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Tom tit:

K§ thuit dwa thudc chit dong b:‘T\ng dién di ion da ching minh dwgc kha ning lam ting dang ké hap thu thudc qua
da ciia nhiéu dugc chat, dac biét dm véi cac phan tir 16n. Maic du vay, ky thuat nay van con bgc 19 nhu’ng han ché
trong viéc phan ph01 thudc dat nong do diéu tri ddi véi nhiéu dugc chit co lidu cao, cac protein va tiéu phan nano.
Viéc két hop dién di ion véi cac bién phap khong xam lan hoic pha v& co Kiém soat cAu tric 16p swng nham lam tang
hon nira kha nang duwa thudc quadala glal phap tiém nang mo rong pham vi rng dung cua thudc qua da cho nhiéu
duoc chit va hé mang thudc. Bai bao tong quan co ché tac dung va két qua cia cac nghién ciru u'ng dung glal phap
két hop dién di ion véi cac phwong phap xam lan tbi thiéu dé dwa thudc qua da, gom. tao kénh din thudc bang xung

dién, tac nhan héa hoc, mang vi kim, siéu Am tan so thap va ap tir trwong.

Tir khéa: dién di ion, dwa thudc chit dong qua da, ting van chuyén thudc qua da, xAm l4n tdi thiéu.

Chi sé phén loai: 3.5

Pat van de

Trong mt thap ky gan day, cac nghién ciru dwa thude qua da
dugc phat trién manh mé do nhitng uu diém vuot troi cua duong
dua thudc nay nhu khong xam 14n, tranh lay nhiém, bénh nhan
¢6 thé tu diéu tri, tinh tuan tha phéc d6 didu tri cao. Tuy nhién,
han ché 16n nhét cua duong dua thude nay 1 khé dua thube du
liéu didu tri va pham vi 4p dung han ché, chi ap dung dwoc cho
mdt s& dwoc chét ¢ tinh chat 1y hoa dac biét, trong do 16p sting
14 hang rao chinh ngan can sw hdp thu thudc. Viée sir dung tic
nhan hoa hoc [am tang tinh thdm hoac diéu chinh déc tinh ly hoa
cia thude 13 2 cach tiép can truyén thong dé cai thién kha ning
tham qua da ctia dugc chat. Tuy nhién trong nhiéu truong hop,
hi¢u qua cua phuong phap nay khong dugc nhu mong doi, déc
biét 1a voi loai thude than nude va cac phan tir 16n. Ky thuat
dién di ion dugc biét dén nhu mot phuong phap dua thude chu
dong, khong xam lan da chimg t6 duoc tiém ning trong viéc van
chuyen nhiéu loai dugc chat khong thé thim qua da bang co ché
khuéch tan thy dong. Phuong phap da dugc chimg minh c6 kha
ning dua thube hiéu qua v6i nhiéu dugc chét va mot sé protein/
peptide. Tuy nhién, dién di thubc van con han ché ddi véi cac
thude co lidu diéu trj cao, cc protein co trong lugng phan tir 1on
va tiéu phan nano. Giai phap két hop k¥ thuat dién di thudc véi
cac phuong phap xam lan i thiéu 1a huéng di méi nham cai
thién hon nira kha ning dua thudc qua da dé c6 thé ap dung cho
cac thube ¢6 liéu diéu trj cao, cac protein phan tir lrong 16n va
cac hé mang thudc dang tiéu phan nano. Nhitng két qua nghién
ctru dat duoc cho théy tiém nang lon cua viée két hop dién di
thudc véi cac ki thuat tang tinh thdm khac trong viéc tao ra cac
hé diéu tri qua da ap dung cho phé rong cac duoc chat va protein
trong diéu trj nhiéu bénh toan than.

“Tac gia lién hé: Email: anhvoquoc@gmail.com
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Phueng phap thu thap tai liéu

Tét ca cac tai lidu duoc dung dé viét bai tong quan nay dugc
tim kiém trén co s& dir liéu dién tr Pubmed, ScienceDirect va
Google Scholar dén thang 6/2021 véi cac tirkhoa “iontophoresis”,

“conjugation technique”, “minimally invasive”, “absorption
across skin”, “bioavailability enhancement”, “absorption
enhancement” va “transdermal enhancement”. Cac bai nghién

ctru duge xem xet chi tiét noi dung dé kiém tra tinh phu hop véi
linh vuc tong quan. Néu c6 nhiéu nghién ctru gin giéng nhau thi
nghién ctru day du, tiéu biéu nhit duoc lya chon.

Gidi thiéu vé dién di ion

Da la co quan 16n nhat ctia co thé dong vai trd nhw mot rao
can vat 1y va hang rao mién dich thuc hién chirc ning bao vé
ngan can sy mat nude ciing nhu sy xdm nhap cta cac tic nhan
bén ngoai [1]. Da la dwong dua thudc tiém ning nhung ciing la
rao can 16n ciia qua trinh hap thu thude, chu yéu dén tir sy bao
vé cua 16p simg. V& mit cdu trac, 16p simg 1a 16p ngoai cing
ciia biéu bi, duoc hinh thanh béi céc té bao chira keratin trén
nén lipid c6 chira ceramide, cholesterol va axit béo tao nén kiéu
cu truc “gach - vita”. Ldp stmg c6 cdu trac dic khit, ty trong
16n (xap xi 1,4 g/em?), c6 tinh chat ky nu6ce, diém ding dién
tai pH 4-4,5 va do d6 tich dién am & didu kién pH sinh ly. Cac
thude boi trén da diéu tri cac bénh trong da va toan than trudc
tién phai thim duoc qua 16p simg [1].

