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Summary 

 

This project focuses on the identification and the characterization of the anti-HIV 

activity of an African plant. Several pieces of wood of an unknown plant were 

originally brought to Brussels by an HIV positive African man from Congo at the early 

2000s, who claimed to his doctor that he was treating himself with a plant decoction 

from his local place and felt better. Although this patient passed away from AIDS, an 

extraction of these pieces of wood was then tested in the Laboratory of Retrovirology 

at CRP-Santé of Luxembourg. The anti-HIV activity was confirmed but was 

accompanied with cytotoxicity. To further investigate its anti-HIV mode-of-action, more 

materials were needed. At that time, the African plant was unknown and further 

research was stopped due to the lack of material. 

 

My PhD project is a following-up to the previous study aiming in a first part to identify 

the African plant and, in a second part, to assess the anti-HIV activity of the African 

plant, to decipher its mode-of-action, and to purify its active components.  

 

To identify the African plant, DNA barcoding approach was used. The sequence of the 

nuclear markerITS2 of the African wood was first compared to sequences from 

GeneBank using blast. The sequence of the ITS2 barcode of the African wood was 

most similar to that of several Cassia and Senna species. The highest similarity was 

obtained with Cassia grandis with about 86% identity. Therefore, seeds of fifty two 

Cassia and Senna species were purchased and geminated. Sequences of five 

barcoding markers - ITS2, matK, trnH-psbA spacer, rbcL and trnL, were compared. It 

reveals that the African plant was indeed Cassia abbreviata. This conclusion was 

further confirmed by the sequences obtained with the leaf and bark of Cassia 

abbreviata brought from Kenya. Cassia abbreviata is well known for its medicinal use 

in Africa against a number of diseases including malaria and AIDS, but its 

mechanisms of protection are still unclear. 



7 
 

 

Besides the identification of the African plant, the phylogenetic relationship of Cassia 

and Senna species were studied. All the sequences of the chloroplast marker 

psbA-trnH and the nuclear marker ITS2 of fifty two Cassia and Senna species were 

further analyzed using the MUSCLE (multiple sequence comparison by 

log-expectation) alignment method and phylogenetic trees were then generated using 

neighbor joining clustering method. In the two phylogenetic trees, the species divide 

into five major clades one of which comprising exclusively species with accepted 

Cassia names. A typical "insertion" (35-67bp) in the psbA-trnH spacer and a "deletion" 

(9-13bp) in the ITS2 locus were found in the Cassia clade. Sequence identities 

between Cassias and Sennas range from 41 to 100% in the psbA-trnH locus and from 

67 to 100% in the ITS2 locus. This high sequence divergence between the various 

species not only allows to unambiguously discriminate between Cassias and Sennas; 

it also defines the two loci as excellent complementary barcode markers for plant 

identification.  

 

To study the anti-HIV mode-of-action of Cassia abbreviata, a crude extract (CE) 

obtained from bark after ethanol and ethyl acetate extraction was first tested in 

several anti-HIV assays. CE showed its protection on different cell lines expressing 

either the co-receptor CCR5 or CXCR4 such as on MT-4 cells against HIV-1 IIIB (X4 

tropic strain) (IC50=21.75±1.20 µg/ml; CC50=272.45±110.38 µg/ml; SI=12.69±5.78), 

and on U373-CD4-CCR5/CXCR4 cells infected by pseudotype particles 

 !"#$%&EnvLuc-Bal (R5 tropic strain) (IC50=67.40±4.21 µg/ml) and 

 !"#$%&EnvLuc-HXB2 (X4 tropic strain) (IC50=13.37±8.46 µg/ml). CE also inhibited 

viral infection of primary human peripheral blood mononuclear cells (PBMCs) by 

HIV-1 ADA-M (R5 tropic strain, IC50=13.53±12.99 µg/ml) and HIV-1 IIIB (X4 tropic 

strain, IC50=40.77±4.04 µg/ml) as well as by two clinical isolates harboring multi-drug 

resistance to nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs), 

non-nucleoside reverse transcriptase inhibitors (NNRTIs) and protease inhibitors (PIs) 
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(IC50=23.06±5.92 µg/ml and10.47±2.09 µg/ml, respectively) without displaying any 

cytotoxicity (CC50>1000 µg/ml). To decipher at which step of HIV replication cycle CE 

functions, we performed a multi-dosing time assay using infection of 

U373-CD4-CCR5 and U373-CD4-CXCR4 cells by pseudotype particles. The 

inhibitory effect of CE was apparent when CE was added before infection, 

pre-incubated with the virus but not with the cells, and when incubated during 

infection but not after infection. These results indicate that CE inhibited HIV infection 

at an early stage of the HIV entry process independently of co-receptor usage. 

  

To further elucidate the active components of Cassia abbreviata, fifty-seven 

compounds were then isolated using different solvents according to their polarity 

using Sephadex LH-20, CC cover silica gel and preparative thin layer 

chromatography (TLC) by Dr Xianwen Yang at the South China Sea Institute of 

Oceanology, Guangzhou, China. All the purified compounds were screened in an 

anti-HIV assay against pseudotype particles  !"#$%&EnvLuc-Bal and 

 !"#$%&EnvLuc-HXB2 when the compounds were added only at the time of the 

infection to identify the compounds targeting HIV entry. Four compounds (oleanolic 

acid, palmitic acid, taxifolin and piceatannol), showed anti-HIV activity as previously 

reported and three compounds (YCA 6-34, YCA 6-37 and YCA 7-9) presented an 

unindentified structure while demonstrating anti-HIV activity (against Bal: 

IC50=29.61±6.14 'g/ml; IC50=27.00±20.12 'g/ml; IC50=12.86±3.13 'g/ml, respectively;. 

CC50>100 'g/ml for the three compounds). Among the four known anti-HIV 

compounds, piceatannol showed the most anti-HIV potentials (against Bal: 

IC50=#($#)*)$+,- './- 0102345- 678,9- IC50=:;$,<*+$(#- '.). This activity was 

confirmed on PBMCs infected by HIV-1 ADA-M (IC50=19.91±0.22 '.) and HIV-1 IIIB 

(IC50=24.22±7.13 '.) as well as by the two multi-drug resistant clinical isolates 

(IC50=37.72±12.54 µM; IC50=8.04±3.07 µM, respectively).  

 

Interestingly, piceatannol was previously described as an HIV-1 protease inhibitor and 
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an integrase inhibitor using enzyme based assays, but our results demonstrated that 

piceatannol acts at an earlier stage of the infection. Therefore, we investigated the 

mechanism of action of piceatannol using a multi-dosing time assay. Similarly to CE, 

piceatannol inhibited viral infection when added at the time of infection other than 

when added after infection. Piceatannol slightly inhibited HIV infection at high 

concentration when it was pre-incubated with cells before infection but not with the 

virus. This indicates that piceatannol may target the cells and may have a different 

anti-HIV mechanism than the other compounds contained in the CE of Cassia 

abbreviata targeting mainly the virus. Additionally, both CE and piceatannol showed a 

synergistic effect with the HIV entry inhibitors Enfuvirtide (T-20, fusion inhibitor) and 

AMD3100/Maraviroc (CXCR4 and CCR5 co-receptor inhibitors), supporting that their 

anti-HIV mechanisms differ from T20 and AMD3100/Maraviroc. To confirm these data, 

we performed fusion assays between Hela-P4-CXCR4 cells and Hela-Env-Lai cells. 

We did not found any effect of piceatannol on the fusion process whereas CE of 

Cassia abbreviata, T20 and AMD3100 showed a significant inhibition.  

 

During the HIV entry process, the virus binds successively to the CD4 cellular 

receptor and to the co-receptors CXCR4/CCR5. We first tested whether CE and 

piceatannol could affect the binding of gp120 with the CD4 receptor using a 

home-made ELISA.CE inhibited the interaction between CD4 and gp120 in a 

dose-dependent manner, while piceatannol did not. No significant differences in CD4, 

CXCR4 and CCR5 binding between cells incubated or not with the drugs was further 

observed using different antibodies against CD4, CXCR4 and CCR5 suggesting no 

direct interaction of the compounds with the target cells receptors. In line with this 

observation, we observed that piceatannol and not the CE inhibit the infection of 

pseudotype particles of vesicular stomatitis virus (VSV) G proteins 

 !"#$%&=3>"?@-VSVG (IC50A(B$,%*:($,;'.C suggesting that piceatannol inhibits 

viruses entry by inhibiting the virus attachment to the cells in a non-specific manner 

whereas the main active components of CE target more specifically gp120. 
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To finally evaluate the potential activity of piceatanol as microbicide, we showed using 

an in vitro dual-chamber assay mimicking female genital tract that piceatannol could 

cross the layer of epithelial cells without affecting its confluence and inhibit HIV 

infection in the lower chamber. In addition, piceatannol did not affect the expression of 

the activation markers CD25 and CD69 on PBMCs indicating that piceatannol does 

not stimulate target cells to potentiate further HIV infection. Piceatannol inhibits also 

human Herpes Simplex Virus-1 and -2 (HSV-1 and HSV-2). Taken together, these 

data showed the potential use of piceatannol as a microbicide.  

 

In conclusion, during this PhD project, we identified the African anti-HIV plant as 

Cassia abbreviata and the phylogenetic relationship among cassia and senna species. 

We purified fifty-seven pure compounds from Cassia abbreviata, and identified 4 

known compounds and three compounds with an uncharacterized structure active 

against HIV infection. We showed that Cassia abbreviata contained several 

compounds inhibiting HIV entry by targeting the binding between gp120 and CD4. 

Since the four known compounds inhibit HIV infection through other mechanisms, we 

will verify if one of the three novel compounds might interact with the gp120/CD4 

binding when their complete structure will be elucidated. We deciphered a novel 

mechanism of action of piceatannol, the most active known compounds, inhibiting HIV 

entry by preventing the virus attachment probably by adsorption on the cell surface. 

The structure of piceatannol could be modified in the future to further improve its 

anti-HIV activity by performing structure-activity relationship and structure-based 

optimization studies. 
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Résumé 

 

Mon projet de thèse porte sur une plante africaine possédant des propriétés 

anti>2D0EF4- @G35DF- EF- >2D?4- HF- EI2JJ?3GHKL2@2F3@F- M?J023F- NOP6C. Un jeune homme 

congolais atteint du SIDA arriva à Bruxelles F3-EI03-,;;;-avec des morceaux de bois 

d'un arbre local dont l'écorce était utilisée au Congo pour faire des décoctions 

utilisées dans le traitement de nombreuses maladies et notamment le Syndrome 

HIImmunodéficience acquise (SIDA). Ce bois fut analysé au laboratoire de 

Retrovirologie au CRP-Santé et une activité antivirale (et cytotoxique) pouvait être 

mise en évidence dans l'extrait. Le jeune homme mourut du SIDA en 2003 et en 

raison de manque de matériel et du fait que la plante restait non identifiée les 

recherches sur le sujet furent suspendues.  

 

J'ai repris ce sujet en 2010 dans le cadre de mes travaux de thèse de doctorat après 

des premiers tests prometteurs d'identification du bois grâce à l'approche du "DNA 

barcoding". Par comparaison avec des séquences disponibles dans Genbank, ces 

tests ont en effet suggéré que le bois, avec une identité de séquence de 86% avec 

Cassia grandis pour le marqueur étudié (ITS2), venait d'un arbre/arbuste du genre 

Cassia ou du genre apparenté Senna, les deux appartenant à la grande famille des 

Légumineuses. Les espèces de ces deux genres sont surtout répandues dans les 

régions tropicales du globe et sont souvent utilisées en médecine traditionnelle par 

les populations locales. 

 

Nous avons pu nous procurer des graines d'une cinquantaine d'espèces de ces deux 

genres et nous avons fait une étude plus détaillée pour les deux marqueurs ITS2 

(internal transcribed spacer 2 d'origine nucléaire) et le "trnH-psbA spacer" (d'origine 

chloroplastique). Cette étude a montré qu'une seule espèce, à savoir Cassia 
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abbreviata, montrait une identité >97% avec les deux marqueurs de notre plante. 

Cette identité a pu être confirmée par une analyse d' échantillon de bois fournis par M. 

Mulinge (South Eastern Kenya University). Les légères différences observées 

pouvaient être attribuées à la variabilité géographique. 

 

Disposant des séquences nucléotidiques de ces deux marqueurs pour ces espèces 

nous avons effectué une étude phylogénétique en utilisant le logiciel d'alignement 

MUSCLE (MUltiple Sequence Comparison by Log-Expectation), et la "Nearest 

Neighbour Analysis" pour l'assemblage de l'arbre phylogénétique. L'alignement des 

sequences nucléotidiques des deux marqueurs a permis de mettre en évidence des 

particularités structurales permettant de clairement différencier les Cassias et les 

Sennas. Il s'agit notamment, pour les Cassia, d'une insertion spécifique de 35 à 67 bp 

dans le marqueur chloroplastique (trnH-psbA) et une délétion de 9 à 13 pb dans le 

marqueur nucléaire (ITS2). Par ailleurs, des motifs nucléotidiques conservés dans 

des petits groupes d'espèces nous ont permis d'établir une phylogénie basée sur ces 

données moléculaires. Aussi la grande variabilité des séquences pour chacun des 

deux marqueurs a permis de clairement distinguer les différentes espèces et rendent 

ces deux marqueurs des cibles très utiles pour l'identification des espèces végétales 

de ces deux genres - et sans doute la majorité des espèces végétales - par le "DNA 

barcoding". Si cette approche n'est pas encore acceptée par les taxonomistes 

classiques, elle est pourtant très puissante et a l'avantage de ne pas être basée sur 

des traits morphologiques de la fleur; elle permet d'identifier une plante à partir de 

matériel foliaire, racinaire, cortical ou autre, pourvu qu'il ne soit pas contaminé par du 

matériel d'une autre espèce. 

 

Afin d'étudier le mode d'action par lesquel la plante exerce son activité anti-VIH, un 

extrait brut (CE) a été obtenu par extraction à l'alcool et à l'acétate d'éthyle à partir de 

l'écorce de bois fourni par M. Mulinge. Cet extrait brut montrait une protection sur 
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différentes lignées cellulaires exprimant soit le co-récepteur CCR5 soit CXCR4 

comme sur les cellules MT-4 infectées par le HIV IIIB (souche X4 tropique) 

(IC50 = 21.75±1.20 µg/ml; CC50 = 272.45±110.38 µg/ml; S = 12.69±5.78), ainsi que sur 

les cellules U373-CD4-CCR5/CXCR4 infectées par des particules pseudotypées 

pNL4.3&EnvLuc-Bal (souche R5 tropique) (IC50 = 67.40±4.21 µg/ml) et 

pNL4.3&EnvLuc-HXB2 (souche X4 tropique) (IC50 = 13.37±8.46 µg/ml). L'extrait brut 

inhibait aussi l'infection de cellules primaires mononucléaires du sang périphérique 

(PBMC) par la souche HIV-1 ADA-M (R5 tropique, IC50 = 13.53±12.99 µg/ml) et la 

souche HIV-1 IIIB (X4 tropique, IC50 = 40.77±4.04 µg/ml), ainsi que par deux isolats 

cliniques présentant une résistance à plusieurs médicaments et notamment aux 

analogues nucléosidiques ou nucléotidiques, inhibiteurs de la transcriptase inverse 

(NRTIs), aux inhibiteurs non-nucléosidiques de la transcriptase inverse (NNRTIs) et 

aux inhibiteurs de protéase (PIs) (IC50 = 23.06±5.92 µg/ml et IC50 = 10.47±2.09 µg/ml). 

L'extrait ne montrait pas d'effet cytotoxique (CC50>1000 µg/ml). Afin d'identifier l'étape 

du cycle de replication virale au niveau de laquelle l'extrait brut pouvait agir nous 

avons effectué un test "multi-dosing time" en infectant des cellules U373-CD4-CCR5 

and U373-CD4-CXCR4 par des particules pesudotypées. L'effet inhibiteur de l'extrait 

brut (CE) a pu être détecté quand l'extrait était ajouté avant infection, pré-incubé avec 

le virus mais pas avec les cellules, et quand il était ajouté pendant mais pas après 

infection. Ces résultats indiquent que le CE inhibe l'infection par le VIH à un stade 

précoce du processus d'entrée du virus, et ceci indépendamment de l'utilisation du 

co-récepteur.  

 

Afin d'identifier les composés actifs de la plante, 57 composés ont pu être purifiés et 

identifiés par Yang Xianwen (South China Sea Institute of Oceanology, Guangzhou, 

Chine) par des approches chromatographiques (Sephadex LH-20, chromatographie 

sur colonne (CC) sur gel de silice, chromatographie en couche mince) permettant de 

séparer les composés selon leur polarité. Les composés purifiés ont été testés 

ensuite dans un test anti-VIH contre des particules virales pseudotypées 
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pNL4.3&EnvLuc-Bal et pNL4.3&EnvLuc-HXB2, les composés purifiés étant ajoutés 

seulement au moment de l'infection afin d'identifier ceux ciblant l'entrée du virus. 

Quatre composés (acide oléanolique, acide palmitique, taxifoline et piceatannol) ont 

montré une activité antivirale et cette activité a déjà décrite antérieurement par 

d'autres laboratoires. Trois autres composés (YCA 6-34, YCA 6-37, et YCA 7-9) 

présentaient une nouvelle structure et montraient une activité anti-VIH contre la 

souche de virus Bal (avec des IC50 de 29.61±6.14 'g/ml, de 27.00±20.12 'g/ml, 

respectivement de 12.86±3.13 'g/ml). Pour les trois composés, l'index de cytotoxicité 

(CC50) était supérieur à 100 'g/ml. 

 

Parmi les 4 composés connus, le piceatannol montrait le plus grand potentiel anti-VIH 

(avec un IC50=47.46±6.52 'M contre la souche Bal, et un IC50=10.28±5.74 'M contre 

la souche HXB2). Cette activité était confirmée sur des PBMCs infectées par la 

souche HIV-1 ADA-M (IC50 = 19.91±0.22 'M), et la souche HIV-1 IIIB (IC50 = 

24.22±7.13 'M), ainsi que par les deux isolats cliniques résistant à plusieurs 

médicaments (IC50 = 37.72±12.54 µM et IC50 = 8.04±3.07 µM).  

 

Dans des études antérieures basées sur des tests enzymatiques, le piceatannol était 

décrit comme un inhibiteur de protéase et un inhibiteur de l'intégrase du VIH. En 

revanche, nos résultats ont montré que le piceatannol agit à un stade plus précoce de 

l'infection. Pour cette raison nous avons décidé d'étudier plus en détail le mécanisme 

d'action du piceatannol en utilisant le test "multi-dosing time". Comme l'extrait brut, le 

piceatannol inhibait l'infection virale quand il était ajouté au moment de l'infection 

plutôt qu'après infection. Le piceatannol inhibitait l'infection virale légèrement à forte 

concentration quand il était préincubé avec les cellules avant l'infection mais pas 

quand il était préincubé avec le virus. Ceci suggère que le piceatannol cible 

préférentiellement les cellules et qu'il agit par un mécanisme différent de celui des 

autres composés présents dans l'extrait brut de la plante qui cibleraient surtout le 
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virus. De plus, l'extrait brut ainsi que le piceatannol montraient un effet synergique 

avec les inhibiteurs d'entrée virale Enfuvirtide (T-20, inhibiteur de fusion) et 

AMD3100/Maraviroc (inhibiteurs des co-récepteurs CXCR4 et CCR5), ce qui suggère 

que leurs mécanismes diffèrent de ceux de T20 et AMD3100/Maraviroc. Afin de 

confirmer ces résultats nous avons effectué des tests de fusion entre les cellules 

Hela-P4-CXCR4 et les cellules Hela-Env-Lai. Nous n'avons pas observé d'effet du 

piceatannol sur le processus de fusion, alors que l'extrait brut, T20, ainsi que 

EIAMD3100 montraient une inhibition significative. 

 

Lors du processus d'entrée, le virus se lie successivement au récepteur cellulaire 

CD4 et aux co-récepteurs CXCR4/CCR5. Nous avons testé si l'extrait brut et le 

piceatannol pouvaient affecter l'attachement de gp120 avec le récepteur CD4 en 

utilisant un ELISA "fait maison". Alors que l'extrait brut inhibait l'interaction entre CD4 

et gp120 d'une manière dose-dépendante, le piceatannol ne montrait pas d'effet 

inhibiteur. Nous n'avons pas observé de différence significative entre cellules 

incubées et cellules non-incubées avec les composés pour l'attachement au 

récepteur CD4 en utilisant le clone CD4 RPA-4 ciblant le domaine 1 de CD4 

responsable de l'attachement à gp120 ou à CXCR4/CCR5. En accord avec cette 

observation, nous avons constaté que le piceatannol, et pas l'extrait brut, inhibait 

l'infection par des particules pseudotypées des protéines G pNL4.3&EnvLuc-VSVG 

(IC50 = 79.23±17.20 'M) du virus de la stomatite vésiculaire (VSV), ce qui suggère 

que le piceatannol inhibe l'entrée virale par inhibition non spécifique de l'attachement 

du virus aux cellules, alors que les composés actifs de l'extrait brut ciblent plus 

spécifiquement gp120. 

 

Enfin, afin d'évaluer l'activité potentielle du piceatannol comme microbicide nous 

avons montré, en utilisant un essai in vitro de double-chambre simulant le tract génital 

femelle, que le piceatannol pouvait traverser une couche de cellules épithéliales sans 
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affecter sa confluence et inhiber l'infection virale dans la chambre inférieure. Aussi, le 

piceatannol n'affectait pas l'expression des marqueurs d'activation CD25 et CD69 sur 

les PBMC, indiquant que le piceatannol ne stimule pas les cellules cibles, ceci 

 G?>035- 0?1JF35FD- EI23LF@52G3-  0D- EF- OP6. QI0?5DF-  0D5R- EF-  2@F05033GE- 23M2SF-

K10EFJF35-EI23LF@52G3- 0D-EF->2D?4-HF-EIMFD F4-M?J023-N6TO-1 and HSV-2). Considérés 

dans leur ensemble, ces résultats montrent l'utilisation potentielle du piceatannol 

comme microbicide. 

 

En résumé, lors de mon travail de thèse, nous avons identifié la plante à activité 

anti-VIH comme étant Cassia abbreviata et nous avons établi des relations 

phylogénétiques parmi des espèces Cassia et Senna. Nous avons purifié 57 

composés de cette plante, parmi lesquels nous avons identifié 7 avec une activité 

antivirale, dont 4 connus et 3 dont la structure n'est pas encore caractérisée. Nous 

avons montré que l'extrait de Cassia abbreviata contenait plusieurs composés 

inhibant l'entrée du VIH en ciblant majoritairement l'attachement entre gp120 et CD4. 

Il sera intéressant dans le futur de vérifier si un des trois nouveaux composés, une 

fois leur structure connue, peut affecter l'interaction gp120/CD4. Nous avons identifié 

un nouveau mode d'action par lequel le piceatannol, le plus actif des composés 

connus, inhibe l'entrée virale en empêchant l'attachement du virus, probablement par 

adsorption à la surface cellulaire. Des études de relation entre structure et activité 

(SAR) ainsi que des études d'optimisation structurale devraient permettre d'améliorer 

dIavantage l'activité anti-VIH du piceatannol et des nouveaux composés identifiés à 

partir de Cassia abbreviatta. 
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Abbreviations 

 

3TC Lamivudine 

ABC Abacavir 

AI Attachment inhibitor 

AIDS Acquired immunodeficiency syndrome 

APOBEC3G Apolipoprotein B messenger RNA (mRNA)-editing enzyme  

 catalytic polypeptide-like 3 G protein 

APV Amprenavir 

ART Antiretroviral therapy 

ATV Atazanavir 

AZT Azidothymidine 

BST2 Bone marrow stromal cell antigen 2 

BVM Bevirimat 

CA Capsid 

cART Combination antiretroviral therapy 

CBC Cap binding complex 

CC50 Half-maximal cytotoxic concentration 

CCID50 Cell culture infectious dose 50% 

CCL5 C-C motif ligand 5 

CCR5 C-C chemokine receptor 5 

CHMP Charged multi-vesicular protein 

CI Combination index  

COBI Cobicistat 

CPE Cytopathic effect 

CPRG Chlorophenol red--U-D-galactopyranoside 

CRF Circulating recombinant form 

CTD C-terminal domain 

CXCL12 C-X-C motif chemokine 12 

CXCR4 C-X-C chemokine receptor 4 

d4T Stavudine 

DC Dendritic cell 

DC-SIGN Dendritic cell-specific intercellular adhesion molecular  

 3-grabbing non-integrin 

ddC Zalcitabine 

ddI Didanosine 
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DLV Delavirdine 

DNA Deoxyribonucleic acid 

dNTP Deoxynucleoside triphosphate 

DRV Darunavir 

DTG Dolutegravir 

EC50 Half-maximal effective concentration 

EC95 95% of maximal effective concentration 

EFV Efavirenz 

ELISA Enzyme-linked immunosorbent assay 

Env Envelope 

ESCRT Endosomal sorting complexes required for transport 

ETR Etravirine 

EVG Elvitegravir 

FBS Fetal bovine serum 

FDA Food and Drug Administration of the United States 

FIPV Feline corona virus 

FITC Fluorescein isothiocyanate 

FPV Fosamprenavir 

FTC Emtricitabine 

gal-C Galactocerebroside 

GALT Gut-associated lymphoid tissue 

HAART Highly active antiretroviral therapy 

HCV Hepatitis C virus 

HIV Human immunodeficiency virus 

HRS Hepatocyte growth factor V regulated tyrosine kinase substrate 

HSV Herpers simplex virus 

HTLV-III  Human T-lymphotropic virus type III 

ICAM3 Intercellular adhesion molecule 3 

IDU Injecting drug users 

IDV Indinavir 

IN Integrase 

INI Integrase inhibitor 

LAV Lymphadenopathy associated virus 

LEDGF/p75 Lens epithelium-derived growth factor/p75 

LPS Lipopolysaccharide  

LPV/s Lopinavir/ritonavir 
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MA Matrix 

mAb Monoclonal antibody 

MFI Mean of fluorescence intensity 

MHC-1 Major histocompatibility complex-1 

MI Maturation inhibitor 

MMR Macrophage mannose specific receptor 

MOI Multiplicity of infection 

MSM Men who have sex with men 

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

MUSCLE Multiple sequence comparison by log-expectation 

MVC Maraviroc 

NC Nucleocapsid 

Nef Negative factor 

NFV Nelfinavir 

NJ Neighbour joining 

NK Natural killer cell 

NLR Nucleotide oligomerization domain (NOD)-like receptors 

NMR Nuclear magnetic resonance 

NNRTI Non-nucleoside reverse transcriptase inhibitor 

NRTI Nucleoside/nucleotide reverse transcriptase inhibitor 

NTD N-terminal domain 

NVP Nevirapine 

OD Optical density 

PAMP Pathogen-associated molecular patterns 

PBMC Peripheral blood mononuclear cell 

PE Phycoerythrin 

PHA-P Phytohemagglutinin 

PI Protease inhibitor 

PI(4,5)P2 Phosphatidylinositol (4,5) diphosphate 

PR Protease 

PRR Pattern recognition receptor 

RAFI Rigid amphipathic fusion inhibitor 

RAL Raltegravir 

Rev Regulation of virion expression 

RIP Ribosome inactivating protein 

RLR Retinoid acid-inducible gene (RIG)-like receptors 
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RNA Ribonucleic acid 

RNase H Ribonuclease H 

RPV Rilpivitrine 

RRE Rev response element 

RSV Respiratory syncytial virus 

RT Reverse transcriptase 

RTV Ritonavir 

SAMHD1 Sterile alpha motif (SAM) and histidine-aspartic (HD)- 

 containing protein 1 

SAR Structure-activity relationship 

SIV Simian immunodeficiency virus 

SIVcpz SIV from chimpanzees 

SIVcpzPts SIV from P. t. schweinfurthii chimpanzee 

SIVcpzPtt SIV from P. t. troglodytes chimpanzee 

SIVgor SIV from gorillas 

SIVmac SIV from macaque 

SIVrcm SIV from red-capped mangabeys 

SIVsmm SIV from sooty mangabey 

SP1 Spacer peptide 1 

SP2 Spacer peptide 2 

SQV Saquinavir 

STAM Signal transducing adaptor molecule 

SU surface 

TAM Thymidine analogue mutation 

Tat Transactivator of transcription 

TDF Tenofovir 

TEER Trans epithelial electric resistance 

TLC Thin layer chromatography 

TLR Toll-like receptor 

TM transmembrane 

TPV Tipranavir 

WXP.+Y Tripartite-motif-@G35023231-+Y 

UV Ultraviolet 

Vif Viral infectivity factor 

Vpr Viral protein R 

Vpu Viral protein U 
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Vpx Viral protein X 

VSV Vesicular stomatitis virus 

ZDV Zidovudine 

 



 

22 
 

List of tables 

 

TABLE 1. NUCLEOSIDE/NUCLEOTIDE REVERSE TRANSCRIPTASE INHIBITORS APPROVED BY FDA ..59 

TABLE 2. NON-NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS APPROVED BY FDA  .............59 

TABLE 3. PROTEASE INHIBITORS APPROVED BY FDA  ...............................................................61 

TABLE 4. INTEGRASE INHIBITORS APPROVED BY FDA  ..............................................................62 

TABLE 5. LIST OF THE MAIN TAXA-SPECIFIC DNA BARCODING RECOMMENDED BY THE BARCODE OF 

LIFE DATA SYSTEMS (BOLD)  .........................................................................................72 

TABLE 6. CASSIA AND SENNA SPECIES DISCUSSED IN THE PRESENT STUDY  ...............................86 

TABLE 7. HEAT MAP SHOWING THE SEQUENCE SIMILARITIES BETWEEN THE ITS2 MARKERS (IN %) 

OF THE CASSIA SPECIES ANALYSED .................................................................................88 

TABLE 8. CO-CLUSTERING OF SENNA SPECIES BASED ON 5 MARKERS (TRNH-PSBA SPACER, ITS2, 

RPL16 INTRON, RPS16 INTRON, AND MATK)  ................................................................... 118 

TABLE 9. EVALUATION OF CE AND PICEATANNOL AGAINST VARIOUS CLASSES OF VIRUSES ........ 132 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

23 
 

List of figures 

 

 

FIGURE 1. ADULTS AND CHILDREN ESTIMATED TO BE LIVING WITH HIV IN 2014...........................28 

FIGURE 2. HIV TIME COURSE ..................................................................................................30 

FIGURE 3. NATURAL HISTORY AND IMMUNOPATHOGENESIS OF HIV-1 INFECTION  .......................31 

FIGURE 4. THE INTESTINAL EPITHELIUM IN AN HIV-INFECTED INDIVIDUAL ...................................34 

FIGURE 5. ORIGIN OF HUMAN AIDS VIRUSES ............................................................................35 

FIGURE 6. PHYLOGENY OF LENTIVIRUSES ................................................................................36 

FIGURE 7. GEOGRAPHIC DISTRIBUTION OF CHIMPANZEES AND SIVCPZ IN SUB-SAHARAN AFRICA 37 

FIGURE 8. GEOGRAPHIC DISTRIBUTION OF SIVGOR IN WILD-LIVING GORILLAS ............................38 

FIGURE 9. HIV-1 ORIGINS .......................................................................................................39 

FIGURE 10. GLOBAL DISTRIBUTION OF HIV-1 GROUP M STRAINS ...............................................40 

FIGURE 11. HIV-2 ORIGIN .......................................................................................................41 

FIGURE 12. HIV STRUCTURE ...................................................................................................42 

FIGURE 13. ORGANISATION OF THE HIV GENOME .....................................................................43 

FIGURE 14. HIV-1 HXB2 STRAIN GENOME ...............................................................................44 

FIGURE 15. THE STRUCTURE AND FUNCTIONS OF GAG .............................................................46 

FIGURE 16. HIV-1 PROVIRAL GENOME AND THE PROTEASE CLEAVAGE SITES IN THE GAG AND 

GAGPOL ........................................................................................................................47 

FIGURE 17. SCHEMATIC OVERVIEW OF THE HIV-1 REPLICATION CYCLE ......................................50 

FIGURE 18. OVERVIEW OF HIV ENTRY .....................................................................................52 

FIGURE 19. HIV ASSEMBLY .....................................................................................................54 

FIGURE 20. HIV BUDDING VIA ESCRT PATHWAY ......................................................................55 

FIGURE 21. HIV-1 LIFE CYCLE AND THE ANTIRETROVIRAL DRUG INTERVENTION POINTS ..............57 

FIGURE 22. THE BARCODING PIPELINE .....................................................................................71 

FIGURE 23. AN EXAMPLE OF A PIECE OF AFRICAN WOOD WHICH HAD BEEN ANALYZED FOR ANTI-

HIV ACTIVITY AND WHICH I USED FOR IDENTIFICATION .......................................................80 

FIGURE 24. ALIGNMENT OF THE NUCLEOTIDE SEQUENCES OF THE ITS2 FROM THE AFRICAN WOOD 

AND CASSIA GRANDIS (FJ009820) ..................................................................................85 

FIGURE 25. DISTRIBUTION OF C. ABBREVIATA IN AFRICA. THREE SUBSPECIES HAVE BEEN 

IDENTIFIED: SUBSP. ABBREVIATA, SUBSP. BEAREANA, AND SUBSP. KASSNERI ......................88 

FIGURE 26. CASSIA ABBREVIATA .............................................................................................89 

FIGURE 27. ALIGNMENT OF THE ITS2 SEQUENCES ...................................................................94 

FIGURE 28. INTRAGENOMIC HETEROGENEITIES IN THE ITS2 REGION OF CLOSELY RELATED SENNA 

SPECIES .........................................................................................................................95 



 

24 
 

FIGURE 29. PHYLOGENETIC TREE BUILT FROM THE ALIGNED ITS2 SEQUENCES ..........................97 

FIGURE 30. ALIGNMENT OF THE TRNH-PSBA SPACER SEQUENCES .......................................... 103 

FIGURE 31. PHYLOGENETIC TREE BUILT FROM THE ALIGNED TRNH-PSBA SPACER SEQUENCES . 105 

FIGURE 32. STAMEN STRUCTURE OF CASSIA AND SENNA FLOWERS ........................................ 114 

FIGURE 33. CRUDE EXTRACT OF CASSIA ABBREVIATTA INHIBITS HIV ENTRY INTO CELLS ........... 126 

FIGURE 34. ANTI-HIV ACTIVITY OF OLEANOLIC ACID, PALMITIC ACID, PICEATANNOL AND TAXIFOLIN

 ................................................................................................................................... 127 

FIGURE 35. PICEATANNOL INHIBITS HIV ENTRY INTO CELLS. A. EFFECTS OF PICEATANNOL IN A 

MULTI-DOSING TIME ASSAY ............................................................................................ 128 

FIGURE 36. BINDING ACTIVITY OF CASSIA ABBREVIATAIS CRUDE EXTRACT AND PICEATANNOL ... 131 

FIGURE 37. CE AND PICEATANNOL INHIBIT HIV INFECTION IN A DUAL CHAMBER SYSTEM AND DO 

NOT ACTIVATE PBMCS ................................................................................................. 133 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

25 
 

List of Annexes 

 

ANNEX 1: VIROLOGICAL AND IMMUNOLOGICAL OUTCOMES OF ELVITEGRAVIR-BASED REGIMEN IN A 

TREATMENT-NAÏVE HIV-2-INFECTED PATIENT ................................................................. 174 

ANNEX 2: ANTI-HIV ACTIVITY OF FUCOIDANS FROM THREE BROWN SEAWEED SPECIES ............. 175 

 



 ! 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 !"#$%&'( 
 

''()$&*+,-$.*) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 " 
 

#$%&' ()*)(+' ,-' ,.)' /0123()4' 35526-4)*303)607' +764(-5)8' 9.30.'9/+' *3(+,' 0:3630/::7'

-;+)(<)4'36'=>?='36',.)'@63,)4'&,/,)+'AB%B8=>?=CD'E.)'F/,3)6,+'9.-'4)<):-F'#$%&'

+2**)('*(-5'/'F(-G()++3<)'*/3:2()'-*',.)'35526)'+7+,)5'/64'+2;+)12)6,':3*)H,.()/,)636G'

-FF-(,263+,30'36*)0,3-6+'/64'0/60)(+',-',.(3<)D'E.)'0/2+)'-*'#$%&'9/+',.)6'34)6,3*3)4'

,-';)',.)'.25/6'35526-4)*303)607'<3(2+'AI$JCD'I$J'9/+'*3(+,'3+-:/,)4'36')/(:7'=>?K+'

;7' ,9-' +)F/(/,)' ()+)/(0.'G(-2F+8' /64' *3(+,' 6/5)4'IELJH$$$' A.25/6'EH:75F.-,(-F30'

<3(2+',7F)'$$$C';7'M-;)(,'N/::-O+'G(-2F'36',.)'@63,)4'&,/,)+'AN/::-8'),'/:D8=>?PC8'/64'L#J'

A:75F./4)6-F/,.7' /++-03/,)4' <3(2+C' ;7' L20' Q-6,/G63)(O+' G(-2F' 36' R(/60)' AS/(()H

&36-2++38'),'/:D8=>?TCD' $6'=>?!8'I$JH='9/+'0-6*3(5)4',-';)' ,.)'+/5)'<3(2+8'/64' ,.)'

*-(5)('IELJH$$$'/64'L#J'9)()'G3<)6',.)'6/5)'-*'I$JH=DE.)'+/5)'7)/(8'/'6)9',7F)'-*'

<3(2+' :)/436G' ,-'#$%&' 9/+' 43+0-<)()4' 36' F/,3)6,+' *(-5'U)+,)(6'#*(30/' AB:/<):8' ),'

/:D8=>?!C'/64'6/5)4'I$JH D' 

 

/0'1(2'3'4(56'%#.+%7.- 

 

#+'-*' K=P8'T!D>'53::3-6'ATPDT'53::3-6'H'P=DP'53::3-6C'F)-F:)'G:-;/::7'9)()')+,35/,)4',-'

;)':3<36G'93,.'I$J'A@V#$%&8 K=WCD'Q-+,'-*',.)58' WD?'53::3-6'A PDK'53::3-6'X' ?D"'53::3-6C'

9)()':3<36G'36'+2;H&/./(/6'#*(30/'AR3G2()'=C8'9.)()'9-5)6'/00-26,'*-('5-()',./6'./:*'

-*',./,',-,/:'625;)(D'N:-;/::78' ,.)()'9)()'/;-2,'=DP'53::3-6'A=D '53::3-6'X'=DW'53::3-6C'

6)9:7'I$JH36*)0,)4'F)-F:)D'B-5F/()4',-' KKK8'6)9'I$J'36*)0,3-6+'./<)'*/::)6';7'TWYD'

#5-6G',.)+)'6)9:7'36*)0,)4'F)-F:)8'  K'KKK'A=>K'KKK'X' !K'KKKC'9)()'0.3:4()68'9.30.'

./<)'4)0:36)4';7'W?Y'+360)' KKKD' 

 

#:,.-2G.'/6,3(),(-<3(/:',.)(/F3)+'./<)';))6'4)<):-F)4'/64'934):7'2+)4'36'0:3630+8'=D '

53::3-6'A>?K'KKK'X'=D!'53::3-6C'F)-F:)'43)4'*(-5'#$%&H():/,)4'3::6)++)+'36' K=P8'/64'

 WDT'53::3-6'F)-F:)'./<)'43)4'-*'#$%&H():/,)4'3::6)++)+'0252:/,3<):7'+360)' KKKD'I$J'

./+';))6'()F-(,)4',-';)'-6)'-*',.)':)/436G'0/2+)+'-*'4)/,.'*-('9-5)6'-*'()F(-420,3<)'

/G)'9-(:4934)D'Z6',.)'-,.)('./648'-936G',-',.)'/6,3(),(-<3(/:',.)(/F3)+8',.)'625;)('-*'

#$%&H():/,)4'4)/,.+'./+'4)0()/+)4';7'P Y'+360)',.)'F)/['36' KKPD'E-4/7'/;-2,'=W'

53::3-6'F)-F:)'./<)'/00)++',-'/6,3(),(-<3(/:',.)(/F3)+D'#;-2,'P=Y'-*'/::'/42:,+8'T Y'-*'

/::'0.3:4()6'/64'"TY'-*'F()G6/6,'9-5)6':3<36G'93,.'I$J'/()'-6',()/,5)6,D 

 

$6'0-6,(/+,',-'+2;H&/./(/6'#*(30/8',.)'625;)('-*'I$J'36*)0,3-6+'./+';))6'360()/+36G'

;7'?KY'*(-5' KKP',-' K=T'36'\2(-F)'A\B%B8 K=PCD'$6'L2])5;-2(G',.)'625;)('-*'6)9'

0/+)+' ./+' 4-2;:)4' +360)' ,.)' )/(:7'  KKK+8' ,-' ?W' 6)9' 0/+)+' 36'  K=P8' 42)' ,-' /6'

360()/+36G'625;)('-*'36*)0,3-6+'36'36^)0,36G'4(2G'2+)(+'A$%@C'/64'5)6'9.-'./<)'+)]'



 ? 
 

93,.'5)6'AQ&QC'ABM_H&/6,`8' K=Pa'#()64,8'),'/:D8' K=WCD' 

 

$5F-(,/6,:7' ,.)'@V#$%&' ()F-(,' )5F./+3b)+' ,./,' =>'53::3-6'-*' ,.)'T"'53::3-6'F)-F:)'

:3<36G'93,.'I$J',-4/7'/()'6-,'/9/()'-*',.)3('I$J'36*)0,3-6D'@V#$%&'/66-260)4'()0)6,:7'

,.)3('6)9'>KH>KH>K',/(G),'*-(' K K'9.30.'+.-2:4'+2;+,/6,3/::7'()420)',(/6+53++3-6'-*'

I$Jc'>KY'-*'/::'F)-F:)' :3<36G'93,.'I$J'93::'[6-9',.)3('I$J'+,/,2+8'>KY'-*'/::'F)-F:)'

43/G6-+)4'93,.'I$J'93::'()0)3<)'+2+,/36)4'/6,3(),(-<3(/:',.)(/F7'/64'>KY'-*'/::'F)-F:)'

()0)3<36G' /6,3(),(-<3(/:' ,.)(/F7' 93::' ./<)' <3(/:' +2FF()++3-6' A@V#$%&8 K=PCD' E.3+' 3+'

;/+)4'-6',.)'F(3603F:)',./,')/(:7'+,/(,'-*',.)(/F7'./+'6-,'-6:7'0:3630/:';)6)*3,+'*-(',.)'

3643<342/:'F/,3)6,8';2,'F()<)6,+'*2(,.)(',(/6+53++3-6'-*'I$J'/64'./+'/:+-'/'F2;:30'.)/:,.'

;)6)*3,D' 

 

 

 

 

R3G2()'=D'#42:,+'/64'0.3:4()6')+,35/,)4',-';)':3<36G'93,.'I$J'36' K=P'A@V#$%&8 K=WCD' 

 

 

 

 

 

 

 

 

 



 > 
 

80'1(2'#"$!*9*:; 

 

80/'1(2'$&")<7.<<.*) 

 

I$J',(/6+53++3-6'-002(+',.(-2G.';-47'*:234+8'360:2436G';:--48'+)5)68'F()H+)536/:'*:2348'

()0,/:' *:234+8' </G36/:' *:234+8' /64' ;()/+,' 53:[' *(-5' /6' I$JH36*)0,)4' F)(+-6'

A !!"#$%%&'(#')*+,)' ,-+.%CD'@F',-'6-98' ,.)'0-55-6:7'[6-96'I$J' ,(/6+53++3-6' (-2,)+'

/()' ./<36G' (3+[7' +)]2/:' 0-6,/0,8' +./(36G' 36^)0,36G' )123F5)6,8' ()0)3<36G' ;:--4'

,(/6+*2+3-6+'*(-5'/6'I$JH36*)0,)4'F)(+-68'/64'*(-5'/6'I$JHF-+3,3<)'5-,.)(',-'.)(';/;7D'

S3-:-G30/::78',-';)'/;:)',-':),'/6'I$J',(/6+53++3-6'-002(8',.)'36*)0,)4';-47'*:234+'52+,'

0-6,/36'+2**303)6,'<3(2+)+8'/64'0-5)'36'0-6,/0,'93,.'/'520-2+'5)5;(/6)'-('4/5/G)4'

,3++2)'-(';:--4+,()/5D'B-5F/()4',-'I$JH 8'I$JH='3+'5-()'<3(2:)6,'/64'36*)0,3<)8'/64'3+'

()+F-6+3;:)'*-('9-(:4934)')F34)530D'E.)'(3+['-*'I$J',(/6+53++3-6'3+'5/36:7'0-(():/,)4'

,-'I$J'<3(/:':-/4'/64',(/6+53++3-6'(-2,)D' 

 

I$J'<3(/:':-/4'3+',.)'/5-26,'-*'I$J'36',.)';-47'*:234+'-*'/6'I$JH36*)0,)4'F)(+-6D'$,'3+'

0:3630/::7'5)/+2()4'36';:--48')]F()++)4'36'I$JH='MV#'0-F3)+'F()+)6,'F)('53::3:3,()'-*'

F:/+5/D'$,'./+';))6'F(-<)4',./,'/'.3G.)('<3(/:':-/4'3+'/++-03/,)4'93,.'/'.3G.)('(3+['-*'

I$J' ,(/6+53++3-6D' \/0.' :-G' 360()5)6,' 36' ,.)' <3(/:' :-/4' ./+' ;))6' ()F-(,)4' ,-' ;)'

/++-03/,)4'93,.'/'(/,)'(/,3-'-*' DPW'*-('+)(-0-6<)(+3-6'/64'.),)(-+)]2/:',(/6+53++3-6'

-*'I$JH='3+'(/()'/5-6G'F)(+-6+'93,.':)<):+'-*':)++',./6'=WKK'0-F3)+'-*'I$JH='MV#'F)('

53::3:3,()'Ad23668'),'/:D8 KKKCD' 

 

I$J',(/6+53++3-6'(-2,)+'./<)'</(3-2+'(3+[':)<):+'*-('I$J'36*)0,3-6D'Q-()',./6'?KY'-*'

I$JH=' 36*)0,3-6+' 36' /42:,+' /()' ,.(-2G.' (3+[7' +)]2/:' /0,3<3,3)+' )]F-+36G' /' 520-+/:'

5)5;(/6)' ,-' ,.)' <3(2+D' E.)' ()+,'  KY' /()' ,.(-2G.' F)(02,/6)-2+' /64' 36,(/<)6-2+'

36-02:/,3-6+'AB-.)68'),'/:D8 K==CD'E.)'(3+[')+,35/,)+'*-('+)]2/:',(/6+53++3-6'-*'I$J8'

F)('+)]'/0,8'(/6G)'934):78'*(-5'KDWY',-'TDT?Y'*-('()0)F,3<)'/6/:'36,)(0-2(+)a'KDK!Y',-'

KD=!Y'*-('36+)(,3<)'/6/:'36,)(0-2(+)a'KDK?Y',-'KD=>Y'*-('()0)F,3<)'</G36/:'36,)(0-2(+)'

A3D)D' 5/:)H,-H*)5/:)Ca' /64' /FF(-]35/,):7' KDKWY' ,-' KD=Y' *-(' 36+)(,3<)' </G36/:'

36,)(0-2(+)' A3D)D8' *)5/:)H,-H5/:)C' A !!"$%%///," &01&#"0,-0,0&%')(2312)-," "CD' R-('

F)-F:)'9.-' 36^)0,'4(2G+8' ,.)' (3+['-*' ,(/6+53++3-6'F)(' 36^)0,3-6' *(-5'/'0-6,/536/,)4'

6))4:)'./+';))6')+,35/,)4',-';)';),9))6'KD"Y'/64'KD?YD'E.)'(3+[+'-*',(/6+53++3-6'

,.(-2G.'-(/:'36,)(0-2(+)'/64'5-,.)(H,-H0.3:4'/()'():/,3<):7':-9D 

 

 



TK 
 

 

808'6$":%<'*='1(2>/'.)=%-$.*) 

 

#*,)(' F(35/(7' I$J' ,(/6+53++3-6' /64' 36*)0,3-68' ,.)()' 3+' /' :-6G' F)(3-4' ;)*-()' I$JH='

36*)0,)4'3643<342/:+'4)<):-F'#$%&'AR3G2()' CD'$,'(/6G)+'*(-5'T',-' K'7)/(+'AB-.)68'),'

/:D8 K==C8'-6'/<)(/G)'/;-2,'=K'7)/(+D'_/,.-:-G30/::78'3,'0/6';)'43<34)4'36,-',.())'5/36'

+,/G)+c'/02,)'I$JH='36*)0,3-68'0:3630/:':/,)6078'/64'#$%&D 

 

8080/'4-,$%'1(2>/'.)=%-$.*) 

 

#02,)'I$JH=' 36*)0,3-6' 3+' ,.)'5-+,' 0(203/:' +,/G)'-*'I$J' 36*)0,3-6'/64' ()F()+)6,+' ,.)'

F)(3-4'*(-5'I$J'/0123+3,3-6'26,3:'+)(-0-6<)(+3-6D'E.)'[)7'0./(/0,)(+'-*',.3+'F)(3-4'/()'

,.)' /FF)/(/60)+' /64'0./6G)+' -*' ,.)' <3(/:' :-/4'/64'-*' ,.)' /6,3;-43)+' 36' ,.)' ;:--4D'

U3,.-2,'/67'/6,3(),(-<3(/:',.)(/F7'363,3/,3-68'/'F)/['-*'<3()53/'3+'/;:)',-'()/0.'53::3-6+'

0-F3)+' F)('5:' ;:--4' 0-3603436G' 93,.' /' +3G63*30/6,' 4)F:),3-6' -*' B%Pe' E' :75F.-07,)+'

AS()60.:)78'),'/:D8 KKPCD'#02,)'I$JH='36*)0,3-6'/FF(-]35/,):7':/+,+' HT'5-6,.+D'%2(36G'

,.3+' F)(3-48' /;-2,' "KY' -*' I$JH=' 36*)0,)4' F/,3)6,+' 5/7' 4)<):-F' 36*:2)6b/' -('

5-6-620:)-+3+H:3[)' +75F,-5+' A_3:0.)(8' ),' /:D8 KKPCD' E.)' 5-+,' 0-55-6' +75F,-5+'

360:24)'*)<)(8':75F./4)6-F./,.78'(/+.8'57/:G3/'/64'5/:/3+)D'#00-(436G',-',.)'()+2:,+'

-*' +,/64/(4' 0:3630/:' :/;-(/,-(7' ,)+,+8' /02,)' I$JH=' 36*)0,3-6' 0/6' ;)' 43<34)4' 36,-' +3]'

F./+)+'36430/,)4'36'R3G2()'T'AB-.)68' K==CD' 

 

 

 

R3G2()' D'I$J',35)'0-2(+)'AU3[35)43/'B-55-6+C 

 



T= 
 

 

R3G2()' TD' V/,2(/:' .3+,-(7' /64' 35526-F/,.-G)6)+3+' -*' I$JH=' 36*)0,3-6' AB-.)68' ),'

/:D8 K==CD 

 

E.)')0:3F+)'F./+)'3+',.)'F)(3-4';)*-()'<3(/:'MV#+';)0-5)'4),)0,/;:)'36',.)'F:/+5/D'

$55)43/,):7' /*,)(' )]F-+2()' /64' ,(/6+53++3-68' I$JH=' +,/(,+' ,-' ()F:30/,)D' E.)' .-+,'

;)G36+' ,-' ()+F-648' F(-42036G' 07,-[36)+' +20.' /+' 36,)(*)(-68' :)/436G' ,-' ,.)' 0:/++30/:'

+75F,-5+'-*'/6'/02,)' 36*)0,3-6' A_)((78'),'/:D8 KKW8'&,/0)78'),'/:D8 KK>CD'%2(36G' ,.3+'

F)(3-48',.)'<3(2+'0/66-,';)'4),)0,)4'36',.)'F:/+5/D'E.)')0:3F+)'F./+)'-*'I$J'36*)0,3-6'

3+'6-(5/::7'<)(7'+.-(,D'#*,)(9/(48'<3(/:'MV#'360()/+)+'(/F34:7'42(36G'F./+)'$'/64'$$'/64'

/0.3)<)+'/'F)/['/,',.)';)G36636G'-*'F./+)'$$$D'#:-6G'93,.',.)'(3+)'-*'<3(/:'MV#8'35526)'

0)::+'+,/(,',-'()+F-64'/64'F(-420)'/':/(G)'/5-26,'-*'36*:/55/,-(7'07,-[36)+8'()+2:,36G'

36' /' 4(-F' -*' ,.)' <3(/:' :-/4' :/,)(' -6' A&,/0)78' ),' /:D8 KK>CD'#6,3;-43)+' +F)03*30' *-(' ,.)'

