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hoc phan tir & mo phong su hap phu c&c hoat chét thién nhién trén da, mot linh vuc dang duoc quan

tam, lién quan dén cac rng dung vé mi pham va duoc pham. Theo do, bai béo cung clp céc thong tin

V& viéc sir dung mi pham, duoc phim trén da hién nay; cac théng tin vé cu triic da ngudi, co ché xam

nhap ciia c4c hoat chat qua bé mit da; cac phuong phép thuc nghiém dé xac dinh sy xam nhap céc

hoat chit qua da; phuong phap md phong dong luc hoc phan tir va viéc ting dung phuong phap nay dé  Tu khoa

md phong su hap phu cac hoat chat thién nhién qua da. Cac nghién ciu vé su hap phu hoat chét thién  mo phong,

nhién qua bé mit da bang md phong dong hec hoc phan tir I3 mot linh virc hoan toan mai ¢ Viét Nam.  dong luc hoc phan tir,
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1 Xu huéng st dung cac san pham trén da

¢6 ngudn goc tir thién nhién

Trong nhitng nim gan day, cc san phim dwoc phim, mi
pham, gia dung V& cham séc da ciing nhu cac san pham thudc
dan truyén qua da phét trién rat manh. Nganh cong nghiép mi
pham va duoc pham c6 mot mang 16n vé céc san pham chim
séc da va cac qui trinh dé lam sach, 1am diu, phuc hdi, cing cd,
bao vé va diéu tri da. Thi truong cho cac thwong hiéu 1am dep
xanh va sach dang phat trién trén pham vi toan cau, tang tir 8-
10% mdi nam. Thi truong mi phdm toan cau tri gia 532,43 ti
USD vao nam 2017 va dy kién dat 805,61 ti USD vao nam
2023, dat toc do tang trudng mbi nam 1a 7,14% trong giai doan
2018-2023. Xu huéng toan cau hién nay 1a chuyén tir cac san
phim téng hop hda chat sang cac san pham mi pham, chim
séc da c6 ngudn géc thién nhién. Cac chat chiét xuét tir thao
duoc chi yéu duoc b sung vao cong thirc chim séc da do mot
s6 tinh chét lién quan nhu kha nang chdng oxi hoa, tic ché sic
t6 va hoat tinh khéng khuén, bao vé va cham séc da. Su quan
tam cua ngudi tiéu dung dén cAc san phdm mi phim thién
nhién 1a co s cho su gia tang cac nghién ciru trong linh vuc
chiét xuat thuc vat, duoc liéu tng dung trong céc san pham
chim soc stic khoe va mi pham. Theo do, nganh cong nghiép
san pham ty nhién da lién tuc phét trién. Vao giira nhimg nim
1970, nganh cong nghiép san pham ty nhién wéc tinh 2,4 ti
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hip phu qua da

USD mbi nam. Trong nim 2016, gi4 tri cua n6 la 91 ti USD,
mic tang truong mdi nam 13 7,4% . Dac biét, cac san pham mi
pham thién nhién c6 tdc do ting truong hang nam tir 9-10%
trén khip chu Au, Bic Mi va chau A Thii Binh Duong.
Trong c&c san pham mi pham, duoc phdm cé ngudn géc tu
nhién, tinh dau duoc sir dung rét da dang. Tinh dau hién dién
trong cac cong thirc mi pham thién nhién véi rat nhidu cong
dung nhu chim séc va bao dudng da, chat lam mém min, kem
giir am, chdng 140 hoa, chdng nut né, chéng nhan, chéng nang,
lam sach da[1].

2 Cau tric va chirc nang co ban cia da

Vi dién tich bé mat khoang 2m? va khdi lugng bang khoang
15% tong khéi lwong co thé ddi voi ngudi lon, da 1a co quan
don 16n nhat ctia co thé con ngudi. Chirc ning co ban cua da
ngudi 1a diéu chinh nhiét do, gitr nuéc va 1a rao can dé bao vé
co thé tranh nhitng chan thuong co hoc, sy xdm nhap cua cac
doc t6, vi sinh vat, bic xa trong méi truong. Da la mot hé
théng sinh hoc rat phirc tap gdm nhidu qua trinh vat 1 két hop
qua trinh sinh hoa. Cac dic tinh cia da c6 thé thay doi nhiéu
bai cac yéu td nhu dia Ii, c& nhan, tudi, giéi tinh, dan toc, diéu
kién méi truong cu thé[2]. Vé mit cau tric, da duge xem nhur
mot hé théng da 16p, dugc ciu tao tir ba ciu trlc riéng biét
chinh 1a 16p biéu bi, I6p trung bi va I6p ha bi (md dudi da).
Hinh 1 cho thdy ciu triic co ban cua da ngudi.
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Hinh 1 Ciu triic co ban cta da ngudi[2]

