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* Poor absorption from target site
* Poor Bioavailability

* High First-pass Metabolism

* Fluctuations in Plasma drug level
* Premature excretion from the body

e e * Repeated dosing
Syrups  Suppositories * High dose dumping
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Polymeric nanoparticles

Lipid-based nanoparticles

Inorganic nanoparticles

Advantages

* Biodegradable

» Adjustable surface
modifications

» Use for hydrophilic and
hydrophobic cargo

Limitations
+ Self-aggregation may
impact brain delivery

Advantages

+ Use for hydrophilic and
lipophilic cargo

» Ease of ligand
conjugation to improve
blood circulation

Limitations

» Potential cytotoxicity
caused by non-specific
uptake

Advantages

* Small size

* Increased uptake due to
ionic interaction with BBB

Limitations
» Potential toxicity due to the
metal accumulation
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Ultrasound source

Drug Carrrier
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. Carrier @ Drug @ US sensitive material



MRNA Drugs

RV &Y £W LW LN Vaccine

Administration

Nanoparticle
Formulation

N

i

Y 5

)=

mRNA Lipid Immune
Nanoparticle Activation and
(LNP) Response




Inorganic

o ’ NPs Drugs
rganic .
NPs i ‘QD ce_'l,s Drug delivery

50
('—)‘ .'\‘\‘
@ Viruses f‘;.?&?.‘
Sy

Cross the BBB




.‘;g Micelles/

Bicelles

2] Liposomes Nanocapsules

Nanotubes Dendrimers

Antineoplastics Anaesthetics ( Analgesics Antibiotics




List of globally marketed nanomedicines approved by the FDA and the EMA

Type Trade Name Company Date of Approval Active Ingredients Indication
Emend® Merk & Co. Inc. FDA (2003) aprepitant antiemetic drug [54,55]
fosaprepitant
Tvemend® Merk & Co. Inc. FDA, EMA (2008) dimeglumine (prodrug antiemetic drug [56]
of aprepitant)
Ostim® Osartis GmbH & Co. FDA (2004) calcium hydroxyapatite bone-grafting material [57]
Wyeth Pharmaceuticals prevents rejection of kidney
Rapamune® Inc. (a subsidiary of EMA (2001), FDA (2010) sirolimus (rapamycin) transplants [58]
Pfizer Inc.) (immunosuppressant)
Wyeth Pharmaceuticals . .
® e M . a rare progressive lung disease [53]
Rapamune Inc. (a SUbS]lI?(l;a)ry of FDA (2015) sirolimus (rapamycin) (lymphangiolciomyomatosis)
Vitoss” Orthovita Inc. FDA (2003) B-tricalcium phosphate bone-grafting material [59]
- . . attention deficit hyperactivity
Ritalin LX® Novartis FDA (2002) methylphenidate disorder (ADHD) [60] in children
Nanocrystals Avinza® Pfizer Pharmaceuticals FDA (2002) morphine sulfate psychostimulant [61]
Focalin XR® Novartis FDA (2008) dexametbylphenidate ADHD in children [62]
Invega® Phan e e FDA (2009) paliperidone schizophrenia [63]
Invega Sustenna® Phar]maceuﬁ cals FDA (2009) paliperidone Palmitate schizophrenia [64]
Megace ES® Par Pharmaceuticals FDA (2005) megestrol acetate antianorexic [65]
NanOss® RTI Surgical FDA (2005) hydroxyapatite bone substitute [66]
EqujvaBt:me® Zimmer Biomet FDA (2009) hydroxyapatite bone substitute [67]
OsSatura® Isotis Othobiologics Inc. FDA (2003) hydroxyapatite bone substitute
Epaxal® Crucell Berna Biotech EMA (1993) inactivated hepatitis A ot hepatitis A infection [68]
virus vaccine
Zanaflex® Acorda FDA (2002) tizanidine HCI muscle relaxant [69]
Ryalnoclex® Eagle pharm FDA (2014) dantrolene sodium malignant hyperthermia [70]
TriCor® Abbott Laboratories FDA (2004) fenofibrate antihyperlipidemia [71]




metastatic ovarian cancer,

Doxil® Johnson & Johnson FDA (1995), EMA (1996) doxorubicin HIV-associated Kaposi’s sarcoma
(adriamycin) (KS) [72]
. doxorubicin metastatic ovarian cancer,

Lipodox® Sun Pharma Global FZE FDA (2013) hydrochloride HIV-associated KS [73]

DaunoXome® Galen Ltd. FDA, EMA (1996) daunorubicin cancers and HIV-associated KS [74]

Onivyde® praormack EDA (2015) frinotecan metastatic pancreatic cancer [75]

DepoCyt Pacira Pharmaceuticals EMA (2002), FDA (2007) cytarabine lymphomatous meningitis [76]

® Teva Pharmaceutical EMA (2000 doxorubicin
o Industries Lid. Ly hydrochloride breast cancer [77,78]
® Janssen .. breast cancer, ovarian cancer,
Caelyx Pharmaceuticals EMA (1996) doxorubicin HIV-associated KS [79,80]
Mepact® Takeda France SAS EMA (2009) mifamurtide osteogenic sarcoma [31]
Philadelphia chromosome-negative
Ma.rqibo® Talon Therapeutics FDA (2012) vingcristine chronic myelogenous leukemia in
adult patients [82,83]
Lipid-based ® .. hereditary transthyretin (TTR)
Nowoparticles Onpattro Alnylam FDA & EMA (2018) patisiran mediated amyloidosis [5455]
. ® . breast cancer, non-small-cell lung
Lipusu FDA (2016) paclitaxel cancer (NSCLC) [86]
. NeXstar .. .

