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Effect of tetanus toxoid powder needleless injection on the
concentration of serum antibody IgG in mice
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Abstract: In this study, a self-designed powder needleless injection system was compared with subcutaneous
injection using a needle and syringe to deliver tetanus toxoid (TT) into mice to elicit immunity. First of
all, factors influencing the prepartion of TT into powder by being absorbed on aluminium hydroxide were
investigated and the micromeritic characters of AI(OH);-TT powder were observed with optical microscope and
laser particle analyzer. The results showed that salt concentration and absorption time had an enhancive effect
on drug loading, but the pH value and temperature did not influence the absorption reaction obviously. The
absorption reaction was optimized with sodium chloride concentration of 0.4 mol-L™" and lasting for 10 min.
The average diameter of Al(OH);-TT powder prepared with conditions optimized above was (60.6 + 4.4) pum.
The immunization effect of TT was determined through enzyme-linked immunosorbent assay (ELISA) of the
concentration of IgG antibody elicited by TT. With delivery of AI(OH);-TT (of 30 pg TT) by powder needleless
injection to mice, the IgG antibody concentration were (6.19 + 0.52) and (10.70 + 0.78) U-L™ after immunization
of 4 and 8 weeks, respectively, while the values were (4.25 + 0.58) and (7.48 + 0.57) U-L™' by subcutancous
injection (of 20 pg TT) using a needle and syringe. The results suggested that the self-designed powder
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needleless injection of AI(OH);-TT was comparable to subcutaneous injection with a good immunity.
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TCEH R ARV (powder needleless injection, PNI)
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PRAFFERI, B N R I g ds w7, JUHZ
FEEAFEENIUREIEA M (antigen presenting
cells, APCs), W]/~ AE%¢ BRI E, RrAlE A%
Gt S HRLE A TR RRTT R 100~200 pm
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P&, R ZERA A,
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Al ZS-3 BB, ALt ids A nl; B HIoE
R AT S 25 1) &5 ) A2 S P R SO AR I 1D 2T
HEE T L T RS S AL, PSR! M E e
BIMR AT S 2 0 T AR BRER i JR A AR 2k K,
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mes ', WS ) R, AMRIE Bk S T
AALIR S, TR 2R R BT PR AE T B R A B,
b Tk R B A v B e DAL SR AR IUZ BRSO\ B2
WER R R, SEELLE 25 H ). 45 299 15 vl 3 H) oA 3
JR/NEEP o AEFHHT, 1E35 &% 21 K2
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Al(OH)s-TT HZAMAKRMIHEI & AW 4.0 g A
WM 1.8 g, 43 ¥ T 50 “CZEIM/K 40 mL A1 15 mL,
HE R N oWl b, AT S P AN TG 2E 2 9K
RO ANTHSE B4 10 mL Z508K (50 C) KBt
FHHFE (29 40~45 rmin"), DL AR F9K 5%
AR, FEINV e, FEBEEE T B T pH Y
7.2~7.6, H#H 0.5 ho ML 200 B, JliEiE
A K S ahaE, ZETRKYEGR S IR, DITE E A T,
WAETE R 120 HIFHIF R, BIf3 AI(OH); #i K.

K% PRI AI(OH)s K3 K27 10 mg, HIA NaCl %
5 mL, 72 H030 min, IR A RS EE 2 A 2%
SRR N 600 pgmL ™, I E, 3 000xg B0 30
min, JUEPET T4, HIF3 AI(OH)-TT #Zk K.

BREMEMENEE IULEE TT EAM
AIOH); B K, IMAAIRRER NaCl % (0. 0.2,
0.4, 0.8. 1.6 mol-L™") 1, R, % Lk ik
4% AI(OH)s-TT B A

pH EXTEHAMRERENI =AML, 76 04
mol-L ™! NaCl i, 75 pH {430 2. 4. 7. 9.
11, $%& Bk J7vdi 4 AI(OH)s-TT ¥ K.

BEXM AN 7E 0.4 mol-L™' NaCl %
W, pHAE 7.0 41, HBEEARFIEE (04 204 50 C)
X AI(OH); W B TT 1520

BB 3R B 2 M RE R B2 =R AR T, 7
0.4 mol-L™" NaCl ¥, pH {H 7.0, % AN [F] W B i
(B %) AI(OH); W b TT 15200 o

Al(OH);-TT #ARWMERNE I EARR NG B
T, K BCA VK TT A& &, W%,
WP = I TT S| A i - RiE W E A &)/ A TT
FHE x100%.

Al(OH)s-TT #ARBIMMAFZMRER H AR
A B M EE AI(OH)-TT My KA. KRR
RN E R AR M B, BRE— 2 L (m) R R 7 IH
ZEAT, RIAEFE, BB AR R FR
b, M ARKAER (v), HEIE%EE (bulk density, py),
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po = mlve SKFHWRAE Bkl sg #y Rk % (granule
density, po), Rl —& EMM RHEA S EE T, K
B, R AR ARRRRA g, I A A
TR v, WS TN B S5 (AR vo, ¥ AR RRLE E py=
m/(vy—vy)e K HEIE R AR IE A, BPRR K&
T SR IF [ HE AR HE, DN AR S (H) AR
% (R), AR a = arctan H/R. K HMOGHLEE 43
A A ok K R REAT 20 A

WA XL EF RS R TS F O RELRIEN
NEL36 HUBEHL A 3 4, A 12 1, il A e
X2 (control group, CG). %I kiFESF4H (needle
injection group, NIG) FI AN K A VFE S 41 (powder
needleless injection group, PNLIG). JC&I ¥ A VF 4140
BN /T — K H Bl B R A R 2 N IR Ak
56, AR5 FHBR AL AN TR AR 25 F R 9k B, TE /KR
ik RO AL TR R AR IR . BE SRS 4L
A TER O FH 14 KRRV 569 A 1 A B 2 AR
SLE (29 20 pg TT); JGEHK AR 4L 140 [F] I [A) 45 2
Al(OH);-TT ¥} K 2 mg (4130 pg TT); /M5 %U%Eﬁl
RG5Oy 24 4. 8 JERARARNEML, #1000
#, KU ELISA A I ML 805 K = 1gG #it
PRI o

St ot LREIEH x + s Xow, KM RS
o, BT KPR 0.05.