Lép biéu bi 1a 16p ngoai cung cua da, day khoang 200pm,
95% céc té bao co trong I6p biéu bi 1a keratin. Tir I6p mang
nay, cac té bao sau do di chuyén vé phia bé mat da, tao
thanh 4 16p chinh dwgc phan dinh rd trong qua trinh van
chuyén cua ching, cu thé 1 16p day, 16p gai, 16p hat va 16p
sirng. Nam ngay bén dudi 16p biéu bi 1a 16p trung bi véi cac
mach mau, chiém dai bo phan cua da, c6 do day gap 15-40
lan 16p biéu bi. Lép trung bi Ia 16p wu nuéce, cung cip suc
manh co hoc cho da. Lép trung bi bao gdm cac nang téc,
mao mach mau, tuyén ba nhon va tuyén md hoi. Ciu tric
cta n6 dugc tao nén tir mot ma tran collagen va elastin, axit
hyaluronic (HA) va phan 16n nudc cua co thé dugc gitt &
I6p nay. Nam duéi I6p trung bi 1a 16p ha bi, c6 chira nhiéu
m& nén con duoc goi 1a md md dudi da. Lop nay dong vai
trd quan trong nhu mot tim ném gidp bao vé co bap va cac
co quan bén trong, gilt nhiét. Lop ngoai cung cua da la 16p
sing (stratum corneum-SC) dugc quan tdm dic biét vi nd
thé hién tinh cht nhu mot hang rao phong thu, bao vé co
thé khoi sy xam nhap cua cac tac nhan bén ngoai nhu cac
tac nhan co hoc, nhiét, héa hoc, dién tir, sinh hoc. Lép sung
nay anh huong truc tiép dén sy tham thau, hap phu qua da
ctia c4c tAc nhan xam nhap tir bén ngoai da ciing nhu quyét
dinh hiéu qua cua viéc sir dung cac loai mi pham, cac loai
thudc diéu tri thong qua da. SC chu yéu bao gém céc té bao
biéu mo (I6p sirng) va mdt ma tran chat béo. Cac té bao
sirng V& co ban 1a khdng thim va cac phan tir s& tham nhap
qua ma tran chit béo doc déo & khdng gian bén trong SC.
Ma tran chit béo nay la yéu té quyét dinh chinh cho céc
chirc niing rao can cia da. Ma tran chat béo nay bao gom
mot hdn hop khong dong nhat cua chudi dai ceramides
(CER), cholesterol (CHOL) va axit béo tu do (FFA) trong
mot sb ti 1é nhat dinh. Trong d6 CER chiém ti 1¢ cao nhét
khoang 60%-70% khdi lwong, trong khi CHOL va FFA dao
dong trong khoang 15%-20% khdi lwong trong SC, tly vao
vi tri cua I6p da trén co thé ngudi.

Co ché xam nhap cua hoat chit qua da:

Su xdm nhap cua cac phan tir vao bén trong va qua da tur
lau da dwoc quan tam. Viéc nghién ciru co ché cua sy xam
nhap qua da s& giai quyét mot sb van dé quan trong nhu
viéc nhiém vi sinh vat va hda chat qua da, phan phédi thuéc
vao da va qua da, viéc cham soc da va bao vé da (mi pham).
Viéc van chuyén thubc qua da cd thé xay ra thong qua con
duong tham nhap biéu bi hoic qua cac phan phu cua da[3].
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Su hip thu cia mot hoat chit qua da duoc chia thanh ba
budc: su tham nhap (penetration) la sw xam nhap caa mot
chat vao mot 1op da cu thé, sy tham thau (permeation) Ia sur
xam nhap tir I6p nay qua I6p khac va cudi cang 1a sy tai hip
thu (resorption) 1a sy hap thy vao hé mach mau. Theo con
dudng hap thu qua da truyén thong thi c6 tuyén dudng xam
nhap chinh qua 16p sing (SC) la: gian bao (intercellular),
noi bao (intracellular) va théng qua nang (transap-
pendageal), Hinh 2.
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Hinh 2 Ba con duong tham nhap qua da[3]