AmBisome® P cuticals EMA (1990), FDA (1997) amphotericin B antifungal drug [87]
Vyxeos® Jazz Pharmaceutics  FDA (2017), EMA (2018) dﬂmc‘;,’;“;’;“.’“’;a“d acute myeloid leukemia [88]
Abelcet® Defiante Farmaceutica FDA (1995) amphotericin B antifungal drug [87]

Ii al hin . .
DepoDur® SkyePharma FDA (2004), EMA (2006) P"E"’;‘HP;‘;‘:;P ¢ postoperative analgesia [589]
.. iratory distress syndrome
Curosurf® Chiesi FDA (1999) poractant alfa resp (lilyDS) [9[],91{11
. FDA (2002) Disc. * 90Y-ibritumomab
®
Zevalin' Bayer Pharma EMA (2004) tiuxetan lymphoma [92]
Inflexal® Crucell Berna Fotedh EMA (1997) mactvatedmiuenza |l influenza infection|[98,94]
VIrus vaccine
Plizer-BloNTech  Pfizer Pharmaceuticals FDA (2020) mRNA vaccine prevents C%?E'ﬂw infection
Moderna . prevents COVID-19 infection
COVID-19 Vacci ModernaTX Inc. FDA (2020) mRNA vaccine [96,97]
hotosensitizer (PS) choroidal neovascularization
Visudyne® QLT Phototherapeutics FDA & EMA (2000) P orphyrin ’ caused by wet age-related macular
benzoporphyr degeneration [87]




Type Trade Name Compan Date of Approval Active Ingredients Indication
yp! pany PP 8
IgG Fab’ fragment that rheumatoid arthritis [98], Crohn's
Cimzia® UCB FDA (2008), EMA (2009) specifically recognizes disease [99], psoriatic arthritis [100],
and binds to TNF-« and ankylosing spondylitis [101]
® Oasmia Pharmaceutical . ovarian cancer, peritoneal cancer,
Apealea AB EMA (2018) paclitaxel fallopian tube cancer [102]
. . . adenosine deaminase (ADA)-severe
Adagen® Enzon Pharmaceuticals FDA (1990) adenosine deaminase combined immunodeficiency
X (ADA) g
disorder [103]
febrile neutropenia, consequent
Neulasta® Amgen, Inc. FDA (2002) filgrastim infections arising due to lack of
neutrophils [104]
. acute lymphoblastic leukemia,
Oncaspar® Ll l‘a‘hw“_'“ce“h“‘ls EDA (1994), EMA (2016) L-asparaginase chronic myelc[)lgowlglous leukemia
Genexol-PM” Lupin Ltd. FDA (2007) paclitaxel breast cancer [106]
Pegasys® Genentech USA, Inc EDA, EMA (2002) recombinant BUMAN  pyepatitis C [107], hepatitis B [10]
(sedative-hypnotic agent) used in
Diprivan® Fresenius Kabi FDA (1989), EMA (2001) propofol surgeryto induce relaxation before
and during general anesthesia
analog of human
Somavert® Pfizer Pharmaceuticals ~ EMA (2002), FDA (2003) gz:tahn;"m‘?‘;‘;f‘é?{ acromegaly [109]
receptors)
Polymer-based choroidal neovascularization
N£ articles Macugen® Pfizer Pharmaceuticals FDA (2004) pegatinib sodium caused by wet age-related macular
P degeneration [110]
epoetin (3 (EPO) (EPO is
y ® a genetically .
Mircera Vifor EMA (2007), FDA (2018) T ST T G anemia [111]
erythropoietin)
Peglntron® Merk & Co. Tnc. EMA (2000), FDA (2001)  Pha ‘:Elfj:;’e“ (INF) hepatitis C [112]
) pegloticase is a
Krystexxa® Savient Pharmaceuticals FDA (2010) recombinant porcinelike refractory chronic gout [113]
uricase
relapsing remitting multiple
Pluagridy® Biogene FDA (2014) recombinant IFN- 3 sclerosis (RRMS) in adult patients
[114]

Adynovate® Baxalta US Inc. FDA (2015) coagulation factor VIII hemophilia A [115]
Copaxonc®/FOGA o Fharmaceutical gy (1996) EMA (2016)  glatiramer acetate multiple sclerosis (MS) [116,117]
Eligard® folmar Pharmaceuticals FDA (2002) leuprolide acetate prostate cancer [118]

hyperphosphatemia caused by
Renagel’ Sanofi FDA (2000) sevelamer carbonate chronic kidney disease (CKD) [119]
Renagel®/Renvela® Genzyme EMA (2007) ko TRIEL, hyperphwg]l(labtm[lzﬂﬂm caused by
Restasis® Allergan FDA (2003) cyclosporine chronic dry eye [121]
recombinant
Rebinyn® NovoNordisk FDA (2017) DNA-derived hemophilia B [122,123]
coagulation FIX
estradiol (17 3-estradiol) moderate vasomotor symptoms
Estrasorb™ Novavax, Inc. FDA (2003) hemihydrate due to menopause [124]
Zilretta® Flexion Therapeutics FDA (2017) triamcinolone acetonide knee osteoarthritis [125]




Dendrimer- anti-infective for prevention of
based VivaGel® BV Starpharma FDA (2015) astodrimer sodium recurrent bacterial vaginosis (BV)
Nanoparticles [126]
approved by the FDA for treatment
of metastatic breast cancer [127]

Celgene Pharmaceutical FDA (2005, 2012, 2013),

Protein-based Abraxane® paclitaxel (2005), lung cancer [128] (2012), and
Nanoparticles Co. Ltd. EMA (2008) metastatic pancreatic
adenocarcinoma [129] (2013)
Ontak® Eisai FDA (1999) diphtheria toxin le“ke““ﬂif;gelg%’mph"m
Feraheme™ AMAG Pharmaceuticals FDA (2009) ferumoxytol anemia [132,133]
Venofer® Luitpold Pharm FDA (2000) iron sucrose iron deficiency in CKD [134]
Dexferrum® American Regent FDA (1996) iron dextran iron deficiency in CKD [135]
Ferinject® Vifor FDA, EMA (2013) fron carboxymaltose iron deficient anemia [136]
Ferrlecit® Sanofi-Aventis FDA (1999), EMA (2013)  sodium ferric gluconate iron deficiency in CKD [137]
Inorganic . - hafmium oxide locally advanced squamous cell
Nanoparticles Hen51fy® Nanobiotix EMA (2019) nanoparticles carcinoma [138]
Infed® Actavis Pharma FDA (1992) iron dextran iron deficiency in CKD [139]
Feridex® /Endorem® AMAG Pharma FDA (199?1] 4[3115& 2008 SPION-dex imaging agent [141]
GastroMARK™/Umi  Mallinckrodt Inc. LR b B0 et il SPION-silicone imaging agent [141,142]

