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Research progress of delivery strategies related mucus barrier in
mucosal drug delivery

LU Feng-mei, SUI Li, LIU Zhe-peng’

(School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China)

Abstract: The mucous barrier is a major physiological obstacle that the mucosal drug delivery system needs
to deal with. In response to this physiological barrier, many achievements have been made in research of mucosal
adhesion and mucus penetration. This review puts emphasis on the progress of the research on new mucosal
adhesion strategies such as cationization, sulfhydrylization, maleimide functionalization, lectinization and catechol
conjugation; polyethylene glycol (PEG), polyvinyl alcohol (PVA), poly (2-alkyl-2-oxazoline) (POZ), zwitterionic
polymers and other mucus-inert materials, strategies to enhance mucus penetration ability such as enzyme
functionalization, reducing agent pretreatment and so on. The problems of each strategy are also analyzed and
discussed, which can provide some references for clinical transformation.
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Figure 1 Schematic illustration of mucus barrier
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Table 1 Part of the marketed products used for mucosal drug delivery. PEG: Polyethylene glycol

. . Active pharmaceutical ~ Delivery Adminis-
Strategy Brand name Matrix material A X K . Company
ingredient system tration site
Mucosal adhesion  Pilopine HS ~ Carbopol 940 Pilocarpine Gel Ocular Alcon Laboratories, Inc.
Advantage-S  Polycarbophil and carbopol Nonoxinol Gel Vaginal Columbia Laboratories, Inc.
CRINONE Polycarbophil and carbopol Progesterone Gel Vaginal Columbia Laboratories, Inc.

Mucus penetration INVELTYS  Pluronic F127
(modified with PEG in a
non-covalent fashion)
Pluronic F127
(modified with PEG in a

non-covalent fashion)

EYSUVIS

Loteprednol

Loteprednol
etabonate 0.25%

Suspension Ocular Kala Pharmaceuticals, Inc.

etabonate 1%

Suspension Ocular Kala Pharmaceuticals, Inc.
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Table 2 Applications of mucosal adhesion strategy
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Adhesion strategy Delivery system Administration site Mechanism, advantage and disadvantage Reference
Cationization Nanogel Bladder mucosa Electrostatic effect enhances adhesion and improves the cell [12]
Gel Vaginal mucosa internalization, but the effect is unstable due to the [13]
Nanocrystal Vaginal mucosa presence of electrolytes [14]
Lipid nanoemulsion Nasal mucosa [15]
Thiolation Nanoparticles Intestine The disulfide bond is covalently bonded, which is a simple [16,17]
Gel Nasal mucosa modification method, while the sulthydryl group is easy to [18]
Microspheres Nasal mucosa oxidize and lead to unsuccessful modification [19]
Maleimide modification Liposomes Bladder mucosa The thioether bond is covalently bonded, the stronger [20]
Tables Oral mucosa adhesion results in obvious adhesion effect, but the [21]
Prodrugs Oral mucosa functional groups are easy to oxidize and lead to failure [22]
Lectinization Microspheres Gastric mucosa Binds specifically to glycosyls improves adhesion. While [23]
Nanoparticles Nasal mucosa lectin is easily deactivated, causing immunogenicity or [24]
Micelles Bladder mucosa toxic effects in the body [25]
Thermosensitive gel Ocular [26]
Liposomes Ocular [27]
Catechol conjugation Capsule Intestine Trreversible covalent binding effectively enhances the [28]
Gel Intestine affinity of mucin. It is a kind of safe material from a wide [29]

