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Influences of molecular weight and particle size to intranasal drug delivery based
on cell model of “nose-brain”

YANG Bing, LU Yang, DU Shou-ying, LI Peng-yue, ZHANG Yi
Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To explore the factors affecting the nasal entry of the pharmaceutical preparations into the brain based on the
established model of the “nose-brain” pathway in vitro. Methods Calu-3 cells and OECs cells were co-cultured to construct a
“nasal-brain” pathway cell model group. Taking fluorescein isothiocyanate dextran (FD) and fluorescent silver nanoparticles (AgNPs)
as model drugs, the effects of drug molecular weight (Mw) factors and preparation particle size factors on the drug transnasal transport
into the brain were explored. Results The apparent permeability coefficient (Papp) of transcellular monolayer transport of FD
decreased with the increase of molecular weight. The uptake of fluorescein isothiocyanate dextran with different molecular weights by
OECs tended to be saturated after 90 min. As the molecular weight of FD increased, the uptake of OECs decreased significantly during
the same uptake time. The apparent permeability coefficient of fluorescent AgNPs with different particle sizes in the “nose-brain”
multi-channel cell model group of calu-3 monolayer decreased with the increase of the particle size of the nanoparticles. When the
particle size was less than 40 nm, its transport characteristics in Calu-3 were shown as medium absorption (1 X 1076 < Papp < 10 x 107°),
and when the particle size of nanoparticles was more than 60 nm, its transport characteristics were shown as difficult to absorb (Papp <
1 x 107%). The uptake of OECs of fluorescent AgNPs with different particle sizes tended to be saturated at 60 min, and with the increase
of the particle size of fluorescent AgNPs, the uptake of OECs at the same uptake time showed a significant decline. Conclusions The

M, of the drug and the particle size of the nano-formulation have an important influence on the nasal transport of the drug into the brain.
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Drugs with a molecular weight of <4 000 and nano particles with a particle size of less than 40 nm have better transport and uptake

characteristics.

Key words: “nose-brain” multi-pathway cell model; drug transport and uptake; OECs cells; Calu-3 cells; fluorescein isothiocyanate

dextran; fluorescent silver nanoparticles
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Fig. 1 Co-culture of OECs and Calu-3 to simulate “nose-

brain” multi-pathway cell model in vitro
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Table 1 Standard curves of FD with different M

FD it i 2 R?
FD4 Y=513.30 X+618.24 0.999 8
FD10 Y=862.68 X+118.29 0.999 8
FD20 Y=596.50 X+59.51 0.999 9
FD40 Y=689.62 X+62.08 0.999 8

1R R R A 0.125.0.100,0.050.0.040.0.025
0.020 pg/mL, 2 HIFEHL 100 pL T 96 FLA K e EEbR
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Table 2 Standard curves of fluorescent AgNPs with

different particle sizes

Rif%/nm bt 2% R
20 Y=401 780 X+4 379.9 0.999 1
40 Y=630276 X+8041.3 0.999 5
60 Y=2 382222 X+9190.5 0.999 9
80 Y=3 577861 X+ 12 549.6 0.999 3
100 Y=663 575 X+5 818.6 0.999 3
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Fig. 2 OECs uptake of FD with different M
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Table 4
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Transport results of fluorescent AgNPs in

Fi4E/nm Papp/(X 107 cms ™)
20 3.5740£0.1190

40 1.983 0+0.035 8"

60 0.4550£0.015 8"

80 0.328 0+0.021 6
100 0.290 0£0.004 4"

55 FD4 4HLL#: "P<<0.05
P < 0.05 vs FD4 group

520 nm A "P<0.05
*P < 0.05 vs 20 nm group



* 5752 LE X ]

Chinese Traditional and Herbal Drugs %5 513 5522 3§ 20205 11 A

NI ZH & OECs %I ES R W& 3. OECs Xf AN
[FREAE 2 AgNPs [FEEIXLE 0~60 min Y73 I HiFE
TS [B] S KA I ESE N, 60 min f5, G9KRIEREL
BTN, HE 3, 520 nm AHE, A
PRI [A] Y OECs X AN [FPRLAR A9 KR IR S B A Y
FENMEZER (P<0.05), HPBEHE R FRARIE L]
TR

129000000 20m | e

g

==o==60 nm
——Oe—= 80 nm

= =—0==100 nth
&0 (.8 4
£ /
= 4 5 é ......... § ......... @ ......... é ......... é
15 0.4 4 -
=
PR aiainie LSS TILLL TIlid
W&-—&—-M
0 T T T T T 1
0 30 60 90 120 150 180
t/min

B3 OECs MAERIRIA AgNPs BIFFEL
Fig. 3 OECs uptake of fluorescent AgNPs with different

particle sizes

HAFERIZE (204 40, 60, 80. 100 nm) %
AgNPs 1F “ S ™ 22 38 46 41 a4 784 4 & e s AN X
SEREIA, B N 2GRS 9K R R AR 2 )
FHOG, KIARAE 40 nm LA G KHRLTE 55 T, K
RIAR GRS Gy . 2K 751 32 B iE o i 3 e i
(177 AT IR, FER SRR FE 5 Tl B A KRR AR
KM PG
4 g

