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Advance of hair follicle targeted drug delivery systems in the
treatment of acne and hair loss
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(School of Pharmaceutical Sciences, Sun Yat-sen University, Guangzhou 510006, China)

Abstract: Hair follicle (HF), one of the skin appendages, has received a lot of attention to be a new target and
pathway for drug delivery. The development of hair follicle targeted drug delivery system (HFTDDS) through
percutaneous permeation is particularly important for skin diseases derived from HF such as acne, hair loss, and
folliculitis for their on-site action. This review describes the structure and physiological function of HF, the micro-
environment of HF, and factors affecting HF permeation. Multiple nanoformulations used to improve the HF
permeation and technologies to characterize the HF permeation were introduced. The latest advance of HFTDDS
based on nanoformulations were systematically summarized and analyzed in the treatment of acne and hair loss.
Finally, the challenges of formulating HFTDDS were discussed. The review is expected to provide some ideas and
references for developing delivery systems for treating skin diseases derived from HF.
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Figure 1 Schematic diagram of hair follicle targeted drug delivery systems for treating acne and hair loss
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Figure 2 Schematic structure of the human hair follicle. The hair follicle contains constant part and cyclic part, separated by bulge. The

constant part mainly includes infundibulum, isthmus, and bulge, and generally, apoptosis and regeneration did not occur. The cyclic part is

partly regulated by different signaling pathways, growth factors, and cytokines, which constantly reshapes the growth cycles of hair follicles
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Table 1  Different factors affecting the penetration depth of drugs in hair follicles (HFs). NPs: Nanoparticles; QDs: Quantum dots; CO,:
Carbon dioxide; IRA: Infrared A; AuNPs: Gold nanoparticles; BSA: Bovine serum albumin; UVA: Ultraviolet A

Nanoformulation Size/nm Factor Maximum penetration depth/um  Skin model Ref.
NPs 122-1 000 Particle size ~1 100 Porcine [21]
Nanoemulsions 80, 200, 500 Particle size 588 Mice [22]
AuNPs 250 Shape 252 Human [23]
Nanocrystal QDs 18 Fractional CO, laser 75 Nude mice [24]
Nanocapsules ~700 UVA radiation 509 = 104 Porcine [25]
Liposomes 100-150 Iontophoresis 400 Mice [26]
Particles 520 Protease 866 + 62 Porcine [27]
AuNPs-doped BSA microparticles 545+ 87.5 IRA radiation 717.75 £ 186.51 Porcine [28]
NPs 79, 89 Surface functionalization 1400 Porcine [29]
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Table 2  Different nanoformulations promote drug penetration to HFs. PLA: Poly (D,L-lactide); PLO: Pluronic lecithin organogel; ROX:

Roxithromycin; PCL: Poly(epsilon caprolactone); PVA: Poly(vinyl alcohol); CLZ: Clotrimazole; ECZ: Econazole nitrate; FLZ: Fluconazole;
MPEG-hexPLA: Methoxy-poly(ethylene glycol)-hexyl substituted polylactide; mEGF: Mouse epidermal growth factor; DPPC: 1,2-Dipalmi-

toyl-sn-glycero-3-phosphatidylcholine; TPGS: D-a-Tocopherol polyethylene glycol 1000 succinate; PAA: Poly(acrylic acid); PNIPAm: Poly

(N-isopropylacrylamide); IDCC: Indodicarbocyanine; NCs: Nanocrystals; SLMs: Solid lipid microparticles

. . . Basic Skin Penetration .
Nanoformulation ~ Main constituent L Main advantage Ref.
characterization model
NPs PLO, ROX, PCL, 300 nm, Human Pilosebaceous Using polymeric NPs formulated either into the aqueous [32]
PVA -8 mV scalp unit suspension or semisolid topical formulation, can achieve
preferential targeting to the pilosebaceous unit
NPs PLA 150 nm, Porcine Hair bulb PLA NPs can effectively transport and release lipophilic [33]
-20 mV and hydrophilic compounds into the HFs
Micelle CLZ,ECZ,FLZ, 70-165 nm  Porcine, Hair follicle  Using MPEG-dihexPLA micelle formulations resulted in [34]
MPEG-hexPLA human significantly higher drug deposition in both porcine and
human skin
Ethosomes = mEGF, ethanol, 40+ 10nm Mice Pilosebaceous The ethosomal system possesses enhanced topical drug [35]
DPPC unit delivery efficiency, could reach each site of the
pilosebaceous unit
SLMs Phosphatidylcholine, / Porcine Infundibulum SLMs dispersion is suitable for HFs targeting and the [36]
lecithin ear targeted release of active ingredient(s) at the site of action
NCs Curcumin, TPGS, 300 nm, Porcine Infundibulum The NCs are incorporated can have a tremendous [37]
PAA -16 mV ear influence on the dermal penetration efficacy and the
ability to target the HFs
Nanogels PNIPAm, 600-700 nm Porcine Hair follicle  The depth of nanogel penetration was proportional to their  [38]

