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Abstract

Cancer remains a major global health challenge, and the limitations of conventional antibody
therapies have highlighted the need for novel approaches. Nanobodies derived from camel
biofluids, particularly nanobodies and exosomes, have emerged as promising candidates in this
field due to their unique structural features. The aim of this review is to comprehensively
investigate the diagnostic and therapeutic potential of these nanoparticles. This study was
conducted as a narrative review by searching PubMed, Scopus, and Google Scholar databases
between 2000 and 2025. The literature review shows that camel nanobodies, due to their small
size and high stability, have deeper penetration into tumor tissues and are able to inhibit
proliferation and angiogenesis pathways. Camel milk exosomes as nanocarriers also enhance drug
efficacy and overcome drug resistance. Recent advances in immunotherapy and nanobody-based
CAR-T cells have also shown promising results. Camel-derived nanoparticles have great potential
to become a mainstay of targeted cancer therapies. However, future research should focus on
standardizing their production and increasing their stability in the bloodstream.
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Figure 1. Applications of Nanoparticles

Oleyo b dag jo Camons 5l ) ol il a5 Jl> 1o wiS o o0l 2
(V20,85 so Ll o

S5 Jmiliy 3 ol pl 5oy aliso laol3 pgi
gobgl uadgs 4o

alagS S sloid 3 8apamie Sl5 paiz dliuls ol
lgagol b plas 1o a5 ol ailegS'ss g Camelus dromedarius
ook seoly alex 5| aiwn il j5a8 Egite Jblie
i 3blis 53 o witen sl 5 soblge (S5SIS w50
oileedi sl loyid ol aiS o S olnl Stsaes
ke dgame o mlie 5 apas glo 35Sl e Lalys 5o
syt Ko aas TSV G pdycillasl ¢ aiload
Cdl ailoygls 5 Jlos (slay 31 sl s o 45 dromedary
S sla SRy Sl ol e wims o lis 095 5l el oo
P Sz 55 855 5 il ) 5ke o el loe (S35
S e S ol

P et slagian il Seesiy po 3l slacd iy
Oyt el 00,5 &l ool ] 0,84 pamie sla Shg 090
Sl sl 1y ISl cpl ladxe 45 C. dromedarius sg55 Jlgs
3 lees B 1) oyt cpl &5 ) (JoSse slapusilie a5

b i b i 5 e ) Sloyrs 5 i) lolis
e Slp ) o s (il ] 09l e ool

B S5k gy e

— RS e 2 T

95995 9 J& g Jo>

S35 g Sg S

g o SLolRs g g8y S

b g Clu g witige

9}‘6 cole 9 G‘:’}l

ol sl 15 ) S

15350 3 (i b g o 30 g 14340
Oloyd )3 bz o BB 8 iy onas il diedan (s9,ld e
obail s lapleys 5l (AU (il ol 1 el b
5o 1y egyle sas J S gilwolyl @lydsil cams o jrals |,
s olSel o slatesir (sla el 3ok 51 il (sln ok
Ol gl b 4 oalis adle el yol cnl wjlose
@ el ok 4 gl ol Dl3eL Gaile; sl 6l
51 551, 618wl 35l e 8 el ol el o0 Lo gags
35 e olls ol 5 5 425 o 55 e il sl ko
Elalllas S o ciblone oS gt alge pie il
J5e Jalo olgicts 5 wlools ks cariige b | 363k aliske
$U L ohdgh (Jlaplpiea wiS Joo lbjwas slag)ls
s St glyy Y (Sis a5 wlosd oS 5 losoly
Sy 09g, 5 diow Gl jo el aS wias oo L Mucin-1
I B P Y N JULCIE S JE-
cel a5 Wloads cwdige | Joho S e oSl 5" S
3 S s ol sl Jsk )3 ol b & ok e
355255 ol 9ise S8 MUCIN-L Jigagpy 05 lasi T )l
|, ol cglaJsher Ul o3 Sl 3ado (g5

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

1Fed olo,z . ) o,laii .V 0,90

Jdé g cldligy o poliiCanyj o Silo, gdif £

Slgen (Sslinlie laplbw Gloys 5 pasis sl 63

S
Sl s (Camelidag) Llog o s oolgils byl
0 i 6L"°Q5°l€, ¢ (|gG);3)l4...4 6[@@3019{ 5 05)15 FURRULIW:S
02y A8 Lo yoly (ol aisS oo adgi |y (HCADS) s .S
Lloadss J..&..u_v u.ni».ud o)m)s.) )| 9 09y (nght Chaln) gg...w
U L (VHH) K 0 oy aio asals oyl (60 Shae i
VYN0 (IS0 (339 5 y0gil VO 050> JsSUg0 o3lail b o g0l
ol oabais bt b (idu (58] op 5 S gS o yglogls
18l g B 9P 50 (b b laool ol (Y Jgux)
s sl ly @ Wl oy slesil