[140]




Oncology
Hematology
Anti-infective
Neurology
Bone substitute
Metabolic
Autoimmune
Vaccines
Inflammatory
Ophthalmic
diagnostic
Miscellaneous

Therapeutic areas of
marketed Nanomedicines
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No. of products available in the market



Selected nanomedicines that are in phase III clinical trials

Type Proprietary Name Company Indication Active Ingredients NCT Number Status Outcome
Positive: ThermoDox increased
intratumoral concentration of
q lular carcinoma . doxorubicin under external
ThermoDox Celsion 1561 doxorubicin NCT00617981 completed Tt e s e g7 17 i
compared with ThermoDox without
hyperthermia induction
breast cancer paclitaxel NCT03002103 ongoing -
i ic adenocarcinoma litaxel .
EndoTAG-1 SynCore Biotechnology tic e NCT03126435 _
Allovectin-7% Vical melanoma VCL-1005 plasmid NCT00395070 completed Nothing has been mentioned
Negative: the administration of
Tecemotide after chemoradiotherapy
Tecemotide Merk KGaA non-small-cell lung cancer MUC1 antigen NCT00409188 completed compared with placebo showed no
. ) significant difference in overall survival
Lipid-based Nanoparticles for all patients with stage [1l NSCLC
Negative: MAGE-A3
. immunotherapeutic for use in melanoma
melanoma NCT00796445 terminated has been stopped, as it was not
human efficacious
MAGE-A3 + AS15 GSK melanoma-associated Negative: MAGE-A3
antigen A3 protein immunotherapeutic for use in NSCLC
non-small-cell lung cancer NCT00480025 terminated has been stopped because it did not
increase disease-free survival compared
with placebo
Merricmack L, . s Negative: MM-302 did not demonstrate
MM-302 Pharmaceutical breast cancer doxorubicinhydrochloride NCT02213744 terminated benefits over the control
" : ] melanoma 2 NCT00087776 completed Nothing has been mentioned
TR L el Tt non-small-cell ung cancer e NCT00243867 completed Nothing has been mentioned
Enceladus in collaboration q . q . . .
Nanocort with Sun Pharma Global rheumatoid arthritis prednisolone NCT02534896 terminated Nothing has been mentioned
advanced solid tumors,
Nanoplatin NanoCarrier lung, biliary, bladder, or cisplatin NCT02043288 completed Nothing has been mentioned
pancreatic cancers
CRLX101 @it o, eI G el Cpafiei: NCT00163319 completed Nothing has been mentioned
cell lung, or rectal cancers
NC-6004 NanoCarrier pancreatic cancer cisplatin NCT02043288 completed Nothing has been mentioned
o Positive: there was a significant
Pol based cancer
££::ﬁc?; NKTR-102 Nektar Therapeutics nb::aitiases mg;]f) irinotecan NCT02915744 completed improvement in sBuEv;;r;l of patients with
Negative: the progression-free survival,
NK-105 NanoCarrier breast cancer paclitaxel NCT01644890 completed which was the primary outcome
measure, was not met
ovarian, peritoneal, or R ~
Cr2103 CTI BioPharma fallopian tube cancer paclitaxel NCT00108745 ongoing
non-small-cell lung cancer NCT00054210 terminated Nothing has been mentioned
Inorganic nanoparticles NBTXR3 Nanobiotix sarcoma D oide NCT02379845 ongoing =
Other Livatag Onxeo hepatocellular carcinoma doxorubicin NCT01655693 ongoing -




Ul liand b 639U 651

pids piohg | il )alid widguamat gl




Uolaiogil dolianlgS shls Cliaeais Cigame sinie bsje> mous

VAL sA.Js.l.Jlg.a VS emls e
E———\ Y [Epp(LY

S , ~ (S ¢
Ff: H—-u‘.lﬂu-' 9
t_-lLog.)Ja ) A PRES
A/ iun.l.ué

VY7 Jig e

‘ YA gd.uu.llg C_IL..a [ Sl ;(_g))ﬂ

Y *d@ﬁwsd})swﬂ%ﬂQ \ V7 Slig g 2l




Rl ]

gl ldlaus slae)S solgil>0
gajl—._g'l.npﬁndgjl.-}o

P09y sl g,yS oolgils0

ol ladd e 0

Caduygd (ilais (graads CatjeuelS O

Blro cigase pluw
olplle il Sius0
il (5 Suwlo O
Sy il O

35Li5 00 4ili8 0

Lo 5yiSbad jlail; O
Jlew 5yiSbhuss Ll O

3L Wbl 42,LO
§yiSas iaS SO

|;lj'| Ca..};!}a Lﬂb o oL 2 O

diiS el Ciljupad
FalSlewlbo
w2yl inlays o SSUS sBGws O

ylopyigual leh{nlu.l.-l..ul
Sl (61950y3 gual pRasisan O
PET (5)l3)3)0 9405 @lusiaun O

ngylogili

adS lbpundus 59,1090
pajganSgolivw ulbpwaus sg)lagilio
i) gdal b SIlwisd olay ©
0209595k (Shos JaSe O
$ladsl g ugylo sl JeSw O
hSauil yod o

s slacus
Jdduaslge paurbudd slacuS solgils 0
(Logy) Iyl pasindiS SO

rw9yt9 RNA Luublise E'l_,bu.‘.i...d SO

2ALS, Jedcad Odguans
Cawgliw Odguana s3lgil>0
olewibaibo

Livlgas o 5yl O

BUESISL g diguy

il slasaisgd solgil>0
wuwlpl slasaisgd solgil>0
gl puadiS Jghedd O

9)95 dulizgudd (gaunlgalgilO




Jyazo 920

i W3lo (b oylboyus loyd (i 8 (M lboyusdis (g9l
‘9)|.>93l3 (Jf‘ ol 00 ..\.:]9.»“ o‘.o”_‘.‘.{oubm ub% Lv u»',S.»L‘_J 94y
25l &b 9 03,5 555l ygog5 iyt il Sloyus Bl & S5 b
slatolel b ol alin glaglsjlymaS ol culs jo)lsc g
U—'-’l §09) OL...Q)J“F_»K_.!)JL;”L) L» d.»l..ﬁ..o ’)|J9JL'» U-'-’l A.;‘:O;Q),o
o..\..'.‘:)BL_' 4.3'9) uip.'x;.'a t_§=! ‘_J.)Lw u‘:.o.,.j P La as'eowl u_“)).)

