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B�C�DEF��

�

GHIJKLMIJNHOIPQRSJTQJUVHWXPLQYMZJ[LV\QHMHRZJ]QĴ\OX_OVL̀IPVOMĴXHỲVIJ

aLbLMHc_LQIJ

defeghijkilkmnioefphiqkijkmnijrgfhijkisktui
v ÔVPWPVJTVOYL_ZJHWJGPR\LXJUỲVOIPHQJwJxLyLOXV\zJ{YOPc̀XzJx|zJ]QYPOJ

}aX~JxO�LQYXOJ�HYLJNHMMLRLJHWĴ\OX_OVZzJT_XObOIPzJK�zJ]QYPO~J
iJ

�

i
q��p�e�p�i
[\LJH��LVIPbLJHWJXLbPL�JPyJIHJL�cMHXLJbOXPH̀yJOycLVIyJ\HIJ_LMIJVHOIPQRJ�GKN�JILV\QHMHRZJPQJI\LJYX̀RJ
cXHỲVIJ_OQ̀WOVÌXL~J�MH�OMJ_OX�LIJYXPbLXyJWHXJHXOMJyHMPYJYHyORLJ���ay�JWHX_yJOXLJRLQLXPVJ_OX�LIzJ
QL�LXJPQYPVOIPHQyJHWJL�PyIPQRJYX̀RyzJQL�JVH_�PQOIPHQyzJMPWLJVZVMLJL�ILQyPHQJHWJObOPMO�MLJYX̀RyJLIV~J[HJ
_LLIJI\LJQLLYyJHWJ_OX�LIJOQYJXLR̀MOIHXZJ�HYPLyzJI\LJ_LMIJVHOIPQRJILV\QHMHRZJVOQJXLyHMbLJI\LJYX̀RJ
XLMOILYJPyỳLyJHWJ�PHObOPMO�PMPIZzJLVHQH_ZzJWHX_̀ MOIPHQzJyIO�PMPIZJOQYJyVOMO�PMPIZ~J[\LJGKNJPyJXOcPYzJ
XLMPO�MLzJVHyI�LWWLVIPbLJOQYJLQbPXHQ_LQIJWXPLQYMZJILV\QP�̀L~J�LPI\LXJO�̀LH̀yJQHXJHXROQPVJyHMbLQIyJOXLJ
XL�̀PXLYJWHXJYX̀RJcXHỲVIJYLyPRQJPQJI\PyJILV\QP�̀L~J[\LJXLR̀MOIHXZJ�HYPLyJOXLJV̀XXLQIMZJWHV̀yPQRJHQJ
LQbPXHQ_LQIJỳyIOPQO�PMPIZJOQYJyOWLIZJPyỳLyJ�\PV\JOXLJyIXPVIMZJWHMMH�LYJ�ZJI\PyJILV\QHMHRZ~J[\LJ
yP_cMLJcOQJVHOILXyJHXJWM̀PYP�LYJ�LYJVHOILXyJ�PI\J_PQHXJ_HYPWPVOIPHQJ�LXLJYLcMHZLYJPQJI\PyJILV\QHMHRZ~J
]IJHWWLXyJyLbLXOMJOccMPVOIPHQyJPQJYHyORLJWHX_JYLyPRQ~J]IJPyJ̀yLXJWXPLQYMZJOyJ_HyIJHWJMPcPYJ_OILXPOMyJOXLJ
ỳLYJWHXJVHOIPQRJ�\PV\JWOVPMPIOILJLOyZJRMPYPQRJHWJYHyORLJWHX_JPQIHJROyIXHPQILyIPQOMJIXOVIJ��][�~J
J
lh�����g�SJGHIJ_LMIJVHOIPQRzJUVHWXPLQYMZzJ�IO�PMPIZzJ�PcPYzJ�HMbLQIMLyyzJ�LQLXPVJJJ

�

��p��gr�p���i
KO�HXPIZJHWJ_LYPVPQLyJOQYJYPLIOXZJỳccML_LQIyJOXLJHXOMMZJOY_PQPyILXLY~J[\LJ��aJ_OX�LIJPyJRXH�PQRJOIJ\PR\LXJ
cOVLJỲLJIHJyLbLXOMJ_HIPbLy~JxLVLQIMZzJI\LJWHX_̀ MOIPHQJOQYJYLbLMHc_LQIJyVPLQIPyIyJWXH_Jc\OX_OVL̀IPVOMJ
PQỲyIXPLyJOXLJ_OQPc̀MOIPQRJObOPMO�MLJYX̀RyJPQIHJPQQHbOIPbLJYLMPbLXZJyZyIL_yJ̀IPMP�PQRJOYbOQVLYJILV\QHMHRPLyJIHJ
cXHbPYLJ�LIILXJ�̀OMPIZzJyOWLzJyIO�MLJOQYJLWWPVPLQIJXL_LYPLyJI\OQJI\LJV̀XXLQIMZJObOPMO�MLJPQJI\LJRMH�OMJ_OX�LI~vJ
KOQZJYX̀RyJOXLJ�PI\JyLbLXOMJ̀QYLyPXO�MLJV\OXOVILXPyIPVyJMP�L�J
J
v~J{QOVVLcIO�MLJVHMHXzJHYH̀XJOQYJIOyILJ
}~J�PR\IzJ_HPyÌXLJHXJH�ZRLQJyLQyPIPbLJ
�~JxOcPYJYPyyHM̀IPHQJVÒyPQRJPXXPIOIPHQJPQJ�][J
�~J]QyIO�PMPIZJPQJyIH_OV\JcGJ
�~J�LLYJIOPMHXLYJYX̀RJXLMLOyLJcXHWPMLJWXH_JYX̀RJcXHỲVIyJ
�~ĴHHXJ�PHObOPMO�PMPIZJOQYJWMH�PQRJO�PMPIZJ
J
�LbLXOMJILV\QP�̀LyJ�LXLJXLcHXILYJIHJVPXV̀_bLQIJO�HbLJPyỳLy~J[\LJVHOIPQRJHWJI\LJ��ayJPyJHMYLyIJcXOVIPVLJIHJ
HbLXVH_LJOMMJO�HbLJcXH�ML_y~J�ZJV\HHyPQRJOcIJVHOIJWHX_LXJI\LJIOPMHXLYJYX̀RJXLMLOyLJcXHWPMLJVOQJ�LJOIIOPQLYJMP�LJ
I\LJP__LYPOILJXLMLOyLzJYLMOZLYJXLMLOyLzJVHQIXHMMLYJXLMLOyLzJXLRPHyLMLVIPbLJXLMLOyLJLIV~}J[\LJVHOIPQRJVOQJcXHILVIJ
I\LJ�][JWXH_J\HyIPMLJLWWLVIyJHWJOVIPbLJc\OX_OVL̀IPVOMJPQRXLYPLQIyJ�T̂ ]�JOQYJbPVL�JbLXyO~J]IJOMyHJy\PLMYyJ
_LYPVO_LQIJWXH_JMPR\IzJ\LOIzJ_HPyÌXLJOQYJHI\LXJLQbPXHQ_LQIOMJWOVIHXy~J[\LJVHOILYJỳ�yIXOILJ\OyJLQ\OQVLYJ
WMH�PQRJO�PMPIZJI\OIJWOyVPQOILyJPQJOVV̀XOILJYHyPQRJHWJT̂ ]~�JJ
i

�hhgi� i¡�pi¢h£pi¤�ep��¥ii
[\LJ�OILXJ�OyLYJVHOIPQRJOQYJHXROQPVJyHMbLQI��OyLYJVHOIPQRJ�LXLJ_HyIJVH__HQ~J[\LJVHOIPQRJORLQIyJOXLJLPI\LXJ
YPyyHMbLYJHXJYPycLXyLYJPQJO�̀LH̀yJHXJHXROQPVJyHMbLQIyJ�PI\JOYYPIPbLyJOQYJycXOZLYJHXJcH̀XLYJHbLXJI\LJỳ�yIXOILJHXJ
ỳ�yIXOILJyH_LIP_LyJYPccLYJPQIHJVHOIPQRJyHM̀IPHQJWHXJLQVOcỳMOIPHQJHWJVHXL~J[\LJXLyPỲOMJ_HPyÌXLJOWILXJO�̀LH̀yJ
VHOIPQRJ_OZJỳXRLJ_PVXH�POMJ�̀XYLQJHbLXJYHyORLJWHX_JOQYJXLyPỲOMJHXROQPVJyHMbLQIJIXOVLyJ_OZJVÒyLJyHMbLQIJ
OyyHVPOILYJIH�PVPIZJIHJcOIPLQIy~J�LObPQRJI\LJHXROQPVJyHMbLQIyJPQJLQbPXHQ_LQIJMLOYyJIHJRMH�OMJ�OX_PQRJ
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GHIJJKLMNOJPJQQJRSTPUKVPWIMVNRJPLUIXPSMPYKVNOSIZP[MI\JIO]P̂KPRMKSIUOS_PSLJPMIHUKYRPOM̀aJKSPIJRMaJIZPUKVP
SIJUSXJKSPUIJPYKQ̀USJVPWIMRJOOJO]PbLJPIJHǸUSMIZPcMVYJOP̀Y\JPSLJPdKYSJVPeSUSJOPfMMVPUKVPgINHPhVXYKYOSIUSYMKP
GdePfghT_PiKaYIMKXJKSÙPjIMSJRSYMKPhHJKRZPGijhTPUKVPkRRNWUSYMKÙPeUQJSZPUKVPlJÙSLPhVXYKYOSIUSYMKP
GkelhTPUIJPOSÙ[UIS̀ZPRMKQYKYKHPSLJPNOUHJPMQPMIHUKYRPOM̀aJKSOPYKPWLUIXURJNSYRÙPXUKNQURSNIJ]PgNJPSMPSLJP
OJaJIÙPVJXJIYSOPMQPUmNJMNOPMIPMIHUKYRPOM̀aJKSncUOJVPRMUSYKH_PIJOJUIRLJIOPUIJPYKPSLJPKJJVPMQPOYXẀJ_PJQQYRYJKS_P
WIJRYOJ_PORÙUc̀J_PJRMKMXYRPUKVPIJHǸUSMIZPURRJWSUc̀JPRMUSYKHPSJRLKM̀MHZ]o_pP
P
lJKRJPYKPqros_PSLJPltuP[UOPQYIOSPJXẀMZJVPYKPWUWJIPUKVPSJvSỲJPYKVNOSIYJOPUKVPYKPqrwsPMK[UIVOP[UOPRMKSYKNJVP
YKPWLUIXURJNSYRÙO]PbLJPXM̀SJKPRMUSYKHPUHJKSOPUIJPJYSLJIPOWIUZJVPMIPWMNIJVPMaJIPSLJPONcOSIUSJ]PbLJPXM̀SJKP
VIMẀJSOPUIJPOWIJUVPUKVPOM̀YVYQZPMKPSLJPOM̀YVPONIQURJ]xPbLJPcJUVO_PRUWOǸJO_PVIMWO_PHIUKǸJO_PWM[VJIO_PWJ̀̀JSO_P
OWLJIǸJO_PSUc̀JSO_PJSR]PUIJPNONÙ̀ZPNOJVPUOPONcOSIUSJ]PeYKRJP̀UOSPxsPZJUIO_PltuP[JIJPNSỲYyJVPMKPYKVNOSIYÙPORÙJP
cNSPUSP̀YXYSJVPJvSJKS]z_wP
{
|}~���{
q]PkIHUKYRPOM̀aJKSPQIJJPUKVPJKaYIMKXJKSPQIYJKV̀ZPSJRLKYmNJrPP
�]P�ZWUOOJOPOSJWOP̀Y\JPOM̀aJKSPVYOWMOÙ_PSIJUSXJKS�PIJRMaJIZPUOOMRYUSJVP[YSLPMIHUKYRPOM̀aJKSrPP
�]PeWJJVZPWIMRJOOPSIUỲOPMKPIJHǸUSMIZPVYIJRSYaJOPQMIPNOUHJPMQPMIHUKYRPOM̀aJKSOrPP
o]P�MPMIP̀M[PIYO\PMQPcURSJIYM̀MHYRÙPRMKSUXYKUSYMKPUOP[USJInPQIJJPSJRLKYmNJqsP
p]P�MPRLUKRJOPMQPLZVIM̀ZOYOPMQPVINHPMIPUVVYSYaJOPUOPKMPUmNJMNOPXJVYNXPYOPNOJVqsPP
x]PbUỲMIJVPVINHPIJ̀JUOJPWIMQỲJPRUKPcJPUSSUYKJVPNOYKHPONYSUc̀JPRMUSYKHPRMXWMOYSYMKP
z]P�MPKJJVPMQPRMOS̀ZPJmNYWXJKSOPUOPWUK�PQ̀NYVPcJVPRMUSJIPRUKPcJPJvẀMYSJVP
w]P�JHǸUIYSZPcJKJQYSOP̀Y\JPJvSJKOYMKPMQPWUSJKSP̀YQJPUKVPWIMVNRSP̀YKJP
qs]PkWWMISNKYSZPMQPWUSJKSYKHPUKVPIJHYOSIUSYMKPMQPYKaJKSYMKPSMPYKSJIKUSYMKÙPXUI\JSẀURJPP
{
�}�}~���{
q]P�MSPONYSPQMIPSLJIXM̀UcỲJPSLJIUWJNSYRPURSYaJOP�PUVVYSYaJOPUKVPSLNOP̀YXYSOPQMIXǸUSYMKPVJaJ̀MWXJKSP
�]P�YXYSJVPXM̀SJKPXUOOPRUKPcJPRMUSJVPMKPONcOSIUSJPPP
�]PtǸSỲUZJIPRMUSYKHPYOPVYQQYRǸSPGONWJIYMIP̀UZJIPRMUSPQMIXJIPOLMǸVPLUaJP̀M[PtjPSLUKPYKQJIYMITqqP
o]bLJIXÙPcJLUaYMNIPUKVPRMXWUSYcỲYSZPMQPVINHPUKVPJvRYWYJKSOPXNOSPcJPRMKOYVJIJVq�P
x]PjM̀ZXMIWLYRPKUSNIJPMQPltuPUHJKSOPXUZPÙSJIPVYOOM̀NSYMKPWIMQỲJPUXMKHPSLJPcUSRLJOq�P
z]PdOJPMQPLZHIMORMWYRPUVVYSYaJPXUZPUQQJRSPSLYR\KJOOPUKVPXMYOSNIJPUcOMIcJVPcZPRMUS]PbLYOPYOPLUaYKHPVYIJRSP
YKQ̀NJKRJPMKPOSUcỲYSZPMQPVINHqoP
z]PbLJPOUQJSZPMQPMWJIUSMIPYOPaJIZPRIYSYRÙPOYKRJPMWJIUSYMKPIJmNYIJPLYHLJIPSJXWJIUSNIJpP
w]PlYHLPJKJIHZPYOPKJJVJVPQMIPXJ̀SYKHPMQPRMUSPQMIXJIP
r]PuMXẀJSJPSMvYRYSZPOSNVZPVUSUPMQPLMSPXJ̀SPRMUSYKHPUHJKSPYOPKJRJOOUIZPÙMKHP[YSLPVMOUHJPQMIXoP
qs]PeNYSUc̀JPXMVYQYRUSYMKPYKPRMUSYKHPXURLYKJOPYOPIJmNYIJVP
{
������������{
bLJPONcOSIUSJOPUIJPRMUSJVPSMPURLYJaJPOJaJIÙPMc�JRSYaJOPGbUc̀JPqT]PP
{