s ol Jwily 5 oS S0 wiiles 0ad i slalaize
ool cpl el 00,5 a1 (6L oL ades 5l S
2Bl b (Siiem Slule o & Glassls 5 g SasS
lons anslis g3 Jlal ool 5 g sl s ay cdigd oo
lagyleys 5o oolitul gl (gloaisS lgasel cloo 3ol |, bayT a5
bl e (V9 )aS o Gl Gloye dex 3l diadon
Ll Cons oy Slpl Glo s sogsy Sledbl 51 a8
Sl ,Lad 5 (S £985 45 wad o0 LS (5 15 (sla el
aly s cpl el s Gl (o o)l Cany Laore
5l ool Bom VL 6l b alagssbl as oo
CaisF a4 o5 s gloyis o | Kem Lol 0aiST,y Slallas
OOy Dyge yo a8 9,8 bltl (g S
e by oy Wlgiee Slnl b ol @l (og3s slaosls
Olsicds o594y SKo5 oo p)ls o kol ol ol 5l eolaul

(FN - N F) (mADbs) JUslSgige slacyoly b awslie jo lagol 6l (guulS sblye Y Jgoo

Table 1. Key advantages of nanobodies compared with monoclonal antibodies (mAbs)

TR RNGRIERS ool 56 53
osillagls Vo osllaskS 1Y-10 JsSsa o3l

(S)o3Iwl s 4) sgaxee b (SzsS oIl Lo a) Jle J90P 4 3585
£+°C YL slalos yo Jlasbl (0,8 oyolscass;l yga) A° C L sl el
So5elg b ol p 4 anansly (S 022555 4 5L 909) YL ROV S
YU Lawgie ] <l

ez 9 438y Eyw g A podiyg e (19,5 Sy

G5 B camnl oyl 5ls aisy Iy Slles L ol sty
- Sty sad g a5 Sblgs ol = ins; sloyeiSTyem
ol el eols plas Sleys lointie g ogul polae adei o
sbalels 5l xS0 $ln @98 Oleea wlsioe B
S S b loyz; S5 slasol ol addsi jo 28

(V%) o).5 )‘)5 ooLﬁ.w‘d)jA GJUQJ.MJM
Seigle Olaube jlead@iie slagsl ol o) (oo b5 4
i all Gl s Lo o o 0aiiS lgal o gl (60,50, ¢
yob @ aS glaals SO glappoly 884 pasie ple 5l aS
slasse (nl Wpos opte )ls 392 bogd o (e
33 (VHH) s 0K 000 slaassls lgicay a57 Sl o
aloz 5l i alne (SGjelgm Oloed 5 0 wigd oo ALl

P g e 5oL 9l
slogisl (omb b @ b wd e S sbples
ploite Sllg plo 511, Ll 5 aiS oo adg (69,84 pamie
0,590 3l oal aitle Jsess slappoly B> 5 aiS o
o 4 iy (60 Sladigy Lawgs 45 S 0,055 390 5 S
i (HCADS) 0 1xy slocyioly o b il clons Juaie
A8l g wloas JSis 0010 (i 0,20 S 51 LHCAD
S o9 5l adlg se sl lse ol aiiie S 0 o

ls g5 mby
Syl Gl sl jsome 5 (o (2950 SbaEs p Wy
)b ooL..) 6[&&5;’ ~.\.J9.’ )\) wﬂﬁs.o \)Pala w‘ Q”ﬁ"

slaggol i Gloay  slagnsyny oo dag St
sldoe  pla gpad i glable 4 (JUdSgse

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

v Ol Sloyo yo oS ool 5o 0 ($h5p0 1S (Slan Slule 0 DU K00 5 (ol

boas glbyw sladshe plp 5o 68 Glbyw wo b
ol sz Lo o 0,59, OVAY L b IC50 0l
Sowledl L g ylnl sl iiSen oty cnl s e
A wed oo JSas HERZ (65501 ol o oS
ol diedin Sleyo Jelse lgieds LT Jamily sazasylis
S5 )lee OIS 2 5l ) il (g Slidg e
P i 4y wedee ol Gl slasle ab, p
A7 oo lime 4 ididhen 53 59,80 Fre slacdile
ooy HEPG2 05 b s sl sk plp 0 PY X/ 40007
VYY) 0l oo Eewd MCF-7 aieas ()l yos  PC3 Sl

