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Abstract: I-Tetrahydropalmatine (I-THP) is an alkaloid with potential application in anti-addiction
treatment. However, the stability profile and degradation kinetics of I-THP have not been
comprehensively explored for product development. This study was conducted to evaluate the solid-
state and solution stability of I-THP in accordance with ICH guidelines and to characterize its
degradation kinetics under various stress conditions. The solid-state stability of 1-THP was
investigated under accelerated thermal conditions (50 °C, 70 °C, and 90 °C), various moisture-
protective storage conditions, and light exposure. The stability of 1-THP in solution was evaluated
under photolytic stress, oxidative stress, different pH conditions, and simulated gastrointestinal
fluids. The results showed that solid-state 1-THP was unstable when exposed to elevated
temperature, humidity, and light. Temperature caused drug degradation followed a first-order
Arrhenius kinetic model (type 3). Under high-temperature (40 + 2°C) and high-humidity (75 = 5%)
storage conditions, the degradation of I-THP followed second-order kinetics. I-THP solutions also
turned yellow and showed a reduction in drug content upon light exposure. Rapid oxidative
degradation was observed in the presence of a strong oxidizing agent (30% hydrogen peroxide),
with degradation following first-order kinetics. In addition, I-THP exhibited low stability in strong
acidic media (1.0 M HCI), neutral to slightly alkaline conditions (pH 6.8), and simulated intestinal
fluids. In these media, drug degradation followed second-order kinetics. Palmatine was identified as
the major degradation product of 1-THP in solution under oxidative, pH-dependent, and
gastrointestinal stress conditions. These findings provide a scientific basis for proposing appropriate
storage conditions, supporting formulation development, and establishing quality criteria for
pharmaceutical preparations containing 1-THP.

Keywords: l-tetrahydropalmatine, rotundine, stability, degradation kinetic, oxidation,
gastrointestinal fluids.
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Do 6n dinh va dong hoc phan huy cua I-tetrahydropalmatin

dudi tac dong cua nhiét do, do am, anh sang,
tac nhan oxy hoa, pH va dich tiéu hoa

"Truong Pai hoc Dugc Ha Noi, 13-15 Lé Thanh Tong, Cita Nam, Ha Néi, Viét Nam
’Truong Dai hoc Pai Nam, 1 phé Xom, Phii Lam, Ha Ngi, Viét Nam

Nhan ngay 20 théqg 01 nam 2026
Chinh stra ngay 29 thang 01 nam 2026; Chap nhan dang ngay 26 thang 4 nam 2026

Tém tit: 1-Tetrahydropalmatin (I-THP) 1a mét alkaloid ¢6 tiém ning trong diéu tri cai nghién, tuy
nhién dit liéu vé do on dinh va dong hoc phén huy ctia dugc chét nay con han ché. Nghién ctru dugc
thuc hién nham danh gia do 6n dinh cua 1-THP dang rdn va dang dung dich theo huéng dan ICH,
déng thoi xac dinh dong hoc phan hiy cua I-THP dudi tac dong cta nhiét do (50°C, 70°C, 90°C),
d6 4m, anh sang, stress oxy hoa, pH va dich tiéu hoa. Két qua cho théy duoc chét rén kém bén véi
nhiét do, dd 4m va anh sang. Dudi tac dong cta nhiét d9, sy giam ham lugong dugc chét tuan theo
mo hinh Arrhenius bac 1 (kiéu 3). Khi bao quan ¢ nhiét do (40 £2°C), do 4m cao (75 + 5%) dugc
chat phan huy theo dong hoc bac 2. Dung dich 1-THP ciing rat d& bién mau va giam ham lwong khi
tiép xuc v6i anh sang. Dugc chit bj oxy hoa nhanh khi ¢ mat chit oxy hoa manh nhu hydroperox1d
30% véi toc do phan hiy tuan theo dong hoc bac 1. Ngoai ra duoc chat ciing kém bén trong cac moi
truong acid manh nhu acid hydrocloric 1,0 M, méi truong c6 pH trung tinh dén hoi kiém (pH 6,8)
va mdi truong dich rudt, voi qua trinh phan hity tuan theo dong hoc bac 2. San pham phan huy chinh
cua I-THP trong dung dich dudi tic dong cua chat oxy hoa, pH va dich tiéu hoa la palmatin. Két qua
nghién clru nay 1a co s¢ dé dé xuat diéu kién bao quan, phat trién dang bao ché va xy dung tiéu
chuén chit lugng cho céc ché pham chira 1-THP.

Tir khéa: 1-tetrahydropalmatin, rotundin, d6 6n dinh, déng hoc phan hity, oxy hoa, dich tiéu hoa

1. Mé dau

|-Tetrahydropalmatin ~ (I-THP) 1la mot
isoquinolin alkaloid tim thiy trong cac loai thudc
chi Stephania va Corydalis [1; 2]. Tai Viét Nam
va Trung Quéc, I-THP di duoc sir dung tir 1au
voi cac tdc dung an than gdy ngu va giam dau.
Trong nhing nim gan day, hoat chat nay thu hut
su quan tam déc biét boi tiém nang trong diéu tri
cai nghién, mot s6 nghién ciru 1am sang da budc
dau chirng minh tinh an toan va hiéu qua cua I-
THP & nguoi [3; 4]. Song song véi do, nhiéu
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dang bao ché hién dai di dugc phat trién, bao
gém hé tu nhii héa, pellet chira h¢ tu nhii hoa [5],
hé phén tan ran [6], pellet chita hé phén tan ran
[7], vién nén phan tan [8] va gel tri liéu qua da
[9]. Bang chu y, hé ty nhii hda va hé phan tan rin
¢6 kha ning cai thién dang ké sinh kha dung [5;
6] va thoi gian duy tri nong d6 1-THP trong mo
ndo dong vat [10]. Nhig dir liéu nay cho thay I-
THP la ung vién tiém niang dé phat trién cac ché
pham diéu tri cai nghién.
Dé phat trién san pham, cin c6 dit liéu day
du vé do on dinh cta 1-THP. Theo Duoc dién
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Viét Nam V, I-THP d& bi bién mau khi tiép xtic
v6i 4nh sang va nhiét d6 [11]. Pbi v6i dang mudi
sulfat, anh sang gy suy giam dang ké ham lugng
va lam ting mirc d6 chuyén mau & ca dang tinh
thé va dung dich 2%, muc suy giam c6 tuong
quan chit v6i thoi gian chiéu sang. Nhiét d6 cao
(40 £ 2°C) va oxy khong khi ciing gy bién mau
I-THP, mic di mirc anh hudéng thip hon so véi
anh sang. Tuy nhién, day mdi 1a cac khao sat
mang tinh mo ta, chua xay dung dugc phuong
trinh dong hoc phan huy duoc chat theo cuong
d6 anh sang hoac theo nhiét do.

Bén canh d6, théng tin vé d6 6n dinh cua I-
THP dang base con han ché hon. Mot nghién ctru
gin day cua Huanfeng Ye [12] cho thay I-THP
bén trong méi trudng acid hon so véi mdi truong
trung tinh va kiém; hoat chét hiu nhu khong bi
anh huong boi nhiéu ion kim loai thong dung
(Al**, Ca?', Cu?", Fe*', K, Li*, Na*, Mg>', Zn?")
nhung kém bén khi c6 mat Fe*. Dung dich nudc
cua I-THP tuong dbi 6n dinh véi nhiét do song
dé bi quang phan, tao thanh palmatin. Mic du
vay, dong hoc phan huy trong cac mdi truong
chua duge xac dinh va d6 én dinh cua I-THP dang
rén chua duogc nghién ctru mét cach co hé théng.