Con dudng gian bao lién quan dén viéc van chuyén cac chat
giita cac té bao cua lop SC. Mic du SC ¢ do day khoang
20pm, con dudng gian bao dai hon nhiéu va dat t&i 400pum,
lam giam ti 1¢ tham nhap dang ké. Con duong xuyén té bao
(intracellular) lién quan dén té bao sing keratin trong van
chuyén cua céc chat. Mic du ¢ khoang cach gan nhu ngin
nhung con duong nady co tinh chon loc cao. Cac hat thdm
nhap phai vuot qua cac rao can khac nhau dugc lap di lap
lai nhiéu Ian trong cu tric da, mang té bao wu dau, thanh
phan té bao ua nudc véi keratin, va cac rao can té bao
phospholipidic. Con duong thdm nhap thtd 3
(transappendageal) lién quan dén céc phan phuy, ching han
nhu cac tuyén md hdi, bd nhon va nang long - va 1a mot
tuyén duong dién hinh cho sy xAm nhap cua cac chat tan
trong nudc. Mot sb nghién ciru da chi ra rang kich thudc
ctia cac hat thAm nhap vao da théng qua céc 16 nudéce co thé
12 khoang 36nm, trong khi cac hat tham nhap vao nang
I6ng, toc co thé c6 dwong kinh 1én téi 210pum (day la kich
thudc t6i da cua cac 16 nang). Tuy nhién, cac nha nghién
ctru khac da cho rang chi c6 cac hat c6 kich thuéc 40nm
hodc tham chi nho dén 20nm méi thong qua nang vao 16p
da sau hon, trong khi cac hat I6n hon sé& chi duoc van
chuyén sau vao nang l6ng, toc. Céc loai thudc ki nuéc rd
rang xam nhap vao da theo tuyén dudng gian bao
(intercellular). Cac phan tir wu nude thich di qua SC bang
con dudng ndi bao qua cac té bao sing[3].

