24254k Acta Pharmaceutica Sinica 2019, 54(3): 555 -564 - 555 -

B E R T RN EAFR

BTTRE

KHH 2 B BEED RRET &0

(L. VR KRB, TR TP 475004; 2. ZEFURL A ZE SIS A AT B AR G S 2 FT A, AL AT 100850;
3. TRIERIK Y, 2 & E 230032)

WE: 22 5RH6 7 (melatonin, MLT) X FRHR B 3, J& N P IRTEY T, K045 2500 A Mg /6 A, B IR A= 40 F)
FBEAR, 3 0, B2 22 . AR ST & T 35 SR 46 T IG5 M40 25 %) (liposomal melatonin dry powder inhalers,
LMD) , & filid#igh 259097 KRR LM . F SBE NI 4 35 (R F T iR 4 (liposomal melatonin, LM), 3433
98.9%, MM H #& B¢k T-45 2] LMD, $94fi F B8 s A S BRIEMURL, Ik 5294 5 Ki42 24 65.15 nm, zeta FL.A7H-14.2 mV.
LMD {25580 1125045 N 6.73 um, $4iki 7 L4 (fine particle fraction, FPF<8.06 um) 4 22.2%, i& & il 4h 2. 1F
AHTE) 24590 BE I, LMD X AS49 JifiJee: 20 B 40 1] £ FH X235 5 - MILT J5URERI 35 PR A 5z, DRLG TG BAAR S 35 T MLT 257280,
K LMD A5 N TR SRS 41 (BEAS-2B) A, e A Vhlr o FH 3- FFJE IR T80 &2 NN - 6 Tl i 28 <A it
AN KRN, 45 K Ji5 15 3 J5 Uk PERT e 15 8 (B0 52 56 48 B S AR B 2 0 2 e vfe L 92 300 57 4 JEAH G i 5 T DU R 5
7)o ¥ MLT L3 P Ath V5 . LMD 28 U35 M\ il oK U oy, S5 A28 20 LA, ¥ 9 4 5 S 0L W 58 20 i) Jeb g 5 0 0 ¢ P
Ji Ff i, HoAb LMD (19 26 300 5 . V6897 20 NF-xB p65 Ik 2>, LA Jz Tunel A5 55 BH 40 M 98 T2 T = BE /K F B, o
LMD A2 R ik, 5 H A E B2 R . 25 IRFE T i AR 2557 B B0 24 3 3ok 25 ik e oo, e — o i SR
FRE T il (0 Bl N 45 24577 B4

SERIR): S ARAT T MR UAA; K 25 4, Mt o5 7O e

hE 4SS R43 HRFRIRAD: A M EHS: 0513-4870(2019)03-0555-10

Liposomal melatonin dry powder inhalers for the
treatment of primary lung cancer
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Abstract: Melatonin (MLT) is an endogenous chemical that has antitumor effects at high doses. However, it
shows low oral bioavailability and short in vivo half-life, leading to drug resistance. Here, liposomal melatonin dry
powder inhalers (LMD) were prepared, and were used for treatment of primary rat lung cancer by pulmonary
delivery. Liposomal melatonin (LM) was prepared by the ethanol injection method to achieve an entrapment
efficiency of 98.89%. LMD was obtained by freeze-drying after LM was mixed with mannitol. LMD appeared as
spherical particles under a scanning electron microscope. The rehydrated liposomes had a small size of 65.15 nm
and the zeta potential of —14.2 mV without change inentrapment efficiency. LMD had an aerodynamic particle size
of 6.73 + 0.012 pm and a fine particle fraction (FPF<8.06 um) of 22.2%, suitable for pulmonary delivery. When
administered with the same dose, LMD showed much higher inhibition on A549 lung cancer cells than MLT and
gemcitabine. LMD of a large dose had no effect on the growth of normal lung epithelial cells (BEAS-2B). Rat lung
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cancer models were established after 45 days by instilling 3-methylcholanthrene (MCA) and N,N-dimethylni-
trosamine (DEN) into the rat lungs once (the experiments had been approved by the ethics committee and carried
out in accordance with relevant guidelines and regulations). Decreases of tumor nodules and inflammatory cells in
the tumor-bearing rat lungs were observed after treatment of MLT, gemcitabine and LMD by pulmonary delivery
compared with the models, wherein LMD was most effective. The efficiencies of inhibition of NF-xB p65, increase
of Tunel detection (indicating enhancement of apoptosis), and decrease of malondialdehyde corresponded to LMD
being most effective. Therefore, given the fact that LMD can deliver the drug into the tumor tissues of lungs, and it
presents as a promising pulmonary inhalable regiment for treatment of lung cancer.
Key words: melatonin; liposome; dry powder inhaler; lung neoplasm; gemcitabine
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Table 1 Factors and levels for the orthogonal design of liposomal
melatonin (LM) formulations. MLT: Melatonin

