | Multi-drug resistance related protein A
CTGCGAAACTGTGAAGCACT MRPA-R MRPA(ABCC3)
159 AATCTTCGCCACATACCCTAAT AQPI1-F Aquaglyceroporin 1
ACAAACAACAGTAGTCCAATAGCC AQPI1-R
173 AGCCCTGCTTTTACACCAAG GSH-F Gamma-glutamylcysteine synthetase
CTTGCCGTTGAAGATCTCGT GSH-R (y-GCS)
GGTCTCATCTCGCTGTCACT PGPA-F .
108 ACGCTCCACGCTGTTCAT PGPA-R P-glycoprotein A (LABCI4)
157 CATCAACGAGAGCTACAAGAGC TryR-F Trypanothione reductase
GAGGATGTACTCCGTGTCGAG TryR-R

(Soleimanifard, Arjmand et al. 2014, Mohebali, Kazemirad et al. 2019)

17 -8



agana (g2l cdifa +++(EX Vivo) aliugiid) olad ac3l) Jaka L. tropica dyaall Lileddl) ik (ja dilaa <o duulos il

Percent Relative Expression d&yh aladialy daea jal) cpaall Zocall dug )l o IS (e Fuaiiiall MRNA ) (5ine 222
Oaca dazayall Cpalls Gaagll cpaldl e JSI Cycle Threshold (CT) 4aadl 5ysall s P& e &lldg Ratio (%RER)
ACT) x 100 a8all ik laans Caagll (uad) CT (e ampall (adl CT o (e 423l ACT Aad o Lot ALl
. %RER = (2
:dgilasy) du)al).6.2
dilae e Jguaall 2200 IC50 ad cuwdg (9.5.1) Jlaway) GraphPad Prism gl alasicl Lilasy) duhall eha) &
A Ve e Ao (S0 Lsiall Lagfil) Aaesi (g aliasgid) CSpe 2S5 O 3D e Aaill Lsed) ladl) sy
Microsoft galin plasials (274°T) x 100 dad Cuwds gRT- PCR <Dlelis oo daalill sl jueill cilily caalee
.(2010) _laxy! Excel
Tukey's <ijleall saxie (S5 5Laa) axiie) LS, il o il il) disina el (ANOVA) cplill el jlaa) gika
il asigiag IC50 Caaill dladiall dejal) Eun (o daa Y1 YRl e lBEAY) 435l die multiple comparisons test
LY dalee 339 Cn US ACT 5 IC50 Gopsiall G byl 3l agag o8 WS Ldgyaall Gliadl e (oa JS ACT
.Pearson's R () gus
il cyae) cmeanE£SD (el Calady) £ agiall Gludinly il paen Ge s (n=3) e EDE Lmall ) S
P<0.05 xie Lolas g Sias
sl .3
IC50 cuaill ddadial) 5818l ad ayaag dogud) dlils JIEY) Jansli Ao Gln 1.3
CSye (e dapie 3815 Aila) Glo dele 24 odae da Ae)Y) il e Al S 3 Lsiall Jaadil) s Glas
(2) Jsaall b mage oo LS bl Ciela G dagudl D)y JISEVL Al pe Sl ) aliegind)

O Aol 240 g (%) = Bake (L1-L4) dylaall Wiladll) Jlid ¢ha dolaal) cifjall lghedil A Lisial) Janditl) o .(2) Jgaad

plinasiid) iy (e Adlida Sl A3 Lgtiallas

1000 pg/ml | 250 pg/ml 100 pg/ml

80.36+2.39 34.46+3.81 16.11+2.61 L1
60.21+2.21 17.52+2.19 7.30+1.91 L2
54.29+2.49 13.81+£2.73 5.12+3.44 L3
77.17+£3.23 34.33+2.86 15.09+1.44 L4

DlaaiV) dlsles kst P& (e Alie IS AIC50 Coatl] Alaiiall de jal) dad ok Aol Lsiall Jafl) s e Talasel
A (ggise die ICS0 a3 (p < 0.05) dsine W5 dasY) V5l Cilanss (1) JSEN 3 rdage 50 LS Janead) il
N3l 0 TC50 e S8 L1 dbjall cubaef Loty T4 dljall 25 L2 Aljall Ll IC50 e el L3 aljall cajell Cum %95