3139308 g oS5

aiiSuled ilelbl

o232 g3 gy139L 0
3yl ksl @

www.nanodaru.com




93 3 oS 15 bomtant s L pont ke S 5 10 00 b

Jgazo 20

glel cablus gbigglid isuns 5 odd)l (sladylimws alex |

Agy1355L 1 o il llogas cshlows ooy 5 ytiS (sl Ungylogl
Ol 3 y5-09500 (5910956 S gt ds A8 sl €pgjganSydlisusy
S L oyne )3 4 (Shlow )3 gy odindjlimlis di lboys
oolazwl d.'.'.‘!)..:.._...;: O‘..\.o.?'t’i 0“9).» CJ"")') el § Mk u..E ) L
Coond il ogile 9t 5133 9)15 ol ddgs Jdods 098 0
39 sl Ly gy 51 il bl sl Jypaeo ool satiplos

sl 0 (4ol )5S

‘n 4
- ny
Liaww 95 L ana
dliSuu gl wile bl

Lans 3L 10
g bl @

WWW.exirnanosina.ir




e olay

Joazmo 8500 ‘n 8
i apy
S o9 ol Jole aS el cse Ygb gy (gylow S Sl Liaw 95 L5 paanaS
PL’ Agu__!”b &rbg,o J..Sd...ls oli)..» .\..»l,'iu.o 4‘(.5"‘9")';;5!’“:‘““"
Cnt o ;B 3 wlods ¢ cole edls o .cecwlB ""[
9;’@:’)19):.]“95-‘?._;59 > S ) i ySodo iSass Sletbl
0 plol Slago 5l gy Sl oyl 0 4> 3 b ol il sl
2ilse 9.5 7350 AL aioge Jj el i M55 tudsollions Loy Kans g3 annS1 O

D9d oo Mg gl p2 0 (age dley Cygods yols Js y5 gyls ol WWW.exirnanosina.ir




SinaCurcumin 80 T —
/'\ 0 '\JJ“O_(}SJgSLLJJJJ

2439 195 08 e 4l ol

Jpaze 20 ‘n i

; . Wy
3 S 055 5 Glaslml liogas Juba vy Liaaws 9315 paansST
3312 05350 00lo sl Clegll 5 olboyus (Sl 55 Slgo 125350

.l 00D 428,85 (- dsgn 0933 € -

Jmdoa i S (32055)55) 493335 31 005559 aard iSaded cole bl
Dgd g03 oo s Jos 53 el O Jgdoeals duga sy 4l
i3l 95 )3 (egS)ysS s ol (gl S )0 45 Jloyo L3l puunsS1 O
dutlie )3 Jgasee ol Cunnd 095 o o) 32 d9ug s g Asily s ol 9

O oy 0 S35 9 0992 il w35 wlitis iges L

WWWw.exirnanosina.ir




Sl

*»

Jyaze 9yne

Wb oo il gyld o colie cgld 55l wlhyd olal alS'Ls
Ceeb aslal )35 5505 s Jo sy (lidl 9o 9090 ol 45
gyly 45’ bl 51098 0 Joloms baee jo 00 Jo wlyd il
Lologd Jo (2954 910 009y aome )3 Wb (g o0 00 039 )0
Gl L gyl 51y Pl g8t )bl )3 39290 (slivgyls duo)s Ve
Fi e & ggpge ol g bl (i3l ol plgs egyls )3 slal
5935 (2ol saJeSe (1l )3 008 g0 (SLLE SaS 039 55 g1
9 0dmwy JBlas 4y )l o)las ASDel o e S 0 s liiul 43U
8058 (Shgs (ral b oplad  Jlta yobo 4 b i) 6 dylSS
o3 o ol 5l @3le o3 (NS g pSatir Jpos b el e s

il )lo)955 305 (2llae mabs jl g 398 0 S35

w‘,,&,, KIMAZI
Kimia Kala Razi rn \
Pharmaceutical

olaiiSadel oileilbl

il SFELassO
GRS <l el 9

www.kimiakalarazi.com
RVHCIWY SWO

ol el el @

www.nikasapharmed.com

Gyl sgloluy0
S92y llys el 9
www.tda-pharm.com

Jas 59)ld Erorw O
S92y ollys el 9
www.simorghdarou.com



-
“"—‘é
4 55 i

-
MPEREM Y ()

——————— | ————
" AP S~
VA AR LS

[

Jgazo 0

i oo iolegl 4 ((2)hd Coilus (sla tole) ply S5 5]
23 3590 (Sl giSen 2y 350 Sig il S (gl 45298 00
$olilogl ) g @y5u0 4 o tolegl ol 3y dp 0 iygu0
2 ehSeml poyd b Sws 080 plol (ShdsmnSee
S g ot g o Sig il 02l (ol 3 (S5 Lo
2 WL kS )1 2,0 (gl sl b S5 5T s