Céc dang thudc ngoai da chii yéu dua thude bang co ché
khuéch tan thy dong, dya trén su chénh léch gradient ndng
d6 cua thube trén va trong da. Kha ning thdm dwoc chit
vao trong da thuong rat thap, chi gidi han ¢ cac chat phan
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Abstract:

Iontophoresis is an active drug delivery technique
that has been demonstrated to significantly enhance
the transdermal permeability of numerous active
pharmaceutical ingredients (APIs), especially with
hydrophilic drugs and large molecules. However, the
technique poses limitations in delivering medications
reaching therapeutic concentrations of high-dose drugs,
proteins, and nanoparticles. Conjugation of iontophoresis
with minimally invasive delivery techniques for further
improving transdermal absorption is a potential approach
to those limitations. Succonjugation possesses great
potential to widen the application range of topical dosage
forms to various APIs and drug carrier systems. This
article aimed to review the fundamental as well as results of
studies applying the approach of combining iontophoresis
with minimally invasive drug delivery techniques, namely
electroporation, chemical enhancers, low-frequency
ultrasound, microneedle arrays, and magnetophoresis.

Keywords: active transdermal delivery, iontophoresis,
minimally invasive, transdermal enhancement.
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tr nho va co dic tinh 1y hoa dic biét. D6i v6i phan 16n duge
chét, khuéch tan thu dong khong du dé dua thude dat néng
d6 diéu tri, kho kiém soat tbe do va mirc do hap thu. Nhidu
phuong phép vat ly va hoa hoc khac nhau da dugc nghién
ctru 4p dung nham tang tinh thdm, thay doi ciu tric cua 16p
sung hoac tao dong luc van chuyén thube vao trong hodc
qua da. Trong do, k¥ thuat dién di ion da chiing minh dugc
kha nang lam tang hiéu qua va kiém soét viéc dua thube vao
trong da d6i voi nhiéu loai dugc chat [2].

bién di ion duge ung dung nhu mdt ky thuat dua thude
chu dong, khong xam lan vao trong hodc qua da, trong d6
dong luc van chuyén thudc 1a dong dién mot chiéu duoc tao
ra khi 4p mot hiéu dién thé phu hop 1én da. Dién di ion lam
tang kha ning van chuyén thudc thong qua 3 co ché: dan
dién, tham thau dién va khuéch tan thu dong. K¥ thuat dién
di ion ting van chuyén thudc qua da khong chi cac phan tur
thudc ion hoa ma ca cac thudc khong ion hoa va cac hoat
chat it than dau [3].
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Céc nghién ciru tién 1am sang va 1am sang cho thiy, k¥
thuat dién di ion c6 thé duge ung dung hi¢u qua trong chin
doan va diéu tri ching dau nira dau, bénh thoai hoa than
kinh, ung thu da, tim mach hay nghién ctru vic xin [4]. Bén
canh d6, k¥ thuat dat hiéu qua dan thude t6t voi cac duge
chat ¢6 phan tir lugng thap, c6 kha niang ion hoa va tan tbt
trong nudc. Ky thuat nay co thé ing dung dé dwa thudc phat
huy tac dung tai chd hoic toan than. Ngoai ra, k¥ thuat dién
di ion cling da duogc chimg minh 1a mot giai phap hiéu qua
dé van chuyén qua da cac thudc protein/peptide, cic chat
than nudc, cac phan ti 16n [4].

Két hop ky thuat dién di ion vdi cac phuong phap xam lan
toi thiéu

Mac du ky thuét dién di ion da dugc chiing minh cé thé
vén chuyén qua da cac thudc phan ttr nhé va mot s6 protein/
peptide nhung tng dung cua ky thuat nay van rit han ché
ddi voi cac duge chét c6 lidu diéu tri cao va cac protein co
trong lwong phan tir 16n. Dé dwa thudc qua da bang dién di
dat duoc néng dd diéu tri, c6 thé phai dung dong dién manh
trong khoang thoi gian dai, trén mdt dién tich da du rong,
diéu d6 tiém an nhiing tac dung bét loi, rui ro va anh huodng
dén sy tuan thu phac dd diéu trj cua nguoi bénh. Viéce Kkét
hop dién di ion véi cac bién phap xam lan toi thiéu, thay doi
¢6 kiém soat ciu trac cua 16p sung la glal phap c6 thé lam
tang hon nira hi¢u qua van chuyén thudc ma van giit duoc
céc uu diém cua thude dung qua da. Sy két hop nay lam
giam su can trd cia biéu bi da ddi véi viée di chuyén cua
dugc chat qua da. Nho do, thube duoc van chuyén dé dang
hon va hiéu qua hon, khong chi bang co ché dan dién ma ca
co ché khuéch tan thu dong. Tuy c6 sy thay ddi cdu trac cia
biéu bi nhung chi 1a cac thay d6i nho va nhanh chong hoi
phuc sau khi ngimng tac dong cac tac nhan gy ra sy bién doi.