SWI s Glogs 30 SWle oS,
gl

oy a5 wlols las (Invitro) Jelo s Slalas
30 Jle lp Xyl (698 ST ws cudled il )l S
e Sl 5 ol b e < (MCF-T) et o sl Jslo
Gloasls a5 coul oas P53 15 5 ¥o5Lols ly bl o
P Oezes Ses (Joko eabisiyaely S Lol
S o R e Gleiear 3B peilSe pglie sla gk
el ool Js sl

Ny 59,0 Sldllas yo : gles slaJow jo jgesi yualS
J.»a.’;.n ‘_ng‘_goLg}SU )" oolawl ‘Galiw.,b:j ‘_gLa:ui’.»}n 89y (Vivo
SedlS ao 0 Ae Bl jg0g8 e sl diilys laanslS gigiol ) 4
35 2hS, Sl L VEGF wo slasoliglh ol osdle s
Sae 3 Sal> sloygegs oy 5 435 5l &le 9e55 8L
iloauds L';"?“'"

Sl b b s 1l sl l(Invitro) Jelu cuis” Sldlas o
Sk 2B 9 (LlpaSeee) ke JE o
sl olw jo 1) (gooxis )5_“»5_»] SIEs (Gl u5)
a5 aed oo ol Slidsy WS o S ppu gLl gl s
S3tedbB Gk 5l e S BB Hob b 1h 3 99250 (s3]
aies ol sk iS5 5 (HEPG2) psiba F-jLuls
5555 Ol (il 4 yzmie (leys (nl S o0 ylee |, MCF-7
o ol slroaiS plas « PB3g Yo jLwls ol ialsdl s
OeBay Ol GRS L iz Gl o se (Jsh oadis i sl
a pslie sladshe o 23 i a5 wms e ol Slidla
5LC3I1 slagtis g 53l lsd Gosb 5l 53l ol 5]
L asls sl jgegs 10 ohgds malSe (] 055 oo Beclin-1

KA PARHRCEX R B VEIN U S IRCV-RY:Y
Ll a5 sin plate (Shy cnaiz slls b slagol s
u.!‘ AJSA A.Ho...u))‘ Lu ul.b)-«-d c).vjcb G}Lo)o L_SLQQJJ)lS L.S‘)" ‘)
@bl b (ogsgls 10 Lo ) g (Su5elgm olga
Uil o 0B 1 [P aies oo lis YU sles 5 pH o
Lo 1, 095 ey sl 8 il (Sailoas bl
g 28l 4 Gaos Sga5 el Ll S>55 JeSUge ol oS
@ ey 55 o ) il g aSoe el 1) iy el
slacssly b Ll ool 51,35 Ban Ysene a5 il ys (sl Jbs
YL D5 5lk A3 jloon 5o sl Jlols Jgosno
bl « Wl ol ol boolen dagal gL oy
e 1) s JUslS s (sloisly & o st B
6lbu.)..>l.| (5‘).4 as QS“"LB)" 6[.:&0).0.} wm )O LQ,.)T @L»‘}:

)m”;‘g)'le.\.ﬁb oo ee O @u)a‘s‘}’.|

2910 L Jologil (ylgieas Ll s slopgjg3ST
Olseas (CMEs) b 8 5l cadgiise  lapg)e)S]
u.a‘ Sleas C)Ja.a ooy ey &l ol o Jol>gili
Sy fo el 5 55 B Jansliy x5l S5 555
aS wilosls las Sldlas .aias oo lid gyl cwn) sonl)d g
3l st B ek 4 il 5l jleadgiie slapg;sST
Gaob @ (Ve Vo oo Gialidl ]y ol pw as Jolse Sloyo
bl 9,00 s ole b anslie yo ooyl o guwYge 3 a5
pla a4y leaily g ools las ogx 51 Slicwl o SleeCME
Pl bl el YYPA b oyl g AFYVA sl
O.F Ll allisle;l cladllas ols lis g)ls ol (g5Lwsls]
2 Sl T Gl g gyl ileolil St o sl
Sl Y UVD rals 4 s aS sl las ],y Jobo (6 pdudeas

OV NS polie Sl Jobo slaos, o IC50 polie

Jidun ) GLoomdigy 9 oy

Ao el b ogoarie Jdcan; oluS g o ol ol
(PEPBB o555 2 9555V sloaiy .ol saislil Sl

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

1Fed olo,z . ) o,laii .V 0,90

Jdé g cldligy o poliiCanyj o Silo, gdif A

SR e oyse Jlowl gl gladel-sil lyiea
CEAAY - ilazs 5

Jais HER2 < (INViV0)  o50y9,0 Slea sbo o Slallas o
Slagiye 5, o (LY WY-piy) lauilSgigl, &
Gl Al S 5 ol (25 18 a3l 9590 oKl
G990 5 dedan lojs pl (YA)&ols las 1) jeesd o>
S taiyglicn Cows @ g3 Wign sladae j3 GatlSsisl,
Sloyd oo )5 g pasis )l ppgal slp ) il Jomily
55100l U i 58 sl 55 e (1 1055 oo 4
s Sl b (70 ApgisS s 4 e e
s in i ot Giashe ¥ ) lajiabios Koo
)5 eolituls,ge Yo amlas b PET/CT (o)l 0w
ond Fie slassl 6l (s pdy ek oo )l ol WS e
(YAY Voo oo ylid by 8o Sy o1y il