)6b75)H:36[)4'35526-+-(;)6,'/++/7'A\L$&#C'-*'I$JH='F(-,)36+'/FF)/('*(-5'F./+)'$$$'

-6D'Q-()'+F)03*30'/6,3;-43)+'0/6';)'4),)0,)4'/,'F./+)'$J'360:2436G'GFP='/6,3;-43)+'

AE-5/(/+8'),'/:D8 KK>C'/64'/::-9',.)'0-6*3(5)4'43/G6-+3+';7',.)'9)+,)(6';:-,'5),.-4'

36'0:3630+D'E.)'I$JH='<3(/:':-/4'4(-F+'(/F34:7'42(36G'F./+)'J'/64'3+'+2+,/36)4'/,'/'0)(,/36'

:)<):' /,' ,.)' )64' -*' I$JH=' 36*)0,3-6D' V)2,(/:3b36G' /6,3;-43)+' *-(' +F)03*30' +,(/36+' /64'

)+0/F)4'52,/6,+'-6:7'-002('/(-264'T'5-6,.+'/*,)('F(35/(7'36*)0,3-6'AU)38'),'/:D8 KKTCD 

 

80808' 9.).-"9'9"$%)-;' 

 

E.)'0:3630/:':/,)607'+,/G)'3+'/:+-'[6-96'/+'0.(-630'36*)0,3-6'-('/+75F,-5/,30'+,/G)D'

U3,.-2,'/6,3(),(-<3(/:' ,()/,5)6,8' 3,'0/6':/+,'*-('5/67'7)/(+'93,.'/6'/<)(/G)'-*'/;-2,'

)3G.,'7)/(+'AB-.)68'),'/:D8 K==CD'N)6)(/::78'I$JH='36*)0,)4'3643<342/:+'4-'6-,'./<)'/67'

+75F,-5+' -(' <)(7' *)9' +75F,-5+' 36' ,.3+' F)(3-48' /:,.-2G.' I$JH=' <3(/:' :-/4' 3+' +,3::'



T  
 

4),)0,/;:)D'B%Pe'E'0)::+'F(-G()++3<):7'4)0:36)D'Z6:7'/'+5/::'G(-2F'-*'I$JH='36*)0,)4'

3643<342/:+8'0/::)4'I$J'0-6,(-::)(+8'/()'/;:)' ,-'5/36,/36'/'.3G.' :)<):'-*'B%Pe'E'0)::+'

93,.-2,'/67'0:3630/:'36,)((2F,3-6'*-('+)<)(/:'7)/(+'A_)()7(/8'),'/:D8 KK?CD 

 

8080?'4(56 

 

#$%&'3+',)(5)4'*-(',.)'0-643,3-6',./,'/6'I$JH='36*)0,)4'3643<342/:'./+':)++',./6' KK'

B%Pe'E' 0)::+' F)('530(-:3,)(' /64' 4)<):-F+'I$JH():/,)4' +75F,-5+D' $6' ,.3+'F./+)8' ,.)'

35526)'+7+,)5'-*'I$JH=' 36*)0,)4' 3643<342/:+' 3+'6-,'/;:)' ,-' *260,3-6'0-(()0,:78'9.30.'

5/[)+' ,.)5' */0)' ,.)' ;3G' 0./::)6G)' *(-5' -FF-(,263+,30' 36*)0,3-6+D' ZFF-(,263+,30'

36*)0,3-6+'0/6';)'0/2+)4';7'5/67'-(G/63+5+'+20.'/+';/0,)(3/8'*26G38'F/(/+3,)+'/64'

-,.)('<3(2+)+' AB%B8 K=PCD'U3,.36' ,.)' 35526)'4)*303)6078'I$JH=' 36*)0,)4' 3643<342/:+'

./<)'5-()',)64)603)+',-'4)<):-F'0/60)(+'/+'9)::8'+20.'/+'f/F-+3O+'+/(0-5/'9.30.'3+'

,.)'5-+,'0-55-6'0/60)('*-('I$JH='36*)0,)4'3643<342/:+D 

 

80?'(77,)%'&%<#*)<% 

 

80?0/'())"$%'.77,)%'&%<#*)<% 

 

E.)' 366/,)' 35526)' +7+,)5' 3+' ,.)' *3(+,' :36)' -*' ,.)' .25/6' ;-47' 4)*)6+)8' 9.30.'

355)43/,):7'()+F-64+',-',.)'F(35/(7'I$J'36*)0,3-6'/3536G',-'6-6+F)03*30/::7'0:)/(',.)'

36</436G' F/,.-G)6+D' %2(36G' ,.3+' F(-0)++8' F/,,)(6' ()0-G63,3-6' ()0)F,-(+' A_MMC8'

360:2436G' ,.)' ,-::H:3[)' ()0)F,-(+' AELM+C8' ,.)' (),36-34' /034H364203;:)' G)6)' AM$NCH:3[)'

()0)F,-(+' AMLM+C' /64' ,.)' 620:)-,34)' -:3G-5)(3b/,3-6' 4-5/36' AVZ%CH:3[)' ()0)F,-(+'

AVLMC8'/()'2+)4',-'()0-G63b)',.)'F/,.-G)6H/++-03/,)4'5-:)02:/('F/,,)(6+'A_#Q_C'-*'

<3(2+)+' /64' +2;+)12)6,:7' ,(3GG)(' 366/,)' 35526)' 0)::+' /64' 36420)' /' +)(3)+' -*'

36*:/55/,-(7'07,-[36)+'AB/((36G,-68'),'/:D8 K= CD'%)64(3,30'0)::+'A%B+C'F:/7'/'0)6,(/:'

(-:)8' ()+F-6436G'<)(7')/(:78' 36' ,.)' 366/,)' 35526)' ()+F-6+)' ,-'I$JD'#*,)('/0,3</,3-68'

%B+'0/6'():)/+)',.)'36,)(*)(-6+'g'/64'-,.)('07,-[36)+8'()+2:,36G' 36',.)'36.3;3,3-6'-6'

<3(/:' 36*)0,3-6'AQ/60.)+8'),'/:D8 K=PCD'V/,2(/:'[3::)('0)::+'AVf+C'/()'/:+-')++)6,3/:'*-('

,.)' 366/,)' 35526)' +7+,)5D' S2,' /,' )/(:7' I$J' 36*)0,3-68' <3(2+)+' 0/6' )</4)' ,.)'

()0-G63,3-6';7'Vf+',.(-2G.'V)*'F(-,)36+'A#:,)(8'),'/:D8 KK!CD'L3F-F-:7+/00./(34)'AL_&C'

3+' 36420)4' /+' 9)::' 36' ,.)' ()+F-6+)+' ,-' I$J8' /64' *2(,.)(' ,(3GG)(+' ,.)' 36*:/55/,3-6'

0/+0/4)'/64'/0,3</,)+'03(02:/,36G'35526)'0)::+8'9.30.',.)();7'*2(,.)('+,352:/,)+',.)'

<3(/:'()F:30/,3-6'Af/4-[38'),'/:D8 K=KCD''' 

80?08'4+"#$.@%'.77,)%'&%<#*)<% 



TT 
 

 

I$J'+F)03*30'B%?e'E'0)::+'F:/7'/6')++)6,3/:'(-:)8'/++-03/,)4'93,.'-,.)('0)::+':3[)'E'.):F)('

0)::+'/64'E'()G2:/('0)::+8'36',.)'/4/F,3<)'35526)'()+F-6+)',-'I$JD'E.)7'0/6'43()0,:7'

[3::' ,.)' 36*)0,)4'B%Pe'E'0)::+' ,.(-2G.' ,.)' 07,-:7,30' )**)0,+'/+'9)::' /+' [))F' 3642036G'

07,-[36)+'A%/<)6F-(,8'),'/:D8 K=KCD'#*,)('/02,)'I$J' 36*)0,3-68' ,.)'5/^-(3,7'-*'B%Pe'E'

0)::+'/()'+3G63*30/6,:7'4)F:),)4D'E.)')/(:3)+,'+F)03*30'E'0)::'()+F-6+)'3+'5/36:7';/+)4'-6'

\6<'/64'V)*'F(-,)36+' AE2(6;2::8'),'/:D8 KK>CD'N/G'+F)03*30'E'0)::+'/64'_-:'+F)03*30'E'

0)::+'/FF)/('520.':/,)(D' $6',.)'5)/6,35)'-*'B%?e'E'0)::+'[3::36G'<3(2+)+8'I$J'(/F34:7'

52,/,)+'3,+')F3,-F)',-')</4)8'-*,)6',.(-2G.',.)')**)0,'-6'EBM'()0-G63,3-68'IL#'/::):)'

;36436G8' /64' )F3,-F)' F(-0)++36GD'#' <3(/)53/' +),' F-36,' 0/6' ;)' /0.3)<)4' 9.)6' ,.)'

/4/F,3<)'E'0)::'()+F-6+)'/64'I$J')</+3-6'/()'36'/';/:/60)'A&,())0[8'),'/:D8 KK>CD' 

 

S'0)::+'/()'/:+-'<)(7'35F-(,/6,'36',.)'/4/F,3<)'()+F-6+)',-'I$J8'42)',-',.)'/;3:3,7'-*'

/6,3;-47' F(-420,3-6D' S-,.' 6)2,(/:3b36G' /64' 6-6H6)2,(/:3b36G' /6,3;-43)+' ./<)' ;))6'

*-264' 36' ,.)' 03(02:/,3-6' -*' I$J' 36*)0,)4' F/,3)6,+' AQ-3(8' ),' /:D8 KK>CD' \6<' +F)03*30'

/6,3;-43)+' /()' F(-420)4'/,' ,.)' <)(7' )/(:7' ,35)'-*'S' 0)::' ()+F-6+)'5/36:7' ,/(G),36G'

GF= K' /64'GFP=' /64' (/():7' ,/(G),36G' ,.)' 0-6+)(<)4' ()G3-6D'E.)7' /()' 6-,' )**)0,3<)'

/G/36+,'I$J'42)',-',.)'(/F34'<3(/:'52,/,3-6+D'#*,)('I$J'/02,)'36*)0,3-68',.)'625;)(+'-*'

;-,.'6/h<)'S'0)::+'/64'5)5-(7'S'0)::+'/()'4)0()/+)4D' 

''' 

80?0?'A%<$&.-$.*)'="-$*&< 

 

&-5)'.-+,')]F()++)4'F(-,)36+'./<)';))6'*-264',-';)'/;:)',-'+2FF()++'<3(/:'()F:30/,3-6'

/64' +-' 0/::)4' ()+,(30,3-6' */0,-(+8' +20.' /+' ,.)' /F-:3F-F(-,)36' S' 5)++)6G)(' MV#'

A5MV#CH)43,36G')6b75)'0/,/:7,30'F-:7F)F,34)H:3[)'T'N'F(-,)36'A#_ZS\BTNC8',(3F/(,3,)H

5-,3*H0-6,/3636G'Wg'AEM$QWgC8';-6)'5/((-9'+,(-5/:'0)::'/6,3G)6' 'AS&E Ci,),.)(36'/64'

,.)' +,)(3:)' /:F./' 5-,3*' A&#QC' /64' .3+,3436)H/+F/(,30' AI%CH0-6,/3636G' F(-,)36' ='

A&#QI%=CD'#_ZS\BTN' 3+' /:+-' [6-96' /+' B\Q=W8' 9.30.' 3+' /;:)' ,-' 0/,/:7b)' ,.)'

4)/536/,3-6'-*'07,3436)',-'2(3436)'-*'<3(/:'G)6)+'AS(-96)8'),'/:D8 KK>CD'E.)'J3*'F(-,)36'

0/6'.3^/0[',.)'0)::2:/('\T'2;3123,36':3G/+)'9.30.'3+'0-5F-+)4'-*'\:-6G36'S8'\:-6G36'B8'

B2::36W'/64'M;] '/64'0/2+)'#_ZS\BTN'4)G(/4/,3-6'A&,/6:)78'),'/:D8 KK?8'U-:*)8'),'

/:D8 K=KCD'EM$QWg'0/6'43()0,:7';364',-'I$J'0/F+34+'/64';:-0['()<)(+)',(/6+0(3F,3-6D'$,'

./+';))6'()F-(,)4',./,'EM$QWg'F--(:7'36.3;3,+'(),(-<3(2+)+'*-264'6/,2(/::7'36',.)'+/5)'

.-+,'+F)03)+8';2,'3+'<)(7')**303)6,'-6'-,.)(+D'S&E iE),.)(36'3+'/:+-'[6-96'/+'B%T="8'

9.30.'0/6'(),/36',.)'6/+0)6,'<3(3-6+'-6',.)'0)::'+2(*/0)'/64',.)();78'/*,)('/00252:/,3-68'

<3(3-6+' /()' 36,)(6/:3b)4' 93,.36' )64-+-5)+' AV)3:8 K=TCD' E.)' G)6)' )60-436G' .25/6'

&#QI%='./+';))6'()F-(,)4',-'()+,(30,',.)'I$J'36*)0,3-6'-*'%B+'/64'-,.)('35526)'0)::+'



TP 
 

,.(-2G.' ,.)' 4)F:),3-6' -*' ,.)' 36,(/0)::2:/(' F--:' -*' 4)-]7620:)-+34)' ,(3F.-+F./,)+'

A4VE_+C'AL/.-2/++/8'),'/:D8 K= CD 

 

80?0B'C.-&*D."9'$&")<9*-"$.*) 

 

N2,H/++-03/,)4' :75F.-34' ,3++2)' AN#LEC' 0-6,/36+' /' :/(G)' /5-26,' -*' /0,3</,)4'

B%PeBBMWe'E'0)::+8'9.30.'3+',.)'5/^-('F:/0)'-*'<3(/:'()F:30/,3-6D'I$J'36*)0,3-6'0/6':)/4'

,-'/'+)(3-2+'4/5/G)'-*'520-+/'43()0,:7',.(-2G.',.)'43+(2F,3-6'-*',.)'36,)+,36/:')F3,.):3/:'

;/((3)(' ;7' 360()/+36G' 0)::' /F-F,-+3+' /64' 4)+,(-736G' ,.)' ,3G.,' ^260,3-6+' A\+,)+8' ),'

/:D8 K=KC8'/64'0/6'0/2+)'530(-;3/:'-<)(G(-9,.'42)',-',.)':-++'-*'E.="'0)::+'AB.)G)8'),'

/:D8 K==C'()+2:,36G'36'/':)++'0:)/(/60)'-*'530(-;3/:'F(-420,+'+20.'/+'L_&'AS/:/G-F/:8'

),' /:D8 KK>C' AR3G2()' PCD' &2;+)12)6,:7' 530(-;3/:' F(-420,+' ,(/6+:-0/,)' *(-5' ,.)'

G/+,(-36,)+,36/:':25)6'36,-',.)'03(02:/,3-6D'Q30(-;3/:',(/6+:-0/,3-6'./+';))6'F(-F-+)4'

,-' ;)' /++-03/,)4'93,.' +7+,)530' 35526)'/0,3</,3-6' /64' 36*:/55/,3-6'9.30.' /()' [)7'

4(3<)(+'-*'#$%&'/64'#$%&' ():/,)4'43+)/+)+'F(-G()++3-6' A&/64:)(8'),'/:D8 K= CD'I3G.'

:)<):+'-*'L_&8'+-:2;:)'B%=P'/+'9)::'/+';/0,)(3/:'=!&'(%V#'/()'*-264'36'F:/+5/'-*'I$J'

36*)0,)4'3643<342/:+8'/64'9)()'0-(():/,)4'93,.'.3G.'*()12)607'-*'/0,3</,)4'B%Pe'/64'

B%?e'E' 0)::+' /64'.3G.' <3(/:' :-/4' AU/::),8' ),' /:D8 K=KCD'M)0)6,:78'f(3+,-**' ),' /:D' ./<)'

F(-<34)4'/'43()0,')<34)60)',./,';:-0[36G'L_&',(/6+:-0/,3-6'2+36G'+)<):/5)('36',.)'G2,'

0/6'4(/5/,30/::7'()420)',.)'35526)'/0,3</,3-6'/64'36*:/55/,3-6'/64'+:3G.,:7'()420)'

<3(/:'()F:30/,3-6'-*'&$JH36*)0,)4'F3G,/3:)4'5/0/12)+'Af(3+,-**8'),'/:D8 K=PCD' 

 

R3G2()'PD'E.)'36,)+,36/:')F3,.):325'36'/6'I$JH36*)0,)4'3643<342/:'A&/64:)(8'),'/:D8 K= C 

?0'1(2'*&.:.) 



TW 
 

 

#:,.-2G.'I$J'9/+' 34)6,3*3)4'/+'/'(),(-<3(2+';):-6G36G',-',.)' :)6,3<3(2+'*/53:7'-6:7' 36'

=>?K+8'3,')]3+,)4'/:()/47'/':-6G',35)';)*-()D'$6'=>?"8'I$JH '9/+'34)6,3*3)4',-';)'0:-+)('

,-'/'+353/6'<3(2+',./6',-'I$JH='AB./[(/;/(,38'),'/:D8=>?"CD'$,'36430/,)4',./,'I$JH='/64'

I$JH '53G.,'4)(3<)'*(-5'+353/6'<3(2+)+D'$6'=>?>'/64'=>>K8'0:-+)'+353/6'():/,3<)+'-*'

I$JH=' /64' I$JH ' 9)()' *-264' 36' +--,7' 5/6G/;)7+' AI3(+0.8' ),' /:D8=>?>C' /64'

0.35F/6b))+'AI2),8'),'/:D8=>>KC'()+F)0,3<):7D'I$JH='/64'I$JH '9)()',.)6'F(-<)4',-';)'

,.)'()+2:,'-*'b--6-,30',(/6+*)(+'-*'<3(2+)+'36*)0,36G'F(35/,)+'36'#*(30/'AI/.68'),'/:D8 KKKC'

AR3G2()'WCD'&353/6'35526-4)*303)607'<3(2+)+'A&$JC'./<)';))6'*-264'36'</(3-2+'43**)()6,'

F(35/,)+'*(-5'+2;H&/./(/6'#*(30/8'360:2436G'#*(30/6'G())6'5-6[)7+8'+--,7'5/6G/;)7+8'

5/64(3::+8' 0.35F/6b))+'/64'-,.)('F(35/,)+' AU-(-;)78'),'/:D8 K=KCD'S-,.'I$JH='/64'

I$JH '9)()'*-264',-';)'36',.)'+/5)'F.7:-G)6),30'0:2+,)('93,.'&$J+'AR3G2()'!CD 

 

 

 

R3G2()'WD'Z(3G36'-*'.25/6'#$%&'<3(2+)+'A&./(F8'),'/:D8 K==CD 

 

 

 



T! 
 

 

 

 

R3G2()'!D'_.7:-G)67'-*':)6,3<3(2+)+'A&./(F8'),'/:D8 K==CD 

 

?0/'E&.:.)<'*='1(2>/ 

 

_.7:-G)6),30'+,243)+'./<)'+.-96' ,./,'I$JH=' 3+'5-+,'0:-+):7' ():/,)4' ,-'&$J0Fb' A&$J'

*(-5'0.35F/6b))+C'/64'&$JG-('A&$J'*(-5'G-(3::/+CD' 

 

E.)()'/()',9-'0.35F/6b))'+F)03)+c',.)'0-55-6'0.35F/6b))'A4&)5!6+-7+(8!2#C'/64'

,.)';-6-;-'A4&)5"&)'#09#CD'E.)'0-55-6'0.35F/6b))+'./<)';))6'43<34)4'36,-'*-2('

+2;+F)03)+' /00-(436G' ,-' ,.)3('53,-0.-64(3/:' +)12)60)+c' 9)+,)(6' 0.35F/6b))' A4,5 !,5

.269#C8' V3G)(3/HB/5)(--63/6' 0.35F/6b))' A4,5 !,5 277'+!'' -(' 4,5 !,5 .27726+#9#C8' 0)6,(/:'

0.35F/6b))' A4,5 !,5 !6+-7+(8!2#C' /64' )/+,)(6' 0.35F/6b))' A4,5 !,5 #0 /2')*96! ''C'

AB-:368 KK=CD'E.)+)' *-2(' +2;+F)03)+' ./<)' 6-6H-<)(:/FF36G' (/6G)+' /0(-++'U)+,)(6'

/64' B)6,(/:' #*(30/' AR3G2()' "C' A&./(F8' ),' /:D8 K==CD' E.)' 0)6,(/:' /64' )/+,)(6'

0.35F/6b))+' 9)()' 34)6,3*3)4' /+' ,.)' 6/,2(/:' &$J0Fb' ()+)(<-3(8' /64' )+,/;:3+.)4' /+'

&$J0Fb4!!' A&$J' *(-5' 4,5 !,5 !6+-7+(8!2#' 0.35F/6b))C' /64' &$J0Fb4!#5 A&$J' *(-5' 4,5 !,5

#0 /2')*96! ''' 0.35F/6b))CD' &$J0Fb' 3+' ;):3)<)4' ,-' ;)' /' ()+2:,' -*' ()0-5;36/,3-6' -*'



T" 
 

43**)()6,'&$J+D'$,'./+';))6'F(-<)4',./,',.)'WO'./:*'-*',.)'G)6-5)8'6)*'G)6)'/64'TO'LEM'

-*'&$J0Fb'/()'<)(7'0:-+)' ,-'&$J(05'A&$J'*(-5'()4H0/FF)4'5/6G/;)7+C8'9.3:)'-,.)('

F/(,+'-*',.)'&$J0Fb'G)6-5)'360:2436G',.)'<F28',/,8'()<')6<'G)6)+'/()'0:-+)',-'/'0:2+,)('

-*' &$J+' 36*)0,36G' +)<)(/:' :260+"'! 209#' +F)03)+8' +20.' /+' G()/,)(' +F-,6-+)4' A:,5

)'0!'!&)#C8'52+,/0.)4'A:,502" 9#C8'/64'5-6/'A:,5;+)&C'5-6[)7+'AS/3:)+8'),'/:D8 KKTCD' 

 

J3(-:-G7'-*'&$J0Fb'/64'I$JH='3+'123,)'+353:/('/+'9)::D'&$J0Fb'./+';))6'5/36:7'()<)/:)4'

,-';)'6-6HF/,.-G)630'36'3,+'6/,2(/:'.-+,8';2,'+-5)'0/+)+'+.-9)4',./,'3,'9/+'/;:)',-'

/**)0,' ,.)' 0.35F/6b))O+' 35526)' +7+,)5' /64' 4)0()/+)' ,.)' :3*)' ,35)' -*' 36*)0,)4'

0.35F/6b))+D' &$J0Fb' ,(/6+53,+' 5/36:7' ,.(-2G.' +)]2/:' /0,3<3,3)+8' /+' 9)::' /+' *(-5'

5-,.)(' ,-' 36*/6,+' A#F),()38' ),' /:D8 KKPCD'Q3G(/,3-6' -*' 36*)0,)4' *)5/:)+' 0-6+,3,2,)+' /'

5/^-('(-2,)'-*'<3(2+',(/6+53++3-6';),9))6'0-55263,3)+D 

 

E9-',7F)+'-*'G-(3::/'/()':3<36G'36'+2;H&/./(/6'#*(30/c'9)+,)(6':-9:/64'G-(3::/'A<,5-+6'77&C'

/64')/+,)(6'G-(3::/+'A<,5=26')-26C' AR3G2()'?C' A&./(F8'),'/:D8 K==8'%j#(08'),'/:D8 K=WCD'

&$JG-('36*)0,3-6'-002(+'5-()'-*,)6'-6',.)'9)+,)(6':-9:/64'G-(3::/+',./6'-6',.)')/+,)(6'

G-(3::/+'AJ/6'I)2<)(+9768'),'/:D8 KK!CD'%2)',-'/':/0['-*'+,247'-6',.)'6/,2(/:'36*)0,3-6'

36',.)'93:4H:3<36G'G-(3::/+8'&$JG-(O+')**)0,'-6'3,+'6/,2(/:'.-+,'3+'+,3::'6-,'0:)/(D'S2,'*(-5'

,.)'F.7:-G)6),30'+,243)+8'&$JG-('3+';):3)<)4',-';)'4)(3<)4'*(-5'&$J0Fb'AE/[).3+/8'),'

/:D8 KK>8'%j#(08'),'/:D8 K=WCD'N-(3::/+'/()'*-264',-'/0,'/+'/'F-,)6,3/:'()+)(<-3('*-('.25/6'

36*)0,3-6'AL)S(),-68'),'/:D8 K=PCD 

 

 

R3G2()'"D'N)-G(/F.30'43+,(3;2,3-6'-*'0.35F/6b))+'/64'&$J0Fb'36'+2;H&/./(/6'#*(30/'

A&./(F8'),'/:D8 K==CD 

 



T? 
 

 

R3G2()'?D'N)-G(/F.30'43+,(3;2,3-6'-*'&$JG-('36'93:4H:3<36G'G-(3::/+'A%j#(08'),'/:D8 K=WCD 

' 

 

?080'1(2>/'<,D$;#% 

 

I$JH='+,(/36+'0/6';)'0:/++3*3)4'36,-'*-2('G(-2F+c',.)'k5/^-(O'G(-2F'Q8',.)'k-2,:3)(O'G(-2F'

Z8',.)'6-6HQi6-6HZ'G(-2F+'V8'/64'/'6)9'G(-2F'_D'I$JH='G(-2F+'Q'/64'V'/()'5-+,'

0:-+):7' ():/,)4' ,-' &$J0Fb4!!' +,(/36+8' -(3G36/::7' *(-5' +-2,.)(6' /64' +-2,.H0)6,(/:'

B/5)(--6'()+F)0,3<):7'AR3G2()'>C'A&./(F8'),'/:D8 K==CD'I$JH='G(-2F'Z'/64'_'/()'<)(7'

0:-+)',-'&$JG-('+,(/36+8'-(3G36/::7'*(-5'9)+,H0)6,(/:'#*(30/'A%j#(08'),'/:D8 K=WCD 

 

Q-()' ,./6'>KY'-*'I$JH=' 36*)0,3-6+';):-6G' ,-' ,.)'I$JH='G(-2F'Q' AE/,,8'),'/:D8 KK=CD'

N(-2F'Q'360:24)+'+2;,7F)+'#8'S8'B8'%8'R8'N8'I8'l'/64'f8'/+'9)::'/+'BMR+'A03(02:/,36G'

()0-5;36/6,' *-(5+CD' I$JH=' +2;,7F)+'#8' S' /64' B' /()' ,.)' 5-+,' 934)+F()/4' +,(/36+'

AR3G2()' =KCD' &2;,7F)'#' 3+' F()4-536/6,' 36' B)6,(/:' /64' \/+,'#*(30/' /64' 36' )/+,)(6'

\2(-F)/6' 0-26,(3)+' A*-(5)(' &-<3),' @63-6CD' &2;,7F)' S' 3+' ,.)'5/36' G)6),30' *-(5' 36'

9)+,)(6'/64'0)6,(/:'\2(-F)8'36',.)'#5)(30/+8'36'#2+,(/:3/8'/64'36')/+,)(6'#+3/D'&2;,7F)'

B' F()4-536/,)+' 36' &-2,.' /64' \/+,'#*(30/8' $643/' /64'V)F/:8' /64' 3+' ()+F-6+3;:)' *-('

/:5-+,'WKY'-*'/::'I$J'36*)0,3-6+'AZ+5/6-<8'),'/:D8 KK CD'N(-2F'Z'3+'()+,(30,)4',-'U)+,'

/64'B)6,(/:'#*(30/'/64'/00-26,+'*-(':)++',./6'WY'-*'/::'I$J'36*)0,3-6+'36',.-+)'/()/+'

A%j#(08' ),' /:D8 K=WCD' N(-2F' V' /64' G(-2F' _' 9)()' 43+0-<)()4' 36' B/5)(--6' 36' =>>?'

A&35-68'),'/:D8=>>?C'/64'36' KK>'A_:/6,3)(8'),'/:D8 KK>C'()+F)0,3<):7'D'S-,.'G(-2F'V'/64'

G(-2F'_'/()')],()5):7'(/()D'$6'\2(-F)8',.)'I$J')F34)530'9/+'363,3/,)4';7'+2;,7F)'S'

/64' 360()/+36G' I$J' G)6),30' 43<)(+3,7' ./+' ;))6' 6-9' 4)+0(3;)4' AB./3]8' ),' /:D8 K=T8'



T> 
 

V)-G38'),'/:D8 K=PCD'$6'L2])5;-2(G8',.)'5/^-(3,7'-*'6)9'36*)0,3-6+'/()'02(()6,:7'0/2+)4'

;7'I$J'+2;,7F)+'-,.)(',./6'S'/64'/6'360()/+)4'F()</:)60)'-*'()0-5;36/6,'+,(/36+'9/+'

-;+)(<)4'A&,(20[8'),'/:D8 K=WCD'#6/:7+3+'-*'P=K'6-6HS'I$J' 36*)0,3-6+';),9))6' KK H

 K= ' 36' L2])5;-2(G8' N.)6,' /64' #6,9)(F' +.-9)4' ,./,' TKY' -*' 6-6HS' 36*)0,3-6+'

-002(()4' 6-9' 36' ,.)' 6/,3<)'U)+,)(6' \2(-F)/6' F-F2:/,3-68' 36430/,36G' /' +3G63*30/6,'

+F()/4'-*'-(3G36/::7'#*(30/6'/64'#+3/6'+2;,7F)+'/5-6G',.)':-0/:'F-F2:/,3-6'mA%/29)'f'

),' /:8' 36' F()++n' /+' 3,' 9/+' ()0)6,:7' ()F-(,)4' 36' ,.)' 0/+)' -*' /' %2,0.' 0-.-(,' AI-*+,(/'

Q/(3^)8 K=WCD 

 
 
 

 

 

R3G2()'>D'I$JH='-(3G36+'A&./(F8'),'/:D8 K==CD 

 

 

 

 



PK 
 

 

R3G2()'=KD'N:-;/:'43+,(3;2,3-6'-*'I$JH='G(-2F'Q'+,(/36+'A&/6,-+8'),'/:D8 K=KCD' 



P= 
 

?0?'E&.:.)<'*='1(2>8 

 

E.)' -(3G36' -*' I$JH ' 9/+' ()+-:<)4' ;)*-()' ,.)' -(3G36' -*' I$JH=' AN/-8' ),' /:D8=>> CD'

_.7:-G)6),30'+,243)+'./<)'+.-96',./,'I$JH '3+'0:-+)(',-'&$J5/0'A&$J'*(-5'5/0/12)C'

/64'&$J+55'A&$J'*(-5'+--,7'5/6G/;)7C'AR3G2()'==C'A&./(F8'),'/:D8 K==CD'E.)')/(:7'

3+-:/,)4'I$JH '+,(/36+'36'U)+,'#*(30/'9)()'*-264',-';)'4)(3<)4'*(-5',-':-0/:'&$J+55'

AB.)68'),'/:D8=>>"CD'E(/6+53++3-6'9/+';):3)<)4',-'-002('<3/',.)'+--,7'5/6G/;)7+',./,'

./<)';))6'0/2G.,';7':-0/:'F)-F:)'/64'2+)4'*-('/G(302:,2(/:',/+[+D 

 

?0B'1(2>8'<,D$;#%< 

 

I$JH '3+'()+,(30,)4',-'U)+,'#*(30/8'9.)()'3,'9/+'*3(+,'43+0-<)()4D'$,'0/6';)'0/,)G-(3b)4'

36,-' )3G.,' +2;,7F)+'#' ,-' I8' +353:/(' ,-' I$JH=D' I$JH ' +2;,7F)+'#' /64' S' ./<)' ;))6'

34)6,3*3)4',-';)'()+F-6+3;:)'*-('.25/6')F34)530'A%/5-648'),'/:D8 KK=CD'I$JH '+2;,7F)+'

B',-'I'9)()'-6:7'*-264'36'+36G:)'3643<342/:+'A%/5-648'),'/:D8 KKPCD 

 

 

R3G2()'==D'I$JH '-(3G36'A&./(F8'),'/:D8 K==CD' 

E.)'F.7:-G)6),30'():/,3-6+.3F+'-*'()F()+)6,/,3<)'&$J+55'/64'I$JH '+,(/36+'/()'+.-96'
*-('/'()G3-6'-*',.)'<3(/:'-&-'G)6)D'&$J+55'/64'&$J5/0'/()'+.-96'36';:/0[D 
 



P  
 

B0'1(2'<$&,-$,&%'")+':%)*7% 

 

B0/'1(2'<$&,-$,&% 

 

E.)'I$J'5/,2()'<3(3-6'3+'6)/(:7'+F.)(30/:8'93,.'/'43/5),)('-*'/(-264'=KK'65'AR3G2()'

= C' AB-**36' lQ8' ),' /:D8=>>"CD' $,' 3+' )6<):-F)4' ;7' /' :3F34' ;3:/7)('5)5;(/6)8' 9.30.' 3+'

4)(3<)4'*(-5',.)'.-+,'0)::'5)5;(/6)D'S)+34)+',.)'3,)5+'-;,/36)4'*(-5',.)'.-+,8',.)'

5-+,'0(203/:'-2,)('F(-,)36+'-*',.)'I$J'<3(3-6'/()',.)'+2(*/0)'G:70-F(-,)36'GF= K'/64'

,.)',(/6+H5)5;(/6)'F(-,)36'GFP=D'E.)'366)('+,(20,2()'-*',.)'I$J'<3(3-6'0-6,/36+',.)'

5/,(3]'F(-,)36' AQ#8'F="C8'9.30.'0-66)0,+' ,-' ,.)' :3F34'5)5;(/6)a' ,.)'0/F+34'F(-,)36'

AB#8'F PC8'9.30.'0-6+,3,2,)+',.)'0-()'+.)::'-*',.)'<3(3-68'+2((-264+',.)'MV#'G)6-5)'

/64' ,.)' 620:)-0/F+34' AVB8' F"Ca' /64' ,.)' <3(/:' )6b75)+' 36,)G(/+)' A$VC8' ()<)(+)'

,(/6+0(3F,/+)'AMEC'/64'F(-,)/+)'A_MCD 

 

 

 

 

R3G2()'= D'I$J'+,(20,2()'AU3[35)43/'B-55-6+CD 

 

 

 

 



PT 
 

B08'1(2':%)*7% 

 

E.)' I$J' G)6-5)' 3+' 0-5F-+)4' -*' ,9-' 34)6,30/:' 0-F3)+' -*' +36G:)H+,(/64)4' MV#'

5-:)02:)+'AB-**36'lQ8'),'/:D8=>>"CD'$,'3+'/FF(-]35/,):7'>D [;'36':)6G,.'/64'0-6,/36+'636)'

-F)6'()/436G'*(/5)+D'E.)',.())':/(G)+,'()/436G'*(/5)+')60-4)',.)'+,(20,2(/:'G)6)+'

-&-8'"+7' /64'2).8'9.30.' /()' ,(/6+0(3;)4' /64' ,(/6+:/,)4' 36,-' ,.)'N/G8'_-:' /64'\6<'

F-:7F(-,)36+' ()+F)0,3<):7D' N/G' 3+' F-+,H,(/6+:/,3-6/::7' F(-0)++)4' 36,-' 5/,(3]' AQ#C8'

0/F+34'AB#C8'620:)-0/F+34'AVBC'/64',.)'_!'F(-,)36D'_-:'0-6,/36+',.())'<3(/:')6b75)+c'

,.)'36,)G(/+)'A$VC8',.)'()<)(+)',(/6+0(3F,/+)'AMEC'/64',.)'F(-,)/+)'A_MCD'\6<')60-4)+'

,.)' F(-,)36' GF=!K8' 9.30.' 0/6' ;)' 0:)/<)4' 36,-' GF= K' A+2(*/0)8' &@C' /64' GFP='

A,(/6+5)5;(/6)8'EQC'F(-,)36+D'S-,.'I$JH='/64'I$JH './<)',.)'+/5)';/+30'+,(20,2()8'

;2,' F()+)6,' 43**)()6,' 0-5;36/,3-6+' -*' ()G2:/,-(7' /64' /00)++-(7' G)6)+' AR3G2()' =TC'

AR/6/:)+HS):/+3-8'),'/:D8 K=KCD'I$JH='()/436G'*(/5)+')60-4)'J3*8'JF(8'JF28'E/,8'M)<'

/64'V)*8'9.3:)'I$JH '()/436G'*(/5)+')60-4)'J3*8'JF]8'JF(8'E/,8'M)<'/64'V)*D'R3G2()'=P'

3+'/'5-()'4),/3:)4'G)6-5)'+,(20,2()'-*',.)'()*)()60)'+,(/36'I$JH='IoS '+,(/36D 

 

 

 

 

R3G2()'=TD'Z(G/63+/,3-6'-*',.)'I$J'G)6-5)'AR/6/:)+HS):/+3-8'),'/:D8 K=KCD 

#D'I$JH='G)6-5)D'SD'I$JH 'G)6-5)D 

 

 



PP 
 

 

 

 
 

 
 
R3G2()'=PD'I$JH='IoS '+,(/36'G)6-5)D 
 
R(-5'.,,Fcii999D.3<D:/6:DG-<i0-6,)6,i+)12)60)iI$JiQ#_i:/645/([D.,5: 
 

 
 
 
 
 
 
 



PW 
 

B080/'6$&,-$,&"9':%)%<'")+'$!%.&'%)-*+%+'#&*$%.)< 

B080/0/'F": 

 

N/G'AG(-2F'+F)03*30'/6,3G)6C'3+')60-4)4';7',.)'-&-'G)6)8'/64'3+'/:+-'[6-96'/+'FWW'

A*2::':)6G,.'/;-2,'WW'[%/CD'$,'+)(<)+'52:,3F:)'*260,3-6+'36'<3(/:'/++)5;:78';24436G'/64'

5/,2(/,3-6' F(-0)++)+' ANp,,:36G)(8 KK=CD' E.)' N/G' F(-,)36' ./+' *-2(' 5/^-(' 4-5/36+'

360:2436G',.)'5/,(3]'AQ#C'/,',.)'V',)(5362+8',.)'0/F+34'AB#C8',.)'620:)-0/F+34'AVBC8'

/64',.)'F!'F(-,)36'/,',.)'B',)(5362+8'/+'9)::'/+',9-'+F/0)('F)F,34)+'&_='/64'&_ '

AR3G2()'=WC'AI)64)(+-68'),'/:D8=>> 8'R())48 K=WCD'E.)+)'4-5/36+'/()'0:)/<)4'42(36G'

<3(/:'5/,2(/,3-6D 

 

Q#8'/:+-'[6-96'/+'F="8'3+'/;-2,'="'[%/'36'+3b)8'93,.'*3<)'/:F./'.):30)+'/64'/',.())H
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),'/:D8 K=KC8',.)'5/0(-F./G)'5/66-+)'+F)03*30'()0)F,-('AQQMC'AVG27)68'),'/:D8 KKTC8'

gPr"' 36,)G(36' A_)()b8' ),' /:D8 K=PC8' /64' G/:/0,-0)();(-+34)' AG/:HBC' AI/(-2+)8' ),'

/:D8=>>=CD'%BH&$NV8'/:+-'[6-96'/+'B% K>8'3+'/'BH,7F)':)0,36'F()+)6,'-6'5/0(-F./G)+'

/64'4)64(3,30'0)::+8'9.30.'./+'/'<)(7'.3G.'/**363,7',-',.)'36,)(0)::2:/('/4.)+3-6'5-:)02:)'

T'A$B#QT8'B%WKC'AN)3^,)6;))[8'),'/:D8 KKKCD' $,'0/6' 36,)(/0,'93,.' ,.)'I$JH=')6<):-F)'

()+2:,36G'36'<3(/:'F/(,30:)')64-07,-+3+'Af9-68'),'/:D8 KK C'/64'0/6',(/6+53,'I$J'*(-5',.)'

5/0(-F./G)+',-',.)'B%Pe'E'0)::+';7'()0-G63b36G'$B#QT'AE(25F*.)::)(8'),'/:D8 KKTCD'

QQM'3+'/'F(-,)36'-*'/;-2,'=?K'[%/',./,'F(-,(24)+'36'/6')],)64)4'0-6*-(5/,3-6'*(-5'

,.)'5/0(-F./G)' 0)::' +2(*/0)' A_-6,-98' ),' /:D8=>> CD'Q/67' +,243)+' ./<)' +.-96' ,./,'

QQM'3+'/;:)',-'5)43/,)',.)'363,3/:'/++-03/,3-6'-*'I$J'/64'5/0(-F./G)+'AVG27)68'),'

/:D8 KKTC8')+F)03/::7'*-(',.-+)'0)::+'9.30.':/0['%BH&$NV')]F()++3-6D'E.)'G2,H.-536G'

()0)F,-(8'36,)G(36'gPr"8'./+';))6'F(-<)4',-'5)43/,)'I$J')6,(7';7'36,)(/0,3-6'93,.',.)'

J ':--F'-*'I$JH='GF= K';-,.'')5.'!6+'/64'')5.'.+'A#(,.-+8'),'/:D8 KK?8'_)()b8'),'/:D8 K=P8'

E/++/6)),(3,.)F8'),'/:D8 K=PCD'N/:HB'3+',.)'+F)03*30'()0)F,-('*-('I$JH='GF= K'36'6)2(-6+'

/64'G:3/:'0)::+'AI/(-2+)8'),'/:D8=>>=CD 

 

K08'1(2>/'=,<.*) 

 

E.)' *2+3-6';),9))6'I$JH='<3(3-6'/64'0)::'5)5;(/6)' 3+'5)43/,)4';7' <3(/:' )6<):-F)'

F(-,)36+' /64' 0)::' ()0)F,-(' /64' 0-H()0)F,-(+' AS:25)6,./:8' ),' /:D8 K= CD' E.)' I$JH='

)6<):-F)' 3+' 0-5F-+)4' ;7' ,9-' +2;263,+c' G:70-F(-,)36' GF= K' /64' ,(/6+5)5;(/6)'

F(-,)36'GFP=8'F()+)6,' 36' ,(35)(+' X' ,.())'GF= K'5-:)02:)+'6-6H0-</:)6,:7' 0-5;36)4'

93,.' ,.())'GFP='5-:)02:)+' A%)0(-:78'),'/:D8=>>P8'L28'),'/:D8=>>W8'Q)([8'),'/:D8 K=TCD'

NF= K'3+'/;:)',-';364'B%P'%-5/36'=8'9.30.'0/2+)+',.)'()/((/6G)5)6,'-*',.)'J=iJ '

:--F'-*'GF= K'/64'+2;+)12)6,:7' ,.)' ()F-+3,3-636G'-*'JT' :--F' AR3G2()'=?C' AU3:)68'),'

/:D8 K= CD'#*,)('JT':--F')]F-+2()8',.)'B%PHGF= K'0-5F:)]'3+'/;:)',-' 36,)(/0,'93,.'/'

+)0-64/(7' ()0)F,-('-6' ,.)'0)::'+2(*/0)8'9.30.' 3+'0/::)4'I$J'0-H()0)F,-(D'BBMW'/64'

BoBMP'/()',.)',9-'5/^-('0-H()0)F,-(+D'#*,)('0-536G'0:-+)',-',.)'0)::'5)5;(/6)8',.)'

*2+3-6'F)F,34)'I$JH='GFP='0/6'36+)(,'36,-',.)'0)::'5)5;(/6)'/64'*-(5'/'*2+3-6'0-5F:)]'

93,.' /' +3]H.):3]' ;264:)' AQ/([-+7/68' ),' /:D8 KK>8' S2b-68' ),' /:D8 K=KCD' $,' 4(3<)+' ,.)'

36+)(,3-6'-*'<3(/:'MV#'/64')6b75)+'36,-',.)'0)::'07,-F:/+5'<3/',.)'*2+3-6'F-()'*-(5)4'

;),9))6'I$JH='<3(3-6+'/64'.-+,'0)::+D 

 



W  
 

 

 

R3G2()'=?D'Z<)(<3)9'-*'I$J')6,(7'AU3:)68'),'/:D8 K= CD 

 

K0?'A%@%&<%'$&")<-&.#$.*) 

 

#*,)(' I$J' <3(3-6' )6,(7' 36,-' ,.)' .-+,' 0)::8' ,.)' <3(/:' MV#' 3+' ,(/6+0(3;)4' 36,-' 3,+'

0-5F:)5)6,/(7'%V#';7',.)'()<)(+)',(/6+0(3F,/+)'AMECD'E.3+'F(-0)++'3+'363,3/,)4'*(-5'

/'.-+,',MV#'F(35)(8',MV#:7+T8'9.30.'.7;(343b)+',-',.)'F(35)(';36436G'+3,)':-0/,)4'/,',.)'

WO' )64' -*' ,.)' <3(/:' G)6-5)' AI28' ),' /:D8 K= CD' @+36G' ,.)' <3(/:' ,.)' MV#' G)6-5)' /+'

,)5F:/,)8' ME' 0-F3)+' <3(/:' MV#' /64' G)6)(/,)+' /' MV#i%V#' .7;(34D' E.)' MV#i%V#'

.7;(34+' 0/6' ;)' 4)G(/4)4' ;7' MV/+)' I' :)/<36G' ,.)' %V#' +,(/64' AN/-8' ),' /:D8 KK=8'

V-9-,678'),'/:D8 KK"CD'R36/::78'/'4-2;:)H+,(/64'%V#'3+'F(-420)4D' 

 

K0B'()$%:&"$.*) 

 

#*,)('0-5F:),3-6'-*',.)'()<)(+)',(/6+0(3F,3-6'-*',.)'<3(/:'MV#'36,-'3,+'0-5F:)5)6,/(7'

%V#'36',.)'0)::'07,-F:/+58'36,)G(/+)';364+',-',.)'LEM'()G3-6+'-*',.)'6)9:7'*-(5)4'<3(/:'

%V#',-'G)6)(/,)',.)'F()H36,)G(/,3-6'0-5F:)]'93,.'-,.)('.-+,'F(-,)36+'/64'0:)/<)+'/,'

,.)' TO' )64' -*' )/0.' <3(/:' %V#8' ,.)();7' G)6)(/,36G' /' ()/0,3<)' 36,)(5)43/,)'93,.' /' TO'

.74(-]7:'G(-2F'A%):):3+8'),'/:D8 KK?CD'E.)'F()H36,)G(/,3-6'0-5F:)]'3+',(/6+:-0/,)4'36,-'

,.)'620:)2+'-*',.)'.-+,'0)::+'<3/'620:)/('F-()'0-5F:)])+'A_3::)(8'),'/:D8 KKTCD'E.)'.-+,'

F(-,)36' :)6+')F3,.):325H4)(3<)4'G(-9,.' */0,-(iF"W' AL\%NRiF"WC' 3+';):3)<)4',-' ,),.)('

,.)'F()H36,)G(/,3-6'0-5F:)]'/64',.)'.-+,'%V#'A_-)+0.:/8 KK?CD'E.)'TO'.74(-]7:'G(-2F+'

-*',.)'<3(/:'%V#'/,,/0['/'+):)0,)4'F/:364(-530'()G3-6'-*',.)'<3(/:'%V#'36'/'+,/GG)()4'

*/+.3-6'/64'^-36'93,.',.)'.-+,'%V#'WO'F.-+F./,)')64+D'E.)'26F/3()4'()G3-6';),9))6'

<3(/:'%V#'/64'.-+,'%V#'3+'()F/3()4';7'.-+,')6b75)+8'+20.'/+'F-:75)(/+)8'620:)/+)'

/64':3G/+)'As-4)(8'),'/:D8 KKKCD 

 

 



WT 
 

K0K'2.&"9'AJ4'")+'#&*$%.)'#&*+,-$.*) 

 

#*,)('36,)G(/,3-6'36,-',.)'.-+,'G)6-5)8',.)'<3(/:'%V#'3+',(/6+0(3;)4'36,-'5MV#D'&-5)'

-*',.)+)'5MV#+'/()'*2::7'+F:30)4'36,-'+5/::)('F3)0)+8')]F-(,)4',-',.)'0)::'07,-F:/+58'

/64'*36/::7',(/6+:/,)4'36,-'E/,8'M)<'/64'V)*'F(-,)36+'Af/(68'),'/:D8 K= CD'E/,'/64'M)<'

/()',(/6+F-(,)4';),9))6'*(-5',.)'07,-F:/+5'/64'620:)2+'(/F34:7D'U3,.',.)'0-5;36/,3-6'

-*'E/,' /64'M)<8' ,.)' 360-5F:),):7' +F:30)4' /64'26+F:30)4'5MV#+' 36' ,.)' 620:)2+' /()'

)]F-(,)4'36,-',.)'07,-F:/+58'9.)()',.)'*-(5)('./<)',.)'F-,)6,3/:',-')]F()++'\6<8'J3*8'

JF2'/64'JF('/64',.)':/,,)('/()'/;:)',-'F(-420)'N/G'/64'N/GH_-:'F()02(+-('F(-,)36+'-('

;)'F/0[/G)4'36,-'6)9'<3(3-6+'/+'G)6-530'MV#'A&,-:,b*2+8 KK>CD' 

 

K0M'1(2'"<<%7D9;' 

 

E.)'/++)5;:7'-*'6)9'I$J'<3(3-6+'-002(+'/,',.)'.-+,'0)::'5)5;(/6)'AR3G2()'=>C8'5/36:7'

4(3<)6';7' ,.)'N/G'F(-,)36' AQ)6G8'),'/:D8 K=TCD'E.)'N/G'F(-,)36' 3+'0-5F-+)4'-*',.)'

5/,(3]'AQ#C'4-5/368',.)'0/F+34'AB#C'4-5/368',.)'620:)-0/F+34'AVBC'4-5/368',.)'_!'

F(-,)36' 4-5/36' /64' ,9-' +F/0)(' F)F,34)' 4-5/36+' A&_=' /64' &_ C' AI)64)(+-68' ),'

/:D8=>> CD'E.)'B#8'&_='/64'VB'4-5/36+'*/03:3,/,)',.)'*-(5/,3-6'-*'N/GHN/G'0-6,/0,+8'

9.3:)' ,.)' 5/36' 36,)(/0,3-6' A$C' 4-5/36' 3+' :-0/,)4' /,' ,.)' VB' 4-5/36' A&/64)*2(8' ),'

/:D8 KKKCD'E.)'260:)/<)4'N/G'F-:7F(-,)36'3+'/;:)',-'0/F,2()',.)'<3(/:'G)6-530'MV#+'

;7'3,+'VB'4-5/368'9.3:)',.)'<3(/:'G)6-530'MV#+'/:+-'F:/7'/'+,(20,2(/:'+0/**-:436G'(-:)'

36'N/G'435)('*-(5/,3-6'AS2(63+,-68'),'/:D8=>>>CD'E.)'N/G'F(-,)36'/++-03/,)+'93,.',.)'

366)('<3(/:'5)5;(/6)';7'36+)(,3-6'-*',.)'57(3+,-7:'G(-2F'-*'3,+'Q#'4-5/36'36,-',.)':3F34'

;3:/7)('-*',.)'0)::'5)5;(/6)'AS(7/6,8'),'/:D8=>>KCD'E.)'Q#'4-5/36'/:+-';364+',-',.)'

