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Nanobiotechnology in drug

pharmaceutical sciences, from improving the
bioavailability of life-saving drugs fo enabling targeted
freatments for complex diseases.
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4l BASICS OF DRUG DELIVERY SYSTEMS
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' j ' r a device that enables @
» Aldrug delivery system (DDS) is defined as a formulation or a device hing the nontarget

therapeutic substance to selectively reach ifs site of action without reac
cells, organs, or fissues.
= Traditional drug delivery systems: Pills, injections, and topical treatments.

ects of drugs.

= Main purpose of DDSs: Enhance therapeutic efficacy and reduce side eff
low bioavailability, ojf—torget (side) effects).

= Challenges in conventional drug delivery (e.g..

= How Nanotechnology addresses these issuese
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» (Nanotechnologyys the use and
ttcationof materials with sizes In

fthe nanomeltre range. —
= Nanomedicine is simply the

application of nanotechnologies in
a healthcare seffing fo improvethe
behaviour of drug substances. o b Lo~
ol —— :—) > - !
K ~2)
« Nanocarriers in Drug Delivery S :
> Types of Nanocarriers: - mq{er.él usc’cp ,;f'} b
-/ oty | ‘ o s Liposomes
@ Lipld-Based Nanocarrlers: Liposomes, -‘o QU{ mv\f C‘GC RS E IR
solid lipid nanoparticles. ' PORRFTRRGp A i
@ Polymer-Based Nanocarrlers: Y\ese Nenes ‘ et b e
Polymeric micelles, dendrimers. + Ay Nanocrystals
y . S O Metal nanoparticle
@’ Inorganic Nanocarrlers: Gold SizeS LY polymar therspeities -
nanoparticles, quantum dotfs. 4 B .
(4 Blological Nanocarrlers: Exosomes, ¢ | - ' |
viral nanoparticles. \ﬂ?
1nm 10 nm 100 nm 1000 nm
Nanoscale
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* Nanomedicines key advantages|over conventional DDS:

®* Increased bioavailability - Nanomedicines enhance the solubility of poorly water-soluble drugs. ensuring

—

more efficient absorption and therapeutic efficacy..

(D)* Targeted delivery - Site-specific dei inimi i e TiING
erapeutic impact— =P delivery minimizes off-target effects and toxicity while

@ " Controlled release mechanisms - Nanocarriers provide sustained and controlled drug release, reducing
dosing frequency and improving patient compliance..
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// . mEphancedjermeablllty and Retention/(EPR) Effect: @/( ‘* “/;AD} m
(/\} = Accumulation in tumor tissues via leaky vasculature., — > e '0
VCS)e‘S\\v\ Mamers TR L)

*\ﬁr«,?w%lgand-'largeted Delivery:
- g_t\- G j-e Functionalized nanoparticles bingto specific receptors on cells. | 4 5 ¢ \Qo\\(j 905
Stimuli-Responsive Systems: paren kcd C:,/'J/;a G ekl (’,Q,J < (_{}Q'EJ
= Drug release friggered by pH, temperature, or enzymes. o
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TARGETED DRUG DELIVERY.
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o2 W |Targeted drug delivery is a means of delivering a drug in @ \A;Iary;

Cof\\““ the concentration of that drug in particular parts of the bod o two Types:
= The mechanism by which a drug is targeted can be broadly divided into yPes,
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that considerably enhances
lative to others.

* Q) passive targeting,
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2 Passive Targeting o Active Targeting ,. ‘ ;
\ ' : --‘ he delivery ~
Takes advantage of Lssue permeability Both Usually achieved by conjugating ! :
biologwcal (e g changued propertes of diseased ,3' whthlouwwdnqm.mw oL,
f ﬁ-u)wmmmbgblhcmhq.m pr'd accumulation of the drug to a specihe loca

~ of the drug-carner systern) can atfect the 2 Y
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= Inpassive targeting, macromolecules including
er m'mb; ,“"j nanoparticles accumulate preferentially in the
( neoplastic tissues as aresult of the enhanced |
m\co IWMWetenﬁon (EPR) phenomenon, first |
(Q\ enhon ) described by Maeda and Matsumura. ‘

* The EPR is based on:

I the nanometer size range of the nanoparticles
(which typically falls between 10 to 200 nm), and

