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SUMMARY
EFFECT OF SUCROSE ON THE PHYSICOCHEMICAL PROPERTIES OF GLYCEROL-
BASED FREEZE-DRIED FERROUS SULFATE LIPOSOMES

This study investigated the effect of sucrose as a freeze-drying protectant for glycerol-based ferrous sulfate
liposomes at sucrose/lipid mass ratios of 5:1 and 8:1 (w/w) on patrticle size, polydispersity index (PDI), and
zeta potential. Sucrose at a mass ratio of 8:1 proved superior in maintaining the desired properties of the
final product, such as reproducibility of size, PDI, and zeta potential, similar to the liposomes before freeze-
drying. Furthermore, FTIR-ATR analysis confirmed the incorporation of iron sulfate into the liposome
matrix through the reduction of sulfate vibrations and the alteration of phospholipid phosphate bands,
indicating the absence of free crystalline salts. FESEM images confirmed the formation of freeze-dried
ferrous sulfate liposomes as spherical structures. Furthermore, short-term stability assessment after 7 days
at 4°C showed that the sucrose/lipid ratio = 8 : 1 effectively preserved the integrity of the liposomes after
freeze-drying. These results highlight the important role of sucrose in stabilizing glycerol-based ferrous
sulfate liposomes.
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diéu tri va tuan thu cua bénh nhén [9; 29].

1. MO PAU e T .

) L Do d6, vi¢c phat trién cac h¢ dan truyén
Thiéu mau do thiéu sat van 1a mot trong m&i nham cai thién d6 on dinh, kha ning
nhiing van dé sirc khoe cong dong phd dung nap va hiéu qua sinh hoc cta sét 1a
bién nhat trén toan cau, ddc bi€t tai cac mot hudng nghién ctru ¢6 ¥ nghia khoa
quoc gia dang phat trién, anh huodng hoc va thuc tién cao.

nghiém trong dén strc khoe thé chat, nhan
thirc va ning suat lao dong [8; 13]. Sat(II)
sulfate (FeSO,) 1a dang muoi sat duogc sir
dung rong rai nhit trong didu tri va bo
sung sat nhd sinh kha dung cao va chi phi
thip [9; 29]. Tuy nhién, viéc sit dung
FeSO, theo dudng ubng thudng gip céac
han ché dang ké nhu kich tmg duong tiéu
héa, d6 6n dinh héa hoc kém trong moi
truong sinh 1y va kha niing oxy hoa dé
dang cua ion Fe?*' , lam giam hiéu qua

Liposome da tré thanh mot trong nhiing
hé mang vat chit hoat tinh dugc nghién
clru rong rai nhat trong cac linh vuc dugc
phém, thuc phém va khoa hoc vat liéu
nho kha ndng bao gobi ca cac phan tir va
nude 1an ky nudc, tinh twong thich sinh
hoc cao va kha ning diéu chinh cdu triic
mang linh hoat [19; 27]. Tuy nhién,
liposome ¢ dang phén tan nudc thuong
kém on dinh vé mat Iy—hoa, dé gip hién
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tuong két tu, hop nhéat tai, tang kich thudc
hat va ro ri hoat chat theo thoi gian [7].
Diéu nay dic biét nghiém trong dbi voi
cac liposome chtra ion kim loai hoéa tri II
nhu Fe?* , von c6 thé xuc tac cac phan
ung oxy hoa lipid, [am suy giam tinh toan
ven mang va giam hiéu qua bao géi [7].
Do d6, viéc chuyén d6i liposome vé trang
thai kho thong qua dong khod
(Iyophilization) 1a mét giai phap quan
trong nhim ting do 6n dinh, thuan tién
cho bao quan, van chuyén va duy tri cac
dic tinh cAu tric mong mudn [7; 26].

Trong k¥ thuat dong kho liposome, chat
bao v¢ dong lanh/dong kho dong vai tro
then chdt trong viéc duy tri tinh toan ven
cua mang trong sudt qua trinh dong bang
va say thang hoa. Qua trinh dong lanh co6
thé gay ton thuong mang do Ung suit co
hoc tir tinh thé bang, trong khi sy khir
nuéc lam ting nong do chat tan, dan dén
bat on vat 1y va hoa hoc cua liposome
[15]. Viéc bd sung cac polyol hodc
carbohydrate gitip han ché cic tac dong
nay thong qua viéc hinh thanh ma trén vo
dinh hinh, ngin chan su hop nhét va giam
hu hai mang [4; 12; 18]. Dac biét, cac
disaccharide nhu sucrose hoac trehalose
dugc xem 1a chat bao vé dong kho hiéu
qua nho kha nang tuong tac vdi cac nhom
dau phospholipid va tao cau trac thuy tinh
c6 do linh dong phan tir thip, tir d6 bao
toan cac dac tinh vat ly-hoa hoc cua
liposome sau khi tai hydrat hoa [17; 22;
24; 26].