/03430' F.-+F.-:3F34+' -6' ,.)' 0)::' 5)5;(/6)8' )+F)03/::7' F.-+F./,347:36-+3,-:' AP8WC'

43F.-+F./,)'A_$AP8WC_ C'AB.2[[/F/::38'),'/:D8 KK?C8'9.30.'3+'0(3,30/:'*-('43()0,36G',.)'N/G'

F(-,)36+',-',.)'0)::'5)5;(/6)D'E.)'N/GHN/G'/64'N/GH_-:'F(-,)36+'*36/::7'*-(5'/':/7)('

/,',.)'366)('+34)'-*',.)'0)::'5)5;(/6)'/64';)0-5)'/'+F.)(30/:'F/(,30:)D'E.)'_!'4-5/36'

3+'/;:)',-'()0(23,'-,.)('<3(/:'0-6+,3,2)6,+'+20.'/+'JF(8'J3*'/64'V)*'F(-,)36+'AN-,,:36G)(8'

),'/:D8=>>=C8'9.30.'/()'/:+-'0-6,/36)4'36',.)'6)9'+F.)(30/:'F/(,30:)+D'E.)'<3(/:')6<):-F)'

G:70-F(-,)36'GF=!K',(/6+:-0/,)+',-',.)'0)::'5)5;(/6)';7'/60.-(36G'3,+',(/6+5)5;(/6)'

4-5/36'GFP=',-',.)'0)::'5)5;(/6)8'9.30.'3+'364)F)64)6,'-*',.)'N/G'F(-,)36'AB.)0[:)78'

),'/:D8 K==CD'$6'/443,3-68'-,.)('+5/::'0)::2:/('MV#+8'360:2436G',MV#L7+T8'"&L8'/64'-,.)('

(MV#+'AB)68'),'/:D8 KK 8'f))6)8'),'/:D8 K=KC8'/()'F/0[/G)4'36',.)'6)9'<3(3-6+D 



WP 
 

 

R3G2()'=>D'I$J'/++)5;:7'AQ)6G8'),'/:D8 K=TCD 

 

K0N'1(2'D,++.): 

 

#*,)(',.)'6)9'<3(3-6'3+'/++)5;:)4'/64'*-(5+'/'+F.)(30/:'F/(,30:)'-6',.)'0)::'5)5;(/6)8'

3,'93::';24'*(-5',.)'5)5;(/6)'0/((736G'/:-6G'/'F-(,3-6'-*':3F34';3:/7)(D'E.3+'+,)F'4-)+'

6-,'-002('+F-6,/6)-2+:7D'&)<)(/:'+,243)+'./<)'+.-96',./,'9.)6'0)(,/36'4-5/36+'/()'

52,/,)48',.)'6)9'<3(3-6'3+'+,3::'/;:)',-';)'/++)5;:)4';2,'()5/36+',),.)()4'/,',.)'0)::'

5)5;(/6)'AN-,,:36G)(8'),'/:D8=>>=8'f/(),63[-<8'),'/:D8 K=KCD'E.)+)'4-5/36+'/()'0/::)4'

<3(/:' :/,)' ALC'4-5/36+8' 360:2436G' ,.)'_E#_'/64's_o6L'5-,3*+' A%)53(-<8'),'/:D8 KK 8'

%3::)78'),'/:D8 K=KCD' 

 

I$J' ;24436G' 3+'5/36:7'5)43/,)4' ;7' ,.)' )64-+-5/:' +-(,36G' 0-5F:)])+' ()123()4' *-('

,(/6+F-(,'A\&BMEC'F/,.9/7+'AR3G2()' KC'AQ)6G8'),'/:D8 K=TCD'E.)'\&BME'*/0,-(+'/()'

/;:)' ,-' */03:3,/,)'5)5;(/6)' 4)*-(5/,3-6' /64' *3++3-6' *(-5' 93,.36' ,.)' 6)0[+' -*' ,.368'

07,-F:/+530'5)5;(/6)'<)+30:)+'/64',2;2:)+'AQ0B2::-2G.8'),'/:D8 K=TCD'E.)'\&BME'

F/,.9/7' 0-6,/36+' *3<)' .),)(--:3G-5)(30' F(-,)36+' X' \&BMEHK8' \&BMEH$8' \&BMEH$$8'

\&BMEH$$$'/64'J_&P8'/64'+-5)'/00)++-(7'F(-,)36+'+20.'/+'#L$o'AI)66)8'),'/:D8 K==CD'

\&BMEHK' 3+'0-5F-+)4'-*' ,.)'+3G6/:' ,(/6+42036G'/4/F,-('5-:)02:)' A&E#QC'/64' ,.)'

.)F/,-07,)' G(-9,.' */0,-(' X' ()G2:/,)4' ,7(-+36)' [36/+)' +2;+,(/,)' AIM&C' Af-^35/8' ),'



WW 
 

/:D8 K=PCD' IM&' 3+' /;:)' ,-' */03:3,/,)' JF2H36420)4' ,),.)(36' 4-96()G2:/,3-6' /64'

4)G(/4/,3-68' ,.2+' )6./6036G' I$J' ():)/+)' Al/6<3)(8' ),' /:D8 K==CD' \&BMEH$' 0-6,/36+'

E&N=K=8'J_& ?8'J_&T"'/64'QJS= 8'9.3:)'E&N=K='/64'J_& ?'./<)';))6'()F-(,)4'

,-' ;)' 0(203/:' *-(' <3(3-6' ;24436G' AQ/(,36H&)((/6-8' ),' /:D8 KKTCD' \&BMEH$$' 0-6,/36+'

JF+ Wi\#_ K8'JF+  i\#_TK'/64'JF+T!i\#_PW8'9.30.'/()'()0(23,)4'/64'0-H:-0/:3b)'

93,.'\&BMEH$'-6',.)'N/G'/++)5;:7'+3,)'AL/6G):3)(8'),'/:D8 KK!CD'E.)'_!'4-5/36'-*',.)'

N/G'F(-,)36'3+'/;:)',-'36,)(/0,'93,.'E&N=K=';7'3,+'_E#_'5-,3*'A%)53(-<8'),'/:D8 KK CD'

\&BMEH$$$'360:24)+'= '5)5;)(+'-*',.)'0./(G)4'52:,3H<)+302:/('F(-,)36'ABIQ_C'*/53:78'

9.30.' 3+' /;:)' ,-' ;364' ,-' ,.)' \&BMEH$$i\&BMEH$' 0-5F:)]' <3/' BIQ_!' AQ-(3,/8' ),'

/:D8 K==CD'\&BMEH$$$'3+';):3)<)4',-'5)43/,)'5)5;(/6)'+03++3-6'G),,36G')6)(G7')3,.)('

*(-5'J_&P'4)F-:75)(3b/,3-6'-('\&BMEH$$$' *3:/5)6,'F(-0)++3-6D'#L$o'./+';))6'/:+-'

()F-(,)4',-';)'2,3:3b)4'*-('<3(3-6';24436G';7'()0(23,5)6,'-*'V\%%PH='2;3123,36' :3G/+)'

/64';7'36,)(/0,3-6';),9))6'3,+'J'4-5/36'/64',.)'s_o6L'5-,3*'-*',.)'_!'4-5/36'-*',.)'

N/G'F(-,)36'A&),,)8'),'/:D8 K=KCD' 

 

R3G2()' KD'I$J';24436G'<3/'\&BME'F/,.9/7'AQ)6G8'),'/:D8 K=TCD 

 

K0O'1(2'7"$,&"$.*) 

 

I$J'5/,2(/,3-6'+,/(,+'93,.',.)';24436G'F(-0)++D'$,'3+'363,3/,)4';7'/'F(-,)-:7,30'0:)/</G)'

-*',.)'N/GHN/G'/64'N/GH_-:'F-:7F(-,)36+8'9.30.'G)6)(/,)',.)'5/,(3]'/64',.)'0/F+34'

F(-,)36+8',.)'620:)-0/F+348',.)'_!'F(-,)368',.)'F(-,)/+)8',.)'()<)(+)',(/6+0(3F,/+)'/64'

,.)' 36,)G(/+)' Af-66728' ),' /:D8 K=TCD'E.)+)' F(-,)36+' /()' ()/((/6G)4' 4(/5/,30/::7' ,-'

0()/,)'/'5/,2()'<3(3-68'9.30.'3+'/;:)',-'36*)0,'-,.)('0)::+'AR())48 K=WCD 
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M0'1(2>/'$&*#.<7 

 

I$JH=',(-F3+5'3+'5/36:7'4),)(536)4';7',.)',/(G),'0)::'/64'0-H()0)F,-('2+/G)D'I$JH='0/6'

36*)0,'/'</(3),7'-*'35526)'0)::+'+20.'/+'B%Pe'E'0)::+'/64'5/0(-F./G)+D'\/(:7'I$JH='

3+-:/,)+'9)()'-6:7'/;:)',-';)'()F:30/,)4'36'/0,3</,)4'F)(3F.)(/:';:--4'EH:75F.-07,)+'

/64' 5-6-07,)H4)(3<)4' 5/0(-F./G)+8' ;2,' 6-,' 36' E' 0)::' :36)+' AM--+8' ),' /:D8=>> CD'

#00-(436G',-',.3+'-;+)(</,3-68'<3(/:'3+-:/,)+'9)()'0:/++3*3)4'36,-'5/0(-F./G)H,(-F30'AQ'

,(-F30C'-('E'0)::':36)H,(-F30'AE',(-F30C8'-('42/:',(-F30'A%',(-F30CD'I$JH=')6,)(+'0)::+'5/36:7'

2+36G' 0-H()0)F,-(' BBMW8' BoBMP8' -(' ;-,.' AB:/F./58' ),' /:D8 KK=CD' S/+)4' -6' 0-H

()0)F,-('2+/G)8'I$JH='3+-:/,)+'0/6';)'0:/++3*3)4'/+'MW',(-F308'oP',(-F30'/64'42/:',(-F30'

AMWoP',(-F30CD'N)6)(/::7',9-'I$JH=',(-F3+5'0:/++3*30/,3-6'+7+,)5+'0/6';)'0-H():/,)4D'$,'

./+' ;))6' +.-96' ,./,' ')5 .'!6+8' MW' <3(2+)+' 0-2:4' 36*)0,' F(35/(7' :75F.-07,)+' /64'

5/0(-F./G)+8'9.3:)'oP'<3(2+)+'0-2:4' 36*)0,'E'0)::' :36)+D'S2,' ,.)()' 3+'/'0-6,(-<)(+7c'

+-5)'oP'3+-:/,)+'9)()'+.-96',-';)'/;:)',-'36*)0,'5/0(-F./G)+'/+'9)::'Al/7/[25/(8'

),' /:D8 KKWCD' ?)5 .'.+8'I$JH='MW'<3(2+)+' 0/2+)'5-+,'I$J' ,(/6+53++3-68' ;2,'I$JH='oP'

<3(2+)+'4(3<)',-'#$%&'5-()'(/F34:7'A&0.23,)5/[)(8'),'/:D8=>> 8'L-0.)(8'),'/:D8 KKWCD'$6'

/443,3-68'I$JH=' ,(-F3+5' 3+' 6-,' 0-6+,/6,D' %2(36G' ,.)' 43+)/+)' F(-0)++3-68'I$JH='5/7'

+93,0.',-'-,.)(',(-F3+5+'AB-66-(8'),'/:D8=>>"8'M3;)3(-8'),'/:D8 KK!8'&/(5/,38'),'/:D8 K=KC'

/64';(-/4)6',.)3(',/(G),+D 

 

I$JH=' ,(-F3+5' 0/6' ;)' /++)++)4' ;7' )3,.)(' F.)6-,7F30' -(' G)6-,7F30' 5),.-4+D' $6'

F.)6-,7F)' /++/7+8' /' ()0-5;36/6,' <3(2+' 0-6,/3636G' <3(/:' 3+-:/,)H4)(3<)4' )6<):-F)'

+)12)60)+'3+'2+)4',-'36*)0,'BBMW'-('BoBMP'()F-(,)('0)::':36)'AQ2:36G)8'),'/:D8 K=TC8'

/64',.2+'43+,36G23+.)+'<3(/:',(-F3+5';7'3,+'0-H()0)F,-('2+/G)D'$6',.)'G)6-,7F30'5),.-48'

,.)'GF= K'JT':--F'3+',.)'5/^-('4),)(536/6,'-*'I$J',(-F3+5'AZ;)(5)3)(8'),'/:D8 K= CD'

#00-(436G',-',.)'+)12)60)'-*',.)'GF= K'JT':--F8'0-H()0)F,-('2+/G)'0/6';)'F()430,)4D'

N)6)(/::78' ,.)' JT' ()G3-6' -*' MW' <3(2+)+' ./+' ():/,3<):7' :-9)(' 625;)(+' -*' F-+3,3<):7'

0./(G)4'/536-'/034'()+342)+8'9.3:)',.)'JT'()G3-6'9.30.'2+)+'BoBMP'./+'/'+2(F:2+'-*'

F-+3,3<):7' 0./(G)4' /536-'/034' ()+342)+' AB-),b)(8' ),' /:D8 KK!CD'E.)'JT' :--F'-*' 42/:'

,(-F30'<3(2+)+'3+'+353:/(',-',./,'-*'oP',(-F308'/64'-,.)('()G3-6+'-*',.)'<3(/:')6<):-F)'/()'

()123()4'/+'9)::',-'F()430,'42/:',(-F30'<3(2+)+D' 

 

 

 

 

 



W" 
 

N0'4)$.>1(2'+&,:< 

 

N0/' 9.).-"9'")$.&%$&*@.&"9'$!%&"#; 

 

&360)'I$J'9/+'34)6,3*3)48'5-()',./6'TK'4(2G+'./<)';))6'4)<):-F)4'*-('/6,3(),(-<3(/:'

,.)(/F7'A#MEC'A#(,+8'),'/:D8 K= CD'#6,3(),(-<3(/:'4(2G+'/()'4)+3G6)4',-'36.3;3,'43**)()6,'

+,)F+'-*',.)'I$J'()F:30/,3-6'070:)'AR3G2()' =C'A&3)((/H#(/G-68'),'/:D8 K= CD'#00-(436G'

,-' 43**)()6,' 4(2G' ,/(G),+8' /6,3(),(-<3(/:' 4(2G+' /FF(-<)4' ;7' ,.)' R--4' /64' %(2G'

#45363+,(/,3-6' -*' ,.)' @63,)4' &,/,)+' AR%#C' /()' 5/36:7' 0:/++3*3)4' 36,-'

620:)-+34)i620:)-,34)' ()<)(+)' ,(/6+0(3F,/+)' 36.3;3,-(+' AVME$+C8' 6-6H620:)-+34)'

()<)(+)',(/6+0(3F,/+)'36.3;3,-(+'AVVME$+C8'F(-,)/+)'36.3;3,-(+'A_$+C8'*2+3-6'36.3;3,-(+8'

36,)G(/+)' 36.3;3,-(+' A$V$+C' /64' 0-H()0)F,-(' 36.3;3,-(+D'&360)' ,.)' =>>K+8' /6,3(),(-<3(/:'

4(2G+'9)()'*3(+,'2+)4'/+'5-6-,.)(/F78'/64',.)6'36'42/:',.)(/F78'/64'36'52:,3H,.)(/F7'

,-4/7D'#6,3(),(-<3(/:',.)(/F3)+'./<)'+3G63*30/6,:7'()420)4',.)'5-(;343,7'/64'5-(,/:3,7'-*'

I$J'36*)0,3-6'Ad23668 KK?CD 

 

 

 

R3G2()' =D'I$JH=':3*)'070:)'/64',.)'/6,3(),(-<3(/:'4(2G'36,)(<)6,3-6'F-36,+'A&3)((/H#(/G-68'

),'/:D8 K= CD 

 

 



W? 
 

N0/0/'J,-9%*<.+%P),-9%*$.+%'&%@%&<%'$&")<-&.#$"<%'.)!.D.$*&<'QJAI(<R 

 

VME$+'/()'/6/:-G2)+'-*'6/,2(/:'620:)-+34)+'/64'620:)-,34)+D'E.)7'/()'/45363+,(/,)4'

/+'F(-4(2G+'/64'/0,'/+'0-5F),3,3<)'+2;+,(/,)'-*'()<)(+)',(/6+0(3F,/+)'AMEC'42(36G'I$J'

()F:30/,3-6' /*,)(' F.-+F.-(7:/,3-6' ;7' 0)::2:/(' )6b75)+' AQ3,+27/8' ),' /:D8=>?W8'I/(,8' ),'

/:D8=>> CD' VME$+' :/0[' /' TOH.74(-]7:' G(-2F' /,' ,.)' +2G/(' (36G8' ()+2:,36G' 36' 0./36'

,)(536/,3-6' 42(36G' %V#' +76,.)+3+' ;7' ./:,36G' WOHTO' F.-+F.-43)+,)(' ;-64' *-(5/,3-6D'

V-,)9-(,.78' q%Ji#qE' 9/+' ,.)' *3(+,' /6,3(),(-<3(/:' 4(2G' /FF(-<)4' ;7' R%#' 36' =>?"'

As-26G8=>??CD'@F',-'6-98')3G.,'VME$+'./<)'A)<)(C';))6'/FF(-<)4';7'R%#D'&)<)6'-*'

,.)5'/()'+,3::';)36G'2+)4'36'0:36308'360:2436G'/;/0/<3('A#SB8'q3/G)6C8'434/6-+36)'A44$8'

J34)]C8')5,(303,/;:36)'AREB8'\5,(3</C8':/53<2436)'ATEB8'\F3<3(C8'+,/<2436)'A4PE8'q)(3,C8'

,)6-*-<3('AE%R8'J3()/4C'/64'q34-<2436)'Aq%J8'M),(-<3(Ci/b34-,.753436)'A#qE8'M),(-<3(C'

AE/;:)' =CD' q/:03,/;36)' A44B8' I3<34C' 9/+' /FF(-<)4' 36' =>> ' /64' 3,+' F(-420,3-6' 9/+'

43+0-6,362)4';7',.)'5/62*/0,2()('36' KK!'A///,*(&,-+.CD' 

%(2G'()+3+,/60)'4)<):-F+'1230[:7'264)('VME$+',.)(/F7D'#00252:/,)4'52,/,3-6+'36',.)'

0-436G'G)6)'-*'ME'A0)6,(/:'()G3-6'-*'"+7'G)6)C':)/4',-',.)'0./6G)'-*'/536-'/034+8'/64'

()+2:,' 36' ,.)' +):)0,3-6' -*' I$J' +,(/36+' ()+3+,/6,' ,-' VME$+D' $,' ./+' ;))6' ()F-(,)4' ,./,'

52,/,3-6+'+20.'/+'Q=?PJi$8'f!WMi\iV8'L"PJ'/64'd=W=Q'/()'/;:)' ,-'4)0()/+)',.)'

/**363,7' -*'ME' *-('VME$+' 36' */<-2(' -*' F(-5-,36G' 36,)(/0,3-6' ;),9))6'ME'/64'6/,2(/:'

620:)-+34)+'/64'620:)-,34)+'Ad2/68'),'/:D8=>>!8'U.3,)8'),'/:D8 KK!8'R-2(/,38'),'/:D8 K=T8'

$734-G/68'),'/:D8 K=PCD'E.753436)'/6/:-G2)'52,/,3-6+'AE#Q+C' 360:2436G'P=L8'E =Ws8'

f"KM8'%!"V'/64'f =>di\'/()'[6-96' ,-';)'5/36:7' +):)0,)4';7'q%J'/64'4PE'/64'

36<-:<)4'36',.)'()+3+,/60)',-'5-+,'VME$+8'9.30.'/()'/;:)',-'()5-<)'360-(F-(/,)4'VME$+'

*(-5' ,.)' %V#' 0./36' ;7' F.-+F.-(-:7+3+' AB-bb3HL)F(38' ),' /:D8 KKW8's/.38' ),' /:D8 KKW8'

_(/F/(/,,/6/F/68'),'/:D8 K= CD'' 

 

 

N0/08'J*)>),-9%*<.+%'&%@%&<%'$&")<-&.#$"<%'.)!.D.$*&<'QJJAI(<R 

 

VVME$+',/(G),'()<)(+)',(/6+0(3F,/+)'AMEC';7';36436G',-'/'6-6H/0,3<)'+3,)'-*',.)')6b75)'

/64'4-'6-,'/0,'/+'0-5F),3,3<)'+2;+,(/,)' 36.3;3,-(+' A$<),/08'),'/:D8 KK>CD'VVME$+'/()'

/;:)' ,-' 36.3;3,' ,.)' F-:75)(/+)' /0,3<3,7' ;7' :)/436G' /' 0-6*-(5/,3-6/:' 0./6G)' -*' F!!'

+2;263,'-*'ME'9.)()',.)'F-:75)(/+)'/0,3<)'+3,)'3+':-0/,)4'A&:23+HB()5)(8'),'/:D8 KKPCD'

@F',-'6-98'*3<)'VVME$+'./<)';))6'/FF(-<)4';7'R%#'AE/;:)' C8'360:2436G'4):/<3(436)'

A%LJ8'M)+0(3F,-(C8')*/<3()6b'A\RJ8'&2+,3</C'/64'6)<3(/F36)'AVJ_8'J3(/526)C8'/+'9)::'

/+' ,.)' +)0-64'G)6)(/,3-6'VVME$+' ),(/<3(36)' A\EM8' $6,):)60)C'/64' (3:F3<3,(36)' AM_J8'

\42(/6,CD'#::'-*',.)5'/()'+,3::'36'2+)'0:3630/::7D 



W> 
 

E/;:)'=D'V20:)-+34)i620:)-,34)'()<)(+)',(/6+0(3F,/+)'36.3;3,-(+'/FF(-<)4';7'R%# 

 

t'43+0-6,362)4';7'5/62*/0,2()('36' KK! 

Q-43*3)4'*(-5'.,,F+cii/34+36*-D63.DG-<i8'/00)++)4'-6'=WiK"i K=W 

 

 

E/;:)' D'V-6H620:)-+34)'()<)(+)',(/6+0(3F,/+)'36.3;3,-(+'/FF(-<)4';7'R%# 

 

Q-43*3)4'*(-5'.,,F+cii/34+36*-D63.DG-<i8'/00)++)4'-6'=WiK"i K=W 

 

Generic Name 
(Other names and acronyms)
zidovudine Retrovir March 19, 1987
(azidothymidine, AZT, ZDV)
didanosine Videx October 9, 1991 

(delayed-release didanosine, 
dideoxyinosine, enteric-coated 
didanosine, ddI, ddI EC)

Videx EC October 31, 2000

Zalcitabine* Hivid June 19, 1992
(dideoxycytidine, ddC)
stavudine Zerit June 24, 1994
(d4T)
lamivudine Epivir November 17, 1995
(3TC)  
abacavir Ziagen December 17, 1998
(abacavir sulfate, ABC)
tenofovir disoproxil fumarate Viread October 26, 2001
(tenofovir DF, TDF)
emtricitabine Emtriva July 2, 2003
(FTC)

Brand 
Name

FDA Approval Date

Generic Name 
(Other names and acronyms)

nevirapine Viramune June 21, 1996

(extended-release nevirapine, NVP)
Viramune XR 
(extended release)

March 25, 2011

delavirdine Rescriptor April 4, 1997

(delavirdine mesylate, DLV)

efavirenz Sustiva September 17, 1998

(EFV)  

etravirine Intelence January 18, 2008

(ETR)

rilpivirine Edurant May 20, 2011

(rilpivirine hydrochloride, RPV)

Brand Name FDA Approval Date



!K 
 

VVME$+'/()'/;:)',-'4)<):-F'4(2G'()+3+,/60)';7'/'+36G:)'52,/,3-6'36',.)'//>?H=K?'/64'

//="?H=>K'()G3-6+8'+20.'/+'*()12)6,'52,/,3-6+'/,'#>?8'L=KK8'f=K=8'f=KT8'J=K!8'J=K?8'

\=T?8' J=">8' s=?=8' s=??' /64' N=>K' AE/6,3::-8' ),' /:D8=>>P8' Q)6)64)bH#(3/+8 K=K8'

S(255)8'),'/:D8 K=TCD'Q2,/,3-6+'36',.)'//  WH T?'()G3-68'+20.'/+'F-36,'52,/,3-6+'/,'

_  W8'_ T!8'R  "8'Q TK8's T 8'f T?8'sT=?8'/()'6-(5/::7':)++'*()12)6,'/64':)/4',-'

4(2G' ()+3+,/60)' 36' /++-03/,3-6' 93,.' -,.)(' 52,/,3-6+' AI/((3G/68' ),' /:D8 KK 8' %)'

B:)(018 KKP8'M)68'),'/:D8 KK?CD'B(-++'()+3+,/60)'./FF)6)4'/5-6G'VVME$+8'()+2:,36G'

36',()/,5)6,'*/3:2()'A#6,36-(38'),'/:D8 KK CD 

 

N0/0?'G&*$%"<%'.)!.D.$*&<'QG(<R 

 

_$+'36.3;3,'I$J'F(-,)/+)'/0,3<3,7';7'53530[36G',.)'+2;+,(/,)+D'_$+'0-5F),3,3<):7';364',-'

,.)'0/,/:7,30'+3,)'-*'I$J'F(-,)/+)8')+F)03/::7',9-'#+F'/,'F-+3,3-6' W'-*')/0.'+2;263,'AL<8'

),'/:D8 K=WCD'@F',-'6-98',)6'_$+'./<)';))6'/FF(-<)4';7'R%#8'360:2436G'/,/b/6/<3('A#EJ8'

M)7/,/bC8'/5F()6/<3('A#_J8'#G)6)(/+)C8'*-+/5F()6/<3('AR_J8'E):b3(C8'%/(26/<3('A%MJ8'

_()b3+,/C8'+/1236/<3('A&dJ8'$6<3(/+)C8'(3,-6/<3('AMEJ8'V-(<3(C8':-F36/<3(i(3,-6/<3('AL_Ji(8'

f/:),(/C8' 36436/<3(' A$%J8' B(3]3</6C8' 6):*36/<3(' AVRJ8' J3(/0)F,C' /64' ,3F(/6/<3(' AE_J8'

#F,3<2+C'AE/;:)'TCD'#5-6G',.)+)'_$+8'#_J'./+';))6'*2(,.)('4)<):-F)4'36,-'R_J'/64'

MEJD'MEJ'3+'*2(,.)('2+)4'/+'/'F./(5/0-[36),30')6./60)('A(3,-6/<3('C';)0/2+)'3,'0/6'

36.3;3,',.)'/0,3<3,7'-*',.)'5),/;-:3b36G')6b75)'07,-0.(-5)'_PWK'Bs_T#P'AZ:4*3):48'),'

/:D8 KK!C8'/64',.2+';--+,+',.)'03(02:/,36G'0-60)6,(/,3-6'-*',.)'/6,3(),(-<3(/:'4(2G+D' 

 

_$+'./<)';))6'()F-(,)4',-'()F()+)6,'.3G.'G)6)(30';/((3)(+',-'4)<):-F'4(2G'()+3+,/60)'

AL2;)(8 KKWCD'#00252:/,)4'52,/,3-6+'/,'+2;+,(/,)H;36436G'+3,)+'/()'/;:)',-':)/4',-',.)'

()420,3-6'-*'_$' 360-(F-(/,3-6';7'0./6G36G',.)'0-6*-(5/,3-6'-*'I$J'F(-,)/+)' AE3)8'),'

/:D8 KKWCD' Q2,/,3-6+' +20.' /+' %TKV8' JT $8' LTTR8' QP!$iL8' $P"#iJ8' NP?JiQ8' $WKJiL8'

$WPJiEi#iLiQ8'L"!J8'J? #iEiRi&8'$?PJ8'V??%i&'/64'L>KQ'./<)';))6'()<)/:)4',-';)'

0(203/:' 36'0:3630' Al-.6+-68'),'/:D8 KK!8'R268'),'/:D8 K==CD'Z,.)('52,/,3-6+'/,' ,.)'I$J'

F(-,)/+)'0:)/</G)'+3,)+'-*',.)'-&-'/64'"+7'G)6)+'/()'/++-03/,)4'93,.'_$'()+3+,/60)'/+'

9)::'AB-,)8'),'/:D8 KK=8'%/58'),'/:D8 KK>CD 

 

 

 

 

 

 

 



!= 
 

E/;:)'TD'_(-,)/+)'36.3;3,-(+'/FF(-<)4';7'R%#D 

 

Q-43*3)4'*(-5'.,,F+cii/34+36*-D63.DG-<i8'/00)++)4'-6'=WiK"i K=W 

 

N0/0B'()$%:&"<%'.)!.D.$*&<'Q(J(<R 

 

$V$+8'/:+-'[6-96'/+'+,(/64',(/6+*)('36.3;3,-(+8';364',-',.)'0/,/:7,30'+3,)'-*'I$J'36,)G(/+)'

/64'()420)'F(-<3(/:'%V#' 360-(F-(/,3-6' AQ0B-::8'),'/:D8 K=KCD'&-' */(8'-6:7' ,.())' $V$+'

./<)';))6'/FF(-<)4';7'R%#c'(/:,)G(/<3('AM#L8'$+)6,()++C8'4-:2,)G(/<3('A%EN8'E3<30/7C'

/64' ):<3,)G(/<3(' A\JN8' J3,)[,/C' AE/;:)' PCD' #::' ,.())' $V$+' 0-6,/36' ,9-' 5/36' /0,3<)'

0-5F-6)6,+8'/'5),/:H;36436G'F./(5/0-F.-()'/64'/'.74(-F.-;30'G(-2F8'9.30.'/::-9'

$V$+' 36,)(/0,' 93,.' 5/G6)+325' 3-6+' /64' ,.)' F()36,)G(/,3-6' 0-5F:)]' AB(/3G3)8 KK=8'

N(-;:)(8'),'/:D8 KK CD 

 

%(2G'()+3+,/60)'-*'M#L'/64'\JN'0/6';)'42)',-')3,.)('/'+36G:)'52,/,3-6'-('/00252:/,)4'

52,/,3-6+' AQ)+F:)4)8' ),' /:D8 K= CD' Q2,/,3-6+' +20.' /+' E!!#i$if8' \> d8' \=T?fi#8'

N=PK&i#8's=PTMiBiI8'&=P"N8'd=P?IiMif'/64'V=WWI'./<)';))6'-;+)(<)4'36'0:3630'

AI28'),'/:D8 K=K8'S:/60-8'),'/:D8 K==8'N/((34-8'),'/:D8 K==8'#;(/58'),'/:D8 K=TCD'%EN'./+'

Generic Name 
(Other names and acronyms)

saquinavir Invirase December 6, 1995

(saquinavir mesylate, SQV)

ritonavir Norvir March 1, 1996

(RTV)  

indinavir Crixivan March 13, 1996

(indinavir sulfate, IDV)  

nelfinavir Viracept March 14, 1997

(nelfinavir mesylate, NFV)

amprenavir Agenerase April 15, 1999

(APV)

Lopinavir/ritonavir Kaletra September 15, 2000

(LPV/r)

atazanavir Reyataz June 20, 2003

(atazanavir sulfate, ATV)

fosamprenavir Lexiva October 20, 2003

tipranavir Aptivus June 22, 2005

(TPV)  
darunavir Prezista June 23, 2006
(darunavir ethanolate, DRV)  

Brand 
Name

FDA Approval Date

(fosamprenavir calcium, FOS-APV, FPV)



!  
 

/'520.'.3G.)('G)6),30';/((3)(8'9.30.'./+'6-,'+.-96'/67'()+3+,/60)'G3<)6'/+'*3(+,H:36)'

,.)(/F7'AQ)+F:)4)8'),'/:D8 K=PCD' 

 

E/;:)'PD'$6,)G(/+)'36.3;3,-(+'/FF(-<)4';7'R%# 

 

Q-43*3)4'*(-5'.,,F+cii/34+36*-D63.DG-<i8'/00)++)4'-6'=WiK"i K=W 

 

N0/0K' *>&%-%#$*&'.)!.D.$*&< 

 

B-H()0)F,-(' 36.3;3,-(+'/()'4)+3G6)4' ,-' ,/(G),'0-H()0)F,-(+'BBMWiBoBMP'9.30.'/()'

0(203/:' *-(' I$J' )6,(7D' Q/(/<3(-0' AQJB8' &):b)6,(7iB):+)6,(3C' 3+' ,.)' -6:7' 0-H()0)F,-('

36.3;3,-(' 36' 2+)' 0:3630/::78' /FF(-<)4' ;7' R%#' -6'#2G2+,' !8'  KK"D' QJB' 3+' /' BBMW'

/6,/G-63+,8' ;36436G' ,-' ,.)' .74(-F.-;30' ,(/6+5)5;(/6)' F-0[),' A%-((8' ),' /:D8 KKWCD'

#:,.-2G.'QJB'4-)+'6-,';364',-',.)'+3,)+'()123()4'*-('BBMW'/G-63+,+'/64'<3(/:')6<):-F)8'

3,'3+'/;:)',-'F()<)6,'<3(/:')6<):-F)'36,)(/0,3-6'93,.'BBMW'/64'+,-F'I$J')6,(7';7'/:,)(36G'

,.)'0-6*-(5/,3-6'-*'BBMW'AJ/6'%)('M7+,8 K=WCD' 

 

M)+3+,/60)' ,-'QJB' ./+' ;))6' -;+)(<)4' 36' F/,3)6,+' ,/[36G' :-6GH,)(5' ,()/,5)6,' ;2,'

(/():7'36'6/h<)'F/,3)6,+'A&)0:)68'),'/:D8 K=K8'M-0.)8'),'/:D8 K=TCD'Q2,/,3-6+'36',.)'JT'

:--F'-*'GF= K'/()'0/F/;:)',-'/:,)('0-H()0)F,-('2+/G)'AI28'),'/:D8 KKK8'_:/,,8'),'/:D8 KK=8'

N/(03/H_)()b8' ),' /:D8 K=WC' ;2,' 0/66-,' ;)' 2+)4' ,-' F()430,' ,.)' F(35/(7' ()+3+,/60)'

A%):-;):8'),'/:D8 K=TCD'E-'/4/F,8'+-5)'()+3+,/6,'+,(/36+'/()'/:+-'/;:)',-'2+)'QJBH;-264'

()0)F,-(+'*-('I$J')6,(7'AM-0.)8'),'/:D8 K==CD'&-'*/(8'6-'+3G6/,2()'52,/,3-6'./+';))6'

/FF(-<)4',./,'0/6'F()430,'QJB'()+3+,/60)D' 

 

#Q%T=KK'3+'/'BoBMP'/6,/G-63+,8';2,'./+'*/3:)4'36'0:3630/:',(3/:+'42)',-'3,+'+)<)()'+34)'

)**)0,+'A%-6b)::/8'),'/:D8=>>?8'I)64(3]8'),'/:D8 KKPCD 

 

 

 

Generic Name 
(Other names and acronyms)

raltegravir Isentress October 12, 2007

(raltegravir potassium, RAL)
dolutegravir Tivicay August 13, 2013 
(DTG) 

elvitegravir Vitekta September 24, 2014

(EVG)  

Brand 
Name

FDA Approval Date
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A0-;303+,/,' -(' (3,-6/<3(C' ;--+,)4' _$' A%II&8 K=WCD' E.)' 6)9' <)(+3-6' -*' \2(-F)/6'
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<$;;$2,3)4*&.*) &() 2*,)#$&')0!;10*,'!;) &')<%,,')2,$3) &()$-;,) 2!)-&'7) 2!) VD)$'7)2*"()

&'*&-&2) 2*,) &'2,%$.2&!') -,24,,') <0LBH) $'7)  VD) AY&;;&$#(!'3) ,2) $;63BHHWC6) Z$&.$;&')

&(!;$2,7)5%!#)/0'1-""!.+!)2!+0!"-*3+3)*$()-,,')%,0!%2,7)2!)7,.%,$(,)2*,)%,0;&.$2&!')!5)

89:)-1)-;!.N&'<)89:),'2%1)-"2)'!2)$55,.2&'<)<0LBH@ VD) &'2,%$.2&!') A[&3),2)$;63BHHHC6)

Q$F&5!;&'3) &(!;$2,7) 5%!#) 4',"!*3) (!*53%'.+0!3) 0%!2,.2,7) JQ@D) .,;;() $<$&'(2) 89:)

&'5,.2&!')4&2*)$)LHH\)&'*&-&2!%1).!'.,'2%$2&!')!5)BG)I<]#;)AJ&'3),2)$;63BHHBC6) 

 

 !"!.$/+0*'*- 

 

T,+,%$;) ;&<'$'() (*!4&'<) $'2&@89:) $.2&+&21) *$+,) -,,') &(!;$2,7) 5%!#) /0%+3!*5.!)

$.#$+*6'!)7!.8)3+*-*3+3)A[&3),2)$;63BHHMC)$'7)/0%+3!*5.!)"!*0+9#"+!)A^$'<3),2)$;63BHLHC6)

=#!'<)2*,#3)Q&,<"($'&')_)4$()2*,)#!(2)$.2&+,3)&'*&-&2&'<)89:)&'5,.2&!')4&2*)$')9 GH)

!5)E6M)IJ6)V&-,'/!.1.;!!.2$7&',);&<'$')$'7)&2()7,%&+$2&+,()&'*&-&2,7)+$%&!"()89:)(2%$&'()

&'.;"7&'<)4&;7@210,)89:@L3)89:@B)$'7)7%"<)%,(&(2$'2)89:@L)A8$'3),2)$;63BHLGC6)Q*,1)4,%,)

(*!4')2!)2$%<,2)89:)%,+,%(,)2%$'(.%&02$(,6 

 



W` 
 

 !"!1$2'**+*- 

 

Q$''&'() $%,) N'!4') 2!) &'*&-&2) 89:) &'5,.2&!') -1) 2$%<,2&'<) %,+,%(,) 2%$'(.%&02$(,3) 2*,)

0%!2,$(,) $'7) 2*,) 5"(&!') 0,02&7,) <0DL6) Q,2%$<$;;!1;a"&'&.) $.&7(3) 0"'&.$;&') $'7)

0"'&.$.!%2.&')4,%,)7,(.%&-,7)$()2*,)5&%(2)&7,'2&5&,7)$'2&@89:)2$''&'()2$%<,2&'<)%,+,%(,)

2%$'(.%&02$(,) AP!'$N$3) ,2) $;63LMMHC6) Q*%,,) ,;;$<&2$''&'() .!'2$&'&'<) $)

*,F$*17%!F17&0*,'!1;)"'&2);&'N,7)2!)2*,)b@>)$'7)b@W)0!(&2&!'()!5)2*,)("<$%)(2%!'<;1)

&'*&-&2,7)89:)0%!2,$(,)Ac"3),2)$;63BHHHC6)Q$''&'()5%!#)7&55,%,'2)(!"%.,()&'*&-&2,7)89:)

&'5,.2&!')-1)&'2,%5,%&'<)4&2*)2*,)0%!2,&')<0DL)$'7)-;!.N&'<)(&F@*,;&F)-"'7;,)5!%#$2&!')

A["3),2)$;63BHHDC6 

 

 !"! $23453*3- 

 

Q,%0,',(3),(0,.&$;;1)2*,)2%&2,%0,',()$'7)2*,&%)7,%&+$2&+,(3)$%,)N'!4')2!)*$+,)+$%&!"()

-&!$.2&+&2&,(6)Z,2";&'&.)$.&73)!;,$'!;&.)$.&7)$'7)"%(!;&.)$.&7)$%,)2*,)210&.$;).!#0!"'7()

%,0%,(,'2&'<) 2*%,,) 7&55,%,'2) 210,() !5) 2%&2,%0,',(d) ;"0$',3) !;,$'$',) $'7) "%($',6)

Z,2";&'&.) $.&7) $'7) &2() 7,%&+$2&+,() 4,%,) %,0!%2,7) 2!) &'*&-&2) 89:) &'5,.2&!') ,&2*,%) -1)

2$%<,2&'<)2*,)0%!2,&')<0DL)!%)-1)7&(%"02&'<)+&%$;)$((,#-;1)$'7)-"77&'<)A &.*,4&./3),2)

$;63BHHDC6) Z,+&%&#$2) AZ:J3) R=@DGE) !%) JR @D>BWC3) 5&%(2) &(!;$2,7) 5%!#) /&:&,+'()

0"!7+9"#.'(3) &() $)-,2";&'&.)$.&7@;&N,) .!#0!"'7)$'7)$) 5&%(2)<,',%$2&!')89:)#$2"%$2&!')

&'*&-&2!%)AJ$%2&'3),2)$;63BHH`C6)92)&'*&-&2()2*,)0%!2,!;12&.)0%!.,(()!5)_$<)-1)-;!.N&'<)2*,)

.;,$+$<,)-,24,,')2*,).$0(&7)A =3)0BDC)$'7)2*,)(0$.,%)0,02&7,)L)ATRLC6)b;,$'!;&.)$.&7)

4$()7,(.%&-,7) 2!) &'*&-&2)89:) &'5,.2&!')!')RZJ ()7",) 2!) &2() ,55,.2) !')89:)0%!2,$(,)

AJ,'<!'&3),2)$;63BHHBC6)Q*,)>@b@7&<;1.!%1;@"%(!;&.)$.&7)&'*&-&2,7)89:)&'5,.2&!')4&2*)$')

9 GH)!5)$-!"2)H6>L)IJ)AO$(*&4$7$3),2)$;63BHHHC6 

 

 !"!6$74)83+*- 

 

[,.2&'()$%,).$%-!*17%$2,@-&'7&'<)0%!2,&'(3)4*&.*).$')-,)&(!;$2,7)5%!#)+$%&!"()(!"%.,()

&'.;"7&'<)0;$'2(3)-$.2,%&$)$'7)4!%#(6)_%&55&2*(&')&()$)#$%&',)0;$'2)0%!2,&')&(!;$2,7)5%!#)

;.+99+1%3+!3)N'!4')2!)&'*&-&2)89:)-1)&'2,%5,%&'<)4&2*)2*,)<;1.$'()!')2*,)("%5$.,)!5)+&%&!'()

AJ!%&3) ,2) $;63BHHGC6) b2*,%) ;,.2&'() (".*) $() .1$'!+&%&'@P) &(!;$2,7) 5%!#) <#31#0)

-""+$3#3$#.'() AX((,%3) ,2) $;63LMMMC) $'7) .!'.$'$+$;&') =) &(!;$2,7) 5%!#)  !*!7!"+!)

-*3+9#.(+3)AJ$2("&3),2)$;63LMMHC)*$+,)$;(!)-,,')7,(.%&-,7)2!)*$+,)$'2&@89:)$.2&+&2&,(6) 

 

e&-!(!#,)&'$.2&+$2&'<)0%!2,&'()Ae9RC)$%,)$)5$#&;1)!5)'$2"%$;)!.."%%&'<)0%!2,&'(),F&(2&'<)

&')0;$'2(3)-$.2,%&$)$'7)5"'<&)4*&.*).$')&'*&-&2)0%!2,&')(1'2*,(&()$2)2*,)%&-!(!#,);,+,;)



WM 
 

AT2&%0,3BHL>C6) b',) #,#-,%) !5) 2*&() 5$#&;13) J=R>H3) 4$() &'&2&$;;1) &(!;$2,7) 5%!#)

=#(#.5+0!) 0%!.!*1+!3) $'7) *$() -,,') %,0!%2,7) 2!) &'*&-&2) 89:@L) 7",) 2!) &2() %&-!(!#,)

&'$.2&+$2&'<)$.2&+&21)$'7)&2()&'*&-&2!%1),55,.2)!')&'2,<%$(,)A[,,@8"$'<3),2)$;63LMMGC6 

 

 

9') .!'.;"(&!'3) $) -%!$7) +$%&,21) !5) '$2"%$;) 0%!7".2(3) ,(0,.&$;;1) 0;$'2) 7,%&+,7) '$2"%$;)

0%!7".2(3)*$+,)-,,')7,(.%&-,7)5!%)2*,&%)$'2&@89:)0!2,'2&$;()$'7)<$+,)#$'1)&7,$()5!%)

',4)7%"<)7,+,;!0#,'26)9')2*,),$%;1)BHHH(3)2*,)e,2%!+&%!;!<1)[$-!%$2!%1)$2) eR@T$'2f)

7,2,.2,7)$')$'2&@89:)$.2&+&21) &')0;$'2)#$2,%&$;()!%&<&'$;;1)-%!"<*2)-1)$')89:)0!(&2&+,)

=5%&.$')#$')5%!#) !'<!)2!)*&()7!.2!%)&')Z%"((,;(6)Q*,)&7,'2&21)!5)2*&()0;$'2)%,#$&',7)

"'N'!4')5!%)$-!"2)LH)1,$%(3)"'2&;)BHLB)4*,')9)&7,'2&5&,7)&2)"(&'<)2*,)VP=)-$%.!7&'<)

2,.*'!;!<16) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



EH 
 

6!$953:+3-$+,3*8+;+:'8+)*$'*,$<=>$?'4:),+*0 

Q*,)VP=)-$%.!7&'<)2,.*'!;!<1)&()$)#!;,.";$%)$'7)-&!&'5!%#$2&.)%,(,$%.*)2!!;)!%&<&'$;;1)

7,+,;!0,7) -1) 8,-,%2) -1) !"6) !') &'(,.2() &') BHH>) $'7) 0%!<%,((&+,;1) $7$02,7) 2!) $')

&'.%,$(&'<)'"#-,%)!5)!2*,%);&+&'<)(0,.&,()&'.;"7&'<)0;$'2()A8,-,%23),2)$;63BHH>C6 

Q*,)-$(&.).!'.,02)!5)VP=)-$%.!7&'<)&()2!)"(,)!',)!%)5,4)(*!%2)<,',2&.)#$%N,%()&')2*,)

VP=)!5)$')!%<$'&(#) 2!) &7,'2&51) &2)$()-,;!'<&'<) 2!)$)0$%2&.";$%)(0,.&,(6)Q*,)<,',%$;)

(2,0()!5)VP=)-$%.!7&'<)$%,)5&%(2)2!)-"&;7)$)VP=)-$%.!7,);&-%$%1)!5)N'!4')(0,.&,()4&2*)

(2$'7$%7)<,',2&.)#$%N,%(3)&7,$;;1)2*,)#!%,)<,',2&.)#$%N,%()2*,)-,22,%3)$'7)(,.!'73)2!)

.!#0$%,)2*,)-$%.!7,)(,a",'.,)!5)2*,)"'N'!4')($#0;,)2!)2*,)VP=)-$%.!7,);&-%$%1)

$'7)&7,'2&51)&2)4&2*)2*,)#$2.*&'<)(0,.&,(6) 

 !#0$%,7)2!)2*,).;$((&.$;)#,2*!7)"(&'<)#!%0*!;!<&.$;)N'!4;,7<,3)2*,)VP=)-$%.!7&'<)

#,2*!7)*$(),F0$'7,7)&2().$0$.&21)!5)&7,'2&5&.$2&!')"(&'<)$;;)!5)2*,);&5,)*&(2!%1)(2$<,()!5)

$')!%<$'&(#6)U!%) &'(2$'.,3)VP=)-$%.!7&'<)$;;!4()(0,.&,()&7,'2&5&.$2&!')'!2)!';1)+&$)

5;!4,%()-"2) $;(!)+&$) ($#0;,() ;&N,) (,,7(3) (,,7;&'<(3) 0&,.,()!5) -%$'.*,(3) (2,#()$'7)

%!!2(g)$'&#$;)(0,.&,().$')-,)$;(!)&7,'2&5&,7)+&$),<<()!%)0$%2()!5)2*,&%)-!7&,(6)Y&2*)2*,)

VP=) -$%.!7&'<)#,2*!73) #&.%!!%<$'&(#() ;$.N&'<)#!%0*!;!<&.$;) &'5!%#$2&!') .$') -,)

&7,'2&5&,7) $() 4,;;6) Q*,) VP=) -$%.!7&'<) #,2*!7) $;;!4() ,+,') '!'@2$F!'!#&(2() 2!)

.!%%,.2;1)$'7)%$0&7;1)&7,'2&51)2*,)($#0;,(6 

 

6!@$<=>$?'4:),3$5+53&+*3 

 

U&<"%,) BB) 7,(.%&-,() $) <,',%$;) 0&0,;&',) 5!%) VP=) -$%.!7&'<6) 92) 5&2() 5!%) $;;) N&'7() !5)

-&!;!<&.$;) %,(!"%.,() &') (!#,)4$1(6)Q*,)0&0,;&',)*$() 5!"%)#$&') .!#0!','2(3)4*&.*)

.!'(2&2"2,)2*,)-$(&()!5)VP=)-$%.!7&'<6)Q*,1)$%,)2*,)(0,.&#,'(3);$-!%$2!%1)$'$;1(&(3)

7$2$-$(,()$'7)7$2$)$'$;1(&(6 

 

6!@!@$953:+A3*- 

 

Q*,) -$(&.) .!#0!','2() !5) 2*,) VP=) -$%.!7&'<) 0&0,;&',) $%,) (0,.&#,'(6) T&'.,) 2*,)

.$0$.&21) !5) &7,'2&5&.$2&!') "(&'<) VP=) -$%.!7&'<) #,2*!7) *$() -,,') ,F0$'7,73)

2*,!%,2&.$;;13)$;;)N&'7()!5)($#0;,()5%!#)$')!%<$'&(#)$2)$'1)*&(2!%1



EL 
 

U&<"%,)BB6)Q*,)-$%.!7&'<)0&0,;&', 

=..,((,7)5%!#)%11$>??@@@82!.0#5-#9"+9-8#.,?0#*1-*1?!2#'1?@%!1A5*!A2!.0#5+*, 



EB 
 

(2,0)!5);&5,).$')-,).!;;,.2,76)Q*,)!%&<&'$;)(0,.&#,'()2!)5&;;)2*,)VP=)-$%.!7,)7$2$-$(,()

$%,)#$&';1) 5%!#) '$2"%$;) *&(2!%1)#"(,"#(3) *,%-$%&$3) /!!(3) -!2$'&.$;) <$%7,'(3) (,,7)

-$'N()$'7)5%!/,')2&((",(3)$;;)4,;;)&7,'2&5&,7)-1)2$F!'!#&(2(6)92)&()(2%!'<;1)%,.!##,'7,7)

2!)%,.!%7)7,2$&;) &'5!%#$2&!')!5).!;;,.2&!'(3)&'.;"7&'<)4*!).!;;,.2,7)2*,)($#0;,)4*,%,)

$'7)4*,'3)$'7)4*&.*)0$%2)!5)2*,)!%<$'&(#)2*,)($#0;,)&()5%!#6)Q!)-,)4,;;)0%,0$%,7)5!%)

5"%2*,%)(2"7&,(3)($#0;,()*$+,)2!)-,)(2!%,7)&')$)0%!0,%)4$13)N,02).;,$')$'7)$+!&7&'<)

.!'2$#&'$2&!'()5%!#)!2*,%)(0,.&,(6 

 

6!@!B$/'?)4'8)4C$'*'&C-+- 

 

Q!)$.a"&%,)2*,)-$%.!7,)(,a",'.,()!5)(0,.&#,'(3)*&<*)a"$;&21)VP=)*$()2!)-,)!-2$&',76)

R%!0,%) 0%&#,%() *$+,) 2!) -,) 7,(&<',7) $'7) "(,76) T!) 5$%3) 2*,) G?) ,'7) %,<&!') !5) $)

#&2!.*!'7%&$;)<,',).12!.*%!#,)!F&7$(,)("-"'&2)L)A0#BC)&()("&2,7)5!%)#!(2)#,2$/!$'(3)

&'.;"7&'<) #$##$;(3) 5&(*,() $'7) &'(,.2() A8,-,%23) ,2) $;63BHH>C3) 4*&;,) 2*,) &'2,%'$;)

2%$'(.%&-,7)(0$.,%) A9QTC)<,',)4!%N() 5&',)4&2*) 5"'<&) AT.*!.*3),2)$;63BHLBC) AQ$-;,)GC6)

V",)2!)2*,);!4)%$2,)!5),+!;"2&!')!')2*,)0#CD)<,',)&')2*,);$'7)0;$'2(3)!2*,%)-$%.!7&'<)

%,<&!'()$%,)"(,76)Q*,) !'(!%2&"#)5!%)2*,)Z$%.!7,)!5)[&5,)A Zb[C)("<<,(2,7)#$2O)$'7)

%-.[) 2!)-,) 2*,)(2$'7$%7) ;!.&) 5!%)0;$'2)VP=)-$%.!7&'<) A Zb[3BHHMC6) 9QTB) A *,'3),2)

$;63BHLHC)$'7)0(-=@2%'8)AO%,((3),2)$;63BHHMC)*$+,)-,,')(*!4')2!)4!%N)&')2*,)(2"71)!5)

;$'7)0;$'2()$()4,;;6) 

 

Q$-;,)G6)[&(2)!5)2*,)#$&')2$F$@(0,.&5&.)VP=)-$%.!7&'<)%,.!##,'7,7)-1)Q*,)Z$%.!7,)

!5)[&5,)V$2$)T1(2,#()AZb[VC)A $(&%$<*&3),2)$;63BHLHC 

 

 



E> 
 

6!@!"$<'8'?'-3- 

 

=)VP=)-$%.!7,);&-%$%1)&(),((,'2&$;)5!%)(0,.&,()&7,'2&5&.$2&!')+&$)VP=)-$%.!7&'<6)Q!)-"&;7)

"0)(".*)$) ;&-%$%13) 5&%(23) 2*,),55!%2()5%!#)2$F!'!#&.),F0,%2()$%,)%,a"&%,76)Q*,)!%&<&'$;)

(,a",'.,()"(,7)5!%)VP=)-$%.!7,()$%,)<,',%$2,7)-1)2$F!'!#&.),F0,%2(3)4*!)*$+,)2!)

&7,'2&51)2*,)(0,.&,()"(&'<)#!%0*!;!<&.$;)N'!4;,7<,)$'7)&#0!%2)2*,)(,a",'.,)7$2$)&'2!)

