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Abstract: Needle-free injection technology (NFIT) refers to the drug delivery systems in which drugs are
propelled as high-speed jet streams using any of the pressure source to penetrate the skin to the required depth. NFIT
is a promising drug delivery system as it enables the injection of liquids, powders, and depot/projectiles, and has the
advantages of preventing needle stick accidents, improving drug bioavailability, eliminating needle-phobia, increasing
vaccine immunity, simplifying operations and is convenient for patients to use. NFIT and its research background,
the structure and classification of needle-free jet injectors (NFJI), drugs that can be delivered using NFJI and the
factors affecting the injection effect are comprehensively reviewed in this paper. The limitations and potential
development directions are summarized to provide a theoretical basis for the application and development of NFIT.
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Figure 1 Comparison of needle and needle-free injection
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1956: First large scale use of a muti-used nozzle
NFJIs for world -wide vaccination against various
diseases, such as SmallPox and Cholera.

1866: First concept of NFJI and it
uses a compressed spring as
, energy source.
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2020: First laser-based NFJI
Mirajet, used for medical
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scale use of NFJI in the US army.

ion caused by spl
and fluid-suck back, the World Health
Organization recommends the muti-use
nozzles injectors no longer be used.

Figure 2 History of needle-free injection technology (NFIT). NFJI: Needle-free jet injector
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Figure 3  Structure of conventional NFJI
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Table 1 NFJIs and their features. ID: Intradermal injection; SQ: Subcutaneous injection; IM: Intramuscular injection. PDRN: Polydeoxyri-

bonucleotide

Product Pressure source Per spurt-mL"’ Depth Application/Characteristics Ref.
Stratis® Spring 0.5 SQ/IM Vaccine [13]
Tropis® Spring 0.1 ID Vaccine, medications [13]
Zetalet™ Spring 0.05-0.5 SQ/IM Vaccine, medications [14]
Vitajet™ 3 Spring 0.5 SQ Insulin, growth hormone [15]
ZOMA-Jet 10 Spring Prefilled SQ Somatropin 5/10 mg [13]
Injex30 Spring 0.05-0.3 SQ Insulin, growth hormone, vaccine, medications [16]
Insujet™ Spring 4-50 TU SQ Insulin [17]
QS-M Spring 0.04-0.5 SQ Insulin, hyaluronic acid [18]
QS-P/K Spring 0.04-0.35 SQ Insulin, growth hormone, vaccine [19]
Comfort-in™ Spring 0.01-0.5 SQ/IM Insulin, hormones, vitamin B-12, anesthesia [13]
ZENEO" Gas generator 0.625 SQ/IM Prefilled [20]
Biojector 2000 Compressed CO, <1 ID/SQ/IM Vaccine, medications [21]
Sumavel” DosePro™ Compressed N, 0.5 SQ Sumatriptan [22]
Jupiter Jet™ Compressed CO, 0.03-0.2 ID/SQ/IM Efficient for low doses [23]
MedJet MBX Compressed air 0.02-0.3 SQ/IM Anesthesia, dermatology [24]
MedJet H-4 Compressed air 0.05-0.5 ID/SQ/IM Vaccine 25,26]
INNOjector Compressed air 0.05/0.1/0.15/0.2 ID/SQ/IM Skin remodeling, botulinum toxin, PDRN [27]
AirJet™ Compressed air 0.085 ID Skin remodeling [28]
AirGent Compressed air 0.15 1D Skin remodeling [27]
PRIME Lorentz force 2 ID/SQ/IM Liquid, powder, high viscosity biologics [29]
Mirajet” Er : YAG lasers 0.000 3 / Hyaluronic acid, botulinum toxin, vitamin, PDRN [11]




- 594 - 2% % Acta Pharmaceutica Sinica 2024, 59(3): 591-599

5% BLA% O 150 pum, 5305 B2 N EFA 24, R b 5 i
JUT- TIN5 3 1 s 45 K ) T 2 33 B ik, a2
Ji, A T R B S AR < TR OB R R 2 —
Mohizin ZEP LR 45 SR 3K 30 1) Airdet™ A AEAL, PEAY
2V E EAR BTHE LA T K R MR N G A A O
JUART 2 B0 A TR SR BE s o J8 T SR 3N )
2, VEN A5 B Airet™ 0 544 W BL42 8 200~250 um,
P T I ) R R N B AR 100, [RIRE KN BT B R
JIR, WM FL B AR /N, G I P v, Y SRR R R
TR FL AT /D, 2 PRI 340, MR B =
P A7t K, AT R EE NFIT I 454951, H R4 % NFIT
AN T BT S 5 D s R Hp 7R B AR AN TR 1 e 0 9 1
A 4 T P A 35 ) A, T DA Sy — P ARG B 1 1T L
PN [ SRR 2 1) — P ATk 77 =K
23 EHIE

NFJLRR 4 & 7705 B AN 8], mT BLAr L T L T
J6%JTRE) 3K, HAF AR 2. WU TS s
FEIRAL IR 7, Me 2 JyiEad = A R s 7). R A
T FE 2 AL I NFUT 5833 R PR Bk 16 263 %, 38 BN e 1
Ar LA 7R (1) RoRPA P, B N I NFILE
7242 95~ 125 bar 1) 7RI AL TE 58 (1 2535 A /7, (HIE
SR 1 R AT R Bl R S R . AR SRRV R iE
5N 9~11 bar, 75 LR FF A& 5 3E IR E 1 R TP A=
A g R

m,%,=F(t) = F(t) - A4,p(1) (1)