����}{��{�����������{��{���{|}��{�������{��{�~��{�~�����{
�~ {¡� { ¢�����£{ ����¤}{�¥�~���}������{¦��~}��}��{{
qP bUOSJPXUO\YKH�PP hOWYIYK_qxPjUIURJSUXM̀_qznqrP�IMXLJvYKJPLZVIMRL̀MIYVJ_�sPeÙcNSUXM̀P

OǸWLUSJ]P�sP
�P �JVNRJOPURYVYSZP §YSUXYKO�qP
�P X̂WIMaJPOSUcỲYSZP lZHIMORMWYRPMIP̀YHLSPOJKOYSYaJPMIPMvYVYyUc̀JPVINHOqo_P��_P��P
oP X̂WIMaJPQ̀M[UcỲYSZP gINHP[YSLPWMMIPQ̀M[UcỲYSZ�oP
pP tMVYQYJVPIJ̀JUOJP hXcIMvM̀_P�pPuJQNIMvYXJPUvJSỲ_PqPuL̀MIWLJKYIUXYKJPXÙJUSJ_P�x_P�zP

uL̀MIMmNYKJ_P �wPgYR̀MQJKURPOMVYNX_P �rn�qPtJSMWIM̀M̀PSUISIUSJ_��P
�YQJVYWYKJ_P ��PjUIURJSUXM̀_P qxPjIMWIUKM̀M̀PLZVIMRL̀MIYVJ_P �oP
bLJMWLZ̀̀YKJ_P�_P�p_P�xP�UKM̀UyYKJ_P�zP̂cNWIMQJK_P�wPuL̀MIWLJKYIUXYKJP
XÙJUSJ_P�rP§JIUWUXỲPLZVIMRL̀MIYVJ_P�rPgỲSYUyJXPLZVIMRL̀MIYVJ�rP

xP iKLUKRJPOLJ̀QǹYQJP jIMcYMSYROPUKVPLJIcÙPJvSIURSOosP
zP K̂RMXWUSYc̀JPVINHOPP tǸSYnRMXWMKJKSPVINHPVJ̀YaJIZPOZOSJXOP
{
{ {
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GHIJKLMIJNHOIPQRJORLQISJTUVJTWJ
XYYZ[\]̂_̀aZ]ab̀ ĉZbdeY\fbgZ_̀Z[\̀hb̀ _̂\̀]YZi_YdZ[\]̂_̀aZ\jZcka]jZ[\]̂_̀aZ]jbZ̀\̂Z]êZi\jZlmnoZpqbZ_gb]YZ
[q]j][̂bj_ĉ_[cZ\iZ[\]̂_̀aZ]ab̀ Ẑi\jZlmnZ]jbrZZ
stupqbZjbvk_jbgZh_c[\c_̂fZcq\kYgZwbZYbccẐq]̀ZxyyZd_YY_e\_cbcZ]̂Z_̂cZdbŶ_̀aZe\_̀̂oZZ
ztupqbfZcq\kYgZq]hbZcejb]g]w_Y_̂fZ\hbjZckwĉj]̂boZZ
xtupqbfZcq\kYgZq]hbZ̀]jj\{Z]̀gZejb[_cbZdbŶ_̀aZe\_̀̂Zj]̀aboZZ
|tupqbZdbŶ_̀aZe\_̀̂Z\iZlmnZ]ab̀ Ẑcq\kYgZwbZ}yr~y�nẐ\Zi][_Y_̂]̂bZb]cbZ_̀ZiY\{oZZ
�tupqbfZcq\kYgZ̀\̂Zcq\{Ze\Yfd\jeq_[Ẑj]̀ci\jd]̂_\̀Zgkj_̀aZej\gk[̂Zd]̀ki][̂kjbZ\jZĉ\j]aboZZ
}tupqbZk̀_i\jdZckwĉj]̂bZg_db̀c_\̀cZ]jbZejbjbvk_c_̂bZi\jZw]̂[qr̂\rw]̂[qZk̀_i\jd_̂foZZ

Z
pqbZY_e_gcZij\dZ̀]̂kj]YZ\j_a_̀Z�wbbcZ{]��Z[b̂fYZ]Y[\q\Y�Z[]kj̀]h]Z{]�Z]̀gZcebjd][b̂_Z{]�t�Zqfgj\ab̀]̂bgZ\_YcZ
�[]ĉ\jZ\_Y�Zcbc]dbZ\_YZ]̀gZ]j][q_cZ\_Yt�Ze\Yf\�fZaYf[bj_gbcZ]̀gZe]ĵ_]YZaYf[bj_gbc�Zckji][̂]̀ ĉZ]jbZkcbgZ_̀ZlmnoZ
pqbZckdd]jfZ\iẐqbZlmnZ]ab̀ ĉZ_cZa_hb̀Z_̀Zp]wYbZzoZ
J

�O�MLJW�JGHIJ�LMIJ�HOIPQRJ�RLQISJOQ�JI�LP�JO��MPNOIPHQSJ
�HOIPQRJ�RLQIJOQ�J
�LIPQRJ�HPQIJ

��LKPNOMJ�OI��LJ ���MPNOIPHQ�S�J ��OK�ML�S�J

X̀_d]YZi]̂cZ
�������Z

nY]j_i_bgZwk̂̂bjZ �kĉ]_̀bgZjbYb]cbZ n\{ZaqbbZ

�]̂̂fZ][_gcZ
����r�yZ�nZ

 \̀aZ [q]_̀Z k̀wj]̀[qbgZ
c]̂kj]̂bgZ \jZ k̀c]̂kj]̂bgZ
]Y_eq]̂_[Zi]̂̂fZ][_gcZ

¡j\Y\̀abgZjbYb]cbZ]̀gZ
b̀ b̂j_[Z[\]̂_̀aZ

¢bqb̀_[Z][_g�Z�̂b]j_[Z][_g�Z
£Z¡]Yd_̂_[Z][_gZ

¤¥¦¦§�¥̈©ª«ª̈¬���­�r
��Z�nZ

 \̀aZ[q]_̀Zi]̂̂fZ]Y_eq]̂_[Z
]Y[\q\YZ[\̀ ]̂_̀_̀aZ~Z\̂ZzyZ
[]jw\̀Z]̂\dcZ

m\g_i_bgZjbYb]cb�Z£Z
p]ĉbrd]c®_̀aZ

nb̂fYZ]Y[\q\Y�Z£Z¯\\YZ
]Y[\q\YZ

¡]ĵ_]YZaYf[bj_gbcZ
��­­r°�Z�nZ
Z

m\̀\r�Zg_r�Z]̀gẐj_aYf[bj_gbcZ
d_�̂kjboZ ¢]cbgZ \̀Z
eqfc_[\[qbd_[]YZ ej\ebĵ_bcZ
jbvk_jbgZ ckwĉ_̂k̂_\̀cZ {bjbZ
d]gbZ

m\g_i_bgZ jbYb]cb�Z
p]ĉbrd]c®_̀a�Z £Z
 kwj_[]̂_\̀Z

n\dej_̂\Y±Z~~~ZXp²�Z
mfh]eYb�pmZ }yy�Z £Z
¡jb[_j\Y±ZXp²Z�Z

¡\Yf\�fZ aYf[bj_gbcZ
�¡]ĵ_]YYfZg_abĉ_wYbtZ
��­����Z

m_�̂kjbZ\iZaYf[bj_gbcZ]̀gZbĉbjcZ
\iZi]̂̂fZ][_gZ]̀gZ¡³́ Z

µddbg_]̂bZjbYb]cb�Z£Z
m\g_i_bgZjbYb]cbZ

b́Yk[_jb±Z �y�yz�Z £Z
b́Yk[_jb±Z�y�sxZ

¶bab̂]wYbZ\_YcZ
�́b̀bj]YYfZg_abĉ_wYbtZ
����r°yZ�nZ

m_�̂kjbZ\iẐj_aYf[bj_gbc�ZijbbZ
i]̂̂fZ][_gc�Zeq\ceq\Y_e_gcZ

p]ĉbrd]c®_̀a�Z £Z
m\g_i_bgZjbYb]cbZ

lfgj\ab̀]̂bgZ[\̂̂\̀cbbgZ
\_Y�Zlfgj\ab̀]̂bgZe]YdZ
\_Y�Z £Z lfgj\ab̀]̂bgZ
c\fwb]̀Z\_YZ