P A Y i FR AR DR A B AR
alifk OECs, Jli &/ H0miE 99.7%, T N %
TN R YU, A 22 43 3050 7R3 TN G2 S AR Bt
TEUSIEE ALY 71k o AR SIZEG Hh BT AA) 2 A 40 AR Y 2 el
125 A4 i A TR R R S 2 B A B 2H BT i, 3 0 )
@, RGBT Transwell $55RRAH G . AT Ay s
BN IR RIS, A AR it — B IR A AR
B 5edE. HuiYIb e OECs 4RAi Tk E] 95%
DLk, Calu-3 4 B 2 1% 5 F BEAE L 21 700 Q DL
BIA ] LAZH A5 Dy 55 i 2 JE B R TR 2

FEXS TAE RS FEE A 5, AR AH —
ERIRS, HWAE—EMAL: OB T HIEA
KR T S R A R, AW 75 LA Calu-3 ZHACA
i iR ) AL B AN . ERAR Calu-3 41 AR
J&T R AR, (R RESR A SR BRI 1Y) b R 4 g
PR, K A8 B KRR A R - i . @8

Jis st p 22 5 R IR A L A, WRAH 22 e U A 5
BT A AR, EARHEFT b DL 4 A5
LW AP W NI 2, A B A 25 T it
174k, fRREAY, MITE AT G R AR B A HIA
WA U AR, BRIRSLIR I T R 7%, ]
JRA ATFRAFETRE K.
23RS TR AR AT A A B 2 77 2 1A
FEREDZFFR R AEEHNSGS R, FRRER
EFEZPI BRI (U0 My~ pKas JH7K AL &
5 IR R CnghekbiFRife . e 285
MU 2R CnZE3, i3ss)., Bz (b zh e
JrBcAR A0, @ EAENL R, fEWFI R — R R
SN LR, WS8R A g™,
TERETT My IZRIN, FE AR 250847 6 b, 4
SHE A EFBAAAE, WIEH RSN, =&
My AR AR AEERAE (RS BH
—EEENE D o 5 A FAABE AR 2454 s 25 A2 28 o) 7] )
S TR R R AR &, TR S5 IR & S o
PRI, AR 98 AE VR A i JA BT 2 ST P 20 PR ASE 28 2 1)
Rl b, PR AIZEY) FD A1 AgNPs X 52002547
HIFIZ BN My 2 RARR AT TYIDHR
R, ARGTRAG RGBS S5 RS2 At
WIkHE . SRR SR My KT 400 B 2595015 5%
HAGEWMETW R, My KT 1000 B 25474
YR RS AR, HR, SCERIE R B
G RESE R S R P (M, 5 808D M EE R (M,
6 951). {4 4m A R (M, 34 000D hIGF-1E27)
(My, 7 785) F5— RFIK5 T 25BN i 25 & 24200,
IR ZG ) ) A B B B A R R A R 1
AN, SMURBE R 259 My 79 4 000~40 000,

BT, 7EKEZ 8520704 R FH 9Kl 2K
2, AWF RN, AYKEFIRAELE 40 nm LRI,
HAER R e s R R Iy i S5, gKokikiAe
KT 60 nm B LSRRI ER G OECs 4H
JO X 20 nm 9K A B HCE 294 40 nm 211 2 1%,
60 nm 4111 6 fi5, 80 nm 41 10 £5, LRI, 7E
Hil & K 22 B i 25 RGN R R S HO0 T IR
i 2 & B E 2N E.

SEes 2N CanfiE . T REERRD) 1IE
ST T — P EART RS 277, EE N NIX—
25 2477 ONIIE R 73 1 2R 254 B LG KA 75\ Ty
K T Ay R 82), SRTTT H T A - 0 I A A M (1)
=, TERR AW MG AR SN 7 T B0



23

Chinese Traditional and Herbal Drugs

#Es1d H228 2020411 B * 5753 ¢

FE AN ELUL» X 2540 11750 28 G- i B B8 N i 5
PRI IR T A RN o AW B OECs 48
H5 Calu-3 4 g [A] 3L SRR T LAFE — @ FR L |
BEAFEAR IO T S 24, SCBLZGH) RIS 5 2
bR A 2 A A, RSB SR
TR P REAT, R RSB . P A
I 5 TR N P

SE 3R

(1]

(3]

(5]

(8]

[10]

[11]

[12]

[13]