hydroxyethyl ear
cellulose, IDCC

sizes, and release the drug under the thermoresponsive
stimuli




- 100 - 242224 Acta Pharmaceutica Sinica 2023, 58(1): 95 -105

WA RE, HTHE EAAMETENSE, T H
SrNBRECR AL 2 T B JLh B R B AL
5B R ER HOL 28 B A LR EO N
TR L 3R A 8O IE™, W) B HR RAE ML i
TR 2458 24 5 B 1) 6 S 1 L AR A AN B AR
Z5i A PR RO O A B AR BGEIE K
5, A B BN R TC B I K, LU e
B RA T BRI AZEF L, @ HEESWH
e N Tk 0k P& B, RS 3ET & BB sk
B WRAGMATENE S RMAEKLIKEENZE
5y @ M RN 45 & WAL N IRE R = B, R
SR BB ) 25 AT R

BB T BT e, EEAEMEETE
WA G2 40 A A 5] B FEAL [ 5 o G Sahle S50 {3 Y 05| e
TSGR IR AR B, SR 6 hRin L 25, A
S B B AT B A @ S e Al B 3L R AR O
B B B R B AR B RE AR AL 1 B AU 0L, DASRAS
S T W IR 2 ik A V- 55 7R ik D04 I A B T ) A
S22 R Uk B FE A 17 R 2 W R o IR VA IR
PR A% 25 AR T30 T T8 B K 9 1 245 ) s A
5, fa /N> T RO R AT B SR IL A REHEAT B3
LA EEE, X TRE R Z IR T4 B SRS ERE, B
TCIEN B R BRI AL AR BEAT R HEE B 111 245771
T BCEEN TR, AV R S B 34T =
R B ELK G, £ 8B T 7> BA BRX AT
BT X, AT LA 24 W) 7 B X ORN B 3 X 311
V5331 L 25 G ) 770 1) B AL 1) PR, X R E BEOR Y
MR W E R E BB NERE, HEHE
Jey BRAE R X 484 N R BARKP A B 1 20K, B
T 1R A ] J A o

i IR BT BN B JEAE 17 3 24 HEAT RE PR R
EBWTIL, AR TR FCAKIE L) R GAE RIS AL Ay
iz, EHER TR R I A . (BRI
K&, HATH 0T BRI E s Ve AR R S AT
R, ARSIV BES NBRAGAE ENE
Sk, 5 B BT FRATAE S 5N B AR 5y 1 AR R S
PR, A Bk 4% B2t 5T HFTDDS [ B #3524
BE— DR WIS E B R ZE R PR sh ) B FE A R
XA BREERA HEE
6 ERLEBLRGIATEL

TR & — Al B B T i oA 08 Ak JORE VR,
Fo R A 2R B AR A R 51 RS 10 B IR 2B g n . B fE
JE AL JRE S A T BR AT 1 A S5, DB
&R Ik 20% s AT R I S 2R T I L 4E T
FR AU AE BRI O e v BRI, IR R 4k A BRIG YT

H R, (IR ACR A AR H R A RRA R R
Mo FEF 99K HFTDDS B H T8 & 6 7 AL 34
BA O RN R ST BRI HE 20505 B
Rt (BRERIR), @ Z IR K RS MK
T (WA YA NGB J197 %), A R T HUEIE 2459 11
G HE 725 1 RE A, AT 20 Xk A B S5 AL N BRI
@ KB L RG] E T R PRI 24, 18 B 2%
R, (7B B AR 25 0055 iz Jok R R vk o 3 s X 9 oK 02 24
RGN LAY RSE KN KR TRURE PR S5 7 TH AT AR
A B R B 2 R AR E