Gl Jaaxo ol (blse 3l ooliiw] Clggaw g 553230 9 s

-

S——
Ll "

el S9AS |
DriOTAS

Li A
o™

—

NIDANDINVA
o e

g L
;'n s
-r &l

KarmaMarree

BiiSualgd cleAlbsl

Lol Loy 5545 g danigi O
At
I <l il 9

www.karmapharmco.com




Sl OV g0 0919l

wled iy wmiad 40,8 st s af el eals Lt lallas C hltOTe ch
95y JUil S glaol, 1 S g oo cooliial 350 slaylial
anal ,,_'JL....iul Ay ums._...
wide 30 o jl g SIS S5yl oS Jghe i Sy ae
Sy o (gylh 5 ln ogprs o gy2SL) i glow slacaily il oneuns 55 WJgi bSO
] 5 3ylge ol c¥gnsms dons s S ] el @
) gl O 3l

uﬁzs-,... gl O www.chitotech.com
G sl O
B Jn 0418 Jgie o gl ©
g g plog Comislw O
S TYaes Cippitgles O
10ppm & gl 55050
55 ady gla SaS 4 O
asbplogady glaSfeSams 0
ol 44yl lacSaS 2SO
s 5 91805 Sl g p 5O

duiiSaal gl wile b




SRR

25 Jlias 5530 o9 )Satis lammnily
Silver Nanocrystalline Dressing

Jyaze 3yne

t Slac (5 jlwg yls &S pd

5 bl Guos 4y SLaligls 5 Loy Sis 0g)9 clods Lags 5o
o gySie ddy (gl gllas bauoe SO (035 Joro gy (b dian
(3> Olomsh Bb Jpazme ol AS 0 Cigie 035 9 395 o0 o-a]yS

bugilaes) dgue Al conl (6Sbas conols L oy o350l s o
ooy 5 SpStiay bl 1asdl o sl 4 LSl slacagae slas g3lwa,l50
29638 Olomly b sl 055 390 5] (ot (S0 cighe sinto Sl il @
3Ll g 0,15 3,8 035 o (Kb g Joe ) cigie JyuiS yglaiods Sy
S 0 Jlasll 053 oloillao 5 9ySois Sl o) (9 wal www.emadpharma.com

) ols b slags; ols gla Sas g sl Jgaze ol
sl S0l oz Sla s 9 Ol yrww




"y At ity
PR s
(Pom) iy

4% ~ e ™
h Rm " -
Llow 025 5 s
29 B 1 o

Jguazmo ,3yne

o3 el Wig) &S cunl (gyt093l 03l1 50 313 058300 Lilgus (6 pamel
oleyd glateds Joloe oyl S o gy o Bl (S IS
(> doyo e jlosle (L Ul o iayi g gy (slacuul

, diiS el cileMbl

syl Slgo b (oles o S8 g3l (8L oy (2090 S i

Foge Olowsljslaiads ppioned 5 wgy ilidee b gylow 9 sy 31l Lgllgilio
D98 & 2l (2 s des | s o35 oledsllpiol bl @

www.nivashaa.com




g LidTWd s esS 08lai >

Jgeazo )m0

Sl (gl g30mza Joalye 1 31)0 o oo jplody 21,3151 s
Corgy (5l Sy i 5139352 3553 31 dslin 5 5 ol
S g bl g el G308 yulis oM g 0392 iguyas S 0
olblas (clap)S)s JS)sbods 93 0 alls gyit 10D g et pusy
odlizl (Sspad g loond laSl> 5l jiae (slagin Ll sl
i glgel caido 5l o s Ygans (plisad SlA OS> 298 0
plod Lo (sl (gpicamlio dnS Sjd slaSly § diiS 0 0da )
013030351 La psS ol cogmaslyayd s it ieitsld Cido
RO PRV-FRIFR PN SR SR S s X P
sdlos 51 Wlosd dioye JhL 4y Jglane g Caliseo glgil ;5 w¥gazxo oyl

SPF 30 Lkdlis it 499 2SO

sleond sladl> 431 SPF 30 Sos8 Llidlais oSO

SPF 50  olosd sladls 136 Olilus p SO

395l gels ciemssbo SPF 50 SIS0 wlaslas ass 0

Pl 2t

A

PO B
¥y

S aulgi e bl

ol b0
o9 1o el @

www.parshayan.com




RO Y L P

Jgazo 9ya0

sy Sl ablie Ce ¥ (Ul 031 sl jg oy il 3y Sy <
(shsle Stag gly3l o s los ool il 05 slagiyysl 3 e
2328 b g 0 wanS UVC ) UVB g UVA Z90 Jsbo 039050 duw 40 ki
3 Sl ol s basngs UVBTA g UVC plas yhana] )3 dayg g5
ol 258 e 032 g2 b 2eSUVALL L8 o ol S8l g0 ol usk0
oo Sl oy UVA JS ol by oo o0 &0 45 ctidio glyglo das]
rebs Ly 53 S5 L ol la SIS0l LKt 3ub 5l UVA el UVB
390 9 g 09085 S alhS aidle Sl s ity s L o
3 45813 gy S0 (5y2aS 550dp30 UVB 29 g0 ol Sy 3 I
31305 g 03,8 dlol (Sb g lidl g gl 5308 olas aitne o)y
b 3l gy sy glpil ey Jlaisl o e (glo 3555,
sales 5l wloads aoye Hhb a4y Sglise g cilises gloil 1o ¥sae ool
ohesd sladls 43l SPF30 oy w3l K, Llidlas p 50
2besd claLdls 43l SPF 46 y> 136 ) Lliilus 550
260 polas 9 Sts slacowys s1ySPF60 (K5, Llidlais 55O
Plesd D3l

daliSuwgl Cile bl

958 o el 9
www.parshayan.com




g
e
SPI30
< -.-' ~

P399 i Sl @3 5915515

Jgazo 9)00

Jad p9yd b ogad & Cougy | Cudle Cguass inte ] (S
fld).) s:al:.ih.'o ._;th)%' aolawl B RO Oglzﬂ.x.'o P)fo b;
3 duysd (sladndl ad Plas)d 5 5 S ol ol a3 Sl Jyad
S 0 95 & (5P 54> S8 Yyane o1 o LS Juadsle]
el Gldl (g9 30 sloadcol Sl aygd i ghygle and]
OB g Sy (Sp2) (Sym 4l g gty «Conigy S Moy
Sag S8y g0 S it g Lol 5 s slaggylenjl (S
33 rate i) anlio OLailis olapSl oskizul yulplss )1
dnd) S5 3| cgae ol 43S o il uwgy Sl loge 3] (ySiiy
e ey g (Cowg 59)) o] ios S o ag fiin gyl
un&u‘ l,‘» u-\> -lhu‘.:".\.o u.,_ol,ﬂ 09% .L..Suc d)a_g,b (Cawwgy
Gy 3} 4 sl 3B 59 g o393l 3 e3lazaol b sty ghyale and]
S o Canilon Cuvgy  dias claa 4 yao and]
rdles 5l Wlodds dioye sl dy  Sglaze g cilises glgsl )5 C¥guazo oyl
SPF30L  obewd sladly 86 Lldlas clap)SO
cladls ABUSPF 60 s 436 S5y Clsdlas clapsO
(sleond