Do d6, nghién ctru nay duoc thue hién nhim
danh gia do on dinh cua I-THP dang rin va dang
dung dich theo huéng dan ICH Q1A(R2) va ICH
QIB [13; 14], déng thoi xac dinh dong hoc phan
huy cua I-THP ¢ cac diéu kién khao sat. Két qua
thu duoc 1a co s dé dé xuat diéu kién bao quan,
phat trién dang bao ché va xay dung tiéu chuan
chat luong cho cac ché pham chira I-THP.

2. Nguyén liéu va phuong phap nghién ciru
2.1. Nguyén liéu

Nguyén li€u l-tetrahydropalmatin (I-THP)
ham lugng 99,10%, s6 16 210703, dat tiéu chuan
Dugc dién Trung Qudc 2015, dwoc mua tir cong
ty Sichuan Yuxin Pharmaceutical Ltd. (Trung
Qudc). Chuan 1-THP ham lugng 99,54%, s6
kiém soat CFS201902 va chuan palmatin ham
luong 98,0%, s6 kiém soat CFS202201 dugc
mua tir cong ty ChemFaces (Trung Qudc).
Quinin monohydroclorid dihydrat, lecithin, natri

taurocholat do cong ty Sigma-Aldrich (Hoa Ky)
cung cdp. Cac hoa chét thi nghiém nhu natri
hydroxyd, acid hydrocloric, natri
dihydrophosphat, dinatri hydrophosphat, kali
dihydrophosphat, natri clorid, hydroperoxid mua
tir cong ty Xilong Scientific Ltd. (Trung Qudc).
Acetonitril, methanol dat tiéu chuén tinh khiét
phan tich dugc cung cip bai cong ty Fisher
Scientific Ltd (Hoa Ky). Nudc dé pha cac dung
dich 1 tham thau nguoc va nude dé chuén bi pha
dong 1a nude cit hai lan.

2.2. Phuong phdp dinh lwgng I-tetrahydropalmatin
bang sac ky long hiéu nang cao

Dinh lugng I-THP trong cac mau nghién ctiru
d6 6n dinh bang phuong phéap sic ky 1ong hiéu
nang cao (High Performance Liquid
Chromatography - HPLC) di dwoc phat trién
trudc d6 [15]. Phuong phap nay con cé kha nang
phat hién cac san pham phan huy ciia I-THP nhu
palmatin véi gidi han phat hién 1a 0,0251 pg/ml
va gidi han dinh lugng dudi 1a 0,126 pg/ml.
Phuong phap ciing duoc thim dinh dat yéu cu
vé tinh thich hop cua hé thong, d6 chon loc - dic
hi¢u khi dinh lugng palmatin (Phu luc)

Diéu kién sic ky cu thé nhu sau: sir dung hé
thong HPLC Jasco LC4000 (Nhét Ban) tiém mau
thii cong, cot sic ky pha dao C18 kich thudc 250
mm x 4,8 mm, duong kinh hat nhdi 5 pum
(Thermo Hypersil GOLD, Hoa Ky) duoc duy tri
& nhiét d6 25°C bang bo 6n nhiét cot (Jasco CO-
4060, Japan). Pha dong 1a hon hop acetonitril :
dung dich dém phosphat 0,05M pH 4,5 theo ty 1€
30: 70, dugc duavao h¢ thong nho bom nhi phan
(Jasco PU-4180, Japan) voi toc do 1,5 ‘ml/phut.
Cac mau phan tich duoc dua vao hé thong béng
cach tiém thu cong, véi the tich tiém mau la 20
ul. Thoi gian phan tich mdi mau 1a 10 phut. Phat
hién I-THP & budc song 281 nm va palmatin &
bude song 347 nm. Két qua phan tich duoc xtr ly
bang phan mém ChromNAV 2.0 HPLC software
(Jasco, Japan).

2.3. Phuong phdp nghién ciuu do on dinh ciia
I-tetrahydropalmatin dang ran

Dé giam anh huong cua kich thudce tiéu phan
dén két qua nghién curu, trudce khi chuén bi mau,
dugc chat dugc nghién va ray qua rdy 250.
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2.3.1. Nghién ciru anh hwong ciia nhiét do dén
dg on dinh ciia I-tetrahydropalmatin dang ran

Can khoang 2,0 g bot dugc chét va trai déu
1én cac dia petri sao cho bé day khong qua 3 mm,
sau do sdy & cac diéu kién nhiét do khac nhau
(50°C £ 2°C, 70°C £ 2°C, 90°C + 2°C) trong 24
gid. Tai cac thoi diém 0, 1, 4, 8 va 24 gio sau khi
bét dau sdy, ldy khoang 0,3 g duoc chét, cho vao
lo thuy tinh tdi mau 5 ml, day nip kin. Xac dinh
ham 4m, tinh chit ciia miu, sau d6 bao quan mau
& 5-10°C cho téi khi dinh luong bang HPLC,
thoi gian bao quan khong qua 48 gio.

2.3.2. Nghién ciru dnh huong cua nhiét do,
do am dén do on dinh cua I-tetrahydropalmatin
dang rdn

Cho vao mdi lo thity tinh t6i mau dung tich
10 ml mot 1u:0’ng bot duoc chit twong ung
khoang 2/3 thé tich lo, day nut cao su, siét ndp
nhoém kin. Dong thoi chuin bi cac mau -THP
dung trong thi polyethylen dong kin. Bao quan
cac mau & cac dleu kién nhiét d6 va d6 4m khac
nhau: (BQ1) miu dung trong lo thay tinh tdi
mau, bao quan ¢ nhiét do 5-10 °C, do 4m 50-
60%; (BQ2) mau dung trong lo thuy tinh tdi
mau, bao quan & 40 + 2°C, d6 am 75 + 5% va
(BQ3) mau dung trong tii polyethylen (PE) boc
tranh anh sang, bao quan ¢ 40 £ 2°C, d6 am 75
+ 5%. Tai cac thoi diém 1, 2 va 3 thang, lay mau
dé xac dinh ham am, tinh chét va dinh luong /-
THP bang phuong phap HPLC.

2.3.3. Nghién ciru anh huong cuia anh sang dén
do on dinh cua l-tetrahydropalmatin dang ran

Can khoang 2,0 g bot duoc chat, trai déu 1én
dia petri trong sudt, khong mau sao cho bé day
khong qua 3 mm, ddy nap kin. Mau ching dugc
chuan bi twong ty mau thir nhung dugc boc thém
mang nhom dé tranh anh sang.

Mau thtr va mau chimg dugc bao quan & ti
vi khi hau Binder KBF P240 (Binder GmBH,
Puc) c6 hé thong chiéu sang duge thiét ké phu
hop vé6i huéng dan ICH Q1B, sir dung két hop
dén huynh quang tring (cool white) va dén
huynh quang UV (BINDER QI1B Synergy
Light). Nguon sang nay phat xa trong ving anh
sang nhin thdy (400-800 nm) va ving UVA

(320400 nm), dam bao phd chiéu sang theo
Option 2 cua ICH QIB. Cudng do chiéu sang
trong budng thir dugc kiém soat dong déu nho hé
thong cassette dén va b phan xa chuyén dung.
Diéu kién bao quan duoc thiét 1ap & nhiét do 40
+ 2°C, d6 4m thuc. Cuong do chiéu sang duogc
x4c dinh gian tiép bang hé do quang hoa
(actinometer) st dung dung dich quinin
monohydroclorid dihydrat 0,1% (kl/tt). Thoi
gian chiéu sang dwoc chon 1a 21 ngay, du dé lam
taing mat do quang dung dich quinin
monohydroclorid dihydrat 0,1% (kl/tt) & budc
song 400 nm 1én 0,755, chtng to mau da nhan du
lidu chiéu sang theo yéu cau cua ICH.