Altner H, Altner-Kolnberger 1. Freeze-fracture and tracer
experiments on the permeability of the zonulae
occludentes in the olfactory mucosa of vertebrates [J].
Cell Tissue Res, 1974, 154(1): 51-59.
Mittal D, Ali A, Md S, et al. Insights into direct nose to
brain delivery: Current status and future perspective [J].
Drug Deliv, 2014, 21(2): 75-86.
Wolburg H, Wolburg-Buchholz K, Sam H, et al
Epithelial and endothelial barriers in the olfactory region
of the nasal cavity of the rat [J]. Histochem Cell Biol,
2008, 130(1): 127-140.
Buchner K, Seitz-Tutter D, Schonitzer K, et al. A
quantitative study of anterograde and retrograde axonal
transport of exogenous proteins in olfactory nerve
C-fibers [J]. Neuroscience, 1987, 22(2): 697-707.
WRES, FAHE, AE, 55 UM R T
BRI [J]. D)1 AEBER R E, 1991,
13(Z1): 32.
Trais, FE, RIRIG, &5 RS HLE] IS A LURE
RARWN I 258025 K AEV R BERE T (0], o [ 257 %
&, 2005, 40(16): 1249-1251.
BhoR¥e, B VR, FLSERL, SE. MEGE S e T
MK RARN L% . PEBERE, 2010,
35(14): 1871-1873.
moOML, gRENZE, B 9, . EAANTINER o-2b A
55 25 77 5B v I 7 AR R S SARS-CoV [ %6 T 41
[J]. RAESEIE R AR 3 24 R &, 2005, 19(3): 207-210.
A 5R, BEE, Bk ARERAMEHFET PR
B 4 G N 2 B AT (9], vh 2 B G AR,
2010, 26(6): 731-735.
AR OMK, RIEFE, BOCE, FTR SRR S
S E M EE SR (7], P E AR 2524, 2010, 35(18):
2453-2456.
sk, PRIEME, 7 OB, S5 SERMEEMNE T R AL
PR -F2 ke LR A KL B o) 26 B 28 B NI O e 1 [T,
T EHT 25 SRR 2% 3, 2010, 29(6): 448-453.
Mo B AR BMBER, 55 JTIR B K RAER SR
RGO 5T [7]. B PR 25245, 2016, 41(2): 303-308.
Mo UK. R BN 2 E AN MR R A Sl ES
T S H R LR W 1S R PR AL BEAE 5E (D). b 5t:

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

B R 25K, 2018.
Nowack B, Krug H F, Height M. 120 years of nanosilver
history: Implications for policy makers [J]. Environ Sci
Technol, 2011, 45(4): 1177-1183.

Esteban-Tejeda L, Malpartida F, Esteban-Cubillo A, ef al.
The antibacterial and antifungal activity of a soda-lime
glass containing silver nanoparticles [J]. Nanotechnology,
2009, 20(8): 085103.

B W, EFE, TR, S5 W BN ) B 7R al
P RARSMEARRFIE [7]. 4HZER) 2258, 2001(1): 43-47.
Mo i, BIARH, BESE, S R OK BRI A B A
i LG FRMBEFT (7). MEmE A&, 2005, 21(2):
180-184.

Pavan B, Buzzi M, Ginanni-Corradini F, et al. Influence
of oxytocin on prostaglandin E2, intracellular calcium,
and cyclic adenosine monophosphate in human amnion-
derived (WISH) cells [J]. Am J Obstet Gynecol, 2000,
183(1): 76-82.

OB, MATEL B, 55 REMWNELN S 2 RS
FUERE [ BURZMEIGIR, 2013, 28(2): 247-251.
GrosB, XUEMG, RIZEHE M ) S 9K 4G 2 RS
WrytikRE (7). AR TRES-HERE, 2019, 40(4): 206-210.
Pardridge W M. Blood-brain barrier

transporters as therapeutic targets: A new model for small

endogenous

molecule CNS drug discovery [J]. Expert Opin Ther
Targets, 2015, 19(8): 1059-1072.

Misra A, Kher G. Drug delivery systems from nose to
brain [J]. Curr Pharm Biotechnol, 2012, 13(12): 2355-2379.
Bahadur S, Pathak K. Physicochemical and physiological
considerations for efficient nose-to-brain targeting [J].
Expert Opin Drug Deliv, 2012, 9(1): 19-31.

Yan L, Wang H Y, Jiang Y F, et al. Cell-penetrating
peptide-modified PLGA nanoparticles for enhanced
nose-to-brain macromolecular delivery [J]. Macromol
Res, 2013, 21(4): 435-441.

KUK, WD OBE, BRIUME, S5 WEMIIRBTIE AT R
JTi o A ) 6 e I 2 SR R 4 24 J K BRI A 2458
T [7]. REZGEAE, 2016, 51(10): 815-820.
Malerba F, Paoletti F, Capsoni S, et al. Intranasal delivery
of therapeutic proteins for neurological diseases [J].
Expert Opin Drug Deliv, 2011, 8(10): 1277-1296.
Gartziandia O, Herran E, Pedraz J L, et al. Chitosan
coated nanostructured lipid carriers for brain delivery of
proteins by intranasal administration [J]. Colloids Surf B
Biointerfaces, 2015, 134: 304-313.

d il SR T Tat-haFGF 4154 67 APP/PS]
/N BB R PR BR O e H AR FIALAIBIE 7T [D). )N Bk
FIKEE, 2017.

AR HUETME D GORRLRT % 5 L [ VP4
[D]. J7H: T BEZ R, 2016.