Brammann 25138 10K i AL 2K BEGK RAR B
N B 325 e R[] 4 A B AORE, S 35 B v T ek AR AL R FE
TEBZEHALR) R A, BEA 26 N5 1 Bl A i dk A & B A 1
EFER MR SR A, 28 2 R SEIL T 2B P [F)
RITEEIE IR . LAk, Gokee Z5F] Fl & FEME 1717 1E
FEL A7 () B AS IR K 20— 346 a2 BT a8 ML AR, et 5 40 R e
AR ) 43 (AR ELAE ), SEBILT BT O e bR R 2
A7 B Ir) i 18, B 3 B R IR T AR, HE I R
I 1) B2 Sk 52 ¥ o Paithankar 5 F 6 60 2 — %1k
Bk O 2L S 1) VR A2 RV N T T IR FR R B g e, o b
S B Kb RR S, B BAR TR B 2 B R IR AR AL 1
BiEE B, B ROR T S

7E LR SCHR A 2 Al b, R3S T A B
LR VR T B IE AN R 9K 246 25 R0 28 M s
25 RS B R A 30 1 25 W) K T RE 1 B R )
Bl o
7 ERVREBAHARGATREA

Jit A Tt 2 B R R 5 R ) B AR O AR AR A
1978 R 0 v, 0 A i 2% v R BT A H B e
PR AT ORGP R A SR MR, o R
PR RN T A SRR, MEECER MR R R B A
IT A EATAE — B W R IR M, akiE /R R A 25 5
GO HEAS G B2 Al 1 Rz 96 R T 2 B AR D IRIETR
T 2= 5 ok — E FE I B ME Dh Re RS A R M.
F T K I B A ) B 24 R G TE B Ak O T 2 A
o

JIE T AR A O B 2 ) 06 2 R G R L R,
Shamma Z55F1] YA i 57 49 2K R HE 7] 328 16 058 PN i 46
IT IR, SE RO B 45 R BRI FIE B
CSTEDATECS K S WP R B N RN I N
W) WRe A UKL R R B M A
Liao 55CYHR H 2 2 H 20 2% (B B A o a8 a2 oK v R,
ERBNE R AT, HEAR B RMAK, 4k T
YEIT A, HLAE AN BB A0 7 015 50 39 A Ak
ETHEAM BN K/, Fang 5 F) H e % 1%



BE VAR BIEALIAIE LSRG A AR T T RIT S HE R - 101 -

Table 3 Hair follicle targeted drug delivery system in the treatment of acne. MPEG-dihexPLA: Methoxy-poly(ethylene glycol)-poly(hexyl-

substituted lactic acid) copolymer; PSU: Pilosebaceous unit; PAMAM: Poly(amidoamine)

Nanoformulation Main constituent

Drug Targeting mechanism Ref.

PAMAM dendrimer-
based nanocarriers

PAMAM

Nanocrystals and

SLMs 188, lecithin, cholesterol, and stearic acid
Microparticles Gold, silica

NPs Ethyl cellulose, methyl cellulose
Polymeric micelles MPEG-dihexPLA

Polymeric NPs Delonix (DLX)

NPs Chitosan, hyaluronic acid

Phosphatidylcholine, poloxamer 407, poloxamer

Amine-terminated PAMAMSs dendrimers [8]
interact with negatively charged molecules
Nano scales and lipophilicity of SLMs [46]

Adapalene

Benzoyl peroxide
and adapalene

Gold coated silica ~ Assisted light stimulation [47]
a-Mangostin Appropriate particle size (400 nm) [48]
Retinoic acid Interaction between micelles and PSU [49]
Isotretinoin Appropriate particle size (230 nm) [50]

Appropriate particle size (362 + 19 nm/ [51]
417 £ 9 nm)

