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Tém tit

Trong d@ tai nghién ciru ndy, chung t6i da sir dung phuong phap két hop sic ki 16p mong va sic
ki long hiéu ning cao (HPLC) véi dau do PDA dé dinh tinh va dinh lwong imperatorin.
Imperatorin c6 trong mau Bach chi thu mua tai Cong ty Duoc liéu Binh Minh va dugc liéu Bach

chi thu mua tai thi truong & Tp. HCM (Hai thugng Lan Ong). Tir két qua thuc nghiém cho thiy,
gid tri R¢ ciia chit chudn so v&i hai miu khao sat trén sic ki 16p mong twong duong nhau. Phan

tram ham lugng imperatorin trong hai mau dugc liéu Bach chi lan luot 13 0,084 % va 0,037%.
Phan traim d6 1éch chuin tuong ddi (% RSD) c6 trong hai mau duoc liéu Bach chi 1an Iuot 1a
0,23%; 0,47 %. Do do, phuong phap c6 do chinh xac va 6n dinh cao.
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1 Gidi thiéu

Bach chi la cay than thao, Séng lau nam, cao 1-1,5m, than
rdng, 14 to, c6 cudng dai phat trién thanh be rong, phién 1a
xé 2-3 l1an, hinh 16ng chim. Qua bé, hoa tring. R& phinh
thanh ci dai moc thiang, doi khi phan nhanh, nhiéu bot, mui
thom, vi cay dang. Bach chi dugc du nhap tir Trung Quéc
vao Viét Nam. Tir nam 1960, Bach chi da duoc trong & mot
s0 tinh thanh nhu Sa Pa, Tam Ddo, Pa Lat, Kon Tum
[4,6,7].

R& Bach chi ¢ chua tinh dau va hop chit coumarin nhu
isoimperatorin, bergapten, oxypeucedanin, glycosid, trong
d6 quan trong nhit phai ké dén imperatorin. Imperatorin c6
tén danh phap la 9-(3-Methylbut-2-enoxy)-7-furo[3,2]
chromenone[8]. Nhiéu tac gia da nghién cuu, chiét xuat va
phan lap imperatorin tir Bach chi, trong s6 d6 co: Jie Kang
va cong sy [11] da xac dinh duoc 20 hop chét bang phuong
phap HPLC/MS/MS trong ré Bach chi Angelica dahurica
thu hai & tinh Ha Nam, Trung Quéc [9]. Wei Y. va cong su
[10] d3 o 1ap va tinh ché imperatorin, oxypeucedanin va
isoimperatorin tir duoc liéu Angelica dahurica bing
phuong phap sic ki diéu ché nhanh (Preparative high-speed
counter-current chromatography, CCC). Qinhua C. va cong
sy [11] da phan 13p duoc phellopterin, isoimperatorin,
imperatorin, alloimperatorin, byakangelicin,
isooxypeucedanin tir dwoc liéu Angelica dahurica bing
phuong phap chiét xuat siéu téi han SFE. Long. Hu va cong
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sw [12] ciing da 4p dung phuong phép chiét xuét siéu tgi
han SFE va so sanh vai chiét long dé phan lap duoc 0,144
% imperatotin trong duoc liéu Bach chi.

Bach chi 13 mét trong nhitng cay thudc qui trong y hoc cb
truyén Viét Nam ciing nhu mot sé6 nuéc Chau A khéc
(Trung Quéc, Han Quéc, Nhat Ban,...). Trong dan gian,
Bach chi dugc dung phé bién dé tri giam dau chéng viém,
tac dung trén trung khu than kinh va tim mach. Duoc dién
Trung Quédc ban hanh nim 2010 c6 qui dinh kiém tra chi
tiéu dinh tinh va dinh luwgng imperatorin trong Bach chi.
Tuy nhién, ¢ Viét Nam chua c6 dé tai nghién cau thiét lap
duoc chit chuan dé kiém tra ham luong imperatorin trong
duoc lieu Bach chi. Vi thé, trong dé tai nghién ctu nay,
chiing t6i ting dung chat chuan imperatorin Trung Québc dé
khao sat ham luong duoc liéu Bach chi va san pham thudc
tr duoc liéu Bach chi tai thi truong Viét Nam.

2 Vat liéu va phuong phap nghién cuu

2.1 Nguyén vat licu

Ré& Bach chi dugc thu hai & nong truong ciia Cong ty Dugc
liéu Binh Minh, Ha Giang da duoc kiém nghiém theo tiéu
chuén Duoc dién Viét Nam IV, va ré Bach chi mua tai thi
truong phd Hai Thugng Lan Ong, TP. HCM.

2.2 Hoba chit, dung moi

Céc dung mdi hoa chét nghién ctru dat tiéu chuén tinh khiét
phén tich.

https://doi.org/10.55401/n2qfxv15
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Dung méi ding cho sic ki 1ong acetonitril, methanol dat
tiéu chuén ding cho HPLC.

Chét chuan dinh tinh imperatorin ctia Chromadex.