2. two fundamental characteristics of the neoplastic
tissues, namely:

« the leaky vasculature (Tumor blood vessels have
enhanced permeability with gaps ranging from 200 to
800 nm, allowing nanoparticles in the 10-200 nm range
to passively accumulate at tumor sites)

* and impaired lymphatic drainage.
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(For clinical Translation)

= For Avoiding Clearance:

= Nanoparticles smaller than 10 nm are rapidly cleared by renal filtrafion. RES) or
, h\-__——___—_________ B ——— |
= Particles larger than 200 nm are likely to be cleared by *he-giﬁcg'—oendomehd SR

A0 55\ frappedin the spleen.

)9>N) = Liver: Kupffer cells in the liver are the primary components of RES and are highly
o nanoparficles from the bloodstream. G

R‘;} = Spleen: The spleen filters nanoparticles, especially those larger than the size of its
slifs (~200 nm).

= Bone Marrow: Piays a minor role in nanoparticle clearance.

This size range is often considered optimal for EPR-based delivery @ it balances

[ Tormor penetration, Circulation fime, and reduced clearance:.

vy rened S livedheia spi s RES

efficient al clearing

interendothelial cell

e
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| 'wc‘&'f ‘ Surface Coating:
| = Polyethylene lycgl (PEG) coating ((:PEGyloﬁSﬁy reduces opsonization (protein adsorption) and
reco n . - =

» Hydrophilic coatings can enhance stealth properties.

Size Optimization:

= Keeping nanoparticle sizes within the range 50-100 nn minimizes RES clearance while optimizi
tumor accumulation through the EPR effect.o( Piimizing

3) Charge Neutralization: ( el C\r\c\“d)Q gof A& S g‘\ce)

B (g?u:?l oﬂsligﬁﬂy negative surface charges are less likely to be recognized by RES compared to strongly
arged s es. .~ pRET: W, Ty | | '
4l v V5 A1)
na

d)' Targeting I.Igand/s:’_; bl wdecies

» Functionalizing nanoparticles with specific ligands can redirect them to targeted cells or tissues,

_—

— ——————— ——

bypassing RES.
T ———————...
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S Activg targeting refers to the

f A .
Ctim_ctl‘_cc;‘grca_Ilzc:hon of ncnppomcl_es or
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modified with different targeti

aifi . geting
Mmoleties having both thera '
diagnostic abilities. i

Fhuctcent marker |\ gy~ Pepude @  Mydeaphiic dng
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Passivetargeting |
Mechanism phenomena like the Enhanced Uses ligands (e.g., antibodies, peptides) to i & o
Permeability and Retention bind specifically to target cell receptors. R s XL
(EPR) effect.

Specfici Non-slg:clrflcl;n etzp::rz I:::y oor Highly specific; binds to molecular
pecificity Vascuiature P markers on diseased cells.
lymphatic drainage.

Therapeutic Moderate selectivity, with some Improved selectivity, reducing off-target

Outcome off-target effects. effects and systemic toxIcity.
' - DoxlI* {liposomal doxorubicin - Kadcyla® (trastuzumab-drug conjugate
Examples using EPR for tumors). targeting HER2+ cancer).
£ ) )
z \ 4 & 0 (@) Endolhelial cell
rmulation with no ore complex due tdligand attachment t o \ o \ L FANI Y, =
Complexity need for targeting ligands. and stability requirements. R .3 /‘n_ y V4 '+ Stealth nanocarrier
B ——————————————————— —~— ‘
. g .. Nanccarrier with
Most effective in solld tumors  Broad potentlal, Including solid tumaors, ‘ : / ~ targeting molecules
Applications with accessible leaky inflammatory sites, and specific molecular eo\O\"‘m’"
vasculature. targets, > g ’& a (
5) Jan-2§ 16
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Revoluhomzxng Medlcme .
Nonoblotechnology In Drug Delivery Sysfems

= Nanobiotechnology : Intersection of
nanotechnology and biotechnology. Bush regire

(Migh PEG density) -
* Nanobiotechnology integrates nanotechnology

with biological systems to create innovative
solutions in medicine and healthcare.

= Why it matters? . ..
= Precision in medicine, reduced side effects, and
enﬁonced efficacy.