2.4. Phuong phdp nghién ciru @ on dinh cia I-
tetrahydropalmatin trong dung dich

_ 2.4.1. Nghién citu anh hwong cua anh sdang
den do onm dinh cua l-tetrahydropalmatin trong
dung dich

Chuén bi dung dich I-THP ndng d6 0,5
mg/ml trong acid hydrocloric 0,1 M va dong vao
cac lo thuy tinh trong sudt, khéng mau, day nut
cao su, siét nap nhém. MAu chimg duge chudn bi
tuong ty mau thir, tranh anh sang bang cach boc
mang nhom. M?lu thir va mau ching dang long
nay ciing dugc bao quan & diéu kién tuong tu
nhu cac mau nghién ctru d6 on dinh ctia anh sang
t6i 1-THP dang rén.

2.4.2. Nghién ciru dnh hudng cia chdt oxy
héa dén dé on dinh cia I-tetrahydropalmatin
trong dung dich

Chuan bi dung dich /-THP néng d6 0,2
mg/ml trong dung dich hydroperoxid 30%, cho
vao cac lo thay tinh t6i mau cd nit cao su, siét
nap nhom, va dun cach thuy ¢ 80°C. Liy mau tai
cac thoi diém 0, 1, 4, 8, 24 gi0, ha nhanh nhiét
d6 vé nhiét do phong. Quan sat mau sic dung
dich, pha loing bang pha dong néu can, loc qua
mang 0,45 um va dinh luong ngay bang HPLC.

2.4.3. Nghién ciru anh hwéng cia pH dén do
on dinh ciia l-tetrahydropalmatin trong dung dich

Chuan bi dung dich 1-THP trong cac mdi
truong pH khac nhau theo huéng dan ciia ICH
Q1A(R2) nhung diéu chinh ndng do cho phit hop



P. T. P. Dung et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences 5

v6i do tan cua duoc chét, gém: dung dich I-THP
0,5 mg/ml trong acid hydrocloric 1,0 M; dung
dich I-THP 0,5 mg/ml trong acid hydrocloric 0, 1
M; dung dich I-THP 0,1 mg/ml trong dém
phosphat (PBS) pH 4,5; dung dich I-THP bao
hoa trong PBS pH 6,8. Cho dung dich di chuan
bi vao cac lo thuy tinh t61 mau dung tich 10 ml,
day nut cao su, siét nép nhom, sau d6 dun cach
thity & 80°C. LAy mau tai cac thoi diém 0, 1, 4, 8
va 24 gio, ha nhanh nhiét do vé nhiét d6 phong
va dinh lugng bang HPLC.

2.4.4. Nghién ciru anh huong cua dich tiéu
hoa den do on dinh cua [-tetrahydropalmatin
trong dung dich

Chuan bi cdc mau dung dich 1-THP trong
acid hydrocloric 1,0 M; PBS pH 4,5; PBS pH 6,8
twong ty nhu muc 2.4.3. Chuén bi thém dung
dich 1-THP 0,5 mg/ml trong dich da day mo
phong trang thai déi (FaSSGF) va dung dich I-
THP bao hoa trong dich ruét mo phong trang thai
doi (FaSSIF).

Cac moi truong dich tiéu hoa mo phong duoc
chuin bi nhu phuong phép cta Klein va cong sur
[16]. V&i FaSSGF, hoa tan 2,0 g natri clorid va
3,2 g bot pepsin trong nudc, sau d6 thém 80 ml

M6 hinh bac 0:

acid hydrocloric 1,0 M rdi pha lodng vé&i nudc
vira di 1000 ml. Véi FaSSIF, hoa tan 0,348 g
natri hydroxyd, 3,438 g natri dihydrophosphat
khan va 6,186 g natri clorid trong khoang 900 ml
nude tinh khiét, diéu chinh vé& pH 6,5 bang dung
dich natri hydroxyd 1,0 M hoéc acid hydrocloric
1,0 M va bo sung nudc tinh khiét vira dii 1000
ml dwoc dung dich FaSSIF tring. Sau dé can
1,65 g natri taurocholat cho vao 200 ml FaSSIF
trang, khudy tir cho dén khi natri taurocholat hoa
tan hoan toan, roi thém 0,59 g lecithin va tiép tuc
khuéy khoang 4 gio cho dén khi tao thanh dung
dich micel trong sudt, bd sung thé tich vira du 1
lit bang dung dich FaSSIF tring.

2.5. Phwong phdp xdc dinh dong hoc phan huy

Pong hoc phan hay cia 1-THP dudi cac diéu
kién stress khac nhau dugc danh gia bang phan
mém JMP Pro 17.0.0 (SAS Institute Inc., Hoa
Ky) nho cong cu Degradation va Destructive
Degradation. Ham luong 1-THP con lai theo thoi
gian trong cac diéu kién stress duoc phan tich
bang cac mo hinh dong hoc phan hity phé bién,
bao gém bac 0, bac 1, bac 2 va mod hinh
Arrhenius.

Cy = Cy — kot @))
Mo hinh bac 1:
InC, = — kqt (2)
Mo hinh bac 2:
1
o=t 3)
Mo hinh Arrhenius bac 0
C; = by — Exp( by + by X Arrhenius(X)) x t (4)

Mo hinh Arrhenius bac 1 (kiéu 3)

C; = by +by XExp (—bz X Exp (b3 x (Arrhenius(X,) — Arrhenius(X))) X t) (5)

Mo hinh Arrhenius bac 1 (kiéu 4)

C; = by X Exp (—bl X Exp (bz x (Arrhenius(X,) — Arrhenius(X))) X t) (6)

Trong d6: Co va C, 1a ham lugng dugc chat
ban dau va con lai ¢ thoi diém t; ko, ki, k2 13 hang
s6 toc do phan (mg phan huy bac 0, bac 1 va bac
2; bo: bi; bs 1a cac tham sb ctia mé hinh; X, 1a
nhiét do chuan tham chiéu (30°C); X Ia nhiét do
bado quan mau, t 1a thoi gian bao quan mau &
nhiét do X.

Mo hinh duoc chon dua vao cac tiéu chi danh
gia mirc d6 phu hop, gdm -2 Log-likelihood
(—2LL), ti€u chuan thong tin Akaike (AIC), tiéu
chuén thong tin Bayesian (BIC) va tong binh
phuong sai s0 (SSE), két hop véi cac bicu do
xac suat cia phan du va do thi P-P cta phan du
Cox—Snell.
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2.6. Xur Iy 56 liéu

Céc thi nghiém déu duoc 13p lai 3 1an. S licu
thuc nghiém dugc xur 1y théng ké bang phan
mém  Microsoft Excel 365 (Microsoft
Corporation, Hoa Ky) va biéu dién duéi dang d6
thi bang phian mém GradPad-Prism 8.4.3
(GraphPad Software, LLC, Hoa Ky). Anh huong
cua anh sang dén ham luong 1-THP con lai & mau
chimg va mau thir duoc phén tich thong ké theo
mo hinh ANOVA, so sanh gia tri trung binh gitra
hai nhém dua vao kiém dinh t-test voi muc y
nghia p-value 1a 0,05. Trong mét sb nghién ctru
khong dinh lugng dugc ham luong dugc chét
ban dau, quy u6c ham luong nay 14 100%.