Két hop dién di thudc véi tao kénh din thubc bang
xung dién

Tao kénh dan thudc bang xung dién 1a ky thuat sir dung
dién ap 16n (10-1000 V) trong thoi gian rat ngin (tir vai
micro gidy dén vai mili gidy). Duéi tac dung cua dién
truong manh tinh ludng cuc cua cac phan tir lipid trong 16p
stmg bi thay d6i va ¢ su sap xép lai tao nén cac vi mao quan
trong 16p stmg. Co ché tao kénh dan thudc bang xung dién
dugc mo hinh héa ¢ hinh 1. Bén canh d6, xung dién con cé
tac dyng lam tang linh d6 dién, kha nang khuéch tan va do
dan dién cua cac phan ti [5, 6]. Két qua 1a dong thude duge
van chuyén vao bén trong da ting dang ké. Do dai xung va
cudng d6 xung 1a 2 yéu t6 quyét dinh dén sy tao vi kénh
trong 16p simg. Khi dimg viéc ap dién thé 16n, cac vi kénh
van ton tai trong mot thoi gian gitp tang dong van chuyen
dién tich, dong tham thau dién cling nhu kha nang khuéch
tan thudc qua 16p simg.

26



/7 TAN
| Jpoan e

o T 7T
N

80 I

N g eemcarred
RN

Hinh 1. Co ché dwa thuéc bang xung dién [1].

Tao kénh dan thudc bang xung dién c6 uu diém 1a thude
tac dung nhanh, van chuyén duoce céac thude co trong lugng
phan tir 16n, t6n thuong da nhe hodc khong dang ké. Két
hop tao kénh dén thudc bang xung dién va dién di ion lam
tang cuong hon nita van chuyén thudc qua da, dong thoi cho
phép phan phéi nhanh va kiém soat chinh xéac liéu lugng.
Tuy nhién, trong mot s6 trudng hop tac dung két hop 2 ky
thuat nay cho két qua thdp hon so véi sir dung don 1¢ timg
k¥ thuat [7]. Mot s6 nghién ctru dién hinh ing dung két hop
tao kénh dan thudc bang xung dién va dién di ion dugc trinh
bay o bang 1.

Bang 1. 'ng dung két hop dién di ion véi dién xung tao kénh.

. ., Duathubc Diéu kién R
Ungdung  Dugc chat iAo R ialhaal Tém tat ket qud
- 150V,300V (10 Nongdy insulin/huyét tuong ting 12,2,
Dicu tri o\ ROV (8 AR B o s
banhtide  Insulin Da chust ms), 10 xung, 3,23 v 53% khi dung di¢n di, xung dién,
duon " 04mAlen?, 60 hogc ket hop 6 150 va 300 V
¢ (120) phit (twong (mg) [6]
zgi}l]ﬂ(mo ms), Do thim 5-ﬂuorou;acil ting so v6i khuéch
Diéu tri . Invitro ¢ .. tanthydong, 1én dén 31,41 pg/em?h. Cao
S-fluorouracil .\ (1 xung/30 giay), R
ung thu da chuot A hon so vdi chi dung dién di hogc dién
0,5 mA/em?, xung [3]
3gio ¢
Thong lugng vin chuyén calcitonin 1 1247
Calcitonin ni;/cmﬂh khi dm}g dlcln (}1 ion va' Tang lén
den 2586 ng/em’h khi ket hop voi xung
_— 500V (200 ms), .,
bicu tri - dién 7]
ine canxi Invitro 15 xung
I g; ; danguoi (1 xung/phut), . o .
uyel Hormone 5 mA/om?, 4 gio Ket hop xung dlgn ting dua thuoc gap 17 .
[ lan so véi dién di. Hap thu PTH/24 gio khi
tuyén cin . AT D5
iip (PTH) str dung dién di 12 0,54 pg/em? va Ién deén
g 4,8 puglem? khi két hop véi xung dién 7]
Thong lugng vén chuyén Timolol la 3, 40,
400V(10ms), 240 va 150 pg/em?h twong tmg khuéch tin
Timolol 10 xung, thy dong, xung dién, dién di ion, giai phap
) 0,5 mA/em?, ket hop. Tich lity thuoc 021 gio la 640 va
Diéu trj 9 gio 483 nglem? twong tmg khi sir dung dién di
P Da bung A
bénh tim . va giai phap ket hop [9]
mach et A
) 400V (10ms),  Thong lugng vin chuyén Atenolol cao hon
Atenolol 10 xung, khi ket hop 2 ky thuét. Thudc tich iy 6 20
025 mAlen?,  gior1a 1.089 va 2.459 pg/em’ tuong img khi
3 gio sir dung dién di va giai phap ket hop [9]
TAP CHI
HOA HOC