FETZE&EI AI(OH)-TT AR ZHTERERIF

1.1 EREXRMFRAENE  AIOH); #Hr AW TT
EARS RS RNP) CRAAC, MEELT, Bk
RAOINER, BV TR e G K WAy, iR
[ HFAZEINR, B T8 R B R AR ORE b, 19 Ik

B2 BE NaCl ¥ 80 5 38 hn 52 0 2 3 K& 35, NaCl
VWO 04 0.21 0.4, 0.8 1.6 mol-L™" I, W %
Ik 66.2%. 80.8%. 93.6%. 96.7%K1 99.9%, {H
NaCl BRI A F] 0.8 mol-L ™' I, TT & 1 LT
DUVE (DUVER 14.3%), 24 1.6 mol-L ™' I & 524 3t
o I, WIBHE NaCl sk % 0.4 mol- L™,

1.2 A& pH EXRMERMRZE %8 pH EE
2.0~11.0 N, XF AI(OH); #3 KWt TT A &= #%
oM, WOEPEIE P pH A& f, @S TT BT,
1.3 REMEMEFM £ 0~50 CTH, KMNE
FRUGFE X R B e TG B R, WO R R A

1.4 TRMEEETIRMIRAI RN E =AM R, 1
0.4 mol-L™" NaCl Wi, pH {H 7.0, AI(OH); ¥k
W B TT 8 FAAE 24 5+ 8+ 10 Al 15 min BRI B} 243
MR 76.3%. 88.3%. 91.8%. 96.2%F1 96.4%, 1l I
10 min i RPN OO T RRUE, ORI BN (1] 4
10 min.

R IR S5 R 52 AIOH);-TT ¥y A Hl 4% J7 3 0
K@ FREUE . AIOH); KK, A 0.4 mol-L™" NaCl
WR, B AL 30 min, NG RS B SR
A FRRE A 600 pgrmL !, F L FHE 10 min, 3 000%
g B0 30 min, YUEPE AT, BIfE AI(OH)-TT ¥
Ko
2 Al(OH)s-TT #K By — AR 1 R

ALOH);-TT M AR AE AT A 11 €4 R B 1) T
W, EEAT RS, B EE A SR AL T
P AR R IS REEN i N /N € DR 226 B
AR (K 1a). HH AOH)-TT A 1) HE % &
(1.30 + 0.08) gmL™", K% % (2.39 + 0.05) gmL ™,
RIS (0.53 +0.02)° 0 ORI 73 A Al & 4528 (K
1b) KW, AI(OH);-TT JCEFE: S0 R IOk - 34Ri 42
M (60.6 £ 4.4) um, R, £ 60% ki K FIHOR
KiA24E 20~120 pm.
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Figure 1 Micrograph of AI(OH);-TT powder (x200) (a) and size distribution of AI(OH);-TT (b)
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ELISA VLRI R is %= 1gG HUay [bla 77
Fik: C=6.4434 + 0388 5, R = 0.997 3, HH Ch
IgG iK% (UL, A AT J5 . BIrikee%
SRAF A AR AR K

ST RIS 04 24 4. 8 JH, KiE4Hsh
I3 TR AR 35 1gG Puikik s, 5K 1. N
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Sk S A PUR AT AH 22 17 A

Table 1 The IgG antibody concentrations of mice treated with
tetanus toxoid (TT) via different routes

IgG antibody concentration/U-L ™"

Group
ow 2w 4w 8Sw
CG - - - -
NIG - 1.16+£0.65  4.25+0.58 7.48 +0.57
PNLIG - 1554090 6.19+0.52" 10.70+0.78"

CG: Control group; NIG: Needle injection group; PNLIG: Pow-
der needleless injection group. P < 0.01 vs NIG

SR R AF B, 6 8 5 K T
T AT ARG AW PR CR s S SR e 2 5 T
(¥ S B R0 PRI, AR AR AR O A S R
R H PP S BB R A, AT G B R R
SRy, R MRILIEBR I, MIREZFE
3P i 2 s 2 S 1) B 1 B B8R o (R AP SCHR R,
A B B SR LR S 5 3K, SR S AR Sy
U R VAL S R v U R R LA 2 A B R,
MR AR AR ST 4 2R, N E AT R A A A
PRI R EAE 30%~40%!", A SCAE BT TT #
N, AR A SRS AR (20 pg) AR EE
S TR RIE R AL (30 ng), WIS
IR, TRk RS 7 B R s e
TG AR S 48 1K) 25 0 3 1 e Bk — 2D 4R

AR SCHID N T — OB BI040 XS o 38 e g3
T ——HH AR 45 2, S kit 7
HILE, TR ARG 4 25 HATICRE . Joda . A S
Qe ni; K2l R Pl e A — bk 25, il

L UCEBRE R B 2, TS BUR B R, 5
3 3 2 A T KRR e 38 DL B SR 3t B A A
(KpPRIE G, WEAE K F AR R CEDR
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