¢
p
G

sliiSuwlel Cle bl

obs ko
e o ol @

www.parshayan.com




QO
I;i\;.t Ial‘i :lig

oBuaiisadel ole\b|

S faiuo 09,50

o9 il 9

www.pakshoo.com

951 550 41310 ¥ 0
3yl bl 9

www.akhavilab.com

Jgaze 520

wliio 5 ) Bjluscun ©luSy ol (5)9l8 51 ySoppe b lasoyes
L oy sy ool sl i8S )8 e 095 pganiynrd 01y ol sl
Slio o (Sl Shssy (20 ooy 2 °9‘k— 5 5 J8lis & 35
b lasd  Suiid )d 5 (s el ol s dn o plSoual g s
LS-’?"L' ul.\_».)).:.o})_{:v.) uf)e, u_;l..b.) ,_glm_,«.:_an} u...mlfa,...;ua

Sl




Catonant] § 31130 3 @ ot

Jasazo 950

ol 53520 dlax 3 HIRESPECT Slgas Sl otz
9 g el S oS ©Uilgas SISPECT (51300905 g 45
998 oWl i ol sl 0t (2l o (b0
bt @l Sladod slals lp ) ol Galas
S o @b Lag)ls dagd 5 2880 cale wliios dle
ot Sl s ) ilgi o S e g (gl oo
&Yl pliebl cbB Lo laySilagey 5 Lag)lo dasgiyd gy
ot dalllae bl dina giluwdige peizen 5 (2B
Slocadlad 5V o bigdysy b (dmrdas yughad «pianes 2! 05,50
a3 b prizran 1S o wald ALl bl S3elsased
Slaied g Sdplio ) Slas g plgs 0003 90920 2o

S e 2l Olse 0%

Parto Negar Persis Co. Lidf

suiiSill ool

Loy &igip 0
e A «olid ol 9

www.pnpmed.com




S s

Jpaza s8yn0

«la Lly (Positron Emission Tomography) PET ol
bl (il (i) (10 aypad s S5 plpis 40 50Ly
Bl go () (5)Iyppad sla gy ol dile o Jgl alag ) 9
olizusl (glons 4 bogsye JsSUs0 5 Jobos (slosl)d adllas gl
el Gos 53l sy e (JsSUge (sl JUSss sl 3B PET 590
Slaoals wlgs o1 g wlas JLIo YL conlSy S S L,
o882 ol 2y9] w0l (IHSCo g (loj S 390 )3 S (330
OMee oy Cand 4539290 (55 SLAPET  olad Lunyis S5 )
> by S el e s 4039 (s (cunboliio
oS 4igSd gualoliie (1o )liee 4 Cons 3,5 | MRILS )5
o S MRI gl ol S0 Wlg5 o ealplis 35105 Sy
>l Gl s obelglens s )3 85 & Wl o Sl

S S ey gy (139 ealiaige e odnli g

PET 105 52 9405 pitanans

Parto Negar Persia Co. Lid
BALIS L3 cole bl

Ly ) Kigiye ©
ORI D 1ol sl 9

www.pnpmed.com




Nanomedicines technology development pipeline

Nanomedicine applications Nanomedicine clinical Commercial nanomedicines
in development investigations products

Basic
nanoscience
research

Phase 111 Commercial

-. Application Phase 1 Phase 11

clinical trial product/
Nanomedicine

development clinical trial clinical trial

Theoritical Clinical
approach applications

——3 It takes 7-20 years ———= —— [t takes 1-7 years ———

[pharmacist, Chemists, Blnlug[sts,?hysclsts] [ Clinicians J [Pha rmaceutical industriﬂa

New Drug
to Market
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Diameter of various polymeric nanocarriers
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idney Conjunctival, Intra-articular,
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=== N-isopropylacrylamide (NIPAM)

e PNIPAM-co-AAc o o
mmmmm Acrylic acid (AAc) HN HO
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¢ () Temperature : py - -,
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PNIPAM-co-AAc B-LP/PNIPAM-co-AAc Drug releasing of B-LP/PNIPAM-co-AAc



Molecular structures

Names Stimulia) Types of carriersa)
H (i‘,H H H Poly[(2-dimethylaminoethyl) methacrylate]- Clucose, Temp., pH Cel
2 2 H 2 H co-Poly(3-acrylamidophenylb-oronic
c-c)—c -c-)—(-y c —c-); o
(0] o} o]
o)
2 NH NH
N CH,
HsC” “CHs AH
B(OH); {=o

Hy | H,

i
H c
¢ -C—-c -c—c-571-
X iy VH, Hiz
o _c=o
2
N

-\
HC cH, B(OH),
0
B
oo ,
X y
113 X
HO HN o
NH,
n

Polyethylene oxide-b-poly(methacrylic

pH, Red. Pot
acid)-g-hydrazine
Poly(2-(Dimethylamino)et-hyl methacrylate) Temp., pH
Poly(acrylic acid) pH
Poly(vinylphenyl boronic Clucose, pH
acid)-co-poly[(2-dimethylaminoethyl)
ethacrylate]
Poly(aspartic acid)

pH

Micelle

NP

NP

Nanogel

NP




Molecular structures

Names

Stimulia)

Types of carriersa)

n
07 ™o
N
)
NH O
Sy
R= N< NC

Poly[(2-dimethylaminoethyl) methacrylate]-

co-Poly(spiropyan-functionalized)

Poly[2-(N-morpholino) ethyl methacrylate]

Poly(amidoamine) dendrimers with
peripheral N-dialkylaminoethyl
carbamate moieties