range of sources, but its adhesion ability is sensitive to pH




B UHESSE s RISy 24 vl 10 286 VL5 o S 5 336 308 SR ATT 7 34 e - 673 -

ATV VD U 407 SR 3G G AT AL 245 W) A ) SR BB AE 45 oF
BRI bR R R ). A5 RR I, SRS
U407 235 205 T RIS VD TR 407 IR 1) R IR B 1
Kaldybekov &7 K 1 # FUIG i 44 L 5R & — gk
JIg J5E A& RN A A R BE K F g AL PEG (maleimide-
functionalised PEG, PEG-Mal) [ Ji§ Jii #& (PEG-Mal Jig
R H TR 45 2, PEG-Mal J5 Ji (R 7E Bt eH 2 rp
I A A v I AR Ah i B M o Shitenberg S5V G BT
T of 1t . % 35 3 ¥ PEG 12 1 1) ¥ 35 2 £6 (alginate-
polyethylene glycol-maleimide, Alg-PEGM), % iK% 2 Fft
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Table 3 Applications of mucus penetration materials. PVA: Polyvinyl alcohol; POZ: Poly (2-alkyl-2-oxazoline)

Mucus

. . Delivery system Administration site Mechanism, advantage and disadvantage Reference
penetration material
PEG Nanovesicles Vaginal The dense hydrophilic coating makes the particles invisible in the [38]
Gene nanocarrier Vaginal mucus and diffuse quickly, but PEG is easily oxidized [39]
Nanocages Lung and unstable, and the coating leads to poor cell [40]
MiCI‘OSphCTCS Lung internalization [4 1 ]
Liposomes Gastrointestinal tract [42]
Nanoparticles Vaginal [43]
PVA Nanoparticles Vaginal mucus PVA enhanced penetration efficiency by destroying [44]
Nanoparticles Cervical mucus hydrophobic interactions and protected the coated [45]
particles. PVA with a specific degree of hydrolysis were
required, and there were few relatively reports
POZ Nanoparticles Gastric mucosa POZ with high in vivo stability provided hydrophilic [46,47]
neutral coating. But POZ has not been approved by FDA
Zwitterionic polymer Nanoparticles Intestine Zwitterionic polymers provided hydrophilic neutral surface [48,49]

and the form of protein corona resisted adsorption of proteins,
which not only improved mucus penetration but also
enhanced cell uptake. However, current lack of studies
report the use of zwitterionic polymers in drug delivery
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Fe-2-SHMe ) A T R AW SR T AT R
BT R
22 HMFREHREYMR
221 RZERE R LJEEE (polyvinyl alcohol, PVA)
e — MR IR A, AR KRR S R & O
T i B R 5 K A P T S5 7 HE 2R 280 A e
Ik, 1R 2 W 78 TAES0% PVA (4% S ns T4 M 24
ZG0 I B RN B AR . SR, Popov S5 IE 1 1 Y
PVA ¥ 7K fif 2 P 2503 3 5 6 W 10 AH B AR F, Wt 98 E B
75%~94% 7K fif PVA H PR K & 1) A 7K Al 1 T 2 2. 06 T

BIGHIAELE, 7 PVA IR )2 AT 5470 0K TE BOA 280 1) 8
K&, Tl — A, SRk R IR 53 &
HIE KR, BAS SR SR E B A8 iE M, 7
3 ORI JZ UKL G 52 6 L h B AH B4R, 39 ik J2
RLAE R R BN TE, H. 75%~94% /K fiff PVA i 2 5
LR 27 IR YE S PVA (AN 4> T RE TR .

H HIEF X PVA IR 2 B0 25 % % VB 708 ¥
A HoAh R, R A A R AR R
222 B QQ-KrE-2- TR 5 (2-J 5 -2- 2 M k)
[poly (2-alkyl-2-oxazoline), POZ] +& 7 # H. H A 3¢ /K
PE R E AR A AR AN, HAT 2R T PEG
D0 S B B¢ 7 6 7, PR AR 1 R B, ARG A o R
Eb PEG 58", W B PEG ¥ 7E 1 & AR