¯]�bcZ� _e\eq_Y_[tZ
���·̧~}Z�nZ

 \̀aZ[q]_̀Z]Y[\q\YcZ]̀gẐqb_jZ
bĉbjcZ{_̂qZi]̂̂fZ][_gcZZ

m\g_i_bgZjbYb]cbZ

¯q_̂bZ ]̀gZ fbYY\{Z
wbbc{]��Zn]j̀]kw]Z{]��Z
n]̀gbY_YY]Z{]��Ze]j]ii_̀Z
{]��Zqfgj\ab̀]̂bgZ¹\º\w]Z
\_Y�Z»_[bZwj]̀Z{]�Z

¡\Yfb̂qfYb̀bZaYf[\YcZ
�¡³́ t�Z ¡j\efYb̀bZ
aYf[\YcZ ]̀gZ
e\YfaYf[bj\YZ
�¶]j_]wYbZw]cbgZ\̀Z
d\Yb[kY]jZ{b_aq̂tZ

¢]cbgZ\̀ẐqbZ]hbj]abZd\Yb[kY]jZ
{b_aq̂�Z¡³́ cZ]jbZ]h]_Y]wYbZ_̀Z
h]j_\kcZaj]gbcZ_obo�ZY_vk_g�Z
cbd_c\Y_gZ]̀gZc\Y_goZpqbfZ]jbZ
]h]_Y]wYbZ_̀Zh]j_b̂fZaj]gbcZ{_̂qZ
h]jfZ_̀Ẑqb_jZeqfc_[]YZej\ebĵ_bcoZZ

p]ĉbrd]c®_̀a�Z
cb]Y]̀ Ẑ£Zm\g_i_bgZ
jbYb]cbZ

¡³́ Zs|�yZ ]̀gZxx�yZ
d\Yb[kY]jZ{b_aq̂coZl_aqbjZ
d\Yb[kY]jZ{b_aq̂Z¡³́ Z]jbZ
\̀̂Zck_̂]wYbZc_̀[bZq̂b_jZ
dbŶZq]hbZq_aqbjZh_c[\c_̂fZZ

J
GHIJ�LMIJ�HOIPQRJ�LI�H�J
pqbZlmnZ_cZkck]YYfZebji\jdbgZkc_̀aZ[\̀hb̀ _̂\̀]YZ[\]̂_̀aZe]̀Z\jZiYk_g_¼bgZwbgZ[\]̂bjZ{_̂qZcY_aq̂Z
]kadb̀ ]̂̂_\̀coZpqbZe]̀Z[\]̂_̀aZ_cZb�b[k̂bgZwfZe]̀Ze\kjZ\jZe]̀Zcej]fZdb̂q\goZpqbZiYk_g_¼bgZwbgZ[\]̂bjZ[]̀ZwbZ
][q_bhbgZwfẐ\eZcej]f�Zw\̂̂\dZcej]f�Ẑ]̀ab̀ _̂]YZcej]fZdb̂q\g�Ẑkjw\rZºb̂Z[\]̂_̀aZ\jZc\Y_gZg_cebjc_\̀Ẑb[q̀_vkboZ
pqbZg_jb[̂ZwYb̀g_̀aZ]̀gZce\k̂bgZwbgẐb[q̀_vkbcZ]jbZYb]ĉZ[\dd\̀Zdb̂q\gcZbdeY\fbgZ_̀Zlmno|xZ
J
U½J�OQJ�HOIPQR�ZpqbZd\g_i_bgZ[\̀hb̀ _̂\̀]YZe]̀Z[\]̂bjZ_cZbdeY\fbgZi\jZe]̀Zcej]fZ\jZe]̀Ze\kjZlmnẐb[q̀_vkboZ
pqbZckwĉj]̂bZ_cZ[\]̂bgZb_̂qbjZwfZe\kj_̀aZ\jZcej]f_̀aẐqbZd\Ŷb̀Z[\]̂Zi\jdbjZ_̀Z]Z[\]̂_̀aZe]̀Zbvk_eebgZ{_̂qZ
w]iiYbcZ\jZ\̂qbjZ]kadb̀ ]̂̂_\̀cZ]̀gẐbdebj]̂kjbZjbakY]̂_̀aZcfĉbdcoZpqbZ[\]̂_̀aZ]ab̀ Ẑ_cZqb]̂bgZcY_aq̂YfZ]w\hbZ
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BB�C�DEF��

GHIJKLMNHGOPKQRGOHKSTUVWXYZ[\]̂[_̀abc[bdefgfb]̀h[\cb[ifdb̂[f][̀ab[ibj̀[kf̀a[h̀fccf]lm[nab[hoph̀c\̀bh[\cb[c_jjb̂[f][
àb[e_\̀f]l[g\][\]̂[ab\̀b̂[o]̀fj[hoph̀c\̀b[̀bigbc\̀ocb[cb\ea[̀_[VWXY[pbj_k[ibj̀f]l[g_f]̀[_q[e_\̀[q_cibcm[nab[
i_j̀b][i\hh[fh[j_\̂b̂[_]̀_[̀ab[a_̀[c_jjf]l[hoph̀c\̀bh[f][\h[\[hj_k[h̀cb\i[_c[hgc\rb̂[kf̀a[e_]̀c_jjb̂[c\̀b[kf̀a[
f]hoj\̀b̂[hgc\r[]_ssjb[qc_i[_g̀fifsb̂[̂fh̀\]eb[ohf]l[\ggc_gcf\̀b[hgc\r[g\̀̀bc]m[nab[hoph̀c\̀bh[\cb[\jj_kb̂[̀_[
c_jj[q_c[VWUtW[if][̂ocf]l[kafea[̀ab[pb̂[̀bigbc\̀ocb[pcf]l[lc\̂o\jjr[̂_k]m[nab[e_\̀b̂[hoph̀c\̀bh[\cb[cbi_ub̂[
\]̂[eocb̂[f][\[̂crbc[q_c[qbk[a_ochm[nab[g\][hgc\r[e_\̀f]l[fh[i_cb[bqqfefb]̀[\]̂[̀a\̀[gc_uf̂bh[e_]̀c_jjb̂[cbjb\hb[
_q[ib̂fe\ib]̀[̂ob[̀_[o]fq_ci[qfji[q_ci\̀f_]v[kafjb[g\][g_oc[ib̀a_̂[̂bi_]h̀c\̀f_][u\cf\̀f_][f][̀ab[̂col[
cbjb\hb[gc_qfjb[kf̀a[f][h\ib[p\̀ea[_q[gc_̂oè[pbe\ohb[_q[o]bub][e_\̀f]lm[nabcbq_cbv[g\][g_oc[̀bea]fwob[fh[ohb̂[
f][i_̂fqrf]l[_cl\]_jbg̀fe[̂col[gc_̂oèhv[figc_uf]l[qj_k\pfjf̀rv[\]̂[cb̂oef]l[\ef̂f̀r[_q[̂colhmtx[[
[

y
z{y|}~����y���y�~������ynabykbjjÛbqf]b̂yqjof̂[̂r]\ifeh[k\h[cbg_c̀b̂[̀_[e_\̀[̀\pjb̀h[f][\[gcfhi[ha\gb̂[
hg_òb̂[pb̂[i\̂b[og[_q[̀c\]hg\cb]̀[h̀\f]jbhh[h̀bbj[\]̂[p_c_hfjfe\̀b[lj\hh[kf̀a[\̂�oh̀\pjb[a_cfs_]̀\j[\fc[ub]̀hm[
�b]bc\jjrv[̀ab[e_\̀f]l[fh[gbcq_cib̂[\̀[i\dfioi[abflà[i\f]̀\f][\fc[qj_k[\p_ub[�W�[\h[if]fioi[\fc[ubj_ef̀r[f][
hg_òb̂[pb̂[ohf]l[\fc[e_igcbhh_c[gc_uf̂b̂[kf̀a[_cfqfeb[ib̀bcm[nab[kbflab̂[hoph̀c\̀b[fh[gj\eb̂[f][hg_òb̂[pb̂[
\]̂[̀ab[̀bigbc\̀ocb[\]̂[\fc[qj_k[c\̀b[\cb[\̂�oh̀b̂m[�]eb[̀ab[̀bigbc\̀ocb[_q[hoph̀c\̀b[pbe_ib[h̀b\̂rv[̀ab[e_\̀f]l[
\lb]̀h[\cb[\̂ b̂̂[qc_i[̀ab[̀_g[\̀[_]b[̀fib[f][e_joi][_q[bwofgib]̀m[nab[e_]̀b]̀[fh[hg_òb̂[q_c[_g̀fifsb̂[gbcf_̂m[
nab[ab\̀f]l[fh[h̀_ggb̂[\]̂[e_\̀b̂[hoph̀c\̀b[fh[\jj_kb̂[̀_[e__j[̀_[c__i[̀bigbc\̀ocbm[�oc̀abc[hg_òf]l[_q[e_\̀b̂[
hoph̀c\̀b[fh[e_]̀f]ob̂[̀_[\u_f̂[\llcbl\̀f_][_q[hoph̀c\̀bm[nab[e_\̀b̂[hoph̀c\̀b[k\h[e_jjbèb̂[\]̂[kbflab̂[̀_[
bh̀fi\̀b[e_\̀f]l[bqqfefb]er[ohf]l[f]f̀f\j[kbflà[\]̂[qf]\j[kbflà[_q[hoph̀c\̀b[\j_]l[kf̀a[e_\̀f]l[i\̀bcf\j[\̂ b̂̂[
q_c[e_\̀f]lm��[[
[
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­g_òb̂[Áb̂�

nbigbc\̀ocb[

e_]̀c_j[o]f̀�

®���Ã�yz{y|}~����yÄ��y±~�����yy



���������	�
�����
	����������	��
��
�������������� !�"#��$%�&�� '()�*"*)+*,�

�-��. �#. /. 01�"#. 234�5,6��7875,�

���������	�
�����
	����������	��
�� � � � � ����������9::;�<=>?@>=A=�

B7�C�DEF��

GHIJKLMNMOPNIQPNIRSTUMVWIXJQRYZI[\]̂_̀abcdêfgh]êcîedjefàf]êk̀l̂j]̂kc̀f]m̂nbf\̂fcĥehàgôjcffcp̂ehàĝ
l̀m̂f̀lq]lfb̀r̂ehàĝdeblq̂irdbmbs]m̂j]m̂kc̀f]âhac_bm]m̂nbf\̂eh]kb̀rrĝm]ebql]m̂fab̀tb̀r̂lcssr]eû[\]̂pcrf]l̂
kc̀f̂icap]âbêh̀ee]m̂f\acdq\̂k]lfàr̂fdj]̂cîlcssr]̂]mq]m̂jĝ\bq\̂ha]eeda]̂̀lm̂rcn̂_crdp]̂̀bâ_̀r_]û[\]̂jcf\̂
kc̀tb̀r̂fdj]ềa]̂kc_]a]m̂nbf\̂r̀aq]̂̀bâeh̀k]̂f\acdq\̂\]̀f]m̂̀dfcpbs]m̂̀baû[\]̂lcssr]̂bêlcap̀rrĝibt]m̂krce]m̂
fĉf\]̂edaìk]̂cîedjefàf]̂j]m̂fĉa]mdk]̂f\]̂mbef̀lk]̂eĉ̀ êfĉha]_]lf̂kclq]̀rblq̂cîpcrf]l̂p̀eêj]ica]̂fcdk\blq̂
f\]̂edjefàf]̂edaìk]û[\]̂ehàĝlcssr]̂̀lm̂f̀lv̂nbf\̂\cf̂p]rf̂kc̀fblq̂p̀f]ab̀r̂bêbledr̀f]m̂fĉp̀blf̀bl̂dlbicap̂
f]ph]àfda]̂f\acdq\cdf̂kc̀fblquI