Trong nghién ciu trugec day cua nhom
ching t0i [16], liposome sat sulfate da
dugc diéu ché bang mot phuong phap
xanh st dung glycerol lam dung méi cho
lipid trong dugc hd trg boi siéu am, cac
dac tinh hat & dang dung dich cling da
dugc mo ta chi tiét. Chung toi nhan thiy
rang, Ngoai vai tro nhu 1a mot dung moi
cho lipid cua glycerol, né ciing duoc biét
la mot chit c6 tac dung bao vé lanh cho
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liposome bing cach giam cing thing
mang do bing gy ra va diéu chinh hanh
vi dong lanh [16; 28]. Do d6, viéc két hop
glycerol véi saccharide nhu sucrose dugc
ky vong mang lai co ché bao vé kép, dong
thoi tan dung loi thé cua cong thuc
liposome ban dau. Vai tro kép ctia n6 vira
12 dung moi diéu ché vira 1a chat bao vé
lanh mang lai mot chién luoc hop ly va
thuan tién khi két hop véi sucrose dé 6n
dinh liposome trong qué trinh dong kho.

Theo hiéu biét ciia chung t6i, chua ¢ bao
c40 nao trude day nghién ctru vé diéu ché
liposome sat(II) sulfate dong kho dua trén
glycerol, str dung sucrose 1am chat bao vé
dong kho. Trong bai bao nay, ching toi
budc dau danh gia anh hudng cua hai ty 18
sucrose/lipid (5:1 va 8:1, w/w) dén dic
tinh cua liposome sat(Il) sulfate dong kho
dua trén glycerol, bao gém kich thudc
hat, phan b kich thudc (PDI), thé zeta,
dong thoi danh gia su 6n dinh ngin han
cua h¢ trong qua trinh bao quan sau dong
kho.

2. THUC NGHIEM
2.1. Nguyén liéu va héa chit

Phospholipid ddu nanh duoc 13y dat tiéu
qhuén USP tor VAV Pvt. Ltd. (Mumbai,
An D0). Acid L(+)-Ascorbic (AA) va
glycerol dugc mua tir Samchun Chemical
Co. (Seoul, Han Qudc). Nudc siéu tinh
khiét (dién tro suit 18,2 MQ-cm) duoc
san xudt boi hé théng Easy Pure II
(Thermo Scientific, Hoa Ky) duogc st
dung trong tit ca cac thi nghiém. Sat(II)
sulfate heptahydrate (FeSO,.7H,0) duoc
cung cip boi VWR Chemicals (Phap).

2.2.Piéu ché liposome sit sulfate dong
kho

Quy trinh diéu ché liposome sit sulfate
dang bot dong kho dua trén quy trinh da
duogc cong bo trude do cua ching to1 voi
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mot sb stra d6i [16]. Cu thé, mot hon dich
liposome sit dugc diéu ché bang cach
tron mot hon hop chua lipid : glycerol
(1:1, w/w) voi mot dung dich nudc chura
sit sulfate va ascorbic acid (AA), voi ty 1&
FeSO4.7H,O/AA la 10: 1 (w/w) [3; 25].
Nong d6 lipid cudi cing 1a khoang 30
mg/mL ty 16 trong lwong sit sulfate/lipid
= 0,365 (w/w) [10]. Hai dung dich noi
trén duoc tron 1an voi nhau bing cach
khudy tir v6i toc do 200 vong/phit cho
dén khi thu dugc mot hdn hop dong nhat
mau nau nhat, dung dich dugc dé 6n dinh
& nhiét do phong trong hai gio [3]. Hon
dich liposome duoc siéu 4m trong bon
nudc da 5 phut [30], sir dung may siéu am
dau do Cole-Parmer cong suit 500 W,
bién do 40%, tan s6 20 kHz.