Clindamycin
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Table 4 Hair follicle targeted drug delivery system in the treatment of hair loss. NLCs: Nanostructured lipid carriers; SLN: Solid lipid
nanoparticles; MBs: Microbubbles; PLGA: Poly(lactic-co-glycolic acid); PLLGA: Poly(L-lactide-co-glycolide); UK5099: 2-Cyano-3-(1-

phenyl-1H-indol-3-yl)-2-propenoicacid; MSC: Mesenchymal stem cell; CRISPR-Cas9: Clustered, regularly interspaced, short palindromic
repeats-CRISPR associated protein 9; sgRNA: Single-guide RNA; DPPE: 1,2-Dipalmitoyl-sn-glycero-3-phosphoethanolamine; DSPE-PEG-
PDP: 1, 2-Distearoyl-sn-glycero-3-phosphoethanolamine-N- [PDP(polyethylene glycol)-2000]; DSPE-mPEG,: 1, 2-Distearoyl-sn-glycero-3-

phosphoethanolamine-N- [methoxy (polyethylene glycol)-2000]; PVP: Polyvinylpyrrolidone; ROS: Reactive oxygen species; PGA: Poly(y-

glutamic acid); PDGF: Platelet-derived growth factor

Nanoformulation

Main constituent

Drug Targeting mechanism Ref.

NPs

PLLGA

Minoxidil Appropriate particle size (100-150 nm)  [9]

and lipophilicity of NPs

Microneedle patch  Hyaluronic acid, DSPE-mPEG,,, PVP-K90  Ceria nanozyme Assisted ROS-responsive stimulation [18]

Microneedles and ~ Glyceryl monostearate, squalene, and Finasteride Appropriate particle size (179.70 + [43]

lipid nanocarriers ~ Poloxamer 188 2.84 nm) and lipophilicity

NLCs Transcutol”, Compritol®, Tween 80, absolute ~ Spironolactone Appropriate particle size (215.6 + [53]
ethanol, olive oil, and acetone 20.4 nm) and lipophilicity of NLCs

Albumin-shelled Albumin, chitosan oligosaccharide lactate Minoxidil Assisted ultrasound stimulation [54]

MBs

Microneedle patch  Mesoporous iron oxide nanoraspberry, PVA Minoxidil Assisted magnetic-thermal stimulation [55]

Microneedle patch ~ Keratin and MSC-derived exosomes UK5099 Autologous [56]

SLN Suppoire” NAI50, Montane™ 80PHA, Minoxidil Appropriate particle size (190 nm) and  [57]
Montanox® 20PHA, and Phosal® 50PG lipophilicity of SLN

NLCs Squalene, cetyl palmitate, Forestall®, Diphencyprone Appropriate particle size (208-265 nm)  [58]
Phospholipon 80H", and Pluronic F68 and lipophilicity of NLCs

Microemulsions Oleic acid, poly-ethylene glycol 600, and Minoxidil Pre-treating with alkali (ethanolamine)  [59]
span 20 made the hair shaft to swell and open

NPs PLGA Finasteride Appropriate particle size (300 nm) [60]

Solid effervescent ~ Anhydrous citric acid, tartaric acid, sodium Minoxidil Effervescent reaction [61]

formulations bicarbonate, and saccharose

Ethosomes Soya phosphatidylcholine, Finasteride Appropriate particle size (100-300 nm)  [62]
isopropylmyristate, oleic acid and thymol

NPs Methyl p-hydroxybenzoate, propyl p- Minoxidil Appropriate particle size (90-300 nm) [63]
hydroxybenzoate, and mannitol

Phospholipid Lipoid® S75 and soybean lecithin Co-loading finasteride and ~ Appropriate particle size (100 nm) [64]

vesicles baicalin

Nanoemulsions Clove oil and Kolliphor® P188 Minoxidil Appropriate particle size of nano-sized ~ [65]

droplets (< 200 nm)
Nanocapsules Poly-¢-caprolactone and formic acid Latanoprost Appropriate particle size (197.8 = [66]
1.2 nm) and assisted manual massage

Albumin-shelled Albumin and perfluoropropane Minoxidil Assisted ultrasound stimulation [67]

MBs

Microbubble- Lecithin, cholesterol, DPPE, DPPC, DSPE- Cas9/sgRNA Assisted ultrasound activated [68]

nanoliposomal PEG-PDP

particle

Hydrogel NPs PGA, chitosan Herbal extract Appropriate particle size (400 nm) [69]

NPs Squalene, hexadecyl palmitate, and anti- Minoxidil Appropriate particle size (195 nm) and  [70]
PDGF receptor f antibody lipophilicity

Lipid nanocarrier ~ Squalene Co-loading diphencyprone  Appropriate particle size (177 nm) and  [71]

and minoxidil lipophilicity
Microbubbes Lysozyme Minoxidil Assisted ultrasound stimulation [72]
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