3. Két qua

3.1. Anh hwong cia nhiét @é va do am dén dé on
dinh cua l-tetrahydropalmatin dang ran

Nghién ctru anh hudng cta nhiét do va do 4m
dén d6 6n dinh cua duoc chét ‘dang rin 12 hoat
dong quan trong trong phat trién thube. Két qua
nghién ctru 1a co so dé xac dinh diéu kién bao
quan nguyén liéu va phuong phap bao ché cac
dang thudc ran.

3.2. Anh huéng ciia nhiét dg

Anh hudng ctia nhiét do dén 1-THP dang ran
duoc nghién ctru ¢ 3 mtrc nhiét do 1a 50°C, 70°C
va 90°C. Két qua (Hinh 1) cho thay nhiét do co
anh hudng té1 do on dinh cua I-THP, nhiét do
cang cao dugc chat cang dé bi phan hity. O 50°C,
dugc chat twong ddi bén; sau khi sdy 24 gio
khong quan sat thdy su thay d6i vé mau sic va
thé chat, ham luwgng tang nhe so vadi gid tri ban
dau. Piéu nay co thé giai thich do thao tac pha
ché cham va khong dugc thuc hién trong diéu
kién kiém soat 4m t6t, duoc chat bi hut Am nhanh
sau khi sdy dan toi sai léch trong qua trinh dinh
luong. O 70°C, dugc chit kém bén hon, sau khi
sdy 4 gio dd chuyén sang mau hoi vang, sau 24
gid mau vang ¢am hon va ham lugng hoat chat
giam con 92,36 + 1,75 %. O 90°C, dugc chat bi

phan huy nhanh. Sau 4 gid sdy, duoc chét chuyen
sang mau vang voi mirc do twong duong mau say
& 70°C trong 24 gid, cuong dd mau vang tiép tuc
tang 1én theo thoi gian tiép xuc voi nhiét d. Tuy
nhién, trén sic ky do clia cac mau phan tich déu
khong quan sat thiy pic cta cac tap chit phén huy.

Phén tich d6 giam ham luong dugc chit theo
nhiét d6 va thoi gian voi su hd trg ctia phan mém
JMP Pro 17, cong cu Destructive Degradation
bang cac md hinh Arrherius (Phuong trinh 4, 5
va 6). Cac mo hinh dong hoc phan huy dang
Arrhenius duoc lya chon vi ching cho phép mo
ta déng thoi anh huong cia thoi gian va nhiét do
den toc d6 phan huy cua hoat chat Viéc tich hop
yéu to Arrhenius vao hing sb tbc d6 gitp du
doan tudi tho san phim ¢ diéu kién bao quan
thong thuong tir dir liéu thir nghiém ¢ diéu kién
khic nghlet phu hop voi huong dan ICH QIE
[17] vé xir Iy dit liéu d6 6n dinh.

Gia tri AIC khi khép dir liéu thuc nghiém véi
cac mo hinh Arrhenius béac 0, bac 1 (kiéu 3)va
bac 1 (kiéu 4) 1an luot 13 101,43; 82,80 va 99,54.
V6i mé hinh Arrhenius bac 1 (kiéu 3), bién ddi
ham lugng duogc chét con lai sang logarit hoac
can bac 2, AIC tiép tuc dugc cai thién va dat gia
trj thip nhét (61,17) khi chuyén dang cin bac 2.
Khi AIC cang nhd, md hinh cang phu hop voi dir
lidu thyc nghiém. Biéu d6 xac suat clia phan du
chuan héa (Hinh 1D) cho thdy cac diém dir liéu
nam gan duong ky vong va trong vung tin cdy,
ching t6 phan du phan b6 chuan va mé hinh
khong co sai léch hé thdng. Diéu nay cho thay
sai sO gitra gia tri dy doan va gia tri thyc 1a ngau
nhién va on dinh. Trong khi do, do thi phan du
Cox—Snell (Hinh 1DE) cho thiy mdi quan hé gan
tuyén tinh gitra phan phdi quan sat va phan phdi
1y thuyét, mo6 hinh dugc chon khong chi mé ta
t6t xu hudng phan hiy ma con phu hop véi phan
b ciia toan bo dir liéu. Su két hop cua hai phép
kiém tra cho thdy mo hinh Arrhenius béc 1 (kiéu
3) (Phuong trinh 7) 1a dang tin cdy va c6 thé ding
dé dy doan hanh vi phan hay cta I-THP & cac
diéu kién nhiét do khéac nhau.

Mo hinh ddng hoc phan huy cia 1-THP theo
thoi gian ¢ nhiét d0 xac dinh duoc la:

\/E = by + by X Exp (—bz x Exp (b3 x (Arrhenius(X,) — Arrhenius(X))) X t) (7)
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Trong d6 bo= 8,62 +0,11; b, = 1,42 + 0,12;
b3 =1,34+0,15.

St dung mé hinh dé tinh toan thoi gian ma
ham lugng dugc chit con lai 90% & hai mirc
nhiét d¢ bao quan 1a 30°C va 25°C. Vi xac sut
95%, mo6 hinh dy doan sau 1,85 nam ¢ 30°C va
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sau 4,38 nam ¢ 25°C ham lugng dugc chét trong
nguyén liéu s& giam con 90%. Do vay, dé dam
béo do 6n dinh cua nguyén li¢u, trong san Xuét
duoc chét can bao quan 6 nhiét d6 dudi 25°C.
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Hinh 1. D6 6n dinh nhiét ciia I-THP dang rin: Thé chit va mau sic ciia bot I-THP sau khi sdy 1,4, 8 va24 gio &
70°C (A) va 90°C (B); Su thay d6i ham luong 1-THP theo thoi gian khi say & cac nhiét do khac nhau, trong do
céc diém biéu thi gia tri thuc nghiém trung binh (n = 3), duong cong biéu thi gia tri du doan tr mo hinh phan
huy, va vung t6 mau biéu thi khoang tin cay 95% (C); Biéu do xac suat ciia phan du chuén hoa ctia mé hinh dy
doan (D); Biéu d6 PP phan du Cox—Snell cia mé hinh du doan (E); Mau do tuong tng v6i 50°C, mau xanh 14
tuong ung véi 70°C, mau xanh da troi twong ung voi 90°C.

3.3. Anh hwéng ciia nhiét dg va do am

Anh hudng déng thoi cia nhiét 6 va do 4am
t6i 1-THP dugc nghién ctru bang cach sir dung
cac diéu kién bao quan khac nhau: (BQ1) duoc
chat dyng trong lo thity tinh t6i mau va bao quan
& nhiét do 5 - 10°C, do am 50 — 60%; (BQ2)
dugc chat dung trong lo thy tinh téi mau va bao

quan & nhiét do 40 + 2°C, d6 am 75 + 5% va
(BQ3) dugc chét dung trong tui PE boc tranh anh
sang va bao quan & nhiét d 40 + 2°C, d6 am 75
1 5%. Do bao bi thuy tinh ¢6 kha nang chéng
thAm 4m tdt, nén c6 thé coi & diéu kién BQI1 va
BQ2 duoc chat chi chiu tac dong cua nhiét do.
Do kha ning chdng tham khi ctia tai PE kém nén
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& diéu kién bao quan BQ3, dugc chat chiu tac
dong cua ca nhiét d6 va do am.