CAR-T Jokw o o,

T sledsbe ploys o Gloanlid jsb ar 2b slagsl b
558 o 58 eolituls g0 (CAR-T) G alS 58T 00i 5
S 5,908 Wb Cadled B7-H3 cvins 1,8 Bus slagol 4l
Ol Sl sldae )3 S sl laysess pln 0 )
ghe 8l g e WS el SRl LA wies
S5 ool olyad sl s 9SS e (slaS
Syt Sgi5 « >S5 o5luil L CTLA-4 5 PD-L1 ws sla ol
Sl slegul d 5L Oldllas joails sel> slejsess @
(V) o sl Legidle ;o (gloaisS ,lgausl

Table 2. Summary of data reported in previous scientific studies

3 S5bgl S el S50 (HYPOXIC) ¢y 5unSToS Lo
Ol 05 0y Gludl a9 55 099 (Sl p o5l
Gl Sl sladshe B3> sl (2R 6 pasilee
polie elgl o (tw j9m g T (Sloprae 457 Jloj o9t card oo
2 Spgie ST (YOIl eyl casdl go Slas 4y ()l yu
by Glodshe 69, 2 Dyl 0o g 2SS wS SIS
A VBT Sloydeerd o)l s ndydedi wips oo lis
IL- 5 TNF-0 35 et dgub oo el nodlad ol aims gl
ol St b ladye guls Skl sloalanly < 6
ol 2l Gosb 5l 3550 slee b rizeed ain0 g0 halS
Jos onl s o0 a1 (Bgpe 0, slayS 5 VEGF
(sl baxi b oolyen peiias SeuSgigiaw OISl alSes
o588 bz 5 (VPYY)ams oo (a3l T, (S (Slojs Jomsily

Ao s ey a4l

w03ud 513 31,15 g G3L P (wirige

ol yw (P G pSdua

CoolaSl i sy n 5l ead gwaige slasol ol
Ot gl Al gty sl Sl sl g JB
I sd &S, as el VEGF wo slasol ¢l .aims
33 JslS oSl Sl 35 45 (55 & (V) s n (i 355
FESS 2 e Sl SIS0 she slagal gl b anslis
lopgjgsst wimo e plas dg JuSis 5 JLligwl slasha
bl )l jo aS i (Fiegll Yo-100) slie o oS5
Jse gb b leegisSl il B e
(BBB) (sjpem 55> a5l e bl g o, lece;

wole Dlidss [0 oad Ly Sledbl Y Jgoo

oy (6 35031l gl s asllbo £ 45 b s Joke adlls 35 poi  adllao

(o ] yoii)

&by (235 coledll iplans ol sl (invitro) ol css Je (MCF7) aies oo s 9 5 oS et (7))
Sl Sl (2 les 5SS gy > ] in) Slo> Jos 9 (e (b lapgj955

5! (vivo
gl o2l iS5 slySilas (invitro) (Jsbo csS iy (HCT116) JUS 5lsS &b b s (V)
(MCF-7)
55 0 eS| il igian]  (nVito) ol S5 (MCFT) i (HepG2) 5 5 o5 15 (FD)

OS85 9l w39, wSeo o ‘)'5;;,;59:1 iSS (in vitro) Sk oS Ecal09) G ooy 3 s ¥Y)
in) Gl Joo g (a2 slohge P i
(vivo

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

A Ol Sloyo yo oS ool 5o 0 ($h5p0 1S (Slan Slule 0 DU K00 5 (ol

iz o Ol sl oyl ¢ Gloous

o] o ,Silis (GST-P) 5 ,auil 5-S yquiligls
S

0556 5IS «(AFP) (555 528l 255 ¢ g0g5 A
(P-GST) b jl ol 5-S

(in vitro) Jolw s

in) gle> Joo g
(vivo [ -ower

(Sl Joo) (S50ys,0

Yslogla poiw,lS

G ed5:9lS gl Ap)
IgG) b 5o

(gisly

(e Go90) oS (b S JelS s (V)

55 ok (23S, woledl Geugl  (invitro) Jeke cois (HepaRG) oS ¢yl yuo i spg;e3S] %)

Jole) o

(smo)#b
Nqol «(P450 1A1 p5,S giew) Cyplal yle  (invitro) Jekw cois (Yere) La) oS 9Ny s (v%)