^
wxyPzIS{IJKLMNMOPNIQPNIRSTUMVWZII
G|HIwSyIzy}TxIJKLMNMOPNIQPNIRSTUMVWI
~f̂bêkcppclô]iibkb]lf̂̀lm̂ef̀lm̀am̂f]k\lb�d]̂de]m̂icâ���̂cîh]rr]feôh̀afbkr]ềlm̂qàldr]eû�dablq̂f\]̂
kc̀fblq̂ch]àfbclôdhǹam̂pc_blq̂edjefàf]ề a]̂kc̀f]m̂nbf\̂mcnlǹam̂pc_blq̂pcrf]l̂kc̀fblq̂p̀eeû[\]̂
edjefàf]̂f]ph]àfda]̂bêv]hf̂j]rcn̂�������̂f\̀l̂f\]̂p]rfblq̂hcblf̂cîp]rfblq̂ q̀]lf̂cîkc̀f̂icap]aû~f̂\̀ê
rbpbf̀fbcl̂cîirdbmbfĝ̀lm̂ircnû[\]̂fcĥehàĝkc̀fblq̂bl_cr_]êf\a]]̂ef]he�̂b�̂p]rfblq̂cîkc̀f̂icap]aôbb�̂ehàgblq̂
cîp]rf̂c_]âedjefàf]̂̀lm̂bbb�̂kclq]̀rblq̂cîkc̀f]m̂edjefàf]û̂
I
GQHIQSUUS�I�y}TxIJKLMNMOPNIQPNIRSTUMVWẐ�l̂ r̀f]al̀f]̂f]k\lb�d]̂fĉfcĥehàĝirdbm̂j]m̂kc̀fblq̂f\̀f̂bê
]phrcg]m̂icâkc̀fblq̂cîep̀rr̂edjefàf]êrbv]̂j]̀meôqàldr]eôr̀aq]âh̀afbkr]eôh]rr]fê l̀m̂eh\]adr]eû[\bê
f]k\lb�d]̂hac_bm]ên]rr�caq̀lbs]m̂̀bầlm̂kc̀fblq̂p̀eêircnû~f̂bê]ii]kfb_]̂icâ\cf̂p]rf̂kc̀fblq̂cl̂ep̀rr̂ek̀r]û
[\]̂kc̀fblq̂cl̂r̀aq]̂ek̀r]̂k̀l̂j]̂hceebjr]̂̀f̂f\]̂mbejdae]p]lf̂cî�[���̂àfbcû̂
^
�cffcp̂ehàĝkc̀fblq̂blefadp]lf̂kcphabe]̂cî̀ l̂ b̀â\̀lmrblq̂dlbfômbefabjdfbcl̂hr̀f]̂̀ lm̂ehàĝlcssr]̂̀ f̂f\]̂
jcffcpû[\]̂mbefabjdfbcl̂hr̀f]̂bêh]aicàf]m̂hr̀f]̂f\̀f̂ìkbrbf̀f]êf\]̂dlbicap̂mbefabjdfbcl̂cîirdbmbsblq̂edjefàf]̂
bl̂f\]̂kc̀fblq̂a]qbcl̂jĝf\]̂_bafd]̂cîr̀aq]̂_crdp]̂cî̀baû�\]l̂edjefàf]̂bêedeh]lm]m̂bl̂kc̀fblq̂scl]ôf\]̂
pcrf]l̂\cf̂p]rf̂p̀eêbêehàg]m̂c_]âedjefàf]̂̀lm̂f\]̂kc̀f]m̂edjefàf]̂ìrr̂cl̂h]abh\]àr̂h̀af̂cîkc̀fblq̂scl]̂cl̂
mbefabjdfbcl̂mbekû[\]̂mbek̂de]m̂icâ���̂ à]̂pca]̂h]aicàf]m̂ l̀m̂nbf\̂\bq\]â\cr]̂mb̀p]f]âf\̀l̂f\]̂
kcl_]lfbcl̀r̂ecr_]lf�j̀e]m̂kc̀fblq̂icâhac_bmblq̂pca]̂]iibkb]lf̂̀bâmbefabjdfbclû[\bênbrr̂̀_cbm̂̀ qqrcp]àfbcl̂
cîedjefàf]̂mdablq̂kc̀fblqû~f̂f\]̂\]bq\f̂cîkc̀fblq̂scl]̂bêmcdjr]m�̂f\]̂edjefàf]̂kc̀fblq̂nbrr̂j]̂a]mdk]m̂
kc̀fblq̂f\bkvl]eeû̂
^
[\]̂edjefàf]ênbf\̂hccâircǹjbrbfĝedk\̂̀ êr̀aq]âh̀afbkr]ềlm�câh̀afbkr]êcî\bq\]âm]lebfĝf\̀f̂̀a]̂mbiibkdrf̂fĉ
kc̀f̂nbf\̂f\]̂fcĥehàĝf]k\lb�d]ồlm̂\]lk]ôf\]̂jcffcp̂ehàĝp]f\cm̂e\cdrm̂j]̂ha]i]aa]m̂bl̂f\̀f̂k̀e]û[\]̂̀mm�
cl̂kabfbk̀r̂h̀àp]f]aềeeckb̀f]m̂nbf\̂]�dbhp]lf̂blkrdm]êf\]̂\]bq\f̂cîf\]̂h̀afbfbcl̂ à]̀ �̂m]f]apbl]m̂jĝf\]̂
ebs]ôm]lebfĝ̀lm̂f\]̂m]eba]m̂edjefàf]̂eh]]m�ồlm̂f\]̂fgh]̂cîmbefabjdfbcl̂mbekôn\bk\̂bêk\ce]l̂̀kkcamblq̂fĉf\]̂
edjefàf]̂l̀fda]̂�h̀afbkr]êcî��̂�pôh]rr]fêcâf̀jr]fe�u��^

^̂̂̂

�cpha]ee]m̂\cf̂̀bâ

�clfacrr]m̂̀bâicầdfcp̀fbcl̂

�crf]l̂kc̀f̂icap]â

JMWL}PIGHI�SNM{MPNIVSOOKPI{S}I��RI{S}I{KLMNMOPNI�PNI�STUMVWI�STUP}I

�

JMWL}PIGZIwxyPzIS{IX|YIwSyIzy}Tx�IXQYIQSUUS�Izy}TxITVNIXRYwTVWPVUMTKIzy}TxI
|I QI RI
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BC�D�EFG��

