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[ Abstract]) Objective To improve the water solubility of natural drugs and the
efficiency of their transport into the brain, to prepare nanogel dropping pills modified with

lactoferrin for loading poorly soluble drugs and investigate the preparation process, and to
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provide a reference for drug development in the field of neurodegenerative diseases. Methods
Using the insoluble drug icariin as the payload, the lactoferrin-modified zinc alginate nanogels
were prepared by the reverse-phase microemulsion method. The drug loading and encapsulation
rates of icariin in the nanogel were determined by HPLC. Taking the utilizing parameters
such as roundness, weight difference and disintegration time as evaluation indicators, the best
preparation process of dropping pills was optimized by single factor experiments and Box-
Behnken response surface methodology. It was characterized by Fourier transform infrared
spectroscopy, the release behavior of nanogel in dropping pills was explored by basket rotating
method, and the brain entry efficiency between sublingual and oral administration of drip pills
were compared by fluorescence tracing method. Results The drug loading rate of the nanogel
was (2.67 £ 0.05)%, and the encapsulation rate was (84.74 = 0.03)% by HPLC. The optimal
preparation process for lactoferrin modified nanogel dropping pills was as follows: the ratio of
matrix to nano gel was 5:1, the drop distance was 5.5 cm, and the condensation temperature was
8.5 °C. Using the modified lactoferrin as a marker, its cumulative release rate in vitro reached
92.25%. Fluorescence tracing studies showed that compared to the oral group, sublingual
administration of dripping pills facilitated the faster and more effective passage of drugs through
the blood-brain barrier, significantly enhanced the efficiency of drug transport into the brain.
Conclusion The prepared lactoferrin-modified nanogels can be used as a loading platform for
poorly soluble drugs and enhance the drug solubility. When further formulated into dripping
pills, it significantly enhances the efficiency of drug transport into the brain after sublingual
administration. This also enhances medication compliance among neurodegenerative patients

and fulfills the clinical demand for the drug.

[Keywords ] Nanogel; Lactoferrin; Dropping pills; Box-Behnken response surface

method; Sublingual administration; Neurodegenerative disease
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Figure 1. The appearance and water solubility
changes of LF-SA-NG@ICAR
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Table 1. Effect of matrix to nanogel ratio
on roundness, pellet weight difference and

dissolution
LTS AREEE - MEZER VAT R
Al Cviv) (%) (min )
3:1 0.86 10.85 11.26
4:1 0.97 6.08 7.86
5:1 0.93 8.49 9.13
6:1 0.92 10.12 10.37

F2 WEXEEE. AEERMBHBE RN
Table 2. Effect of drop distance on roundness,
pellet weight difference and dissolution time

T AFEEF RHTETRR
R _
(em) (%) (min )
4 0.98 5.60 8.51
0.97 6.08 7.86
0.94 10.35 8.42
10 0.92 10.58 9.28

R REBRRENEEE. AEERM
& B PR B 22 i
Table 3. Effect of condensing temperature
on roundness, pellet weight difference and
dissolution time

1 Bt HHE S VA BIURTR
I 2
(C) (%) (min )
0 0.94 7.88 10.86
0.97 6.08 7.86
10 0.93 6.17 10.83
15 0.93 9.58 11.23

4 N hzEIX I it

Table 4. Experimental design of response

surface
FES
A AR AKEE B-EEE C-RERREE
e Cviv) (cm) ()
1 4:1 4 0
0 5:1 6 5
1 6:1 8 10

https://zgys.whuznhmedj.com

733

2421 rRpE@RAGRE I SRR
M 2E R T

FIH Design Expert #1753 87, L4 28
BV 53T S GOREE RS LA | % AR R )
EIR LI IR Y=4.39+0.062 5A+0.068 8B-
0.176 3C-0.215 0AB-0.315 0AC+1.06BC+0.890 3A’
+1.79B°+0.3078C*, W ESAI I, LA FA
19.74, P40.000 4, iZAAIR) W EVE RAF, X425
B MM P AR Vo BRI > T >
JoT 55 AR 1) L A5
2422 WERXZAERH

FIIH Design Expert £45%F 2% P 2 Z [0 19 22 1.
A AR 37 T ST, 5 R I F g 7 o ] B 4
B CE2) o AL, el 3 R AR
SR, 15 B R TS AN DR M ) L g5 R B LA B
TR B 1 5 BAE X ER BT B W i
2423 JAEITLIE

R AT DL T 25 S 0 5 o 5 0 RS M 1 L 431y
5:1, WHEEA 5.5 em, WEERE N 85 C, FAT
il 4% 3 it LF-SA-NGDP@ICAR, 45 H: [51 4% &5 Jy
0.92+0.02, JLEZERN (8.67+£0.3) %. HHUH
FRA (6.32+0.13) min (n=3) , JLIE5E%E, fif
FERLE, THRRMERS (E3) , Wiz TZ
(AT AT R
2.5 LF-SA-NGDP@ICARHIEEM TR
AR\ s i)

FHRALBIK: PEG 4000, LF-SA-NG@ICAR Al
LF-SA-NGDP@ICAR 4l -, & BT N
4 .000~400 cm™", TE MG N 23 FIXAE i EA T A
M- 7% e 21 b ( fourier—transform infrared, FT-IR)
S .