ONG NGHE I} Nam 64(9) 9.2022

Khoa hoc Y - Duoc | Cac linh vuc khac cua khoa hoc y - duoc

Két hop dién di thuéc véi cic tic nhin héa hoc ting
tinh tham

Céc chat ting kha ning thim qua da hoat dong dua trén
nhiéu co ché khac nhau lam thay d6i cu tric hodc cac tinh
chat ctia da. Céac chit ting kha ning thim qua da c6 thé
lam thay d6i cau trac lipid kép lién bao, chiét lipid ra khoi
da tao nén cac kénh khuéch tan thudc, ting tinh linh dong
ctia lipid kép trong 16p simg, ting tinh than nudc cua té bao
simg, hodc thay doi thanh phan protein trong da [10]. Mot
sO chat tang hap thu thudc qua da con c6 thé thac déy tao ra
trang thai si€u bao hoa cia dugc chét va cai thién su phan bd
thudc trong da [11]. Co ché ting tinh thim qua da bang tac
nhan hoa hoc duge mo hinh hoa ¢ hinh 2. Cac hoa chat tang
tinh thdm dung trong dugc phdm phai dap tng duoc yéu cau
1a tro, it doc hai, it gdy di ing, phan trng nhanh va céac chirc
ning hang da phai phuc hdi nhanh chéng sau khi héa chat
dugc loai bo [12]. Cac chat 1am tang tinh tham duogc chat
qua da duoc dung phd bién thuong thude cac nhom chat
sau: sulphoxides, azone, pyrrolidone, acid béo, alcohol, chat
dién hoat, ureas, terpenes.

Dau than nuée

Thay déi
tinh phén
cuc

Lép Kép lipid
lién bao

Tang tinh linh
Tang phan cyc dong, chay

Micelle nghich

Hinh 2. Co’ ché tang tinh thAm qua da bang cac tac nhan hoéa
hoc [13].

Viéc sur dung céc tac nhan hoa hoc tang tinh thiAm co thé
lam giam su can trd khuéch tan thudc cia 16p sing, giam
dién tré cua da va co thé tao ra cac kénh dan thude. Do vay,
néu da da dugc tang tinh thim trude bang cac tac nhan hoa
hoc, khi ap 1én da mot dién thé, duoc chat s& di chuyén qua
da dé dang hon, vdi toc do 16n hon, din dén ting thong
luong van chuyén thube qua da [14]. Sy két hop 2 k¥ thuat
nay mot mit co thé 1am giam luong ding can thiét cua cac
tac nhan hoa hoc; mat khac co thé rat ngfm duogc thoi gian,
dién thé 4p dung va dién tich da tiép xuc véi dién cuc. Picu
d6 c6 thé lam tiang tinh an toan cling nhu kha nang kiém soét
chu dong viée dua thude qua da. Mot s6 nghién ctru dai dién
g dung giai phap két hop tac nhan hoa hoc véi dién di ion
duoc trinh bay ¢ bang 2.
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Bang 2. 'ng dung két hop ky thuat dién di ion v&i tac nhan
héa hoc.

Pua thube  TAc nhin

Ungdung  Hoat chit qua md héa hoe Tom tit két qua
Thong lugng vin chuyén ting
Kiérp soat  Tolterodine Da thé Nerolidol 1,75 1an so véi dién di don thuan.
di tiéu tartrate Cai thién kha nang kiem soat di
tieu [15]
. Thong lugng van chuyén tang 4,75
Geraniol 131 506 dign di dom thudn [16]
y Kali Thong lugng van chuyén ting 4,49
E}iﬁlm dau,  diclofenac 20l ) lan so véi dién di don thuin [16]
ang A A Fa
oBm Thymol {hong luorng vin chuyén Eang 433
lan so voi dién di don thuan [16]
Kali Invivo Geraniol Higu qua chéng viém ting gép 2 lin
diclofenac chan chudt 50 voi dién di don thuan [16]
. Propylene  Thong luong dién di tang 5-7 1an so
Ngap‘ e ) glycol voi dién di don thuan [14]
vadieutri Zidovudine  Da chudt E— P
HIV/AIDS . . ong lugng dien di l%ll’lg = an
R e (]
Pidu Thong lwong van chuyén tang 1,5
< £ : . lan 50 voi dién di don thudn. C,
tang huyét  Bisoprolol Exvivo
iovidau  hemifumarate da chuot Cellosolve  gép 1,9 lin, T . giam0,7 lén, sinh
pc j kha dung dat 201 ,44% s0 voi vién
that nguc

nén [17]

Két hop dién di thuéc véi cdc ming vi kim

Pua thudc qua da bang mang vi kim 1a k¥ thuat dua
thudc voi sy xdm 14n tdi thiéu nhd pha v c6 kiém soat 16p
stmg ctia biéu bi, qua do tao ra cac kénh rat nho dan thude
vao trong da. Mang vi kim dugc tao thanh tir nhiéu ciu trac
3 chiéu chira dugc chat, c6 hinh kim kich thudc tir vai chuc
t6i dudi 1.000 um. Chung c6 thé xuyén qua 16p sung cua
biéu bi dén 16p ha bi nhung khong tiép xtc v6i day than
kinh hodc mach mau. Do d6, st dung mang vi kim it dau,
thoai mai hon so voi tiém dudi da va dac biét 1a an toan sinh
hoc [18]. Khi diéu tri bang cac mang vi kim, thudc khuéch
tan hodc vén chuyen tryc tiép tir cac dau kim vao trong da
ma khong can tham qua 16p sing, nhd d6 loai bo duge hang
rdo ngan can su hap thu thudc qua da. Co ché tac dung cia
mang vi kim dugc mo hinh héa ¢ hinh 3.