0356 el8) Gstal «(V 3U59,0000 (5.5 NAD(P)H) TS

(V365081 o2) Ho-1 () (1] 31 sl 5-S

9oz Cuaglie glagys etsl yailesdi;  (invitro) Jslo ctS  (sla ysge ¢HLO0/RS)  omss) s sopg3g35] V)

oS 8, Sec 9095 x> ¢«(MDR) in) Slso> Joo g (2 gu

(vivo

59l ¢(SOD) 35 g0umnsd STy 500 ¢ y5085 Sl gilS
NQOI ¢«Cyplal ¢«(MDA) a5aJT g

(Sl Jao) (509,

slobge) S Gl A JalS s A

Glwsg (ol ea

L e b becu; ol 5l oad guie slizl g 28 50
Jolge ol ol Lo s oo i 1) (il 2 M9 JBlo
b Yoore a5 1, sliaie) wad loiusly b by
Ll 5 amo e 2als o(F) aits baije eotae SLS
Dl o clio Do GYeb gl oy 5 6l
Jis5 lp (MMAE) (reilole-gol 6l slaSs3sS
ol 055 o0 518 o3liiuls g0 Sl p sla b a4 s S
o0 1C)w) 9l S5 390 Lals b cel o Slae opl g olge
Sl (il (B)lse (Rl VY L plie Slb s sla sl

sl G0 )5 9 ouisT Glo g yeF g
O 1y sy Sladshe &5 ala)lnl axwgs (b loys o
S Gl Ko wmas e 18 Sua b sladske » b
0l e | ol slroni o el il s (gl Jshes
S oo oS 918 (gl cwlio Blaal 1 LT 0isS o Lo
b 4 Slogrly 5 Clogjginl s wiile JUslSgige slagioly
ool @ puiites Hob @y bag)ls uile; sl slos oS
4@ u.,ob o sl (ol sloass solaswl Sl
4 aed gng; (platadgaze b S5 Jsge ojlil Jds
ool slagly Wlgi oo g WS (oo dgaoe | SBL @5 9 3985
dosoly gl ams ials 1) Wl pasujil 5 oS S, 1,
VF-VY) 055 S>68 o5l b g s LHCA 5l onds 3o

2l olse b oxbid 3h S mn YU o ead olo Slidss

ilod S5 Gl ol 55,

oy Jawiliy g by 8 3,18

4 pbay, Sl gl

CHI Jgoso aiols 03B o ol ol dromedary sl ol ;o
s (VHH) oy psie asols G glhls (oae j0 9 aiun
o3ladl Jdo 4y &l,3g5l gl oo aSlil 35 g0b $iU pb 4y a5
9 Sadyoagshe Sloys oo n)l5 )0 d5b ge el a5 W)l
Jolis loyl 0 3 yamie (oles (opl pogdle atil Sael IS
Ll @ a8 ol g obsS (5,55 ploj 5 (Jshos o 3
g g Sb ads 5 ,b 5l oo 5l Cepwa B aos oo o5l
il JBlas 4y Jelo Covons

(Slpld Glapt 5o 23 (Sidsn mle slizl plesl
SlapgjesSTams go (las Gl Gl 55 (295 BB iy
S 3151 (0055 555 s Al 1o (0rpagS )55 (ssl> by
9 9,00 & b ) b slasho e 1) 65t (Jolo

EGFR (12 (698 (o5 5 Joo 9 200500 Ol J9uST 2 gl
otz diile fgloads bl slag lo b auglin JlE aS ui)lo

(V) el
3] 9 5B sl

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

1Fed olo,z . ) o,laii .V 0,90

Jdé g cldligy o poliiCanyj o Silo, gdif ).