Mansfield %518 1 248 POZ 4% 1 K< FE s 3 A
SRAKPERI AR AL, W 505 F ik | CHERN TR TR B8 43 i
FIPOZ Mk, 7 7l & A T 5 (2-H 3 -2- % k) [poly
(2-methyl-2-oxazoline), PMOZ]. % (2- £ 5k -2- % W Iipk)
[poly (2-ethyl-2-oxazoline), PEOZ] 1 % (2-1E 4 2 -2-
& MR [poly (2-n-propyl-2-oxazoline), PNPOZ], Il 15
FLoE 7K 1 i o 5 0] K %) 388 0 FRAES, B PMOZ 1)
KM B sk, R L SR (sulfhydryl, -SH) K 3 Fh &
WA B M AE B I AL — AL EEP KRR T, Thae b J5
187 299 KR Tt FH 8T 658 (9 4 B I, %2 31 PMOZ &
TR GNK RIS 5 B T Bt . I EAIE S, $2 1 POZ 57K
R R N R AE 6 O 2R

SR, H AT (2-Fe 3 -2- 7 ) 36 A 4 26 [ £
2 B % F (Food and Drug Administration, FDA)
Ve, PRl bt R ) e RS2 H
223 AMBFREY WHETREWE —ME L
FATBH B 7R B B 2R (4], {E R A4 52 A e ) 5 R
J, U R R W S B (carboxybetaine, CB). fiff i fHf S Bl
(sulphobetaine, SB) #1 ff [t fiH B (phosphorylcholine,
PC) & . PPEES 1 BA B 1 6 KM LA b 1t AR
VAR ZSPE, H O I FCE 52 1 B AT DA AR SR
A A T, AT R AR R e 1 A BT
DRI I, B0 78 6 R 1 B 1R 2 I AR RL R B R o
KA A T PR 2 T, SRASDIC B R 5 02 e

Shan ™4 — F FE W K& 8% s Bt I 5 (dilauro-
ylphosphatidylcholine, DLPC) 1 7 7 44 K ki R 1, 5246
RI, 1X 3.4% DLPC NPs 8% Z il 3k, 76 7 7k
HIE, 96% ] ZFIE R ERIE T Z4 M. Gao ™ E
VR FH st 5 B 32 12 (sulfobetaine 12, SB12) 3 4 LA it
SJHR (deoxycholic acid, DC) 5 A/ FL — AL LGN
JKHi (mesoporous silica nanoparticles, MSNs) 315 B
PPE B IR 2 40 K R (MSN-DC@SB12), LA it 3
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T FEEN. 451K W, MSN-DC@SB12 H A 4 Al
SOKPERME, fEFH BA RIFH & RE

PP B TR 2 AN T 9 KR R 1) 285V 2 3B e
77, FLIR 5 4 it 1ol i 55 5L A5 A A 0 2 T 44 S T 42 s 4
PRI, 45 m A R 2R, B E R AT Sk Z 560 v B 1R
E WM RHE 2545 3 77 T RN 9L
2.3 Bk
231 BREARFIHOMEFER K I1TRGWZH,
Leal %57 7E W B 14 & 7R BT 49 JIK 22 v i 3o 9 1 4F 4
& (cystic fibrosis, CF) & B AL 4 B i 1 th 26 M B AT
FhVEF 3 Re 1 K, X L R R 5 OB K TE R B RR T A
EBHUEEFI - ER- AR AR -2 =R
(-GGGS)”# 1 F N iy, 2 4VFRS1] 11X 26 Fit H Wk B 14
JE TR B AR % 1 EL A B IE e 1IN K I R
) Jx AR HLAE, BT D% 86 R 5 0F IR o ot B
moe KM . 5 B AR B HEAE L, W A A R R IR S R AR
FII 54 /D, 75 CF Jilih 9 B 38 7 2.6 fis o