3 Cé4c md hinh da dugc sir dung dé nghién ctu sy
hap phu cta hoat chat qua da

Viéc sir dung cac md hinh da dong vat trong mot thoi gian
dai la cach tiép can chinh trong viéc phat trién tién 1am sang
khi nghién ctu loai thubc méi va téi wu hoa cac cong thirc
thubc dugc ding dé bdi 1én da[4]. Gan ddy, nhing thay ddi
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qui dinh vé thir nghiém trén dong vat & linh vuc mi pham,
c4c md hinh in vitro dang nhan duoc nhiéu sy chu ¥ nhu
mot ¢ong cu quan trong trong cac nghién ciu tham thau,
xam nhap va kich thich da. Cdc mé hinh twong duong da
ngudi ngay cang duoc sir dung phd bién hon, thay thé cho
viéc sir dung trén da dong vat. Cach tiép can ban dau dua
trén viéc sir dung cac té bao sung (keratin) nhan tao binh
thuong (NHKS) san sinh va phan hoéa trén 16p ha bi da lam
mo hinh kich ung da. Cac md hinh cai tién hon, dai dién
cho lan da ddy du d6 day dua trén ma tran soi nguyén bao
(twong duong véi 16p ha bi) va 16p mang phu biéu bi dai
dién cho NHKs[4]. Mac du cac mé hinh da nay thuong
xuyén c¢6 d6 tham thiu cao hon nhiéu so voi da ngudi va
dong vat, cac mo hinh c6 thé duoc &p dung cho muc dich
sang loc trong giai doan dau cua phat trién xay dyng thudc
va dugc pham[5]. Bé don gian hoa dy doan tinh thim cua
da, mot s& md hinh in vitro di dwoc dé& xuit nhu mang
silicone, mang nhan tao c6 ngudn gbc tir ceramit dé thu
nghiém tinh thim (PAMPA)[6] va thir nghiém tinh thim
dva trén mang phospholipid (PVPA). Trong nhiing nim
gan day, nhitng nd lyc di duoc thuc hién dé phat trién cac
mo hinh da in vitro dang tin cdy bang cic phwong phap
khac nhau, nhu dwa vao phuong phap séc ki, cac mé hinh
khong c6 chit béo nhu mang silicone, cac md hinh duya trén
lipid c6 thé phuc vu nhu mot cdng cu trong viéc du doan su
hap thu da mong mudn hoic khéng mong muén. Cac md
hinh da trén lipid tap trung vao: Mé hinh PAMPA cai bién
c6 thé bat chudc da[6]. M hinh PVPA bit chude rao can
SC cua da. Mang poly (dimethylsiloxan) (PDMS) hoic
mang silicone da duoc sir dung trong nhiéu thap ki dé kiém
tra hiéu qua cua cac loai chit khac nhau va danh gia tac
ddng cua chung 1én co ché tong thé cua van chuyén thubc
trén da nguoi. Dias et al. (2007) da tién hanh mot nghién
ctru v& mot loat cac chat (diu khoéng, isopropyl myristate,
axit oleic, decanol, octanol, butanol, ethanol, propylene
glycol, glycerin va nudc ciing nhur cac hdn hop ciia chdng)
trén sy tham thu cua caffeine, axit salicylic va axit benzoic
qua da bing mang PDMS nay. M6 hinh PAMPA duoc gigi
thiéu boi Kansy va dong nghiép (1998) nhu 1a mot md hinh
trong 6ng nghiém nhanh chéng dé danh gia kha ning thim
thiu rudt cua té bao. Hé thong PAMPA ban dau bao gom
mét mang nhan tao c6 chida mang loc ki nudc phu
phosphatidyl-choline hoa tan trong n-dodecane nhu mét
mang ngan. Trong mudi ndm qua, mot s6 mo hinh da nguoi
cdy mo da duoc phat trién va tré thanh thwong mai. Chling
thuong dwoc phan loai 1a md hinh biéu bi tai tao cua con
nguoi (vi du: EpiSkin®, SkinEthic®, EpiDerm® ) va céc
md hinh tuong duong da sdng (GraftSkin®, EpiDermFT®,
Pheninon®). Cac md hinh nay bao gom cac té bao cua con
nguoi dugc phéat trién nhu cdy mo va tuong duong ma tran
thuong c6 trong da. Da ngudi rd rang 1& mo hinh phu hop
nhat & danh gi4 viéc chuyén giao thudc qua da tir cac cong

thirc khac nhau. Da thu duoc tir nhiéu nguon khac nhau:
phau thuat tham mi, cét cut va xac chét di duoc sir dung dé
danh gi4 ex vivo vé sy tham nhap thudc. Cac mau da cha
yéu duoc liy tir bung, lung, chan hodc nguc. Tuy nhién,
viéc sir dung da nguoi rat han ché bai cac diéu kién dao dirc
va céc co s6 thi nghiém. Hon nita, d6 thim thau cua da thay
ddi réat l6n gitra cac mau lay tir cing mot hodc céc vi tri giai
phau khac nhau cua cting mot nha hién tiang. Cac cong thic
tai chd khac nhau da dugc thir nghiém trén da nguoi[5]. Vi
du, Zhao et al. (2009) di danh gi4 cac hat nano dwoc két
hop trong bot hydrofluo-roalkane dé tang cuong phan phdi
da cua tocopheryl axetat bang cach sir dung da ngudi co do
day day du. T Petrya va cong su da tién hanh tong cong 13
thi nghiém in vivo (nguoi, déng vat) va cac nghién cau in
vitro diéu tra su xam nhap cua cac loai dau khoang va sap
qua da dé danh gia cac tac dong c6 hai cho sic khoe cua
diu khoang va sap khi n6 duoc ¢ng dung trong mi pham.
Két qua nghién ctru cho thdy, phan Ién céc chat dugc hap
phu vao 1op sing va chi mot phan rat nho dat dén lop da
sau hon. Tir d6 két luan, dau khoang va sap dugc sir dung
trong cac san phim mi pham khéng gay nguy hiém cho stic
khoe cua khach hang[6].