%

Crysialine drug

Dr Ala Abuhammad, PhD Jan-25 17

Areas Of Cllnlcul Aoplicaﬂons ln

Nanoblotechnology L e ) S \OJ S

R AN 7'
/ng ncer Therapy: e.g. Tor eted(chemotherapy using nanomedicine such cw and
1 polymeric\nanoparticles.

@ Gene Therapy: e.g. Lipid nanoparticles delivering SIRNA-OFMRNA

——

@- Infectious Diseases: e.g. Nano-antibiotics and oatimicrobicl nanoparticles.

@ Neurological Disorders: e.g. Nanocarriers crossing the blood-brain barrier.

® .

&
L\,?\(O nqno\;qu«t\e Ll\l F— bcvseoo

de"we*/j 0& C«R.\Sf R - Casq
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PHARMACEUTICAL NANOBIOTECHNOLOGY— (’
REAI.-WORI.D EXAMPLES ‘ ‘

S DN

‘ ‘ o,

95 Vs VT ™N - OV

T Doxil (Doxerubicin liposomal): i (Bent
- U

fS “ * First FDA-approved nanodrug for cancer therapy .

. Llposomcl formulohon reduces cardiotoxicity. =
W’*‘z‘é SRS B

taxel albumin-bound):

\, \ * Albumin nanoparticles for breast cancer treatment.
v S

% " Improved solubility and reduced side effects.
h
(5)* Onpattro (Patisiran):

é\__, LZT) " SIRNA therapy using lipid nanoparticles.

Mﬂn~

oY=
o=

..M

\

= Treats hereditary transthyretin-mediated amyloidosis.

Dr Ala Abuhammad, PhD
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= CRISPR-Cas? Delivery: e.g. Nanocarriers for gene editing.

= MRNA Vaccines: e.g. Lipid nanoparticles in COVID-19
vVACcCInes.

= Nanogels: e.g. Stimuli-Responsive Nanogels ’rhcn‘ respond to
multiple triggers (e.q., pH, redox, or light), typically used for
Local Injection or Topical Appllcatior}

Jan-25 20
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Transforming Healthcare And Drug Delivery
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Dlmproved Drug Solublluty and Bioavallablhty [~

Methoxypolyethylene
Glyco' Surface Comting

= |Improve the solubility of poorly water-soluble drugs,
ensuring better absorption and bioavailability.

S — —————

Lipotomal Bilayer

= Examples:

a) Doxil®: Liposomal formulations for better
bioavailability in cancer therapy,

Dogorubecin Hydrochiorde
Encapsulated in Aqueowus Core

b) Abraxane®: Nanoparticle albumin-bound paclitaxel
enhances solubility and delivery for breast and lung

cancer therapy.
c) AmBisome®: Liposomal amphotericin B improves the “DOXIL i !

solubility and bioavailability of the antiftungal drug. e
g b Crrand % o — = bt
s
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Main Purposes Of Nanomedicine:

'@ Efficient Delivery of Large Blomolecules (Proteins, Nuclelc Acids):

) Sj\c.:ilirt\otes the de',i"erY of biologics, such a _proteins; monoclonal on;i.bodies, siRNA, and mRNA, DNA
<h are otherwise challenging due to their size and instability (enzymatic degradation).
Aalanloil) 8 Ll Lol dubeie

“

* Examples: ev\Ca‘:sM;l\o'n ge—” d“w NS

" _(Lomirnaty® (Pfizer-BioNTe VID-19 vaccine) - Utilizes lipid nanoparticles (LNPs) for the

fficient delivery of mRNA encod - : e :
MRNA encoding the SARS-CoV-2 spike proteir application
of nanomedicine in vaccines. 19 RS-CoV-2 spike protein, a revolutionary app

" %ggilfgg%ﬁrpoﬁrp@} The firs? siRNA-bosed therapy approved for the treatment of hereditary
S yretfin-mediated amyloidosis, employing lipid nanoparticles for targeted hepgfic

de"\/el Y. Vaccine
o——

‘ﬂ’
Splke protein
MmABNA

Cell

%2 )