2*,)7$2$-$(,(6) 

 

T!)5$%3)2*%,,)-&!;!<&.$;)(,a",'.,)7$2$-$(,()$%,)#!(2)4&7,;1)"(,7d)_,'Z$'N)&')2*,)ST)

A%11$>??@@@8*02+8*"(8*+%8,#7?,-*2!*E?Cg) 2*,) X"%!0,$') P".;,!2&7,) =.*&+,) !5) 2*,)

X"%!0,$')J!;,.";$%)Z&!;!<1)[$-)AXP=@XJZ[3)%11$>??@@@8-2+8!08'E?-*!Cg)$'7)2*,)VP=)

V$2$)Z$'N)!5)h$0$')AVVZh3)%11$>??@@@8552F8*+,8!08F$?C6)=;;)2*%,,)7$2$-$(,().!;;$-!%$2,)

4&2*)Q*,) Z$%.!7,) !5) [&5,) V$2$) T1(2,#() AZb[VC) A%11$>??@@@82#"53&31-(38#.,?C) $'7)

%,.!##,'7)$)%,;$2&+,)(2$'7$%7)("-#&((&!')!5)',4)-$%.!7,)(,a",'.,(6 

 

6!@!#$<'8'$>*'&C-+- 

 

Q*,)-$(&.)VP=)-$%.!7&'<)7$2$)$'$;1(&().!'(&(2()&')$;&<'&'<),$.*)a",%1)(,a",'.,)2!)$)

(,2)!5)%,5,%,'.,7)(,a",'.,(3)4*&.*).$')-,),$(&;1)7!',)!';&',)"(&'<)2*,)4,-0$<,)!5)

(,+,%$;)7$2$-$(,(6)U!%)&'(2$'.,3)2*,)Z$(&.)[!.$;)=;&<'#,'2)T,$%.*)Q!!;)AZ[=TQC)!5)

2*,) P$2&!'$;)  ,'2,%) 5!%) Z&!2,.*'!;!<1) 9'5!%#$2&!') AP Z93) STC))

A%11$>??2"!318*02+8*"(8*+%8,#7?G"!3180,+C) $'7) !5) 2*,) VP=) V$2$-$'N) !5) h$0$') AVVZhC)

A%11$>??2"!318552F8*+,8!08F$?C)$%,)2*,)24!)4,-0$<,().!##!';1)"(,7)2!)&7,'2&51)$)a",%1)

(,a",'.,6)=#!'<)7&55,%,'2) $;<!%&2*#(3) 2*,)J";2&0;,)T,a",'.,) !#0$%&(!') -1) [!<@

XF0,.2$2&!') AJST [XC) AX7<$%3BHHDC) &() .!##!';1) "(,7) 5!%) $;&<'#,'2) !5) #";2&0;,)

(,a",'.,(3)4*&;,)2*,)',&<*-!"%@i!&'&'<)#,2*!7)AT$&2!"3),2)$;63LM`EC)&()4&7,;1)"(,7)2!)

<,',%$2,)0*1;!<,',2&.)2%,,(6 

 

 



ED 
 

6!B$D)AA)*&C$E-3,$?'4:),3$A'4F34- 

 

_,',%$;;13)$)<!!7)-$%.!7,)#$%N,%)%,<&!')(*!";7)-,),$(&;1)$#0;&5&,7)$'7)(,a",'.,7)&')

#$'1)7&55,%,'2)(0,.&#,'(6)Q*"(3)&2)#"(2)*$+,)$).!'(,%+,7)0$%2)4*&.*)$;;!4()&2)2!)-,)

"(,7)$()$)"'&+,%($;)R e)0%&#,%)2!)$#0;&51)2*,)2$%<,2)(,a",'.,(6)92)$;(!)(*!";7).!'2$&')

$)(&<'&5&.$'2)<,',2&.)+$%&$-&;&21)$'7)7&+,%<,'.,)2*$2)$;;!4()&2)2!)-,).;,$%;1)7&(.%&#&'$2,7)

5%!#) 2*$2) !5) !2*,%) (0,.&,(6)Q*,) (,a",'.,() $#0;&5&,7) 5%!#) $) <!!7) -$%.!7,)#$%N,%)

(*!";7)-,)!5)$00%!0%&$2,);,'<2*3)'!2)2!!);!'<)A-,.$"(,)'!2),$(1)2!)(,a",'.,C)$'7)'!2)

2!!)(*!%2)A-,.$"(,);$.N)!5)"(,5";)&'5!%#$2&!'C6) 

 

6!B!@$ !" 

 

Q*,)0#B)<,',).!7,()5!%).12!.*%!#,)!F&7$(,)("-"'&2)L3)4*&.*)&()$'),((,'2&$;)0$%2)!5)

,'/1#,)5!%)2*,),;,.2%!')2%$'(0!%2)&')#&2!.*!'7%&$6)Q*,)G?),'7)0!%2&!')!5)0#B)*$()-,,')

%,.!##,'7,7)2!)-,)2*,)"'&+,%($;)-$%.!7,)#$%N,%)5!%)$'&#$;(6)92)5&2()$;;)2*,).%&2,%&$)!5)

$)<!!7)-$%.!7,)#$%N,%6)92)&()*&<*;1)$-"'7$'2)&')2*,).,;;()$'7)%,;$2&+,;1),$(1)2!)$#0;&516)

Q*,)(,a",'.,);,'<2*)!5)2*&()%,<&!')&()%,;$2&+,;1)(2$-;,)$#!'<)(0,.&,(3)$%!"'7)WHH)-06)

J!%,!+,%3) &2)*$()(*!4') &2()7&(.%&#&'$2&'<)0!4,%) &')7&55,%,'2)0!0";$2&!'()!5)$'&#$;(3)

(".*)$()-&%7(3)-"22,%5;&,(3)5&(*3)#!(a"&2!()A8,-,%23),2)$;63BHH>C6 

 

6!B!B$#$%&$ 

 

Q*,)(!1H) <,',) *$() -,,') %,.!##,'7,7) $() 2*,) .!##!') -$%.!7,)#$%N,%) 5!%) ;$'7)

0;$'2()-1) Zb[6)92)&()$).*;!%!0;$(2@,'.!7,7)<,',3);!.$2,7)&')$);$%<,)(&'<;,).!01)%,<&!'3)

-,24,,')2*,)24!),F!'()!5)2*,)(0;&2)2eP=@;1(&',)<,',)A1.*HC)AT"<&2$3),2)$;63LM`GC6)92)*$()

$')`>\)$#0;&5&.$2&!')%$2,)$'7)7&(.%&#&'$2,()4,;;)-,24,,')<1#'!(0,%#()-"2)*$()$);!4)

$#0;&5&.$2&!') %$2,) A;,(() 2*$')LH\C) &') .%102!<$#() A5,%'(3)#!((,(3) ;&.*,'3) $;<$,) $'7)

5"'<&C)A[&3),2)$;63BHLGC6) 

 



EG 
 

6!B!"$'( ) 

 

Q*,) .20I) <,',) *$() $;(!) -,,') %,.!##,'7,7) 2!) -,) !',) !5) 2*,) .!##!') -$%.!7,)

#$%N,%()5!%);$'7)0;$'2()-1) Zb[3)&').!#-&'$2&!')4&2*)(!1H6)92).!7,()5!%)%&-";!(,@L3G3@

-&(0*!(0*$2,) .$%-!F1;$(,]!F1<,'$(,) Ae"Z&( !C3)4*&.*) &()$') &#0!%2$'2) ,'/1#,) 5!%)

.$%-!') 5&F$2&!') &') 0;$'2() AU,;;,%3) ,2) $;63BHH`C6)  !#0$%,7) 2!)(!1H3) .20I) *$() $) (;!4)

,+!;"2&!'$%1)%$2,6)92)7!,()'!2)*$+,)$)(2%!'<)7&(.%&#&'$2!%1)0!4,%3)-"2)&').!#-&'$2&!')

4&2*)!2*,%)-$%.!7,)#$%N,%(3)(".*)$()(!1H)$'7)$32JA1.*KL)&2).$')0%!+&7,)$)%,;$2&+,;1)

*&<*)$.."%$.1)!5)(0,.&,()&7,'2&5&.$2&!')AP3),2)$;63BHLGC6 

 

6!B!#$*+(,-%'./0-5':34 

 

Q*,) $32JA1.*K) (0$.,%) &() $) '!'@.!7&'<) &'2,%<,'&.) %,<&!') !') 2*,) .*;!%!0;$(2) VP=)

AV,<2i$%,+$3),2)$;63BHLBC6)92)(*!4()$)*&<*)7&+,%<,'.,)$#!'<)(0,.&,(3)4&2*)$)%,;$2&+,;1)

*&<*)5%,a",'.1)!5)&'(,%2&!'()$'7)7,;,2&!'(6)Q*,)$32JA1.*K)<,',)*$()-,,')4&7,;1)"(,7)

&');$'7)0;$'2)&7,'2&5&.$2&!'()$'7)*$()(*!4')&2()0!4,%)!5)7&(.%&#&'$2&!')$#!'<)+$%&!"()

0!0";$2&!'(6)92();,'<2*)+$%&,()#".*)$#!'<)(0,.&,(3)%$'<&'<)5%!#)LHH)-0)2!)#!%,)2*$')

LHHH) -0) A8!;;&'<(4!%2*3) ,2) $;63BHLLC6) Q*,) (*!%2) (,a",'.,() .$''!2) -,) "(,7) 5!%)

&7,'2&5&.$2&!') 7",) 2!) 2*,) ;$.N) <,',2&.) &'5!%#$2&!'3) -"2) 2*,1) .$') 0%!+&7,) "(,5";)

&'5!%#$2&!')5!%)0*1;!<,',2&.)(2"7&,(6 

 

6!B!.$123 

 

DM/)%,5,%()2!)2*,)&'2,%'$;)2%$'(.%&-,7)(0$.,%3)4*&.*)(,0$%$2,()2*,).!7&'<)%,<&!'()!5)2*,)

%&-!(!#$;)eP=)<,',(6)9'),"N$%1!2,(3)2*,)DM/)<,',)*$()24!);!.&)j)9QTL)$'7)9QTB6)9QTL)

&()(&2"$2,7)-,24,,')L`T)$'7)G6`T)%eP=)<,',(3)4*&;,)9QTB)(&2()-,24,,')G6`T)$'7)BGT)

&')0;$'2() AB`T) &')$'&#$;(C) %eP=)<,',() A[$5!'2$&',3),2)$;63BHHLC6) "%%,'2;13) DM/) &()$)

.!##!')-$%.!7,)#$%N,%)5!%)5"'<&6)=;(!3)7",)2!) &2()*&<*)$#0;&5&.$2&!')0!4,%) &')5"'<&)

AT.*!.*3),2)$;63BHLBC3) &2) &() %,.!##,'7,7)-1) Zb[)2!)-,)$)("00;,#,'2$%1) ;!."()5!%)



EW 
 

;$'7)0;$'2(3)&')!%7,%)2!)7,2,.2).!'2$#&'$2&!'()-1)5"'<$;)(,a",'.,(6)e,.,'2;13)2*,) *&'$)

R;$'2)Zb[)<%!"0)*$()(*!4')2*$2)2*,) DM/) %,<&!').$')7&(.%&#&'$2,)(,,7)0;$'2()-,22,%)

2*$')!2*,%)0;$(2&7)-$%.!7,()A *&'$)R;$'23),2)$;63BHLLC6)T!)5$%)2*,)DM/) ;!.&)$%,)'!2)$()

4&7,;1) "(,7) $()(!1H3) .20I3) -"2) 2*,%,) &() '!) 7!"-2) 2*$2) 2*,1) .$') -,) <!!7) -$%.!7,)

#$%N,%(6 

 

6!"$GH5'*,3,$'55&+:'8+)*- 

 

VP=)-$%.!7&'<)&()%,;$2&+,;1)',4)$()&2)4$()7,+,;!0,7)!';1)$);&22;,)#!%,)2*$')LH)1,$%()

$<!6)T&'.,)&2()&'&2&$;)$00;&.$2&!')5!%)-&!;!<&.$;)(0,.&,()&7,'2&5&.$2&!')&2)*$()-,,')$00;&,7)

&')!2*,%)5&,;7(3)(".*)$()5!!7)2%$.,$-&;&213)*,%-$;)#,7&.&',).!'2%!;)$'7)(0,.&,(),+!;"2&!'6) 

 

6!"!@$%)),$84':3'?+&+8C 

 

U!!7)a"$;&21)$'7)($5,21)&()$;4$1()$')&#0!%2$'2)&((",6)Q!),+$;"$2,)2*,)a"$;&21)$'7)($5,21)

!5) 5!!73) 2*,) $<,'.&,() !5) 7&55,%,'2) <!+,%#,'2() "(,) 7&55,%,'2) <"&7,;&',(6) Q*,) #$&')

2,.*'&a",() &') "(,) $%,) &##"'!;!<&.$;) $(($1(3) ,;,.2%!0*!%,2&.$;3) $() 4,;;) $()

.*%!#$2!<%$0*1@-$(,7)$00%!$.*,()(".*)$()*&<*)0,%5!%#$'.,);&a"&7).*%!#$2!<%$01)

A8R[ C) $'7) 2*&'@;$1,%) .*%!#$2!<%$01) AQ[ C6) T&'.,) &2() 7,+,;!0#,'2) 2*,) VP=)

-$%.!7&'<)2,.*'&a",)*$()(*!4')&2()0!4,%)&')-&!;!<&.$;)(0,.&,()&7,'2&5&.$2&!'6)J!%,!+,%3)

&')BHH`3)&2)4$()0%!0!(,7)-1)2*,)U!!7)$'7)V%"<)=7#&'&(2%$2&!')!5)2*,)S'&2,7)T2$2,()5!%)

5!!7)2%$.,$-&;&21)!5)5&(*@-$(,7).!##,%.&$;)0%!7".2(6)Q*,)VP=)-$%.!7&'<)#,2*!7)*$()

$;(!)-,,')"(,7)2!)2%$.,)7$&%1)0%!7".2(3),7&-;,)0;$'2()$'7)#&F2"%,()!5)5!!7)0%!7".2()

Ae!;;$3),2)$;63BHL>C6 

 

6!"!B$I34?'&$A3,+:+*3$:)*84)& 

 

Q%$7&2&!'$;) #,7&.&',() *$+,) -,,') "(,7) 5!%) $) ;!'<) 2&#,) $'7) 2*,&%) 7,#$'7) &() (2&;;)

&'.%,$(&'<6) b',) !5) 2*,) #$&') .*$%$.2,%() !5) 2%$7&2&!'$;) #,7&.&',() &() 2*$2) 2*,1) !52,')



EE 
 

.!'(&(2)!5)$)#&F2"%,)!5)(,+,%$;)(0,.&,(6)Q*,%,5!%,3)VP=)-$%.!7&'<)&()!52,')"(,7)5!%)2*,)

&7,'2&5&.$2&!')!5)%$4)#$2,%&$;()&')2*,)#&F2"%,()AQ,.*,'3),2)$;63BHLDC6) 

 

6!"!"$953:+3-$3()&E8+)* 

 

VP=)-$%.!7&'<)*$()$;(!)-,,')"(,7) &')(0,.&,(),+!;"2&!'$%1)(2"7&,(6)=)0*1;!<,',2&.)

2%,,) .$') -,) <,',%$2,7) 5%!#) 2*,) -$%.!7,) (,a",'.,() "(&'<) 7&55,%,'2) $;<!%&2*#(3)

,(2&#$2&'<)2*,),+!;"2&!'$%1)%,;$2&!'(*&0()$#!'<)(0,.&,(6)9')0;$'2(3)(!1H)$'7)2*,)$32JA

1.*K)(0$.,%)*$+,)$)*&<*),+!;+&'<)%$2,3)$'7)$%,).!##!';1)"(,7)&')0*1;!<,',2&.)(2"7&,(6)

Q*&(),+!;"2&!'$%1)&'5!%#$2&!')&()$;(!)"(,5";)5!%),.!;!<&.$;)$'7)(!.&,2$;)(2"7&,()AO%,((3)

,2)$;63BHLGC6)) 
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-"&$'./'(0%1$2324"$251'53'"1'63&24"1'7%02421",'#,"1$'82$!'"1$29

:(;'"4$2<2$2%*'=>'?@6'="&45021A'"10'#!>,5A%1%$24'*$+0>'53'

 "**2"'"10'B%11"'*#%42%* 

^",)K8XP_3)O$2%&')PXSJ=PP3)='7%,)TQX9PJXQK 

[$-!%$2!%1)!5) ,;;";$%)$'7)J!;,.";$%)b'.!;!<13 

["F,#-!"%<)9'(2&2"2,)!5)8,$2*3 

["F,#-!"%< 

 

6=*$&"4$ 

 

S(&'<)2*,)VP=)-$%.!7&'<)2,.*'!;!<1)!')2*,)'".;,$%)9QTB)#$%N,%)9)*$+,)&7,'2&5&,7)$')

=5%&.$')#,7&.&'$;) 0;$'2)4&2*) $'2&@89:) $.2&+&2&,() $() !""#!$ !%%&'(#!)!6)Q*%,,) .;!(,;1)

%,;$2,7)(,a",'.,().!";7)-,)<,',%$2,7)5%!#)2*%,,)($#0;,()5%!#)2*%,,)7&55,%,'2)(!"%.,()

$'7)#$1).!%%,(0!'7)2!)2*,)2*%,,)<,!<%$0*&.$;;1)7&(2&'.2)("-(0,.&,()&7,'2&5&,7)(!)5$%)

A !""#!$!%%&'(#!)!)("-(06)!%%&'(#!)!3)("-(06)%'!&'!*!)$'7)("-(06)+!""*'&#C6)9)*$+,)

2*,')(2"7&,7)2*,)0*1;!<,',2&.)%,;$2&!'(*&0)!5)$-!"2)EH)T,''$$$'7) $((&$)(0,.&,()"(&'<)

2*,)'".;,$%)#$%N,%)9QTB)$'7)2*,).*;!%!0;$(2)#$%N,%)2%'8@0(-=)(0$.,%6)Y*&;,)2*,)2%'8@

0(-=) (0$.,%) 7&55,%() (&<'&5&.$'2;1) &') (&/,) AL`H@DHH) -0) 5!%) 2*,) 2%&##,7) (,a",'.,()

$'$;1/,7C) $#!'<) 2*,) (0,.&,() .!'(&7,%,73) 9QTB)(*!4() %,;$2&+,;1) ;&22;,) (&/,) +$%&$2&!')

ABEE@>LM)-0C6)9')2*,)0*1;!<,',2&.)2%,,()7,%&+,7)5%!#)2*,)(,a",'.,)$;&<'#,'2()!5)2*,)

24!)#$%N,%()2*,)(0,.&,()7&+&7,)&'2!)$).;$7,).!#0%&(&'<),F.;"(&+,;1) $((&$)(0,.&,()$'7)

!',)T,''$).;$7,)4&2*) 5&+,) ("-.;$7,(6)Q10&.$;) 5!%) 2*,) $((&$) (0,.&,() &()$)>G@WE)-0)

k&'(,%2&!'k) &') 2*,) 2%'8@0(-=) (0$.,%) $'7) $) M@L>) -0) k7,;,2&!'k) &') 2*,) 9QTB) ;!."(6)

T,a",'.,)(&#&;$%&2&,()-,24,,') 2*,$(0,.&,()$'$;1/,7) %$'<,) 5%!#)DL) 2!)LHH\) &') 2*,)

2%'8@0(-=)(0$.,%)$'7)5%!#)WE)2!)LHH\)&')2*,)9QTB);!."(6)Q*&()4&7,)%$'<,)!5)(,a",'.,)

7&+,%<,'.,)'!2)!';1)$;;!4()2!)"'$#-&<"!"(;1)7&(.%&#&'$2,)-,24,,')2*,)+$(2)#$i!%&21)

!5) $((&$)$'7)T,''$$(0,.&,(g)&2)$;(!)7,5&',()2*,)24!);!.&)$(),F.,;;,'2).!#0;,#,'2$%1)

-$%.!7,)#$%N,%()5!%)0;$'2)&7,'2&5&.$2&!'6) 



`H 
 

(1$&50+4$251 

 

9') 2*,) 1,$%) BHHH) $')89:@0!(&2&+,) 1!"'<)#$') 5%!#) 2*,)V,#!.%$2&.) e,0"-;&.) !5) 2*,)

 !'<!).$#,)2!)Z%"((,;()4&2*)(#$;;).*"'N()!5)4!!7)AU&<"%,)B>C)5%!#)$);!.$;)#,7&.&'$;)

0;$'2)$'7).;$&#,7)2!)*&()7!.2!%)2*$2)2%,$2&'<)*&#(,;5)4&2*)$)7,.!.2&!')5%!#)2*&()0;$'2)

*$7)&#0%!+,7)*&().!'7&2&!'6)='),F2%$.2)5%!#)2*,)4!!7)4$()("-(,a",'2;1)2,(2,7)5!%)$'2&@

89:)$.2&+&21)&')2*,)[$-!%$2!%1)!5)e,2%!+&%!;!<1)$2)2*,)R"-;&.)e,(,$%.*) ,'2,%)5!%)8,$;2*)

A'!4)["F,#-!"%<)9'(2&2"2,)!5)8,$;2*C3)&').!;;$-!%$2&!')4&2*)2*,)[$-!%$2!%1)!5)Q!F&.!;!<1)

!5)2*,)P$2&!'$;)8,$;2*)[$-!%$2!%1)A["F,#-!"%<C3)$'7)$')$'2&+&%$;)$.2&+&21)4$()7,2,.2,73)

2!<,2*,%)4&2*)$).12!2!F&.)$.2&+&216)9')BHH>)2*,)1!"'<)#$')7&,7)!5)=9VT)4&2*!"2);,$+&'<)

5"%2*,%)&'5!%#$2&!')%,<$%7&'<)2*,)&7,'2&21)!5)2*,)0;$'26)T&'.,)#!%,)#$2,%&$;)4$()',,7,7)

5!%)5"%2*,%)(2"7&,()$'7)2*,)(0,.&,()%,#$&',7)"'N'!4'3)2*,)%,(,$%.*)4$()7&(.!'2&'",7)

A"'2&;)BHLLC6 

 

 

U&<"%,)B>6)='),F$#0;,)!5)$)0&,.,)!5)=5%&.$')4!!7)4*&.*)*$7)-,,')$'$;1/,7)5!%)$'2&@

89:)$.2&+&21)$'7)4*&.*)9)"(,7)5!%)&7,'2&5&.$2&!'6 

 

J1)R*V)0%!i,.2)&()$)5!;;!4@"0)2!)2*,)0%,+&!"()(2"716)9')2*&()5&%(2)0$%2)9)4&;;)7,(.%&-,)*!4)

9) &7,'2&5&,7) 2*,) 0;$'2) "(&'<) 2*,) VP=) -$%.!7&'<) 2,.*'!;!<16) Q*&() (2,0) &'+!;+,7) 2*,)

$'$;1(&()!5)-$%.!7,)#$%N,%()!5)!+,%)GH) $((&$)$'7)T,''$)(0,.&,()!5)4*&.*)4,)4,%,)

$-;,) 2!) 0"%.*$(,) (,,7() !';&',) A,))-.//0001"2*",#*'3"''4"14']) $'7)

,))-.//0001&!&'-5!*)"14'C6) 9) 4&;;) 2*,') .!#0$%,) 2*,) (,a",'.,() !5) 2*,) 24!) -$%.!7,)

#$%N,%()A9QTB)$'7)2%'8@0(-=)(0$.,%C)4*&.*)4,)7,2,%#&',7)5!%)2*,(,)(0,.&,(3)2!<,2*,%)

4&2*)0"-;&.;1)$+$&;$-;,)(,a",'.,(3) &')!%7,%) 2!),(2$-;&(*) 2*,)0*1;!<,'&.)%,;$2&!'(*&0()

-,24,,')2*,) $((&$)$'7)T,''$)(0,.&,()2*$2)9)$'$;1/,7)&')2*,)5%$#,)!5)2*,)&7,'2&5&.$2&!')



`L 
 

(2"716)9')2*,)(,.!'7)0$%2)9)4&;;)7,(.%&-,)#1)(2"71)!')2*,)$'2&@89:)$.2&+&2&,()0%,(,'2)&')

$') ,2*$'!;) ,F2%$.2) 5%!#) 2*,) 4!!7) !5)  !""#!$ !%%&'(#!)!3) $() 4,;;) $() !5) GE) 0"%&5&,7)

.!#0!','2(6 

 

Y&2*)2*,)%,.,'2)7,+,;!0#,'2)!5)2*,)VP=)-$%.!7&'<)2,.*'!;!<1)A8,-,%23),2)$;63BHH>C)&2)

*$()-,.!#,)0!((&-;,)2!)&7,'2&51);&+&'<)(0,.&,()!')2*,)-$(&()!5)(,;,.2,7)$7,a"$2,)VP=)

#$%N,%()"(&'<)#&'"2,)$#!"'2()!5)$'1)2&((",)5%!#)$')!%<$'&(#6)Y*&;,)2*,)#&2!.*!'7%&$;)

.12!.*%!#,)!F&7$(,)9)A b9C)<,',)&()$).!##!';1)"(,7)#$%N,%)5!%)$'&#$;)&7,'2&5&.$2&!'3)

(,+,%$;)#$%N,%()*$+,)-,,')0%!0!(,7)&')2*,).$(,)!5)0;$'2(6)Q*,);$22,%)&'.;"7,)(,+,%$;)

.*;!%!0;$(2) ;!.&) (".*) $() #$2O) A#$2"%$(, OC3) %-.[) A%&-";!(,@L3G@-&(0*!(0*$2,)

.$%-!F1;$(,]!F1<,'$(,) ;$%<,) ("-"'&2C) A Zb[R;$'2Y!%N&'<_%!"03BHHMC3) 2*,) 2%'8@

0(-=)(0$.,%3)$'7)2*,)'".;,$%)&'2,%<,'&.)2%$'(.%&-,7)(0$.,%)A9QTBC);!.$2,7)&')2*,)%VP=)

%,<&!')$'7)(,0$%$2&'<)2*,)G6`T)$'7)B`T)%&-!(!#$;)eP=)<,',()A *,')')$!563)BHLHC6)) 

 

R%,%,a"&(&2,()5!%)(0,.&,()&7,'2&5&.$2&!')-1)2*,)-$%.!7&'<)2,.*'!;!<1)$%,)2*$2d)ALC)$2)2*,)

!"2(,2) 2*,) (0,.&,() *$+,) -,,') .!%%,.2;1) &7,'2&5&,7) -1) .;$((&.$;) 2$F!'!#&(2() "(&'<)

#!%0*!;!<&.$;)5,$2"%,(g)ABC)%,;&$-;,)-$%.!7,()5!%)2*,)&7,'2&5&,7)(0,.&,()$%,)$+$&;$-;,)&')

0"-;&.)7$2$-$(,(g) A>C)0%&#,%)0$&%()$%,)"(,7)2*$2).$')$#0;&51)$)#$F&#"#)'"#-,%)!5)

(0,.&,(g)ADC)2*,)#$2,%&$;)&()'!2).!'2$#&'$2,7)-1)$'!2*,%)!%<$'&(#6 

 

VP=)-$%.!7&'<)"2&;&/,()0%&#,%()7,%&+,7)5%!#)*&<*;1).!'(,%+,7)<,',()4*&.*3)-1)R e)

$#0;&5&.$2&!'3)0%!7".,)VP=)5%$<#,'2()!5)$)(&/,)2*$2).$')-,)5";;1)(,a",'.,7)&')$)(&'<;,)

(2,0) A&7,$;;1) GHH) 2!) EHH) -0C) $'7) 4*&.*) $%,) #!(2) &'5!%#$2&+,6) V",) 2!) 5"'.2&!'$;)

.!'(2%$&'2().!7&'<)(,a",'.,()$%,);,(()0%!',)2!)#"2$2&!'()A4*&.*)$%,)2!)$);$%<,),F2,'2)

'".;,!2&7,) ("-(2&2"2&!'() &') 2*,) 4!--;,) 0!(&2&!') !5) 2*,) .!7!'(C) !%) #";2&0;,(@!5@>)

'".;,!2&7,)7,;,2&!'()!%)&'(,%2&!'(6)P!'@.!7&'<)(,a",'.,()<,',%$;;1),+!;+,)#!%,)5%,,;1)

$'7)5$(2,%)$'7)(*!4)2*,%,5!%,)*&<*,%)(,a",'.,)7&55,%,'.,()2*$').!7&'<)%,<&!'(6)Q*,)

.*$'<,() '!2) !';1) &'.;"7,) $) *&<*,%) 7,<%,,) !5) '".;,!2&7,) ("-(2&2"2&!'() -"2) $;(!)

&'(,%2&!'(]7,;,2&!'()!5)+$%&!"();,'<2*()4*&.*).$')!.."%)$2)$'1)0!(&2&!')&')2*,)2$%<,2,7)



`B 
 

(,a",'.,(6)P!'@.!7&'<) %,<&!'()$%,) 2*,%,5!%,)#".*)#!%,) &'5!%#$2&+,) %,<$%7&'<) 2*,)

&7,'2&5&.$2&!') !5) (0,.&,() $'7) .$') ,+,') %,+,$;) 7&55,%,'.,() -,24,,') .;!(,;1) %,;$2,7)

(0,.&,()$'7)2*,%,5!%,)-,)"(,5";)#$%N,%()5!%)0*1;!<,',2&.)(2"7&,(6 

 

Q*,) &'&2&$;) .*!&.,) 5!%) 2*,) 9QTB)#$%N,%) 5!%) 2*&() (2"71) 4$() <"&7,7) -1) $) 2*,') %,.,'2)

0"-;&.$2&!')-1) *,'),2)$;6) A *,'3),2)$;63BHLHC)4*!)7,(.%&-,7) 2*&() region as a novel 

DNA barcode for identifying medicinal plant species. This marker was described as 

easy to amplify)$'7)2!)<,',%$2,)%,;&$-;,)(,a",'.,(6)=()$)'!'.!7&'<)VP=)%,<&!')&2()

#"2$2&!')%$2,)4$(),F0,.2,7)2!)-,)*&<*g)!')2*,)!2*,%)*$'7)2*,)#";2&0;,).!0&,()!5)2*,)

%eP=)<,',()&'.%,$(,)2*,)%&(N)!5)"'%,$7$-;,)(,a",'.,()A&').$(,)!5)'".;,!2&7,)7,;,2&!'(C)

-"2)$;(!)!55,%,7)0!((&-&;&2&,()!5),+,')*&<*,%)7&(.%&#&'$2&!')A&').$(,)!5)(&'<;,)'".;,!2&7,)

.*$'<,()-,24,,')2*,)+$%&!"().!0&,()!5)2*,)%eP=)<,',(C6) 

 

C"$%&2",*'"10'C%$!50* 

 

 !"#$%&"$'()"!* 

 

T,,7() !5) 6'**!$ $'7) !""#!) (0,.&,() 4,%,) 0"%.*$(,7) 5%!#) 62*",#*'$ 6''4"$ ATTC)

A,))-.//0001"2*",#*'3"''4"14'C)$'7)5%!#)7!&'$85!*)")AeRC)A,))-.//0001&!&'-5!*)"14'C)

A(,,)Q$-;,)WC6)T,,7()5%!#)#!(2)!5)2*,(,)(0,.&,().!";7)-,)-%!"<*2)2!)<,%#&'$2&!')5!%)

VP=),F2%$.2&!'3)R e)$#0;&5&.$2&!')$'7)(,a",'.,)$'$;1(&(6)6'**!$9!&#5!*4#:!)#$2,%&$;)

4$()!-2$&',7)5%!#)2*,)Z!2$'&.$;)9'(2&2"2,)!5)2*,)S'&+,%(&21)!5)T2%$(-!"%<)AU%$'.,C6 

VP=)&(!;$2&!')$'7)$#0;&5&.$2&!' 

 

Q!2$;) VP=) 5%!#) *10!.!21;() !%) 1!"'<) ;,$+,() 5%!#) 6'**!$ $'7) !""#!) (0,.&,() 4$()

&(!;$2,7)"(&'<)2*,) Q=Z)#,2*!7)7,(.%&-,7)-1)T$<*$&@J$%!!5)')$!56)AT$<*$&@J$%!!53),2)

$;63LM`DC)4&2*)#&'!%)#!7&5&.$2&!'(6) 9') (*!%23) 2*,)0;$'2)#$2,%&$;) A$-!"2) LHH)#<C)4$()

0;$.,7)&')$)L6G)#;)2"-,3)5%!/,')&');&a"&7)'&2%!<,'3)<%!"'7)&')2*,)0%,(,'.,)!5)<;$(()-,$7()

ALBG@LGH) ##) lC) "(&'<) $) T&;$#$) TG) #&F,%) A9+!.;$%) :&+$7,'23) T.*$$'3) [&C3) $'7)



`> 
 

("-(,a",'2;1)&'."-$2,7)4&2*)>HH)I;) Q=Z)-"55,%)AB\) Q=Z3)L\)R:R3)LHH)#J)Q%&()8 ;)

08`6H3)BH)#J)XVQ=)$'7)L6D)J)P$ ;C)$2)WGm )5!%)LH)#&'"2,(6)U!;;!4&'<)$77&2&!')!5)$')

,a"$;)+!;"#,)!5).*;!%!5!%#)$'7)+!%2,F&'<3)2*,)2"-,()4,%,).,'2%&5"<,7)$2)LGHHH)<)$2)

%!!#)2,#0,%$2"%,)5!%)G)#&'6)Q*,)"00,%)0*$(,)4$()2%$'(5,%%,7)2!)$)',4)2"-,)$'7)$')

,a"$;) +!;"#,) !5) &(!0%!0$'!;) 4$() $77,76) =52,%) LH) #&'"2,() &'."-$2&!') $2) %!!#)

2,#0,%$2"%,3) 2*,) 2"-,() 4,%,) .,'2%&5"<,7) $2) LGHHH) <) 5!%) LH) #&'6) Q*,) 0,;;,2) 4$()

("-(,a",'2;1)4$(*,7)4&2*) L)#;) EH\),2*$'!;6)=52,%) LH)#&') .,'2%&5"<$2&!') 2*,) ;&a"&7)

0*$(,)4$()7&(.$%7,7)$'7)2*,)0,;;,2)4$()7&((!;+,7)&')LHH)I;)LH)#J)Q%&(@8 ;)08)`6H)

.!'2$&'&'<) eP=(,) AL) #<]#;C6) R e) $#0;&5&.$2&!') 4$() 0,%5!%#,7) &') $) e!-! 1.;,%)

AT2%$2$<,',C) &')BG@I;)%,$.2&!')#&F2"%,().!'2$&'&'<)B)I;)!5)2*,)<,'!#&.)VP=)(!;"2&!')

A$00%!F&#$2,;1) >H) '<) VP=C3) 2*,) .!%%,(0!'7&'<) 0%&#,%) 0$&%) $'7)=7+$'2$<,B) VP=)

R!;1#,%$(,)#&F) A ;!'2,.*C6)Q*,)0%&#,%()"(,7)4,%,) 2*,) 5!;;!4&'<d) 5!%) 2%'8@0(-=)Gn@

GTTATGCATGAACGTAATGCTC-3' (forward) and 5'-

CGCGCATGGTGGATTCACAATCC-3' (reverse) (Ma, et al.,2010); for ITS2  5'-

ATGCGATACTTGGTGTGAAT-3' (forward) and 5'-GACGCTTCTCCAGACTACAAT-3' 

(reverse) (Chen, et al.,2010). PCR conditions were 5!%)2%'8@0(-=: MDm )G)#&'g)MDm )L)

#&'3)GGm )L)#&'3)EBm )L6G)#&'3)>H).1.;,(g)EBm )E)#&'g)$'7)5!%)9QTBd)MDm )G)#&'g)MDm )

>H)(3)GWm )>H)(3)EGm )DG)(3)DH).1.;,(g)EGm )LH)#&'6)R e)0%!7".2()4,%,)0"%&5&,7)!')

P".;,!T0&') .!;"#'() AJ$.*,%,1@P$<,;C) $'7) (,a",'.,7) -1) T,a;$-) A_o22&'<,'3)

_,%#$'1C6 

 

+"$"%"#"!,*)* 

 

T,a",'.,()4,%,)$;&<',7)"(&'<)JST [X)(!524$%,)p_,',&!"():`6H6G)AZ&!#$22,%()[276Cq)

4&2*) 7,5$";2) 0$%$#,2,%(6) =;;) $;&<'#,'2() 4,%,) .*,.N,7) +&("$;;1) 5!%) !02&#&/$2&!'6)

T,a",'.,() 4,%,) ("-(,a",'2;1) 2%&##,7) $2) 2*,) ,'7() $'7) !';1) .;,$%;1) %,$7$-;,)

(,a",'.,()4,%,)N,02)5!%)$'$;1(&(6)U!%),$.*)!5)2*,)24!)#$%N,%(3)2*,)0*1;!<,',2&.)2%,,)

4$() <,',%$2,7) "(&'<) 2*,) P,&<*-!%) h!&'&'<) J,2*!7) $'7) 2*,) Q$#"%$@P,&) _,',2&.)

V&(2$'.,)J!7,;)A_,',&!"():`6H6GC6 



`D 
 

+"$"-"*'*%./#*0!$'1 

 

VP=)(,a",'.,)7$2$-$(,(d)=)'"#-,%)!5)(,a",'.,()4,%,)$;(!)7!4';!$7,7)5!%)$'$;1(&()

5!;;!4&'<) $) Z[=TQ) (,$%.*) !5) 0"-;&.) 7$2$-$(,() AP Z9C6) Q*,1) $%,) #$%N,7) -1) 2*,&%)

$..,((&!')'"#-,%(6) )R;$'2)7$2$-$(,().!'(";2,7) 5!%)$..,02,7)'$#,(3)(1'!'1#()$()

4,;;) $() (0,.&,() 7,(.%&02&!'() $'7) *$-&2$2() &'.;"7,d) Q*,) R;$'2) [&(2)

A,))-.//0001),'-5!*)5#")1;&</C3) 2*,) P$2"%$;) e,(!"%.,()  !'(,%+$2&!') T,%+&.,) APe TC)

STV=)A,))-.//-5!*)"12"4!1<;(/C3)2*,)X'.1.;!0,7&$)!5)[&5,)A,))-.//';51;&<Cg)R;$'2PXQ3)2*,)

P,4) T!"2*)Y$;,() U;!%$) b';&',) A,))-.//-5!*)*')1&%<"=41*"01<;(1!2/C3) $() 4,;;) $() 2*,)

=2;$()!5)[&+&'<)="(2%$;&$)A,))-.//0001!5!1;&<1!2/C6)T0,.&,()7,(.%&02&!'()4,%,)$;(!)2$N,')

5%!#) (,,7) 0%!+&7,%) 4,-(&2,() A,))-.//0001"2*",#*'3"''4"14'/g)

,))-.//0001&!&'-5!*)"14'/g),))-.//00014'"'&)3)&;-#:!5"1:;9C6 

 

)%*+,$* 

 

(/'(0%1$2324"$251'53'$!%'63&24"1'#,"1$ 

 

23'%45()."#%6//1%7289%*':0'#.'%)*%3);3!,%('!"$'1%$/%$3"$%/5%<"**)"%;("#1)*=% 

 

VP=)5%!#)2*,)4!!7)4$()&(!;$2,7)$'7)("..,((5";;1)$#0;&5&,7)"(&'<)2*,)9QTB)0%&#,%)0$&%)

A(,,) J$2,%&$;() $'7) J,2*!7(C6) T,a",'.&'<) 4$() 0,%5!%#,7) -1) T,a[$-) A_o22&'<,'3)

_,%#$'1C6)Y*&;,)$)("-(,a",'2)Z[=TQ)T,$%.*)7&7)'!2)(*!4)$)0,%5,.2)!%)',$%@0,%5,.2)

#$2.*3)&2)',+,%2*,(()%,+,$;,7)$)'"#-,%)!5) $((&$)$'7)T,''$)(0,.&,()4&2*)(&<'&5&.$'2)

(.!%,() !5) 4*&.*) 2*$2) !5)  $((&$) <%$'7&() AUhHHM`BHC) 4$() *&<*,(2) A`G6G\) (,a",'.,)

(&#&;$%&21C)A(,,)U&<"%,)BDC6 

 

T&'.,) !""#!$<&!*4#")&()'$2&+,)2!)T!"2*)=#,%&.$3)$'7)!"%)4!!7).$#,)5%!#)$)2%,,)'$2&+,)

2!)=5%&.$3)4,)("%#&(,7)2*$2)2*,)2%,,)4$()+,%1);&N,;1)$)%,;$2,7)=5%&.$')(0,.&,(6) $((&$()

$%,3)2!<,2*,%)4&2*)2*,)%,;$2,7)T,''$(3)'$2&+,)2!)2%!0&.$;)$'7)("-2%!0&.$;)%,<&!'()!5)2*,)



`G 
 

<;!-,3)0$%2&.";$%;1)2!) ,'2%$;)$'7)T!"2*)=#,%&.$3)T!"2*@X$(2)=(&$3)="(2%$;&$3)$'7)$;(!)

2!)=5%&.$)A(,,)Q$-;,)WC6)J$'1)!5)2*,) $((&$)$'7)T,''$)(0,.&,()*$+,)-,,')"(,7)-1)2*,)

;!.$;)0!0";$2&!'()2!)2%,$2)7&(,$(,(6 

 

 

 

U&<"%,)BD6)=;&<'#,'2)!5)2*,)'".;,!2&7,)(,a",'.,()!5)2*,)9QTB)5%!#)2*,)=5%&.$')4!!7)

$'7) !""#!$<&!*4#"$AUhHHM`BHC6 

 

23'%45()."#%6//1%./&'*%5(/&%"%<"**)"%"--('>)"$"%$('' 

 

9')!%7,%)2!)5"%2*,%)&7,'2&51)2*,)0;$'2)4,)!%7,%,7)(,,7()!5) $((&$)$'7)T,''$)(0,.&,()

$+$&;$-;,)5%!#)!';&',)(,,7).!#0$'&,()Ae$%,)R;$'2()eR3)$'7)T"'(*&',)T,,7()TT3)(,,)

Q$-;,) WC6) 9') 2!2$;3) (,,7() 5%!#) DG) (0,.&,() 4,%,) !-2$&',73) VP=) 4$() &(!;$2,7) 5%!#)

*10!.!21;() $'7) $#0;&5&,7) "(&'<) 2*,) 9QTB) #$%N,%) 0%&#,%) 0$&%6) =') $'$;1(&() !5) 2*,)

("-(,a",'2;1)!-2$&',7)(,a",'.,()$()4,;;)$()!5)(,a",'.,()5%!#)7$2$-$(,()%,+,$;,7)

2*$23)4&2*)!+,%)ME\)(,a",'.,)(&#&;$%&213) !""#!$!%%&'(#!)!)*$7)$)',$%;1)0,%5,.2)(.!%,)

AQ$-;,)EC6



`W 
 

Accepted scientific name Common name Native from

Senna petersiana Monkey Pod, Eared Senna Africa www.su
Senna didymobotrya African Senna, Popcorn Cassia Africa (Central Africa, Madagascar) www.su
Cassia abbreviata Long Pod Cassia, Sjambok pod Africa (E, NE, S and W-C) www.su
Senna italica ssp. aradoides Eland's Senna Africa (South) www.su
Senna singueana Winter Cassia Africa (Tropical) www.su
Chamaecrista nigricans Black Grain Africa (Tropical), Australia
Senna alexandrina (Mil.) Alexandrian Senna, Egyptian Senna Africa (Upper Egypt, Sudan)
Senna italica Senegal Senna Africa, Asia
Senna uniflora Oneleaf Senna America (Brazil, Mexico)
Senna dariensis America (Central & South)
Cassia grandis Pink Shower Tree America (Central and South) www.rareplants.de www.su
Senna pallida Twin Flowered Cassia America (Central), Caribbean
Senna roemeriana Twoleaf Senna, Roemer Senna America (Central), Mexico
Senna obtusifolia Chinese Senna, American sicklepod, Java bean America (Southern US, Caribbean)
Senna alata Candle Bush America Central (Mexico) www.rareplants.de www.su
Chamaecrista absus Tropical Sensitive Pea America N.& S., Africa, S. Asia, Australia
Senna lindheimeriana Lindheimer's Senna, Velvet Leaf Senna America North www.su
Senna purpusii Baja California Senna America North www.su
Senna hebecarpa American Senna, Wild Senna America North (East) www.su
Cassia fasciculata Partridge Pea America North (Eastern USA)
Senna covesii Desert Senna America North (SW USA) www.su
Senna covesii Coues' Cassia America North (SW USA)
Senna roemeriana Cheery Orange Senna, Two Leaf Senna America North (SW USA) www.su
Senna spectabilis Cassia Amarilla America North (USA (NM, OK, TX)) www.rareplants.de www.su
Senna marilandica American Senna America North (USA Central and East)
Cassia floribunda Golden Showy Cassia, Devils Finger America South www.su
Cassia glauca Glaucous Cassia, Scrambled Egg Bush America South www.su
Cassia leptophylla Gold Medaillon tree America South www.su
Senna bicapsularis Butterfly Cassia, Winter Cassia America South www.rareplants.de www.su
Senna floribunda Golden Showy Cassia, Devils Finger America South
Senna multijuga False Sicklepod, November Shower America South www.su
Senna pendula var. glabrata Climbing Cassia America South www.su
Senna reticulata Golden Lantern tree, Carrion Crow Bush America South www.rareplants.de www.su
Cassia sp.Oliveira 610 America South ???
Senna australis America South (Brazil)
Senna gardneri America South (Brazil)
Senna appendiculata America South (Brazil) www.rareplants.de
Senna coquimbensis Alcaparra America South (Chile)
Senna corymbosa Texas Senna, Bush Senna, Argentina Senna America South (Northern)
Senna bicapsularis Christmas Senna, Winter Cassia America South (Northern), West Indies
Senna occidentalis Coffee Senna America Tropical (?), now pantropical www.su
Senna hirsuta Stinking Cassia, Woolly Senna America(Tropical), South West USA
Chamaecrista nictitans Sensitive Partridge Pea, Small Partridge Pea, Americas (temperate and tropical)
Cassia roxburghii Red Cassia, Ceylon Senna Asia (India, Sri Lanka)
Senna auriculata Matura Tea Tree, Avaram Senna Asia (India, Sri Lanka)
Senna sophera Sophera Senna Asia (India)
Senna siamea Cassod Tree Asia (S & SE)
Senna surattensis Golden Senna, Bush Senna, Scrambled Egg Tree Asia (SE, India), Australia (Tropical) www.su
Cassia bakeriana Pink Cassia, Dwarf Apple Blossom Tree Asia (SE) www.su
Cassia javanica Java Cassia, Pink Shower Asia (SE) www.rareplants.de www.su
Cassia nodosa Pink Lady Asia (SE) www.su

Limestone Cassia Asia (SE), Australia

Purchased f



`E 
 

 

Q$-;,)W6) !""#!)$'7)6'**!)(0,.&,()7&(."((,7)&')2*,)0%,(,'2)(2"716)9')<%,1)-$.N<%!"'7)$%,)2*,)(0,.&,()5%!#)4*&.*)(,a",'.,()*$7)-,,')<,',%$2,7)

&')!"%);$-)&')2*,)5%$#,)!5)2*,)0%!i,.26)Q*,1)4,%,),&2*,%)0".*$(,7)5%!#)e$%$)R;$'2()AeRC)!%)5%!#)T"'(*&',)T,,7()ATTC6)

4$() !-2$&',7) 5%!#) 2*,)Z!2$'&.$;)_$%7,') !5) 2*,)S'&+,%(&21) !5) T2%$(-!"%<6) T,a",'.,() 5%!#) 2*,) !2*,%) (0,.&,()4,%,) 7!4';!$7,7) 5%!#) 0

7$2$-$(,()A_,'-$'NC)$'7)$%,)(*!4')!')4*&2,)-$.N<%!"'76)T!#,) ,!9!':&#")!)(0,.&,()*$+,)-,,')&'.;"7,7)$'7)$%,)7&(."((,7)&')2*,)V&(."((&!')

(,.2&!'6

Cassia nodosa Pink Lady Asia (SE) www.su
Senna glauca Limestone Cassia Asia (SE), Australia
Senna tora Sickle Wild-Sensitive Plant Asia (South)
Senna surattensis Golden Senna, Bush Senna, Scrambled Egg Tree Asia (Tropical), Australia
Senna sulfurea Sulphur-flowered Senna, Sulphur Cassia Asia, Africa
Cassia renigera Burmese Pink Cassia Asia, Burma www.rareplants.de www.su
Cassia fistula Golden Shower tree Asia, India, SE Asia www.rareplants.de www.su
Cassia marginata Ceylon Senna, Red Cassia Asia, India, Sri Lanka www.su
Senna montana Asia, Peninsular India
Cassia artemisioides ssp. artemisioides Silver Cassia, Feathery Cassia Australia www.rareplants.de
Cassia brewsteri Brewster's Cassia Australia www.su
Cassia eremophila Punty Bush, Scented Cassia Australia www.rareplants.de
Cassia glutinosa ssp. chatelainiana Green Cassia Australia www.su
Senna artemisioides Feathery Cassia, Silver Cassia Australia www.su
Senna barclayana Pepperleaf Senna Australia www.su
Senna eremophila Desert Cassia Australia www.su
Senna filifolia Desert Cassia Australia www.su
Senna hamersleyensis Clay Cassia Australia www.su
Senna odorata Fragrant Senna Australia
Senna petiolaris Woody Cassia Australia www.su
Senna phyllodinea Silvery Cassia Australia
Senna pleurocarpa var. angustifolia Firebush Australia www.su
Senna pleurocarpa var. pleurocarpa Firebush Australia www.su
Senna venusta Candlestick Cassia Australia www.su
Chamaecrista mimosoides Tea Senna, Japanese Tea Australia (West), America (Tropical)
Senna glutinosa ssp. chatelainiana Green Acacia, Glutinous Acacia Australia (Western)
Senna helmsii Blunt-leaved Cassia Australia (Western) www.su
Senna notabilis Cockroach Bush Australia, Western Australia www.su
Senna planitiicola Arsenic Bush Australia, Western Australia www.su



`` 
 

 

Q$-;,)E6)8,$2)#$0)(*!4&'<)2*,)(,a",'.,)(&#&;$%&2&,()-,24,,')2*,)9QTB)#$%N,%()A&')\C)

!5)2*,) $((&$)(0,.&,()$'$;1/,76))Z;$.N)-!F,()&'7&.$2,)rMG\)(,a",'.,)&7,'2&213)<%,1)

-!F,()&'7&.$2,)EG)2!)MG\)(,a",'.,)&7,'2&213)$'7)4*&2,)-!F,()&'7&.$2,)sEG\)(,a",'.,)

&7,'2&216) 

 

Q*$2) 2*,) ($#0;,) !5)=5%&.$')4!!7) (2,#() 5%!#) $) !""#!$ !%%&'(#!)!) 2%,,)4$() 5"%2*,%)

("00!%2,7)-1)2*,)5$.2)2*$2) !""#!$!%%&'(#!)!$&()'$2&+,)2!)=5%&.$3)$'7)#!%,)0%,.&(,;1)2!)

Y,(23) ,'2%$;3)$'7)X$(2)=5%&.$)AU&<"%,)BGC6)=)($#0;,)!5)4!!7)5%!#)$) !""#!$!%%&'(#!)!)

2%,,)&')O,'1$)0%!+&7,7)-1)J6)J";&'<,)AT!"2*)X$(2,%')O,'1$)S'&+,%(&21C)(*!4,7)&'7,,7)

M`6W\)(,a",'.,)(&#&;$%&21)4&2*)!"%)=5%&.$')4!!7)9QTB)(,a",'.,3)2*,)#&'!%)(,a",'.,)

7&55,%,'.,)#!(2) ;&N,;1) %,5;,.2&'<) 2*,)<,!<%$0*&.$;) +$%&$-&;&21) &') 2*,)#$%N,%)(,a",'.,)

$'$;1/,7)A$()$)%,#&'7,%d)2*,)!%&<&'$;)4!!7)4$()5%!#)2*,)V,#!.%$2&.)e,0"-;&.)!5)2*,)

 !'<!C6) Q*%,,) <,!<%$0*&.$;) ("-(0,.&,() !5)  !""#!$ !%%&'(#!)!) *$+,) &'7,,7) -,,')

7,(.%&-,7d) !""#!$ !%%&'(#!)!$ ("-(06)!%%&'(#!)!) AJ!($#-&a",3) K$#-&$3)K&#-$-4,3)

Q$'/$'&$)$'7)V,#!.%$2&.)e,0"-;&.)!5)2*,) !'<!C3)("-(06)%'!&'!*!)AZ!2(4$'$3)O,'1$3)

J!($#-&a",3)P$#&-&$3)K&#-$-4,3)T!#$;&$3)Q$'/$'&$C3)$'7)("-(06)+!""*'&#) AO,'1$)

$'7)Q$'/$'&$C)A*220d]]#,#&#6.!#].$((&$@$--%,+&$2$6*2#;C6 

 

 

 

U&<"%,)BG6)V&(2%&-"2&!')!5) 1$!%%&'(#!)!) &')

=5%&.$6) Q*%,,) ("-(0,.&,() *$+,) -,,')

&7,'2&5&,7d) ("-(06) !%%&'(#!)!3) ("-(06)

%'!&'!*!3) $'7) ("-(06) +!""*'&#) A(,,) 2,F2)

$-!+,C 
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U&<"%,$ >?1$  !""#!$ !%%&'(#!)!1$@.$ A&''1$ B.$ C5;0'&"$ !&'$ D=<;9;&-,#:$ E,!('$ %#5!)'&!5$

"=99')&=F1$G;)'$),'$"#<9;#4!53",!-'4$%!"#"$;H$),'$H#5!9'*)"$;H$),'$),&''$5;*<$:2&('4$

")!9'*"$E:,!&!:)'&#")#:$H;&$ !""#!$"-':#'"I$"''$!5";$C#<2&'$J>F1$ .$;-'*$-;4$E!$H'0$

"''4"$!&'$")#55$(#"#%5'$!)$),'$);-$!*4$!)$),'$%;));9F$0001!H&#:!*-5!*)"1"'*:+'*%'&<14' 



MH 
 

?*'*%/5%<"**)"%"--('>)"$' 

 

 !""#!$ !%%&'(#!)!) AU&<"%,) BWC) &() "(,7) 5!%) #$'1) 7&(,$(,() &'.;"7&'<) *$,#$2"%&$)

A(#!N,7) ;,$+,(C3) 2!!2*$.*,) A%!!2) &'5"(&!'C) <$(2%!&'2,(2&'$;) 7&(!%7,%(3) +,',%,$;)

7&(,$(,(3) 0',"#!'&$3) "2,%"() .!#0;$&'2(3) *,$+1) #,'(2%"$2&!'3) (2!#$.*@$.*,3)

-&;*$%/&$3)('$N,-&2,()A%!!2)7,.!.2&!'C3)#$;$%&$)$'7)-;$.N4$2,%)5,+,%)A%!!2),F2%$.2(C6)Q*,)

4!!7) &() 2,%#&2,) %,(&(2$'2) $'7) 2*,%,5!%,) 2*,) 0!;,() $%,) "(,7) 5!%) *!"(,) .!'(2%".2&!')