HIJKLMNOPNQRMSTUVWMXKYSZR[K\P[K]̂MQRNO_̀ab̀cd̀ef̀cffghebchìjklcm̀nim̀ogebcfp̀bioqfcrlìsqitìbqìtgbebcfp̀
mcduitdcgf̀mcdòcd̀ivukgwim̀jgt̀dutewcfp̀efm̀dvggbqcfp̀gj̀bqìogebx̀yqìqcpqit̀ogebcfp̀kihikd̀etìugddcnkìeb̀
izuifdìgj̀{y|}{̀tebcgx̀ab̀cd̀vecfkẁldim̀bg̀utgmloìuikkibd̀nẁugsmit̀kewitcfp̀~ekgfi�̀cf̀dlduifdcgf̀gt̀cf̀
dgklbcgf�x̀yqìtgbgt̀dwdbiv̀jiebltid̀bqìduteẁfg��ki�̀sqcoq̀cd̀kgoebim̀kebitekkẁbg̀bqìdlndbtebi�̀efm̀bqìtgbebcfp̀
mcd�̀~tgbgt�̀nedim̀eb̀bqìngbbgv̀ gj̀bqìbef�x̀yqtiìvioqefcoek̀jgtoid̀oeldìuetbcokìvgbcgf�̀vczcfp̀efm̀
pteflkebcgfx̀yqìoifbtcjlpek̀jgtoìmihikguim̀nẁbqìtgbebcfp̀mcd�̀utg�iobd̀bqìdlndbtebìbg̀bqìuitcuqitẁsqitì
bqìjklcmc�ebcgf̀ect̀dlduifmd̀efm̀uetbcokid̀ptehcvibtcoekkẁjekk̀neo�̀gf̀bqìmcd�x̀yqìdlndbtebìcd̀izugdim̀bg̀
qcpqit̀vioqefcoek̀dbtidd̀bqef̀jgtvit̀bsg̀jklcmc�im̀nim̀ogebcfp̀bioqfcrlidx̀�ifoi�̀bqìdlndbtebìbqeb̀etìqcpqkẁ
tidcdbefb̀bg̀bqidìjgtoid̀etìsikk̀dlcbim̀jgt̀bqcd̀utgoiddx̀�cvcket̀bg̀bqìbgùgt̀ngbbgv̀jklcm̀nim̀dwdbivd�̀bqìduteẁ
fg��kìcd̀qiebim̀bqtglpq̀ogvutiddim̀ect̀efm̀cfdlkebim̀bg̀utihifb̀ti�vikbcfp̀gj̀bqìkcucm̀ogebx̀�gsihit�̀ed̀
uetbcokìemqidcgf̀bg̀bqìbef�̀cd̀kc�ikẁbqìutgmlob̀bivuitebltìcd̀�iub̀kgsit̀ogvuetim̀bg̀bqìbgu�duteẁdwdbivx̀
yqcd̀bioqfcrlìqed̀kcvcbim̀ogebcfp̀oeueocbwx̀
K
H�JK�̂SR[K[RUVPWUR̂N_̀yqìdgkcm̀mcduitdcgf̀bioqfcrlìsed̀eorlecfbim̀nẁ�iffimẁib̀ek̀sqcoq̀mihgcm̀gj̀
dutewcfp̀utgoidd̀efm̀qifoìfg��kìduteẁdwdbivx̀�ifoi�̀vibqgm̀cd̀kiedb̀ogvukcoebimx̀af̀bqcd̀vibqgm�̀bqì
dlndbtebìcd̀ogvncfim̀scbq̀ogebcfp̀epifb̀cf̀bqìjklcm̀nim̀oqevnit̀lfmitpg̀jglt̀dcvukìdbiud�̀~c�̀setvcfp̀lùgj̀
oqevnit�̀~cc�̀utiqiebcfp̀ogti�̀~ccc�̀ogebcfp̀epifb̀vikbcfp̀�̀vczcfp̀gbqit̀emmcbchid̀efm̀~ch�̀dutiemcfp̀efm̀
ogfpiekcfpx̀�lb�̀bqìditcid̀gj̀sie��ugcfbd̀veẁnìjglfm̀cf̀bqcd̀utgoidd̀kc�ìogfhifbcgfek̀vibqgmx̀yqìogtid̀efm̀
ogebcfp̀vikb̀etì�iub̀cfbg̀èoqevnit̀eb̀qcpq̀bivuitebltìcd̀fgb̀jiedcnkix̀ab̀sed̀tiugtbim̀bqeb�̀bqìugtgdcbẁefm̀
mifdcbẁgj̀dlndbtebìejjiobim̀tiutgmlocnckcbẁgj̀bqìbioqfcrlix̀�qif̀bqìfgfuetick�dlpet̀niemd̀etìldim̀jgt̀
ogebcfp̀bifm̀bg̀eppkgvitebi�̀cj̀bqìuetbcokìdc�ìcd̀dvekkit̀bqef̀��̀vidq̀jgt̀ogebcfp̀epifbd̀{��̀���������̀efm̀
}{��̀����̀efm̀����x̀�gt̀bqìlfcjgtv̀dutiemcfp̀gj̀qgb̀vikb̀ogebcfp�̀bqìgubcvek̀hcdogdcbẁgj̀bqìogebcfp̀epifb̀
cd̀kidd̀bqef̀���̀oifbcugcdidx̀yqcd̀bioqfcrlìekkgsd̀ogebcfp̀lùbg̀�x����̀s|sx̀af̀jeob�̀cf̀tiek̀oedid̀èqcpqit̀
uitoifbepìgj̀ogebcfp̀cd̀tirlctim̀bg̀nìmiugdcbimx̀̀
`
�iffimẁib̀ekx�̀cvutghim̀bioqfcrlìnẁogebcfp̀bqìmtlp̀niemd̀scbq̀bsg̀mcjjitifb̀ogebcfp̀epifbd̀nẁgfìnẁ
efgbqitx̀�lb̀qìduiocjcim̀bqeb̀bqìmcjjitifoìnibsiif̀vikbcfp̀ugcfbd̀gj̀bsg̀ogebcfp̀epifbd̀dqglkm̀nìeb̀kiedb̀
����x̀af̀bqcd̀tiduiob�̀jklcmc�im̀nim̀ogebitd̀etìutijittim̀jgt̀ogebcfp̀mlìbg̀bqìcfqitifb̀emhefbepid̀gj̀bqì
bioqfgkgpẁdloq̀ed̀qcpq̀jkgsenckcbẁgj̀uetbcolkebìvebitcekd�̀bivuitebltìqgvgpificbw�̀vgtìlfcjgtv̀ogebcfp̀
mlìbg̀hitẁpggm̀dgkcmd̀vczcfp̀efm̀kgsit̀utgoidd̀bcvìmlìbg̀qcpq̀qieb̀btefdjitx��`̀
`
yqìrlekcbẁgj̀bqìjklcmc�im̀nim̀ogebcfp̀oef̀nìeddiddim̀cf̀ngbq̀veotgdogucòefm̀vcotgdogucòkihikdx̀af̀bqì
jgtvit̀oedi�̀bqìutgmlobcgf̀bcvi�̀uteobcoek̀wcikm�̀ifitpẁogfdlvubcgf̀efm̀vebitcek̀tirlctim̀etìogfdcmitim̀
nedim̀gf̀bqìogebcfp̀uitjgtvefoix̀af̀bqìkebit̀oedi�̀bqìogebcfp̀rlekcbẁcd̀oqeteobitc�im̀vecfkẁed̀èjlfobcgf̀gj̀
bsg̀jeobgtd�̀ogeb̀lfcjgtvcbw�̀ogeb̀vgtuqgkgpẁefm̀viedltim̀nẁngbq̀bqìdbefmetm̀eoqcihim̀efm̀cbd̀tiuiebenckcbẁ
jgt̀utguitbcid̀gt̀duiocjcoebcgfd̀gj̀cb�̀kc�ìeuuietefoi�̀eddeẁgj̀bqìeobchìcfptimcifb�̀mcddgklbcgf̀utgjcki�̀uetbcokì
dc�ìmcdbtcnlbcgf̀efm̀dqikj�kcjix̀yqìutgmlob̀wcikm̀cd̀dcvukẁbqìtebcg̀gj̀bqìvedd̀gj̀bqìutgmlob̀sqcoq̀viibd̀bqì
tirlctim̀duiocjcoebcgfd̀bg̀bqìbgbek̀vebitcek̀vedd̀ldim̀cf̀bqìutgoiddx̀yqìmcjjitifoìtiutidifbd̀bqìutgmlob̀
kgddid̀bqeb̀goolt̀mltcfp̀ogebcfpx̀af̀bqìjklcmc�im̀nim̀ogebcfp̀utgoidd�̀utgmlob̀kgddid�̀goolttcfp̀pifitekkẁmlìbg̀
cvutguit̀utgoidd̀ukeffcfp�̀etìvecfkẁogvugdim̀gj̀tes̀vebitcekd̀ifbtecfcfp̀glb̀gj̀bqìdwdbiv̀nijgtìnicfp̀
ogebim̀efm̀eppkgvitebim̀uetbcokid̀sqgdìuetbcokìdc�ìefm̀duiocjcoebcgfd̀etìfgb̀scbqcf̀bqìeooiubenkìuetbcokì
dc�ìtefpix̀ab̀ejjiobd̀ekdg̀bqìrlekcbẁgj̀bqìogebcfpx̀yqitijgti�̀bqìogttiob̀ukeffcfp̀efm̀utiocdìogfbtgk̀gj̀bqì
utgoidd̀uetevibitd̀cd̀gj̀uetevglfb̀cvugtbefoix̀�gsihit�̀bqcd̀cfmiim̀cd̀fgb̀ef̀iedẁbed�̀ed̀bqìjklcmc�im̀nim̀
ogebcfp̀utgoidd̀cd̀èogvukiz̀utgoidd̀scbq̀vefẁcfbittikebim̀utgoidd̀hetcenkidx̀�d̀dbebim̀nẁ�gfid̀fietkẁ��̀
utgmlobd̀efm̀utgoidd̀hetcenkid̀etìcfhgkhim̀cf̀bqìjklcmc�im̀nim̀ogebcfpx̀yqidìhetcenkid̀oef̀nìokeddcjcim̀ed̀
euuetebld̀hetcenkid�̀utgmlob̀hetcenkid̀efm̀utgoidd̀hetcenkidx̀yqìcfdbtlvifb̀hetcenkid�̀dloq̀ed̀pigvibtẁgj̀bqì
lfcb�̀mcdbtcnlbcgf̀ptcm�̀duteẁfg��kìoqeteobitcdbcod�̀jckbit̀vioqefcdv̀ibox̀etìmibitvcfim̀nẁbqìirlcuvifb̀ldimx̀
{tgmlob̀hetcenkid̀miuifm̀gf̀bqìjgtvlkebcgf̀ldimx��`̀
`
�oqit�cfpit̀efm̀�oqvcmb̀ugcfbim̀bqeb�̀bqìutgoidd̀uetevibitd̀etìbqìvgdb̀cvugtbefb̀efm̀iedckẁhetcenkì
uetevibitd̀efm̀�fgskimpìefm̀mibitvcfebcgf̀gj̀bqidìuetevibitd̀cd̀iddifbcek̀jgt̀eoqcihcfp̀èogfbtgkkenkìefm̀
dlooiddjlk̀utgoiddx̀�kbqglpq�̀bqìjklcmc�im̀nim̀ogebcfp̀utgoidd̀qed̀niif̀cfhidbcpebim̀efm̀ldim̀cf̀mcjjitifb̀
cfmldbtcid̀jgt̀wietd�̀btcek̀efm̀ittgt̀bgpibqit̀scbq̀izuitcifoìcd̀dbckk̀bqìvgdb̀utijittim̀vibqgm̀jgt̀mibitvcfcfp̀
bqìgubcvlv̀heklid̀gj̀bqidìuetevibitd̀cf̀bqìuqetveoilbcoek̀cfmldbtwx̀yqitijgti�̀bqitìcd̀dbckk̀kcvcbim̀flvnit̀
gj̀dblmcid̀cf̀bqìkcbitebltìgf̀bqìcfhidbcpebcgf̀gj̀bqìijjiob̀gj̀bqìutgoidd̀hetcenkid̀gf̀bqìuitjgtvefoìgj̀
mcjjitifb̀jklcmc�im̀nim̀dwdbivdx̀��`
K
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GHIJKLMNOJPQRJSOTRUVWXYZ[\]Ŷ_̀ab]]Y\]YcdĉebdYèYàceY]̀f\dŶc_e\afb]YghY]i]̂bjd\jkYe[blY\jYcY]̂\_cfỲmY
c]abjd\jkYc\_Ye[ceŶ_̀n\db]Ye[bY[̀l̀ kbjb̀i]Yd\]e_\gie\̀jỲmY\jd\n\dicfŶc_e\afb]oYZ[bYl̀ febjYf\̂\dY\]Yd\]̂b_]bdY
m_̀lYe[bYg̀eèlỲmYe[bYecjpYcjdYecjkbje\cfYèYe[bŶc_e\afbYmf̀qoYrb_bsYf\̂\dYa_h]ecff\tce\̀jYq\e[\jYe[bYj̀ttfbY
bûcj]\̀jY\]Ŷ_bnbjebdYghYcYl\a_̀vbjn\_̀jlbjeY]i__̀ijd\jkYe[bYj̀ttfbỲievfbeowxYZ[bYlb_\eỲmYe[\]Yeba[j\yibY\]Y
\e]Ycg\f\ehYèY]i]̂bjdŶc_e\afb]Yq\e[\jYe[bYc]abjd\jkYc\_Y]e_bclsYcff̀q\jkYe[bYàce\jkỲmYnb_hYm\jbŶc_e\afb]oYY
J
zIJ{OR|}Q~RJ�OTRUVWJN�J�UMQ�RJN~QV�UVWXY�eY\]Ye[bỲjbỲmYe[bY]\l̂ fb]eYqch]YèYlcpbYàceŶc_e\afb]oYZ[\]Y
eba[j\yibYd̀b]Yj̀eY_byi\_bYàl̂ f\acebdYbyi\̂lbjesYe[bỲgec\jbdY_b]ife]Yc_bYyi\ebY]i_̂_\]\jkYcjdY\eYacjYgbYĉ f̂\bdY
m̀_YcYq\dbY_cjkbỲmYd\mmb_bjeY]\tbY]ig]e_ceb]Yc]YqbffYc]Ylife\̂fbYàcebdYfchb_]oYZ[bYlbe[̀dYàl̂ _\]b]ỲmYm\nbY
]eb̂]�Y�\�Ylbfe\jkỲmYàce\jkYckbjesY�\\�Yd_ikYd\]]̀fie\̀jỲ_Yd\]̂b_]\̀jỲmỲe[b_Ybua\̂\bje]Y\jèYl̀ febjYàce\jksY�\\\�Y
l\u\jkỲmYe[bY]ig]e_cebYcjdYl̀ febjYàce\jkYckbjesY�\n�Yà f̀\jkYq\e[Yàje\jibdY]e\__\jkỲmYe[bYl\uei_bsYcjdY�n�Y
àjkbcf\jkYe[bYàcebdŶc_e\afb]oYZ[bYcae\nbY\jk_bd\bjeYacjYgbYdb̂ ]̀\ebdY\jYe[bYà_bYghYcYk_cjifce\jkYlbe[̀dsYcjdY
e[bjYàcebdỲiev]\dbYghYcYàce\jkYfchb_oYZ[bYd_ikYcf]̀YacjYgbYd\]̂b_]bdY\jèYe[bYàce\jkYckbjeYcjdYe[bjYe[bY
l\uei_bY\]YàcebdỲie]\dbYe[bYàce\jkYà_boY�bcdhvlcdbY]ikc_Ygbcd]ỲmYnc_\̀i]Y]\tb]Yc_bYàllb_a\cffhYcnc\fcgfboYY
Y
�cuYm̀_lifce\̀j]Ym̀_Yàce\jkYd_ikvf̀cdbdY]ikc_Ygbcd]Y[cnbYgbbjY\jnb]e\kcebdYghY�[ckqceqc_YcjdY�̀dlb\b_o��Y
Z[bY]ikc_Ygbcd]Yc_bY[̀l̀ kbj̀i]Y\jY]\tbYcjdY][ĉbYcjdYbc]\fhYcd[b_bYèYqcub]oYZ[bY]lcffb_Ye[bY]\tbỲmY]ig]e_cebsY
e[bYfc_kb_Y\]Ye[bY]i_mcabYc_bcYcnc\fcgfbYm̀_Yàce\jkYckbjeYèYdb̂ ]̀\eỲjèoY�jYe[\]Yeba[j\yibsYnb_hY]lcffY
l̀ d\m\ace\̀jY\]Yd̀jbYe[ceY\]Yl̀ febjYàce\jkYlceb_\cfYàjec\j]Yfb]]Ye[cjY���Y]̀fnbjeo��Y�b\k[eYkc\jYdi_\jkY
àce\jkYacjY_bca[YcY[\k[YncfiboYr̀qbnb_sYbue_blbfhYe\jhŶc_e\afb]Yc_bYf\pbfhYèYckkf̀lb_cebYq[\a[Y\ja_bc]b]Ye[bY
nc_\cg\f\ehỲmYe[bYàcebdYgbcd]Yl\u\jkYcjdYàce\jkYli]eYgbYĉ _̂̂̀ _\cebfhYàje_̀ffbdYèYcǹ\dYnc_\cg\f\ehoYZ̀Y
g̀ec\jY[\k[Yqb\k[eYkc\j]Yq\e[Y_bcdhlcdbY]ig]e_ceb]sYe[bŶ_̀ab]]Y\]Yl̀ ]eY]\l̂ fbY\mYe[bYà_bY[c]YcYfc_kbYbj̀ik[Y
]i_mcabYc_bcYgieY\]Yj̀eYè̀ Y]lcffY\jY]\tbY�]̀Yc]YèYcǹ\dYckkf̀lb_ce\̀j�oYY
Y
�jỲe[b_Yq̀_d]sY\eY\]Ydb]\_cgfbYe[ceYe[bYàcebdYgbcd]Yàjec\jYcYfc_kbYcl̀ ijeỲmYd_ikYgieYe[bYnc_\cg\f\ehY\]Y_bdiabdY
èYcYl\j\lilYncfiboY�̀_Yfcg̀_cè_hY]acfbY_b]bc_a[Ŷ_̀�bae]sY\eYqc]Ym̀ijdYe[ceYe[bY]\tbY_cjkbỲmY]ikc_Ygbcd]Y��v��Y
lb][Yq̀_pYbuabffbjefhoYZ[bYàcebdYgbcd]Ye[bjYc_bYf̀cdbdY\jèY[c_dYkbfce\jYaĉ]ifb]Yq[\a[Yc_bYe[bYm\jcfYcjdY
àl̂ fbebYd̀]ckbYm̀_loY�̀cebdYgbcd]YlchYgbYi]bdYèYàl̂ _b]]Y\jèYecgfbe]sYè̀ oYZ[b_bYc_bYj̀Yd̀ailbje]Ye[ceYf\]eY
qcub]Ye[ceY][̀ifdYgbYĉ f̂\bdY\jYe[bYàce\jkŶ_̀ab]]YèỲgec\jY]f̀qYd_ikY_bfbc]boYZ[bY_bc]̀jYgb[\jdYe[ceY\]Ye[bY
qcub]Yq\e[Y[\k[Yl̀ fbaifc_Yqb\k[eYcjdY[hd_̀̂ [̀g\a\ehYc_bYf\pbfhYèY_bdiabYe[bYd_ikYd\]]̀fie\̀jY_cebY\jYqceb_oY
�̀jnb_]bfhsY]ig]ecjab]Yq[\a[Yc_bY[hd_̀̂ [\f\aỲ_Y\ja_bc]bYe[bYqbee\jkYa[c_caeb_\]e\a]ỲmYe[bYd_ikYc_bYf\pbfhYèY
\ja_bc]bYe[bY_cebỲmYd_ikYd\]]̀fie\̀jYf\pbY���oY�ffYe[bYqcub]YjbbdYèYgbY[c_dYbj̀ik[YèYàjkbcfYceY_̀̀ lY
ebl̂ b_cei_boYY
Y
�\mbd\̂\jbY\]Y]bj]\e\nbYèYf\k[esYhbeYe[b_bYc_bYj̀Y_b̂ _̀e]ỲjYe[bYgb[cn\̀_ỲmYj\mbd\̂\jbYceY[\k[Yebl̂ b_cei_boYZ[i]sY
\eY\]Ỳgf\kcè_hYèY\jnb]e\kcebYac_bmiffhYe[bY]ecg\f\ehỲmYe[bYcae\nbY]ig]ecjabYèY[bceoY� _̀b̀nb_sY]ikc_Ygbcd]Yc_bY
lcdbỲmY]ia_̀]bYq[\a[Y\]Ybc]\fhYgi_jbdYceY[\k[Yebl̂ b_cei_boY�̀Ye[cesYe[bYf\l\e\jkYebl̂ b_cei_bY\]Y�����oYr̀eYlbfeY
d\_baeYgfbjd\jkYàce\jksY\jǹfnb]Yĉ f̂\ace\̀jỲmYcYl̀ febjYàce\jkYlceb_\cfỲjèYgbcd]Ỳ_Yaĉ]ifb]Y\jYcY[bcebdY
ecgfbeYàce\jkŶcjoY�jYe[bY[̀evlbfeŶcjYàce\jkYabehfYcfà[̀fYcjdY�bfia\_b�Y��bfia\_b�Y�����Yqb_bYi]bdYc]Y
àce\jkYckbje]o��YY
J