 , , ,."-... <, -.,-."',\‘, Q-'f&:,,'i'"b'."-.'? et | , A % - |
,_'. AR RN YL ¢ ""htf:\' J ;-_,‘.‘ ' ! -". - saPFh > ‘;’:’ ; ] | Wb X Y5 ‘ )
: - ') .. ' ;}_ J“.’ - ¢ ‘~. | ) 1 5 » . | . . . - :
PFIZER-BIONTECH:COVID-19 VACCINE. =
: A ISR RS TT IS g ot TR - U e S yE Al MPRPEIRES Y n e s
3 . 2 VAR 2 T RE A Sy MUy % gl s & £, - 3, "'.' ',-J-r oo’ > ) O ",', | .
AL b .‘ '.‘:‘."{ -";,*.:""’ RUSTE L o ‘f«“,?' Ag! g};‘;*‘ AR ¥ o - e LRI O 28 v T v
Tl e OV W 1 Wl S | NV A R A el T B S g ST AN ot R .
—— - . : ) v . » . TN
= mMRNA delivered in an mRNA vaccine enters cells by endocytosis Inflammatory
and, after release from the endosome, is translated into protein | MRNA (®)
. ) vaccine 00
by ribosomes. Translated proteins can then activate the immune

system primarily in two ways: i) proteins are degraoded by the
profeasome into peplides subsequently presented as antigens
on the cell surface by major histocompatibility complex (MHC)
class | molecules which bind to the T cell receptor (TCR) to
activate CD8* T celis to kill infected cells thorugh the secretion
of perforin and granzyme; i) proleins secreted extracellvlorly ore
engulfed by antigen-presenting cells (APCs) and degraded into
peplides subsequently presented on the cell surface by MHC
class Il molecules for recognition by CD4* T cells, which can
activate both the cellularimmune responses by secrefing
cytokines and the humoral immune responses by co-activating
B cells. In addition, single-stranded RNA and double-stranded
RNA delivered in mRNA vaccines bind to Toll-like receptor (TLR)
in the endosome to aclivate the antiviral innale immune

responses via the production of type-l interferon (IFN-I) which
results in the induction of several IFN-1-stimulated genes involved

in antiviral innate immunity, in @ mechanism known as the self-
adjuvant effect of a sequence-engineered mMRNA.
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llustration depjeti ,
the fomulan plchng.the role of ionizable lipids in lipid nanoparticles (LNPs) for mRNA delivery in
On of Pfizer-BioNTech COVID-19 vaccine.

mRNA

ionizable lipid
helper lipid

PEG

cholesterol

lipid nanoparticle (LNP)
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Helper lipld

Lipid Nanoparticle (LNP) /\/\/\/\/\/\/\/\/fk E xS
Wo’é:ONT\
DSPC -
Charged ionizable lipid
Cholesterol
G Neutral ionizable lipid N :
? o eot
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% Cholesterol PEGylated lipld
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Plasmid DNA for vaccine mf/\//\ e TS (W__ﬂ@{?ﬂl)i

antigen produced incubated with mRNA building

| Vemeee T é blocks to make the mRNA drug
N{\y m /] substance

é @ Fermentatio
o e AT

: (a) Invitr transcription
’ @ Purification/sterile filtration

! @Freeii)
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fnRNA drug substance ' mMRNA drug substance is
shipped ?o US or European L BN L R 4 combined with raw materials
sterile injectable , to create vaccine drug product
manufacturing facility i @ % g iy

/- Specilized 69 (OX sterie filtration
;" mixing to create c--
/ lipid - -

O e e B
, nanoparticdles | B 1 & -

/
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{
/
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, Vials filled, capped,
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100% of vaccine vials are
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Vaccine distributed to
vaccination centers
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= Lipld Nanoparticle Dellvery:

- The siRNA is encapsulatedin lipld nanoparticles to
ensure stcbuh'?/ and efficient delivery to
hepatocytes (liver cells), where TIR is primarily

produced.
= Targeting Transthyretin (TTR) mRNA:

= Patisiran sgecnf ically binds to and degrades TTR
MRNA in the liver via the RNA-Induced sllencing

- —

complex (RISC). -
= Inhibition of TTR Protein Production:

» This prevents the liver from synthesizing both

mutant and wild-type transthyretin protein,
reducing the accumulation of amyloid fibrils in

tissues.