Su thay d6i ham lugng dugc chét sau 3 thang
bao quan & cac didu kién BQI, BQ2 va BQ3
duoc trinh bay ¢ Hinh 2.

Khi bao quan & nhiét do thap (5-10°C) va
tranh 4m nhu BQ1, ham lugng dugc chat duoc
duy tri gdn nhu hang dinh, ham luong thay ddi
khong dang ké. O diéu kién bao quan BQ2, duogc
chat khong chiu tac dong béi 4m nhung bi tac
dong bdi nhiét do cao trong thoi gian dai, ham
lwong dugc chét giam tir 100% xudng con 96,35
+ 1,39%. Khi chiu tic dong dong thoi cia nhiét
d6 va d6 am trong thoi gian dai (BQ3), ham
lwong dugc chét giam tir 100% xudng con 93,14
+0,74%. Tuy nhién, vé cam quan cac mau khong

c¢6 su khac biét, trén sic ky do ciing khong phat
hién pic tap palmatin.

1054
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Hinh 2. Ham lugng I-THP trong cac mau bao quan &
cac dieu ki¢n khac nhau (n=3, trung binh + SD).

Bang 1. Cac thong ) dégnh gia do phu hop (-2LL, AIQ, BIC, SSE) khi sit dung m6 hinh dong hoc bac 02 bac 1 va
bac 2 mo ta dit liéu d6 on dinh ctia I-THP dudi cac diéu kién bao quan khac nhau (A); Udc tinh tham s6 ctia mo

hinh dong hoc béac hai mé ta dit liéu do on dinh ciia I-THP dudi cac diéu kién bao quan khac nhau (B)

(A) | STT M5 hinh -2LL AIC BIC SSE DF
1 Bic 0 33,26 62,06 48,17 11,23 6
2 Bic 1 -96,67 -67,87 -81,76 0.0002 6
3 Béc 2 -186,55 -157,75 -171,64 1,25¢-7 6
(B) Diéu kién bao quan Tham sb Uéc tinh SE t Ratio p-value
BQ1 a -0,01 0,0001 -82,88 <0,0001*
ko 5,45e-5 6,44e-5 0,85 0,4301
BQ2 a -0,01 0,0001 -83,45 <0,0001*
ko -0,00013 6,44e-5 -2,09 0,0819
BQ3 a -0,01 0,0001 -84,40 <0,0001*
ko -0,00022 6,443e-5 -3,46 0,0134*

Dt liéu ham lugng I-THP con lai theo thoi
gian ¢ cac diéu kién bao quan BQ1, BQ2 va BQ3
duoc khdp véi cac mo hinh dong hoc phan huy
béc 0, bac 1 va bac 2. Két qua (Bang 1) cho thay
mo hinh dong hoc bac 2 mé ta tot nhat dir lidu do
6n dinh cta I-THP, thé hién qua céac gia tri —2LL,
AIC, BIC va SSE déu nho nhat so véi cic md
hinh con lai. Chi s6 —2LL phan 4nh mirc d6 sai
1&ch gitta m6 hinh va dit li¢u thuc nghiém. Tuy
nhién, do —2LL ¢6 xu huéng giam khi s tham
s6 ciia mo hinh tang, viéc danh gia dong thoi cac
tiéu chi AIC va BIC 1a can thiét nham can bang
gitta d0 khop va tinh tinh gon ctia md hinh.
Trong khi AIC uu tién kha nang du doén, BIC

phat ning hon d6i véi cac mo hinh du thira tham
s6. Bén canh d6, SSE dugc sit dung dé kiém soat
nguy co qua khop, voi gia tri cang nho cho thay
kha ning du doan cang tot. Dya trén cac tiéu chi
danh gid néu trén, mo hinh dong hoc phan huy
bac 2 duoc xac dinh 1a mo hinh phu hop nhat dé
mo ta va du doan su phan huy cua I-THP trong
cac diéu kién bao quan di khao sat, dong thoi
khong cho thdy ddu hiéu qua khop hay du thira
tham sd.

Gi4 tri woc tinh ciia cac tham sé trong mo
hinh dong hoc phan huy bac 2 dugc trinh bay ¢
Bang 1B. Trong ba diéu kién bao quan khao sat,
diéu kién BQ3 gdy suy giam ham lugng 1-THP
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15 rét nhét, thé hién qua hing sb toc do phan tng
bac 2 (k) ¢ gia trj —0,00022 va ¢ ¥ nghia thong
ké (p = 0,013 < 0,05). Két qua nay cho thiy quéa
trinh phan hiy cia I-THP tuan theo dong hoc bac
2 va chju anh hudng dang ké cua cac yéu t6 moi
truong, dic biét 1a nhiét do va do am.

Viéc md hinh bac 2 mo ta tét dir liéu thuc
nghiém goi ¥ rang tbc do phan huy cia 1-THP
khong chi phu thuéc vao ham luong dugc chat
con lai ma con lién quan dén sy hién dién cua tac
nhan phan ing trong mdi truong, dac biét 1a hoi
am. Do d6, dé han ché qua trinh phan hay va
nang cao do 6n dinh coa I-THP, can kiém soat
chit ché do 4m trong ca qué trinh san xuét va
bao quan, uwu tién cic phwong phap san xut
khong st dung nude va didu kién bao quan kho,
tranh 4m.

Mau thir

Méu chirng

A

2.4. Anh huong cia anh sdng dén ds én dinh ciia
I-tetrahydropalmatin dang ran va dang dung dich

Doi v6i dang rén, sau 21 ngdy phoi nhiém
anh sang, mau ching khong ghi nhén su thay doi
mau sac, ham lugng dugc chat giam nhe con
95,08 + 0,04%. Trong khi d6, mau thir chuyen tur
mau tring sang mau vang (Hinh 3A), kém theo
sy suy giam ham luong I-THP xudng 92,73 +
0,57%. So sanh ham lugng duoc chét con lai
gitta miu thir va mau chimg bang kiém dinh t-
test cho thay su khac biét c6 ¥ nghia théng ké (p
= 10,0431 < 0,05), chirng té anh sang anh huéng
dang ké dén do 6n dinh cua 1-THP dang rin trong
diéu kién khao sat. Ngoai ra, trén sic ky dd cua
mAau thir quan sat thiy sy xuét hién cua pic tap
palmatin.

. MAu ching

"‘ﬁ'

B

Hinh 3. Sy thay d6i mau sic cua bot I-THP va dung dich 1-THP sau khi chiéu sang 21 ngay.