Jod 388 6590eSSl Joo5 b yo laileda jo ganeds;)l

S A%

5 lgob 4L as ABS 0 oles o‘.\..i:loL?r.ﬂ o gy Gz
2 il Cawd @ i ) Slule 1A SlapgsesS]
Ol i g loys jo | (6 pfeizr azg ;3 sboJlo
Bl 5 S5 sl JsSpe (ol e, il 355 4
sl Gos a4 a5 Wyl 1) o] Sblg « Jeere slapiol
Oy (P (6l 0L VLl B0l g S 3585 (555098
Ll ol a5 ams o lid alidee Oladod 4zl Wgd Jate
@S5 Sl sladshe aly Joo (coten Sl e Wl o0
3 beos 1) Jsho 0adis 3,406 5 S po (sl Sg3le (> g
wibe gl Jol> CJB s Lo, ] 51 ooliiwl oopl  ogdle auas
slagyls Sl sl @lojb ol 2 5l slapgeST
)L’S 3o oW 00)5 W.Q‘)S ‘5‘:‘5)‘») wsl&u uw.calf 9 ULL:)*»M
asle ol o ol ¢l 65,54 ol oyl
¢ CAR-Tslo Johos ol g lag,lo gol) adgs « ol 5sisel
0,5 ol a8y (sl g5 b ablie sl sz Sl
bl (S o2 jee 0aisS ladel bl pled 095l ol
ol xS B slaghs, siles bl 5l wdg wiile
3 )l i slagiagh 4l g Sl ik laeSse
B9 05gdy i 5l Biise IS4k a5 wu, o ST A cfgasne
O aS Wyl 1) ol cud,b wigh oS S was slag gt b
3 Ol oadigilupatt 5 G35 Sbagle,s | pee (25
Ao ol 5o oo Slalllas & poties gl Joaus soi] sl Lo
Slrly pad,ees 5 555 Sl slaghy, bl jse Slg oo
A5 lgen ol Lo

References

1. Hassan AA, Mansour MK, El Hamaky AM, El
Ahl RMS, Oraby NH. Nanomaterials and nanocomposite
applications in veterinary medicine. Multifunctional
hybrid nanomaterials for sustainable agri-food and
ecosystems: Elsevier; 2020. p. 583-638.

2. Singh K, Grover A, Dhanasekaran K. Unveiling
the cancer epidemic in India: a glimpse into GLOBOCAN
2022 and past patterns. The Lancet Regional Health-
Southeast Asia. 2025;34.

3. Niculescu AG, Grumezescu AM. Novel Tumor-
Targeting Nanoparticles for Cancer Treatment-A Review.
Int J Mol Sci. 2022;23(9):5253.

&1l gloassS lgasel o 55 (VHH oo 9> (sl oygdlogls
$U S oo @l B 1) C8b e @i 9 3585 LSl &5 wied oo
9 9t pglie SLidstisn lam 3l pln 50 rizeen lasol
@lp 1y gl a5 wijls Gas slaginl sl @Yb Shs
5985 Ll Sog8 o3lail il e JTos! ol slagyleys
il g aS e pa el | selr slojgegs 4 SGes
3 B gl gl e o s oo ol 1 Sl jgls
XS o0 8 eolitulsyge (SBngl )0 sloanlid jsb 4 il
Sl U a5 (bl ecilizee sl low Gloyd 5o 9
(\V)J.J‘OOBJ MA}&J ‘@LQ,J‘ S 9 ‘5»91:.:
Lyl (So5edem Slube 5l Lol slasol 6b gloyo Jaily
o )5 el (52 s lares 639093 SSge <yt
$U » e laogy Sl esliinl b oz gz 6)loppgad
SeSoSbo )b g S zeds 4 b sl lesl js ol
Ga-1A 5l oolawl LPET/CT a5 (5 5k 4y caisly oo Cwsd &5y
szt sl eslainl b oSy Glaple,s (Yoo o ol
owlidl s gl Ceoglin v ade Suayg il ool gl
Az ool gl slracgame (gdrwgl s yloyo Mfl
235 @l Bsigedl ¢ e b Slamibsil 5l ealital b bk
ly it s 55 SVsb sl olien b wilosy
00l g slagols 5l 8 By astio plem (Y Fans so olis
Gl Il 5 b 585 b olem 18 (So5sls e |
&l 00isS lgausl slalouails lareas 1) o)lge cpl desl axdly
Sas o Ll SUlgs aas o 518 gam Jus Glb s slagyleyo
sl a1y Ll cml ol5 seul 5 8l 4 Jle 355 L ol yan
4. Al-Numair NS, Theyab A, Alzahrani F, Shams
AM, Al-Anazi 10, Oyouni AAA, et al. Camels' biological
fluids contained nanobodies: promising avenue in cancer
therapy. Cancer Cell Int. 2022;22(1):279.
5. Gulino M, Kim D, Pané S, Santos SD, Pégo AP.
Tissue response to neural implants: the use of model
systems toward new design solutions of implantable
microelectrodes. Frontiers in neuroscience. 2019;13:689.
6. Hong J, Kwon HJ, Cachau R, Chen CZ, Butay
KJ, Duan Z, et al. Dromedary camel nanobodies broadly
neutralize SARS-CoV-2 variants. Proc Natl Acad Sci U S
A.2022;119(18):¢2201433119.
7. Kucuk N, Primozic M, Knez Z, Leitgeb M.
Sustainable Biodegradable Biopolymer-Based

Nanoparticles for Healthcare Applications. Int J Mol Sci.
2023;24(4):3188.