2.3 Dung cu, trang thiét bi

Can phan tich 5 s6 1¢ Meltler Tolodo.

My ¢6 quay Biichi 1 lit - 210S (Nhat).

Bé siéu am Sonorex RK - 1028H (Bandelin, Dtc).

bén UV 2 budce song 254/365 CN-15-LC (Vilber Loumart).
Cot sic ki: cot Phemonemex C18 (250mm x 21,5; Sum) va
tién cot C18 (5 x 21,5mm; 5um); cdt Aglient va tién cot
C18 (250 x 4,6mm; 5um). Silicagel 63-200um dung trong
sdc ki cot.

May sic ki long hiéu ning cao Shimadzu LC-20A (Nhat),
detector PDA. Phian mém LC Solution truy xuit hinh anh,
$6 liéu cho dinh tinh, dinh lugng trén may HPLC.

2.4 Phuong phap nghién ctu

2.4.1 Chiét xuat

Chiét imperatorin c6 trong Bach chi bang cach dung sac ki
cot v6i hat nhdi silicagel 63-200pum va dung méi giai I,
theo % ti 1€ dung mdi véi cac hé dung mdi ¢6 do phan cuc
tang dan [1].

2.4.2 Binh tinh

- Binh tinh bang sic ki I6p mong:

Chat hap phu: silicagel GFs,, ban nhém trang san (Merck).
Hé dung moi khai trién: n-hexan-ethyl acetat (8:2).

Luong cham: khoang 10pL.

Thudc thir phét hién: Soi dén UV 254 va 365nm so sénh véi
vét cua chat ddi chiéu.

2.4.3 binh lugng

- Binh tinh bang ki thuat HPLC-PDA: Pénh gi4 pho UV va
d6 tinh khiét pic cua sic ki d6 ghi nhan duoc [2].

Hé thdng séc ki: HPLC.

- Cot: Aglient C18, kich thuéc cot 250 x 4, 6mm; kich
thudc hat 5um.

- Nhiét do cot: Nhiét do phong.

- Thé tich tiém: 20pl.

- Téc do dong: 1,0ml/1 phat.

- Phét hién: UV, budc séng 254nm.

- Pha dong: acetonitrile - nudc (70:30).

Dung dich tha: Can khoang 5mg mau thir cho vao binh
dinh mac 10ml. Thém pha dong, siéu 4m 5 phut. Bé ngudi,
bé sung pha dong dén vach. Lic déu, loc qua mang loc
0.45pm.

Tién hanh: Lan luot tiém vao hé théng mau tring, mau
chuan va mau thir. Ghi nhan sic ki dd mau tht, mau trang.
Tinh ham luong % db tinh khiét séc ki.

2.4.4 Tham dinh qui trinh dinh lugng [5]

- Khao sat tinh twong thich h¢ thong

Can bang cot bang pha dong trong it nhat 30 phat. Tién
hanh sic ki mau chuan vai it nhat 6 lan tiém mau lién tiép.
Khao sat cac théng so: thoi gian huu, dién tich dinh, hé sb
dung lugng K', hé s kéo dudi Ag, do phan giai Rs va s6 dia

Ii thuyét N.

Yéu cau:

- Do léch chuan (RSD) cua thoi gian lwu cua pic chinh
khéng duoc qua 1%.

- Do lech chuan (RSD) cua dién tich pic chinh khong duoc
qua 2%.

- Hé sb kéo dudi As: 0, 8 — 1, 5.

- Khao sét tinh dac hiéu (tinh chon loc):

Pam bao két qua xac dinh ham luong chat can phan tich
trong mau la chinh xac, tranh anh huéng cia cac thanh
phan khac c6 trong mau. Véi ki thuat HPLC str dung dau
do PDA kiém tra do tinh khiét cua pic.

Tién hanh sic ki 1an lwot mau ther, mau chuan, mau tho
thém chuan va mau tring.

Yéu cau:

- Thoi gian luu cta pic chat can dinh lugng trong mau thir
phai twong duong vé6i thoi gian luu cua pic chat chuin
tuong (g trong mau chuan.

- Séc ki @6 mau tring khong xuét hién pic tai thoi gian luu
cuia chat khao sét.

- Pic chét khao sat khong cé cac thanh phan khac khi st
dung chtrc nang kiém tra do tinh khiét cua dau do PDA.

- Khao sat khoang tuyén tinh:

Tién hanh sic ki tdi thiéu 5 muc nong d6 khac nhau, do va
xac dinh dién tich dinh & ting ndng do. Thiét lap phuong
trinh hoi qui va vé do thi biéu dién mdi tuong quan giita
dién tich dinh va ndng do.

Phuong trinh hdi qui: y = ax + b

Str dung tric nghiém t dé kiém tra y nghia ctia cac hé sb
trong phuong trinh

- Néu ty <tgs: Hé sb b khong ¢ y nghia thong ké.

- Néu t > togs: Hé 86 b c6 y nghia thong ke.