Onpattro slows or reverses amyloid deposmon by
reducing TTR Froduchon alleviatin ptoms and

im rovm outcomes in patients Wlh $g ary
N edlated amyloldosls (hA

nnnﬂhmﬂts_m
amyloldosls
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({Q@"‘o J‘Q’." ) »« The dosage form that is designed to give a rapid and complete release of the drug.

. @Tag_ eted Dryg Delivery

Nanomedic;i
. . c'ne o " 0 L
toxicity and enhoﬂr?m for the precise delivery of therapeutic agents fo specific fissues or cells, MINMZNg systemic

cin_g_ therapeutic efficacy.

* Examples

. Anti .
" combines ir b:)dy drug conjugate (ADC) targeting HER2-positive breast cancer cells.
astuzumab [HER2-specific monoclonal antibody) with a cytotoxic agent (DM1).

* How It Targets )
HER2-posifive bcrggz' gggggsé%zlg.mob component binds specifically to HER2 receptors. which are overex

U ndi i
Pon binding, the complex is internalized into the cancer cell.

* Inside th : , , . : .
in HERz.goif’ﬁ'f;;'Z:ee,‘st'°'°x'C drug (DM 1) is released, disrupting microtubule function and Inducing apoptosis selectively

Advantage: Provides targeted therapy with reduced systemic toxicity compared o conventional chemotherapy.

QO UQV\o-\\\QTm v Ma V\c\'\c N e fow*";C\eS -guv\CL'\ohahieQ VJ“('\" q““bdo‘e-g

M °°°3' Uposanol daorubicin tar et:c’i\ f € i e
: or breast cancer, § h . Hilizes passive targetin
@ through the Enhanced Permeabllity gnd Retention (EPR) effect.r))o G R 1 it

T ——

pressed on
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Main Purposes Of Nanomedicine:

——

-onholled and Sustained Release

« Offers controlled release of drugs over time, reducing the frequency of dosing.
« Example: PLGA nanoparticles for sustained delivery of anti-inflammatory drugs.

« | What Are the Four Drug Delivery Methods?l
« Immediate Release

Non-Immediate Release
» The dosage form encompassing drugs that do not fully release upon administration

« Site-Specific Release
« The dosage form that offers targeted delivery of a drug directly to the location where it s
administered.

» Sustained Release

» The dosage form that releases a drug confinuously at @ slow or controlled rate over a prolonged
period of fime. ’

Jan-25 34
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Main Purposes Of Nanomedicine:

E Enhanced Imaging and Diagnostics

"
" Enhanced Diagnostic Imaging

g Nonoporfi.cl.es improve the sensitivity and specificity of imaging modalities such as MRI, PET,
and CT, aiding in the early detection and monitoring of diseases.

" Ferumoxytol® - Iron oxide nanoparticles used as a contrast agent in MRI for vascular imaging
and detecting inflammation.

" NOQODOﬂiCle-bosgd PET tracers - Gold nanoparticles functionalized with radiolabels for
enhanced fumor imaging with iImproved resolution and accuracy.

* Improves contrast and specificity in imaging technologies like MRI, CT, and PET.

; . . .
Example: Iron oxide nanoparticles for magnetic resonance imaging.

Dr Ala Abuhammad, PhD Jan-25 35
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{Ferumgxytg ®is_ an iron-based nanoparticle used primarily for the

Fof iron deficiency anemia (IDA), particularly in patients
with chronic kidney disease (CKD). Itis used to:

« Treat Iron Deficiency Anemia: Ferumoxytol is used to restore iron g‘;

levels in pdfients with [DA who cannot tolerate oral iron =

supplements or when oral iron is ineffective.

= Parenteral Iron Supplementation: It is administered infravenously
mﬁéﬁeﬁﬁ%ﬁﬁm@i especially in patients with chronic
diseases like CKD, inflamnmatory bowel disease, and cancer-
related anemia.