Bang 2. Sy thay d6i ham luong I-THP sau khi chiéu sang 21 ngay

Ham lugng I-THP (%)
Mau X Sau phoi sing 21 ngdy p-value
Ban dau Mau chiing Mau thir
I-THP rén 100 95,08 + 0,04 92,73 £ 0,57 0,0431
1-THP dung dich 100 94,63 £0,79 91,97 +£0,97 0,0094

Dbi voi dang dung dich, sau 21 ngay phoi
nhiém anh sang, dung dich chuyén tir khong mau
sang mau vang (Hinh 3B). Ham luong I-THP
giam tir 100% xudng con 94,63 = 0,79% dbi véi
mau ching va 91,97 + 0,97% dbi voi mau thi.
Két qua kiém dinh t- test cho thdy sy suy giam
ham luong 1-THP & mau thir so véi mau ching
c6 y nghia thong ké (p = 0,0094 < 0,05). Tuong
tu dang ran, sac ky d6 ctia mAu thir cling ghi nhan
su xuét hién ctia pic tap palmatin.

Nhu vay, anh sang gy phan huy I-THP ¢ ca
dang ran va dang dung dich tao ra san pham phan
huy palmatin trong cac di€u kién khao sat.

3.5. Anh hwéng cia chat oxy héa dén dg on dinh
cua [-tetrahydropalmatin trong dung dich

Anh huéng coa qhét oxy hoa (dung dich
hydroperoxid 30%) dén d6 6n dinh cua I-THP
duoc trinh bay ¢ Bang 3. Qua trinh oxy hoa dien
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ra ngay khi I-THP tiép xuc véi dung dich
hydroperoxid nén sau 5 phat ham lugng dugc
chit da giam xudng con 82,68 + 0,62%. C6 thé
thdy ham luong I-THP giam nhanh, sau 24 gid

dugc chit gan nhu d3 bi oxy hoa hét. Trén sic ky
dd cua cac mau phan tich déu quan sat thay co
nhiéu pic tap, trong d6 cé pic twong tng véi thoi
gian luu cua palmatin (Hinh 4).

Béng 3. Anh hudng ciia chat oxy héa dén do 6n dinh cua I-THP & 80°C

Thot : .. ,
. . 1 v L Ham luong S6 Iugng Thoi gian Ivu cua tap
g(lha)n Tinh chat Mau sac I-THP (%) tap (phit)
0,083 Vang 82,68 £ 0,62 3 4,1,4,9; 5,6
1 Dune dich Vang 66,63 £0,36 3 4,1,4,9; 5,6
4 ‘[rong subt Vang+ 37,87+ 0,58 3 4,1;4,9;5,6
8 & Vang++ 25,32 +0,33 3 4,1,4,9; 5,6
24 Vang+++ 1,45+0,12 5 2,8;3,3,4,1;4,9;, 5,6
Ghi cht: Dau + biéu dién cudng d6 mau.
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Hinh 4. Sic ky d6 HPLC cua cic mau I-THP trong dung dich hydroperoxid 30% & 80°C sau 8 h (A) va 24 h (B).

Béng 4. Cac thong sb danh gia do phu hop (-2LL, AIC, BIC, SSE) cua md hinh dong hoc bac 0, bac 1 va béc 2
khi mo6 ta dir li¢u d9 6n dinh cia I-THP dudi tac ddng cua chat oxy hoa (dung dich hydroperoxid 30%)

STT Mo hinh 2L AIC BIC SSE DF
1 Bac 0 43,34 53,34 46,56 1703,47 3
2 Bac | _15,66 25,66 _12,44 0,01 3
3 Bac 2 11,68 1,68 _8,46 0,03 3

Phan tich dir liéu ham lugng [-THP con lai
theo thoi gian béng cac mo hinh bac 0, bac 1 va
béc 2. Két qua (Bang 4) cho thdy md hinh béc 1
mé ta tét nhat dit liéu do 6n dinh cta I-THP trong
mdi truong hydroperoxid 30% véi cac gié tri -
2LL, AIC, BIC va SSE la thap nhat. Hang sd toc
d6 phan tng udc tinh dugc 1a ki = -0,0739 (p =
0,0002).

Két qua nay cho thiy trong mdi truong oxy
héa manh véi lugng tac nhan oxy hoéa du (dung
dich hydroperoxid 30%), qua trinh phan huy cua

I-THP tuan theq dong hoc bac 1, trong d6 tde do
phan ung chu yeu phu thudc vao nong do 1-THP.

3.6. Anh hong cia pH dén dé on dinh cua I-
tetrahydropalmatin trong dung dich

Két qua nghién ctru anh hudng cia pH dén
d6 6n dinh ciia I-THP duoc trinh bay ¢ Hinh 5.

Hinh 5A va 5B thé hién su thay ddi mau séc
cua dung dich I-THP trong mdi truong acid
hydrocloric 1,0 M va 0,1 M theo thoi gian. Co
thé quan st thay hién tuong chuyén mau vang
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xay ra som hon va rd hon trong dung dich acid chung trong cac moi truong acid, sy suy giam
hydrocloric 1,0 M so vo6i dung dich acid ham luong I-THP thap hon dang ké so v4i moi
hydrocloric 0,1 M. Chtng t6 nong do acid anh truong pH 6,8 (Hinh 5C).

hudng dén mire d6 bién mau cua dung dich. Nhin

Ay

—e— HCI1.0M
—=— HCI0.AM

—— PBSpH 4.5
—=— PBS pH 6.8

50 +——————————1——
0 4 8 12 16 20 24

Thoi gian (gi®)

©

Hinh 5. D6 6n dinh ctia I-THP & cac pH khac nhau: Sy thay d6i mau sic ciia dung dich I-THP trong méi truong
HC1 1,0 M (A) va HC1 0,1 M (B) sau 1, 4, 8 va 24 gio ¢ nhiét d¢ 80°C; Su suy giam ham lugng I-THP trong cac
moi truong pH khac nhau ¢ nhiét do 80°C.

Béng 5. Cac thong sb danh gia d6 phu hop (-2LL, AIC, BIC, SSE) khi st dung md hinh dong hoc béc 0, bac 1 va
bac 2 mo ta dit liéu d6 6n dinh cta I-THP & cac pH khac nhau (A); U6c tinh tham s6 ctia m6 hinh dong hoc bac
hai mé ta ditr liéu do on dinh ctia I-THP & cac pH khac nhau (B)

(A) [ STT M3 hinh 2L AIC BIC SSE DF
1 Bic 0 112,25 141 34 136,22 320,66 | 12
2 Bic 1 210123 272,134 77.26 0,0074 | 12
3 Bac 2 24781 218.72 223.84 48706 | 12
(B) MOoi truong Thong sb U'Gce tinh SD t Ratio p-value
a 20,01 0,0004 22735 <0,0001%
HCI1,0M k2 -5, 14¢-5 3,25¢-5 21,58 0,1405
a 20,01 0,0004 27.16 <0,0001*
HCL0,1 M k2 2.19-5 3,254¢-5 20,67 0,5133
a 20,01 0,0004 27,96 <0,0001%
PBS 4.5 k2 3,11e-5 3,25¢-5 20,95 0,3584
a 20,01 0,0004 30,95 <0,0001*
PBS 6,8 ko -0,0002 3,25¢e-5 -6,24 <0,0001*
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Sy suy giam ham luong dugc chét trong cac
moi truong tuan theo dong hoc bac 2 (Bang 5).
Hing s6 tdc do phan huy trung binh cua duoc
chat trong cac méi truong acid hydrocloric 1,0
M; acid hydrocloric 0,1 M; PBS pH 4,5; PBS pH
6,8 lan luot 1a -0,000051; -0,000022; -0,000031
va -0,0002. Céc gia tri hing sb tbc d6 nay cho
thdy 1-THP kém bén nhét trong méi truong pH
6,8 va dung dich acid manh (acid hydrocloric 1,0
M), tiép d6 1a méi truong pH 4,5. Trong mdi
truong acid hydrocloric 0,1 M, dugc chét 6n dinh
hon ca.