Table 4 Amino acid sequence of mucus penetrating peptide
screened by phage display technology against cystic fibrosis

mucus and its physicochemical properties

Number Sequence Net charge at pH 7.4
1 LTAQPSTGGGS -0.1
2 VNRSSLYGGGS 0.9
3 APTAVSKGGGS 0.9
4 TPHPLRLGGGS 1.1
5 APKQSLEGGGS -0.1
6 VSTPSTPGGGS -0.1
7 GGLSSRPGGGS 0.9
8 YPSPWGYGGGS -0.1
9 TVRTSADGGGS -0.1
10 TLNRVPNGGGS 0.9
11 GVPTALPGGGS -0.1
12 QLVYPAPGGGS -0.1
13 SSQLSRPGGGS 0.9
14 LGTSMQLGGGS -0.1
15 SLGPSPGGGGS -0.1
16 ISLPSPTGGGS -0.1
17 MISSNSSGGGS -0.1
18 YNSPTHHGGGS 0.4
19 SGTHHKAGGGS 1.4
20 TNTMTRAGGGS 0.9
21 KPFPPMKGGGS 1.9
22 ETTHLTGGGGS -0.8
23 SPHDVAYDGGGS -1.8
24 LPLWEVYGGGS -1.1
25 QLKPLEFGGGS -0.1
26 GETRAPLGGGS -0.1

232 EZHK KL K (polypeptoids) & —FAE LR
T B AT — U DU IR BRIt Jie Dy 32 BE i D Ik SR S
Y, N A BRI 2 IR 7 RSN EE R M 4544, o
AR AR AT RIEE (polysarcosine,

PSAR) & —FiaE & F/AKE R A B2 K, T
F T 3R AN K RL 1) D B AT, Lau % 79HIE B TiO,
F H AL B RIPIR 1) PSAR Ji5 6F FE 4 57 14 85 115 W Bt
o it B 2 B AT B R HR B D, HL AR AR o B )
AE 77X PSAR B A % FE A HOmivE . H2 B A%
A KT LA PSAR SAT ] FAth 28 22 i3k AT JURL Th g 4k LA
R EL VR B O, (E X S bR AT SR T A
I .

IR T W B A R 7S PR R 2 T KRN L5 B 2R %2
JOR 00 7 3 2 3 J T PRV AT 7 AR SR AR /b, FLak BB ik
TE A N T AR PR W A AR TE A N B AR AE R D
RFRNIRZE
24 WHRFHEBLSEN
24.1 LIEBHEBHER EFWT SR IA
ASCAT LA P 5 VRS MR RE, I AT LUK R RIRORL Th B AL,
LA A RE AR, 8 R L A A g AR R A
i RN 3% 55 R RS, X SR IR AT AT B B AR (R
B I 48 S5 1y, 78 MRV AR R, AT BE % =) R B VR
JZ, T4 R R o A

Miiller 2674 A JR & (1§ (papain, PAP) F15E A /5
2 (polyacrylate, PAA) FL A/ 7 452, I il £ B 44 K KL
(PAP-PAA NPs), Tlf 7t & 30 Ly B8 A 40 K br 1 26 2 1)
PHLORE FE LA B A R g Kok it 3 . Bl S,
PAP Fl 3§ 35 25 F i (bromelain, BROM) 43 i 5 PAA 3t
W iEF%, 43 M4 AR VR R D e AL 9K KL (PAP-PAA
NPs) F19% 85 & (1§ 20 58 1L 99K ki (BROM-PAA NPs),
gh IR, F AR OB Th A8 AL 1 40 KOk B B A 11
W 7%, 3F H X 3 BROM-PAA NPs Lt PAP-PAA NPs %
75 Re ) TR