)Y
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1004 R2=0 9765 100 R2=p 9937
gg' Y = 0.06810*X + 13.00 :g' Y = 0.05819*X + 2.160
- - 7 = +
§ 70l 1C50=543.3£14.6 é 207 1c50=822.2:17.1
S 60 S 60
50+ £ 50
< 40 = 40
O 30 ° 304
B £
20 ¢ 20
104 104
0 T T T T T 1 0 T T T T T 1
0 25 500 750 1000 1250 1500 0 250 500 750 1000 1250 1500
Concentration pg/ml Concentration pg/iml
L1 L2
1007 R2-0 9877 100 R2=0.9706
90+ y = 0,05442°X - 0.08253 90 v = 0.06515°X + 12.88
c 809 1c50=920.3418.3 c 809 1c50=569.8+15.3
S 704 S 701
S 60 £ 604
£ 50 £ 504
= 40 = 404
° 30 © 304
= =
20 20
J
104 104
0 T T T T T 1 0 T T T T T 1
0 250 500 750 1000 1250 1500 0 250 500 750 1000 1250 1500
Concentration pg/mi Concentration pg/ml
L3 L4

dad ) Adlayl ,(L1-L4) aad) & Agiall Tl g bl iSpa 3aS)3 G ABMY) ey (o A3l Auibal) Jaghadl) (1) JSi)
pg/ml = 538 ICs ciuaill daiial) ds )

) ) @il 2.3

TRNA U 5aae (idie Jia ()5 3 ileac s ¢1.885 1.82 (m Consli 89la5 days Alg haall I RNA ) iline < pgli
I e sl 5lag RNA I Jie diles 335n 2S5 Laa Sl el 8 e Jiia (s il Dleae () a9ms (10 (2) IS
esuall DNA

rRNA

3000 bp
[
R—
e

1% 38T il o (L1-L4) <jal) (a palitual) A< RNA 3 cliad (389 SlugSh cdal 5 . (2) Jil
100 bp gluaall auilsll :M
Cieb G ,cDNA Y e JS e paliiead) S RNA 3V o (1) &35 408 disal 303 qQRT- PCR <Dlelis cujal
((3) USA 8 age 9o LS Ausgpaall lil] sl Jelis 4S5n (i Gliaie (K5 e gl
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e e e e e
h i i
8 ] E i &

Fluorescence (ARn)
e
=

0.10

qRT- PCR el ga PREV S AT AN ‘:,J;\.d J<é L(3) Jeddl

Ol e el dad e Aigie GawS Lgie Tk (QRT- PCR) adiall (o)l (8 aiocaill cDlels i (3) Jsand) moase
ANOVA ¢l Jlas L) jelidy ,ACT dad cacatsd) LIS MRNA J e oaustll el 313 Gus (%RER) eyl
A ) udy Lae a1 Y32l G Pgp A5 TryR s GSH1 @lisall ACT a cillawssial (p < 0.05) disine g 58
G338 ¢ AQP1s MRPA clial) 5ol ol Lt ,ci¥iall G cilinal) 038 o (enill yuaal) (ginne & &ilean] A2 il

95% A& (giue die digina

Laayal) cpall 4lia Pgp A s TryR s AQP1 s MRPA 3 7-GCS <bisad) 08 %RER ol juaill Lgial) aadll .(3) Jgaad)
(L1-L4) daify) o) Nl e A IS 8 GAPDH

F ° -ACT b o
P value %100%2 SD ACT L gia Isolate Gene
%3.90 0.28 4.68 L1
%3.79 0.19 4.72 L2
0.3508 %3.04 0.14 5.04 L3 MRPA
%3.42 021 4.87 L4
%29.18 021 1.78 L1
%45.69 0.09 1.13 L2
>
0.0001 %65.52 0.06 0.61 L3 GSHI1
%30.99 021 1.69 L4
%25.70 0.22 1.96 L1
%2432 0.24 2.04 L2
0.1236 %25.88 0.05 1.95 L3 AQP1
%20.45 0.11 229 L4
%23.16 0.26 2.11 L1
%33.92 0.09 1.56 L2
>
0.0001 %67.36 0.04 0.57 L3 TRYR
%28.13 0.17 1.83 L4
%5.08 0.15 430 L1
%ol 64 0.05 4.43 L2
0.0008 %7.86 0.22 3.67 L3 Pgp A
%5.26 0.09 425 L4

Lyl il (e e JSTACT a8 us e (L4 513 512 5L1) s ¥) el (s Gyl Ualada (4) JS30 agy
Augina (398 (51 Jad o) Cun il saxie (S5 JLas) Gl i stie gilie S o g all Aalasy) AN a
7-GCS  oaall d3lial) 3l cajglsl L ,AQP1 s MRPA pn oo JSI A )¥) ci¥iall 0 ACT a8 i (p > 0.05)
Ciela 38 TryR Gl Loally Wl (L4 (L1) Lstiall by c¥3ell Slisiie muen 8 (p < 0.05) Lisine 558 (GSHI)
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C¥all cligfia el o e (L2, L1)s (L3 ,L4)5 (L3 ,L2) 5 (L3 ,L1) <isall cligiia & (p < 0.05) Ligina (33l
GV Bansl) o L3 &yal) Of Pgp A cpad ACT a8 &lae il Cpelal cn (8 ,4usine 398 gl (L4 ,L1)5 (L2 <L4)
L Y5al) 3L xa (p < 0.05) dusine By s