Ngoai ra, trén sic ky dd cua tit ca cac mau
thar déu ghi nhan sy xuét hién cua pic tap
palmatin. Két qua nay cho thdy palmatin 14 san
pham phan huy cia I-THP dudi tac dong dong thoi
cta pH va nhiét d6 trong cac diéu kién khao sat.

Céc két qua trén goi ¥ kha nang I-THP c6 thé
bi phan hiy trong méi truong duong tiéu hda. Do
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d6, nham danh gia day du hon d6 6n dinh cua I-
THP khi dung dudng ubng, tiép tuc khao sat anh
hudng cta cac loai dich tiéu hoa dén d6 6n dinh
ctia dugc chat & nhiét do sinh 1y (37 + 0,5°C).

3.7. Anh huwong cua dich tiéu hoa dén do on dinh
cua [-tetrahydropalmatin trong dung dich

Két qua nghién ctru anh huéng cia pH va
dich tiéu hoa dén do 6n dinh cta 1-THP dugc
trinh bay ¢ Hinh 6. Nhin chung, xu huéng anh
huéng ciia pH dén d6 6n dinh cua I-THP & nhiét
d6 co thé (37 £ 0,5°C) twong ty nhu tai nhiét do
cao (80°C), tuy nhién toc d6 suy giam ham luong
duoc chit cham hon dang ké. Dugc chit kém bén
trong moi truong pH 6,8 va dich ruét mo phong
(FaSSIF), ham lwong duoc chét giam xudng con
tuong rng con 89,26 + 0,35% va 90,83 £ 0,67%
sau 24 gio.
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Hinh 6. D6 6n dinh ctia I-THP trong cic méi truong dich tiéu héa: Su suy giam ham lwong I-THP trong cic moi
truong pH khac nhau & nhiét do 37+2°C; Séc ky dd cua dung dich 1-THP trong méi trudng PBS pH 6,8 (B) va
FaSSIF (C) sau 8 gio ¢ 37 £ 0,5°C.
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Bang 6. Cac thong sd danh gia d6 phu hop (-2LL, AIC, BIC, SSE) khi st dung md hinh dong hoc béc 0, bac 1 va
bac 2 mo ta dir liéu d6 on dinh cua 1-THP trong cac moi truong dich tiéu hoa (A); Ude tinh tham s6 cia mo hinh
dong hoc bac hai mo ta dit li¢u do 6n dinh cua I-THP trong cac mdi truong dich tiéu hoa (B)

(A) [ STT M hinh JLL AIC BIC SSE DF
1 Bac 0 49.95 94,40 79.91 1423 10
2 Bac | 1166.67 12222 136,71 0.0002 | 10
3 Bac2 316,57 272.13 286,62 1.564e7 | 10
(B) MJi truong Thong s6 U'dce tinh SD t Ratio p-value
a 20,01 9.040-5 110,53 20,0001 *
HCI0,1M ko 2135 0.00002 1,06 031
a 20,01 9.04e-5 110.41 20,0001%
PBS pH 4,5 ko 11505 0.00002 0.57 0.58
a 20,01 9.04e-5 110,62 20.,0001%
FaSSGF k> 75.830-6 0.00002 20.29 0.78
a 20,01 9.04e-5 11235 20,0001%
PBS pH 6.8 k> 20,00014 0.00002 716 20,0001%
FaSSIF a 20,01 9.04e-5 111.44 20,0001 *
K 20,00013 0.00002 6.52 20,0001%

Téc d6 giam ham lwong dugc chét trong cac
moi trrong dich ti€u hoa tuan theo dong hoc bac
2 (Bang 6A) vé6i hang sb tbc do phan huy trung
binh trong cac mdi truong acid hydrocloric 0,1
M; PBS pH 4,5; PBS pH 6,8; FaSSGF va FaSSIF
(Bang 6B) lan luot 1a -0,000021; -0,000012; -
0,000140; -0,000006; -0,000130. Cac gia tri
hang s6 tdc d6 nay cho thay duoc chét bén trong
mdi trudong dich da ddy mo phong (FaSSGF), pH
ta trang (pH 4,5), pH da day (acid hydrocloric
0,1 M), kém bén hon trong méi truong pH dich
rudt (pH 6,8) va d1ch rudt mo phéng (FaSSIF)

Ngoai ra, trén sic ky do ciia cic mau phan
tich tai thoi diém 4 va 8 gio (Hinh 6B, 6C) trong
moi truong pH 6,8 va dich ruét mé phong déu
ghi nhan sy xuat hién cta pic tap palmatin, goi y
rang palmatin 1a san phidm phan hiy cia 1-THP
trong cdc moi trudng nay.

4. Ban luin

Nghién ctru nay da danh gia d6 6n dinh cia
I-THP dang rdn va dang dung dich theo hudng
dan ICH nham hiéu 16 hon dong hoc phan huy
va céac con duong phan huy ctua I-THP.

Duoc chét rin kém bén véi nhiét d6, do am
va anh sang. Tuy nhién con dudng phan huy va

san pham phan huy cua duge chit boi nhiét do
va d¢ am van chua dugce biét 3. Trén sic ky dd
cac mau khong quan sat thdy su xut hién cua
palmatin, goi y rang su phan hay 1-THP rin boi
nhiét d6 khong tao ra palmatin hodc Iuong
palmatin tao ra qua nho, thap hon gi6i han phat
hlen cua phuong phap HPLC. V& cam quan cac
mau bot déu chuyén sang mau vang dic trung
cua palmatin, tuy nhién cuong d6 mau vang thap
hon rét nhleu so v&i mau bi chleu sang. Trén sac
ky @6 mau phoi sang c6 xuat hién palmatin, goi
¥ rang sy quang phan I-THP tao ra palmatin va
luong palmatin phai du 16n moi quan sat thay
trén sac ky do.

Dugc chat dang dung dich kém bén trong
moi trudng acid manh (acid hydrocloric 1,0 M)
va pH 6,8 & nhiét do cao (80°C), dé bi oxy hoa
boi chat oxy hoa manh (hydroperoxyd). O nhiét
d6 co thé, duoc chat bén hon trong moi truong
pH dich da day (acid hydrocloric 0,1 M), dich da
day mo phong (FaSSGF), pH ta trang (PBS pH
4,5), kém bén trong méi truong pH rudt non
(PBS pH 6,8) va dich ru6t mé phong (FaSSIF).
I-THP ¢ dang hoa tan ciing kém bén v@i anh
sang. Dac biét trén sdc ky dd cua cac mau nay
déu quan sat thdy sy xuat hién ciia palmatin. Sy
phan hiy I-THP béi anh sang thong qua phan
ung oxy hoa —khtr hydro tao ra palmatin da dugc
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ching minh bai Huanfeng Ye va cong su [12].
Ngoai palmatin, trén sic ky dd cia cac mau
stress oxy hoa con quan sat thay cac pic tap co
thoi gian lwu ngén hon so véi I-THP (5,4 phut)
va palmatin (5,6 phat), goi ¥ ring cac san phdm
oxy hoa tao ra ¢c6 d0 phan cuc cao hon.