A*220d]]44460%!2$D"6!%<]0%!2$+`6$(0t,'uLv0u $((&$w$--%,+&$2$wb;&+6C6) 

 

(('-!>,5A%1%$24'"1",>*2*'53' "**2"'"10'B%11"'*#%42%* 

 

 !""#!$$'7)6'**!)$%,)24!).;!(,;1)%,;$2,7)<,',%$)!5)2*,) !""##*!')("-2%&-,)4*&.*)&()

2*,);$%<,(2)!5)5&+,)5!%#&'<)2*,) !""#'!')2%&-,)!5)2*,)K'<29#*;"!')5$#&;1)!5)5;!4,%&'<)

0;$'2(6) Q*,1) $%,) #!(2;1) 2%,,() !%) (*%"-() <%!4&'<) 0%,7!#&'$'2;1) &') 2%!0&.$;) $'7)

("-2%!0&.$;) %,<&!'() &'.;"7&'<)="(2%$;&$3)T!"2*@X$(2)=(&$3) ,'2%$;)$'7)X$(2)=5%&.$3)$()

4,;;) $()  ,'2%$;) $'7) T!"2*)=#,%&.$6)J$'1) !5) 2*,) (0,.&,() *$+,) -,,') "(,7) &') ;!.$;)

2%$7&2&!'$;)#,7&.&',()5!%)2*,)2%,$2#,'2)!5)+$%&!"()7&(,$(,(6) 

 

Q*,)2$F!'!#&.)0!(&2&!')!5)#$'1)(0,.&,()!5)2*,)24!)<,',%$)4$()'!2).;,$%;1)7,5&',7)5!%)

$) ;!'<)2&#,)$'7)#$'1)(0,.&,()5!%#,%;1).;$((&5&,7)$() $((&$()*$+,)-,,')2%$'(5,%%,7)

!+,%)2*,)1,$%()2!)2*,)6'**!)!%) ,!9!':&#")!)<,'"(6)92)4$()!';1)&')LM`B)4*,')9%4&')

$'7)Z$%',-1) 0"-;&(*,7)$) .!#0%,*,'(&+,) 2$F!'!#&.$;) (2"71) !') $((&$) $'7)T,''$)

(0,.&,()-$(,7)!')5;!%$;)#!%0*!;!<&.$;)2%$&2()A(,,)U&<"%,)>BC6)='7)1,23)A,'$85!*)$K#"))

A,))-.//0001),'-5!*)5#")1;&<C3)$')!';&',),'.1.;!0,7&$)&').*$%<,)!5)7,2,%#&'&'<)4*&.*)$%,)

$..,02,7) (0,.&,() '$#,() &') 2*,) L*)'&*!)#;*!5$ 85!*)$ G!9'"$ L*4'M$ EL8GLF) 7$2$-$(,3)

.%,$2,7)-1)$"2*!%&2$2&+,)&'(2&2"2&!'() ;&N,) 2*,)e!1$;)Z!2$'&.$;)_$%7,'()O,4)ASOC)$'7)

Q*,)J&((!"%&)Z!2$'&.$;)_$%7,')ASTC)$'7);$"'.*,7)&')V,.,#-,%)BHLH3)(2&;;);&(2()#$'1)

$..,02,7)  $((&$) '$#,() 4&2*) T,''$) (1'!'1#() $'7) +&.,) +,%($6) Q*,) (&2"$2&!') &()

2*,%,5!%,)%$2*,%).!'5"(&'<),+,')'!43),(0,.&$;;1)(&'.,)+,%1);&22;,),55!%2)*$()-,,')#$7,)



ML 
 

&')%,.,'2)1,$%()2!)"(,)VP=)7$2$)&')("00!%2)!5)2*,&%)&7,'2&5&.$2&!')$'7).;$((&5&.$2&!'6)b';1)

!',)7,2$&;,7)0*1;!<,',2&.)(2"71)!')',$%;1)MH)T,''$)(0,.&,().!#-&'&'<)#!%0*!;!<&.$;)

5,$2"%,();&N,)5;!%$;)(1##,2%1)$'7),F2%$5;!%$;)',.2$%&,()$()4,;;)$()VP=)(,a",'.,)7$2$3)

*$()-,,')0"-;&(*,7)&')BHHW)-1)J$%$//&)')$!56)AJ$%$//&3),2)$;63BHHWC6 

 

Y,) *$+,) "(,7) 2*,) VP=) 7$2$) <,',%$2,7) 7"%&'<) 2*,) &7,'2&5&.$2&!') (2"71) !5)  !""#!$

!%%&'(#!)!) 2!) ,(2$-;&(*) 2*,) 0*1;!<,',2&.) %,;$2&!'(*&0) -,24,,') 2*,) +$%&!"() (0,.&,()

$'$;1/,76)9')$77&2&!')2!)2*,)9QTB)#$%N,%)4,)(2"7&,7)2*,).*;!%!0;$(2)#$%N,%)2%'8@0(-=)

(0$.,%)4*&.*) &() $) '!'@.!7&'<) %,<&!'3) $'7)4*&.*) &() 2*,%,5!%,) 5$(2) ,+!;+&'<6) 9') 2!2$;3)

(,,7() 5%!#) DG) (0,.&,() !5) 2*,) 24!) <,',%$) .!";7) -,) 0"%.*$(,7) 5%!#) !';&',) (,,7)

.!#0$'&,(6)Q*,)9QTB)%,<&!')$'7)2*,)2%'8@0(-=)(0$.,%).!";7)-,)("..,((5";;1)$#0;&5&,7)

$'7)(,a",'.,7)5!%)2*,)+$(2)#$i!%&21)!5)2*,)(0,.&,().!'(&7,%,7)&')2*,)(2"71)AD>]DG)5!%)

,$.*)#$%N,%C6)U!%)>>) (0,.&,() .;,$%) (,a",'.,()4,%,)!-2$&',7) 5!%) 2*,) 24!)#$%N,%(6)

Y*&;,) 2*,) $#0;&5&,7) 2%'8@0(-=) (0$.,%) 5%$<#,'2() ,F*&-&2,7) $) .!'(&7,%$-;,) (&/,)

7&55,%,'.,)A5%!#)$-!"2)BLH)-0)2!)DEH)-0)-,5!%,)2%&##&'<3)LMW)2!)DHH)-0)$52,%)2%&##&'<C3)

2*,)9QTB)%,<&!')4$();,(()+$%&$-;,)&');,'<2*)ABEE)2!)>LB)-0)$52,%)2%&##&'<C6) !""#!)$'7)

6'**!)(,a",'.,()5!%)2*,)24!)#$%N,%()$+$&;$-;,)&')0"-;&.)7$2$-$(,()$%,)$;(!)&'.;"7,7)

&')2*,)0%,(,'2)$'$;1(&(6) 

 

7#$'(#"!%2("#*.()-'1%8@".'(%9%A7289B 

 

Q*,)&'2,%'$;)2%$'(.%&-,7)(0$.,%)B)A9QTBC)*$()-,,')0%!0!(,7)-1) *,')')$!51)A *,'3),2)

$;63BHLHC) $() !',) !5) 2*,)#!(2) +$;"$-;,) -$%.!7&'<)#$%N,%) 5!%)#,7&.&'$;) 0;$'2(6) 92) &()

&'7,,7)!',)!5)2*,)#$%N,%()2*$2).$')-,)#!(2)("..,((5";;1)$#0;&5&,7)$'7)(,a",'.,7)$'7)

(*!4()*&<*)(,a",'.,)7&+,%(&21)$#!'<)0;$'2)(0,.&,(6)=;2*!"<*) &')<,',%$;) 2*,)R e@

$#0;&5&,7) 9QTB) (,a",'.,() $%,) ,$(&;1) %,$7$-;,3) 2*,) .*%!#$2!<%$#() !..$(&!'$;;1)

.!'2$&') 7!"-;,) 0,$N(3) (!#,2&#,() L -0) (*&52() A7",) 2!) (&'<;,) '".;,!2&7,) 7,;,2&!'(C)

(2$%2&'<)$2)$)(0,.&5&.)0!&'23)&'7&.$2&'<)$)*,2,%!<,',&21)&')2*,)2,#0;$2,)VP=6)Q*&()&()'!2)

("%0%&(&'<) .!'(&7,%&'<) 2*,) ,F&(2,'.,3) &') ,"N$%1!2&.) <,'!#,(3) !5) #";2&0;,) .!0&,() !5)



MB 
 

%VP=) <,',() 4*&.*) $%,) $%,) '!2) $-(!;"2,;1) &7,'2&.$;6) =() $') ,F$#0;,3) 2*,) 7&0;!&7)

@&!%#4;-"#").!'2$&'()$00%!F&#$2,;1)LBHH@LGHH)%VP=)%,0,$2()4&2*)(!#,3)-"2) ;&#&2,7)

(,a",'.,)+$%&$2&!')AJ,'2,4$-3),2)$;63BHLLC6)=;(!3),F2,'(&+,)01%!(,a",'.&'<)%,+,$;,7)

5%,a",'2) &'2%$@<,'!#&.) +$%&$2&!'() &') &'2,%'$;) 2%$'(.%&-,7) (0$.,%) %,<&!'() !5) '".;,$%)

%&-!(!#$;)VP=)!5)#$'1)0;$'2)(0,.&,()AT!'<3),2)$;63BHLBC6 

 

Y,)*$+,) &'.;"7,7) &') !"%) (2"71) WE) 9QTB) (,a",'.,() 5%!#) GW) (0,.&,(6)b5) 2*,(,3) D>)

(,a",'.,() 4,%,) 7,2,%#&',7) &') !"%) ;$-!%$2!%1) A5%!#) 0;$'2) #$2,%&$;) <%!4') 5%!#)

0"%.*$(,7) (,,7(C) $'7) BD) (,a",'.,() $%,) 5%!#) 0"-;&.) 7$2$-$(,(6) Q*,) !02&#&/,7)

$;&<'#,'2)!5)2*,)(,a",'.,()AU&<"%,)BEC)%,+,$;()!';1)$)5,4)(#$;;)<$0(3)2*,);!'<,(2)!5)

4*&.*)-,&'<)BM)-06)Q*,)"'<$00,7)(,a",'.,()%$'<,)5%!#)BEE)2!)>LM)'".;,!2&7,()&')

;,'<2*6)Q*,)9QTB)(,a",'.,()$%,)+,%1)_ @%&.*)AWL)2!)EL\C6)Q*,)(,a",'.,) &7,'2&2&,()

-,24,,')2*,)+$%&!"()(0,.&,();&(2,7)%$'<,)5%!#)GE)2!)LHH\6)Q*,)$;&<'#,'2)(*!4')&')

U&<"%,)BE)%,+,$;()W)%,<&!'()A=)2!)UC)4*&.*)(&<'&5&.$'2;1).!'2%&-"2,)2!)2*,)7&55,%,'2&$2&!')

!5) 2*,) !""#!) $'7)6'**!$(0,.&,(3) 2*,)#!(2) (2%&N&'<) 5,$2"%,)-,&'<)$)LG)-0)7,;,2&!')

A%,<&!')UC)0%,(,'2)&')LD)(,a",'.,()$'7).!%%,(0!'7&'<)2!)M)7&55,%,'2)(0,.&,(3)$;;)4&2*)

$..,02,7) !""#!)'$#,()AA,'$85!*)$K#")C6)Q*,(,)($#,)LD) !""#!)(,a",'.,()$;(!)(*$%,)

!2*,%)"'&a",)5,$2"%,()4*&.*)&'.;"7,)$')= @R"= )(,a",'.,)&')0!(&2&!'()DG@GH)A%,<&!')

=C3)$)*&<*;1)+$%&$-;,)%,<&!')Z3)$'7)$).!'(,%+,7)=)$2)0!(&2&!')LMG)A%,<&!') C6)=;;) 2*,)

(0,.&,()5%!#)2*,)6'**!)("-.;$7,()(*$%,)$)G)-0)7,;,2&!')$2)0!(&2&!')BBH)A%,<&!')VC3)$)

B)-0)7,;,2&!')$2)0!(&2&!')BG>)A%,<&!')XC)$'7)$)>)-0)7,;,2&!')$2)0!(&2&!')BWL)A%,<&!')XC6)

 ;,$%)!"2;&,%)(,a",'.,()AG>)2!)WG\)(,a",'.,)(&#&;$%&21)4&2*)2*,)!2*,%)(,a",'.,();&(2,7C)

$%,) 2*!(,) 5%!#)  ,!9!':&#")!$ !%"2"$ AO `LEHLG) $'7) UhHHM`>BC3)  ,!9!':&#")!$

*#:)#)!*")AUhHHM`GGC)$'7) !""#!$H!":#:25!)!)A%,.;$((&5&,7)$() ,!9!':&#")!$H!":#:25!)!C6)

Q*,) 0*1;!<,',2&.) 2%,,) .!'(2%".2,7) "(&'<) 2*,) (,a",'.,) $;&<'#,'2() 5%!#) U&<"%,) BE)

(*!4()2*,)("-7&+&(&!')!5)2*,)(0,.&,()&'2!)!',)#$i!%) !""#!).;$7,)$()4,;;)$()G)6'**!)

("-.;$7,()AU&<"%,)BMC6) 

 

Q*,'<"**)"'4,"0%)&'.;"7,()LD)(,a",'.,()5%!#)M)(0,.&,(d) 1$!%%&'(#!)!$ATT3) V3)O^C3)



M> 
 

 1$5'-);-,=55!)ATTC3) 1$%&'0")'&#$ATTC3) 1$H#")25!$ATTC3) 1$N!(!*#:!)ATT3)hx>HL`>LC3) 1$

N!(!*#:!$"2%"-1$*;4;"!$ATT3)UhM`HDL>C3) 1$&;M%2&<,##$Ahx>HL`DLC3) !""#!)(0)b;&+,&%$)

WLH3) $'7)  1$ <&!*4#"$ ATT3) UhHHM`BHC6) Q*,) 2*%,,) (,a",'.,() .!%%,(0!'7&'<) 2!)  1$

!%%&'(#!)!$AT"'(*&',)T,,7(3)V,#!.%$2&.)e,0"-;&.)!5) !'<!3)$'7)O,'1$C)7&55,%)$#!'<)

,$.*)!2*,%)-1)D)!%)W)'".;,!2&7,()A(,,)0!(&2&!'()E3)`H3)LWG3)BBB3)B>H3)BWW3)$'7)>HL)&')

U&<"%,)BEC)$'7)#$1).!%%,(0!'7)2!)2*,)2*%,,)7&55,%,'2)("-(0,.&,()A("-(06)!%%&'(#!)!3)

%'!&'!*!3)$'7)+!""*'&#g)(,,)U&<"%,)BGC6)Q4!)7&55,%,'2)(,a",'.,()4,%,)5!"'7)5!%) 1$

N!(!*#:!)Ahx>HL`>L)$'7)TTC3)5!%) 1$N!(!*#:!)("-(06)*;4;"!$AUhM`HDL>)$'7)TTC3)$'7)

5!%) 1$<&!*4#")AUhHHM`BH)$'7)TTC6)Q*,),F&(2,'.,)!5)7&55,%,'2)(,a",'.,()5!%) 1$N!(!*#:!)

#$1) '!2) -,) ("%0%&(&'<) $() 2*,1)#$1) .!#,) 5%!#) 7&55,%,'2) ("-(0,.&,() A$2) ;,$(2) W) 1$

N!(!*#:!) ("-(0,.&,() *$+,) -,,') 7,(.%&-,7d) ("-(06) N!(!*#:!3) ("-(06) !<*'"$ E$;(!$

#*4;:,#*'*"#"F3)("-(06)*;4;"!3)("-(06)&'*#<'&!O$("-(06$-2%#H;5#!O$("-(06$9#:&;:!5=MC6)

Q*,)5$.2)2*$2)24!)(,a",'.,()A7&55,%&'<)-1)$()#$'1)$()BE)'".;,!2&7,(C)4,%,)5!"'7)5!%)

("-(06)*;4;"!$*!4,+,%)("<<,(2()2*$2)#&(&7,'2&5&.$2&!')!%)#&(;$-,;&'<)#$1)-,)$2)2*,)

!%&<&')!5)24!)(,a",'.,()5!%)2*&()#$%N,%6)Q*&()'!2)!';1)2*,).$(,)5!%) 1$N!(!*#:!)("-(06)

*;4;"!)-"2)$;(!)5!%)!2*,%)(0,.&,(3)5!%)&'(2$'.,) 1$<&!*4#"6)P!)("-(0,.&,()*$()-,,')

&7,'2&5&,7) 5!%) 2*,) ;$22,%) (0,.&,(g) 2*,%,5!%,) 2*,),F&(2,'.,)!5) 24!)(&<'&5&.$'2;1)7&55,%,'2)

(,a",'.,()AUhHHM`BH)$'7)T"'(*&',)T,,7(3)7&55,%&'<)-1)EG)'".;,!2&7,(C)&()"',F0,.2,76)

92)&()4!%2*)'!2&'<)2*$2)$)(,a",'.,)p !""#!)(06)b;&+,&%$)WLH)AUhHHM`LMCq)&7,'2&.$;)2!)2*$2)

!5) 1$<&!*4#")AUhHHM`BHC)4$()&7,'2&5&,7)-1)2*,)($#,)<%!"0g)2*,)24!);$22,%)(,a",'.,()

7&55,%)-1)$2);,$(2)GH)'".;,!2&7,()A&'.;"7&'<)$)DH)-0)<$0)$2)0!(&2&!'()E>@LLBC)0%,(,'2)&')

$;;) 2*,) !2*,%)  $((&$) 9QTB) (,a",'.,(6)b"%) 1$ <&!*4#") AT"'(*&',) T,,7(C) *$() -,,')

&7,'2&5&,7)!')2*,)-$(&()!5)2*,)2%'8@0(-=)(0$.,%)(,a",'.,)A(,,)$-!+,C)$()4,;;)$()!5)2*,)

#$2O) $'7) %-.[) (,a",'.,() A7$2$) '!2) (*!4'C6) Q*,)  1$ <&!*4#") AUhHHM`BHC) 9QTB)

(,a",'.,)#$1)2*,%,5!%,)'!2).!%%,(0!'7)2!)2*$2)!5)$) 1$<&!*4#"g)&2()&7,'2&21)$()4,;;)$()

2*$2)!5) !""#!)(06)b;&+,&%$)WLH)AUhHHM`LMC)%,#$&'()"'.;,$%6 



MD 
 

U&<"%,)BE6)=;&<'#,'2)!5)2*,)9QTB)(,a",'.,(6)JST [X)=;&<')(!524$%,)4$()"(,7)5!%)$)5&%(2)$;&<'#,'26)Q*,)$;&<'#,'2()4,%,)("-(,a",'2;1)!02&#&/

-1)+&("$;)&'(0,.2&!'6) !;!%).!7,()$%,)2*,)5!;;!4&'<d)=)u)<%,,'g)_)u)-;$.Ng) )u)-;",g)Q)u)%,76)Q*,)9QTB)%,<&!')&()+,%1)_ @%&.*)A



MG 
 

8'##"' *+=4,"0%' .' .!#0%&(,() 2*,) (,a",'.,() 61$ !5'M!*4&#*!$ Ahx>HL`DWCO$ 61$

4#4=9;%;)&=!$ ATTC3)61$ #)!5#:!) AOhHHDBM>C3)61$ #)!5#:!)("-(06)!&!4;#4'") ATTC3$61$!5!)!$

ATTC3) 61$ &')#:25!)!$ ATTC3) T1$ ('*2")!$ ATTC3) 61$ *;)!%#5#"$ ATTC3) 61$ -5'2&;:!&-!) +$%6)

!*<2")#H;5#!) $'7) +$%6) -5'2&;:!&-!$ ATTC6)=;;) 2*,) (0,.&,() !5) 2*&() ("-.;$7,) (*$%,) 2*,)

5!;;!4&'<)"'&a",)5,$2"%,(d)$)(2%,2.*)!5)D)=)$2)0!(&2&!')GM3)B)=)$2)0!(&2&!')MH3)2*,) =QQ)

(,a",'.,)$2)0!(&2&!')LDM3)B)Q)$2)0!(&2&!'()LEB)$'7)BLB3)B)_)$2)0!(&2&!')B>G3)$'7)$)

_Q_) $2) 0!(&2&!') LH>6)Q*,$ 61$ -5'2&;:!&-!) ((0$ !*<2")#H;5#!$$'7) ("-(06)-5'2:;:!&-!$

(,a",'.,($(*!4)$'),F$#0;,)!5)*!4)$')&'2%$<,'!#&.)*,2,%!<,',&21)&')2*,)%VP=)(0$.,%)

.$')-,)"(,7)2!)7&(.%&#&'$2,)-,24,,')24!)+,%1).;!(,;1)%,;$2,7)("-(0,.&,(d)&'7,,73)4*&;,)

("-(06)-5'2&;:!&-!)*$()$)_d=)%$2&!)!5)LHdL)$2)0!(&2&!')LEW3)("-(06)!*<2")#H;5#!)*$()$)

_d=) %$2&!)!5) LdL) AU&<"%,)B`=C6$61$ -5'2&;:!&-!3)61$ ('*2")!) $'7)61$*;)!%#5#") A7&55,%&'<)

$#!'<)2*,#(,;+,()-1)W)2!)L>)-0C)5!%#)$)(#$;;)<%!"0)!5)'$2&+,)="(2%$;&$')(0,.&,()&')

2*&()("-.;$7,6) 

U&<"%,)B`6)9'2%$<,'!#&.)*,2,%!<,',&2&,() &')2*,)9QTB)%,<&!')!5).;!(,;1)%,;$2,7)6'**!)

(0,.&,(6) =6)  *%!#$2!<%$0*() !5) 6'**!$ -5'2&;:!&-!) +$%6) -5'2&;:!&-!) $'7) 6'**!$

-5'2&;:!&-!)+$%6)!*<2")#H;5#!)9QTB)(,a",'.,)(*!4&'<)$)7!"-;,)0,$N)A_d=uLdL)&')+$%6)

!*<2")#H;5#!)$'7)_d=)u)LHdL)&')+$%6)-5'2&;:!&-!C)$2)0!(&2&!')LEW6)Z6) *%!#$2!<%$0*()!5)

6'**!$-')'&"#!*!)$'7)6'**!$"#*<2'!*!)9QTB)(,a",'.,)(*!4&'<)$)7!"-;,)0,$N)AQd_u)

W6WdD6L) 5!%)61$-')'&"#!*!) $'7)Qd_uLdL) 5!%)61$ "#*<2'!*!C) $2) 0!(&2&!')BWD6)P"#,%!"()

$77&2&!'$;) 7!"-;,) 0,$N() .!'5&%#) 2*,) &'2%$<,'!#&.) (,a",'.,) *,2,%!<,',&21) &') 2*,)

#";2&0;,).!0&,()!5)2*,)9QTB)%,<&!')!5)2*,(,)24!)(0,.&,(6 



MW 
 

97,'2&.$;)9QTB)(,a",'.,()*$+,)-,,')5!"'7)5!%)61$!5!)!)$'7)61$&')#:25!)!6)Y*&;,)61$!5!)!)

&()'$2&+,) 2!)J,F&.!3)61$&')#:25!)!) &()'$2&+,) 2!)2*,)=#$/!'&$')5;!!70;$&'()AZ%$/&;C)$'7)

2*,1)*$+,)'!2)-,,')7,(.%&-,7)2!)-,).;!(,;1)%,;$2,7)<,',2&.$;;13)4*&.*)("<<,(2()!',)!5)

2*,)24!)*$()-,,')#&('$#,7)!%)#&(&7,'2&5&,76) 

 

Q*,)24!)7&55,%,'2)(,a",'.,()5!%)61$#)!5#:!)AOhHHDBM>)$'7)("-(06)!&!4;#4'"C)7&55,%)-1)D)

'".;,!2&7,(3) ("<<,(2&'<) 2*$2) OhHHDBM>) .!%%,(0!'7() 2!) 2*$2) !5) $) 7&55,%,'2)61$ #)!5#:!)

("-(0,.&,(6)Q4!)!2*,%)("-(0,.&,()*$+,)&'7,,7)-,,')7,(.%&-,7)5!%)61$#)!5#:!d)("-(06)

#)!5#:!)$'7)("-(06)9#:&!*),!6)Q*,)24!)61$#)!5#:!)(,a",'.,()$%,)$;(!)+,%1)(&#&;$%)2!)2*$2)

!5)61$4#4=9;%;)&=!) A7&55,%&'<)5%!#)2*,);$22,%)-1)D)$'7)`)'".;,!2&7,()%,(0,.2&+,;1C6)61$

#)!5#:!)$'7)61$4#4=9;%;)&=!)$%,)-!2*)'$2&+,)2!)=5%&.$3)*,'.,)2*,)(&#&;$%&21)!5)2*,&%)9QTB)

(,a",'.,() AME\C) &() '!2) ("%0%&(&'<6)=) 7$2$-$(,) (,$%.*) %,+,$;,7) $) 2*&%7) 61$ #)!5#:!)

(,a",'.,) Ahx>HL`DDC) '!2) -,;!'<&'<) 2!) T,''$) ("-.;$7,) L) -"2) 2!) ("-.;$7,) >3) $'7)

7&55,%&'<)!';1)-1)!',)'".;,!2&7,)5%!#)2*$2)!5)61$-!55#4!)Ahx>HL`BMC)AQ)&'(2,$7)!5)_)$2)

0!(&2&!')BDHC6)61$-!55#4!)&()'$2&+,)2!)T!"2*)=#,%&.$3)$'7)&2)&()+,%1);&N,;1)2*$2)2*,)61$#)!5#:!)

(,a",'.,) Ahx>HL`DDC) .!%%,(0!'7() 2!) 2*$2) 5%!#) $) #&(&7,'2&5&,7]#&('$#,7)

("-(0,.&,(]+$%&,21)!5)2*,)5!%#,%6) 

 

61$ !5'M!*4&#*!$ Ahx>HL`DWC3) $'!2*,%) '$2&+,) =5%&.$') (0,.&,(3) (*!4() $2) ;,$(2) BD)

'".;,!2&7,() 7&55,%,'.,) A$-!"2) MB\) &7,'2&21C) 4&2*) 2*,) #!(2) .;!(,;1) %,;$2,7) 6'**!)

(0,.&,()!5)2*&()("-.;$7,)$'7)2*,%,5!%,)#$1)*$+,),+!;+,7)!+,%)$);!'<,%)0,%&!7)2*$')61$

4#4=9;%;)%1$)$'7)61$#)!5#:!)5%!#)$).!##!')=5%&.$')$'.,(2%$;)(0,.&,(6 

 

8'##"'*+=4,"0%'D).!#0%&(,()61$!&)'9#"#;#4'")ATTC3)61$-')#;5!&#")ATTC3)61$'&'9;-,#5!)

AeRC3) 61$ H#5#H;5#!) ATTC3)  1$ !&)'9#"#;#4'") ("-(06) !&)'9#"#;#4'"$ AeRC3) 61$ ;4;&!)!)

A8JLLWMMWC3)61$-,=55;4#*'!)A8JLLWMMGC3)61$<52)#*;"!)("-(06):,!)'5!#*#!*!)ATTC3) 1$

,'59"##)ATTC3)61$"25H2&'!)Ahx>HL`>>C3)61$"2&!))'*"#")ATTC3)$'7) 1$<5!2:!)ATTC6)S'&a",)

5,$2"%,().!'(,%+,7)&')$;;)2*,(,)(0,.&,()&'.;"7,d)QQ)$2)0!(&2&!')DM@GH3)=Q )$2)0!(&2&!')

`E@`M3)Q)$2)0!(&2&!')LBE3)  =)$2)0!(&2&!')LDM@LGL3)$'7)__Q)$2)0!(&2&!')BWM@BEL6 



ME 
 

 

U&<"%,) BM6) R*1;!<,',2&.) 2%,,) -"&;2) 5%!#) 2*,) $;&<',7) 9QTB) (,a",'.,(6) !'2&','2() 2!)

4*&.*) 2*,)+$%&!"()(0,.&,()$%,)'$2&+,)$%,) &'7&.$2,7d)=S)u)="(2%$;&$g)=T)u)=(&$g)=U)u)

=5%&.$g)P=)u)P!%2*)=#,%&.$g)T=)u)T!"2*)=#,%&.$g) =)u) ,'2%$;)=#,%&.$g)Q=)u)Q%!0&.$;)

=#,%&.$6)P!2,)2*,)(,a",'.,()2*$2)$%,)#!(2);&N,;1)7,%&+,7)5%!#)#&(&7,'2&5&,7)(0,.&,(d)

6'**!$ #)!5#:!) hx>HL`DD)$'7) ,!9!':&#")!$!%"2"$hx>HL`D>) &')6'**!) ("-.;$7,)>6)

b2*,%)&'.!'(&(2,'.&,()$%,)7&(."((,7)&')2*,)2,F26 

 



M` 
 

61$"2&!))'*"#"3) 1$<5!2:!)$'7)61$"25H2&'!)$'7)*$+,)&7,'2&.$;) 9QTB)(,a",'.,(6)Y*&;,)

2*,)5!%#,%)&()$')$..,02,7)(0,.&,()'$#,)4*&.*)!..$(&!'$;;1)A$'7)0!((&-;1)$;(!)*,%,C)

*$())-,,')),%%!',!"(;1))"(,7))2!))%,5,%))2!))61$"25H2&'!3))61$"25H2&'!$)&())$;(!))$'))$..,02,7)

'$#,) 4*&;,)  1$ <5!2:!) [$#6) &() $) (1'!'1#) !5) 2*,) ;$22,%)

E,))-.//0001),'-5!*)5#")1;&</)-5/&':;&4/#543>P?>QC6) 

 

U&+,) (0,.&,() !5) 2*&() ("-.;$7,) 7&55,%) -1) LH) '".;,!2&7,() !%) ;,((d) 61$ H#5#H;5#!3)  1$

!&)'9#"#;#4'")("-(06)!&)'9#"#;#4'"3)61$'&'9;-,#5!3)61$!&)'9#";#4'"3)$'7)61$-')#;5!&#"6)

=;;)5&+,)(0,.&,()*$+,)-,,').!'(&7,%,7)2!)-,)("-(0,.&,()!5)61$!&)'9#";#4'")A61$H#5#H;5#!)

&()!..$(&!'$;;1)$;(!).!'(&7,%,7)2!)-,)$)(1'!'1#)!5)61$'&'9;-,#5!C6)Q*,)5$.2)2*$2)2*,)61$

!&)'9#"#;#4'")AT"'(*&',)T,,7(C)(,a",'.,)&()'!2)&7,'2&.$;)2!)2*$2)!5) 1$!&)'9#"#;#4'")

("-(06)!&)'9#"#;#4'")("<<,(2()2*$2)2*,)24!)#&<*2).!%%,(0!'7)2!)7&55,%,'2)("-(0,.&,(6)

=() 2!)  1$ ,'59"##3) &2) &() $;(!) 7,(.%&-,7) $() $) ("-(0,.&,() !5) 61$ !&)'9#";#4'") A61$

!&)'9#";#4'")("-(06),'59"##3)(,,),))-.//0001!5!1;&<1!2/Cg)*!4,+,%)&2()9QTB)(,a",'.,)

7&+,%<,() (&<'&5&.$'2;1) 5%!#) 2*,) 61$ !&)'9#"#;#4'") (,a",'.,) ABH) 2!) BG) '".;,!2&7,()

7&55,%,'.,C3)$()7!)2*,)(,a",'.,()!5)61$;4;&!)!3)61$-,=55;4#*'!)$'7)61$<52)#*;"!)("-(06)

:,!)'5!#*#!*!6)S'&a",)5!%)61$;4;&!)!)&()$)>@-0)7,;,2&!')$2)0!(&2&!')BBE6) 

 

61$<!&4*'&#3)4*&.*)&()<,',2&.$;;1)a"&2,)7&(2$'2)5%!#)2*,)!2*,%) $((&$(]T,''$()A4&2*) 1$

,'59"##)-,&'<).;!(,(2)4&2*)DD)-0)7&55,%,'.,C3)*$()$)"'&a",)(2%,2.*)!5)G)k_k()$2)0!(&2&!')

BML6 

 

8'##"' *+=4,"0%' E) .!#0%&(,() 61$ #)!5#:!) Ahx>HL`DDC3) 61$ -!55#4!) Ahx>HL`BMC) $'7)

 ,!9!':&#")!$!%"2")Ahx>HL`D>C6)Q*,$61$#)!5#:!)Ahx>HL`DDC)$'7)61$-!55#4!)Ahx>HL`BMC)

(,a",'.,()7&55,%)$#!'<) 2*,#(,;+,()-1)L)'".;,!2&7,3) ("<<,(2&'<) 2*$2) 2*,1)$%,)+,%1)

.;!(,;1)%,;$2,76)8!4,+,%)2*,&%)7&55,%,'2)<,!<%$0*&.$;)7&(2%&-"2&!')A61$-!55#4!)'$2&+,)2!)

 ,'2%$;)=#,%&.$3)61$#)!5#:!)'$2&+,)2!)=5%&.$C)("<<,(2()2*$2)!',)!5)2*,)24!)(0,.&,()4$()

#&(&7,'2&5&,76)Q*&()&()#!(2);&N,;1)61$#)!5#:!)Ahx>HL`DDC3)(&'.,)24!)+,%1)(&#&;$%)61$#)!5#:!)

9QTB)(,a",'.,()A7&55,%&'<)$#!'<) 2*,#(,;+,()-1)!';1)D)'".;,!2&7,(C).;"(2,%&'<)4&2*)



MM 
 

$'!2*,%)=5%&.$')(0,.&,()A61$4#4=9;%;)&=!C)*$+,)-,,')7,(.%&-,7)&')2*,)6'**!)("-.;$7,)

L6)=() 2!) 2*,) ,!9!':&#")!$ !%"2") (,a",'.,) A7,2,%#&',7) -1) 2*,) ($#,) <%!"0C3) &2) &()

&7,'2&.$;) 2!) 2*,) 61$ -!55#4!) Ahx>HL`BMC) (,a",'.,3) ("<<,(2&'<) $') ,%%!%) &') 7$2$)

("-#&((&!'3) (&'.,) 24!)!2*,%) ,!9!':&#")!$ !%"2") 9QTB) (,a",'.,() AO `LEHLG)$'7)

UhHHM`>BC)(*$%&'<)MM6W\)&7,'2&21)$%,)$+$&;$-;,)A(,,)!"2<%!"0)&')U&<"%,)BWCg)2*,1)7&55,%)

-1)rDH\)5%!#)2*,)hx>HL`D>)(,a",'.,6)=;(!3)!')2*,)-$(&()!5) 2*,)2%'8@0(-=)(0$.,%)

(,a",'.,)61$-!55#4!)4$()(*!4')2!)-,)+,%1)7&55,%,'2)5%!#) ,!9!':&#")!$!%"2"$p!';1)DB\)

&7,'2&21) -,24,,') 2*,) ,!9!':&#")!$ !%"2") A8xLWLEW`C) $'7)61$ -!55#4!) A8xLWLEGDC)

(,a",'.,(g)(,,)$-!+,q6 

 

8'##"'*+=4,"0%'F).!#0%&(,()D)(,a",'.,(d)61$-')'&"#!*!)ATTC3)61$"#*<2'!*!$ATTC3)61$

!2&#:25!)!$Ahx>HL`>`C3)$'7)61$;::#4'*)!5#"$ATTC6)Q*,)9QTB)(,a",'.,()!5)61$-')'&"#!*!)

$'7)61)"#*<2'!*!)$%,)+&%2"$;;1)&7,'2&.$;3)7&55,%&'<)!';1)-1)$)7&55,%,'2)Qd_)%$2&!)$2)0!(&2&!')

BWDd) &')61$-')'&"#!*!) 2*&()%$2&!) &()W6WdD6L3)4*&;,) &')61$"#*<2'!*!) &2) &()LdL)A(,,)U&<"%,)

B`ZC6)Q*,(,)7&55,%,'2)%$2&!()%,5;,.2)$)(,a",'.,)*,2,%!<,',&21)&')2*,)#";2&0;,).!0&,()!5)

%VP=)"'&2(6)Q*,)24!)(0,.&,()$%,)'$2&+,)2!)=5%&.$6)61$!2&#:25!)!)$'7)61$;::#4'*)!5#")*$+,)

&7,'2&.$;)9QTB)(,a",'.,(6)T&'.,)61$!2&#:25!)!)&()'$2&+,)2!)=(&$)A9'7&$3)T%&)[$'N$C3)4*&;,)

61$;::#4'*)!5#")&()'$2&+,)2!)T!"2*)=#,%&.$3)&2)&();&N,;1)2*$2)!',)!5)2*,)24!)(0,.&,()*$()

-,,') #&('$#,7) !%) #&(;$-,;,76) Q*&() &() #!(2) ;&N,;1) 61$ ;::#4'*)!5#") (&'.,) $) (,.!'7)

(,a",'.,)p61$;::#4'*)!5#")Ahx>HL`DHCq)7&55,%&'<)-1)BH)'".;,!2&7,()*$()-,,')&7,'2&5&,7)

A(,,)("-.;$7,)GC6) 

 

8'##"' *+=4,"0%'G) .!#0%&(,() 2*,) (0,.&,()61$ &;'9'&#!*!$ ATTCO$ 61$ :;('"##$ ATTC3)61$

5#*4,'#9'&#!*!$ATTC3)61$,#&"2)!$Ahx>HL`>MC3)61$;::#4'*)!5#")Ahx>HL`DHC3)61$-5!*#)##:;5!$

ATTC3)61$%!&:5!=!*!$ATTC3)61$-2&-2"##$ATTC3)61$,'%':!&-!$ATTC3)61$9!&#5!*4#:!$ASTQeC3)

61$:;R2#9%'*"#"$ATTC3)61$:;&=9%;"!$A8x`>>HDEC3)61$!2")&!5#"$AeRC3)61$%#:!-"25!&#"$

ATTC3)$'7)61$H5;&#%2*4!$ATTC6$ 

 

S'&a",)5,$2"%,()!5)2*&()("-.;$7,)&'.;"7,)$)_______)(2%,2.*)$2)0!(&2&!')L`>)A4&2*)$)



LHH 
 

Q)$2)0!(&2&!')L`E)5!%)61$&;'9'&#!*!C3)$'7)$)_= )$2)0!(&2&!')BWM@BEL6)Q*,)61$:;('"##3)

61$5#*4,'#9'&#!*!3)61$&;'9'&#!*!)9QTB)(,a",'.,($7&55,%)$#!'<)2*,#(,;+,()-1)E)2!)LG)

-06)=;;)2*%,,)(0,.&,()$%,)'$2&+,)2!)P!%2*)=#,%&.$6)Q*,)61$,#&"2)!)Ahx>HL`>MC)$'7)61$

;::#4'*)!5#") Ahx>HL`DHC)(,a",'.,()$%,)+,%1)(&#&;$%) AM`6E\)(,a",'.,) &7,'2&21Cg) 2*,)

24!)(,a",'.,()A4*&.*)$%,)5%!#)2%!0&.$;)=#,%&.$')(0,.&,(C)$;(!)(*$%,)*&<*)(,a",'.,)

&7,'2&2&,() AME@MM\C) 4&2*) 2*,) 24!) '$2&+,) ="(2%$;&$') (0,.&,() 61$ -5!*#)##:;5!) $'7) 61$

%!&:5!=!*!3)$'7)$);&22;,);,(()A$-!"2)MW\C)4&2*)2*,)P!%2*)=#,%&.$')(0,.&,()61$,'%':!&-!$

AX$(2,%') STC3) 61$ 9!&#5!*4#:!$ AX$(2,%') STC3) $'7) 4&2*) 2*,) '$2&+,) T!"2*) =#,%&.$')

(0,.&,()61$:;R2#9%'*"#"$ A *&;,C3)61$:;&=9%;"!$ A=%<,'2&'$C3)61$!2")&!5#"$ AZ%$/&;C3)61$

%#:!-"25!&#"$ A ,'2%$;) $'7)T!"2*)=#,%&.$C3) $'7)61$ H5;&#%2*4!$ A $%&--,$'C6)Q*,) 9QTB)

(,a",'.,()!5)2*,);$22,%)5!"%)(0,.&,()$%,)&7,'2&.$;6)Q*&()&()'!2)("%0%&(&'<)$2);,$(2)5!%)61$

:;&=9%;"!)$'7)61$H5;&#%2*4!)(&'.,) !""#!$:;&=9%;"!$Ab%2,<$C)*$()-,,').!'(&7,%,7)

$)(1'!'1#)5!%)61$H5;&#%2*4!)4*&.*)&()$')$..,02,7)'$#,)A2*,0;$'2;&(2C6)e,<$%7&'<)!"%)

61$%#:!-"25!&#"$ 9QTB)(,a",'.,3) &2) &() &7,'2&.$;) 2!)2*$2)!5)61$%#:!-"25!&#") A8x`>>HD>C3)

("<<,(2&'<)2*$2)2*&()(0,.&,()*$()-,,').!%%,.2;1)&7,'2&5&,76)92)&()&'2,%,(2&'<)2!)'!2,)2*$2)

2*,).*;!%!0;$(2)2%'8@0(-=)(0$.,%)(,a",'.,)!5)!"%)61$%#:!-"25!&#")(*!4()$)(&<'&5&.$'2)

(,a",'.,) 7&55,%,'.,) ALB) '".;,!2&7,() 7&55,%,'.,3) !%) MB6M\) &7,'2&21C) 4&2*) 2*$2) !5) 61$

H5;&#%2*4!)$'7)LW)'".;,!2&7,()7&55,%,'.,)A``6L\)&7,'2&21C)4&2*)2*$2)!5)61$-'*425!)+$%6)

<5!%&!)!)A_SL>GD>MC)4*&.*)&()$;(!)'$2&+,)2!)T!"2*)=#,%&.$)A(,,)$-!+,)"'7,%)2%'8@

0(-=) (0$.,%C3) ("<<,(2&'<) 2*$2) 2*,(,) (0,.&,() $%,) -,(2) &7,'2&5&,7) +&$) 2*,&%) 2%'8@0(-=)

#$%N,%6)=()2!)61$!2")&!5#"3)'!)!2*,%)-$%.!7,)(,a",'.,)&()$+$&;$-;,)&')2*,)7$2$-$(,(3)

*,'.,) &2) &() 7&55&.";2) 2!) $((,(() 4*,2*,%) &2) *$() -,,') .!%%,.2;1) &7,'2&5&,7]'$#,7) $'7)

4*,2*,%) &2) .$') -,) &7,'2&5&,7) "(&'<) $) (0,.&5&.) -$%.!7,)#$%N,%6)61$ ,'%':!&-!) $'7)61$

9!&#5!*4#:!)7&55,%)-1)$)(&'<;,)'".;,!2&7,)A=]_)$2)0!(&2&!')BELC6)T&'.,)-!2*)$%,)'$2&+,)2!)

2*,)X$(2,%')ST3)2*,&%).;!(,)<,',2&.)%,;$2&!'(*&0)&()'!2)("%0%&(&'<6)61$-2&-2"##3)'$2&+,)2!)

 ,'2%$;)$'7)P!%2*)=#,%&.$)AJ,F&.!3)Z$i$) $;&5!%'&$C3)&().;!(,;1)%,;$2,7)A!';1)W)2!)`)-0)

7&55,%,'.,C) 2!) 2*,) !2*,%) P!%2*)=#,%&.$') A61) ,#&"2)!3) 61$ -2&-2"##3) 61$ ,'%':!&-!3) 61$

9!&#5!*4#:!C)$()4,;;)$()T!"2*)=#,%&.$')A61$:;R2#9%'*"#"3)61$:;&=9%;"!3)61$!2")&!5#"3)

61$%#:!-"25!&#"3)61$H5;&#%2*4!C)$'73)("%0%&(&'<;13)$;(!)2!)="(2%$;&$')A61$%!&:5!=!*!3)61$



LHL 
 

-5!*#)##:;5!C)(0,.&,()!5)2*&().;$7,6)) 

 

Q4!)0$&%()!5)(,a",'.,()'!2)5&22&'<)&'2!)$'1)!5)2*,);&(2,7)T,''$)("-.;$7,()&'.;"7,)61$

";-,'&!) $'7)61$"-':)!%#5#") $()4,;;) $()61$9;*)!*!) $'7)61$ "#!9'!6)Q*,)61$ ";-,'&!)

Ahx>HL`>GC)$'7)61$"-':)!%#5#"$ AeRC) 9QTB)(,a",'.,()$%,)+&%2"$;;1) &7,'2&.$;3)(*!4&'<)

!';1)7!"-;,)0,$N()$2)0!(&2&!'()BME)A=] C)$'7)>LE)A ]QC)&')2*,)T1$"-':)!%#5#")(,a",'.,3)

4*&.*)("<<,(2()$)+,%1).;!(,)<,',2&.)%,;$2&!'(*&0g)*!4,+,%)(&'.,)2*,)24!)(0,.&,()$%,)

'$2&+,)2!)7&55,%,'2).!'2&','2()A=(&$)$'7)Q%!0&.$;)=#,%&.$)%,(0,.2&+,;1C)&2)&()#!(2);&N,;1)

2*$2) !',) !5) 2*,) 24!) *$() -,,')#&(&7,'2&5&,7]#&(;$-,;,76) Q*,) +,%1) (&#&;$%) 2%'8@0(-=)

(0$.,%)(,a",'.,)ALL)-0)7&55,%,'.,3)&'.;"7&'<)$')`)-0)&'7,;C)!5)61$"-':)!%#5#")AeRC)$'7)

61$"-':)!%#5#")A8xLWLEWLC)("<<,(2()2*$2)2*,)5!%#,%)4$().!%%,.2;1)&7,'2&5&,7)$'7)2*$2)

2*,)24!)(,a",'.,().!";7).!%%,(0!'7)2!)24!)61$"-':)!%#5#")("-(0,.&,(]+$%&,2&,(g) 24!)

+$%&,2&,()*$+,)&'7,,7)-,,')7,(.%&-,7d)+$%6)'M:'5"!O$'$2&+,)2!)T!"2*)=#,%&.$)AZ%$/&;C3)

$'7)+$%6)"-':)!%#5#"O$'$2&+,)2!)2*,) $%&--,$')A(,,);&'N),))-.//0001';51;&<C6)9')("00!%2)!5)

2*,).!%%,.2) &7,'2&5&.$2&!')!5)61$"-':)!%#5#") AeRC) &()$;(!) 2*,) 5$.2) 2*$2) &2() %-.[)-$%.!7,)

#$%N,%) &() &7,'2&.$;) 2!) 2*$2) !5) 61$ "-':)!%#5#") AT,a",'.,) 9V)  ==QZBBM@LL6%-.[g)

,))-.//0001%;54"=")'9"1;&<g) $'7) "'0"-;&(*,7) 7$2$C6) Q*$2) 61$ "-':)!%#5#") $'7) 61$

";-,'&!)$%,)7&(2&'.2)$'7)'!2)+,%1).;!(,;1)%,;$2,7)(0,.&,()&()("00!%2,7)-1)2*,)2%'8@0(-=)

(,a",'.,()AW`@'".;,!2&7,)7&55,%,'.,3)!%)`H\)&7,'2&21C)-,24,,')61$"-':)!%#5#")AeRC)$'7)

61$";-,'&!)A8xLWLEWHC)A(,,)2%'8@0(-=)(0$.,%)(,a",'.,)$;&<'#,'2)$'7)2%,,3)U&<()`)

$'7)MC3)$)7&55,%,'.,)4*&.*).!";7)-,),F0,.2,7) &'7,,7) 5!%)(0,.&,()'$2&+,) 2!)7&55,%,'2)

.!'2&','2(6) Q*,)61$ "#!9'!$ ATTC) $'7)61$9;*)!*!) Ahx>HL`>DC) 9QTB) (,a",'.,() $%,)

&7,'2&.$;6)Q*,) +,%1) (&#&;$%) 2%'8@0(-=) (0$.,%) (,a",'.,() !5) 2*,) 24!) (0,.&,() AL@W) -0)

7&55,%,'.,3)(,,)$-!+,C) &'7&.$2,)2*$2)2*,1)$%,)<,',2&.$;;1)+,%1).;!(,;1)%,;$2,76)Q*&() &()

$;(!)("00!%2,7)-1)2*,)5$.2)2*$2)2*,1)$%,)-!2*)'$2&+,)2!)2*,)($#,).!'2&','2)A=(&$C6 

 

$(#CD@*-4%*@".'( 

 

Q*,)2%'8@0(-=)(0$.,%)&()$)#$%N,%);!.$2,7)!')2*,).*;!%!0;$(2)VP=)0%,(,'2)&')#";2&0;,)



LHB 
 

&7,'2&.$;).!0&,()&')2*,)0;$'2).,;;()$'7)&()2*,%,5!%,),F0,.2,7)2!)1&,;7).;,$%)(,a",'.,()

4&2*!"2) 7!"-;,) 0,$N() !') 2*,) .*%!#$2!<%$0*(6) Q*,) ("..,((5";) $#0;&5&.$2&!') !5) 2*&()

#$%N,%)5%!#)VP=),F2%$.2,7)5%!#)2*,)=5%&.$')4!!7)$;;!4,7)2!).!'5&%#)2*,)&7,'2&21)!5)2*,)

;$22,%)$() !""#!$!%%&'(#!)!6)=()&2),'.!#0$((,()2*,)'!'@.!7&'<)%,<&!')(,0$%$2&'<)2*,)

.*;!%!0;$(2)<,',()2%'8)A<,',),'.!7&'<)2*,)2eP=8&(C)$'7)0(-=)A<,',),'.!7&'<)2*,)VL)

0!;10,02&7,) !5) 2*,) 0*!2!(1(2,#) 99) %,$.2&!') .,'2,%) .!#0;,FC) &2() *&<*) +$%&$-&;&21) &')

(,a",'.,)$()4,;;)$()&');,'<2*)&'7&.$2,()2*$2)2*&()%,<&!')&()'!2)("-i,.2,7)2!)(2%".2"%$;)

.!'2%$&'2() "';&N,) 2*,) 9QTB) #$%N,%3) 4*&.*3) -,&'<) 2%$'(.%&-,7) 2!) 1&,;7) $) 0%,."%(!%)

2%$'(.%&023)*$() 2!)$7!02)$)(0,.&5&.)(,.!'7$%1)(2%".2"%,)%,a"&%,7)5!%).!%%,.2).;,$+$<,)

&'2!)2*,)24!)%&-!(!#$;)("-"'&2()G6`T)$'7)B`T)%eP=(6 

 

9')2!2$;3)EL)(,a",'.,()A5%!#)GM)(0,.&,(C)%$'<&'<)5%!#)LMW)-0)A61$-!55#4!C)2!)DHH)-0)A 1$

&;M%2&<,##C) &') ;,'<2*3)4,%,) .!'(&7,%,7) 5!%) 2*,)$'$;1(&()!5) 2*,) .*;!%!0;$(2) 2%'8@0(-=)

(0$.,%) %,<&!'d) D>) "'$#-&<"!"() %,$7() 5%!#)VP=) &(!;$2,7) &') !"%) ;$-) 5%!#) 0;$'2;,2()

<%!4') 5%!#) .!##,%.&$;;1) $+$&;$-;,) (,,7(3) $() 4,;;) $() B`) (,a",'.,() $+$&;$-;,) &')

7$2$-$(,(6)Q*,)EL)(,a",'.,()4,%,)$;&<',7)"(&'<)2*,)ST6 KU$@5#<*)(!524$%,6)Q*,)

!02&#&/,7)$;&<'#,'2)<,',%$2,7)5!;;!4&'<)+&("$;)&'(0,.2&!')&'.;"7,()`)<$0();!'<,%)2*$')

>)-0)A_L)2!)_`)&')U&<"%,)>HC6)=;;)2*,)(,a",'.,()!5)2*&()#$%N,%)$%,)=Q@%&.*)A$-!"2)EG\)

=wQC) .!'2%$(2&'<) 4&2*) 2*,) _ @%&.*) '".;,$%) 9QTB) (,a",'.,) A(,,) U&<"%,) BEC6) Q*,)

(,a",'.,)&7,'2&213)-$(,7)!')2*,)(,a",'.,)$;&<'#,'2(3)%$'<,()5%!#)DL)2!)LHH\6)9')2*,)

0*1;!<,',2&.)2%,,)<,',%$2,7)5%!#)2*,)$;&<',7)(,a",'.,(3)2*,)+$%&!"()(0,.&,().;"(2,%)

&'2!)W)#$i!%) A("-C).;$7,() AU&<"%,)>LC6)b"2;&,%)(,a",'.,() &'.;"7,) !""#!$ H!":#:25!)!)