Sau d6, c4c miu tuwoi (10 mL) duoc bd
sung sucrose voi ty 1€ sucrose/lipid= 5 : 1
(w/w) va 8 : 1 (w/w) dugc lam dong lanh
nhanh chong bing acetone da khd, bao
quan ¢ -18 °C qua dém va dong kho
trong 24 gid bang may dong kho
ModulyoD (Thermo Scientific, M¥), ¢ -
55 °C. Hai liposome dong kho duogc ky
hiéu 1an luong 14 Lipo5.1 va Lipo8.1 dugc
nghién thanh bt va bao quan trong céc lo
thuy tinh kin, & 4 °C trong ti lanh va
tranh anh sang.

23. Quang pho hong ngoai
FTIR)

Phé hong ngoai duoc ghi lai bang may
quang phd hdéng ngoai Nicolet iS50
(Thermo Electron Scientific) dugc trang
bi phu kién tinh thé ling kinh ATR. Céc
mau liposome dong kho duoc dit trén bé
mat tinh thé ATR va sau d6 duoc do trong
khoang tir 4000 dén 500 cm™ v&i d6 phén
giai 4 cm™ ! va 32 lan quét trung binh d6i
v6i mbi phd, & nhiét d6 phong.

(ATR-

2.4. Hinh thai cua liposome

Phan tich hinh thai dl;TQ’C thuc hién qua
phép do FESEM cua mau bdt dugc quan
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sat béng kinh hién vi diér‘l tor quét phét Xa
truong (FE-SEM) bang thiét bi
(HITACHI S-4800, Nhat Ban), ¢ dién ap
3 kV.

2.5. Kich thwéc va dién thé zeta

Kich thuéc hat trung binh, chi sé da phan
tan (PDI) va thé zeta ctia mau duoc dugc
thue hién bang phuong phap tan xa anh
sang dong (DLS) st dung thiét bi Horiba
SZ-100 (Horiba Ltd., Nhat Ban). Cac mau
duoc pha lodng 9 lan bang nude khir ion &
nhi¢t do phong, duoc chuyén vao cac
cuvet thich hop va st dung gdoc phat hién
90 d¢ [16].

3. KET QUA VA THAO LUAN

3.1. Quang phdé hdong ngoai (ATR-
FTIR)

Phd FTIR-ATR ciia FeSO4.7H, O (Hinh
1A) nguyén chét thé hién cac dic diém
ddc trung cua st sulfate ngam nudc, bao
gom dai kéo dai O-H rong trong ving
3305-3213 cm™ ' va mdt dai rd rang &
1636 cm™ ! duoc quy cho dao dong udn
H-O-H cia nudc két tinh va cac dao
dong dac trung cho ion sulfate ¢ 1067
cm™ 1, 976 cm™ ! va ving thap 600-550
cm™ * [14]. Lecithin (Hinh 1B) thé hién
cac dac diém dién hinh cta phospholipid,
bao gdm céc dai kéo dai —-CH, — bat dbi
ximg va ddi ximg & 2925 va 2856 cm™ 1,
dai carbonyl ester (C=0) ¢ 1736 cm™ ! Vél
cac dao dong lién quan dén phosphate
trong pham vi 1238-1057 cm™ ! duoc quy
cho su kéo dai P=0O va P-O-C ctia nhom
dau phosphocholine [20; 26].

O méu liposome sit sulfate dong kho
(Hinh 1C), cac dai —CH,— tai ~2925 va
~2856 cm™ van duoc bao toan, cho thay
cau trac chudi lipid cua lecithin khéng bi
ph& huy trong qué trinh tao liposome va
dong kho. Céc dai O—H rong trong vung
3329-3300 cm™t duoc quy cho su chong
lap cua cac nhom hydroxyl tir sucrose va
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glycerol [5], phu hop vé6i co ché thuy tinh
héa va thay thé nuéc [26]. Pang chi ¥,
dai dao dong udén H-O-H dic trung cia
FeSO4.7H,0 & ~1636 cm™ bién mat, va
cac dai lién quan dén sulfate bi suy giam
dang ké va chong chéo 1én nhau, chimg t6
sat sulfate khong con ton tai dudi dang
pha tinh thé ngadm nudc ty do. Pong thoi,
cic dai lién quan dén phosphat cua
lecithin cho thay sy mé rong va dich
chuyén nhe, phan anh nhiing thay d6i
trong mai truong cuc by cua cac nhoém
dau phospholipid ¢ trang thai ran. Nhimng
thay d6i quang pho nay phu hop voi sy
két hop va che chan ciia sit sulfat bén
trong ma tran liposome dong kho, noi cac
twong tac gilta cac nhom  dau
phospholipid va cac t4 duogc giau
hydroxyl nhu sucrose va glycerol. Nhin
chung, két qua FTIR-ATR cung cip bang
chung cho thidy sy hinh thanh cua
liposome chira sat sulfate dong kho duoc
6n dinh trong ma tran sucrose va glycerol.