Forb, Fo(0) REREN 1, F (1) RBEE T, p (1) 205 %E
BN RRARBE AT, m, B A, 53 5 T S AR T
fEt =0, WEZEAFE x, =0, WEZEHEEEd, /d, = 0.
231 HMAWRE s it I NEILZ B LK ) 5K
B0, BRI 40 i S 4 SR IR B, W Stratis”
Biojector 2000 %% . 5 3 7)) 77 BK 5y 7™ A2 W55 SR R AR FHOA
10~500 uL ANEE, W] DL R 5 58 R J5E A0 980 55 s 4, 45 1)
1% S5 97 FFD 39K 55 90 L, 38 O 80~200 m-s™ Y. 4
SRR N i AR 2 AR AT, BERAR T Vet SR AL 1 1 S
TR R T, RN T ik R AR
I, K2 B0 3l 7 () NFIUTE 3R B O B2 T 8L -
S IR ) NFJT R G 1 BB A A WL 75 F2 20 (2)PY

Table 2 Overview of various NFIT technologies pressure source!""

X, = kx, - %L1 - A4,p(1) )

mXx =
|XP‘

o, kS B I R AL

A8 FH e 4 UM S0 B BOR AR AR (> 50 uL) 124
Wiz 20 & N g i A ALAL, 40 Biojector 2000 1 F [ 45
CO,, Sumavel® DosePro™ 1 F - 4 N, AirJet™ i H] &
g R, HARRYE S R E B2 300 mes™, HLATBAH &
AR PRFR AT F 0 . SRR AR 2 R A IR
PRI 45 4, B Actranza™ B K 24, ZENEO® B
15 AR AL 27 2 25, TR P BT SO SR FE
232 BEAHRR HEE ORI 2AREET AR R E
JE FL SO R AG 28 D0 VG 2E, TS I R T %, AT DA
BCRT BEBR (21100 mes™), K B8 (2920 m-s™) (1) 155 5F
Bl ol MG R NN LA T - s 87l 1 e 2 S AL
B2 Fit He HL TG A4 B L PR T R AR TR AR, 1V 2E 5
SRR, LR 9 N 30~150 V, U AR HL IR
B4 A, ZAFES IR &G o, AR, T AR
N, BUGE AU 2~ 15 oL, FESSIE N 1 HAT, T
HLEBN A8 8RB ) Fo(¢) W7 2R (3) P

Fp(t) = CV (1), Co = ko X! Vi 3)

Horp, v () RFEHIE, &, 2B R, X, & TE
Ve N HEHEEN3 1 BOKEAL &

VA28 71U Bl A HE 1 FH 38 PR 2R Bl Ik B G FE R B, G
PRIME VF 43 %5, i C 2800 B A R R - 0] i 3 3 o
1 22 A VEP, Be 6 3 108 5 BE Ik 60 P FRRAARDY, $ 43t
BRE) J1 F () WITFE (4) ¥ R IRVEAE T Byt
SRR /N (10~100 nL), 3 H R B #% (1~10 mm),
A e LS I AR AR R R R B S

F(t)=1dl x B 4)

Horb, DREHIR, BRI, 1R—NRE, HRANE
T EARL R T A R 2R K
233 REFEAHIF UL 104E, NFITFFHIR R L2 1k
MR TR, S AR A O WOt E 5 IR A E AR
WA 20 %= W S B Tk @ S8 TRl he &
PR, @ SRR K ATE BT SR @ 2 E R
TR, AR IR E 5L

ik i A 0% SROE AR 2 FhUE IR RRAE LR
3 kIO # 38 H AE TRRD BB 2 FR B TR] Y

Pressure source Technique Volume/pL Velocity/m-s™ Depth/mm Jet control Commercial
Mechanical Spring 100-1 000 100 2-10 No Yes
Compressed gas 100-1 000 100-300 2-10 Limited Yes
Electromec-hanical Piezo-electrical 0.001-0.4 50-150 0.3-5 Yes No
Lorentz force 0.02-1 50-200 1-20 Yes Yes
Optical Pulsed laser 0.001-1 100-300 0.1-5 Yes Yes
CW laser 0.001-0.1 20-100 0.1-1 Yes No
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Table 3 Comparison of pulsed and continuous wave lasers
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Parameter Pulsed laser Pulsed laser CW laser
Timescale 100 fs—ps ns—100 ps 100 ps—10 ms
Origin of breakdown Optical Optical & thermal Thermal
Origin of bubble Plasma Plasma & superheating Superheating
Cause of absorption Non-linear Non-linear & linear Linear
Laser parameter J-cm? J-cm? W-cm?
Typical energy 10 pJ=10 mJ 100 pJ-11J 0.1-5W
Typical (peak) power 1-500 MW 1 kW-1 MW 0.1-5W
Price Very expensive Expensive Inexpensive

Figure 4 Schematic of working principle of NFJI. A: Liquids; B: Powders. a: Fluid inside the injection chamber is energized by the impact
of the piston, resulting in the formation of a fluid microjet at high velocity; b: High-velocity fluid microjet initiates skin hole formation upon
impact with the outer skin surface; c: The depth of the skin hole increases with the continuous impaction of the high-velocity fluid microjet;
d: After a critical hole depth is reached, fluid from the impacting microjet starts accumulating. This stops further penetration of the microjet

fluid vertically, and instead, spherical dispersion of the fluid inside skin layers occurs
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