A4*&.*) *$() -,,') %,@.;$((&5&,7) $()  ,!9!':&#")!$ H!":#:25!)!$ $'7) 4*!(,) 2%'8@0(-=)

#$%N,%) (,a",'.,) &() &7,'2&.$;) 2!) 2*$2) !5) ,!9!':&#")!$ *#:)#)!*"C3) $'7)6'**!$ #)!5#:!)

A8xLWLEWMC6) Q*,) ;$22,%) (*!4() *&<*) (,a",'.,) (&#&;$%&21) 4&2*)  ,!9!':&#")!$

9#9;";#4'")A8xLWLEGECd)2*,)!';1)7&55,%,'.,()$%,)5!"'7)$2)0!(&2&!'()>EM@>`B)A=QQQ)

&')61$ #)!5#:!) +() @@=_) &') ,1$9#9;";#4'"C6)Q*,)#!(2) %,;,+$'2) 5,$2"%,()!5) 2*,)+$%&!"()

.;$7,()$'7)!5)(!#,)!5)2*,&%)#,#-,%()4&;;)-,)7,(.%&-,7)&')2*,)5!;;!4&'<);&',(6) 

 



LH> 
 

U&<"%,)>H6)=;&<'#,'2)!5)2*,)2%'8@0(-=)(0$.,%)(,a",'.,(6)JST [X)=;&<')(!524$%,)4$()

"(,7) 5!%) $) 5&%(2) $;&<'#,'26) =;&<'#,'2() 4,%,) ("-(,a",'2;1) !02&#&/,7) -1) +&("$;)

&'(0,.2&!'6) AT"-C) .;$7,() 4,%,) 7,2,%#&',73) 0%&#$%&;1) -$(,7) !') 2*,) 0%,(,'.,) !5)

.!'(,%+,7) &'(,%2&!'(]7,;,2&!'() A<$0() _L@_`C6) P!2,) 2*,) k&'(,%2&!'k) &') _W) $'7) 2*,)

.!'(,%+,7) _`) 5!%) 2*,)  !""#!) (0,.&,(g) 2*,) (&'<;,) ;$%<,) <$0) _W) $'7) 0"%&',@%&.*)

0,'2$'".;,!2&7,)&')eL)A0!(&2&!')WM@E>C)5!%)6'**!)("-.;$7,)Lg)2*,)24!);$%<,)<$0()_G)

$'7)_W)5!%)6'**!)("-;$7,)B)(0,.&,(g)2*,)24!);$%<,)<$0()_W)$'7)_E)5!%)2*,)(0,.&,()!5)

6'**!$ ("-.;$7,) >g) 2*,) "'&a",) ;$%<,) <$0) _W) 5!%) (0,.&,() $'7) 2*,) 01%&#&7&',@%&.*)

0,'2$'".;,!2&7,)&')eL)A0!(&2&!')WM@E>C)5!%)6'**!)("-.;$7,)D)(0,.&,()A2*&()("-.;$7,)

$;(!).!'2$&'()61$-!55#4!)4&2*)2*,);!'<,(2)<$0)(0$''&'<)_>)2!)_WC6)6'**!)("-.;$7,)G)

(0,.&,()$%,).*$%$.2,%&/,7)-1)$);!'<)<$0)(0$''&'<)_G)$'7)_W6) !;!%).!7,()$%,)2*,)

5!;;!4&'<d)=)u)<%,,'g)_)u)-;$.Ng) )u)-;",g)Q)u)%,76)Q*,)2%'8@0(-=)(0$.,%)%,<&!')&()+,%1)

=Q@%&.*)AEG\C6 

 

Q*,'<"**)"'4,"0%)&'.;"7,()2*,)5!;;!4&'<)(,a",'.,(d) 1$5'-);-,=55!$ATTC3) 1$!%%&'(#!)!$

ATT3)O^C3) 1$%!+'&#!*!$ATTC3) 1$N!(!*#:!$ATT3)8xLWLEGWC3) 1$N!(!*#:!$("-(06$*;4;"!$

A_S>MWEML3)_xD>G>WEC3) 1$&'*#<'&!$ATT3)eRC3) 1$%&'0")'&#$ATTC3) 1$9!&<#*!)!$ATTC3)

 1$ <&!*4#"$ ATT3) _xDBML>EC3)  1$ H#")25!$ ATTC3) $'7$  1$ &;M%2&<,##$ A8xLWLEWWC6) Q*,)

"'<$00,7)2%'8@0(-=)(0$.,%)(,a",'.,()!5)2*&().;$7,)%$'<,)5%!#)>DL)-0)A 1$!%%&'(#!)!C)



LHD 
 

2!)DHH)-0)A 1$&;M%2&<,##Cg)2*,)(&/,)7&55,%,'.,()$%,)#$&';1)7",)2!)$)(*!%2,%)_W)<$0)A>B)

-0)&') 1$!%%&'(#!)!3)$'7)LL)-0)&')2*,)!2*,%)%,#$&'&'<)(0,.&,()!5)2*&().;$7,),F.,02)5!%)

 1$&;M%2&<,##)$'7) 1$N!(!*#:!)ATTC)4*&.*)*$+,)&'(,%2()&')_G)$'7)_W6)=;;)2*,)#,#-,%()

!5)2*&().;$7,)*$+,)$) )$2)0!(&2&!')>`3)$)(2%,2.*)!5)>@G)Q()A4*&;,)$;;)!2*,%)(0,.&,();&(2,7)

*$+,)!';1)L)!%)BC)$2)0!(&2&!')>MB3)$) )$2)0!(&2&!')D>G3)$'7)2*,1)$;;)*$+,)$)(2%,2.*)!5)

!';1)G)Q()&')2*,)%,<&!')DDMC6)Q*,) 1$&;M%2&<,##)A8xLWLEWWC)(,a",'.,)&()2*,);!'<,(2)!5)

$;;)2*,)2%'8@0(-=)(0$.,%)(,a",'.,();&(2,76)Q*&()&()7",)2!)2*,)5$.2)2*$2)&2).!'2$&'()24!)

*,$7@2!@2$&;) .!0&,() !5) 24!) 7"0;&.$2,7) (,<#,'2(3) !',) BB) -0) ;!'<)

AQ== =Q==_=====__=Q=QQ_C) $2) 0!(&2&!'() L``) $'7) BL`3) $'7) !',) LL) -0) ;!'<)

AQ_===Q_Q===C)$2)0!(&2&!'()>LD)$'7)>BG6)Y,)7,2,%#&',7)$')&7,'2&.$;)(,a",'.,)5!%)

$) 1$N!(!*#:!)ATTC)4*&.*)#$1)&')5$.2).!%%,(0!'7)2!) 1$N!(!*#:!)A(,'(")Z!i,%C3)4*&.*)&()

$)(1'!'1#)!5) 1$&;M%2&<,##)V )A,))-.//0001),'-5!*)5#")1;&</)-5/&':;&4/#543QQVWC6) 

 

Q4!)  1$ !%%&'(#!)!$ 2%'8@0(-=) (0$.,%$ (,a",'.,() *$+,) -,,') 7,2,%#&',7) &') !"%)

;$-!%$2!%1d) !',) 5%!#) *10!.!21;() <%!4') 5%!#) 0"%.*$(,7) (,,7() ATTC3) $'7) !',) 5%!#)

;,$+,().!;;,.2,7)5%!#)$)2%,,)&')O,'1$)AO^C6)Y*&;,)2*,)24!)(,a",'.,()(*$%,)$)"'&a",)

>B)-0)<$0)A+()LL)-0C)$2)0!(&2&!')>H`3)$()4,;;)$()$)LD)-0)<$0)A+()LH)-0C)$2)0!(&2&!')DHM)

$().!#0$%,7)2!)2*,)!2*,%)#,#-,%()!5)2*&().;$7,3)2*,1)7&55,%)5%!#),$.*)!2*,%)-1)$)G)

'".;,!2&7,)(2%,2.*)A=  Q )+()_=__Q)$2)0!(&2&!')WMC3)$)2%&'".;,!2&7,)A =Q)+()Q_ )$2)

0!(&2&!')BDWC3)$'7)(&'<;,)'".;,!2&7,).*$'<,()$2)0!(&2&!')B`G)A_)+()=C)$'7)$2)0!(&2&!')

B`M) AQ)+()_C6)Q*&()7,#!'(2%$2,() 2*,),F&(2,'.,)!5)$') &'2%$(0,.&,()+$%&$-&;&21) 5!%) 2*,)

2%'8@0(-=)#$%N,%) &') 1$!%%&'(#!)!3)0!((&-;1) %,5;,.2&'<)7&55,%,'2)<,!<%$0*&.$;)!%&<&'()

A(,,)$;(!)U&<"%,)BGC6) 

 

 1$H#")25!$&()2*,)!';1)(0,.&,()&')2*&().;$7,)2*$2)*$($$)G@-0)7,;,2&!')$2)0!(&2&!')LHH3)$'7)

$) E@-0) &'(,%2&!') $2) 0!(&2&!') LWD6)=;;) 2*,) (,a",'.,() $+$&;$-;,) 5!%)  1$ H#")25!) &') 2*,)

7$2$-$(,() A$..,((&!') '"#-,%() hc`GW`WL3) hc`GW`WB3) _xD>G>W`3) 8xLWLEGGC) $%,)

&7,'2&.$;)2!)2*,)(,a",'.,)4,)7,2,%#&',73)("<<,(2&'<)2*$23)"';&N,)5!%) 1$!%%&'(#!)!)$'7)

!2*,%) !""#!)(0,.&,()A(,,)-,;!4C3)2*,%,)&()'!)(,a",'.,)+$%&$2&!')5!%)2*&()#$%N,%)&') 1$



LHG 
 

H#")25!6)9')("00!%2)!5)2*&(3)'!)("-(0,.&,()!5) 1$H#")25!)*$()-,,')7,(.%&-,76) 

 

U&<"%,) >L6) R*1;!<,',2&.) 2%,,) -"&;2) 5%!#) 2*,) $;&<',7) 2%'8@0(-=) (0$.,%) (,a",'.,(6)

 !'2&','2()5%!#)4*&.*)2*,)+$%&!"()(0,.&,()$%,)'$2&+,)$%,)&'7&.$2,7d)=S)u)="(2%$;&$g)=T)

u)=(&$g)=U)u)=5%&.$g)P=)u)P!%2*)=#,%&.$g)T=)u)T!"2*)=#,%&.$g) =)u) ,'2%$;)=#,%&.$g)

Q=) u) Q%!0&.$;) =#,%.&$6) P!2,) 2*,) (,a",'.,() 2*$2) $%,) #!(2) ;&N,;1) 7,%&+,7) 5%!#)

#&(&7,'2&5&,7)(0,.&,(d) ,!9!':&#")!$*#<&#:!*")A8xLWLEEHC)&')6'**!)("-.;$7,)Lg)2*,)

24!)6'**!$);&!)(,a",'.,()A61$);&!)8xLWLEWB)&')T6)("-.;$7,)B)$'7)61$);&!)_SMWMBEE)

&')T6)("-.;$7,)GCg)2*,)61$#)!5#:!$8xLWLEWM)(,a",'.,)&')2*,) ,!9!':&#")!)!"2;&,%)<%!"06)

 !""#!$H!":#:25!)!)A$()'$#,7)-1)T"'(*&',)T,,7(C)&()&')5$.2) ,!9!':&#")!$H!":#:25!)!6)

b2*,%)&'.!'(&(2,'.&,()(,,)2,F26 



LHW 
 

Q*,) 1$ <&!*4#"$(,a",'.,)4,)7,2,%#&',7) &() &7,'2&.$;) 2!) 2*,) (,a",'.,) 5!"'7) &') 2*,)

7$2$-$(,) A$..,((&!')'"#-,%)_xDBML>EC6) 1$<&!*4#") &() 2*,)!';1)(0,.&,()4&2*&') 2*,)

 !""#!)$'7)6'**!).;$7,()2*$2)*$()$)_)A&'(2,$7)!5)$)QC)$2)0!(&2&!')LGG6) 

 

Q4!) (,a",'.,() A_S>MWEML) $'7)_xD>G>WEC) $%,) $+$&;$-;,) &') 2*,) 7$2$-$(,() 5!%) 1$

N!(!*#:!$("-(06$*;4;"!1$Q*,1)7&55,%)-1)$)0,'2$'".;,!2&7,)$2)0!(&2&!'()WM@E>)A=  Q )

+(6)_=__QC3)$'7)-1)0!(&2&!'()LDW)$'7)>MW)A=)+(6) C6)Q*,)_S>MWEML)(,a",'.,)7&55,%()

-1) `) '".;,!2&7,() A0!(&2&!'() WM@E>3) LLE3) BWD3) BWWC) 5%!#) 2*,) 1$ N!(!*#:!) (,a",'.,)

8xLWLEGW)$'7)-1)!',)'".;,!2&7,)A0!(&2&!')ELC)5%!#)2*,) 1$%!+'&#!*!)(,a",'.,6)Q*,)

_xD>G>WE) (,a",'.,) 7&55,%() 5%!#) 2*,)  1$ N!(!*#:!$ (,a",'.,) 8xLWLEGW) -1) G)

'".;,!2&7,()A0!(&2&!'()LLE3)LDW3)BWD3)BWW3)>MWC)$'7)5%!#)2*,) 1$%!+'&#!*!)(,a",'.,)

-1) E) '".;,!2&7,() A0!(&2&!'() WM@E>3) LDW3) >MWC6) Q*%,,)  1$ N!(!*#:!) (,a",'.,() $%,)

$+$&;$-;,d) hc`GW`WD3) 8xLWLEGW3) $() 4,;;) $() 2*,) (,a",'.,) 4,) 7,2,%#&',7) 5%!#)

(,,7;&'<() AT"'(*&',) T,,7(C6)Y*&;,) 2*,) 5!%#,%) 24!) (,a",'.,() 7&55,%) -1) LB) -03) 2*,)

(,a",'.,)5%!#)T"'(*&',)T,,7()0;$'2()(*!4()>M)'".;,!2&7,)7&55,%,'.,)4&2*) 1$N!(!*#:!)

A8xLWLEGWC) $'7) DW) -0) 7&55,%,'.,) 4&2*) 1$ N!(!*#:!) Ahc`GW`W>C6) Q*&() 7&55,%,'.,) &()

0%,7!#&'$'2;1)7",)2!)2*,)0%,(,'.,3)&')2*,)T"'(*&',)T,,7()(,a",'.,3)!5)24!)k&'(,%2(k)

4*&.*) $%,) $;(!) 0%,(,'2) &') 2*,) 1$ &;M%2&<,##) Ahx>HL`DLC) (,a",'.,) A(,,) 7&(."((&!')

"'7,%) 1$&;M%2&<,##)$-!+,C6) !'5"(&!')&()$;(!)%$&(,7)-1) 1$9!&<#*!)!$ATTC3)4*&.*3)$()

$)(1'!'1#);H$ 1$&;M%2&<,##)$()4,;;3)(*!";7)*$+,)2*,)($#,)(,a",'.,6) 1$9!&<#*!)!$

*!4,+,%) ;$.N() 2*,) 24!) &'(,%2(3) $'7) &() &7,'2&.$;) 2!) 1$ N!(!*#:!) A8xLWLEGWC) $'7) 1$

&'*#<'&!)ATTC6) 1$&'*#<'&!)&()$')$..,02,7)'$#,)$'7)&()$)(1'!'1#)!5) 1$N!(!*#:!)("-(06)

&'*#<'&!$ A,))-.//0001),'-5!*)5#")1;&</)-5/&':;&4/#543QQVJC6) Q*&() #$1) ,F0;$&') 2*,)

(,a",'.,)&7,'2&21)!5)2*,);$22,%)4&2*)2*$2)!5) 1$N!(!*#:!)&(!;$2,) PB)Ahc`GW`WDC3)$()4,;;)

$()2*,)&7,'2&21)!5)2*,)(,.!'7) 1$&'*#<'&!)(,a",'.,)AeRg)(,,)-,;!4C)4&2*) 1$N!(!*#:!6$)

Q*,)24!) 1$&'*#<'&!)2%'8@0(-=)(0$.,%)(,a",'.,()ATT)$'7)eRC)7&55,%)-1)LL)'".;,!2&7,(6)

Y*&;,)2*,) 1$&'*#<'&!)ATTC)(,a",'.,)A&7,'2&.$;)2!) 1$N!(!*#:!)8xLWLEGWC)(*$%,()2*,)

($#,) 0,'2$'".;,!2&7,) A_=__QC) 4&2*)  1$ N!(!*#:!) ("-(06) *;4;"!) A_xD>G>WEC) $2)

0!(&2&!'()WM@E>3)2*,) 1$&'*#<'&!)AeRC)(,a",'.,)A&7,'2&.$;)2!$ 1$N!(!*#:!$ &(!;$2,) PB)



LHE 
 

Ahc`GW`WDC$(*$%,()$2) 2*,(,)($#,)0!(&2&!'() 2*,)=  Q )(,a",'.,)4&2*) 1$ N!(!*#:!)

("-(06) *;4;"!) A_S>MWEMLC6) Q*,)  1$ N!(!*#:!) ("-(06) *;4;"!) _xD>G>WE) $'7)  1$

&'*#<'&!)ATTC)(,a",'.,()$%,)'!2)&7,'2&.$;)2*!"<*d)2*,1)7&55,%)$2)G)0!(&2&!'()A )+()_)$2)

0!(&2&!')LLEg) )+()=)$2)0!(&2&!')LDWg)_)+()Q)$2)0!(&2&!')BWDg)Q)+()@)$2)0!(&2&!')BWWg)$'7)

 )+()=)$2)0!(&2&!')>MWC6)T&#&;$%)5!%)_S>MWEML)$'7)2*,) 1$&'*#<'&!)AeRC$(,a",'.,d)2*,1)

(*$%,)2*,)=  Q )(,a",'.,)$2)0!(&2&!')WM@E>3)-"2)2*,1)7&55,%)$2)0!(&2&!'()>M)A_)+() C3)

MD) AQ) +() _C3) $'7) B`L) A ) +() QC6) =;;) 2*&() &;;"(2%$2,() 2*,) .!#0;,F&21) $'7) .!'5"(&!')

<,',%$2,7)-1)2*,)*&<*)%,(!;"2&!')0!4,%)!5)VP=@-$(,7)0;$'2)&7,'2&5&.$2&!')#,2*!7(3)$)

.!'5"(&!')!52,')7",)2!)&'.!%%,.2)!%)&'.!#0;,2,)'$#&'<)4&2*&')$)($#,)!%)-,24,,')*&<*;1)

%,;$2,7)$'7)#!%0*!;!<&.$;;1)+,%1)(&#&;$%)(0,.&,(6) 

 

=)7&(2&'.2&+,)5,$2"%,)!5) 1$5'-);-,=55!)&')2*&().;$7,)&()$)D@-0)<$0)$2)0!(&2&!'()BGL@BGD3)

$)<$0)$;(!)5!"'7)&') ,!9!':&#")!$!%"2")A8xLWLEW`C6) 1$5'-);-,=55!)&()$;(!)2*,)!';1)

(0,.&,()!5)2*,) !""#!)$'7)6'**!$(0,.&,();&(2,7)*,%,)2*$2)*$()$) )A&'(2,$7)!5)$')=C)$2)

0!(&2&!')DDE6) 

 

Q*,)24!)(0,.&,()#!(2).;!(,;1)%,;$2,7)2!$ 1$%&'0")'&#)$%,) 1$N!(!*#:!)("-(06)*;4;"!)

_xD>G>WE) A7&55,%,'.,() $2) 0!(&2&!'() BWL3) BWD3) BWW3) >W`) $'7) >MWC) $'7) 1$ <&!*4#")

A7&55,%,'.,()$2)0!(&2&!'()0!(&2&!'()LGG3)BWL3)BWD3)>W`)$'7)>MWC6) 1$%&'0")'&#)&()2*,)!';1)

!',)!5)$;;) !""#!)$'7)6'**!)(0,.&,();&(2,7)2*$2)*$()$')=)$2)0!(&2&!'()BWL)$'7)BWD6)Q*&()

;!4)(,a",'.,)7&+,%<,'.,)#$1)-,)("%0%&(&'<)(&'.,)2*,)2*%,,)(0,.&,()$%,)'$2&+,)2!)2*%,,)

7&55,%,'2).!'2&','2(d)="(2%$;&$)5!%) 1$%&'0")'&#3)=(&$)5!%) 1$N!(!*#:!3)$'7)T!"2*)=#,%&.$)

5!%) 1$<&!*4#"6 

 

Q*,'8'##"' *+=4,"0%'.) &'.;"7,() 2*,) 5!;;!4&'<) (0,.&,(d)61$ 2*#H5;&!$ A8xLWLEEBC3)61$

4#4=9;%;)&=!$ATTC3$61$#)!5#:!)("-(06)!&!4;#4'"$ATTC3)61$('*2")!$ATTC3)61$!5!)!$AeRC3)61$

*;)!%#5#"$ ATTC3)61$!&)'9#"#;#4'"$ ATTC3)61$-5'2&;:!&-!) +$%6)-"'24;:!&-!$ ATTC)$'7)61$

-5'2&;:!&-!)+$%6)!*<2")#H;5#!$ATTC$A$()4,;;)$()2*,) ,!9!':&#")!$*#<&#:!*"$8xLWLEEH)

(,a",'.,3)(,,)7&(."((&!')-,;!4C6)Q*,&%)"'<$00,7)(0$.,%);,'<2*()%$'<,)5%!#)BM>)2!)



LH` 
 

>B`)-06)=;;)M)(0,.&,()(*$%,)$)WE]W`@-0)<$0)_W)A4*&.*)&()$;(!)0%,(,'2)&')2*,)(0,.&,()!5)

("-.;$7,()B3)>)$'7)D)-"2)4*&.*)&()#".*);!'<,%)&')("-.;$7,)GC6) 

 

61$ !&)'9#"#;#4'"3) 61$ -5'2&;:!&-!) +$%6) -"'24;:!&-!) $'7) +$%6) !*<2")#H;5#!) *$+,) $')

&7,'2&.$;) 2%'8@0(-=)(0$.,%)(,a",'.,3)$'7) 2*&()(,a",'.,) &()$;(!) 2*,)!';1)!',)!5)$;;)

(0,.&,();&(2,7)2!)*$+,)$)LH)-0)&'(,%2&!')A_==Q_=Q===C)$2)0!(&2&!')DHM6)=;2*!"<*)2*,)

2*%,,)(0,.&,()$%,)'$2&+,)2!)="(2%$;&$3)2*,)*&<*)(&#&;$%&21)A!';1)>)'".;,!2&7,()7&55,%,'.,C)

!5) 2*,)61$!&)'9#"#;#4'") (,a",'.,)4&2*) 2*$2)!5) 2*,) 24!)61$-5'2&;:!&-!)("-(0,.&,() &()

("%0%&(&'<) A,(0,.&$;;1) (&'.,) 2*,) 9QTB) (,a",'.,) 7&55,%() a"&2,) .!'(&7,%$-;1) A-1) G>)

'".;,!2&7,(C)-,24,,')61$!&)'9#"#;#4'")$'7)61$-5'2&;:!&-!g)(,,)-,;!4)&')9QTBC6) 

 

61$ #)!5#:!) ("-(06) !&!4;#4'") (*$%,() 2*,) ($#,) LD) -0) <$0) $2) 0!(&2&!') DHM) 4&2*)  1$

!%%&'(#!)!6)92)*$()$)"'&a",)LB)-0)&'(,%2)A=_==QQQQQQQQC)$2)0!(&2&!')DGE6) 

 

 *$%$.2,%&(2&.) 5!%) 2*,) (0,.&,()61$*;)!%#5#") $%,) $)LH@-0) &'(,%2&!') AQQQ== =@QQ=C) $2)

0!(&2&!')LWD3)$'7)$)LW@-0)<$0)_E)A0!(&2&!')DHBC6)b2*,%)7&55,%,'.,()-,24,,')(0,.&,()

!5) 2*&() .;$7,) &'.;"7,) (&'<;,) '".;,!2&7,) 7,;,2&!'(]&'(,%2&!'() $'7) (&'<;,) '".;,!2&7,)

.*$'<,(6)Q*,) Z[=TQ) (,$%.*) 5!%) %,;$2,7) (,a",'.,() $;(!) %,+,$;,7) $) ,!9!':&#")!$

*#<&#:!*")A8xLWLEEHC)(,a",'.,)4*&.*)*$()$;;)2*,)5,$2"%,()!5)2*,)T,''$)("-.;$7,)L)

(0,.&,(6)S'&a",)5,$2"%,()&'.;"7,)2*,)_ )7&'".;,!2&7,)$2)0!(&2&!'()BLW@BLE3)$'7)$) )$2)

0!(&2&!')DD`)$'7)DGB6)Q*&()(0,.&,()4$()#!(2);&N,;1)#&(&7,'2&5&,76) 

 

8'##"'*+=4,"0%'DH'4&2*)2*,)(,a",'.,()61$"#!9'!$A8xLWLEWE3)_SMWMBEM)$'7)TTC)

$'7)61$9;*)!*!$A8xLWLEGMC3)&().*$%$.2,%&/,7)-1)$)"'&a",);!'<)<$0)(0$''&'<)0!(&2&!'()

LMD@BEW6)Q*,)2*%,,)6'**!$"#!9'!$(,a",'.,()7&55,%)$#!'<)2*,#(,;+,()-1)L3)>)$'7)D)

'".;,!2&7,() %,(0,.2&+,;1g) 2*,1) 7&55,%$ 5%!#) 2*,$ 61$9;*)!*!) (,a",'.,) -1) >3) D) $'7) W)

'".;,!2&7,()%,(0,.2&+,;16 

 

8'##"' *+=4,"0%'E) &'.;"7,() 2*,) 5!;;!4&'<)(,a",'.,(d)61$4!&#'*"#"$ A_xM`B>G`C3)61$



LHM 
 

;::#4'*)!5#"$ATTC3)61$"25H2&'!$A8xLWLEG`C3$61$,!9'&"5'='*"#"$ATTCO) 1$,'59"##$ATTC3)

 1$'&'9;-,#5!$ A78C3)61$;%)2"#H;5#!$ A_S>MW`HGC3)61$ );&!$ A8xLWLEWBC3)61$"2&!))'*"#"$

ATTC3) 1$<5!2:!$ATTC3)61$";-,'&!$A8xLWLEWHC3)61$<52)#*;"!)("-(06):,!)'5!#*#!*!$ATTC3)

 1$!&)'9#";#4'"$("-(06$!&)'9#"#;#4'"$AeRC3$61$'&'9;-,#5!$ATTC3)$'7)61$H#5#H;5#!$ATTC1$

Q*,&%)"'<$00,7)(0$.,%);,'<2*)%$'<,()5%!#)B`M@>HM)-06$V&(2&'.2&+,)5!%)2*,(,)(0,.&,()

&()2*,)>H)-0)<$0)A_EC)$2)0!(&2&!')DHB)A&')#!(2) !""#!)$'7)6'**!)(0,.&,();&(2,7)*,%,)

2*&() <$0) &() (*!%2,%) ALH3) LD) !%) LG) -0) ;!'<C6)Q*,)#!(2) %,;,+$'2) 7&55,%,'.,() -,24,,')

(0,.&,()!5)2*&()("-.;$7,)$%,)5!"'7)&')2*,)%,<&!'),F2,'7&'<)5%!#)0!(&2&!')LD)2!)>H)4*,%,)

#!(2)!5)2*,#)*$+,)$')=Q@%&.*)&'(,%2)!5)+$%&$-;,);,'<2*d)2*,(,)&'.;"7,)61$,!9'&"5'='*"#"$

E=Q=QQ==QC3) 61$ ;::#4'*)!5#"O$ 61$ ;%)2"#H;5#!) A_S>MW`HGCO$ 61$ );&!$ A8xLWLEWBCO$  1$

,'59"##O$ 61$ '&'9;-,#5!O$  1$ '&'9;-,#5!3) 61$ <52)#*;"!) ("-(06) :,!)'5!#*#!*!$ A=QC3) 61$

"25H2&'!$ A=Q=Q=C3)  1$ !&)'9#"#;#4'") A=Q=Q=Q=Q=Q==QC3) $'7) 61$ H#5#H;5#!)

A=Q=Q=Q=Q=Q==Q=Q=QC6)61$<52)#*;"!)("-(06):,!)'5!#*#!*!) &()2*,)!';1)(0,.&,()!5)2*&()

("-.;$7,)4&2*)$')&'(,%2&!')ALH)-0C)$2)0!(&2&!')DGE6) 

 

61$ 4!&#'*"#"O$ 61$ ;::#4'*)!5#"$ !*4$ 61$ "25H2&'!$ *$+,$ $) 0"%&',@%&.*) 0,'2$'".;,!2&7,) $2)

0!(&2&!') WM) A(&#&;$%) 2!) 2*,) ("-.;$7,) L) (0,.&,(C) 4*&;,) &') 2*,) !2*,%) (0,.&,() !5) 2*&()

("-.;$7,) 2*&() (2%,2.*) .!'(&(2() $;#!(2) ,F.;"(&+,;1) !5) 01%&#&7&',(6) b5) $;;) 2*,) (0,.&,()

;&(2,7)61$4!&#'*"#")&()2*,)!';1)!',)2!)*$+,)$')=======QQQQQQ=QQQ=)(,a",'.,)&')2*,)

_B)%,<&!')A0!(&2&!'()LB`@LDEC)$'7)$)7"0;&.$2,7)QQQ== =Q)(,a",'.,)$2)0!(&2&!'()L`W@

LM>)$'7)LMD@BHL6) 

 

61$";-,'&!$A8xLWLEWHC3) 1$<5!2:!)AT"'(*&',)T,,7(C)$'7)61$"2&!))'*"#"$*$+,)&7,'2&.$;)

2%'8@0(-=)(0$.,%)(,a",'.,(g)4*&;,) 1$<5!2:!)p+$%6$"2HH&2)#:;"!$AO!,'&<),F)e!2*C)Z$N,%q$

&() $') $..,02,7) (1'!'1#) !5)61$ "2&!))'*"#") pAZ"%#656C) 86T69%4&') v) Z$%',-1q$ $'7) 2*,)

&7,'2&21)!5)2*,)24!)(,a",'.,()&()2*,%,5!%,),F0,.2,73)61$";-,'&!)&()$')$..,02,7)'$#,)

A,))-.//0001),'-5!*)5#")1;&</)-5/"'!&:,XRY6'**!Z";-,'&!C) $'7) &() .!'(&7,%,7) 2!) -,) $)

7&(2&'.2) (0,.&,(6) Q*,) (,a",'.,) &7,'2&21) !5) 2*,) 61$ ";-,'&!) $'7) 2*,) 1$ <5!2:!$ ]) 61)

"2&!))'*"#")2%'8@0(-=)#$%N,%)(,a",'.,)("<<,(2()2*$2)2*,)24!)(0,.&,()$%,)+,%1).;!(,;1)



LLH 
 

%,;$2,7)2*!"<*3)4*&.*)#$1)'!2)-,)("%0%&(&'<)(&'.,)$;;)2*%,,)(0,.&,()$%,)'$2&+,)2!)=(&$1$ 

 

Q*,)61$;%)2"#H;5#!)A_S>MW`HGC$!*4$61$);&!$A8xLWLEWBC)2%'8@0(-=)(0$.,%)(,a",'.,()

7&55,%)-1)$)(&'<;,)'".;,!2&7,)A_)&'(2,$7)!5)=)$2)0!(&2&!')D>`C6)Q*,);$22,%)(,a",'.,)7&55,%()

.!'(&7,%$-;1) A-1) LBW) '".;,!2&7,(C) 5%!#) 2*,) 61$ );&!) (,a",'.,) &') ("-.;$7,) G)

A_SMWMBEEC6)T&'.,)2*,)61$);&!$'$#,)*$()-,,'),%%!',!"(;1)"(,7)&')2*,)0$(2)2!)%,5,%)2!)

6'**!$ ;%)2"#H;5#!) A[C) 86T69%+&') v) Z$%',-1) A,))-.//0001),'-5!*)5#")1;&</)-5/&':;&4/#543

QVW[C3)2*,)5!%#,%)(,a",'.,)A61$);&!)A8xLWLEWBCC)#$1)&')5$.2).!%%,(0!'7)2!)2*$2)!5)61$

;%)2"#H;5#!)A4*&.*)&()'$2&+,)2!) ,'2%$;)$'7)T!"2*)=#,%&.$3)4*&;,)61$);&!)&()'$2&+,)2!)=(&$C6) 

 

Q*,) 1$'&'9;-,#5!)$'7)61$'&'9;-,#5!$ 2%'8@0(-=)(,a",'.,()7&55,%)-1)W)'".;,!2&7,()

A0!(&2&!'()LDH3)LW>3)BDE3)BGG3)BGW3)$'7)>E>C6)T&'.,)2*,)(,,7()!5)2*,)24!)(0,.&,()4,%,)

!-2$&',7)5%!#)7&55,%,'2)0%!+&7,%()A7!&'$85!*)")$'7)62*",#*'$6''4")%,(0,.2&+,;1C)2*,)

7&55,%,'.,()#&<*2)-,)$22%&-"2,7) 2!)7&55,%,'2),.!210,() A7&55,%,'2)<,!<%$0*&.$;)!%&<&'(C6)

=;2,%'$2&+,;1)!',)!5)2*,)(0,.&,()#$1)*$+,)-,,')&'.!%%,.2;1)&7,'2&5&,7g)&')("00!%2)!5)2*,)

;$22,%) *10!2*,(&() &() 2*,) 5$.2) 2*$2) 2*,) (,a",'.,) !5) 2*,) 1$ '&'9;-,#5!) A7!&'$ 85!*)"C)

#$%N,%) &() &7,'2&.$;) 2!) 2*$2) !5)  1$ ,'59"##) A62*",#*'$ 6''4"C6) P!) -$%.!7,) #$%N,%)

(,a",'.,)',&2*,%)5!%) 1$,'59"##)'!%)5!%) 1)!%)61$'&'9;-,#5!)&()$+$&;$-;,)&')7$2$-$(,()2!)

+,%&51)2*,)$.."%$2,)&7,'2&21)!5)2*,(,)(0,.&,(6$ 

 

Q*,)2%'8@0(-=)(0$.,%)(,a",'.,)!5)61$;::#4'*)!5#")AT"'(*&',)T,,7(C)&')2*&()("-.;$7,)

>)7&55,%()(&<'&5&.$'2;1)A!';1)G`6`\)(,a",'.,)&7,'2&21C)5%!#)2*$2)7,(.%&-,7)&')("-.;$7,)G)

A61$ ;::#4'*)!5#") O LGH``EC6) 61$ ;::#4'*)!5#") &() ("00!(,7) 2!) -,) '$2&+,) 2!) Q%!0&.$;)

=#,%&.$)-"2)&()'!4)$)0$'2%!0&.$;)4,,76)P!)(,a",'.,)&7,'2&.$;)2!)2*&()!',)&()0%,(,'2;1)

7,(.%&-,7)&')2*,)7$2$-$(,)$'7)&2)&()+,%1);&N,;1)2*$2)!',)!5)2*,)24!)*$()-,,')&'.!%%,.2;1)

'$#,76) 

 

8'##"'*+=4,"0%'F).!#0%&(,()2*,)(,a",'.,()61$"-':)!%#5#"$AeR3)8xLWLEWLC3)61$-!55#4!$

A8xLWLEGDC3)61$ !2&#:25!)!$ A8xLWLEW>C3)61$ !5'M!*4&#*!$ A8xLWLEELC3$ 66) "#*<2'!*!$



LLL 
 

ATTCO)$'7)61$-')'&"#!*!$ATTC6)Q*,)(0,.&,()!5)2*&()("-.;$7,3)4&2*)2*,),F.,02&!')!5)61$

-!55#4!3)(*$%,)$)'"#-,%)!5)5,$2"%,()4&2*)2*,)T,''$)("-.;$7,)L)#,#-,%(d)2*,(,)&'.;"7,)

2*,)'"#-,%)$'7)2*,)!%<$'&/$2&!')!5)2*,)<$0(3)$()4,;;)$()2*,)(&/,)!5)<$0)_W)AWE)-0C6)61$

-!55#4!3)7",)2!)$);!'<)<$0),F2,'7&'<)5%!#)0!(&2&!')LWD)2!)>MG3)*$()2*,)(*!%2,(2)(0$.,%)

AL`H) -0C) !5) $;;) 2*,)  $((&$) $'7) T,''$) (0,.&,() ;&(2,76) Q*,1) $%,) '$2&+,) 2!)=(&$) A61$

!2&#:25!)!C3)=5%&.$) A61$ !5'M!*4&#*!3)61$ "#*<2'!*!3) $'7) 61$ -')'&"#!*!C3) $'7) Q%!0&.$;)

=#,%&.$)A61$-!55#4!3)61$"-':)!%#5#"C6)Q*,)#$i!%)7&55,%,'.,)-,24,,')2*,)("-.;$7,)L)$'7)

("-.;$7,)D)#,#-,%() &() 2*,)0%,(,'.,)!5)$)_=___)(,a",'.,)$2)0!(&2&!'()WM@E>) &')

.;$7,)L)#,#-,%()4*&;,) .;$7,)D)#,#-,%()*$+,)$)   Q ) &') 2*,) ($#,)0!(&2&!'6)61$

"-':)!%#5#") &() 2*,) !';1) (0,.&,() !5) .;$7,) D) 2*$2) *$() $') A=Q@%&.*C) &'(,%2) A=Q=QQ=C) $2)

0!(&2&!')LD6)=;;)!2*,%)(0,.&,()2*$2)*$+,)$')&'(,%2)&')2*&()0!(&2&!')$%,)5%!#)("-.;$7,)>6)

61$"-':)!%#5#")&()$;(!)2*,)!';1)(0,.&,();&(2,7)2*$2)*$()$) )$2)0!(&2&!')DB3)$)_)$2)0!(&2&!')

MB3)$'7)$)LH)-0)&'(,%2)$2)0!(&2&!')DG`6)b5)2*,)24!)7&55,%,'2)61$"-':)!%#5#")(,a",'.,()

$+$&;$-;,)!',)A7!&'$85!*)"C)*$()$')`)-0)&'(,%2)$2)0!(&2&!')>HGg)2*,1)$;(!)7&55,%)&')2*,)LH)

-0)&'(,%2)$2)0!(&2&!')DGE)AQ=_=Q=_QQQ@)+(6)@=_=Q=_QQQQC6)Q*,)+,%1)(&#&;$%)2%'8@

0(-=)(0$.,%)(,a",'.,)ALL)-0)7&55,%,'.,3)&'.;"7&'<)$')̀ )-0)&'7,;C)!5)61$"-':)!%#5#")Ae$%,)

R;$'2(C)$'7)61$"-':)!%#5#")A8xLWLEWLC)("<<,(2()2*$2)61$"-':)!%#5#")Ae$%,)R;$'2(C)4$()

.!%%,.2;1)&7,'2&5&,7)$'7)2*$2)2*,)24!)(,a",'.,().!";7).!%%,(0!'7)2!)24!)61$"-':)!%#5#")

("-(0,.&,(]+$%&,2&,(g)24!)+$%&,2&,()*$+,)&'7,,7)-,,')7,(.%&-,7d)+$%6)'M:'5"!$A'$2&+,)

2!) T!"2*)=#,%&.$) AZ%$/&;C) $'7) +$%6) "-':)!%#5#"$ A'$2&+,) 2!) 2*,)  $%&--,$'C) A(,,) ;&'N)

';51;&<C6) 

 

Q*,)61$!5'M!*4&#*!)(,a",'.,)&()"'&a",)$#!'<)2*,)(0,.&,() ;&(2,7)&')2*$2)&2) ;$.N()2*,)

(2%,2.*)!5)kQk()$2)0!(&2&!')DDM6) 

 

61$ !2&#:25!)!) 7&55,%() 5%!#) 61$ "#*<2'!*!) $2) B) 0!(&2&!'() ABDE) $'7) DHHC) $'7) 5%!#) 61$

-')'&"#!*!)$2)>)0!(&2&!'()ABGH3)DHH)$'7)D>DC6)61$-')'&"#!*!)7&55,%()5%!#)61$"#*<2'!*!)

$2)0!(&2&!'()BDL3)BGH)$'7)D>D6% 

 



LLB 
 

8'##"'*+=4,"0%'G'.!#0%&(,()L>)(,a",'.,(d'61$%#:!-"25!&#"$AeRC3)61$H5;&#%2*4!$ATTC3)

61$ -'*425!$ (!&1$ <5!%&!)!$ A_SL>GD>MC3) 61$ :;('"##$ ATTCO) T1$ 5#*4,'#9'&#!*!$ ATTCO$ 61$

&;'9'&#!*!$ ATTCO$ 61$ -2&-2"##$ ATTCO$ 61$ ,'%':!&-!$ AeRCO$ 61$ ,#&"2)!$ A8xLWLEWDCO$ 61$

%!&:5!=!*!$ ATTCO$ 61$ -5!*#)##:;5!$ ATTCO$ 61$ ;::#4'*)!5#"$ AO LGH``EC3) $'7) 61$ );&!$

A_SMWMBEE1)Q*,)"'<$00,7)(0$.,%);,'<2*()!5)2*,(,)(0,.&,()$%,)-,24,,')BL`)$'7)BGL)

-06)Q*,)(*!%2,%)(0$.,%()$%,)#$&';1)7",)2!)2*,)0%,(,'.,)!5)$);!'<)<$0)_W)ArLGH)-0C)

.,'2,%&'<) $%!"'7) 0!(&2&!') >>H6) 9') M) !5) 2*,) (0,.&,() A61$ &;'9'&#!*!3) 61) :;('"##3) 61$

,'%':!&-!3)61$-2&-2"##3)61$;::#4'*)!5#"3)61$);&!3$61$%!&:5!=!*!3)61$-5!*#)##:;5!3)61$,#&"2)!C)

2*&()<$0)&()LE`)-0);!'<3)&')61$5#*4,'#9'&#!*!)&2)&()L``)-03)&')61$H5;&#%2*4!)$'7)61$-'*425!)

&2)&()LME)-03)$'7)&')61$%#:!-"25!&#")&2)&()BLE)-0);!'<6)U!"%)(0,.&,()A61$;::#4'*)!5#"3)61$

);&!3)61$%!&:5!=!*!)$'7)61$-5!*#)##:;5!F)$;(!)*$+,)$')LL@-0);!'<,%)<$0)_D6)Y*&;,)2*,)61$

%!&:5!=!*!)$'7)61$-5!*#)##:;5!$(,a",'.,()$%,)&7,'2&.$;O$61$);&!$A_SMWMBEEC)&()2*,)!';1)

!5)$;;)(0,.&,();&(2,7)2*$2)*$()$)B)-0)&'(,%2&!')AQ_C)$2)0!(&2&!')LHM)$'7)7&55,%()5%!#)2*,)

2*%,,)!2*,%) (0,.&,()-1)>)'".;,!2&7,() A&'.;"7&'<) 2*,)B)-0) &'(,%2) $2) 0!(&2&!')LHM)$'7)

'".;,!2&7,) .*$'<,) $2) 0!(&2&!') LLLC6)61$ %!&:5!=!*!) $'7)61$ -5!*#)##:;5!) $%,) '$2&+,) 2!)

="(2%$;&$3)4*&.*)#$1),F0;$&')2*,&%).;!(,)<,',2&.)%,;$2&!'(*&06)61$;::#4'*)!5#")&()'$2&+,)

2!)Q%!0&.$;)=#,%&.$)$'7)4!";7)2*,%,5!%,)-,),F0,.2,7)2!)-,)<,',2&.$;;1)#!%,)7&(2$'26)=)

#!%,)7&(2$'2)<,',2&.)%,;$2&!'(*&0)4!";7)$;(!)-,),F0,.2,7)5!%)61$);&!)4*&.*)&()'$2&+,)2!)

=(&$6)='!2*,%)61$ );&!) A8xLWLEWBC)$'7)61$;::#4'*)!5#") AT"'(*&',)T,,7(C) (,a",'.,)

*$+,) -,,') 7,(.%&-,7) &') ("-.;$7,) >6)Q*,)61$ ;::#4'*)!5#") AT"'(*&',) T,,7(C) $'7)61$

;::#4'*)!5#")AO LGH``EC)(,a",'.,()7&55,%)-1)L>L)'".;,!2&7,()$'7)&2)&()#!(2);&N,;1)2*$2)

!',)!5)2*,#)*$()-,,')#&('$#,76)Q*,)($#,)&()2*,).$(,)5!%)2*,)24!)61$);&!)(,a",'.,()

A8xLWLEWB)$'7)_SMWMBEEC)4*&.*)7&55,%)-1)LBW)'".;,!2&7,(6) 

 

 1$%#:!-"25!&#"$$'7)61$-'*425!$(!&1$<5!%&!)!$*$+,)$'),F2%$)=Q=Q=_Q=Q)(,a",'.,$$2)

0!(&2&!') DW>)4*&.*) &() %,0,$2,7) &##,7&$2,;1) 7!4'(2%,$#) A0!(&2&!') DEBC6)Q*,) ($#,)

'!'$'".;,!2&7,)(,a",'.,)&()0%,(,'2)&')2*,)61$H5;&#%2*4!)(,a",'.,)-"2)&')2*&().$(,)&2)&()

0%,.,7,7)-1)$')=QQQQQ)*,F$'".;,!2&7,)A0!(&2&!')DGEC6) 1$%#:!-"25!&#")7&55,%()5%!#)61$

-'*425!)+$%6)<5!%&!)!)$'7)61$H5;&#%2*4!)-1)2*,)=)$2)0!(&2&!')LH>3)2*,)G)-0);!'<,%);$%<,)



LL> 
 

<$0)_W3)$'7)2*,)=Q)A&'(2,$7)!5)_=C)$2)0!(&2&!')DH>)A&##,7&$2,;1)5!;;!4&'<)_WC6)=;;)2*%,,)

(0,.&,()$%,)'$2&+,)2!)T!"2*)=#,%&.$6)) 

 

S'&a",) 5,$2"%,()!5) $) 5,4)!2*,%) (0,.&,()!5) 2*&().;$7,) &'.;"7,d) 5!%)61$,'%':!&-!) 24!)

&'(,%2&!'(d)=Q=Q= =)$2)0!(&2&!')L>B3)$'7)=QQQQQQQQ)$2)0!(&2&!')DGE)A$)%,0,$2)!5)2*,)

&##,7&$2,) "0(2%,$#) (,a",'.,Cg) 5!%) 61$ :;('"##) !',) &'(,%2&!') AQQQ=QQ QQQ C) $2)

0!(&2&!')LWD6)61$,'%':!&-!)$'7)61$:;('"##)$%,)'$2&+,)2!)P!%2*)=#,%&.$6) 

 

61$5#*4,'#9'&#!*!)$'7)61$&;'9'&#!*!$(*$%,)2*,)($#,)QQQ )&'(,%2)$2)0!(&2&!')LWD)-"2)

7&55,%)-1)`)'".;,!2&7,).*$'<,()A0!(&2&!'()LL3)DW3)LHB3)LDH3)LW>3)L`D3)DB>3)D`HCg)$;(!)

2*,)61$5#*4,'#9'&#!*!)(0$.,%)*$()$)LH)-0@;!'<,%)<$0)_W)A>MH@>MMC3)$'7)$)G)-0@;!'<,%)

Q@(2%,2.*)$2)0!(&2&!')DDM6 

 

?2*4+**251' 

 

=)7,2$&;,7)2$F!#!#&.$;)(2"71)!5) $((&$3)T,''$3)$()4,;;)$()!5) *$#$,.%&(2$)(0,.&,()

4$()0"-;&(*,7)&')LM`B)-1)9%4&')$'7)Z$%',-1)A9%4&'3),2)$;63LM`BC6)Q*&()(2"71)&;;"(2%$2,()

2*,)#$((&+,)$#!"'2)!5)N'!4;,7<,3),F0,%2&(,)$'7)0$2&,'.,)2*$2)&()%,a"&%,7)5!%).!%%,.2)

&7,'2&5&.$2&!')"(&'<)2*,).;$((&.$;)$00%!$.*)A(,,),F.,%02)$'7)&;;"(2%$2&!')&')U&<"%,)>BC6)92)

.!#,()2*,%,5!%,)'!2)$()$)("%0%&(,)2*$2)a"&2,)$)5,4)(0,.&,()*$+,)-,,')#&('$#,7)!%)

&'.!%%,.2;1)&7,'2&5&,76)T0,.&,()&7,'2&5&.$2&!')-1)VP=)-$%.!7&'<)&()2*,%,5!%,)$)0%!#&(&'<)

$00%!$.*) $;;!4&'<)#".*) 5$(2,%) $'7) #!%,) $.."%$2,) &7,'2&5&.$2&!'() 4&2*!"2) %,a"&%&'<)

,F0,%2)2$F!'!#&.$;)N'!4;,7<,6)b',)!5)2*,)0%,%,a"&(&2,()&()2*$2)2*,)-$%.!7,()5!%)2*,)

&'7&+&7"$;) (0,.&,() $'7) ("-(0,.&,() *$+,) -,,') 5&%(2) ,(2$-;&(*,7) -1) 2*,) ,F0,%2)

2$F!'!#&(2() !') 2*,) -$(&() !5) ,$%;&,%) #!%0*!;!<&.$;) 7,(.%&02&!'(6) b';1) %,.,'2;13) $)

#!;,.";$%)0*1;!<,'1)"(&'<)-!2*)#!;,.";$%)$'7)#!%0*!;!<&.$;)7$2$)*$()-,,')0%!0!(,7)

5!%)T,''$)(0,.&,()AJ$%$//&3),2)$;63BHHWC6) 

 

 



LLD 
 

U&<"%,)>B6)T2$#,')(2%".2"%,)!5) $((&$)$'7)T,''$)5;!4,%()A9%4&'3),2)$;63LM`BC6))P!2,)2*,)

(&<#!&7$;)-$(&()!5)2*,)2*%,,);!'<)A$'2,(,0$;!"(C)(2$#,'()4*&.*)&()210&.$;)5!%) $((&$)

(0,.&,(6) 

leptophyllax

grandisx moschatax hebecarpax pendulax

angus foliax

roemeranax

lucensx
uniflorax

sura ensisx

nemophilax

CASSIAx SENNAx

4xmmx

4xmmx

5xmmx



LLG 
 

R%,(,'2;1) 2*,) 85!*)$ K#")$ A,))-.//0001),'-5!*)5#")1;&<C$ &'.;"7,() L>MW) (.&,'2&5&.) 0;$'2)

'$#,()!5)(0,.&,()5!%)2*,)<,'"() !""#!6)b5)2*,(,3)!';1)`E)$%,)$..,02,7)'$#,()4*&;,)

2*,)!2*,%()$%,),&2*,%)(1'!'1#()!%)"'$((,((,76)Q*,) ;&(2)$;(!) &'.;"7,()>>B)(.&,'2&5&.)

0;$'2)'$#,()!5)(0,.&,()%$'N)5!%)2*,)<,'"()6'**!6)b5)2*,(,3)BW>)$%,)$..,02,7)(0,.&,()

'$#,(6) 

 

71'#$)5)."$)/#%/5%<"**)"%"--('>)"$"%-,%+E4%-"(./1)#; 

 

 !""#!$!%%&'(#!)!)&()!',)!5)2*,)5,4) $((&$)(0,.&,()'$2&+,)2!)=5%&.$6)Q*%,,)!2*,%)'$2&+,)

=5%&.$')(0,.&,()4&2*)$..,02,7) $((&$)'$#,()$%,) !""#!$!H&;H#")25!3) !""#!$"#'%'&#!*!3)

$'7) !""#!$%2&)##6) !""#!$!H&;H#")25!)AO,'1$')(*!4,%C)&()'$2&+,)2!)X$(2)=5%&.$6) !""#!$

"#'%'&#!*!)A7%"#(2&.N)2%,,C)&()7&(2%&-"2,7)5%!#)T,',<$;)$'7)_$#-&$),$(2)2!)V,#!.%$2&.)

e,0"-;&.) !5) 2*,)  !'<!) $'7) S<$'7$6)  !""#!$ %2&)##) &() '$2&+,) 2!) J!($#-&a",) $'7)

Q$'/$'&$6)U!%)'!',)!5)2*,)2*%,,);$22,%)(0,.&,()4,%,)2*,%,)(,,7()$+$&;$-;,)5!%)$'$;1(&(3)

*,'.,) 2*,&%) 9QTB) (,a",'.,() .!";7) '!2) -,) .!#0$%,7) $'7) 2*,&%) 0*1;!<,',2&.)