Vi kim bao phl

Vi kim ran Vikim hoa tan

Vi kim réng

Hinh 3. Co’ ché tac dung chia cac mang vi kim [19].
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C6 nhiéu loai vi kim dwoc nghién ciru Gmg dung trong
viéc phan phéi thude qua da nhu vi kim hoa tan, vikim chira
tiéu phan mang thudc, vi kim tach roi, vi kim rdng, vi kim
tao gel... [20] va co thé ch1a 1am 2 nhém: mang vi kim rn
va vi kim rong. Vi kim ran ¢6 ciu trac dic khit, thube duge
bao bén ngoai hay phan bd déu trong cau trac vi kim. Khi
diéu tri, duoc chit hoa tan giai phong tur vi kim va khuéch
tan vao trong da. Vi kim rong c6 céu tric bén trong rong
nhu tén goi ctia nd. Khi diéu tri, thude co6 thé duge dua vao
trong da lién tuc tir bén ngoai théng qua cau tric réng cua vi
kim béang cac co ché khac nhau, nhu dung ap suit dy thudc,
khuéch tan, hay dung dong dién dan thude. K§ thuét nay cho
phép dua thudc duge nhiéu hon va c6 kha ning kiém soat
t6t duoc liéu luong va toc do dua thude [21]. Mot s6 nghién
ctru dai dién Ung dung mang vi kim dé ting van chuyén
thudc qua da duoc tom tit & bang 3.

Bang 3. 'ng dung két hop k¥ thuat dién di ion v&i cac mang
vi kim.

S,an iind Hoat chat i th}‘“ B,I e ! k!g“ Tém it két qui
img dung : quamd ftién hinh
20 vi kim trén bé mit duoe  Tich Ity thude lon wot ting2va 7 Jan so
Tappy Tok ~ Hormone xép hinh tron, Vikim dai  v6i dién di va mang vi kim. Thong lugng
Tokiii tingtmong (o 750, duingKinh 130 um,  vin chuyén thude 13 1.86, 2,02 v
thign voe 141 t0 hop " 210 cham/gidy, lye cham 11,75 ng.emh! twong ting khi sir dung
ding (ihGH) khong do; dién di, mang vi kim va két hop 2 kj
0,5 mA/em?, 4 gio thudt [22]

) ) fox gk 5000/ AA 4
Miéng din [8vikimdugosép ot nan ham qua dating 5%, d nh
Y AP khong déng ke, tuong thich sinh hoc tot,

tham thau hinh non. Vi kim dai T
) o khong kich timg da.
qua da . Invivo 800, duong kinh 400 pm, A : "
Insulin . o "7 Tic dung ha duong huyet manh, duy tri on
IDPMAP/ dachugt  Khoangcdchgiia2vikim . B A
U PN dinh dwong huyet thap hon 2,7 lan so voi
diu tri tiu lien ke 1a 1 mm; i o
dum I mA. 12 i tiém dwoi da va 1,7 lan so vdi chi s dung
4 el ditn di [23]
A Din chét Mang 9 vi kim cao 400, Duge Ch atvkhon.g t‘ham'quaAkhAl 1 dl ki
Dicu tri . . . . hop voi mang vi kim ¢0 thé van chuyén
. huynh Invitro 10ng 200 pum, dau nhon A 8
chong ) . , N dugc phan tr co trong lwgng 200 kDa vao
. o quangeia  dachujt  goc 28", 1,6 kglem’ trong L L
dong mdu e 10 iy 03 mAlemr 5 ol trong da. Lugng tich liiy qua da 6n, thoi
S B9 ML, B9 i 13 i Iem dén 2,82 gio 24]
. Bl?n CUF Ag/AgCl. ) Theo doi nong do glucose trong méu v
Theo ddi, Mang vi kim 4,3 cm’x32 Ak A o]
. . phén phoi insulin theo nhu cau d¢ kigm
dieu hoa . . kim/em? Vi kim cao 600, i N B
A Insulin Danguoi g 5ot lién tuc, tw dong duong huyet bang co
duong 10ng 400 um. Dién the £ PRI
< i 1l . che feedback. Theo doi va diéu khién bang
huyet dionkhienbingonche e i thoa thing minh 25
feedback o Y
Dién cue Ag/AgCl, dong K‘hong.t}mhAluq?g duqc‘ fiuq.c chat !(hl .
oy ° dung dign di. Ket hop dién di va mang vi
0 dién 100, 300 va RSN S .
Dicu tri . ) .. kimtang dén trén 2 lan thong lugng van
) . Gottingen 500 pA/em’ trong 6 gid; I TPV
daunga  Sumatriptan . . . . chuyen thuoc va khong co thoi gian tre.
\ minipigs  mang 600 vi kim/ 0,785 A 2 K poh
dau e s .. Ky thuat ket hop co thé dua thuoc dat nong
cm?; vi kim hoa tan voi T e n
&HPVP 9 diéu tri tuong duong voi tri li¢u tiém
dudi da [26]
. Phoi hop dién di voi mang vi kim tang
s Insulin . Bn AR e
Kiém sodt " \ kha ning dua thuc trén 4 1an so vdi dién
o dang Dign cye Ag/AgClodong ., ° P
dutmg P . I di va trén 2 lan so voi mang vi kim. Hiéu
ticuphan ~ ThoNew  dién 123 mA. AP oo £k Ao
huyet trong LT qua kiém soat dudng huyet tot, an todn voi
nanomang Zealand  Mang vikim 15x15 cao O A AP
ditutitibn . nguon dién yeu lay tir dién thoai. Toc do
thudc, tich 600, rong 200 um VIR
duong dien duon dura thudc ddp tmg tot voi vige bat va tat
R dong dién [27]
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Két hop dién di ion vdi song siéu am tin sé thd'p