Can clr vao ciu truc hoa hoc cua I-THP va
cac két qua nghién ctru & trén, c6 thé du doan
rang I-THP trai qua nhiéu con dudng phan huiy
khac nhau (Hinh 7) duéi tac dong cua cac yéu to
moi truong nhu oxy hoa, pH, anh sang, nhiét do
va do am.

Thir nhét, con duong oxy hoa — khir hydro
(dehydrogenation) dong vai tro quan trong. Theo
do, 1-THP bi oxy hoéa tai khung
tetrahydroisoquinolin dé tao thanh palmatin.
Con dudng nay phu hop véi két qua thuc nghiém
khi palmatin dugc xac dinh 1 san phidm phan
htty chinh trong cac diéu kién stress oxy hoa, pH
va dich tiéu hoa. Nhu vy oxy hoa la co ché phan
hty chin cua I-THP trong dung dich.

Dehydrogenation
(oxy héa, khir hydro)

Palmatine

Thir hai, phan ung O-demethyl hoa tai cac
nhom methoxy (-OCH3) ¢6 thé xay ra thong qua
co ché thuy phan hodc oxy hoa, dan dén sy hinh
thanh céc dan xuit mono-, di-, tri- va tetra-O-
demethyl-1-THP. Cac san phdm nay phan 4nh
tinh nhay cam cua cac nhém methoxy trén vong
thom cta I-THP d6i vé6i diéu kién pH va nhiét
do, dac biét trong moi truong acid va trung tinh—
kiém nhe.

Thir ba, trong diéu kién oxy hoa manh, I-
THP c6 thé bi oxy hoa tai vi tri carbon benzylic
(0-C gin véi nguyén tu N), 1am suy yéu lién két
C—N va din dén cit lién két C-N (homolysis).
Qua trinh nay c6 the tiép tuc gly cat vong, tao
thanh cac manh cau tric nhé hon nhu dan xuat
benzaldehyd, cac manh isoquinolin,
dihydroisoquinolin va phenethylamin. Cac chat
tao ra c6 d9 phan cuc cao hon so véi I-THP phu
hop v6i hién tuong céc pic tap quan sat dugc trén
sac ky do clia cac mau stress oxy hoa co thoi gian
lru ngén hon so véi I-THP va palmatin.

( 0O-demethyl hda
Oxy héa, thiy phan
Mono-0O-demethyl-l-THP

isocorypalmin

Di-O-demethyl-I-THP stepholidin

|-Tetrahydropalmatin

9,10 dihydroxy-2,3-dimethoxy tetrahydroprotoberberin

Tri-O-demethyl-I-THP

Tetra-O-demethyl-I-THP

\ Oxy héa (

o hda tai alpha-C gén N (Carbon benzylic) J

Cét lién két C-N (homolysis)

Dén xuét benzaldehyd

~ Céc manh dihydroisoquinoline

Hinh 7. Du doén cac con dudng phan huy [-THP.
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Nhin chung, oxy héa duoc xem la co ché
trung tam trong cac con duong phan huy cua 1-
THP, trong khi cac qua trinh O-demethyl hoa va
cét lién két C-N dong vai trd thir cAp nhung gop
phan lam gia ting mic d6 phan hily cta duoc
chit trong cac diéu kién bat loi. Cac con duong
phan huy ndy dugc dy doan dya trén ddc diém
cau tric héa hoc cua I-THP va can duoc kiém
chimg trong cac nghién ciru tiép theo. Cac k¥
thuat phan tich hién dai nhu LC-MS/MS, cac
phuong phap phé ('H NMR, C NMR, FTIR),
cling nhu céc k¥ thuat phén tich nhiét (DSC) can
st dung dé x4c nhan va 1am 15 co ché phan hay
d4 néu. Bén canh d6, can tiép tuc nghién ctru xac
dinh budc song chiéu sang va khoang pH 6n dinh
cua I-THP lIam co s¢ xay dung cOng thiic va quy
trinh bao ché cac ché pham chua I-THP.

Tir cac dic diém phan hay d3 duoc xac dinh,
c6 thé rat ra mot s6 dinh huoéng vé diéu kién bao
quan va bao ché cac ché phdm chira I-THP. Thu
nhét, nguyén liéu I-THP dang rin nén duoc bao
quan ¢ nhiét dd dudi 25°C trong bao bi kin, tranh
4m va tranh anh sang. Thi hai, khi bao ché cac
dang thudc rén chira 1-THP, can han ché téi da
tac dong cua 4m va nhiét, nhu sir dung ta duoc
dinh khong chira nudc, vu tién cac phuong phap
tao hat kho hodc dap thing, dong thoi klem soat
chit ch& ham 4m ciia moi truong san xuat. Thir
ba, d6i véi cac dang thube léng chtra I-THP, can
bd sung chat chdng oxy hoa, sir dung hé dém duy
tri pH acid, loai bé oxy hoa tan trong dung dich
cling nhu suc khi nitrogen dé loai oxy dau ong
khi déng lo. Thur tu, khong nén ap dung phuong
phap tiét khuan bang nhiét d6i voi dung dich
tiém 1-THP; thay vao do, phuong phap loc tiét
khuén dugc xem la phu hop hon. Cubi cliing, cac
dung dich chtta I-THP céan dugc bao quan trong
bao bi tranh anh sang nham han ché qua trinh
quang phan.

5. Két luan

Do 6n dinh cua 1-THP dang ran dudi tac
dong cua nhiét do, do 4m va anh sang, ciing nhu
d6 6n dinh cua I-THP dang dung dich dudi tac
dong ctia anh sang, chit oxy hoa, pH va dich tiéu
héa di dugc dénh gia theo cac huéng dan cia

ICH. Két qua cho thiy I-THP dang rén kém bén
khi tiép xtc v6i nhiét d9, d6 am cao va anh sang.
Do do6, nguyén li¢u duoc chét nén duoc bao quan
& nhiét 46 dudi 25°C trong bao bi tranh 4m va
tranh 4nh sang. Dung dich 1-THP dé bi chuyén
mau va suy giam ham luong khi tiép xtic v6i dnh
sang. Trong moéi truong oxy hdéa manh nhu
hydroperoxid 30%, 1-THP bi phan hiy nhanh
theo dong hoc bac 1. Ngoai ra, dugc chét cling
kém bén trong méi truong pH trung tinh dén hoi
kiém (pH 6.,8), trong dich rudét mé phong
(FaSSIF) va méi truong acid manh (HCI 1,0 M),
qué trinh phan hay tuan theo dong hoc bac 2.
Palmatin dwoc xac dinh 13 san phdm phéan huy
chinh cta I-THP trong dung dich dudi tac dong
ctia oxy hoa, pH va dich tiéu héa. Tuy nhién, can
thuc hién thém cac nghién clru chuyén sau nham
1am 13 co ché phan huy, xac dinh dy du cac san
phim phan huy va thiét 14p vung pH ciing nhu
diéu kién 6n dinh t8i uu cho duoc chét nay. Trén
co s& cac két qua thu duoc, khi pha ché cac dang
thudc 16ng chira I-THP cn bd sung chét chdng
oxy hoa, kiém soat pH va tranh cac diéu kién oxy
hoa dé nang cao d6 6n dinh. Cac ché pham chira
1-THP nén dugc bao quan trong bao bi tranh anh
sang. Két qua nghién ctu 1a co s6 khoa hoc dé
dé xuét diéu kién bao quan, phat trién dang bao
ché va xay dung tiéu chuan chét luong cho céc
ché pham chua 1-THP.
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