SOV�~L�UOV�JJ
�jŶ[c_lcabie\acfY\jdi]e_\b]sYe[bY]cmbehYcjdŶ_̀ebae\̀jỲmYe[bYq̀_pb_]YcjdYbjn\_̀jlbjeYc_bYàj]\db_bdYceY[\k[b]eY
_̂\̀_\ehYcf̀jkYq\e[Yd_ikŶ_̀diaeY]cmbehYcjdYbmm\acahoYZ[b_bm̀_bsYj̀qYcYdchsY\jdi]e_\b]Yc_bY\jYe[bY]bc_a[ỲmY]̀fnbjeY
m_bbŶ_̀ab]]b]YcjdŶ_̀diae\̀joYr��Ỳmmb_]YcYj̀nbfYcjdY]lc_eỲ ê\̀jYèŶ[c_lcabie\acfYlcjimcaei_b_]oYr��Y
eba[j\yibŶ_b]bje]Ybàj̀l\asYbc]hsYbmm\a\bjesYbàm_\bjdfhsYcjdY_ĉ\dYeba[j\yibY\jYàl̂ c_\]̀jYèYàjnbje\̀jcfY
àce\jkYlbe[̀d]Yq[b_bY]̀fnbjeYbnĉ _̀ce\̀jsY_bànb_hYcjdYe_bcelbjeYacjYgbàlbYnb_hYbûbj]\nbsYe\lbY
àj]il\jkYcjdYlchY[c_lỲ̂ b_cè_]ỲmY\jdi]e_hYcjdYbjn\_̀jlbjeoY�bm\j\ebfhsYbnbjY\mYe[bY]̂_ch\jkY_cebỲmYàce\jkY
ckbjeY\]Y]f̀qb_Ye[cjYàjnbje\̀jcfYàce\jksYgieYe[bYr��Yckbje]Yc_bYj̀eYd\fiebdYq\e[Y]̀fnbje]sYq[\a[Y_b]ife]Y\jY
[\k[b_YcjdYij\m̀_lYĉ f̂\ace\̀jY_ceb]Yq[bjYàl̂ c_bdYèỲe[b_Yeba[j\yib]oYY
Y
�i_e[b_l̀ _bsYe[bYbyi\̂lbje]ỲmYa[̀\abYm̀_Yr��Yc_bYmfi\dYgbdYàceb_YcjdYl̀ d\m\bdYàjnbje\̀jcfYàce\jkŶcjoY
r��Ŷ_̀n\db]Y]bnb_cfYie\f\ehY\jafid\jkYl̀ d\m\ace\̀j]ỲmYd_ikY_bfbc]bsY_bdiab]Yca\d\ehỲmYn\ecl\j]YcjdYmbqYd_ik]sY
lc]p\jkỲg�bae\̀jcgfbYd_ikYa[c_caeb_\]e\a]sY�q\e[Y\llbd\cebY_bfbc]bỲgec\jbdYghYe[bYcdd\e\̀jỲmY]i_mcaecje]YèY
e[bYf\̂\dYàce\jkYckbje�sYd_ikŶ_̀ebae\̀jYcjdYe[bYfig_\ace\̀jỲmŶc_e\afb]Ybu[\g\e\jkYcYfc_kbY]̂ba\m\aY]i_mcabYc_bcoY
r̀qbnb_sYe[bŶ_̀k_b]]ỲmYe[b]bY\jj̀nce\nbY]h]ebl]Y_blc\j]Yl̀ _bYa[cffbjk\jkYe[cjYe[ceỲmYe_cd\e\̀jcfYlbe[̀d]Y
cjdY[bjabYàffbae\nbYbmm̀_e]Ŷ_̀k_b]]\nbfhYcdd_b]]Ye[bY\]]iboY
J
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beeUQX]̂bQX�̀aQX|QXoWVlkQXrsPPXVTdXPPtrvuwxP��hPyrQXX

rPQRSV�cdTgWcX�ZX�e�ebVXSZX�c[VpV�cX�QXoleg̀aaXjelXilefTgĉdXgeVb̀fXil̀iVlVbcêXV̂fXcbaXTàQX��XiVb̀̂bX
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f̀acd̂ĉdXVXUcicfXnVàfXgêbleUÙfXl̀ÙVàXflTdXf̀Uc_̀l[Xa[ab̀kXjelXWcdWU[XV�T̀eTaXaeUTnÙXflTdaQX
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kfe[OfMeUZfMXPTZ̀OfMXPZgPl̂MO_m[d̂Pn[V[MOd̂JPHoqxpP�rHtuvow�HqJP
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ABSTRACT 

Objective: To improve the stability of sitagliptin using hot melt coating technique. Method: Sitagliptin phosphate monohydrate 
(SPM) tablets were prepared using direct compression. They were coated with stearic acid and palmitic acid as hot melt coating 
agents using pan spray method under optimized coating conditions. The prepared tablets were evaluated for Pharmacopoeial 
specifications like appearance, thickness, hardness, weight variation, friability, disintegration test, drug content, weight gain, water 
uptake and in-vitro dissolution study. The uncoated sitagliptin tablets and coated sitagliptin tablets were placed at accelerate 
conditions for stability study. Results: The prepared tablets pass the tests as per United States Pharmacopoeia (USP). Formulation 
F8 having similar drug release profile as that of marketed formulation and follows the acceptance criteria as per United States 
Pharmacopoeia. F8 was found to be stable at accelerated conditions as per International Council of Harmonization (ICH) guidelines. 
No significant change in appearance, drug content and drug release were observed in the stability batch (F8S). Conclusion: The hot 
melt coating using hydrophobic agents can successfully improve the stability of sitagliptin phosphate monohydrate. And adding the 
pore formers in variable quantities in coating composition the target drug release profile can be tailored. 
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INTRODUCTION 