« MRI Imaging: Due to its magnetic properties, ferumoxytol is Qeranos\\"" /

sometfimes used as a contrast agent in magnetic resonance
imaging (MRI) for enhanced imaging of fissues and vessels. “ C/**';:")Q
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; 7} “'\l‘ﬁ Fig. 1| Proposed mechanism by which ferumoxytol Induces selective cell death in leukaemic cells that
\/\On‘e OS “S ‘5 express low levels of FPN. Left image depicts a non-cancer cell with moderate levels of TFR1 and high
levels of ferroportin; right image depicts leukaemic cell with high levels of TFR] and low levels of FPN.

icle ferumoxytol, non-cancer cells survive,

! ! When bath cell types are exposed to the iron oxide nanopart
J presumably by exporting the excess iron through FPN. In contrast, owing to their low levels of FPN,
n, which remains in the cell, catalyses Lhe production of

leukaemic cells are unable to export excess iro
excess reaclive oxygen species and leads to cell death, ROS, reactive Oxygen species, TF, transferrn. Jan-25
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n Personalized Medicine
UTiZE NG

d to individual genetic and molecular profiles.

Supports the development of therapies tailore
es for precise cancer therapy based on tumor biomarkers.
ms for Genetic Disorders (e.g., CRISPR-Cas? Nanoparticles):

LNPs), are being explored for delivering gene-editing tools like
brosis, Duchenne muscular dystrophy, and certain

« Nanoparticl

Gene Delivery Syste

= Nanoparticles, such as lipid nanoparticles (
CRISPR-Cas9 to target mutations in diseases such as cystic f

types of cancer.

= Personalization: These nanoparticle
target fissue based on an individuc

causing mutations.
@ Targeted Drug Delivery with Anfibody-Conjugated Nanoparticles (e.g., Kadcyla®):
« Kadcyla® (ado-trastuzumab emtansine) is a HER2-targeted anlibody-drug conjugate (ADC) that delivers a
{ directly to HER2-positive breast cancer celis.
« Personalization: This therapy s tailored to patients with HER2-positive breast cancer, where the HERZ receptoris
overexpressed. The nanoparticle-conjugated drug selectively binds to HER2-expressing cells, ensuring that the
chemotherapy is delivered directly to the cancer cells while minimizing off-target effects.

ver the CRISPR components specifically to the

s can be engineered to dell
ecision in gene editing to correct disease-

I's genetic profile, ensuring pr

cytotoxic agen
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cer Immunothefapy:
mmune checkpoint inhibitors, like PD-1/PD-L1 blockers, directly to

e

3YNanoparticles for Immune Modulation in Can

& :\lonopcrﬁclgs can be used to deliver |
he tumor miICroenvironment, enhanci

@NA Nanomedicines for Personalized Cancer Vaccines:

* Nanoparticles can encapsulate mRNA ' '
2ot afemy or other nucleic acids encoding t ' to stimulate the
patient’s immune system against specific tumor markers. 9 fumor amioefs 0"
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-@Mlnlmlzlng Systemic Toxicity

« Reduces systemic drug exposure, decreasing adverse effects.
« Nanocarriers enable controlled drug release, reducing off-target (side) effects and improving patient
compliance.

; i ‘ livering docetaxel with high precision, reducing
= BIND-O14f- A g.olymellc ncnoporﬂcﬂe dell g W _g__gj |
systemic toxicity in cancer tﬁeropyza,\.y‘_’g ng;(f — = L> U
¥ Li;;osome-encapsulated‘cmphofen’cin B?(Ambisome@ - Reducc_es.ng_gmgtgm_cl_fx ossocnot\eci
ormu

with conventional amphatericin afions. Qhe o ),
E . (
. Al oN c/'~/~9~/)0"‘h E“"ﬂJZ"lAJ
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ICIN B (AMBISOME®)

» a" &

* [t only takes one to do many jobs:

f\mpho‘rericin B as antifungal and
Immunomodulatory drug!

= The mechanism of action of AmB still is not
completely elucidated. AmB has effects on the
fungal cell at two different levels: Binding fo
the ergosterol at the membrane, inducing pore
formation and ergosterol sequestration, and
induction of oxidative damage. e

et

— .
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DID YOU KNOW?

= am rleln B can be produced through biotechnological processes, pprﬁculorly usina microblal fermentation.
e process typically involves the use of Streptomyces nodosus, a bacterium that naturally produces A
B. ]

« / Fermentation Process:

« Amphotericin B is produced by Streptomyces nodosus during fermentation in a controlled bioreactor e(\vironment. The
microorganism is cultured in @ nutrient-rich medium under specific conditions that promote the production of

amphotericin B.

v ( Genetlc Englneerlng)

« Advancesin genetic engineering have been employed to optimize the production of ompho.teric:in B. By modifying
the genes of Streptomyces specles, researchers can enhance yield, improve production efficiency. and even alter the
chemical structure of the compound to produce analogs with potentially better efficacy or reduced toxicity.