& 4 25 B 58, PEG 4000 1Y FT-IR S,
3410 em™ 4bky —OH AYMRZR R S Mg, ELI I
WL FE, 1110 em™ PEKARN C-0 MR R 3T
Wi ; 7F LF-SA-NG@ICAR () FT-IR Y 1%,
3376 em™ J& LF SCHEESA NG 3L —NH (1% {45 1
W, 1658 em™ F11 573 em™ 43 9l J& SA 5 LF
545 J5 BT R B IR S —C=0 i -NH 1) 12 i
I§; % LF-SA-NG@ICAR 5 3£ it PEG 4000 44 fill
] 4% L FL LF-SA-NGDP@ICAR J&, i T 3L 5
(1 L 1] #8 K, LF-SA-NGDP@ICAR Y FT-IR )t
K5 PEG 4000 (1) FT-IR Y6tk E AL, H R H
BB B W eI . X —E5 R, TEf A R,



734

China Pharmacist, May 2024, Vol. 27, No.5

R5 ZRTFSUAGEENTESN

Table 5. ANOVA for the comprehensive score fitting mode

E 3/ kil F HEE Y5 F P
T 23.85 9 2.65 19.74 0.000 4
A 0.0313 1 0.0313 0.2328 0.644 2
0.037 8 1 0.037 8 0.2817 0.6120
C 0.248 5 1 0.248 5 1.85 02158
AB 0.1849 1 0.1849 1.38 0.278 9
AC 0.396 9 1 0.396 9 2.96 0.1292
BC 4.52 1 4.52 33.64 0.000 7
A 3.34 1 3.34 24.86 0.001 6
B’ 13.46 1 13.46 100.24 <0.000 1
c’ 0.398 8 1 0.398 8 2.97 0.128 5
k2% 0.939 8 7 0.1343
AL 0.564 5 3 0.1882 2.01 0.255 6
a2 0.3753 4 0.0938
R ZE 24.79 16
A C

P (em)
WIRIRE (C)

3.962 69 446269 496269 5.462 69 5.962 69

ST HOREEE L] Cviv )

7.898 51
6.898 51

5.898 51

WHE Cem) 4.898 51
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A ()
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Figure 2. Contour plots and response surface plots of the interaction of matrix to nanogel ratio, drop

spacing and condensation temperature on comprehensive score
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Figure 3. The appearance of LF-SA-NGDP @
ICAR
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Figure 4. FT-IR spectra of PEG 4000 (a), LF-

SA-NG@ICAR (b) and
LF-SA-NGDP@ICAR (c)
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Figure 5. In vitro release of LF-SA-NG@ICAR
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%6 3LF-SA-NG@ICARKIMER B &IUE
Table 6. Fitting of LF-SA-NG @ICAR in vitro
release curve
A AT R

B REHL M,=1.72t+44.99 0.435 8
— L M=86.12 ( 1-e**) 0.973 4
HiguchiB&it M=13.211"7+28.95 0.705 2

E: MARRBEAE, B,

2.7 RBITC#ri2HILF-SA-NGDP@ICAR
iz N R
2.7.1 RBITC#FiL#LF-SA-NGDP@
ICAR 4 %) 4

TEREESE FFREUE B RBITC T4,
NBEEKBEFE 2 h, FIIALGE EDC Al NHS 2
PRS2 b, HJE A 20 mL 1% 19 SA T,
SV 24 ho B BRI IEFTIENT (B T
7000 kDa) , Z5HUG PRI T45 5] RBITC
FRICH SA.
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FEIR 247 TUT J7 6 RBITC ARic Y SA i
B B ERAUKEE R 24 R BE T LA
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B /INRBEHLA R 2 41, AR 3R IR A
TR IS T & RBITC #3129 LF-SA-
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ANRB A, I TR (A A BRER A b, SR HIZIN
) R AZ AL R %¢ LF-SA-NGDP@ICAR 7£ /)™ B
oA DL

o m. .
o n. .. |

10 min 60 min
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H A6 Z5 KA1, HR4ZETE 120 min BF9EG
ST He i, T N A IRALZE 10 min A AY 2GR FE
BERETOMRA, JFHZE RBITC FRid (1) LF-SA-
NGDP@ICAR & N & RIG, HAKBEE AT AL H BT
J5 283 N BRSO I, i I TR B E 5 M 2
41 LF B B2 2455 BBB LAY LF ZAAMIZE A,
Vo 25 16 BN AT AL, WEE RS YR A
YIRS, TRIEHE T RG29S EEHR S LF #1H
B A TSI A T 00 ) e A A 11 ) R

Epi-fluorescence
20

120 min 240 min

E6 RBITCH#RICHILF-SA-NGDP @ICARTE/MRANA LR 5 RN N IR E
Figure 6. Distribution and fluorescence intensity of RBITC-labeled LF-SA-NGDP @ICAR in mouse
brain tissues
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