Diabetes is a chronic metabolic disease, arises due to inability 
of the pancreas to produce adequate quantities of insulin (Type 
1 diabetes) or the inability of the body to utilize insulin 
efficiently (Type 2 diabetes) to regulate blood sugar levels. 
Uncontrolled diabetes results in high blood sugar, commonly 
referred to as hyperglycaemia, which can cause serious damage 
to many vital organs, especially the nerves, kidneys, eyes and 
blood vessels. In 2016, World Health Organization (WHO) 
estimated that the diabetes was the seventh major cause of 
global death burden, with approximately 1.6 million deaths 
resulting directly from diabetes. A 5% increase in premature 
mortality from diabetes was reported between 2000 and 2016.1 

Sitagliptin, (7-[(3R)-3-amino-1-oxo-4-(2,4,5-trifluorophenyl) 
butyl]-5,6,7,8-tetrahydro-3- (trifluoromethyl)-1,2,4-
triazolo[4,3-a] pyrazine) is a potent, safe, effective and selective 
inhibitor of dipeptidyl peptidase-4 (DPP-4). It is prescribed as 
alone or in combination with other antihyperglycemic agents for 
the treatment of type 2 diabetes in adult patients. Sitagliptin is 
administered once daily. It has a low propensity for 
pharmacokinetic drug-drug interactions, with a very low 
potential to cause hypoglycaemia.2 

Sitagliptin is available as the phosphate monohydrate, malate 
and tartrate salts in tablet dosage forms. The original innovator 
(Januvia® marketing authorization hold by Merck and Dohme 
Corporation) uses sitagliptin phosphate monohydrate (SPM).3-5   
The hydrate form was mostly preferred in the industry as 
hydrates are relatively stable. It is included in 
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Biopharmaceutical Classification System (BCS) class I was 
supported by various regularity bodies.6-9 It was approved in 
2006 by the Food and Drug Administration (FDA).10,11 It was 
undergoes decomposition at the faster rate in presence of water 
and ultraviolet light.12-14  
Applying the melted excipient, which are usually a lipid, on a 
solid substrate needs no evaporation or drying phase, and there 
is no risk of solvent exposure. Subsequently, this leads to a more 
cost-effective and environment friendly process. 15, 16. To obtain 
HMC layer, usually only one excipient would suffice. The most 
widely used excipients for HMC are lipids of vegetable origin, 
most of them with Generally Recognized as Safe (GRAS) status 
and approved for oral use.16 The driving force for the 
implementation of HMC is to evade the use of solvents and all 
the resulting constrains of their use.17, 18 Therefore, pan coaters, 
fluid beds and spouted beds can be adapted to atomize molten 
coating formulations, and coat diverse substrates from drug 
crystals to tablets or capsules. 19-22 
Hence an attempt was made to improve the stability of 
sitagliptin phosphate monohydrate by coating with hot melt 
coating technique using hydrophobic coating agents like stearic 
acid and palmitic acid.23-25 

MATERIALS AND METHODS 

MATERIALS  

Sitagliptin phosphate monohydrate was a kind gift sample 
obtained from Cadila Pharmaceutical Limited, India. Stearic 
acid, palmitic acid, and titanium dioxide were purchased from 
S.D. Fine Chemicals, India. All other materials used were of 
laboratory and analytical grade.   
 

METHODS 

Preparations of SPM core tablets: Each tablet containing 65 
mg of sitagliptin phosphate monohydrate equivalent to 50 mg of 
sitagliptin base were prepared by direct compression. All the 
ingredients were weighed accurately and transferred to double 
cone blender to mix geometrically (Table 1). The mixing was 
performed after addition of each ingredient for 7 min. The 
mixed bulk was taken out and characterized for various 
precompression parameters. The hardness of tablets was 
maintained at about 5 kg/cm2. The tablet compression was 
carried out using 10 station rotary tablet machine with 6 mm 
standard biconvex circular punches.26

Table 1. Formulation of SPM Core 

Sr. No. Ingredient Quantity per Tablet (mg) 

1.  Sitagliptin phosphate monohydrate 65 
2.  Dicalcium phosphate 53 
3.  Sodium starch glycolate 2 
4.  Talc 2 
5.  PEG 8000 2 
6.  Aerosil 1 
 Tablet weight 125 mg 

Coating of SPM core tablets 

Four hundred SPM tablet core were loaded in coating pan. Hot 
melt coating composition was maintained at 80°C. The coating 
variables are shown in (Table 2). The tablet cores were rolled 
in pan until tablet bed temperature was attained 60°C 
temperature. The molten stearic acid and palmitic acid were 
used as hot melt coating agents. Alpha-tocopherol was used as 

oil soluble antioxidant and Polyethylene glycol 4000 (PEG 
4000) was employed as pore former to achieve immediate 
release. The molten coating mass was sprayed onto the rolling 
SPM tablets in slow stream. The coated tablets were allowed to 
roll further for 15 min by reducing the tablet bed temperature 
gradually. Tablets were then removed and cured in a dryer for 
24 h.27

Table 2. Coating variables for SPM Core 

Sr. No. Coating parameters Tablets 400 (50 g) 

1.  Spray rate 1.5 ml/min 
2.  Atomizing air pressure 15 psig 
3.  Tablet bed temperature 40-65°C 
4.  Pan diameter 10 inches 
5.  Pan speed 40-60 rpm 
6.  Air flow 80-120 cfm 
7.  Inlet air temperature 35- 45°C 
8.  Outlet air temperature 40- 60°C 
9.  Number of baffles  4 radially arranged 
10.  Relative humidity 40% 
11.  Curing temperature 24 h at 25 °C 

 

Table 3. Formulation of Hot Melt Coating Composition 
Sr. No. Composition F1 F2 F3 F4 F5 F6 F7 F8 

1.  Stearic acid 5 4.75 4.5 4.25 -- --   
2.  Palmitic acid -- -- -- -- 4.00 3.75 3.5 3.25 
3.  PEG 4000 -- 0.25 0.5 0.75 -- 0.25 0.5 0.75 
4.  Titanium dioxide 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
5.  α-tocopherol 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
All weights were taken in mg 
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Evaluation of Tablets 

Appearance 

The tablet cores were visually observed for any capping, 
chipping and lamination. The coated tablets were also checked 
for coating defects.28  
 
Thickness 
The thickness of a tablet is the only dimensional variable related 
to the process. Thickness of individual tablets was measured by 
a micrometre screw gauge. Tablet thickness should be 
controlled within ± 5 % variation of a standard. Average 
thickness and standard deviation were calculated.29 

 
Hardness 

The Monsanto tester consists of a barrel containing a 
compressible spring held between two plungers. The lower 
plunger was placed in contact with the tablet and zero reading 
was taken. The upper plunger was then forced against a spring 
by turning a threaded bolt until the tablet fractures. As the spring 
is compressed, a pointer rides along a gauge in the barrel to 
indicate the force. The force of fracture was recorded in 
kilogram. For each formulation the hardness values for 6 tablets 
were determined and recorded.29 

 
Weight Variation Test 
We have selected 20 tablets of SPM, which were weighed 
individually and collectively. The average weight was 
calculated and compare the individual tablet weight. The tablet 
passes the USP test if not more than 2 tablets are outside the 
percentage limit and if number of tablets differs by more than 2 
times the percentage limit then test fails.30,31  
The weight variation was calculated using the formula –  

Weight variation (%) = (Initial weight - Average 
weight)/Average weight × 100. 
Friability Test 

As per USP, the friability test was performed by placing 
previously weighed 6.5 g tablets in the Roche friabilator and 
operating for 100 revolutions at 25 rpm. The test checks the 
tendency of the tablet to crumble, chip, or break upon abrasion 
or compression and sturdiness of a tablet, and a loss of 1% tablet 
mass is acceptable during the process.32 

 
Disintegration Test 

Six tablets from each batch were randomly selected and one 
tablet was placed in each tube with a mesh size with basket as 
per USP standards. The basket was placed in 1liter beaker 
containing phosphate buffer solution of distilled at 37±2°C. One 
disc was placed in each tube and disintegration apparatus was 
operated at 29-32 cpm. When all the particles passed from each 
test tube into the beaker, the time was noted as the disintegration 
time. This disintegration test was a quantitative test.32 

 

Weight gain (%) 

Weight gain by tablet is one of the most important parameters 
monitored during formulation, process and scale up 
development. Weight gain was calculated from the difference in 
the tablet weight before and after coating.33 

 
In-vitro dissolution study  

In-vitro dissolution of marketed film coated tablets of sitagliptin 
phosphate monohydrate was conducted to select the equivalent 
formulation from the prepared formulations. The in-vitro 
dissolution study of prepared formulation was carried out using 
following dissolution study conditions (Table 4). In-vitro 
dissolution of six marketed tablets and prepared tablets.34, 35 

Table 4. In-vitro dissolution study conditions 

Sr. No. Parameter Specifications 

1.  Dissolution apparatus USP XXV Type II (Paddle) 
2.  Paddle speed 50 rpm 
3.  Temperature 37± 0.5°C 
4.  Time 1 h 
5.  Dissolution medium Phosphate buffer pH 6.8 
6.  Volume of dissolution medium 900 ml 
7.  Sample volume  1 ml 
8.  Sampling time 5, 10, 15, 30, 45 and 60 min 
9.  Dilution factor 20 

The sample solutions were passed through membrane filter 
paper (0.45 µm) and suitably diluted with 6.8 pH phosphate 
buffer and solutions were analyzed at 267 nm by UV 
Spectrophotometer.  

Drug content 

Twenty tablets from each formulation were selected for the 
estimation of drug content.  The tablets were weighed, triturated 
and transferred the powder into 100 ml volumetric flask 
containing 50 ml of 0.01N HCL. The content of the flask was 
filtered through a membrane filter and kept in a 100 ml 
volumetric flask.  The residue was washed with another 40 ml 
of 0.01N HCL and the volume was made up to the mark.  The 

sample was suitably diluted and analyzed 
spectrophotometrically against blank (0.01N HCL) at 267 nm 
using double beam UV- visible spectrophotometer.36 

 
Moisture Uptake 

Both coated and uncoated tablets are evaluated for their 
moisture uptake by placing in a desiccator containing saturated 
potassium chloride solution (80% RH). According to the USP, 
for equilibrium moisture uptake determined, by weighing 
sample every hour until achievement of consecutive readings 
corresponding to a recorded mass change of less than 0.25%.37 

 

2.5.4 Stability study 
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The uncoated tablets and coated tablets (selected formulation) 
were stored at the conditions as per directed by ICH guidelines 
in Alu Alu blister packing and stored at 25±2°C & 60±5% RH 
and 40±2°C & 75±5% RH. They were compared for 
organoleptic properties, drug content and in-vitro drug release 
after every month up to 3 months and at 6 months.38  
 
 
 

RESULTS AND DISCUSSION 

Preparation of SPM Tablets 

For the preparation of the SPM tablets, the dicalcium phosphate 
was used as directly compressible diluent. It is a type of 
inorganic water insoluble diluent. The PEG 8000 was used as 
water soluble lubricant; talc was used as anti-adherent and 
silicon dioxide was used as glidant. The bulk powder was 
characterized for flow properties and precompression 
parameters were determined and recorded (Table 5). 