100 Fasos

LR

2853,
36,28

4000 T mwe mmo e B B

Hinh 1. Phé FTIR ATR ciia (4) FeSO,4.TH,0, (B)
Lecithin, (C) Lipo8.1

3.2. Hinh thai cia liposome sit sulfate
dong kho

Hinh thai cua FeSO4.7H,0 va liposome
sat sulfate dong kho dugc thé hién trong
hinh 2. Anh FESEM ctia FeSO,-7H,0
(Hinh 2A) cho thiy vt liéu t6n tai dudi
dang céc hat tinh thé két tu khong déu,
v6i kich thuéc ¢ thang sub-micron dén
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micron va bé mat gb ghe, c6 canh tuong
doi sac.

Hinh 2. Anh hién vi dién tir quét (SEM) ciia (A)
FeSO4.7H,0 va (B) Lipo8.1. Cac hinh anh duoc
chup voi do phong dai 5000x.

Hinh thai nay phan anh ban chét tinh thé
cia mudi sat(Il) ngdm nudc, dong thoi
cho thay xu huéng két tu manh do tinh
hat 4am va kha ning mét nudc cuc bd
trong diéu kién chan khéng FESEM [2].
Nguoc lai, anh SEM (Hinh 2B) cua bt
liposome sit sulfate sau dong kho xéc
nhan sy hinh thanh nanoliposome 1a cai
tai hinh ciu. Nhitng quan sat nay phu hop
v6i két qua da dugc cong bd trude day vé
liposome phui chitosan chira sat(II) sulfate
[21] va céc liposome chira oxit kém [23]
bang hinh dnh SEM.

3.3. Kich thuéc hat, PDI va dién thé zeta

Dua trén cac quan sat trude day, ching toi
thay rang cac ty 1& sucrose/lipid 1a 5 : 1
dén 8: 1 (w/w) cho thiy mang lai hiéu qua
bao vé dong lanh/dong kho tot cho cac
liposome dong khong [1; 6; 11; 26].

Do d¢6 trong nghién ctru nay, chung t61 da
tién hanh nghién clru vé dic tinh hat cua
céc liposome sat sulfate dong kho & hai ty
1€ sucrose/lipid 1a 5 : 1 (Lipo5.1) va 8:1
(Lipo8.1), hai mau dong kho s& duogc so
sanh voi mau tuoi (chua dong kho). Két
qua do kich thudc hat va dién thé zeta cua
3 mau dugc thé hién trong bang 1. Sau
dong kho, kich thudc trung binh tang tur
134 nm (mau twoi) 1én 194 nm (Lipo5.1)
va 180 nm (Lipo8.1), dong thdi PDI ting
(0,24 — 0,34 / 0,28). Nhitng thay d6i nay



Tap chi phan tich Hoa, Ly va Sinh hoc - Tap 31, S6 0412025

chi ra mot phan két tu/it dong nhit sau tai
phan tan; ti 1¢ sucrose cao hon (8:1) cai
thién phan nao hdi phuc kich thudc va
phan bd, phu hop véi vai trd lyoprotectant
dd duoc bao cao [11; 26]. Nhitng két qua

nay cho thdy ndéng do sucrose cao hon
gitip cai thién déang ké kha ning bao vé
khoi dong kho va tai tao liposome sau
hydrat hda.

Bing 1. Kich thuéc hat, PDI va dién thé zeta cua 3 mau liposome sdt(Il) sulfate. Két qua dugc biéu thi duci
dang trung binh cua ba lan do va dwoc bdo cao cung voi do léch chuan (SD).