4 Phuong phap moé phong dong luc hoc phén tir
nghién ctru sy hap phu cua hoat chét qua da

Viéc hiéu rd kha nang tuong tac, tham thau qua da cua cac
loai thudc va cac chat cd hoat tinh sinh hoc 1a vo cling can
thiét. Tuy nhién cac cong bd vé van dé nay rat it. Hau hét
cac nghién ctru dugc thuc hién & mirc do in vitro va tén chi
phi rat I6n, dan dén it nghién ciru dugc cdng nhan bai cac
t6 chirc c6 thim quyén. Trong nhiéu truong hop cac nghién
ctru nudi cay té bao in vitro 2-D khdng phan anh chinh xac
cac tuong tac phuc tap xay ra giira nhiéu té bao c6 mat
trong da 3-D trong co thé, chua phan &nh chinh xéac céc
tuong tac gitra thube, duoc chat qua da. Cac nghién cuu in
vitro va in vivo co duoc két qua tinh thim qua da ciia mot
s6 hoat chit cu thé. Tuy nhién chua gidi thich dugc mot s6
van d& nhu:

- CAu trdc cua céc hoat chat khi hap phu trén da

- Tinh chét dong hoc cua céc hoat chit khi hap phu trén da

- Co ché thim thau qua da

- Phan b hoat chat trén bé mit da va qua da

- Nang lwong tuong téc va kha nang di qua da ctia hoat chat.
Dé giai quyét cac van d& trén, gan ddy, mot phuong phap
thuong duoc su dung di kém véi cac phuong phap
nghién ciu in vitro, in vivo la phuong phap mé phong
dong luc hoc phan tir (Molecular Dynamics Simulation
(MDS))[7]. Trong nghién ctru khoa hoc tu nhién, c6 hai
huéng nghién cau truyén théng 1a Ii thuyét va thyc
nghiém. Sy phat trién manh mé& caa khoa hoc ki thuét
cho ra doi cac thé hé may tinh vai tée do tinh toan cuc
nhanh, d3 hd tro cac huéng nghién ciu khoa hoc tinh
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toan, trong d6 c6 mot nganh mai Ia mdé phong may tinh.
Cac két qua tinh toan duoc so sanh véi két qua thuc
nghiém dé rat ra dugc tinh ding din cia md hinh, kiém
chtng cac dyu doan li thuyét va du bao kha ning cua hé
théng thuc. M6 phong dong luc hoc phan tir hoat dong
nhu moét cau ndi giira Ii thuyét va thyc nghiém. Ching ta
c6 thé kiém tra mot i thuyét bang cach tién hanh md
phong st dung cing mot md hinh. M6 hinh dwoc kiém
tra bang céch so sanh vagi két qua thir nghiém; hoic ciing
c6 thé thuc hién cac md phong trén may tinh nhitng hé
ma khdng thé thuc hién duoc & diéu kién thuc nghiém
(vi du, 1am viéc tai cuc cua nhiét do hoac &p suat)[7].

5 Nghién cau anh huéng, kha ning tham thau,
khuéch tan cua cac hoat chat trén da bang mo
phong dong luc hoc phén tu

M6 phong dong luc hoc phéan tir (MDS) da duoc st dung dé
nghién ctru anh huong, kha ning thim thiu, khuéch tan cia
céc hoat chat trén da. CAu trdc cua da dac biét Ia lop sing (SC)
da duoc giai ma & cép do phan ti, 1a co s& dé tao nén nhirng
mé hinh chinh xac vé da dé thyuc hién céc nghién ciu cac hoat
chit qua da. SC chu yéu bao gém cac té bao biéu md (I6p
sirng) va mot ma tran chat béo. Ma tran chat béo nay la yéu t6
quyét dinh chinh cho céc chirc ning rao can cua da. Ma tran
chét béo nay bao gom mot hdn hop khong dong nhét ciia chudi
dai ceramides (CER), cholesterol (CHOL) va axit béo tu do
(FFA) trong mét s6 ti I¢ nhat dinh[8]. M6 phong mé hinh hdn
hop khong ddng nhét cua I6p SC cua da két hop tit ca CER,
FFA va CHOL ¢4 thé la thach thirc va vurot ra ngoai kha ning
tinh toan hién tai. Tuy nhién, && md phong mot I6p SC thuc té
giéng voi da nguoi nhat, cac nha nghién cau chon loai
Ceramide phd bién nhit, CER-NS 24:0, va axit béo ty do, FFA
24:0 cho md hinh phén ti. G day 24 va 0 dai dién cho chiéu
dai va sé luong lign két doi trong chudi axit béo, trong ca
CER-NS va FFA, twong ung. Tt md hinh da nay, Rakesh
Gupta va cong su da tién hanh nghién ciu kha ning tham qua
da cua nudc, oxi, ethanol, axit axetic, uré, butanol, benzen,
dimethyl sulfoxide (DMSO), toluen, phenol, styrene va
ethylbenzene bang méd phong dong hrc hoc phéan tar (MDS).
Ning luong tu do, hé sb tu khuéch tan cua mdi phan tir duoc
tinh toan. Hé sb thdm ciing dwoc tinh va so sanh véi thuc
nghiém, két qua md phong nhin chung cho thiy sy pht hop
vai két qua thuc nghiem[9]. Nhém nghién ciu cua Rakesh
Gupta ciing di tién hanh nghién ciu kha ning tham thiu va
anh huong cua ndng do fullerene qua da ngudi bing md phong
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dong luc hoc phan tir. Két qua di cho thiy ndng do fullerene
anh huong dang ké dén co ché tham thiu va céch thirc xam
nhap vao da khac nhau cua fullerene ciing nhu anh huéng dén
hinh thai da.
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Hinh 3 Anh huéng ndng d6 fullerene dén tinh thim
va ciu trac 16p da[10]