Photon, Temp., pH

pH, Temp., Salt

Temp., pH, Salt

Micelle

Gel

NP




Molecular structures Names Stimulia) Types of carriersa)
CH; CHj Poly[N-2(3-pentadecylphenoxy)ethyl Temp., Enzyme Micelle
methacrylamide]-co-poly[2-(2- (2-
o) g methoxyethoxy)et-hoxy) ethyl
methacrylate]
HNZ 02
0 So
o]
R
R =Cy5H34 /o
H CH;3 H CH3 Poly[sulfobetaine (2-dimethylaminoethyl) pH, Temp., Salt Micelle
_(.cz_(!'; -C-)— methacrylate]-b-Poly(2-N-
1'm morpholinoethyljm-ethacrylate
c=0 C—O
| |
° 0
(CHz)z (CHz)z
Hac—N—CH3
(CHz):s [ j
oo,
Hz H CHy Poly(methoxypolyethylene glycol Glucose, Photon Micelle
S'(-C C-)—(—C—C C—C -)—(-C C)—'—COOH acrylamide)-b-poly(2-nitrobenzyl acrylate-
l= % A\ 0 q CHj co-poly(3-acrylamidophenylb-oronic
? g O NH acid)
(CH) o NO, SE
CH, i? a o
y OH
H, O o{
S{C -CH———
Ha
s
S
(EHa)y,
H,
H3c H H; Poly(3-acrylamidophenylb-orenic Glucose NP
HOOGC C-C?—(—C-C E acid-block-N-vinyl caprolactam)
m
=S
° NHOU &
I
@\ CizHazs
B,
HO OH
Poly(ethylene glycol) Photon Gel
0 VYn

COOH COOH

Alginic acid pH NP
o 0 o
O
HO ©OH OH n
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Nanotheranostics

Targeting moiety

Imaging guidance

Nuclear imaging
MRI

Ultrasound
Photoacoustic
CT

Therapy

Drug release

Radiotherapy
Photothermal
photodynamic
Hyperthermia




Nanotheranostics

Core materials

Ima Radio
9ing . .
ptical AGents Polymeric nanoparticles
"“agirg il / ‘G G
i.e. »}i 2

— Inorganic-metal nanocarriers
i.e. =Ag ®=Au

i.e. DNA, RNA Dendrimers
proteins a 0
i.e. %
Liposomes

. * i.e.
’ } Functional modalities







® Therapeutic agent

/\/\/\/\ Hydrophilic linker

P Diagnostic agent

A  Tageting moiety

~210 nm ~178 nm ~55 nm length of ~ 140 nm

= F G H

) Schematic diagram of theranostic A) polymer-drug conjugate; B) polymeric nanoparticle; C) solid lipid nanoparticle; D) dendrimer; E) liposome; F) micelle;
G) gold nanoparticle; and H) carbon nanotube



Brain Lungs Heart | Kidneys Liver |Spleen| Tumour 400
C 350
Controls
22N ’ 300
(Blank organs of mouse| ' . ‘ ’
250
not treated with NPS) 200 3
150
Samples "
K IIEel K 4
(Organs of mouse ‘\ ¢ p \ 50
Color Bar
treated with NPS) :\. o w“ v

Multimodal imaging of polymeric nanoparticles A) Confocal images of MCF-7 cells treated with the quantum dots and iron oxides loaded PLA-TPGS
nanoparticle in vitro (scale bar = 10 pm). A: Bright field image of cells. B: Blue coded stained nuclei. C: Red coded quantum dots from nanoparticles in cytoplasm. D:
Complete overlapped image. B} Axial MRl image sections of the MCF-7 grafted tumor bearing mice. Images A and B show the part of the tumor (shown by the arrow)
before and after 6 h of administration of the quantum dots and iron oxides-loaded PLA-TPGS nanoparticle into the mice. Images C and D show the kidney (K) and
liver (L) part of the mice before and 6 h after the administration of the PLA-TPGS nanoparticle formulation of quantum dots and iron oxides (dosage: 1.5 mg of Cd/kg
of body weight or equivalent of 6.0 mg of Fe/kg body weight). The decrease in intensity in the regions of the tumor and liver can be noticed in comparison with the
color scale aside. C) Fluorescent images of the various organs. Upper row: control. Lower row: Organs of the mouse treated with the quantum dots and iron
oxides-loaded PLA-TPGS nanoparticle (dosage: 1.5 mg of Cd/kg of body weight or equivalent of 6.0 mg of Fe/kg body weight). Reproduced with permission from
Figure 2, 5, 6 of ref. [18] Elsevier Ltd, © (2011).




In vivo efficacy analysis of theranostic nanomedicines.

Type of theranostic Targeting/Therapeutic/ Site of Duration of  Duration of Fold of efficacy enhancement

nanomedicine Diagnostic agent administration diagnosis therapy

Drug-polymer RGD/64Cu iv. 3h 3h ~1 fold in tumor

conjugates

Polymeric Passive/Quantum dots/Iron oxide nano-  i.v. 6h -- ~ 1.5 folds in tumor

nanoparticles particles

Magnetic Cy 5.5/siRNA/ Iron oxide iv. 48 h 48 h In vivo silencing in tumor was observed

nanoparticles nanoparticles

Solid lipid RGD/Lead selenide iv. 120h - ~1 fold in tumor vasculature

nanoparticles

Dendrimers LHRH/ Phthalocyanines iv. 10h 24h Significant fluorescent was observed in
tumor with cytotoxicity

Liposomes Passive/ Camptothecin/Irinotecan/ Intratumoral 24 h 24h ~ 6 folds longer duration of detec-

Cholesterol tion/more drug concentration at tumor

site

Micelles Passive/Iron oxide nanoparticles iv. 24h 24h ~ 1told T2 value decreases with signifi-
cant cell death

Carbon Folic acid/MWCNTs/ iv. 24h 1-15days  ~ 8.5 folds higher than non- targeted

nanomaterials Technitium-99m (2 doses per  MWCNTs after 24 h of diagnosis with at

week) least ~ 2 folds higher tumor inhibition




Polymeric shell

Liquid core

Drug

/ \

Sonography

Polymeric nanocapsule

Theranostic delivery



Liposome

Bacteria

Sources \
%

Protein Virus

Cell Exosoy

[

\¢

Py ege

Antibodies, Adjuvants & Antigens

Components \

Biomimetic

>

\Nanovacclnes)

Strong immune
responses against
various diseases

Multifunctional
carrier for antigens,
adjuvants &
therapeutic cargos

Prolonged blood
circulation &
Specific targeting

Applications




Mechanical
Milling

Using plant
(Stems, Leaves,
Latex, Flower,
Seeds)

Using Microbes
(Bacteria, Fungi,
Yeast)




V/ Synthesis methods

Top down methods -

1.

o N & e 9

.