-( purification]

« After fermentation, amphotericin B is extracted and purified through processes like filtration, solvent extraction, and
chromatography to obtain the final product suitable for clinical use.

i 05 010

w 0\hel evi e
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rosslngj Overcoming Biological Barriers

= N : — . |
thc(;né)f)(::r‘nc:les.cc:n Cross complex biological barriers, such as e o =
n ©0d-brain barrier (BBB), fo deliver drugs to otherwise -
accessible sites, for neurological treatments. rs

R ———

= Surface Modufucghon with Targeting Ligands: Functionalizing
nonopon‘ugles with specific ligands (e.g., transferrin, peptides,
or onhbodne;) that can bind to receptors on the BBB, such as
the tronsfemp receptor or low-density lipoprotein (LDL)
receptor. This can facilitate receptor-mediated endocytosis,
allowing the nanoparticle to cross the BBB and deliver
theropeyhc agents. Nanoparticles functionalized with
transferrin ¢an cross the BBB and deliver anticancer drugs or
neuroprofechve agents to treat neurological disorders like
Alzheimer's.

wt g5
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« the [Trojan Horse)' Approach: Encapsulating the therapeutic " F A
drug within nanoparticles that mimic biological substances a-,}“\”f) 7] S
capable of crossing the BBB. This can be done by coating oN ¥ Ve ¥

. "

nanoparticles with natural or synthetic carriers that the BBB.
recognizes, like liposomes or exosomes. Liposomal formulations

or exosome-based nanoparticles have been explored for
delivering gene therapies or chemotherapeutic drugs across the

BRB to treat conditions like glioblastoma.
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=\ 9{ Theranostics (

Combination of Therapy + r

agnostics) (a) In-vilro diagnoss .
: al flow sensing
= Combines therapeutic and diagnostic Naked eye detecton T“'::; e |
capabilities in a single nanoplatform., .. = V es " :

= Example: Gold nanoparticles for both 5. ;
cancer imaging and hyperthermia

treatment. |
(M \92 LQ,,JJ () Ther

4

= Nanomedicine integrates Qicgnogtic and
therapeutic functionalities into G single.
platform, enabling personalized medicine

approaches.

' ' hells -
Nanotheranostics using gold nanos
' Used for photothermal therapy Wh'ﬁ o
simultaneously enabling imaging © U
via near-infrared absorption.

Dr Ala Abuhammad, PhD

| \ - d
! . g :
| - ; ] :( - P v s - -
- . L i : 3 : .
> p 2 * / " . ] -
. 3 : &t -~ 4 - L4 i " . “\

.
.
L~

“w

R
»

»
L]

»

- ¥

3 A S» o J & ,(
. ’ '
5y - “‘ P » ?

N
3
-
-
-

i - : . 5 : : 5 : 4 v | s e B
{ . A . v ‘ L - ‘ v “ : : I“ . AN ’\ —
- ® 4 ’ r h N , ¢ " B ¢ Y 2 “', . 0 3
‘. v | : Y o' . . a0 N ! -
a . . - :, < - - A i S E e N e
£y . } , - s \ : s v J p N f ‘. ‘. ) AL
- Y \ & ¥ v . v el 3 ) . "ol Vi naf y o
e m ) * “ 4 4 - ‘, 4 , p - : i x i, ™ 4 LY & . \. X ‘
| . . ’ B Y 2 s ¢ - s Y
2 : b "2 g (- B vl . X s e
‘ ; | : : ‘ : N LN b N g 5 . -
A wy-- ? 5 ' ‘ 4 1 ~ 1’, ’ 5 2
" k¢ | (3 Ve, 73 L : . . B E & 2 \ “ % s
~ " 4 F . ' : : . | ; \ ‘
‘ . . ! : ] | q
| ) | ‘ e » ? ) ” : . g = Y .
o ey ! 9 + - : é e ) “ ' ' ¢ ‘ '“ ! 3
| .' - e ) i |
oy 'H : b . " 1 - ’ . ¥ \ ¢ , . .
RN . ; | | | r
- « 4 ¥ ‘ } . | ) |

o
. '-
N

. Regenerative Medicine and Tissue Ei\‘glneerlng

Aids in tissue engineering and repair using nanomaterials.