Factor
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Level — — -

Soy bean lecithin/  Soy bean lecithin/  Water phase/organic
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3 10:1 3:1 5:1
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Table 2 Formula of simulated lung fluids*”

Ingredient Content/g
Magnesium chloride hexahydrate 0.203 3
Sodium chloride 6.019 3
Potassium chloride 0.298 2
Disodium hydrogen phosphate dodecahydrate 0.250 1
Sodium sulfate 0.0710
Calcium chloride 0.2775
Sodium acetate 0.574 4
Sodium bicarbonate 2.604 3
Sodium citrate 0.097 0
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i 5 ME [ B ) o LA 100, A 5 MILT RO BE R BN
2:1, PBS 5 HUMAREL A 5115 FZALTT il % ) LM
%5 98.9%. £ LMD il %, H 55 I 5 B i 1) o
BHRT AW, HFRORESF, MitmEAE, #iE
LMD e Ak J5 v H g2 me Sk ig e s Lk v 411,
1A 77 1) 45 B LMD R AR AR LE A 9 300, W Bh Itk i, Ak
AR T ARFER . LMD #2488 6.2%, ZIE K
I Jo 0, 5 R R AR

Table 3 Entrapment efficiencies of MLT according to the orthog-
onal design of LM formulations

Formula Factor Entrapment
A B C efficiency of MLT/%

1 1 1 1 85.6
2 1 2 2 98.8
3 1 3 3 94.0
4 2 1 2 87.3
5 2 2 3 93.0
6 2 3 1 93.4
7 3 1 3 99.3
8 3 2 1 98.0
9 3 3 2 98.9
K, 92.8 90.7 92.3

K, 91.2 96.6 95.0

K, 98.7 95.4 95.4

R 7.5 5.8 3.1
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Figure 1  Scanning electron microscopic (SEM) images of MLT
powders and liposomal melatonin dry powder inhalers (LMD)
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Figure 2 Transmission electron microscopic (TEM) images of
reconstitution of LMD in phosphate buffered solutions (PBS) (A),
and their particle size distribution (B), and zeta potential (C)
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Figure 3  Simulated drug lung deposition of MLT powders and
LMD in the different compartments of next generation impactor
(NGI).n=4,x*s
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Figure 4 Release of MLT from the MLT powders and LMD in
the simulated lung fluids. n =4, x + s
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Figure 5 Cytotoxicity of MLT, LMD and gemcitabine on BEAS-
2B cells depending on concentrations (A) and at 2.5 mmol - L*
(B), and A549 cells depending on concentrations (C) and at 5
mmol -L? (D). n = 4, x £ 5. ”P<0.01 vs MLT or gemcitabine;
##P<0.01 vs MLT or LMD

1'5{, — - - —— -
100
. | 100 d
£ 50
5 50
0
0

10010
FITC-A

0 -
104 10° 07100 10t 10¢ LS [V [ (1

Figure 6 Flow cytometric graphs of A549 cells after treatment
with MLT and LMD
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Figure 7 Appearance of lung tissues, the images of hematoxylin
and eosin (H&E, 200x) and the expression of nuclear factor kappa
B p65 (NF-«xB p65) (200 x ). The scale bars indicate 100 pm.
LMD" indicates administration of LMD earlier than other regi-
mens for the lung cancer rats treated with LMD, once a week, 15
days post-administration of carcinogen
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Figure 10 Apoptosis indicated by Tunel staining (200x). The
nuclei are shown by 4',6'- diamidino-2-phenylindole (DAPI)
staining (200x). The merged images of Tunel and DAPI staining
show the apoptosis in the lung cells. The group names are referred
to the text and LMD" indicates administration of LMD earlier than
other regimens
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