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

W Ol Sloyo yo oS ool 5o 0 ($h5p0 1S (Slan Slule 0 DU K00 5 (ol

8. Mir MA, Bhat BA, Sheikh BA, Rather GA,
Mehraj S, Mir WR. Nanomedicine in human health
therapeutics and drug delivery: nanobiotechnology and
nanobiomedicine. =~ Applications of nanomaterials in
agriculture, food science, and medicine: IGI Global
Scientific Publishing; 2021. p. 229-51.

9. Osama E, El-Sheikh SM, Khairy MH, Galal AA.
Nanoparticles and their potential applications in
veterinary medicine. Journal of Advanced Veterinary
Research. 2020;10(4):268-73.

10. Fridy PC, Rout MP, Ketaren NE. Nanobodies:
From High-Throughput Identification to Therapeutic
Development. Mol Cell Proteomics. 2024;23(12):100865.
11. Rai A, Noor S, Ahmad SI, Alajmi MF, Hussain
A, Abbas H, et al. Recent Advances and Implication of
Bioengineered Nanomaterials in Cancer Theranostics.
Medicina (Kaunas). 2021;57(2):91.

12. Baghban N, Khoradmehr A, Nabipour I,
Tamadon A, Ullah M. The potential of marine-based gold
nanomaterials in cancer therapy: a mini-review. Gold
Bulletin. 2022;55(1):53-63.

13. Pasandideh M, Gholizadeh M, Rahimi-Mianji G.
A genome-wide association study revealed five SNPs
affecting 8-month weight in sheep. Anim Genet.
2020;51(6):973-6.

14. Liu M, Jin D, Yu W, Yu J, Cao K, Cheng J, et al.
Enhancing Tumor Immunotherapy by Multivalent Anti-
PD-L1 Nanobody Assembled via Ferritin Nanocage. Adv
Sci (Weinh). 2024;11(20):¢2308248.

15. Jovcevska I, Muyldermans S. The Therapeutic
Potential of Nanobodies. BioDrugs. 2020;34(1):11-26.
16. Pasandeh R, Saced S, Pasandeh M, Trang A. Use
of bioreactors in toloiodine pharmaceutical proteins. In:
Proceedings of the 3rd National Conference on
Agricultural Biotechnology of Iran (Plant, Animal and
Industrial). Tehran, Iran; 2012. Persian.

17. Alebie G, Yohannes S, Worku A. Therapeutic
applications of camel’s milk and urine against cancer:
current development efforts and future perspectives. J
Cancer Sci Ther. 2017;9:468-78.

18. Al-Raw QKJ. Will the use of nanobodies in
camel bodily fluids to treat various cancers Be successful.
Grn Int J Apl Med Sci. 2024;2(6):269-83.

19. Nathani A, Aare M, Sun L, Bagde A, Li Y, Rishi
A, et al. Unlocking the Potential of Camel Milk-Derived
Exosomes as Novel Delivery Systems: Enhanced
Bioavailability of ARV-825 PROTAC for Cancer Therapy.
Pharmaceutics. 2024;16(8):1070.

20. Arain MA, Khaskheli GB, Shah AH, Marghazani
IB, Barham GS, Shah QA, et al. Nutritional significance
and promising therapeutic/medicinal application of camel
milk as a functional food in human and animals: a

comprehensive review. Anim Biotechnol.
2023;34(6):1988-2005.
21. Baothman O, Ali EMM, Alguridi H, Hosawi S,

Konozy EHE, Abu Zeid IM, et al. Impact of camel milk
lactoferrin peptides against breast cancer cells: in silico
and in vitro study. Front Pharmacol. 2024;15:1425504.

22. Al-Shaikh SAH, Doosh KS, editors. Evaluation
of the toxicological efficacy of protein hydrolysates from
camel milk B-casein against different types of cancer cell

lines in vitro. In: IOP Conference Series: Earth and
Environmental Science. Bristol, UK: IOP Publishing;
2024.

23. Khedeawy BM, Elgayar SF, Khalil SG.
Evaluation of the Anti-Cancer Effect of Camel Milk on
Tongue Squamous Cell Carcinoma Cell Line Using Flow
Cytometric Analysis, Nuclear Morphometric Assay, and
Western Blotting Technique: An In-Vitro Study. Egyptian
Dental Journal. 2024;70(2):1299-309.

24. Korashy HM, Maayah ZH, Abd-Allah AR, El-
Kadi AO, Alhaider AA. Camel milk triggers apoptotic
signaling pathways in human hepatoma HepG2 and breast
cancer MCF7 cell lines through transcriptional
mechanism. J Biomed Biotechnol. 2012;2012(1):593195.
DOI: 10.1155/2012/593195

25. Krishnankutty R, Iskandarani A, Therachiyil L,
Uddin S, Azizi F, Kulinski M, et al. Anticancer Activity of
Camel Milk via Induction of Autophagic Death in Human
Colorectal and Breast Cancer Cells. Asian Pac J Cancer
Prev. 2018;19(12):3501-9.