M. Lundborg va cong su da st dung m6 hinh MDS méi cho
hang rao tham thau cua da. Md hinh MDS méi nay ¢ ti lé
mol céc chat 1a 33/33/33/75/5/0,3 twong ng lan luot Voi
ceramides / cholesterol / axit béo tu do / lwong cholesterol
tuong d6i trén ceramide sphingoid side / acyl ceramide
EOS / phan tir nude trén mdi lipid. M Lundborg va cong su
da stir dung md hinh MDS mgi cho hang rao tham thiu cua
da dé tinh d6 thAm qua céu trdc lipid cua 16p sing dén 8
hop chét co kich thudc va cac tinh chat Ii héa khac nhau
(benzen, codeine, DMSO, ethanol, naproxen, nicotine,
testosterone va nudc)[10].

6 Két luan

Nhu vay, md phong dong luc hoc phan tir ¢6 thé cung cap
thong tin chi tiét cua cac qua trinh hap phu (ciing nhu
nhitng hanh vi khuéch tan bé mat) gilp phan tich va giai
thich két qua thuc nghiém va du doan cac tinh chat lién
quan dén kha ning hap phu cua hoat chat qua da. Mé phong
dong luc hoc phén tir c6 thé giai thich dwoc co ché tham
thiu, ciu trac, dong hoc, tuong tac ning lwong & qui md
phan tir. Didu ma khong thé thyc hién duoc bang thuc
nghiém. Viéc tng dung md phong dong luc hoc phan tu dé
mo phong kha nang thim thau qua da cua cac hoat chat c6 y
nghia quan trong ca vé mat khoa hoc va vé mat thyc tién
trong viéc phat hién, sir dung cac loai thudc, mi pham qua
da mot cach phu hop.

Loi cdm on

Nghién ctru nay dugc tai trg bdi Qui Phat trién Khoa hoc va
Cong nghé NTTU, dé tai ma s6 2019.01.43/HD-KHCN.
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Natural active ingredient adsorbed on the skin membrane insights from Molecular Dynamics
Simulation

Nhat Dinh Do”, Phuc Dinh Nguyen, Anh Tuan Trieu, Danh Hoang Pham
Faculty of Chemical Engineering and Food Technology, Nguyen Tat Thanh University
“ddnhat@ntt.edu.vn

Abstract In recent years, the combination of computational models and experiments has become a helpful tool that is
proving increasingly important role in explaining complex biological interactions on a molecular scale. This article provides
an overview of the application of molecular dynamics simulation to simulate the adsorption of natural active substances on
the skin, which is paying close attention to cosmetic and pharmaceutical applications. Accordingly, the article provides
information on the current use of cosmetic and pharmaceutical products on the skin, information on the structure of human
skin, the mechanism of penetration of active substances through the skin surface, experimental modeling to determine the
penetration of active substances through the skin, method of molecular dynamics simulation and the application of this
method to simulate the absorption of natural active substances through the skin. The study of the adsorption of natural active
substances through the skin surface by molecular dynamics simulation is a completely new field in Vietnam.

Keywords simulation, molecular dynamics, adsorption through the skin
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