ns ns ns ns ns
1 1 1 1 1
I I 1 I I 1 I 1
ns ¥ e ns ¥k ¥
ns b e S O ns e ¥
[ [ 1 [ [
ns e e ns e e e e e e e e
6 ns = >k ns e ns
] | I - L1
s - L2
a - L3
- L4
S 3
=
2
1
o
MRPA y-GCS AQP1 TRYR PgagpA

Ao el e Lie S 4 Pgp A TryR s 7-GCS(GSH1) s AQP1 9 MRPA clisall ACT aib ¢y Aijlia Jahaia . (4) J<il)
«uan) o sma (58 35 ax Jidi ins (uan) o sina (38 35ag Jiki* (L1-L4)
O ACT (e (p < 0.05) &ilas) AN cld (1 =- 0.982) dugh dse Jali)) ADle dgng (sayn Ll Y1 Jalas ekl
sie (p>0.05) dilas) AVa @ld (GAY) Gliall Jala ) Dlalae (&5 ol iy a1 cN3al) IC50 a5 y-GCS
.(5) d_gééj\ ‘f a5 9 L£,95% 4 (S5
Aag ) el IC50 5 Gl ACT G O o BLEY) Jalaal lany) Julatl) .(4) Jsaad)

IC50 vs Pgp A | IC50 vs TRYR | IC50 vs AQP1 | IC50 vs y-GCS | IC50 vs MRPA | Pearson Correlation
-0.5720 - 0.9000 -0.4593 - 0.9820 0.6934 r
0.4280 0.1000 0.5402 0.0180 0.3066 p value

A8l .4
Lpsad) cilladlaal) (o sl & L tropica g5l o) e aalll dd) salall cliledlll clal acdlgll Lyl ()
Aronson, ) ¢lall 138 e Gauladll ol gaiV ) il yal aaY) Jigh alaaiay) ) 48lsy L (Hayani, Dandashli etal. 2015)
Ait-Oudhia, ) (il (5N e s Slilaia) Jaan ) g5l 138 o Guladl) <DL (e (Herwaldt et al. 2016
oo, ALIS e Ladle g ol Ausgyre e Alsy Slejal el 13gy Gwbead) 3 die Lasead (Gazanion et al. 2011
gl Yy Aacladd) Gloail) bl Aloall Lpsliaall da )y Cum (g ddlide dojalls Tl 3k oLl duaill U
G IC50 A o d3jlee vie Wby (A clDaY) oda ilas gl Eus ,(Ponte-Sucre, Gamarro et al. 2017) aslsll
CSall ndiall il B ealy (s sms N LSV (p <0.05) disina g8 Ciglil s daall cMall o pbiasial
lien 1.7 350n 133 (ICS0 L3 /1C50 L1) Lpestll el Gum L1 &aslia J8Y) dl3ally L3 daslie SSYI Aljall oy Sl
lgnsen ity el (sl S T unllan 8 e e ial 8 G 3 qen f 0 el el
BB 038 G I ad Lae s saaall (aii e Al re Dy ae Sl Ja1 Lgnslies dayy oyl L tropica 4us g5l )
Chargui, ) Wiledlll Lilal aalgll g5l Caria Bliia duia Jalails ddasiyag S culadd s Lladl) sl o Lyalal)