Mechanical milling
Electrospinning
Sputtering
Lithography
Laser ablation

The arc discharge
method

R

1. Hydrothermal and Biological Synthesis
solvothermal method

2. The sol-gel method ‘

3. Chemical Vapor 1. Using virus
deposition method 2. Using bacteria

4. Reverse micelle 3. Using Fungus

method 4. Plants/Plants product
5. Soft and hard 5. Algae

templating methods 6. Yeast
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Metallic Nanoparticles
\ Synthesis
Bulk e _

Top — down

Nanoparticles '

*

Chemical etching

Laser ablation/Laser
ablation

Mechanical milling/Ball
milling

Sputtering
Electro-explosion

Chemical vapor deposition
Sol-gel processes

|, Laser pyrolysis

Spray pyrolysis
Atomic/molecular condensation
Aerosol processes

__, Green Synthesis l

. . . .

Flower

v
[ Microorganism
v v v
Bacteria Fungus Algae




96.6 mL of water -

Heat/Stirring -
420 uL NaAuCl,

90 °C

ol

Sodium Citrate NaAuCly

ull

10 mg mL~'  0.125 mol mL™!

(e
1]

20 min

]

]
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HAUCI, .J\l)_

Citrate Stabilized GNP

e
NaBH,/TOAB
>
HAuCI,

Thiol Stabilized GNP

e
NaBH,
>
e ——
CTAB + HAuCI, Seed so/lution ig ig gg
— Ascorbic '
acid
AgNO,
R
CTAB + HAuCI, Growth solution CTAB stabilized
GNR
— S
+ > °
— Nucleation Accumulation
Plant HAuCl,
extract

Stabilized GNP
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PBS [ |solventphase [ | Water phase
A Drug molecule ww Polymer molecule
Bood sl corc. / = Drug aggregate v@? Empty polymer NP
) Water droplet @ Drug-loaded polymer NP
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Drug loading in functional vesicles
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-+ Drug molecule
Drug nanoparticle
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Stabilizing

O D "‘.l:!s' \1 age"":. "

b Change in Temperature,
Z pH, ionic strength
ovo g S
: .: . R “. -
e T SR s
—» o Lo —.-> . —’ .
0’ o ] : : A,
OJ -« * - \“‘ &%.“k
¢ Pt RIS
) - ‘ ‘ ° .; ® - .
3 “

Protein solution

\/

Purification /
Concentration

/ Drying
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Conjugate

-~ & &

Polymersome Micelle

Polyplex Nanoparticle

Biomacromolecular

Therapeutic Agent

Layer-by-layer Nanocapsule
Assembly

Polymer: w

\ ;1 ] \
Y Y Y
Biomacromolecular || Conjugation :
Therapeutic Agent Bond Polymer Chain




(Charged) Polymer or
Biomacromolecular Polyelectrolyte
Therapeutic Agent y v
targeting
peptide
“"txrnr‘é = v
N - ﬁ:
amphiphilic iRNA/ AD i i
dendrimer (AD) - SRS RS

polyplex
I injection

/ penetration

i accumula
[ -tion




(Multiple) Charged :
Biomacromolecular ‘ Template ‘ I Polyelectrolytes |

Therapeutic Agent(s)
N
Hydrophobic block
@D )N

Hydrophilic block

Biomacromolecular Block Pélvineisciig
Therapeutic Agent Copolymer L

Layer-by-layer
Assembly

Hydrophilic
drug

Hydrophobic
drug

Biomacromolecular Crosslinkable Nanoparticle /

Therapeutic Agent Polymer Nanogel Nanocapsule




Contact Release

Bacterial Cell
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Intrinsic\ Endogenous

Redox
_,___,ow Reaction
Drug loaded on ™ d 5. 8.0 P"('ig ;
nanoparticles “.¢ on MOF
Stimuli -

- Responsive
nanoparticles

Nano-particles
(MOF)

| Dru released at
Light .

targeted site

| Temperature |

External\ Exogenous



K Localization
Dose }

— — —

Targeted Drug b"l
Delivery System

Less \ Reduced
Toxicity ' | Side Effects
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Target Selection

Bioinformatics and drug discovery.

Computational

, Computational dimg
drug discovery

delivery

T,
Crug Preformulation Product ARG ARE R Clinical Marketed
; i Pharmacodynamic ;
discovery study optimization suadyy trial product




used for drug discovery

[Computational methods J

|

4

[Structure-based ]

<

Molecular modeling
Protein structure prediction
Molecular docking
Molecular dynamics

4

( ngand-b::ed |

e QSAR modeling

e Computational
chemistry

e Chemical space

e Cheminformatics

e Molecular profiling

i

[System based ]

<~
e Network
pharmacology
e Proteochemometric
modeling

e Pathway analysis




Approved Drugs




Drug target structure Binding site
evaluation identification

Drug target
selection

Drug candidate Lead compound Docking and
optimization scoring
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Polydopamine-Coated Zn-MOF-74 Nanocarriers: Versatile
Drug Delivery Systems with Enhanced Biocompatibility and

Therapeutic Potential

MDA-MB-231




Highlights

Two variants of Zn-MOF-74 nanoparticles are prepared at room temperature.
High drug loading efficiency and capacity: Zn-MOF-74 nanocarriers coated with
polydopamine achieved a DLE of 96.5% and a DLC of 19.6%.

Controlled release and enhanced biocompatibility: Polydopamine-coated nanocarriers
exhibited controlled drug release, especially at pH 5.5, and improved compatibility with

biological systems.

Promising therapeutic potential and reduced toxicity: Loaded Zn-MOF-74 nanocarriers
showed significant cell inhibition against MDA-MB-231 breast cancer cell line (85.73%)
and lower hemolytic toxicity (9.62%) compared to pure doxorubicin, indicating their

potential for medical applications with reduced side effects.