26. Karbasi S, Erfanian N, Dehghan H, Zarban A,
Namaei MH, Hanafi-Bojd MY, et al. Assessment of the
Anti-cancer Effects of Camel Milk Exosomes (CMEXOs)
on Murine Colorectal Cancer Cell Line (CT-26). Iran J
Allergy Asthma Immunol. 2024;23(3):321-9.

217. Ahadi M, Ghasemian H, Behdani M, Kazemi-
Lomedasht F. Oligoclonal selection of nanobodies
targeting vascular endothelial growth factor. J
Immunotoxicol. 2019;16(1):34-42.

28. D'Huyvetter M, Vincke C, Xavier C, Aerts A,
Impens N, Baatout S, et al. Targeted radionuclide therapy
with A 177Lu-labeled anti-HER2 nanobody. Theranostics.
2014;4(7):708-20. DOI: 10.7150/thno.8156

29. Romao E, Morales-Yanez F, Hu Y, Crauwels M,
De Pauw P, Hassanzadeh GG, et al. Identification of
Useful Nanobodies by Phage Display of Immune Single
Domain Libraries Derived from Camelid Heavy Chain
Antibodies. Curr Pharm Des. 2016;22(43):6500-18. DOI:
10.2174/1381612822666160923114417

30. Li D, Wang R, Liang T, Ren H, Park C, Tai CH,
et al. Camel nanobody-based B7-H3 CAR-T cells show
high efficacy against large solid tumours. Nat Commun.
2023;14(1):5920.

31. Badawy AA, El-Magd MA, AlSadrah SA.
Therapeutic Effect of Camel Milk and Its Exosomes on
MCF7 Cells In Vitro and In Vivo. Integr Cancer Ther.
2018;17(4):1235-46. DOI: 10.1177/1534735418786000
32. Korashy HM, El Gendy MA, Alhaider AA, El-
Kadi AO. Camel milk modulates the expression of aryl
hydrocarbon receptor-regulated genes, Cyplal, Nqol,
and Gstal, in murine hepatoma Hepa lclc7 cells. J
Biomed Biotechnol. 2012;2012(1):782642. DOI:
10.1155/2012/782642

33. Yang J, Dou Z, Peng X, Wang H, Shen T, Liu J,
et al. Transcriptomics and proteomics analyses of anti-
cancer mechanisms of TR35-An active fraction from
Xinjiang Bactrian camel milk in esophageal carcinoma
cell. Clin Nutr. 2019;38(5):2349-59.

34, Shawki AK, El-Desouky MA, Fouad SM,
Ahmed AE-FM, Aboulhoda BE, Ahmed WA. Camel
(Camelus dromedarius) milk antibodies ameliorated

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

1Fed olo,z . ) o,laii .V 0,90

Jdé g cldligy o poliiCanyj o Silo, gdif

g

diethylnitrosamine-induced hepatocellular carcinoma in
wistar rats. Egyptian Journal of Chemistry.
2021;64(8):4611-23.

35. El Miniawy HM, Ahmed KA, Tony MA,
Mansour SA, Khattab MMS. Camel milk inhibits murine
hepatic carcinogenesis, initiated by diethylnitrosamine
and promoted by phenobarbitone. International Journal of
Veterinary Science and Medicine. 2014;2(2):136-41.
DOI: 10.1080/13880209.2017.1309553

36. El-Kattawy AM, Algezawy O, Alfaifi MY,
Noseer EA, Hawsawi YM, Alzahrani OR, et al
Therapeutic potential of camel milk exosomes against
HepaRG cells with potent apoptotic, anti-inflammatory,
and anti-angiogenesis effects for colostrum exosomes.
Biomed Pharmacother. 2021;143:112220.

37. Othman R, Badawy A, Alruwaili M, El-Magd M.
Camel milk exosomes potentiate the anticancer effect of
doxorubicin on multidrug-resistant human leukemia H160
cells in vitro and in vivo. Pak J Med Health Sci.
2021;15(11):3313-20.

38. El Miniawy HM, Ahmed KA, Mansour SA, Khattab
MM. In vivo antitumour potential of camel's milk against
hepatocellular carcinoma in rats and its improvement of
cisplatin renal side effects. Pharm Biol. 2017;55(1):1513-
20.

39. Alshamrani I, Al-Dawod T, Al-Hejin A, Mousa 1.
Isolation and molecular characterization of camel isolates.
Grn Int J Apl Med Sci. 2024;2(6):36—48.

Journal Homepage: https://ibhf.shandiz.ac.ir/



https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/
https://ibhf.shandiz.ac.ir/