%,;$2&!'(*&0()2!) $((&$)$--%,+&$2$).!";7)'!2)-,),(2$-;&(*,76 

 

92)4$()!';1)&')BHL>)2*$2)2*,) !""#!$!H&;H#")25!)%-.[)AhcGEB>`WC)$'7)#$2O)AhcGL`HLHC)

-$%.!7,) #$%N,%() -,.$#,) 0"-;&.;1) $+$&;$-;,6) Q*,) 24!) #$%N,%() (*!4) B@'".;,!2&7,)

7&55,%,'.,()4&2*)2*!(,)5%!#) 1$!%%&'(#!)!)4*&.*)4,)$;(!)(,a",'.,7)$'7)4*&.*)4,%,)

&7,'2&.$;)2!)2*!(,)!5)2*,)(,a",'.,()&')2*,)7$2$-$(,(6)U!%) !""#!$"#'%'&#!*!)$'7) !""#!$

%2&)##)'!)(,a",'.,)&()$+$&;$-;,)2!)7$2,)5!%)$'1)#$%N,%)5!%).!#0$%&(!'6) 

 

 !""#!$ !%%&'(#!)!3)  !""#!$ "#'%'&#!*!3)  !""#!$ %2&)##) $'7)  !""#!$ !H&;H#")25!) $%,)

#,7&.&'$;)0;$'2()$'7)$%,)"(,7)&');!.$;)#,7&.&',6 

 

$(#CD@*-4% *@".'(% "#1% 7289% "*% -"(./1'% &"(F'(*% 5/(% <"**)"G% 8'##"% "#1%

<3"&"'.()*$"%*@'.)'* 

 



LLW 
 

Y,)*$+,)(2"7&,7)2*,)0*1;!<,',2&.)%,;$2&!'(*&0)!5)WG) !""#!)$'7)6'**!)$()4,;;)$()!5)D)

 ,!9!':&#")!)(0,.&,()"(&'<)2*,)'".;,$%)9QTB)$'7]!%)2*,).*;!%!0;$(2)2%'8@0(-=)(0$.,%)

(,a",'.,(6) b"%) $'$;1(&() !5) $;&<',7) (,a",'.,() !5) 2*,) 24!) #$%N,%() %,+,$;,7) 2*$2)

(,+,%$;) .!'(,%+,7) (2%".2"%$;) 5,$2"%,() $;;!4) 2!) (!%2) 2*,) (0,.&,() &'2!) (&F) #$i!%)

.;"(2,%(].;$7,(6) b',) !5) 2*,(,) .;$7,() .!'2$&'() ,F.;"(&+,;1) (0,.&,() 4&2*) $..,02,7)

 !""#!)'$#,(3)0%,7!#&'$'2;1).*$%$.2,%&/,7)-1)$)"'&a",)k&'(,%2&!'k)&')_W)!5)2*,)2%'8@

0(-=)(0$.,%)(,a",'.,)$'7)$)"'&a",)7,;,2&!')&')2*,)9QTB)(,a",'.,6)9')$77&2&!')2!)2*,)

5&+,)!2*,%)("-.;$7,()4*&.*).!#0%&(,)6'**!)(0,.&,(3)2*,)(2"71)&'.;"7,()$')!"2<%!"0)

.!#0%&(&'<)(!#,)#,#-,%()!5)2*,)%,;$2,7) ,!9!':&#")!)<,'"(6)Q*,)"'&a",)5,$2"%,()

#,'2&!',7)$-!+,3) 5!"'7) &')$)0;$(2&7)$()4,;;)$()$)'".;,$%)#$%N,%3) .$') 2*,%,5!%,)-,)

.!'(&7,%,7)$()#!;,.";$%)5&'<,%0%&'2()5!%)2*,)2$F!'!#&.)$((&<'#,'2)!5) !""#!)(0,.&,(6)

=..!%7&'<;13)$;;)2*,) !""#!)(0,.&,()'$#,();&(2,7)*,%,)&')2*,)6'**!)("-.;$7,()(*!";7)

2$N,) 2*,)6'**!) <,'"() '$#,3) $() (*!";7) -,) 2*,) .$(,) 5!%) !""#!$ !&)'9#"#;#4'"3)  6)

%!&:5!=!*!3) 6):,!)'5!#*#!*!3) 6)'&'9;-,#5!3) 6),!9'&"5'='*"#"3) 6),'59"##3) 6)#)!5#:!3)

 6)*;)!%#5#"3)  6)-5'2&;:!&-!) $'7) 6) ('*2")!) &')A,'$85!*)$ K#")6)=() 2!) ,!9!':&#")!$

*#<&#:!*") A8xLWLEEHC) A2%'8@0(-=) (0$.,%C) $'7)  ,!9!':&#")!$ !%"2") Ahx>HL`D>C)

A9QTBC3) 2*,&%) 0!(&2&!') &')$)6'**!) ("-.;$7,) &()#!(2) ;&N,;1) 7",) 2!) $)#&(&7,'2&5&.$2&!'3)

#&(;$-,;&'<3)!%)7$2$)("-#&((&!'),%%!%6 

 

</&@"()*/#%6)$3%/$3'(%@0-!)*3'1%<"**)"%"#1%8'##"%-"(./1'H@3,!/;'#,%1"$" 

 

Q4!)0"-;&.$2&!'()7,(.%&-&'<)7$2$).;!(,;1)%,;$2,7)2!)2*&()4!%N)4&;;)-,)7&(."((,7)&')2*,)

5!;;!4&'<) ;&',(6)b',)7,$;()4&2*) 2*,)(2"71)!5)(,+,%$;)-$%.!7,)#$%N,%() A&'.;"7&'<) 2*,)

2%'8@0(-=)(0$.,%)$'7)2*,)9QTB)%,<&!'C)5%!#)#,7&.&'$;) !""#!)$'7)6'**!)(0,.&,()&')

9'7&$) AR"%"(*!2*$#$'3) ,2) $;63BHLDC6) Q*,(,) (,a",'.,() $%,) $+$&;$-;,) "'7,%) 2*,)

$..,((&!')'"#-,%()8xLWLEG>)2!)8xLWLEEB)A0(-=@2%'8C)$'7)hx>HL`B`)2!)hx>HL`DE)

A9QTBC)$'7)*$+,)-,,')&'.;"7,7)&')!"%)$;&<'#,'2()$'7)&')2*,)7&(."((&!'6)T!#,)!5)2*,)

7$2$)&')2*,)0"-;&.$2&!')$%,).!'5;&.2&'<)4&2*)!2*,%)0"-;&(*,7)7$2$g)5!%)&'(2$'.,3)%,<$%7&'<)

2*,) 2%'8@0(-=) (0$.,%3) 8xLWLEEH) &() &7,'2&5&,7) $()  ,!9!':&#")!$ *#<&#:!*"3) -"2) &2)



LLE 
 

.;"(2,%()4&2*)6'**!)("-.;$7,)L)(0,.&,()A(,,)7&(."((&!')"'7,%)6'**!)("-.;$7,)$-!+,C6)

=;(!)2*,)61$);&!)A8xLWLEWBC)(,a",'.,)&()+,%1)(&#&;$%)2!)2*,)61$;%)2"#H;5#!)A_S>MW`HGC)

(,a",'.,)AL)'".;,!2&7,)7&55,%,'.,C3)$'7)2*,)61$ #)!5#:!) A8xLWLEWMC)(,a",'.,)&()+,%1)

(&#&;$%)2!)2*$2)!5) ,!9!':&#")!$9#9;";#4'"$8xLWLEGEC)AD)'".;,!2&7,()7&55,%,'.,C6)=()

2!)2*,)9QTB)#$%N,%3)2*,) ,!9!':&#")!$!%"2")Ahx>HL`D>C)(,a",'.,)&()&7,'2&.$;)2!)2*$2)

!5)61$-!55#4!)Ahx>HL`BMC)$'7)(*!4()!';1)L)'".;,!2&7,)7&55,%,'.,)4&2*)2*$2)!5)61$#)!5#:!)

Ahx>HL`DDC6 

 

=)7,2$&;,7)0*1;!<,',2&.)(2"71)-1)J$%$//&)')$!56) AJ$%$//&3),2)$;63BHHWC3)-$(,7)!')2*,)

.*;!%!0;$(2)#$%N,%()%0TLW)&'2%!'3)%0[LW)&'2%!')$'7)#$2O)$'7)&'+!;+&'<)M`)2$F$)!5)4*&.*)

`E)4,%,)$(.%&-,7)2!)6'**!3)%,(!;+,7)2*,);$22,%)(0,.&,()&'2!)(,+,')#$i!%).;$7,(6)Q4,'21)

!5) 2*,(,)(0,.&,()*$+,)$;(!)-,,').!'(&7,%,7) &')!"%)(2"71)5!%) 2*,&%) 2%'8@0(-=)$'7]!%)

9QTB)#$%N,%(6)b5)2*,(,3)LE)(0,.&,().;"(2,%&'<)2!<,2*,%)&')>)7&55,%,'2)T,''$)("-.;$7,(3)

4,%,)5!"'7)2!).;"(2,%)2!<,2*,%)4&2*)2*,)($#,)(0,.&,()&')2*,)J$%$//&)(2"71)A(,,)Q$-;,)

`C6)Q*,(,)(0,.&,()$%,d)61$4#4=9;%;)&=!3)61$#)!5#:!3)61$!5!)!3)61$&')#:25!)!3)61$*;)!%#5#"3)

61$ -5'2&;:!&-!) $'7) 61$ ('*2")!) A6'**!) ("-.;$7,) L) $'7) J$%$//&) .;$7,) 99Cg) 61$

!&)'9#"#;#4'"3)61$;4;&!)!3)61$<52)#*;"!3)61$4!&#'*"#")A6'**!)("-.;$7,()>)A2%'8@0(-=C)

$'7)B) A9QTBC)$'7)J$%$//&) .;$7,) 9:Cg)61$-2&-2"##3)61$%#:!-"25!&#"3)61$ :;&=9%;"!3)61$

;::#4'*)!5#"3)61$%!&:5!=!*!3)$'7)61$,#&"2)!)A6'**!)("-.;$7,)G)$'7)J$%$//&).;$7,):99C6)

Q*,) .!@.;"(2,%&'<) !5) (0,.&,() &') $) ($#,) ("-.;$7,) 5!%) 5&+,) A.*;!%!0;$(2) $'7) '".;,$%C)

#$%N,%()&()&')("00!%2)!5)2*,&%).!%%,.2)&7,'2&5&.$2&!')$'7)2*,&%),+!;"2&!')5%!#)$).!##!')

$'.,(2!%)5!%)2*,)(0,.&,()!5)$)($#,).;$7,6 



LL` 
 

Q$-;,)`6) !@.;"(2,%&'<)!5)T,''$)(0,.&,()-$(,7)!')G)#$%N,%()A2%'8@0(-=)(0$.,%3)9QTB3)

%0;LW)&'2%!'3)%0(LW)&'2%!'3)$'7)#$2OC6 

 

7#./#*)*$'#.)'*%6)$3H-'$6''#%@0-!).!,%">")!"-!'%1"$"% 

 

=)'"#-,%)!5)!2*,%)&'.!'(&(2,'.&,()-,24,,')7$2$)5%!#)7$2$-$(,()$()4,;;)$()!"%)7$2$)

,#,%<,7)7"%&'<)2*&()(2"71d)(2$%2&'<)4&2*)2*,)61$#)!5#:!)A8xLWLEWMC)2%'8@0(-=)(,a",'.,)

4*&.*)&().;,$%;1)$) ,!9!':&#")!)(,a",'.,)A&2)(*!4()MG)2!)MM\)(,a",'.,)&7,'2&21)4&2*)

2%'8@0(-=)(,a",'.,()5%!#) ,!9!':&#")!)(0,.&,()$'7)$2)#!(2)`H\)(,a",'.,)&7,'2&21)

4&2*) (,a",'.,() 5%!#)6'**!) !%) !""#!) (0,.&,(Cg) 24!)61$ );&!) 2%'8@0(-=) (,a",'.,()

A8xLWLEWB) $'7) _SMWMLEEC) 7&55,%&'<) -1) LBW) -0g) 24!) 61$ ;::#4'*)!5#") 2%'8@0(-=)

(,a",'.,() AT"'(*&',) T,,7() $'7) O LGH``EC) 7&55,%&'<) -1) L>L) -0g) +,%1) (&#&;$%)

(,a",'.,()5!%)2%'8@0(-=)(,a",'.,()5%!#)(0,.&,()'$2&+,)2!)7&55,%,'2).!'2&','2(3)(".*)

$() 61$ ;::#4'*)!5#") AO LGH``EC) $'7) 61$ );&!) A_SMWMBEEC) 4*&.*) 7&55,%) -1) !';1) >)

'".;,!2&7,(6) 

 

9'.!'(&(2,'.&,()$%,)$;(!)5!"'7)-,24,,')9QTB)7$2$)5%!#)7$2$-$(,()$()4,;;)$()!"%)!4')

7$2$d) 2*,) 1$<&!*4#") (06)b;&+,&%$)WLH) AUhHHM`LMC) (,a",'.,3) &7,'2&.$;) 2!) 1$<&!*4#"$

AUhHHM`BHC3) &() +,%1) 7&55,%,'2) A!';1) EG6D\) (,a",'.,) &7,'2&21C) 5%!#) 2*,)  1$ <&!*4#")

(,a",'.,) 4,) 7,2,%#&',7) 5%!#) (,,7;&'<() !-2$&',7) 5%!#) 24!) 7&55,%,'2) 0%!+&7,%(6) 9')

S. didym obotrya (SS) S. didym obotrya (SS) S. didym obotrya

S. italica (SS) S. italica (SS) S. italica

S. alata (SS) S. alata (SS) S. alata
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S. purpusii (SS) S. purpusii (SS) S. purpusii

S. bicapsular is (SS) S. bicapsularis (RP) S. bicapsular is

S. corym bosa (HQ833047) S. corymbosa

S. occidentalis (JQ301840) S. occidentalis (KC150887) S. occidentalis

S. barclayana (SS) S. barclayana (SS) S. barclayana

S. hirsuta (JQ301840) S. hirsuta (HQ161764) S. hirsuta
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Abstract  

 

 
Natural products represent rich sources of bioactive compounds with a strong value in 

therapeutics. Cassia abbreviata is widely used in Africa for treating many diseases 

including HIV infection but its active components remain unknown. In this study, we 

showed that the active components of a crude extract of Cassia abbreviata inhibit HIV 

entry by targeting gp120 and preventing its binding with the cellular receptor CD4. 

Fifty-seven compounds were isolated and seven compounds retained anti-HIV activity. 

Oleanolic acid, palmitic acid, taxifolin, piceatannol, and three other compounds 

presented an unknown structure. Among the characterized compounds, piceatannol 

showed the best anti-HIV activity profile when evaluated against various HIV-1 strains 

(IC50 values ranging from 8.04 to 47.46 µM, CC50>300 µM). Unlike CE, piceatannol 

functions as a non-specific inhibitor against HIV, via potential interaction with the cell 

membrane. Finally, piceatannol inhibited HIV infection in an in vitro dual-chamber 

assay mimicking the female genital tract as well as HSV infection emphasizing its 

potential as a microbicide. The structure of the natural products isolated from Cassia 

abbreviata may be used to provide lead compounds of therapeutic relevance in human 

viral infection.  

 

 

 

Key words: Natural products, Cassia abbreviata, HIV entry, HSV, microbicide. 
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Introduction 
 

The Human Immunodeficiency Virus (HIV) is the cause of the Acquired Immune 

Deficiency Syndrome (AIDS), leading to a progressive failure of the immune system, 

and to life-threatening opportunistic infections and cancers to thrive. In 2013, the Joint 

United Nations Programme on HIV/AIDS (UNAIDS) estimated that there were nearly 

35 million people living with HIV (http://www.unaids.org/). The vast majority of these 

people are located in low- and middle-income countries, particularly in Sub-Saharan 

Africa. Combined antiretroviral therapy (cART) has significantly decreased both the 

mortality and morbidity of AIDS, has largely improved the life of HIV-infected patients 
1 and was the leading factor in diminishing the number of new HIV-infected cases 

worldwide. Despite the considerable success of cART, these drugs are still facing a lot 

of challenges for life-long adherence such as drug resistance, side effects, and high 

financial cost 2. For economic and cultural reasons, women are more prone to HIV 

infection than men in these countries 3. Therefore, development of new anti-HIV drugs 

as well as potent and safe microbicides are still required to facilitate treatment as 

prevention in the absence of an effective HIV vaccine. 

 

Since the beginning of the epidemic, around 30 drugs were released for clinical 

practice, inhibiting HIV-1 at different stages of the HIV life cycle. Nevertheless, some 

treatment-experienced patients have viral mutants resistant to multiple drugs, drug 

toxicities resulting from long-term antiretroviral therapy and contraindications limiting 

seriously their treatment options. Novel therapeutic strategies could take advantage of 

the multiple events involved in the entry process 4. HIV-1 attaches to cell membrane, 

engaging its surface envelope glycoprotein gp120 to bind successively to the CD4 

receptor and either to the CXCR4 or CCR5 co-receptor. These initial events trigger 

conformational changes in HIV-1 envelope glycoproteins (gp120 and gp41) leading to 

the membrane fusion process 5. New compounds targeting HIV entry through 

interactions with cellular proteins/membranes or viral membranes might be less prone 

to selecting for drug resistance than compounds targeting enzymes involved in the 

process of HIV replication 6 and could display additionally broad antiviral effects. 

 

In the past decades, a high number of drugs have been developed directly and 

indirectly from natural products and their derivatives, which have shown their critical 

power in medical therapies, such as the pain killer morphine, the anti-malarial drug 

artemisinin, and the anticancer drug paclitaxel 7. Compared to other therapies, natural 

products are less toxic to organisms, less sensitive for drug resistance, and much less 
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costly. Cassia abbreviata is a tropical tree, indigenous to South-East of Arica, 

widespread in African countries and commonly used in the local medicines 8. Roots, 

barks and leaves of Cassia abbreviata are taken orally as decoction or chewed, for 

healing abnormal pain, fever, cough, snake bite, malaria, blood vomit, rash, syphilis, 

diarrhea, gonorrhoea and in particular for HIV infection 9. These properties may well 

be attributed to a variety of compounds including alkaloids, tannins, anthraquinones, 

and flavonoids 10. Nevertheless Cassia abbreviata !"#$%&'&(#)"#*%&'&%+",#!"$-%".//$"0/))"

studied. 

 

In the present study, we have investigated the anti-HIV activity of  !""#!$!%%&'(#!)!*" 

crude extract and isolated fifty-seven compounds. Several compounds including 

oleanolic acid, palmitic acid, piceatannol and taxifolin were identified as inhibitors of 

HIV entry. The active components of the crude extract (CE) targeted the viral protein 

gp120 whereas piceatannol prevented viral entry through a potential interaction with 

cell membrane and was efficient in a dual chamber system mimicking the female 

genital tract.  

 
 
Results 

 

Crude extracts and purified compounds of Cassia abbreviata inhibit HIV entry 

 

The anti-HIV activity of Cassia abbreviata !"*(12/"/3%(#*%"4567"0#!"8&(!%"*-$8&(9/2"-$"

MT4 cells and on human peripheral blood mononuclear cells (PBMCs). CE inhibited 

HIV-1 infection in MT4 cells infected with the reference strains HIV-1 IIIB (CXCR4 

tropic, X4, IC50 = 21.75 ±1.20 µg/ml) and HIV-2 ROD (IC50 = 34.2 µg/ml) at non-toxic 

concentrations (CC50 was higher than 1000 µg/ml, data not shown) as well as in 

PBMCs infected with HIV-1 IIIB (X4, IC50 = 40.77 ± 4.04 µg/ml), HIV-1 ADA-M (CCR5 

tropic, R5, IC50 = 13.53±12.99) and 2 HIV-1 clinical isolates carrying several drug 

resistance mutations to nucleoside/nucleotide reverse transcriptase inhibitor (NRTI), 

non-nucleoside reverse transcriptase inhibitor (NNRTI) and protease inhibitors (PI) 

(IC50 of 23.06±5.92 µg/ml and 10.47±2.09 µg/ml) without displaying any cytotoxicity on 

PBMCs by FACS analysis (data not shown).  

 

We first sought to characterize at which step of infection the CE of Cassia abbreviata 

inhibited HIV and whether CE contained compounds acting on the virus or on the host 

cells. Multi-dosing time assay experiments were performed with pseudotype viruses 
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:;<=>?@EnvLuc-ABCD"#$2":;<=>?@EnvLuc-BAL allowing a single virus life cycle. The 

inhibitory effect of CE was apparent when CE was added before infection when 

incubated with the virus and not the cells, and when incubated during infection but not 

after infection (Fig 33). These results indicate that CE inhibited HIV infection at an early 

stage of the HIV entry process independently of co-receptor usage (IC50  HXB2 = 

13.37±8.46 µg/ml and IC50 BAL = 67.40±4.21 µg/ml when added during infection) and 

interact with the virus (IC50 HXB2 = 2.57±0.05 µg/ml, IC50 BAL= 11.41±1.63 µg/ml when 

pre-incubated with the virus). 

A. 

 

B. 

 

Figure 33. Crude extract of Cassia abbreviatta inhibits HIV entry into cells 

CE was tested on multi-dosing time assay (a): using U373-CD4-CXCR4 cells against 

pseudotype virus :;<=>?@EnvLuc-HXB2 and (b) using U373-CD4-CCR5 cells against 

:!/12-%+:/" '&(1!" :;<=>?@EnvLuc-BAL. CE was added at different points of HIV 

infection, either 2h before infection (pre-incubation with cells or viruses), or during 

infection (co-incubation), or 2h after infection (post-incubation). CE inhibited HIV 

infection when co-incubated with cells and viruses and pre-incubated with viruses. 

Three independent experiments were performed in triplicates. 

 

We next purified and identified fifty-seven compounds from Cassia abbreviata and 

assessed their anti-HIV activities on U373-CD4-CXCR4 and U373-CD4-CCR5 cells 
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infected with pseudotpye viruses when the compounds were added only at the time of 

infection to identify the compounds targeting HIV entry. Oleanolic acid, palmitic acid, 

piceatannol and taxifolin (Fig 34A) were identified as pure compounds. Oleanolic acid, 

palmitic acid and piceatannol inhibited both X4 and R5 infection as previously 

described (IC50 of 34.87±9.09 µM, 87.48±16.12 µM and EF>DGHI>J=" KL" for X4 

infection, respectively and IC50 of 288.5±8.20 KLM"N?O>N ±5.20 KLM"#$2"=J>=NHN>ID"KL 

for R5 infection) while taxifolin inhibits only X4 infection (Fig 34B, IC50 = 239.92±3.21 

µM). Among other purified compounds, three uncharacterized compounds inhibit HIV 

infection (IC50 around 20 µg/ml for R5 viruses and around 50 µg/ml for X4 viruses) 

whereas the rest of the compounds did not show any anti-HIV activity. 

A. 

a.         b.    

c.                 d.  

 

B. 

 

Figure 34. Anti-HIV activity of oleanolic acid, palmitic acid, piceatannol and 

taxifolin. A. Chemical structures. (a) oleanolic acid; (b) palmitic acid; (c) piceatannol; 

(d) and taxifolin. B. Evaluation of HIV activity. Compounds were tested on (a) U373-

CD4-5B5P=" */))!" &$8/*%/2" 0&%," :!/12-%+:/" '&(1!" :;<=>?@EnvLuc-HXB2 and (b) 

U373-CD4-55PI" */))!" &$8/*%/2" 0&%," :!/12-%+:/" '&(1!" :;<=>?@EnvLuc-BAL. 

Piceatannol showed the strongest anti-HIV activity (a. IC50QEF>DGHI>J=" KLR" .>"

IC50Q=J>=NHN>ID"KLR"5550>300µM). Three independent experiments were performed 

in triplicates.  
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Crude extract of Cassia abbreviata and piceatannol have a synergistic effect 

with HIV entry inhibitors  

 

Among the characterized compounds, piceatannol showed the strongest anti-HIV 

activity on U373-CD4-CXCR4/CCR5 cells (IC50 ABCD"0#!"EF>DGHI>J=" KL" #$2" S550 

CT<" 0#!" =J>=NHN>ID" KL7M" -$" UCL5!" #V#&$!%" ASW-1 IIIB and HIV-1 ADA-M (IC50 = 

24.22 ±7.13 µM and IC50 = 19.91±0.22 µM, respectively, and two HIV-1 primary clinical 

isolates harboring multi-drug resistance to NRTI, NNRTI and PI (IC50 of 37.72± 12.54 

and 8.04 ± 3.07 µM) without showing any cytotoxic effects (CC50 higher than 300µM, 

data not shown). Since the role of piceatannol on HIV entry was not as previously 

reported, we tempted to decipher at which step of the HIV replication cycle piceatannol 

functions using the multi-dosing time assay (Fig 35A). Similarly to CE, piceatannol 

inhibited viral infection when added at the time of infection other than when added after 

infection. In contrast to CE, piceatannol weakly inhibited HIV infection at high 

concentration when it was pre-incubated with cells before infection but not with the 

virus. This indicates that piceatannol may target the cells and may have a different 

anti-HIV mechanism than the other compounds contained in the CE of Cassia 

abbreviata targeting mainly the virus. Additionally, both CE and piceatannol showed a 

synergistic effect with the HIV entry inhibitors Enfuvirtide (T-20, fusion inhibitor) and 

AMD3100/Maraviroc (CXCR4 and CCR5 co-receptor inhibitors) (Fig 35B) suggesting 

that both CE and piceatannol act on synergy with the current entry inhibitors and that 

their antiviral mechanisms might differ. To confirm these data, we performed fusion 

assays between Hela-P4-CXCR4 cells and Hela-Env-Lai cells. We did not find any 

effect of piceatannol on the fusion process whereas CE of Cassia abbreviata, T20 and 

AMD3100 showed a significant inhibition (data not shown).  

 

A.  

a. 
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Figure 35. Piceatannol inhibits HIV entry into cells. A. Effects of Piceatannol in a 

multi-dosing time assay. Multi-dosing time assay was performed (a): using U373-

CD4-CXCR4 cells against pseudotype virus :;<=>?@EnvLuc-HXB2 and (b) using 

U373-CD4-CCR5 cells against :!/12-%+:/" '&(1!" :;<=>?@EnvLuc-BAL. Piceatannol 

was added either 2h before infection (pre-incubation with cells or viruses), or during 

infection (co-incubation), or 2h after infection (post-incubation). Piceattanol inhibited 
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HIV infection when co-incubated with cells and viruses and when pre-incubated with 

the cells only at the highest concentrations. Three independent experiments were 

performed in triplicates. B. Synergistic activity of the crude extracts of Cassia 

abbreviata and piceatannol with anti-HIV entry inhibitors. CE (a) and piceatannol 

(b) were combined with co-receptor inhibitors (AMD3100 for CXCR4, maraviroc for 

CCR5) and the fusion inhibitor enfuviritide (T20) respectively, and tested on U373-

CD4-CXCR4/U373-CD4-CCR5 cells against pseudotype par%&*)/!" :;<=>?@EnvLuc-

HXB2/BAL. Combination Index (CI) at 95% maximal effective concentration (EC95) 

level was calculated using CompuSyn (ComboSyn, USA). According to Chou and 

X#)#)#+ !"9/%,-2M"5S"YE>E"9/#$!"#$%#V-$&!9M"5SZF>O"9/#$!"!+$/(V+"#$2"F>OZ5SZE>E"

means additive effect of the drugs. Data are shown as mean±SD of three independent 

experiments performed in triplicates 

 

Piceatannol does not bind to the viral protein gp120 nor to the CD4, CXCR4, 

CCR5 receptors while CE of Cassia abbreviata affects gp120/CD4 interaction 

 

During the HIV entry process, the virus binds successively to the CD4 cellular receptor 

and to the co-receptors CXCR4/CCR5. Therefore we first tested whether CE and 

piceatannol could affect the binding of gp120 with the CD4 receptor. As shown in 

Figure 36A, CE inhibited the interaction between CD4 and gp120 in a dose-dependent 

manner, while piceatannol did not. No significant differences were further observed in 

CD4 binding (Fig 36B) and in CXCR4/CCR5 binding (Fig 36C) between the cells 

incubated with or without drugs while sCD4 and the chemokines CXCL12 and CCL5 

inhibited CD4 and CXCR4/CCR5 binding in this assay, respectively. Internalisation 

assays confirmed that the compounds did not induce receptor internalisation or inhibit 

chemokine-induced receptor internalisation (data not shown). In line with this 

observation, we observed that piceatannol but not CE inhibit the infection of 

:!/12-%+:/":#(%&*)/!"-8"'/!&*1)#("!%-9#%&%&!"'&(1!"4W[W7"\":(-%/&$!":;<=>?@6$'<1*-

VSVG (IC50=79.D?HEJ>DFKLM" X#.)/" O) supporting that piceatannol inhibits viruses 

entry by preventing the virus attachment to the cells in a non-specific manner whereas 

the main active components of CE more specifically target gp120. In addition CE of 

Cassia abbreviata and piceatannol were further tested on other viruses: CE and 

piceatannol showed anti-viral activity on HSV-1 (herpes simplex virus) and HSV-2 

while having no effect on influenza (H1N1, H3N2, B), para-influenza, hepatitis C virus, 

coxsackie virus, respiratory syncytial virus, reovirus, sindbisvirus, punta toro virus, 

yellow river virus, feline corona virus, and feline herpes virus (Table 9).  
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A. 

 

B. 

 

C. 

 

Figure 36 !"#$%#$&!'()#*#)+!,-!.'//#'!'0012*#')'3/!(14%2!25)1'()!'$%!6#(2')'$$,7 

A. CE but not piceatannol affects gp120 and CD4 interaction. Human soluble CD4 

coated plate was first incubated with CE or piceatannol for 1h, and then with HIV gp120 

protein for another 1h. Anti-HIV-1 gp120 antibody was used to detect CD4-gp120 

interaction. Value of OD492-OD630 was calculated. Data were normalized to control 
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(without CE/piceatannol treatment).B. CE and piceatannol do not bind to the CD4 

receptor. U373-CD4-CXCR4/CCR5 cells were incubated with either anti-CD4 

antibody OKT4 or RPA-T4 in the presence of CE and piceatannol. sCD4 were used as 

a positive control for binding with U373-CD4-CXCR4 and U373-CD4-CCR5 cells. C. 

CE and Piceatannol do not bind to CXCR4 or CCR5 co-receptors. U373-CD4-

CXCR4/CCR5 cells were incubated with either the anti-CXCR4 antibody 12G5 or the 

anti-CCR5 antibody 2D7 in the presence of CE and piceatannol. The chemokines 

CXCL12 and CCL5 were used as positive controls for binding with U373-CD4-CXCR4 

and U373-CD4-CCR5 cells, respectively. Signals were measured by flow cytometry. 

Data was normalized to the MFI of the control cells. Three independent assays were 

performed. 

 

Table 9. Evaluation of CE and piceatannol against various classes of viruses 

Cells Viruses 
CE 

(µg/ml) 

Piceatannol 

(µM) 

HEL Herpes simplex virus-1 (KOS) 46.7 ± 2.9  47.5 ± 3.5 

HEL Herpes simplex virus-2 (G) 39.5 ± 5.5  45.0 ± 0.0 

HEL Herpes simplex virus-1 TK KOS ACV 45.0 ± 0.0  45.4 ± 0.0 

U373 Vesicular stomatitis virus >100 79.2± 17 

MDCK Influenza A/H1N1 A/Ned/378/05 >100 >100 

MDCK Influenza A/H3N2 A/HK/7/87 >100 >100 

MDCK Influenza B B/Ned/537/05 >100 >100 

Huh 7-D Hepatitis C virus >100 >100 

hela Coxsackie virus B4 >100 >100 

vero Coxsackie virus B4 >100 >100 

Hela Respiratory syncytial virus >100 >100 

vero Para-influenza-3 virus >100 >100 

vero Reovirus-1 >100 >100 

vero sindbisvirus >100 >100 

vero Punta toro virus >100 >100 

vero Yellow fever virus >100 >100 

CRFK Feline corona virus (FIPV) >100 >100 

CRFK Feline herpes virus >100 >100 

HEL Human corona virus >100 >100 

IC50 (inhibitory concentration of viral replication by 50%). 

CE, crude extract of Cassia abbreviata,  
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Microbicide activity of piceatannol in a dual-chamber system  

 

To see the potential of piceatannol as a microbicide, CE and piceatanol were tested in 

a dual-chamber system mimicking the epithelium female genital tract. In this assay, 

HeLa cells (human cervical epithelial carcinoma cells) were grown in the upper 

chamber, until a confluent layer of a minimum of 150 Ohm/cm2 was achieved while 

TZM-Bl target cells were infected in the lower chamber. As shown in Figure 37A, both 

CE and piceatannol could cross the layer of epithelial cells and inhibit HIV infection in 

%,/")-0/("*,#9./("0&%,-1%"#88/*%&$V"%,/"*-$8)1/$*/")#+/( !"X6ER. At a concentration 

around the IC50 of the compounds, CE decreased by more than 4 times HIV infection 

(from 100 to 18.41%) while piceatannol diminished by 33% (from 100 to 66.9 %) 

without any toxicity on the epithelial cells (data not shown). For potential microbicide 

application, anti-HIV compounds should not stimulate target cells. We next evaluated 

the expression of early and late activation markers when PBMCs were incubated with 

a series of concentrations of CE and piceatannol during 24 hours. PHA increased the 

expression of CD25 (early activation marker) and CD69 (late activation marker) from 

6% to 34% and from 5 % to 62%, respectively, whereas CE and piceatannol did not 

have any effect alone. (Fig 37B). Finally, we tested whether CE and piceatannol could 

prevent transmission of DC-SIGN (dendritic cell-specific ICAM-3 grabbing non integrin) 

captured virus to CD4+ T cells in a DC-SIGN-mediated HIV transmission assay: at the 

highest concentration evaluated 100 µg/ml CE and 50 µM piceatannol did not protect 

CD4+ T cells from subsequent HIV replication suggesting that these compounds could 

not block this HIV DC-SIGN-T cell mediated infection pathway. 

 

A. 
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Figure 37. A. CE and piceatannol inhibit HIV infection in a dual chamber 

system. 56"4IF"KV]9)7M":&*/#%#$$-)"4IFKL7"#$2"XDF"4EFF$L7"0/(/"#22/2"&$"%,/"

upper chamber to HeLa cells with HIV-1 ADA-M (200pg P24) when TEER (Trans 

Epithelial Electric Resistance) values reached a minimum of 150 Ohm/cm2. After 

24h, luciferase value of TZM-Bl cell lysate was measured. B. CE and piceatannol 

do not activate PBMCs. PBMCs were treated with CE, piceatannol or PHA-P for 

24h. The expression of CD4, CD25 and CD69 were measured by flow cytometry. 

 
Discussion 
 

Traditional medicine has been used for thousands of years in many countries where it 

is still commonly used because of its significant therapeutic effects. Many antiviral 

agents have been identified from plant sources but their mechanisms have been only 

partly characterised. Cassia abbreviata is indigenous to Africa, where it is commonly 

used to heal abnormal pain, fever, cough, snake bite, blood vomit, rash, diarrhea, as 

well as infectious diseases such as malaria, syphilis, gonorrhoea and HIV/AIDS 9,10. 

Nevertheless, Cassia abbreviata !" .&-#*%&'/" 9-2/-of-actions were not investigated. 

Our study provided for the first time in-depth investigation of its active components as 

well as insight into their anti-HIV mode of action. 

 

Our study first confirmed the anti-HIV activity of Cassia abbreviata, which has been 

#)(/#2+"2/!*(&./2".+"</%/#$/ !"V(-1:"!,-0&$V"#"0/#^"#$%&-HIV activity of an ethanol 

extract but failing to elucidate its anti-HIV mechanism 11. By performing a secondary 

ethyl acetate partition of the ethanol extraction, we obtained a crude extract of Cassia 

abbreviata (CE) from the aqueous phase displaying a better anti-HIV activity without 

any cell toxicity. HIV entry involves multiple steps that require both viral and cellular 
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membrane proteins. After attachment, the HIV-1 envelope glycoprotein gp120 binds 

to the cellular receptor CD4 and subsequently to the co-receptor CCR5/CXCR4, 

resulting in a further change of conformation to expose the fusion protein gp41 and to 

mediate the fusion process 12. According to our findings, the active components of CE 

inhibited both X4 and R5 tropic viral strains, target HIV-1 and not the cells, had no 

effect on the availability and binding activity of CD4, CXCR4 and CC5 expressed on 

the cell surface, and inhibit the interaction between gp120 and CD4. CD4 and co-

receptor binding sites as well as variable loops and glycans of gp120 were proposed 

as therapeutic targets (Acharya et al, 2015). For instance, several small-molecule 

attachment inhibitors targeting the conserved CD4 binding region within gp120 have 

been described 13-17. BMS-626529 and its phosphonooxymethyl ester prodrug BMS-

663068 are currently the most promising HIV attachment inhibitors blocking CD4-

gp120 interaction 19. Using homology models, BMS-626529 was proposed to bind to 

the unliganded conformation of gp120 within the structurally conserved outer domain, 

under the antiparallel b20_b21 sheet, and adjacent to the CD4 binding loop. This drug 

exhibits a unique mechanism of action by inhibiting both CD4-induced and CD4-

&$2/:/$2/$%" 8-(9#%&-$" -8" %,/" `-:/$" !%#%/a" 8-1(" !%(#$2/2" V:EDF" .(&2V&$V" !,//%>" b/"

assume that the active compounds of CE display some specific mechanisms on gp120 

conformation or binding with CD4. 

 

To further investigate the anti-HIV components of Cassia abbreviata, we succeeded 

to isolate fifty-seven compounds. These compounds were all assessed in an assay 

targeting HIV entry, as well as in an assay targeting the late stage of HIV infection 

(data not shown). Among them, oleanolic acid, palmitic acid, piceatannol, taxifolin, and 

three so-far-unidentified compounds were found to inhibit HIV entry, while none of the 

compounds were found to inhibit a later stage of HIV infection. Oleanolic acid has been 

reported to inhibit HIV-1 infection on H9 cells 20, PBMCs and macrophages (IC50 

ranging between 20 to 50 µM) 21. The authors have proposed oleanolic acid as a 

protease inhibitor using a non-cell-based assay. In our study, we observed a similar 

IC50 for oleanolic acid against HIV-1 but we proposed a different mechanism since we 

did not find any effect of oleanic acid when incubated after infection (data not shown). 

Canki et al. has shown that palmitic acid isolated from Sargassum fusiforme inhibited 

viral infection on T cell line, primary peripheral blood lymphocytes and macrophages 

via binding to CD4 22. They have determined the palmitic acid binding epitope for CD4 

containing a hydrophobic methyl and methylene groups located away from its carboxyl 

terminal which was responsible for blocking CD4-gp120 interaction. Taxifolin isolated 

from Juglans mandshurica has shown to protect MT-4 cells against HIV infection with 
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a 100% inhibitory concentration of 25 µg/ml 23 but its mechanism of action was not 

studied. Since oleanolic acid, palmitic acid and taxifolin exhibited a relative weak anti-

ASW"#*%&'&%+"&$"-1(",#$2!M"0/"81(%,/("8-*1!/2"-1("0-(^"-$":&*/#%#$$-) !"/88/*%"-$"ASW"

entry.  

 

Clouser et al. have reported that piceatannol inhibited HIV-1 replication with an IC50 at 

21.4 µM in agreement with our results 24. Although Tewtrakul et al. have isolated 

piceatannol from Cassia garrettiana and claimed it as an HIV-1 integrase inhibitor and 

a protease inhibitor using non-cell-based assays 25-26, we currently demonstrated, 

using several viral assays that piceatannol inhibited HIV entry. Taking into 

consideration that piceatannol did not affect neither CD4, CCR5/CXCR4 binding, nor 

the interaction between CD4 and gp120 as well as the fusion process, it is therefore 

tempting to speculate that piceatannol may interact with virus attachment by adsorbing 

at either the cell surface or the virus surface. Resveratrol and its analogue piceatannol 

were described to interact preferentially with headgroup region of lipid bilayer in model 

membranes composed of phosphatidylcholine 27. Piceatannol showed a preference to 

bind to the cells as compared to the viruses but only at concentrations above the IC50 

value. This could result of a low affinity of piceatannol with the cell membrane 

explaining that the effect is maximal only when the compound is added together with 

cells and viruses. Piceatannol also showed a synergistic effect with both co-receptor 

and fusion inhibitors, which indicates that piceatannol employs a different mechanism 

to prevent HIV entry. This hypothesis is confirmed with the observation that 

piceatannol inhibited VSV infection since VSV enters into target cells by endocytosis 

and not by interfering with a specific cellular receptor.  

 

[%(1*%1(#))+M" :&*/#%#$$-)" 4?M? M=MI -trans-trihydroxystilbene) is a natural analogue of 

(/!'/(#%(-)" 4?M= MI -trans-trihydroxystilbene). Resveratrol has shown its great 

therapeutic effect on cancers in clinics and in cardio- and neuroprotection but relative 

low activity on HIV by acting as a ribonucleotide reductase inhibitor 24. Many analogues 

of resveratrol have been reported as well to inhibit HIV infection 28. However, only 

resveratrol did potentiate the effect of decitabine, an inducer of lethal mutagenesis, to 

inhibit HIV-1 infectivity 24 #$2" ?M? M=M= MIMI -hexahydroxy-trans-stilbene was shown 

recently to inhibit HIV entry before the fusion step with an IC50 around 1 µM 29. Both 

:&*/#%#$$-)" #$2" ?M? M=M= MIMI -hexahydroxy-trans-stilbene display better anti-HIV 

activity than resveratrol suggesting that the additional hydroxyl groups to the basic 

stilbene rings may increase the anti-HIV activity by strengthening compound affinity or 

by facilitating its action on the membrane surface. 
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Curcumin is another antiviral compound displaying structural similarity to piceatannol, 

having two phenols connected by a carbon chain. Curcumin can affect viral membrane 

fluidity and can confer a positive curvature to block viral entry 30 such as rigid 

amphipathic fusion inhibitors (RAFIs) and LJ001 affecting the membrane of HIV and 

other enveloped viruses 6,31. We have tested piceatannol pre-incubating either with 

viruses or with cells for 5 min at 37C before infection, similar to the assay described 

for curcumin 30, but we failed to observe a similar inhibitory effect as curcumin. We 

cannot exclude nevertheless that a lower affinity of piceatannol for the viral membrane 

as compared to curcumin may also explain this difference. Further experiments directly 

targeting membrane fluidity and curvature need to be performed.  

Importantly, we have shown that both CE and piceatannol inhibited HIV infection in an 

in vitro dual-chamber model mimicking the epithelium of the female genital tract 32, 

suggesting that the active components can cross the epithelial barrier without any 

toxicity on epithelial cells and no further activation of PBMCs. This data indicates the 

potential of piceatannol to be used as a lead structure for microbicides although it did 

not prevent cell-to-cell and DC-SIGN-mediated viral transmission in vitro. The structure 

of more potent synthetic derivatives should be resolved to reach nevertheless a 

therapeutic efficacy in humans. Interestingly, at the IC50 concentration, CE of Cassia 

abbreviata achieved a similar potency as T20 suggesting  that all the different anti HIV 

compounds from CE may harbor a synergistic effect, and among them piceatannol 

would represent only one piece. We will therefore elucidate the structure of our new 

anti-HIV compounds and assess whether these compounds target gp120. Lastly, we 

showed the broad spectrum antiviral activity of Cassia abbreviata and piceatannol for 

HIV and HSV but not for other viruses. The dual antiviral activity of piceatannol and 

CE is a crucial added value for microbicidal applications since genital HSV-2 infection 

has been shown to potentiate HIV transmission and infection 33. 

 

In conclusion, we have shown that the main active components of Cassia abbreviata 

prevent HIV by targeting gp120. We have also isolated seven compounds blocking 

HIV entry and deciphered the mode of action of piceatannol. Ultimately, there is an 

ongoing need for new potent classes of antiretroviral drugs with improved safety and 

tolerability profiles to sustain long-life antiretroviral therapy. Optimized synthetic 

derivatives from piceatannol and from our new uncharacterized components could 

provide potent antiviral lead compounds in the near future. 
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Materials and methods 

 

Plant extraction and compounds purification  

Barks and roots of Cassia abbreviata were collected in Kenya. All materials were 

pulverized before extraction. The crude extract (CE) was obtained through a first 

extraction with 95% ethanol and a second extraction with ethyl acetate and dried. To 

purify the compounds, the concentrate of theethanol phase was suspended in 

deionized water, successively partitioned with CHCl3, EtOAc, and n-BuOH and further 

subjected to column chromatography over silica gel. The CHCl3 and EtOAc extracts 

were combined and subjected to column chromatography over silica gel eluting with a 

gradient CHCl3-MeOH (0->100%), followed by column chromatography over octadecyl 

silane and sephadex LH-20. Preparative thin layer chromatography were further used 

to purify the compounds. UV and NMR data were collected from UV-2550 

spectrometer and Bruker Avance 500 or 600 NMR spectrometers to characterise the 

compounds. Piceatannol was purchased from Sigma (Belgium). AMD3100 and 

maraviroc were obtained through NIH AIDS Reagent Program (Division of AIDS, 

NIAID, NIH). T-20 (Enfuvirtide) was purchased from Eurogentec (Belgium). 

 

Cells and cell cultures 

HEK293, MT-4, U373-CD4-CXCR4, U373-CD4-CCR5, HeLa, TZM-Bl cell lines were 

obtained through NIH AIDS Reagent Program. HeLa-P4-CXCR4-LTRLacZ and Hela-

Env-Lai cells were kindly given by Pr Marc Alizon, Institute Pasteur, Paris. HEK 293 

cells, HeLa cells and TZM-C)"*/))!"0/(/"*1)%1(/2"&$"c1)./**- !"L-2&8&/2"6#V)/"L/2&19"

(DMEM, Lonza, The Netherlands) supplemented with 10% heat-inactivated fetal 

bovine serum (FBS, Lonza, The Netherlands). MT-4 cells were maintained in RPMI-

1640 medium (Lonza, The Netherlands) containing 10% FBS, 2mM L-glutamine 

(Lonza, The Netherlands). U373-CD4-CXCR4 and U373-CD4-CCR5 cells were 

cultured in DMEM supplemented 10%FBS, 0.2mg/ml geneticin (Gibco, Germany), 

F>E9V]9)" ,+V(-9+*&$" C" 4S$'&%(-V/$M" C/)V&197" #$2" EKV]9)" :1(-9+*&$" 4S$'&'-V/$M"

France). HeLa-P4-CXCR4-LTRLacZ cells were cultured in DMEM containing 10% 

FBS, 2mM L-glutamine and 0.5mg/ml geneticin. Hela-Env-Lai cells were cultured in 

DMEM containing 10% FBS, 2mM L-glutamine and 2KM MTX-Amethopterin (Sigma, 

Belgium). Peripheral blood mononuclear cells (PBMCs) were isolated from healthy 

2-$-(! ".188+*-#%!"4P/2"5(-!!"-8"<13/9.-1(V7"1!&$V"d&coll-Hypaque gradient. PBMCs 

were cultured in RPMI-1640 medium containing 10% FBS, 2mM L-glutamine. All other 
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cell lines including HEL, Vero, MDCK and CRFK were cultured in RPMI-1640 medium 

containing 10% FBS, 2 mM L-glutamine and 0.075 M NaHCO3. 

 

Cellular assays for HIV replication inhibition  

MT-4 cells were incubated with CE and HIV-1 IIIB (100 TCID50) for 5 days. Viral 

inhibition and drug toxicity were evaluated in parallel using MTT ((3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, Sigma, Belgium) by measuring 

A540 and A690 using a POLARstar Omega Plate Reader (BMG Lab Technologies, 

Belgium). Value of OD540 - OD690 of each well was calculated. IC50 was calculated 

using GraphPrism version 6 (GraphPad software, Inc, USA) PBMCs were stimulated 

1!&$V" EFKV]9)" :,+%-,/9#VV)1%&$&$" 4UAT-P, Sigma, Belgium) for 48h and then 

recombinant IL-2 (10U/ml, Roche, Germany) for another 24h before HIV infection. 

Stimulated PBMCs were infected by the HIV-1 reference strains IIIB/ADA-M or clinical 

isolates in the presence of CE replaced every other day after infection. Viral infection 

was monitored 7 days after infection by measuring P24 production in supernatants by-

ELISA (Perkin Elmer, Belgium). U373-CD4-CXCR4/CCR5 cells were infected by 

pseudotype viru!":;<=>?@envLuc-HXB2/BAL 34 by spinoculation at 1200g during 2h 

in the presence of CE or purified compounds removed just after infection. After 48h, 

the luciferase value of the cells lysate was measured (Luciferase System kit, Promega, 

The Netherlands). Cytotoxicity of drugs on PBMCs was measured by flow cytometry 

using near-IR fluorescent reactive dye (Life technologies, Belgium) and FACSCanto 

analysis (BD biosciences, Belgium). For multi-dosing time assay, several conditions 

were performed: 2h pre-incubation of drugs with U373-CD4-CXCR4/CCR5 cells, 2h 

pre-&$*1.#%&-$"-8"2(1V!"0&%,"%,/":!/12-%+:/"'&(1!":;<=>?@envLuc-HXB2/BAL, 2h co-

incubation of drugs, cells and viruses during the spinoculation step, and 2h post-

incubation of drugs with infected cells. For drug combination assay, U373-CD4-

CXCR4/CCR5 cells were co-incubated with CE or piceatannol combined or not with 

the CXCR4 inhibitor AMD3100 (Sigma, Belgium) or with the CCR5 inhibitor Maraviroc 

(Sigma, Belgium) or with the fusion inhibitor Enfuvirtide (T-20) during infection with the 

pseudotype viruses by spinoculation as described above. The combination index (CI) 

was calculated at the EC95-level using CompuSyn software (ComboSyn, USA). Data 

were analysed using GraphPrism v6-0 (GraphPad software, Inc, USA). Fusion assay 

was performed between two HeLa cell lines expressing either CXCR4 (HeLa-P4-

CXCR4-LTRLacZ) or X4 envelopes (Hela-Env-Lai cells). Drugs were incubated with 

Hela-P4-CXCR4-LTRLacZ cells during 30min and the mixtures were added to Hela-

Env-Lai cells for 24h. Chlorophenol red- -D-galactopyranoside (CPRG, Roche, 
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Germany) was added. OD562 was measured using a POLARstar Omega Plate Reader 

(BMG Lab Technologies, Belgium). IC50 were determined using GraphPrism v6-0.  

 

Binding between gp120 and CD4 

The binding of CE and piceatannol to gp120 was determined by ELISA. Soluble human 

CD4 was immobilized on 96-well plates and incubated for 1h with 100 ng HIV-1 gp120 

protein (Fitzgerald, USA) incubated or not with increasing concentrations of the 

compounds. Bound gp120 was detected using a sheep anti-HIV-1 gp120 (Aalto Bio 

Reagents, Ireland) and an anti-sheep HRP. Optical densities were measured using a 

POLARstar Omega Plate Reader (BMG Lab Technologies, Belgium). Data were 

analysed using GraphPrism v6-0.  

 

Flow cytometry assays 

To investigate if CE and piceatannol could interact with the CD4 receptor and the HIV 

CXCR4 and CCR5 co-receptors, binding assays were performed by a FACSCanto flow 

cytometry. Binding competition assay between increasing concentrations of 

compounds and FITC-conjugated mouse anti-human CD4 clone RPA-4 (Biolegend, 

Belgium), PE-conjugated mouse anti-Human CXCR4 (CD184) clone 12G5 (BD 

Pharma, Belgium), and PE-conjugated mouse anti-human CCR5 (CD195) clone 2D7 

(BD Pharma, Belgium) to U373-CD4-CXCR4 and U373-CD4-CCR5 cells was first 

tested. The chemokines CXCL12 and CCL5 (50 nM) (Peprotech, United Kingdom) 

were used as positive controls, near-IR fluorescent reactive dye (Life technologies, 

Belgium) was added simultaneously to evaluate cell viability. After 1 h of incubation at 

4°C, cells were washed with FACS buffer (1% bovine serum albumin, 0.1% N3Na in 

PBS, Sigma, Belgium) and Mean Fluorescence Intensity was measured. Receptor 

internalisation assays were further performed: compounds were incubated alone 

(agonist mode) or in the presence of 50 nM chemokines (CXCL12/CCL5) (antagonist 

mode) with MT-4 and U373-CD4-CCR5 cells at 37°C for 1 h. Internalisation was 

stopped after 30 min by addition of NaN3 (0.1%) and incubating the cells on ice. Cells 

were stained with anti-human CXCR4 (CD184) clone 4G10 (BD, Belgium) and anti-

human CCR5 (CD195) clone: eBio T21/8, (eBioscience, Austria). Near-IR fluorescent 

reactive dye was added simultaneously. After 1h of incubation at 4°C, cells were 

washed with FACS buffer  and a secondary antibody R-Phycoerythrin Affinipure 

d4#. 7D" 8(#V9/$%" V-#%" #$%&-mouse IgG (H+L) (Jackson ImmunoResearch, United 

States) was added. Mean Fluorescence Intensity was measured by FACSCanto. Data 

were analysed using GraphPrism v6-0. The expression of the activation markers CD25 

and CD69 was measured on PBMCs after incubation with CE, piceatannol or 
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phytohemagglutinin (PHA-P, Sigma) 10µg/ml for 24h at 37°C. PBMCs were stained 

with conjugated antibodies (anti-CD4 mAb conjugated with FITC, anti-CD25 mAb 

conjugated with PE/Cy7 and anti-CD69 mAb conjugated with PE, Biolegend, Belgium) 

and the near-IR fluorescent reactive dye (Invitrogen, Belgium). Mean Fluorescence 

Intensity was analysed using a FACSCanto flow cytometer. Cell activation was 

assessed by the expression of CD25 and CD69 on PBMCs after incubation with CE, 

piceatannol or PHA-P 10 µg/ml for 24 h at 37°C. PBMCs were stained with conjugated 

antibodies (anti-CD4 mAb conjugated with FITC, anti-CD25 mAb conjugated with 

PE/Cy7 and anti-CD69 mAb conjugated with PE, Biolegend, Belgium) and the near-IR 

fluorescent reactive dye (Invitrogen, Belgium) together for 30 min at 4°C. After 

washing, samples were analysed using FACSCanto. 