Table 5. Precompression parameters for bulk powder 

Sr. No. Parameter Observed value Remark 

1 Angle of repose (°) * 24°.18’ Good 
2 Bulk density (g/ml) $ 0.877 ± 0.014 -- 
3 Tapped density (g/ml) $ 1.021 ± 0.009 -- 
4 Carr’s Index (%) $ 14.10 ± 0.011 Good 
5 Hausner Ratio$ 1.165 ± 0.003 Good 
Where, * and $ indicates values in mean and mean± SD for triplicate determination respectively.  

The angle of repose for bulk was found to be 24°.18’ (between 
20-30°) indicates good flow property. The Carr index and 
Hausner ratio values were between 11-15 and 1.12- 1.18 
respectively indicates good flow properties and compressibility. 
The tablets were successfully prepared by direct compression 
using ten station rotatory tablet compression machine using 6 
mm diameter standard biconcave circular punches. The 
hardness was adjusted to 5 kg/cm2. The prepared tablet cores 
were evaluated for quality control tests and results were 
recorded in Table 6. 
 
2.6.15 Preparation of coated SPM Tablets 

The prepared tablet cores were coated successfully using hot 
melt coating agents as per the coating composition and using 
coating parameters.  
The coated tablets were evaluated for quality control tests. 
 
Evaluation of SPM coated tablets 

Appearance 

The tablet cores and coated tablets were visually observed for 
defects. No tablet defects were observed. Biconvex circular 
tablets & cores with slightly yellowish white to yellowish colour 
and characteristic odour were successfully prepared by direct 
compression. 
 

Weight Variation Test 

All the tablet prepared uncoated tablets and coated tablets shows 
weight within the official limits as per USP, it passes the weight 
variation test (Table 6). 
 
Hardness 

The force required to break the tablet was recorded using 
Monsanto tester in kilogram (Table 6). From each formulation 
6 tablets were used for the determination of hardness and the 
mean ± SD were reported. All coated SPM tablets and SPM 
tablet core were passing the test for hardness as per USP. 
 
Thickness 
Tablet thickness was determined using micrometre screw gauge 
and the average thickness ± standard deviation of tablets was 
reported. The thickness of SPM uncoated tablet was found to be 

2.83±0.011 mm. The thickness of SPM coated tablets was found 
in the range of 2.84 ±0.012 to 2.91±0.021 mm. All coated SPM 
tablets and SPM tablet core were passing the test for thickness 
(Table 6) indicating suitability for packaging. 
 
Friability Test 

During friability test the % weight loss from SPM uncoated 
tablets was found to be 0.32% and for hot melt coated tablets 
the value ranges from 0.13 to 0.18% indicates coating prevent 
weight loss from tablets during test and provide strength to the 
tablets.  
 
 Disintegration Test 

The disintegration time for uncoated and coated tablets was 
found to be less than 14 min. (Table 6) indicates all 
formulations passes the disintegration test as per USP. As the 
coating level increases the disintegration time also increases 
(Table 6). 
 
Drug content 

It is used as gold standard test for dosage form because it affects 
safety and efficacy of drug product. The drug content in SPM 
core tablets was found to be 99.29 ±1.39% and SPM coated 
tablets was found in the range of 98.32 ±2.62 to 100.21±2.15%. 
They were found to be within acceptable limit as per USP 
(Table 6). 

 
Moisture Uptake 

The water uptake by SPM tablet core when placed in desiccator 
containing saturated solution of potassium chloride was found 
to be 0.38 ±0.09%. The water uptake by SPM coated tablets was 
recorded in the range of 0.09 ±0.01 to 0.13 ±0.03% (Table 6). 
As the level of stearic acid or palmitic acid in coating 
composition increases, the water uptake decreases.  As the 
concentration PEG in coating composition increases water 
uptake increases.   
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Table 6. Evaluation of SPM uncoated and coated tablets 

Parameter Core F1 F2 F3 F4 F5 F6 F7 F8 

Weight 
variation 
(mg)* 

124.12±0
.18 

130.45±0
.19 

129.36±1
.04 

130.27±0
.43 

129.42±2
.29 

131.34±1
.18 

128.87±2
.35 

132.04±1
.08 

129.43±0
.18 

Thickness 
(mm)@ 

2.83±0.0
11 

2.91±0.0
13 

2.89 
±0.008 

2.90 
±0.011 

2.84 
±0.016 

2.89 
±0.009 

2.84 
±0.012 

2.87 
±0.018 

2.91±0.0
21 

Hardness 
(kg/cm2) @ 

5.0±0.2  5.2±0.10  5.1±0.15  5.0±0.2  4.8±0.15  5.1±0.2  5.0±0.10  5.0±0.2  4.9±0.15  

Weight 
gain@ (%) 

-- 4.94 3.49 4.21 3.54 5.07 3.09 5.63 3.54 

Disintegrat
ion time 
(min) @ 

5 13 10 7 5 14 10 7 4 

Friability 
(%) $ 

0.32 0.15 0.17 0.20 0.18 0.13 0.14 0.13 0.16 

Drug 
content 
(%) * 

99.29 
±1.39 

99.87±2.
91 

100.21±2
.15 

98.93 
±3.11 

99.06 
±0.73 

98.76±2.
65 

100.11±1
.13 

99.57±2.
68 

98.32 
±2.62 

Moisture 
uptake (%) 
@ 

0.38 
±0.09 

0.09 
±0.01 

0.10 
±0.01 

0.12 
±0.02 

0.13 
±0.03 

0.05 
±0.01 

0.07 
±0.02 

0.08±0.0
3 

0.11 
±0.03 

Where, *, @ and $ indicates sample size (n) 20, 06 and 10 respectively.  

In-vitro dissolution study of marketed products 

Acceptance criteria reported in USP describe that not less than 
80% of labelled amount should release in 30 min and not less 
than 90% of labelled amount should release in 45 min. The in-
vitro dissolution test of marketed samples, Sitenali® & Jankey® 

were conducted and as per acceptance criteria given in USP 
reference tablets passes the test. Hence the same conditions 
were used for the in-vitro dissolution of prepared formulations 
(Figure 1).

 
Figure 1. In-vitro dissolution study of marketed products.

 

In-vitro dissolution test of prepared SPM tablets 

In-vitro dissolution test was conducted and SPM tablets coated 
with stearic acid is shown in Figure 2. As stearic acid level in 
the coating composition increases drug release decreases 

proportionally. Formulation F4 follows the acceptance criteria 
as per USP and hence selected as best formulation. The SPM 
core tablets release more than 90% drug within 15 min.
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Figure 2. In-vitro release study of SPM uncoated tablet and stearic acid coated tablets 

 

 
Figure 3. In-vitro release study of SPM uncoated tablet and palmitic acid coated tablets

 
In-vitro dissolution test conducted SPM tablet core and SPM 
tablets coated with palmitic acid is shown in Figure 3. As 
palmitic acid level in the coating composition increases drug 
release decreases proportionally. Formulation F8 follows the 
acceptance criteria as per USP and hence was selected as best 
formulation. F8 formulation releases more than 80% drug in 30 
min and more than 90% drug in 45 min.   
Formulation F8 shows smoother surface and low water uptake 
value than formulation F4. The in-vitro drug release profile 

from F8 was found to be faster than F4 formulation. Therefore, 
it was compared with innovator product (Jankey) whose release 
profile closer to F8 formulations as shown in Figure 4 and which 
was confirmed by calculating similarity factor (f2) and 
difference factor (f1). The similarity factor (f2) and difference 
factor (f1) for F8 formulation was found to be 56 and 15 
respectively when compared with innovator product (Jankey). 
Hence F8 was considered as best formulation for stability 
study.39 
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Figure 4: Comparison of F8 drug release with marketed products 

 

Stability study 

The drug content of SPM uncoated tablets was found to be 
significantly affected at accelerated conditions as per ICH 
guidelines (Table 7). It was found that drug content in F8 

formulation was found to be within significant limit. It shows 
that the hot melt coating enhances the stability of SPM in coated 
tablets. Further it was confirmed by performing in-vitro drug 
release study. 

 

Table 7. Drug content in SPM uncoated tablets and F8 tablets stored for stability 

Drug Content (%) 

Storage period 
25±2°C & 60±5% RH 40 ± 2°C & 75 ± 5% RH 

Tablet core F8 Tablet core F8 

Initial 99.29 ±1.39 98.32 ±2.62 99.29 ±1.39 98.32 ±2.62 
1 Month 98.81 ±0.96 98.24± 1.57 97.86 ±1.32 97.92± 0.67 
2 Months 97.92 ±2.18 98.09 ± 2.11 95.38±2.32 97.39 ± 1.18 
3 Months 96.58 ±2.43 97.78 ± 2.08 92.71 ±1.03 97.07± 1.52 
6 Months 95.86 ±1.89 97.14 ± 1.74 90.47 ±2.41 96.53 ±0.89 
Where, values shown were as mean ± SD for triplicate determination.  

 
The colour of the uncoated tablets was found to be change from 
white to off-white. In case of coated tablets, the colour of coated 

tablet was retained as yellowish white due to palmitic acid in 
coating composition (Table 8). 

 
Table 8: Appearance of SPM uncoated tablets and F8 tablets stored for stability 

Storage period 

Appearance 

25±2°C & 60±5% RH 40 ± 2°C & 75 ± 5% RH 

Tablet core F8 Tablet core F8 

Initial White Yellowish white White Yellowish white 
1 Month Slightly off-white Yellowish white Off-white Yellowish white 
2 Months Slightly off-white Yellowish white Off-white Yellowish white 
3 Months Off-white Yellowish white Off-white Yellowish white 
6 Months Off-white Yellowish white Off-white Yellowish white 
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Figure 5. In-vitro release from stability batch

 
The in-vitro drug release from F8 formulation on the day of 
preparation was compared with stability batch stored at 
accelerated conditions (40 ± 2°C & 75 ± 5% RH) after 6 months. 
No significant change in drug release was observed indicates F8 
formulation was found to be stable (Figure 5). And after 
application of hot melt coating with hydrophobic coating agent 
like palmitic acid can protect core from moisture and resist the 
absorption of moisture by sitagliptin phosphate monohydrate 
and hence improve the stability.   
 
CONCLUSIONS 

The sitagliptin phosphate monohydrate was reported as 
moisture sensitive drug. It was recommended as safe drug in the 
type 2 diabetes for adults with low incidences of side effects 
when given orally. Both stearic acid and palmitic acid shown 
good hot melt coating agent ability. The tablets were prepared 
by direct compression successfully and coated with stearic acid 
and palmitic acid independently. The tailored release can be 
achieved by fabricating the series of formulations. Hot melt 
coated tablets pass the Pharmacopoeial tests as per United State 
Pharmacopoeia. The water uptake test demonstrates that hot 
melt coating with these hydrophobic agents reduce the moisture 
uptake. The formulation F8 drug release profile was found to be 
similar with marketed product (Jankey). Formulation F8 was 
found to be stable as per ICH guidelines for 6 months 
accelerated stability study. The hot melt coating retains the drug 
contain than uncoated sitagliptin tablets indicating improving 
the stability of sitagliptin. Further in-vivo study needs to be 
carried out before launching the product to market.      
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