Phuong phdp nay st dung song siéu am ¢ tan s6 20-100
kHz lam thay doi cau trac 16p kép lipid cua 16p sung. Khi
tiép xtc voi song siéu am, cac khoang trong va bong khi
dugc tao ra gay xdo tron 16p kép lipid cua 16p stng. Song
siéu am hoat dong theo 2 co ché 1a hiéu ung nhiét va tao
khoang tréng. Khi ap dung siéu 4m, nhiét do tai ving da tiép
xuc tang 1én do hap thy ning lugng song siéu am, nho do
lam tang tinh linh dong cta da va tang thong luong khuéch
tan thudc vao da. Co ché tao khoang tréng 1a hién twong
hinh thanh - pha v& va dao dong cua cac bong khi dudi tac
dung cua song siéu 4m tao nén cac kénh dan thudc, 1am giam
su can tré cua 16p stng dbi voi sy khuéceh tan, van chuyén
thudc [28, 29]. Pay ciing 14 co ché chinh cua viéc ting tinh
thim ctia da bang siéu am. Co ché van chuyén thudc khi str
dung song siéu am dugc mo hinh héa trong hinh 4.

Simg siéu im

\ - #
. Séngsituim

©Béngkhi  Phin i thudc A. A.

Hinh 4. Co’ ché dwa thudc bang séng siéu am [1].

Su két hop giita k¥ thuat dién di ion voi siéu am tan s thap
gitp tang cudng van chuyén thude qua da gip nhiéu 1an so voi
ap dung don 1¢ tng phuong phéap. Siéu am lam gidm sy can
tro hap thu va van chuyén thudc cua da, tao diéu kién cho dong
van chuyén thuoc bang dién di nhanh hon va hiéu qua hon. Mot
s0 tmg dung vé su van chuyén thudc qua da két hop 2 phuong
phép nay duoc thé hién trong bang 4.

Bang 4. 'ng dung két hop k¥ thuat dién di ion véi séng siéu am.

, . Duathubc Ditu kién R
Ungdung Duge chat quami tién hanh Tom tit két qua
Lugng thudc thé 24 gié tang da
280 (350) ki, rong t uoc t am ﬂuaﬁda sau 'gl()'; tang dan
. ) theo thir ty: dung siéu am, dién di, ket hop
. Axit 500 mW/m?, xa e 5 N
Dudng da . Da lung lon siéu am va dién di. Su ket hop 2 ky thuat nay
glutamic 100, 150,200 L Y .
Alem?. 24 i cho kha nang tham cao nhat lén dén 240% o
WAVEI, 289" 350 kHz 50 v6i nhom i chimg [30]
20 kHz, Théng hrgng van chuyén thude khi dién di 2
Piéu i i M Wi, 3 ngfem?h. Gia tri nay phén bo rong, dat dén
tangnhan ~ Mannitol da chudt 1 phut; 800 ng/em?h khi sir dung siéu am tin s6 thip
ap ' 0,4 mA/en, va dat 2046 ng/em? h khi két hop siéu am voi
4 gio dién di [31]
Kha nang hoa tan trong nude >3 lan so véi
Giamdau,  Dendrimer- Ex e vai 78 W/cm“, Ketoprofen d@ thuan (58,54 ug/fnl).
ha st tetoorofen. VY0 da 30 phat; Luong Dendrimer Ketoprofen thim qua da
' P chuot 0,38 mA/cm? cao, 16 hon 7 In so véi Ketoprofen don
thudn [32]
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Két hop di¢n di ion véi tiv truong

Tao ra tir truong phu hop c6 thé gitup van chuyén thude cha
dong qua da [33]. T trudng Gng dung trong dwa thude thuong
duoc tao ra boi nam cham vinh ctru ¢6 cuong do tir truong nam
trong khoang 102-5.102 mT. Céac phan tir dugc chat ¢6 thé dugc
van chuyén qua hang rao hip thu dong thoi bang 2 co ché: dan
tir va thim théu tir. Co ché dan tir (magnetorepulsion) dya trén
hién twong chuyén dong c6 hudng ciia cac hat nhiém tir trong
dién tir truong. Tir truong ap 16n da s& ddy cac phan tir/tiéu phan
thude co mang tir tinh hodc bi nhiém tir vao da. Co ché thu 2
xay ra do sy tham thau tir (magnetohydrokinesis) tao ra cac
dong chét long di chuyén hudng vao trong da dudi tac dong cia
tir truong [34]. Két qua la sy vén chuyén nuée duoc ting cudng
kéo theo sy van chuyén cac chit hoa tan ciing duoc ting cuong.