‘ rtilage regeneration.
. Nanofiber scaffolds for bone or cd
il delivering growth factors, stem cells, or

« Nanomedicine aids in tissue repair and regeneration by
scaffolds at the site of injury.
CQTTONRAS e S

Nanostructured hydrogels - Used for localized delivery of stem cells and growth factors fo

® . . }

, promote wound healing and cartilage repai. o | 1

('\_/ N;;wot;t—)rc;s scaffolds - Electrospun nanofibers functionalized with bioactive molecules
((*') improved osteogenesis and bone tissue engineering.
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Promote wound healing
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ulnn.PurposeSOf Nanomedicine:

@ 8. Immune Modulation and Vaccines

= Nan ' : . .
disegpcmcles can act as adjuvants or carriers 10 enhance immune T
ses, cancer, and autoimmune disorders.

» CureVac '.s lipid nanoparticle vaccine candidates - Designed for infectious
nanoparticles for optimal antigen delivery and immuné stimulation.

= Checkpoint inhibitor delivery using nanoparticles - Nanocarriers deliv
ints |

molecules to modulafe immune checkpoints in cancer immunotherapy.

esponses for infectious
diseases, utilizing

ering antibodies or RNA

Dr Ala Abuhammad, PhD Jon-25 49

Key Componens,

Nano-Blopharmaceutical Formulations:

s (LNPs), polymeric nanoparticles, dendrimers.

@ [ Nanocarriers; Liposomes, lipic nanoparticle

(7 [Therapeutic Payloads: |
i ) o Small ' molecules (€.9.. paclitoxel in liposomes).
SA/ \’ 7/0 = Biologics (€.9., mRNA in lipid nanoparticles).
' < %) Combination therapies (e.g. Wg siRNA co-delivery).
AR @urface Modifications: PEGylation, targeting ligands, stealth coatings.
——— ——————— — R

/7
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= Key Considerations St e;\- ()9

@ Particle Characteristics:

~» Jize, shape, and surface charge influence istribution and cellular
ug ake

~~» Forinstance: Smaller particles (~50-100 nm) exploit the enhanced
permeability and retention (EPR) effect for tumor targeting.

@ Protein Corona Formation:

= Interaction with serum proteins affects targeting and clearance.
= Strategies: PEGylation to reduce protein adsorption.

@ Cellular Uptake Pathways:
5 «n Endocytosus franscytosis, or receptor-mediated pathways.
) I\'o N

W ab ar : Trastuzumab-coated nanoparticles target HER2-positive

Diagram showing nanoparticle interactions wi
)(CS\' \N\ formation of a protein corona. s with cells and the

Dr Ala Abuhammad, PhD
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Practical Aspects

InBiopharmaceutical Formulations 4P

.\ncqub'\‘f'l'e—! SCR\Q-

S m o\“ - SOT'V‘E”LGVQBOFGfion, and Micro’luidics (e.g., NanoAssemblry high-pressure homogenizaﬁon/cnd

" Manufacturing Techniques: Y &

solvent evaporafion.

SC C’L( ¢ . Example: Microfluidic systems for LNP production in mRNA vaccines.

= Stability and Storage:

= Addressing aggregation, precipitation, and degradation.

. Excmple:[LyophilizotioF\jor long:—teim storage o; MRNA-based nanoparficles.
* Quality Control: Kﬁ‘ %;'*qg Moo 90\

= Particle size, zeta potential, encapsulation efficiency, drug release profiles.

Dr Ala Abuhammad, PhD Jan-25 53
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CHALLENGES IN NANOBIOTECHNOLOGICAL FORMULATIONS &

(U Bigcompcﬁbility and immunogenicity issues.

(2= Scale-up and reproducibility in manufacturing.

i =
(3)= High production costs and economic feasibility.

@)= _Cost: High initial development and production costs.

(</= Toxicity Concerns@ong-fe@effeets of nanoparticles on health and the environment.
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= Development of multifunctional nanocarriers for combination therapies.

M

) Systomc@e manufacturing practices in nanobiotechnology.
" Precision medicine and personalized nanomedicine.
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