T BG T Re b SR B e A AU R 2 R ARG
%5 68 77, A H AR e 40 K B IR B R A T P B
B, RA BRG] FAE B i A4, % SR AR AR L
SER[RE TR R — P R R . AL AR T R RS
BRI B S AN SR T A B AR A, L A Bl P T R
W T 1] 7 P26 AHCHE 3 S50 T e 1 026 24 R G E K AR e 1
77 THIATFAE TS AE ] j85
242 PURREFIFALIE FHEONE S HE, 1
L 255 65 K 1) 8 L, BRR R AR — e FE R B AT
R DA AR AS R, PR RN O Ah k) o 1 o
YER . Suk %" PEG,, 5 % -L- M & 2 4H i DNA %,
A& (DNA-loaded poly-L-lysine conjugated polyethylene
glycol 10 kDa, CK, ,PEG,, /DNA), [i] % 4 £F 4k 4k /)N il
AR 30 3% JEE [RIBEAT VR 9T, DA B 1) 38 57 V- 2 T 25 -
L-*E & R (N-acetyl-L-cysteine, NAC) Tl kb FE 5 71 /)N
B DA R 60 2 1 ) F) I, TR B S RN 2, B
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P 7R R R SR IE, /N B B R I SR IA
e 7T~121f%. BRNACAH, i & 57 B 25 I H kA —
T I W WA Dy B 04 S5 ), 4- 350 2k R IR AR R s
PERG I A B S B S R AR S — A 52 8 57 55
HR ] DA T 0 TIAL B ()G S I

I JE 50 R4 PR SRR T DL 2 s 2 R GG A AT
H, RS2, {H 2 SR O T R L 56 %
PE, FEAK 7 XA RA B B B A Re 70, HAS IS 2547
FETEALE 1] 7L

ZR B RTIR, R F SRR IR S B0 B 2 H 55 B Ak
SR 1AM AR H BN B R, i -3 K
PERDRL, J/0 5 2 TR AR AR F sz s R
R, BINZE R DR R RIORE (17232
3 HEMMEMRAFENGSRE

AR SR, A — SR 5 TAES R T 45 & 30
R MBI FE N E IR &, A M s F 2
YL TpeSs

Hauptstein ™4 i 1 45 A PEG [ B B 40 576 S8 M,
ARG E) 72 R AR L, & PEG BB AL 52 R0 7R
HR B R 1) 25 M R0 B 5 R, L 5 A 50 SRR O B I
PRPEAR S o b Ak, & PEG B BE A 53 SR BEAE R SR b
JEEF Caco2 40 i 5. = F@ 7 Hh i %7 i& e /1 . Krogstad
S DL T B 5 A 4 PVA B 20 g B R [poly
(vinyl pyrrolidone), PVP] 4 B 42 ¥ 5% 7K P 4 K 41 4
HELHEA FERMINEEN R & B R AR -2 I
218 [poly (lactic-co-glycolic acid), PLGA] 44K ¥i, 14
BT RN A E N e 245 R AR, AE R TR T, 9N
KA LRI A, B R Sk k. 590K
LB VR L, BHIE PN 25 24 () 40 K 21 45 A B T8 P4 ¥ B B
[ S, K RLAE A B TE A I OR B 248 T 3015

255 R RE BRI RE M 2805 R B A A A P A
AA RGP0t 7 T Re, A G RENEIE
K, AERHE— BT .
4 REERE

0 T 2R B R R0 Y 2 5 P 2R 0 18 SRS AE R IR 45 24 &
g b 2 AH A B, 3G R R E RS RN T M RN
BE SR I ], &R B B AMZ, FER
JE, SR = R UL K 25 IR, s AR . AR
SCEEE AR T NN R BE B ) R OG5 % G, I 4 BT
TR HANME R RBR T, 51K T — BB AT B ) )
O £ X PEG Hb 40K K 40 i 3 A% 22, K B A4 (448 i 2
JERK) 5 PEG X R 22 A3 e i bW 5 e /0 7 52
T2 T 5 40 P9 A 38R B 2 A R 6 R S 2 () et
0 B BRI 2 35 1 R 2 W R TR R A AR 2 D) 45
B RO RE FE, anTBerh R R S R A

F 56 3 4 £ B AL I 26 R 462 @ BB 26 R GExt
HAE R S R AN . B LR E 4R
FR 500 6 00 24 B 0 AR 7 569, 5809 25 B4 2
RBE 25 R GK 2B D LR R A, ) RN R
AXHG A e S SRR S <

i BRI T SR HE 496 50T SR A1 7
T R AT 3 VP 8 KT R4

RIZERTE: T {3 075 015 47 AR 2.
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