-(Amro et al. 2009, Hide, Marion et al. 2013
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Adbaa) chluaally ST e asall ) Lledl Glsais) LSl lialus daps paid o Liledlll cilbils )8 3500
LYY Bale yontl daasY) AL Dol 3 Al A8lgal) duulinll oy Adadiyall Aiiall chasall e CaaS Gl ade
Glbila 8 2 Gus »(Biyani, Singh et al. 2011) 8eggall (3laliall & kel cbbila o daglaal) DY S AP WA
Decuypere, Rijal ) AQP1 45l clisigyll (e juail) daws (s b e ) SHIID) ) Jsda daglas o Luladll)
Jmail) 32y YA (e Thiol-Sb(IIT) laies Jie ddec gy Ao L3y S (et al. 2005, Marquis, Gourbal et al. 2005
LY aal g (Mohebali, Kazemirad et al. 2019, Khanra, Das et al. 2022) MRPA saaxiall L/5al) daglaall cpa s
@ Jawds o iy B A1 c¥iad) of V) dnaledl) lsail) Lo olas daglie skl culibiiball o3a Lgandiod il
I ad (8 mals (ol 39ns e a2l Ao ellyg MRPA 5 AQPT wliadl e (uil) juil) o Cus (e digine dadilp
gl N el Les o(p > 0.05) dugine Gosd 50 0 Vil G Apliie ACT ad (il e JS Gilaws s IC50
ilpall Lgaslia das wdys dsnledl OlsaiV) lSie (o il candl A1 (bt gl rans (a1 sl Liledll) cililitla
Craill Aadiall dejall 4o Gun (o (LISL2>L4>L1) aals gl (385 dan)Y) c¥iall Cililaial (e Lindlin cabd€ Gum
b GSH (yslislall Giligivss 2l Mg y-GCS a3 5a,all GSHI ga o ool el (s55an G (305 (IC50)
IDle 3gay Slaa) diaill G LS (atiie IC50) Lostie JAY) Vel A3lae (aise IC50) doslia FSYI el
Ay 3l a3 A Y1 1-GCS al e il (ggise 1)) g V3l daglie acliad (yy (r=0.98) digd Lals)|
T-GCS axl oo el G laad bLi)) ADle gas ) Crals lilsaridl daglie duppw cVie e 2022 Hle cupl
Ssia g Uy y-GCS ﬁa}ai oo il 83b) @ﬁ Gluys 8ae <l WS (Khanra, Das et al. 2022) IC50 1) ~dg
Torres, Adaui et al. 2010, Neeloo Singh, Mitali Chatterjee et ) dsaledll il gaiiDU dagladl) el CYjall & YA
Dmal) 8ol sbety Lad e )Y) Wl dadlad) Lol iy cidasg) Jiallg (al. 2014, Mohebali, Kazemirad et al. 2019
Wyad) Clies LS, c¥all 0 IC50 ) o o)) ae (38153 IS TryR Osdiilul) JI5a) sl esall cuall e oanadl
el Gy A5lke TryR sl e el el 20eS 8 (p < 0.05) Aflas] ANS <l danaly 52l L3 degle SVl
5y O () Canals il Bae e (3 Lay s daglie FSYI 3l 8 (T(SH2) Jrsdl O 35 50y ) el 53 )
glisls TryR o (amplification) s ae (31559 daledd) (sai) ClSyal Lagliall ciyall b Laads Jodil) ibigin
9 (Mittal, Rai et al. 2007, Adaui, Schnorbusch et al. 2011, Rai, Bhaskar et al. 2013) 4ic Feaiiall MRNA I (g5isa
Osail) CliSye ol Wginalun dapy (aidd aaly o (8 Jlse (e ST plasiad e 13 alall 558 ) Ll cojlal AT Gl
(p < 0.05) digine 535 = TryR 5 y-GCS(GSHI) clisall e et Jana oY lelaas uls ) —Copelal i Zaslesl
G (8 L2, L1, L4 c¥iad) ek ol Laiw ,c¥all (3L e Pgp A (g sl ddiaal syasall cpall oo ool il o8 b
plodl il (ya allly JLidall 2la Y Thiol-Sb(ITT) cilsies (383 e L3 &l 8,8 a5 Ml ,(p > 0.05) g digina
.(Manzano, Garcia-Hernandez et al. 2013, Soleimanifard, Arjmand et al. 2014)

TryR 5 7-GCS sl (o IS ] Saiad ) Laglae ASY) duladll el dae () Al o3 caals o Lo e 2l
s okl aliel Tags SH(IIT) I e LBY) e o) (T(SH2) JS& e B85 sla) S Goagy (Dl Jlass (o
hlad bl juanll daging daglaa SSYI ci¥all o Gy ) Galead ,(Madusanka, Karunaweera et al. 2024) skl
MeaY) daglie o gy 2o b (T(SH2) s GSH ) ciligicn G 33L5 el (yaiilul) JIaly ¢salislal) ¢ libaal
Mandal, Wyllie et al. 2007, Rai,) bkl Jlo Ll bl auats Hall Hsiall aa cVsill sda delis PDIA (e s20Sl
el die Ldloal) dpwleall dnjy (i 8 PgpA (ABCI4) dicas )90 aaad il Ly .(Bhaskar et al. 2013
pasled) loaifV) ClSyal A1l Lgiaglie Aoy Cam (e Anliall dgdadd) 3 o ST sae el passl Al dgdaall
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ralabia .5

ola3 L. tropica g5i) (e ddaall cisall dadil) agedl Gy JISEY) o 8805l daaluall dapy 8 daaly (3958 2509 @
(s sinl) Aacladd) (lsaill Gl

Gliall e yuell 52bj Dladd) cial) die Aaledl) lsaiV) CilSpe olad Aol Luleall dapy (alids) Lils)) e

.TryRs GSH1
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