Su két hop cuia lidu phap dién truong, tir truong va dién di
ion gitip nang cao hiéu qua trong diéu trj bang dién hoa trj liéu
cho mdt vung trén da. Sy két hop nay tao ra hi¢u tng dién hoa
tri liéu dugc goi 1a “di¢n tmyén dich”. Ung dung dau tién duoc
dua ra 1a hé thong phan phdi thudc qua da bang thiét bi quan
dién di dong. Thudc va cac chét dién giai duoc hép thu nhanh
chong trén khp da khi mot dién tir truong dugc 4p dung trén
thiét bi ndy [35]. Phat minh cua [35] dugc tlep tuc phat trién
mot hé thong cung cap thude tu dong qua da bang miéng dan
thdm thau. Miéng dan nay co thé van chuyén dugc cac thude
¢6 trong luong phén tir 16n mot cach hiéu qua dén ding vi tri
can diéu tri.

Két luan

Su két hop k¥ thuat dién di ion véi cac phuong phap pha v
c6 kiém soat 16p simg di dugce nghién ctru rong ri trong nhimg
nam gan day. Su két hop nay tao ra tic dung hop dong trong
tang hiéu qua dua thudc qua da béng cach lam giém su can tro
cua 16p simg va van chuyén thudc chii dong bang dong dién,
trong khi van glu duoc cac vu diém ciia duong dung thudc qua
da. Ky thuat phdi hop nay ¢6 thé gitup dua thude qua da dat
ndng do diéu tri dbi véi cac thude 6 liéu diéu tri cao, trong
lugng phan tir 16n, céc protein/peptid va cac hoat chat than
nude. Nhiing tién bo dat duge trong sy phat trién cta thiét bi
dién tu, cong nghé bao ché va vat liéu mo ra nhiéu ung dung
cta dién di ion trong diéu tri bénh trén 1dm sang. Diéu nay gop
phan thuc ddy sy phat trién cua viéc ing dung cong nghé hién
dai vao phat trién cac bao ché méi hiéu qua hon, an toan hon.

TAI LIEU THAM KHAO

[1] D. Ramadon, et al. (2021), “Enhancement strategies for transdermal drug
delivery systems: Current trends and applications”, Drug Deliv. Transl. Res.,
12(4), pp.758-791.

[2] K. Ita (2016a), “Transdermal iontophoretic drug delivery: Advances and
challenges”, J. Drug Target., 24(5), pp.386-391.

[3] Nguyén Thi Hong Dirc, V& Quéc Anh (2021a), “Co ché hoat dong va
dong hoc qua trinh van chuyén thudc bing k¥ thudt dién di ion img dung trong
viéc tang van chuyén thude qua da”, Tap chi Khoa hoc, Truong Dai hoc Su pham
Ha Noi, 2, tr.16-27.

29



s Khoa hoc Y - Dugc | Cac linh vuc khac cla khoa hoc y - dugc

~ [4] Nguyén Thi Hong Dirc, V5 Quéc Anh (2021b), “Van chuyén thudc qua da
bang k¥ thuat dién di ion: Uu, nhugc diém va phat hién méi tir nhiing nghién ctru”,
Tap chi Khoa hoc va Cong nghé Viét Nam B, 63(9), tr.39-43.

[5] M.L. Yarmush, et al. (2014), “Electroporation-based technologies for
medicine: Principles, applications, and challenges”, Annu. Rev. Biomed. Eng., 16,
pp-295-320.

[6] K. Ita (2016b), “Perspectives on transdermal electroporation”,
Pharmaceutics, 8(1), DOI: 10.3390/pharmaceutics8010009.

[7] B.M. Medi, et al. (2017), “Electroporation for dermal and transdermal
drug delivery”, Percutaneous Penetration Enhanc. Phys. Methods Penetration
Enhanc., Springer, DOI: 10.1007/978-3-662-53273-7 7.

[8] LY. Fang, et al. (2004), “Transdermal iontophoresis of 5-fluorouracil
combined with electroporation and laser treatment”, Int. J. Pharm., 270(1-2),
pp.241-249.

[9] B. Ghosh, et al. (2012), “Prospects of iontophoresis in cardiovascular drug
delivery”, J. Basic Clin. Pharm., 4(1), pp.25-30.

[10] M.N. Anurova, et al. (2021), “Permeability enhancers in transdermal
delivery system technology (review)”, Pharm. Chem. J., 54(11), pp.1162-1169.

[11] A. Kovacik, et al. (2020), “Permeation enhancers in transdermal drug
delivery: Benefits and limitations”, Expert Opin. Drug Deliv., 17(2), pp.145-155.