MAiu Kich thwéc PDI Dién thé Zeta
(nm) (mV)
Liposome (twoi, chwa dong khé) £+ SD  133,9 + 2,80 0,241+0,044 —11,00+0,26
Lipo5.1 (sucrose:lipid 5:1, w/w) £ SD  193,6 + 5,32 0,342 +£0,048 -6,73+0,21
Lipo8.1 (sucrose:lipid 8:1, w/w) £ SD  180,3 + 3,55 0,276 £0,079 —-11,50+ 0,92

3.4. D) 6n dinh cia liposome sit sulfate
dong kho

Hai cong thirc liposome dong khé Lipo5.1
va Lipo8.1 dugc bao quan trong céac lo
thity tinh mau ho phach ¢ nhiét do 4 °C
trong 7 ngay. D¢ kiém tra cc dic tinh vé

Calculation Results
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kich thudc hat va thé zeta cua chung,
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tan lai trong nudc deion dé dat néng do
lipid ban dau. Qué trinh hydrat hoa duogc
hoan tit trong vong 5 phit bang may lic &
nhiét do phong.
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Hinh 3. Kich thuée hat va dién thé zeta cia Lipo5.1 va Lipo8.1 sau 7 ngay ¢ 4 °C.
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Dit liéu vé d6 6n dinh cua liposome dong
khé dugc thé hién trong Hinh 3. Két qua
cho thiy, rd rang mau Lipo8.1 c6 d6 on
dinh tuyét voi ve céc chi so kich thudc hat
(180,9 nm), PDI (0,308) va thé zeta (-10,9
mV). Nguoc lai, miu Lipo5.1 cho thay,
cac chi s6 vé kich thudc hat (293,3 nm)
va PDI (0,452) va thé zeta (-3,7) déu tang
manh so véi mau Lipo8.1 va liposome
tuoi (Xem bang 1) sau 7 ngay bao quan.
Diéu nay cho thiy ty 1& sucrose/lipid = 8 :

1 (w/w) hiéu qua vuot trdi so véity 1€ 5 :
1, diéu nay ciing c6 nghia 1a mic du trong
thanh phan cta cong thirc liposome di co
san glycerol duoc coi 1a chat bao vé dong
lanh, tuy nhién mot ty 1€ cao cua
sucrose/lipid 14 can thiét cho kha ning
bao vé cua cac liposome sit(I) sulfate
dong kho dua trén glycerol.

4. KET LUAN

Nghién ctru ndy chimg minh rang sucrose
dong vai tro quan trong trong viéc bao ton
céc tinh chét 1y héa cua liposome sat(IT)
sulfate gdc glycerol trong qué trinh déng
kho. Viéc bd sung sucrose da lam giam
thiéu hiéu qua t6n thuong mang do dong
kho va méat nu6e gay ra, din dén cai thién
phan bd kich thuée hat, do phéan tan va
dién thé zeta sau khi tai hydrat hoa. Trong
sd cac cong thie dugc nghién ciu, ty 18
khéi lugng sucrose/lipid 1a 8:1 (w/w) cho
thdy kha nang 6n dinh vuot trdi so voi ty
16 5 : 1, cho thiy tic dung bao vé phu
thudc vao ndng do. Viée sir dung két hop
glycerol vira lam dung mai vira lam chat
bao vé dong lanh ndi tai, cung vdi sucrose
lam chét bao vé dong kho, 1a mot chién
lugc don gian va hidu qua dé san xuét
liposome sat(Il) sulfate dong kho on dinh
trong tuong lai. Theo hiéu biét cua ching
t61, day 1a bao céo dau tién vé phuong
phap dong kho c6 hd trg sucrose ddi voi
liposome sat(I) sulfate dua trén glycerol.
Nhimg phat hién nay tao nen tang cho
viéc phat trién cac ché pham sat liposome
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dang ran v6i d6 6n dinh duoc cai thién va
tiém naing ing dung trong diéu tri thleu
méu do thiéu sit. Cac nghién ciru vé do
on dinh dai han, cling nhu cac dic tinh Iy
hoa khac dang dugc tién hanh trong
phong thi nghiém ctia chung toi.

Loi cdm on: Nghién ctru nay dugc tai trg
boi Vién Han lam Khoa hoc va Coéng
nghé Viét Nam (VAST), theo mi sb tai
trg NVCC06.01/25-25.

Cam két: T6i xin cam doan day 1a cong
trinh cua nhom nghién ctu va chua gui
dang ndi dung nay ¢ bat ky tap chi nao.
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