 

Dual-chamber system and DC-SIGN transmission assay 

Dual _chamber transmission assay was performed as previously described 32. Briefly, 

HeLa cells (104 cells) were seeded into an upper chamber of a 24-well transwell plate 

(Corning, Belgium), while TZM-bl cells (105 cells) were seeded in the lower chamber. 

TEER (Trans Epithelial Electric Resistance) was measured using Millicell-ERS Volt-

Ohm Meter every day as previously described. After 4 days, when TEER reached 150 

Ohm/cm2, HIV-1 ADA-M (200pg) and drugs were added to the upper chamber. 24h 

after infection luciferase value of TZM-bl cells lysate was measured using the 

Luciferase System Kit (Promega, The Netherlands) and the POLARstar Omega Plate 

Reader (BMG Lab Technologies, Belgium). Data were analysed using GraphPrism. 

For the HIV-1/DC-SIGN transmission assay Raji.DC-SIGN+ cells (5x105 cells/200 µL) 

were exposed to high amounts of HIV-1 HE (100 µL; !2.5x106 pg/mL of p24) for 1 h at 

37°C. Test compounds were diluted in a 96-well plate (100 µL) and pre-incubated for 

30 min. with CD4+ T cells (1x105 cells/50 µL). The virus-exposed Raji.DC-SIGN cells 

were extensively washed, resuspended and cocultivated with the CD4+ T cells and 

giant cell formation was evaluated light microscopically. 

 

Broad spectrum antiviral assays 

The protocols of the antiviral assays were previously described 35. Briefly, viruses were 

tested on different cell lines; HEL cells for HSV-1 KOS, HSV-2 G, HSV-1 TK KOS ACV; 

hela cells for VSV, coxsackie virus B4 and RSV; vero cells: coxsackie virus B4, para-

influenza-3 virus, reovirus-1, sindbisvirus, punta toro virus and yellow fever virus; 

MDCK cells for influenza A/H1N1 1/Ned/378/05, influenza A/H3N2 A/HK/7/87 and 

influenza B B/Ned/537/05; CRFK cells for human corano virus, feline corona virus and 

feline herpes virus; Huh-7D cells for HCV. Confluent cells were infected by 100 CCID50, 



142 
 

and incubated with drugs. The viral CPE was recorded as soon as it reached 

completion in the virus control group. The minimal cytotoxicity was visualized using 

microscope on the cell morphology. For HCV, 6*103 cells were incubated with 0.5 MOI 

JC1 and drugs for 4 h. After washing, drugs were added to cells and incubated for 48 

h. Luciferase was then measured using the luciferase system kit (Promega, the 

Netherlands). 
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Half of the Nobel Prize in Physiology or Medicine 2015 has just been awarded to Youyou Tu 

for her discoveries of artemisinin concerning a novel therapy against Malaria. In 1960s, Youyou 

Tu and her colleagues were in a large Chinese national project embarking upon effort to 

develop new malaria therapies. They had collected over 2000 potential traditional remedies 

and tested 380 of them on mice. In an ancient book named Zhouhoubeijifang written by Hong 

Ge at 400 AD, Youyou Tu found the preparation method and usage of Artemisia annua which 

inspiriting her. She finally purified the active compound artemisinin which represents a new 

class of anti-malaria therapies and has been used for healing malaria all over the world. 

e-1+-1"X1"#$2"#(%/9&!&$&$ !"!%-(+",#!",&V,)&V,%/2"%,/"/$-(9-1!"'#)1/"-8"%(#2&%&-$#)"9/2&*&$/!"

and ethnopharmacology.     

 

Traditional medicine, also termed as complementary medicine in some countries, is a very 

important part of modern health care, which is often underestimated. Traditional medicines, 

especially traditional herbal medicines, have been used for thousands of years in many 

countries, where it is still commonly used. WHO has announced that eighty percent of African 

population use some form of traditional herbal medicine. Because of its significant therapeutic 

effects, the request of traditional medicine usage spreads to more countries and keeps a rapid 

increase. A US government survey revealed that US adults spend $33.9 billion out-of-pocket 

on visits to complementary and alternative medicine (CAM) practitioners and purchases of 

CAM products, classes, and materials (Nahin, et al., 2009). The global herbal supplement and 

remedy industry is forecast to reach $105 billion by 2017 (Global Industry In, 2015).  

 

Ethnopharmacology has contributed a lot on drug development from traditional herbal 

medicines. It is not only related to the bio-use of pharmaceuticals but also related to the 

identification of medicinal plants, preparation of pharmaceuticals and social-medicinal aspects. 

Drug discovery from traditional medicines is an ethical attitude towards affordable and potent 

lead compounds, but it requires a multidisciplinary approach: ethnobiology, chemistry, 

biomedicine, physics/mathematics, computational modeling to explain and improve the mode 

of action of the compounds. Based on thousand-year experiences, the preparation of most 

traditional medicines and their bioactivity and toxicity have been well described and evaluated 

in human, which make it much easier to find new bioactivity related compounds in herbs 

compared to discover a new drug from zero.  
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Natural molecules from medicinal plants have become the rich resource of new drugs 

discovery, especially along with the development of organic chemistry and synthetic chemistry. 

Despite the fact that there are numerous plant derived compounds exhibiting inhibitory effects 

against a broad spectrum of pathogens having been reported, only a few of them reach the 

clinics, especially in the western countries. It costs about 15 years averagely for a new drug 

entering into the clinic and a large amount of money is required. In the case of anti-HIV drugs, 

there was also a lack of representative ex vivo models and cost-effective in vivo models. 

Although primates represent a good model for HIV research, ethical, financial and logistical 

considerations limit the use of primates in research. Many efforts have thus been conducted 

to develop humanized mice models susceptible to HIV as a preclinical tool for drug 

development that should facilitate the workflow of HIV drugs into clinics.   

 

This thesis was focused on a traditional African plant, on which we have performed an in-depth 

investigation including the plant identification, the extraction and the isolation of compounds, 

as well as the elucidation of the anti-HIV mode of action. Several pieces of wood of this African 

plant were originally brought by an HIV infected patient from Congo at Saint-Pierre Hospital in 

Brussels in the early 2000s. This patient claimed that he had taken a decoction from this plant 

and felt an improvement of his condition. Although this patient died from AIDS because he did 

not receive antiretroviral therapy on time in Congo, we confirmed in 2001 the anti-HIV activity 

of the plant using a crude extract. However, the name of the plant was not disclosed by the 

patient and classical taxonomy could not be used to identify the plant. A first set of compounds 

purification was initiated at the Toxicology Laboratory of the National Health Laboratory of 

Luxembourg by Dr Serge Schneider but the single components purified at that time did not 

show any anti-HIV activity. 

 

This thesis project was initiated 10 years after the first HIV tests performed with the plant in 

Luxembourg thanks to the emergence of the DNA barcoding approach. Using the DNA 

barcoding approach we were able to identify the plant as Cassia abbreviata. This plant is 

known in Africa to have therapeutic activities on many diseases including AIDS. The fact that 

we have been able to correctly identify the plant just from a small amount of wood material 

underlines the power of this technology which can be used by scientists having little or no 

taxonomical knowledge in the field to identify species. Classically, plants are identified by 

expert classical taxonomists using morphological features primarily from the flower, but also 

from other parts/organs of the plant (leaf shape and organization, fruit, etc). In contrast, the 

DNA-based barcoding technology relies on selected DNA markers which are present in all 
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parts of the plant and which can be amplified easily with a very limited number of primer pairs 

and whose sequences can be analyzed using appropriate software. It requires though that the 

plants have been correctly identified first by classical taxonomists and that the appropriate and 

reliable marker sequences are available for comparison. In principle every plant whose 

barcode marker sequences have been determined should be able to be identified correctly at 

any time in just a few days from even tiny amounts of material. The barcoding technology is 

presently used in many species identification programs for plants as well as animals (insects, 

birds, fish, etc). 

 

During our identification study we used material obtained from germinating seeds from about 

45 Cassia and Senna species that we ordered from online companies. This was the only way 

for us to obtain material from a wide range of species within a short period of time. Given the 

importance of the plant in Africa, there was a good chance that the seeds could be commonly 

obtained from one of these companies. This, however, also raised an important issue as to the 

correct identification of the species from which the seeds - sold by the company - were obtained. 

Also, as we experienced during our studies, labeling errors or mishandling of the seeds were 

real in that mislabeled seeds can occasionally be shipped. This was the case for instance for 

what we expected to be Senna atomaria seeds but which in fact revealed to be from Leucaena 

leucocephala, a species from the Mimosae tribe, also of the Legume family. Moreover, neither 

the exact geographical location nor the person who identified the plants were known to us, 

hence the information we had on all these species was very limited. It turned out however that 

we correctly identified Cassia abbreviata, which was our main concern, but it also showed that 

the vast majority of the seeds were from correctly identified species. Only in a few cases, e.g. 

Cassia javanica, for which several subspecies are known (C. javanica subsp. javanica, subsp. 

nodosa, subsp. indochinensis, subsp. bartonii) different sequences were obtained. This is most 

likely due to an incomplete naming (i.e. they were named C. javanica without regard to the 

subspecies). Alternative names may also have been used in some cases by the persons who 

identified the species for the providing company. One example could be Cassia javanica sensu 

Boer whose name is considered in The Plant List as a synonym of Cassia roxburghii. Cassia 

javanica and Cassia roxburghii however have clearly distinct trnH-psbA sequences with two 

duplications present in Cassia roxburghii. Our sequence analysis and comparison with 

published sequences however showed that the majority of the species have been correctly 

named, although the name of the subspecies was not always given. 
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We also used the sequence alignment of the two markers, ITS2 and trnH-psbA spacer, to 

establish a phylogenetic classification of the species studied, in order to assess their genetic 

relationships. It can be assumed indeed that closely related species basically produce identical 

or very similar compounds, while more distant species could be expected to lack some 

compounds and produce more different compounds. Interestingly the Cassia and Senna 

species are nearly all used as local medicines in the tropical countries where they grow, 

suggesting that their therapeutic activities are basically conserved. 

 

The comparison of the sequences obtained in our lab as well as of sequences from publicly 

available databases documented by the sequence alignments as well as by the phylogenetic 

trees for each of the two markers show that the Cassia species can clearly be discriminated 

from the Senna species which form 5 subclades. Therefore the two markers have a high 

discriminating power for these and probably also for species from other genera. Regarding the 

Senna species it is interesting to see that the same species in appear to be linked in a same 

cluster, and this for quite a few markers, for instance ITS2, trnH-psbA, rpl16 intron, rps16 intron 

and matK. 

 

This analysis also reveals some inconsistencies like Senna italica trnH-psbA sequence 

(HQ161769) which is found with the Chamaecrista species; on the other hand a Chamaecrista 

absus ITS2 sequence (JQ301843) clusters with Senna species in the Senna subclade 3, and 

a Chamaecrista nigricans trnH-psbA spacer sequence (HQ161770) clusters with Sennas in 

subclade 1. Other inconsistencies include very different trnH-psbA spacer sequences for two 

Senna tora species (HQ161762 in Senna subclade 3, and GU969277 in Senna subclade 5), 

these sequences were determined by different groups and it is clear that one of the two plants 

must have been misnamed of incorrectly identified. Also identical or very similar sequences for 

some species native to different continents suggest a misnaming/misidentification problem. In 

some cases, identical sequences have been found for different species from a same continent 

(examples). This is acceptable since these species may have diverged only recently and the 

genetic changes may have affected genes responsible for the minor morphological changes, 

but not the two marker regions ITS2 and trnH-psbA spacer. 

 

We therefore conclude from our barcoding studies that the technology is extremely powerful, 

and useful for identification of raw materials of medicinal plant. It allows fast identification of 

species to scientists without knowledge in taxonomy, provided there are reliable sequences in 
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the databases used for the comparisons. This underlines the importance of the Consortium for 

the Barcode of Life (CBOL) initiative which aims to establish barcode libraries together with 

expert taxonomists. It also reveals that many sequences in public databases have been 

determined on misidentified species. 

 

Despite the significant number of available antiretroviral agents, there is an ongoing need for 

new classes of antiretroviral agents that can provide potent and durable activity against HIV-

1, primarily due to the development of drug resistance to existing compounds and the need for 

improved safety and tolerability profiles of treatment regimen. In particular treatment-

experienced patients have limited treatment options owing to the presence of multi-drug 

resistant viral mutants causing reduced drug susceptibility, emergence of drug toxicities from 

long-term antiretroviral therapy and contraindications from the need to manage concurrent 

infections (Wilson et al., 2009). To manage the complex and highly individualized requirements 

of treatment-experienced patients, new classes of antiretrovirals offering less future drug 

resistance potential are still required. 

 

Cassia abbreviata is indigenous to Africa, where it is commonly used to heal abnormal pain, 

fever, cough, snake bite, blood vomit, rash, diarrhea, as well as infectious diseases such as 

malaria, syphilis, gonorrhoea and HIV/AIDS (Kisangau et al, 2011). Nevertheless, Cassia 

abbreviata !".&-#*%&'/"9-2/-of-actions were not investigated. Presently, we have completed 

the study of its anti-HIV activity and further focused on its mechanism and active components. 

We have also expanded the study on the antiviral activity of Cassia abbreviata on other viruses. 

 

Our study first confirmed the anti-HIV activity of Cassia abbreviata by testing a crude aqueous 

extract (CE) and showed that CE inhibited HIV infection by targeting HIV entry via interacting 

with gp120. To further investigate the anti-HIV components, we have succeeded to isolate fifty-

seven compounds and assessed their anti-HIV activities. Oleanolic acid, palmitic acid, 

piceatannol, taxifolin and another three so far uncharacterised compounds were found to 

inhibit HIV entry. Among them, piceatannol showed the highest activity and interesting mode-

of-action. Similar to CE, piceatannol inhibited both R5 and X4 tropic HIV reference strains as 

well as clinical isolates harboring NRTIs, NNRTIs and PIs resistance.  
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HIV entry process contains multiple steps that require both viral and cellular membrane 

proteins. To enter target cells, virions have first to attach to cell membrane mainly driven by 

the virion envelope and the negatively charged heparin sulphate proteoglycans on the cell 

surface. The HIV-1 envelope is composed by two subunits: glycoprotein gp120 and 

transmembrane protein gp41, present in trimers _ three gp120 molecules non-covalently 

combined with three gp41 molecules (Decroly, et al.,1994, Lu, et al.,1995, Merk, et al.,2013). 

After viral attachment to the cell membrane, which is a non-specific process via interaction of 

the virion envelope to negatively charged heparin sulfate proteoglycans, gp120 binds to CD4 

causing the rearrangement of the V1/V2 loop of gp120 and the repositioning of V3 loop (Wilen, 

et al.,2012). CD4-gp120 complex then subsequently binds to a secondary receptor 

CCR5/CXCR4 on the cell surface, leading to the exposure of fusion peptide gp41 and the 

formation of the fusion complex.  

 

Since our results showed that CE inhibited the interaction between CD4 and gp120 and had 

no effect on the availability and binding activity of CD4 expressing on the cell surface, it is 

tempting to speculate that the active compounds of CE may interfere with the binding of gp120 

and CD4 or display some specific mechanism on gp120 conformation related to CD4 binding 

site. Recently, a series of small-molecule attachment inhibitors targeting the conserved CD4 

binding region within gp120 have been described, such as BMS-378806, BMS-488043, BMS-

088, BMS-049, BMS-626529 and BMS-663068 (Guo et al., 2003; Ho et al., 2006; Wang et al., 

2003; Wang et al., 2009). Among these, BMS-626529 and BMS-663068 are currently the most 

promising HIV attachment inhibitors blocking CD4-gp120 interaction (Langley et al., 2015; Zhu 

et al., 2015). C7 position 2-amino-benzimidazole carboxamide moiety of all these BMS small 

molecules have been shown to be correlated to the effect on the V3 loop exposure of gp120. 

By optimizing structure, BMS-626529 has better anti-HIV activity than others, and its 

phosphonooxymethyl ester prodrug BMS-663068 has a better pharmacokinetic profile. Using 

homology models, BMS-626529 was proposed to bind to the unliganded conformation of 

gp120 (UNLIG) within the structurally conserved outer domain, under the anti-parallel i20-i21 

sheet, which is adjacent to the CD4 binding site. BMS-626529/UNLIG complex blocks the 

central hydrophobic cavity of gp120 folding into CD4 binding conformation and the formation 

of a four stranded (i3-i2-i21-i20) bridging sheet, and thereby sheds the exposure of CD4 

binding site of gp120. Since piceatannol does not target gp120, we will keep searching for the 

active compounds of CE targeting gp120 and confirm the activity on gp120 binding by Surface 

Plasmon Resonance to provide more binding kinetics information. We will also perform 

mutagenesis and homology studies to describe the targeting pocket of these compounds. 
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In our study, piceatannol shows its anti-HIV activity on various HIV strains displaying as a non-

specific HIV entry inhibitor, as well as inhibits HSV. Not surprisingly, a natural analogue of 

piceatannol, reserveratrol has been described on its antiviral activity against HIV and HSV, 

and proposed to function at the early stage of infection (Faith, 2006). Resveratrol was also 

shown to inhibit HSV in the vagina of mice and limit extravaginal diseases (Docherty et al., 

DFFI7>"T22&%&-$#))+M"?M? M=M= MIMI -hexahydroxy-trans-stilbene, structurally close to reserveratrol 

and piceatannol, has also reported to inhibit HIV infection before fusion process. It is suggested 

that the additional hydroxyl groups to the basic stribene rings may increase the anti-HIV activity 

by strengthening compound affinity.   

 

Recently, a new class of broad antiviral compounds has been described to target lipid 

membrane. Curcumin is another antiviral compound displaying structural similarity to 

piceatannol, having two phenols connected by a carbon chain. Curcumin can affect viral 

membrane fluidity and can confer a positive curvature to block viral entry (Anggakusuma et al, 

2012). Similarly, rigid amphipathic fusion inhibitors (RAFIs), and Broad-SAVE (a class of 

thiazolidine-based lipophilic compounds, eg LJ001), broadly inhibit enveloped viruses by 

targeting the biophysical process of fusion between virus membrane and cell membrane (St. 

Vincent et al, 2010; Wolf et al, 2010). The fusion of lipid membranes is believed to contain 

intermediates and obtain energy from the elastic energy of spontaneous curvature of lipid 

membranes. Compounds like RAFIs containing a large polar head group and a relative small 

hydrocarbon tails can confer a positive curvature by bending the lipid layers away from polar 

heads, and thereby block membrane fusion. By compared study on dUY11 (a synthetic 

exampar RAFI) and LJ001, Vigant et al. described that the perylene group in RAFIs have a 

similar photosensitizing activity like LJ001, whose antiviral activity is light dependent. 

Nevertheless, both piceatannol and its analogue resveratrol have been shown to interact with 

headgroup region of phosphatidylcholine bilayers (Wesolowska et al., 2009). Although in our 

assays, piceatannol showed no inhibition on viral fusion, we cannot exclude that piceatannol 

inhibits viral entry by affecting membrane curvature like curcumin. To prove this hypothesis, 

more experiments focusing on the membrane fluidity and curvatures are planned to be 

performed. 

 

Women have shown to be more likely to be infected by HIV during unprotected heterosexual 

intercourse than men (Glynn et al., 2001). Especially women in sub-Saharan Africa are in a 

high risk of HIV infection due to gender inequities. Microbicides are designed to prevent women 

from sexually transmitted infections such as HIV and HSV infections. Gel-based on tenofovir 
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have been shown to significantly inhibit viral infection in vagina (Rosenberg et al., 2012). In 

this study, we have shown the potential use as microbicide of CE and piceatannol in vitro that 

both inhibited HIV infection in a mimicked female genital tract model and did not stimulate 

PBMCs activation as well as inhibited infection of various HSV strains in vitro. Both CE and 

piceatannol have no effect on DC-SIGN dependent HIV transmission. Nevertheless, 

piceatannol has been described to inhibit LPS induced inflammation in cell lines and in rats 

suppressing pro-inflammatory cytokines production (Piotrowska et al., 2012). This may help to 

reduce the inflammation in mucosa and attenuate immune activation. To be a good microbicide, 

antivirals are required to highly prevent HIV acquisition, and demonstrate safety, stability and 

acceptability, and no adverse interaction with other anti-HIV drugs. In the study, we have 

shown that both CE and piceatannol have synergistic effect with co-receptor inhibitors 

AMD3100 and maraviroc, and fusion inhibitor enfuvirtide. In future studies, we will test 

piceatannol in combination with other classes of anti-HIV drugs and also perform structure 

optimization study to improve the anti-HIV activity.  

 

More than thirty years after HIV identification, many efforts have been launched all over of the 

world and more than thirty anti-HIV drugs have been licensed. Antiretroviral therapies are a 

tremendous success, having dramatically reduced HIV-related morbidity, mortality and 

transmission. UNAIDS has announced the 90-90-90 goal: by 2020, 90% of all people living 

with HIV will know their HIV status; 90% of all people with diagnosed HIV infection with receive 

sustained antiretroviral therapy: 90% of all people receiving antiretroviral therapy will have viral 

suppression (UNAIDS, 2014). To achieve this ambitious target, more antitretroviral drugs are 

required to improve efficiency, and reduce the long term toxicity, and decrease the cost. Our 

study has shown piceatannol as a good structure candidate to be further optimized for HIV 

treatment and we expect that our uncharacterized compounds will follow the same course. 
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Chapter IV 

Conclusion and Perspectives
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In this thesis project, we have succeeded to identify an unknown wood from Africa as 

Cassia abbreviata using the DNA barcoding technology. The barcode markers ITS2 

and trnH-psbA have shown their great power in the discrimination among Cassia and 

Senna species. Especially, a unique insertion and deletion were observed in the ITS2 

and trnH-psbA sequences of real Cassia species, which could be used as special 

molecular fingerprint for Cassia species. During analysis, we have also noticed that 

some ITS2 and trnH-psbA spacer sequences in the public databases appear to have 

been misidentified or misnamed by the authors. A reliable database established by 

expert traditional and molecular taxonomists is an absolute prerequisite for correct 

species identification by DNA barcoding.  

 

We have performed an in-depth antiviral investigation of Cassia abbreviata. 

Fifty-seven compounds have been succeeded to be isolated from Cassia abbreviata. 

Seven anti-HIV compounds targeting HIV entry have been found: oleanolic acid, 

palmitic acid, piceatannol, taxifolin and another three so far uncharacterized 

compounds. A crude aqueous extract (CE) and piceatannol have shown Cassia 

abbreviata !"#$%&'"!()*+$,-"&.+/0/$&1"&*+/0/+2"&3&/.!+"HIV and HSV, while piceatannol 

also inhibits VSV. CE was proven to inhibit HIV infection by targeting gp120, while we 

unraveled a new mechanism of action for piceatannol as a non-specific HIV entry 

inhibitor. Both CE and piceatannol have shown their inhibitory effect on HIV infection 

 !"#"$%&#'%"(%! )#'")*#+)"&,-%'"#!-"!,".) &/'#) ,!",!"0123.4"#+) 5#) ,!6 Based on its 

low toxicity, and long experience used in traditional medicine, Cassia Abbreviatta has 

a great potential to be used as food supplementary.  

 

In the future, we will continue to study CE and other anti-HIV compounds derived from 

Cassia abbreviata. We will 1) decipher the structure and antiviral activity of the three 

so far uncharacterized compounds; 2) investigate which anti-HIV component of CE 

target gp120 and perform Surface Plasmon Resonance to obtain binding kinetics 

information; 3) work on mutagenesis and homology models to find the exact targeting 
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pocket on the viral gp120 protein; 4) ,7) & 8%" 7 +%#)#!!,'4." .)*/+)/*%" #!-"  ! ) #)%"

structure- activity relationship studies; 5) %'/+ -#)%" 7 +%#)#!!,'4." and derivatives 

antiviral mechanisms, by testing them in assays related to membrane fluidity and 

membrane curvature; 5) further investigate the synergy between piceatannol and the 

other anti-HIV uncharacterized compounds derived from Cassia abbreviata.  
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Annexes I 

 

Virological and immunological outcomes of 
elvitegravir-based regimen in a treatment-naïve 

HIV-2-infected patient 
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Anti-HIV activity of fucoidans from three brown 
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a b  s  t  r  a  c t

Fucoidans are  sulfated  polysaccharides  derived  from  marine  brown  algae.  In  the  current  work  the  anti-

HIV activity  of  three fucoidans,  extracted  from three brown  seaweeds  Sargassum  mcclurei,  Sargassum

polycystum  and  Turbinara  ornata  and  collected  from  Nha  Trang  bay, Vietnam  was  investigated.  Fucoidans

extracted  from  the  three species  displayed  similar  antiviral  activities  with  a mean  IC50 ranging  from 0.33

to 0.7 �g/ml  while  displaying  no  cell  toxicity.  Our  results  showed  that  the  anti-HIV  activity  of  fucoidans  is

not  primarily  linked  to the  sulfate  content and the  appropriate  position  of  sulfate groups  in  the  fucoidan

backbones  was  also  not  associated  with  the  antiviral  activity.  Fucoidans  inhibited  HIV-1  infection  when

they  were  pre-incubated  with  the  virus  but not  with  the  cells,  and not after  infection,  blocking  the  early

steps  of  HIV  entry  into  target  cells.  These  data  contribute  to a better  understanding  of  the  influence  of

fucoidans  structural  characteristics  on their  biological  activity.

©  2014 Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Fucoidans are sulfated polysaccharides derived from marine

brown algae. A  common structural feature of  fucoidans is  that

they contain a large amount of �-l-fucose residues and sulfate

groups, together with a  minor amount of other monosaccharide

residues including galactose, mannose, xylose, rhamnose, and glu-

curonic acid (Li, Lu, Wei, & Zhao, 2008; Usov & Bilan, 2009).

Fucoidans were reported to exhibit a  wide  range of  physiolog-

ical  and biological activities (Berteau & Mulloy, 2003; Kusaykin

et al., 2008; Wijesinghe & Jeon, 2012), such as anti-inflammatory,

anticoagulant, antithrombotic (Cumashi et  al.,  2007; Ustyuzhanina

et al., 2013), antiviral including anti-HIV (Ghosh et  al.,  2009; Lee,

Hayashi, Hashimoto, Nakano, & Hayashi, 2004; Trinchero et  al.,

2009), immunomodulatory (Raghavendran, Srinivasan, &  Rekha,

2011), antioxidant (Wang, Zhang, Zhang, Song, & Li, 2010), and

antitumor (Senthilkumar, Manivasagan, Venkatesan, & Kim, 2013;

Synytsya et al., 2010). A first report on the HIV inhibitory prop-

erty of sulfated polysaccharides from sea algae was published in

1987 (Nakashima et  al.,  1987). Queiroz et al. (2008) further reported

∗ Corresponding author at: 18  Hoang Quoc Viet, Cau giay, Hanoi, Viet Nam.

Tel.:  +84 4 37563788; fax: +84 4 38361283.

E-mail address: thuyttt@ich.vast.ac.vn (T.T.T. Thuy).

that sulfated fucans from the seaweed species Dictyota mertensii,

Lobophora variegata, Spatoglossum schroederi and Fucus vesiculosus

inhibit HIV reverse transcriptase.

Despite an  extensive investigation of  the biological activity of

fucoidans from marine seaweeds during the last  decade, the over-

all relationship between the activity of polysaccharides and their

structure remains unclear (Berteau & Mulloy, 2003). It  is usually

believed that  biological activity of  fucoidans is related to the con-

tent and position of sulfate groups, monosaccharide composition,

molecular weight, and structure of the backbone and branches (Ale,

Mikkelsen, & Meyer, 2011; Patankar, Oehninger, Barnett, Williams,

& Clark, 1993; Pomin, 2009).

The current challenges of  the current HIV therapy prompt the

worldwide researchers to search for other natural and affordable

anti-HIV compounds. Based on preliminary promising results, the

structure–activity relationship of  the SPs structural characters on

HIV-1 inhibition need to be elucidated for a deeper understanding

of  their binding structure and their  antiviral mechanisms.

The present paper is devoted to the investigation of  the anti-

HIV activity of fucoidans extracted from three brown seaweed

species Sargassum polycystum, Sargassum mcclurei and Turbinara

ornata collected at Nha Trang bay, Vietnam. Native polysaccharides

and several polysaccharide fractions differing in  sulfate content

were tested to unravel the role of  sulfate groups on the anti

HIV-activity of  fucoidans. Similarly to other fucoidans present

http://dx.doi.org/10.1016/j.carbpol.2014.08.068

0144-8617/© 2014  Elsevier Ltd. All rights reserved.
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in algae belonging to the family Sargassaceae, these polysaccha-

rides are mainly constituted by the highly sulfated galactofucans.

Structural characteristics and fractionation of a  fucoidan from S.

mcclurei were described recently (Pham et al., 2013). The polysac-

charide was shown to have complex monosaccharide composition.

Its  highly sulfated main fraction is a galactofucan containing a

backbone built up of 3-linked �-l-fucose 2,4-disulfate residues.

Structurally related, but less sulfated galactofucan was obtained

from T. ornata (Thanh, Tran, Yuguchi, Bui, & Nguen, 2013). Frac-

tionation of fucoidan from S.  polycystum and structural analysis of

its highly sulfated galactofucan fraction was also  described recently

in the literature (Bilan et  al., 2013). Additional information on the

position of sulfate groups in the polysaccharide samples used in this

work was obtained by  partial acid  hydrolysis followed by ESI–MS

of the derived fucose monosulfates.

2.  Experimental

2.1.  Seaweed collection

The algae S.  polycystum, S.  mcclurei and T. ornata were harvested

from Nha Trang bay, Vietnam in June,  2010. A voucher specimen

of each species is deposited in Nha  Trang Institute of Technology

Research and Application. The collected seaweeds were washed

with tap water in order to  remove salt, epiphytes, and sand attached

to the surface of the samples and then dried by  air in the shade. The

dried seaweeds were crushed, grounded into a powder form, passed

through a 40-mesh sieve and then stored at room temperature.

2.2.  Extraction of fucoidan

The extraction was followed by the method described previ-

ously (Bilan et al.,  2002). 200 g of  dried seaweed was treated at

room temperature with a  4:2:1 MeOH–CHCl3–water mixture to

remove colored matter, filtered and vacuum dried to get defat-

ted algal biomass. This material was extracted with 2% aqueous

CaCl2 solution under mechanical stirring at 85 ◦C for 8  h.  An  aqueous

hexadecyltrimethylammonium bromide solution (10%) was added

to the extract. The precipitate formed was centrifuged, washed

with water, stirred with 20% ethanolic NaI solution for 2–3 days at

room temperature, washed with ethanol, and dissolved in water.

The solution was dialyzed, concentrated and lyophilized to give

fucoidan as sodium salt. Fucoidans obtained from S. mcclurei, S.

polycystum and T.  ornata were named FSM,  FSP and FTO,  respectively.

The yields of fucoidans were calculated based on dried seaweed

weight.

2.3. Chemical analyses

Neutral monosaccharide compositions were elucidated by GLC

(Bilan et al., 2002). Alditol acetates were prepared by hydrolysis

of fucoidan samples in 2  M CF3COOH (TFA), 8  h at 100 ◦C, followed

by sodium borohydride reduction and acetylation, and analyzed by

17AAFW Shimadzu GC-FID.

Sulfate content was estimated using gelatin/BaCl2 method

(Dodgson, 1961) after hydrolysis of fucoidan in  2  M TFA as  described

above.

2.4. Partial acid hydrolysis

Mild acid hydrolysis of  fucoidans was carried out  using tri-

fluoroacetic acid  (0.75 M, 1 h, 60 ◦C), the resulting solutions were

evaporated several times with methanol.

2.5. ESI–MS spectra

ESI–MS experiments were performed on a  Xevo TQ MS, Waters-

USA. The analyses were carried out in negative mode. Dried

partial acid hydrolysis products of  fucoidans were dissolved in  1:1

MeOH–water and introduced into the mass spectrometer.

2.6. Anti-HIV activity assays

2.6.1. Cytotoxicity and viral infection assays

Protection of fucoidans on U373-CD4-CXCR4 cells infected

by  luciferase-tagged viral X4 pseudotype particles was eval-

uated. Pseudotype particles were produced by co-transfecting

a  luciferase-tagged pNL4-3-derived vector deleted of the env

ectodomain, pNL4-3�env (Baatz et al.,  2011), and a  pCMV-derived

HXB2 full env plasmid using lipofectamine (Invitrogen) into

HEK293T cells. Viral supernatant produced by HEK293T cells was

collected 48 h after transfection. P24 antigen concentration was

measured using P24 ELISA kit (Perkin Elmer). U373-CD4-CXCR4

cells were infected with 200 pg of  pNL4-3�env-HXB2 pseudotype

particles. All infections were conducted in triplicate wells. Infection

was synchronized by spinoculation at 1200 × g  for 2 h at 25 ◦C and

incubation for 1  h at 37 ◦C before supernatants were replaced with

fresh medium. Serial dilutions of  fucoidans were added during and

after spinoculation. Infection was monitored after 48 h by  measur-

ing bioluminescence activity in  the cell lysates (Promega luciferase

assay system) using a Tecan Genios Pro Luminometer. Percentage of

protection was expressed as the percentage of  inhibition of the rel-

ative light  units (RLUs) of  U373-CD4-CXCR4 cells infected without

fucoidans (100%) and in the presence of increased concentrations

of  fucoidans. IC50 values were calculated by  non-linear regression

using GraphPad Prism v5.01 (GraphPad Software). Statistical anal-

yses were performed using GraphPad Prism v 5.01. Mean IC50 of

fucoidans were compared using t-tests. A p value was considered

significant when lower than 0.05.

Cell viability was assessed by  flow cytometry using the

LIVE/DEAD Fixable Dead Cell Stain Kit  (Invitrogen) in U373-CD4-

CXCR4 cells incubated with serial dilutions of fucoidans for 48 h

according to manufacturer’s protocol. Percentage of  cell viability

was expressed as the percentage of  viable U373-CD4-CXCR4 cells

without fucoidans (100%) and in the presence of  increased concen-

trations of  fucoidans.

To decipher if the antiviral activity was due to  direct interac-

tions of the compounds with either the virus, the cell membrane

surface or the viral life cycle, pre-incubation of crude extracts with

U373-CD4-CXCR4 cells or with the pNL4-3�env-HXB2 pseudotype

particles as well as post-incubation of  crude extracts with infected

U373-CD4-CXCR4 cells were tested.

2.6.2. Cell lines

HEK293T (ATCC) cells were maintained in Dulbecco’s modified

Eagle medium (DMEM) supplemented with 10% FBS, l-glutamine

(2 mM), penicillin (50 U/mL) and streptomycin (50 �g/mL) (all

from Gibco). U373-CD4-CXCR4 cells (AIDS Research and Reference

Reagent Program, NIAID) were maintained in DMEM supplemented

with 15% FBS, l-glutamine (2 mM), penicillin (100 U/mL), strepto-

mycin (100 �g/mL), geneticin (300 ng/mL) (Gibco) and puromycin

(1 ng/mL) (Sigma–Aldrich).

3.  Results and discussion

Three fucoidans were extracted from three brown seaweeds S.

mcclurei, S. polycystum and T. ornate. The yields, sulfate content and

sugar composition of  three crude fucoidans are given in Table 1.

Like other marine fucoidans, these polysaccharides contain several

neutral monosaccharide components, namely, fucose, mannose,
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Table  1

Yield and chemical analysis of  crude fucoidans.

Crude fucoidan Yield (% dried seaweed) Neutral sugar composition (mol %) Sulfate  content (mass %)

Fuc Man Gal Xyl Glc

FSP 2.75 20.30 1.90 13.70 2.60 1.10 23.40

FTO 2.50  30.30 Trace 25.60 Trace Trace 25.60

FSM 2.10  40.00  10.70 20.10 6.20 10.04 30.50

galactose, xylose and glucose with different molar ratios. FSP and

FTO were mainly composed of  fucose, a  high proportion of  galac-

tose and  very small amount of  glucose, xylose and mannose. The

highest fucose content was detected in FSM.

Fucoidans were subjected to mild hydrolysis as described in

experimental part to  obtain fragments suitable for mass spectro-

metric investigation. Mass spectra may be  used for determination

of position of sulfate groups in  fucose monosulfates (Tissot, Salpin,

Martinez, Gaigeot, & Daniel, 2006) according to specific fragmen-

tation patterns of  molecular anions [FucSO3]−. Signal at m/z 183

indicates sulfate group at C-4, signal at m/z 139 corresponds to sul-

fate group at C-2, and signal at m/z 169  was assigned to sulfate

group at  C-3 of  fucose monosulfates.

Mass spectra of  partial hydrolysis products of  all three fucoidans

(data not shown) contain a  signal at m/z 243 corresponding to  the

deprotonated molecule of monosulfated fucose [FucSO3]−.  The MS2

spectra of this  daughter ion at m/z 243 of  three fucoidans FSM,  FSP

and FTO were shown in  Figs. 1–3, respectively.

In Fig. 1,  ESI–MS/MS of  monosulfated fucose [FucSO3]− at m/z

243 was similar to  that  observed for Fucus evanescens reported by

Anastyuk, Shevchenko, Nazarenko, Dmitrenok, and Zvyagintseva

(2009), where signals from fucose 4-sulfate (m/z 183) and fucose 2-

sulfate (m/z 139) have approximately equal intensity. No evidence

on sulfation at C-3 was obtained, since the corresponding fragment

ion at m/z 169 was not  observed. Hence, the partial hydrolyzate of

Table 2

Position and content of sulfate  groups and anti-HIV activity of three crude  fucoidans.

Crude fucoidan Sulfate group

position

Sulfate  content

(mass %)

Mean IC50 ,

�g/ml (SD)a

FSP C2 <  C4 23.40 0.34 ± 0.12

FTO C2  >  C4 25.60 0.39 ± 0.18

FSM C2  =  C4 30.50  0.96 ± 0.59

a Mean IC50 was  calculated from three independent experiments. SD, standard

deviation.

FSM contained approximately equal amounts of  2- and 4-sulfated

fucose. In contrast, Fig. 2  shows that the ion at m/z 183 was the

major fragment, and the high abundance of  this fragment indi-

cates that the fucosyl units of  FSP are mainly sulfated at position

4.  In Fig. 3, signals from fucose 4-sulfate (m/z 183) and fucose 2-

sulfate (m/z 139) were detected, but the ion at m/z 139 was the

major fragment indicating that fucosyl units of FTO are mainly

sulfated at position 2.  Similar result was reported for a fucoidan

from Laminaria cichorioides (Anastyuk et al.,  2010). Thus, according

to mass-spectrometric evidence, all three fucoidans have sulfate

groups attached to C-2 and C-4 of  fucose residues, but in different

proportions.

These data on the position of  sulfate groups in three crude

fucoidans were summarized in Table 2 together with their sulfate

content and their anti-HIV activity (mean of  IC50).

Fig. 1. Negative ESI–MS/MS spectra of  the monosulfated fucose ion [FucSO3]− at m/z 243 of  FSM .
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Fig. 2.  Negative ESI–MS/MS spectra of  the monosulfated fucose ion [FucSO3]−at  m/z  243 of FSP .

Fig. 3. Negative ESI–MS/MS spectra of  the monosulfated fucose ion [FucSO3]−at  m/z 243 of  FTO .



126 T.T.T. Thuy et al.  / Carbohydrate Polymers 115 (2015) 122–128

Table  3

Yield and chemical analysis of  fractions from FSM .

Fraction (M NaCl) Yield (% of FSM) Monosaccharide composition (mol %) SO3Na (mass  %)

Fuc Man Gal Xyl Glc

FSM1 (0.5) 8.5 30.4 21.7  20.7 9.20 18.0 17.60

FSM2 (1.0) 19.2  46.2  8.1 30.11  6.31 12.90 24.71

FSM3 (1.5) 28.9 60.5 Trace 38.40 Trace 0.70 33.03

Table 4

Yield and chemical analysis of  fractions from FSP .

Fraction (M NaCl) Yield (% of  FSP) Monosaccharide composition, mol % SO3Na (mass  %)

Fuc Man Gal Xyl Glc

FSP1 (0.5) 6.0 8.8 5.8 12.8  8.7 3.6 4.4

FSP2 (1.0) 18.0 12.7 3.3 20.3 5.8 1.5 19.3

FSP3 (1.5) 17.0 29.0 1.0 12.1  2.4 Trace 26.6

FSP4 (2.0) 17.0 34.4 – 21.1  Trace – 27.4

The protection against HIV-1 was further estimated on U373-

CD4-CXCR4 cells infected with pseudotype viral particles tagged

with luciferase to measure HIV infection (Table 2;  Fig. 4A) as well

as cell viability in presence of fucoidans by  flow cytometry (Fig. 4B).

All fucoidans exhibited similar anti-HIV activity with a  mean IC50

ranging from 0.33 to 0.7 �g/ml while displaying no cytotoxicity

up to 2 �g/ml  for  FTO and FSP and  20 �g/ml for FSM, respectively.

The specific CXCR4 inhibitor AMD3100 showed an IC50 of 21.6 nM

whereas the non-sulfated polysaccharide hydroxyethil starch had

no antiviral activity.

Several authors reported that the sulfate content of sulfated

polysaccharides is one of the most important factors for its biolog-

ical effects (Haroun-Bouhedja, Ellouali, Sinquin, & Boisson-Vidal,

2000; Nishino & Nagumo, 1991). As shown in Table 2,  the sulfate

content was the highest in FSM as compared to FSP and FTO,  however

their antiviral activity was not  significantly different. In  addition,

the amount of  2- and 4-sulfated fucose observed in these fucoidans

Fig. 4. (A) Infection of U373-CD4-CXCR4 cells by X4  pseudotype viral particles in

presence of the fucoidans FSP , FTO and FSM . One representative experiment of  three

is shown. Each concentration of  the three crude fucoidans were tested in tripli-

cates in each independent experiment. The CXCR4 inhibitor AMD3100 was  used

as  a positive control and hydroxyethyl starch was used as a  negative control as a

non-sulfated polysaccharide. (B) Viability of  U373-CD4-CXCR4 cells in the presence

of  the  fucoidans FSP ,  FTO and FSM . One representative experiment of  two is shown.

Each concentration of the three crude fucoidans were tested in duplicates in each

independent experiment.

were all different suggesting that they do  not play a role in  the

anti-HIV activity.

To  further investigate this relationship crude FSM and FSP

fucoidans (containing respectively the highest and lowest content

of  sulfate) were fractionated into three (FSM1,  FSM2,  FSM3) and four

fractions (FSP1,  FSP2, FSP3, FSP4) by  ion-exchange chromatography on

DEAE-Sephadex column using aqueous sodium chloride of increas-

ing  concentration as eluant. The chemical analysis of  the fractions

was reported in Tables 3  and 4. All  fractions were examined for their

anti-HIV activity, and the content and position of sulfate groups

were determined. The results were summarized in Tables 5  and 6.

Although the fraction FSM3 was containing the highest content

of  sulfate (comparable to the sulfate content of FSM), they  did not

exhibit a  significantly higher antiviral activity as compared to FSM1

or  FSM2.

The fraction FSP1, having a  very  low sulfate content, did not

show any antiviral activity. Nevertheless, the derived fractions FSP2,

FSP3 and FSP4 showed a  similar antiviral activity comparable to FSP.

Despite the purification of  fucoidans by  ion-exchange chromatog-

raphy, the antiviral activity was not improved and remains similar

between all fractions. These data do not support any role of  the sul-

fate content on the anti-HIV activity of fucoidans but rather the role

of a  specific fucoidan that might have been lost during the purifi-

cation of  FSP1 and shared between all other fractions. The direct

dependence of biological activity on the position of sulfate groups

was also not observed.

Table 5

Position and content of  sulfate groups and anti-HIV activity of  three fractions of FSM .

Fractions Sulfate group

position

Sulfate content

(mass %)

Mean IC50 ,

�g/ml (SD)a

FSM1 Mainly on  C4  17.60 0.75 (±0.6)

FSM2 Mainly on  C4  24.71 0.39 (±0.27)

FSM3 C2  >  >  C4 33.03 0.18 (±0.16)

a Mean IC50 was  calculated from three independent experiments. SD, standard

deviation.

Table 6

Position and content of  sulfate groups and anti-HIV activity of  four fractions of  FSP .

Fractions Sulfate group

position

Sulfate content

(mass %)

Mean IC50

(�g/ml) (SD)a

FSP1 Mainly on C4 4.4 NA

FSP2 Mainly on C4 19.3 0.37 (±0.17)

FSP3 C2  > C4  26.6 0.23 (±0.4)

FSP4 C2  > C4  27.4 0.15 (±0.12)

a Mean IC50 was  calculated from three independent experiments. SD, standard

deviation.
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Finally, to  investigate the antiviral mechanisms of  fucoidans

on HIV-1, FSP were incubated 2  h before infection either with

U373-CD4-CXCR4 cells or with viral pseudotype particles and 2  h

post-infection. Fucoidans inhibited HIV-1 infection when they  were

pre-incubated with the virus (mean IC50 =  0.38 ± 0.14 �g/ml) but

not with the cells and not  at the time  of post-infection. These  data

indicate that fucoidans bind to the virus and inhibit HIV entry into

target cells.

4.  Conclusion

We  have demonstrated that fucoidans isolated from the three

species S.  mcclurei, S. polycystum and T.  ornata have significant

anti-HIV activity. Although highly sulfated preparation of  crude

extracts was obtained by anion-exchange chromatography, they

did not demonstrate any increased anti-HIV activity. Neither sulfate

content nor position of sulfate groups was related to the anti-HIV

activity of fucoidans suggesting the involvement of  other structural

parameters like molecular weight, the type of  glycosidic linkage or

even a  unique fucoidan sequence. Although the presence of sulfo

groups seems to  be necessary for the anti-HIV activity (Schaeffer

& Krylov, 2000), our  data do not support random sulfation as  the

main antiviral factor. Fucoidans are  structurally complex, known

for  their antiviral activities due to their direct interactions with

either enveloped viruses or with cell membrane surface (Ghosh

et al., 2009). In this study we  showed that the antiviral activity of

these fucoidans is  due to  their binding with HIV-1 blocking the early

steps of HIV entry. These macromolecules might exert their anti-

HIV-1 activity by shielding off  the positively charged amino acids

present in the viral envelope glycoprotein gp120 (Moulard et  al.,

2000) or by the strong binding with a  specific sulfation motif (de

Parseval et al., 2005). This former hypothesis is in  agreement with

the specific interactions of sulfated polysaccharides with proteins

leading to their biological activities such as  the binding of  heparin

with antithrombin III or chondroitin 4  sulfate with plasmodium

falciparum or the  lyme disease spirochete (Andrews, Klatt, Adams,

Mischnick, & Schwartz-Albiez, 2005; Mulloy, 2005).
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Résumé de thèse 

Mon travail de thèse porte sur l'identification d'un arbre médicinal africain par le DNA barcoding et l'étude de 
composés à activité anti-VIH de cet arbre. Une première analyse de la séquence du marqueur ITS2 
déterminée à partir d'ADN extrait de copeaux de bois a suggéré que la plante pourrait appartenir au genre 
Cassia ou au genre apparenté Senna. En analysant la séquence de ce marqueur ITS2 et aussi celle du trnH-
psbA spacer d'une cinquantaine d'espèces des genres Cassia et Senna j'ai pu identifier la plante comme 
étant Cassia abbreviata. L'alignement de ces séquences m'a permis d'identifier, pour les deux marqueurs, 
des structures particulières spécifiques aux espèces du genre Cassia, permettant donc de les différencier des 
espèces du genre Senna. J'ai utilisé ces alignements pour effectuer une étude phylogenetique qui illustre 
que, pour les deux marqueurs, les Cassia forment en effet un clade bien séparé du clade des Senna qui peut 
être divisé en plusieurs sous-clades. Dans un deuxième temps j'ai étudié les effets anti-VIH de l'extrait 
alcoolique ainsi que de 57 composés purifiés obtenus au laboratoire. L'extrait brut ainsi qu'un des composés 
purifiés, le piceatannol, ont montré u !"#$ %!&'()*#(!%+$)*,-,*.s antivirales pour le VIH et le v,#/&!%(!0+1(#'ès. 
Ils inhibent, à un stade précoce, l'infection par le VIH de lignées cellulaires de référence et d'isolats cliniques, 
ceci indépendamment de l'utilisation du co-récepteur (IC50: 10.47-40.77 µg/ml, CC50>1000 µg/ml; IC50: 
8.04-47.46 µM, CC50>300 µM, respectivement). Ni l'un ni l'autre n'a d'effet sur CD4 et CCR5/CXCR4. 
L'extrait brut, mais pas le piceatannol, bloque l'interaction CD4-gp120, suggérant que l'extrait brut cible gp120 
alors que le piceatannol agit comme un inhibiteur non-spécifique d'attachement du virus. Aussi, dans un 
modèle in vitro de tract génital femelle, le piceatannol inhibe l'infection de cellules cibles TZM-Bl par le VIH et 
n'active pas les cellules PBMCs, suggérant qu'il pourrait être un bon candidat comme microbicide. D'autres 
composés à activité anti-VIH dans l'extrait comportent l'acide oleanolique, l'acide palmitique, la taxifoline, ainsi 
que trois composés dont la structure est en train d'être élucidée. 

Mots clés : Cassia abbreviata, Senna, identification d'espèces, DNA barcoding, analyse phylogénétique, 
antiviraux, VIH, composés, piceatannol, microbicide, entrée virale, attachement viral, gp120 

 

Summary 

My thesis project deals with the identification, by DNA barcoding, of an African medicinal plant and the study 
of anti-HIV compounds from this plant. A first analysis of the ITS2 marker sequence determined from DNA 
extracted from the wood suggested that the plant could belong to the Cassia or the related Senna genus. A 
further analysis of ITS2 as well as of trnH-psbA spacer sequences from about 50 species of the two genera 
allowed me to identify the plant as Cassia abbreviata. The sequence alignments, which reveal unique features 
present in the Cassia but not the Senna sequences, were used to construct phylogenetic trees showing the 
clear separation of the species of the Cassia and the Senna genus. The two markers therefore allow a quick 
discrimination between the species of the Cassia and the Senna genus and appear to be excellent barcode 
markers for identification of these species. Following the identification of the plant I have tested the crude 
ethanol extract as well as 57 purified compounds from the plant for an anti-HIV activity. The extract, as well as 
one of the compounds, namely piceatannol, showed a broad spectrum of antiviral activities for HIV and HSV. 
They inhibited HIV-1 infection at the early stage against various reference strains and resistant clinical isolates 
independent of the co-receptor usage (IC50: 10.47-40.77 µg/ml, CC50>1000 µg/ml; IC50: 8.04-47.46 µM, 
CC50>300 µM, respectively). Neither the crude extract nor piceatannol had an effect on CD4 and 
CCR5/CXCR4. The crude extract blocked CD4-gp120 interaction while piceatannol did not, indicating that CE 
may target gp120 and piceatannol may act as a non-specific viral attachment inhibitor. Moreover, piceatannol 
inhibited HIV infection of TZM-Bl target cells in an in vitro female genital tract model and did not activate 
PBMCs, suggesting that it may represent a good candidate as microbicide. Other anti-HIV compounds found 
in Cassia abbreviata include oleanolic acid, palmitic acid, taxifolin and three other compounds the structure of 
which is presently being elucidated. 

Keywords: Cassia abbreviata, Senna, species identification, DNA barcoding, phylogenetic analysis, antiviral, 
HIV, compounds, piceatannol, microbicide, viral entry, viral attachment, gp120 