[12] A.C. Williams, B.W. Barry (2012), “Penetration enhancers”, Adv. Drug
Deliv. Rev., 64, pp.128-137.

[13] H. Benson (2005), “Transdermal drug delivery: Penetration enhancement
techniques”, Curr: Drug Deliv., 2(1), pp.23-33.

[14]X.Ning,etal.(2019), “lontophoresis enhanced transdermal drug delivery”,
Augment. Cust. Strateg. CRM Digit. Age, 12, DOI: 10.1002/9783527814633.ch12.

[15] D. Prasanthi, P.K. Lakshmi (2013), “Synergistic effect of iontophoresis
and chemical enhancers on transdermal permeation of tolterodine tartrate for the
treatment of overactive bladder”, Int. Braz. J. Urol., 39(1), pp.63-75.

[16] S. Arunkumar, et al. (2018), “Effect of terpenes on transdermal
iontophoretic delivery of diclofenac potassium under constant voltage”, Pharm.
Dev. Technol., 23(8), pp.806-814.

[17] M.H. Teaima, et al. (2021), “Enhanced transdermal delivery of bisoprolol
hemifumarate via combined effect of iontophoresis and chemical enhancers: ex
vivo permeation/in vivo pharmacokinetic studies”, Pharmaceutics, 13(5), DOIL:
10.3390/pharmaceutics13050682.

[18] AM. Helmy (2021), “Overview of recent advancements in the
iontophoretic drug delivery to various tissues and organs”, J. Drug Deliv. Sci.
Technol., 61, DOI: 10.1016/j.jddst.2021.102332.

[19] S. Darvishha, S. Amiri (2019), “(Trans) dermal insulin delivery based
on polymeric systems”, Int. J. Polym. Mater. Polym. Biomater., 68(18), pp.1118-
1132.

[20] L.K. Vora, et al. (2021), “Microneedle array systems for long-acting drug
delivery”, Eur. J. Pharm. Biopharm., 159, pp.44-76.

TAP CHI

HOA HOC

NG NGHE |t Nam 64(9) 9.2022

[21] S. Dharadhar, et al. (2019), “Microneedles for transdermal drug delivery:
A systematic review”, Drug Dev. Ind. Pharm., 45(2), pp.188-201.

[22] G. Noh, et al. (2018), “Iontophoretic transdermal delivery of human
growth hormone (HGH) and the combination effect of a new type microneedle,
Tappy Tok Tok®”, Pharmaceutics, 10(3), DOIL: 10.3390/pharmaceutics10030153.

[23] Y. Li, et al. (2021), “Iontophoresis-driven porous microneedle array
patch for active transdermal drug delivery”, Acta Biomater., 121, pp.349-358.

[24] X\M. Wu, et al. (2007), “Enhancement of skin permeation of high
molecular compounds by a combination of microneedle pretreatment and
iontophoresis”, J. Control. Release, 118(2), pp.189-195.

[25] X. Li, et al. (2021), “A fully integrated closed-loop system based on
mesoporous microneedles-iontophoresis for diabetes treatment”, Adv. Sci., 8(16),
pp.1-15.

[26] J.P. Ronnander, et al. (2019), “Transdermal delivery of sumatriptan
succinate using iontophoresis and dissolving microneedles”, J. Pharm. Sci.,
108(11), pp.3649-3656.

[27]J. Yang, et al. (2020), “Smartphone-powered iontophoresis-microneedle
array patch for controlled transdermal delivery”, Microsystems Nanoeng., 6(1),
DOL: 10.1038/s41378-020-00224-z.

[28] B.E. Polat, et al. (2011), “Ultrasound-mediated transdermal drug
delivery: Mechanisms, scope, and emerging trends”, J. Control. Release, 152(3),
pp-330-348.

[29] A. Azagury, et al. (2014), “Ultrasound mediated transdermal drug
delivery”, Adv. Drug Deliv. Rev., 72, pp.127-143.

[30] J. Park, et al. (2019), “Enhanced transdermal drug delivery by
sonophoresis and simultaneous application of sonophoresis and iontophoresis”,
AAPS PharmSciTech, 20(3), DOL: 10.1208/s12249-019-1309-z.

[31] S. Tokumoto, et al. (2016), “Effect of combination of low-frequency
sonophoresis or electroporation with iontophoresis on the mannitol flux or
electroosmosis through excised skin”, Biol. Pharm. Bull., 39(7), pp.1206-1210.

[32] A.R. Hegde, et al. (2017), “Peptide dendrimer-conjugates of ketoprofen:
Synthesis and ex vivo and in vivo evaluations of passive diffusion, sonophoresis
and iontophoresis for skin delivery”, Eur: J. Pharm. Sci., 102, pp.237-249.

[33] S.M. Mirvakili, R. Langer (2021), “Wireless on-demand drug delivery”,
Nat. Electron., 4(7), pp.464-477.

[34] S.N. Murty, et al. (2010), “Magnetophoresis for enhancing transdermal
drug delivery: Mechanistic studies and patch design”, J. Control. Release, 148(2),
pp-197-203.

[35] https://patents.google.com/patent/US5983134A/en.