Str dung tric nghiém F dé kiém tra tinh thich hop cua
phuong trinh hdi qui.

- Néu F < F g5 : Phuong trinh hoi qui khong tuwong thich.

- Néu F > F o5 : Phuong trinh hdi qui tuong thich.

Yéu ciu: Hé sb tuong quan R? > 0,995.

- Khao sat do lap lai:

Murc d6 sat gan giita cac két qua thir riéng ré x; vai gia tri
trung binh.

Anh huong boi sai s6 ngau nhién.

Tién hanh sic ki téi thiéu 6 mau thir & ndng d6 100% so véi
nong do do.

Tién hanh xir 1 théng ké céc sb lidu, xac dinh do léch chuin
tuong dbi.

Yéu cau: RSD < 2%.

- Khao sat do dung:

Mrtc do sat gan cua cac gié tri tim thiy so véi gia tri thyc.
Anh huong boi sai s6 hé théng.

Str dung phuong phap dwa vao duong tuyén tinh, véi nong
do thay ddi 80%, 100%, 120% so vdi nong do do. Tién
hanh sic ki & mdi ndng do6 trén véi 3 mau khac nhau, tinh
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% ti I¢ phuc hdi & tirng nong dd so vai i thuyét.
Yéu cau: Ti Ié phuc hdi & tirng ndng do phai tir 98 — 102%.
- Mién gia tri:
Khoang gitra ndng d6 cao va nong do thap cua chit can
phan tich cd trong mau thir dap tng d6 chinh xac, do dung,
tinh chat tuyén tinh, thuong dugc biéu thi bang khoang
nong d6 van con sy phu thugc tuyén tinh giira gia tri do
dugc va ndng do.
Pugc xéc dinh bang céch:
* Khao sat va danh gia tinh tuyén tinh.
* Khing dinh khoang nay c6 dap ung tinh tuyén tinh, do
dung, do 1ap lai. Yéu cau tdi thiéu caa mién gia tri: 80-
120% ndng do ciia mau thi.
- Céc cong thac sir dung:
Gia tri trung binh:
n
2%
Y _ =l
6
Do léch chuén (Standard Deviation):

Do léch chuan tuong dbi (Relative Standard Deviation) hay
hé sé phan tan (Coefficient of Variation):

RSD =CV =%x100%

3 Két qua va thao ludn

3.1 Tham dinh qui trinh dinh luong

3.1.1 Tinh twong thich cua hé théng

Bang 1 Khao sét tinh thich hop cua hé théng séc ki dinh tinh, dinh
lwong imperatorin sau 6 lan tiém lién tiép (n=6)

S lan | tg (pht) Dlélj tich ,86 dia,{ ,!-|é ?6
dinh li thuyéet | doi xing
1 4,673 | 21218728 1501 1,387
2 4,673 | 21218728 1501 1,387
3 4,661 | 21107485 1464 1,378
4 4,664 | 21206199 1483 1,385
5 4,674 | 21123335 1494 1,388
6 4,688 | 21204263 1497 1,390
B 6,672 | 21179789 1490 1,385
RSD
%) 0,202 0,238 0,964 0,300

Nhan xét: RSD cua thoi gian luu 13 0,202 % nho hon 1%;
RSD cua dién tich dinh, s dia 1i thuyét, hé sé ddi xting
tuong tng 13 0,238 %, 0,964% va 0,300 % nho hon 2%.
Nhu vay hé thdng dat tinh twong thich.

3.1.2 Tinh dac hiéu
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Tiém mau tring, mau thir vao hé théng sic ki. Két qua cho
thiy:
Thoi gian hru ciia pic imperatorin trong mau ther 1a 4,672
phit, ddng thoi mau tring khdng cé pic tring véi pic chuan.
Str dung chirc nang kiém tra do tinh khiét cho thay pic
imperatorin khéng c6 céc thanh phan khéc trong tat ca cac
miu (0,9999).
Do d6 phuong phap phén tich imperatorin da thuc hién cd
tinh dic hiéu.
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min
Impurity :Not Detected
Peak purity index : 1.000000
Single paint threshold :0.999973

Minimum peak purity index : 26

Spectrum
ID# 12
Retention Time 14717
Compound Name + Imperatorin
Spectrum Operation  : None
UV Spectrum
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Hinh 1 Séc ki d6 d4anh gia dac hiéu imperatorin

3.1.3 Tinh tuyén tinh va mién gié tri

Tién hanh sic ki 5 mau véi ndng d6 tang dan tir 0,250 —
0,800mg/ml. Két qua dugc trinh bay trong Bang 2.

Bang 2 Su tuong quan giira dién tich dinh va ndng do

Nong dé Dién tich dinh

So thit ty (mg/mil) trung binh
1 0,2545 8437051
2 0,3942 12668691
3 0,5090 16900574
4 0,6318 21218728
5 0,7735 253354163

Phuong trinh hdi qui y = 33725125,961 x — 304208,216
Hé sb twong quan r” = 0,9990
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Puong tuyén tinh cta imperatorin
30000000 -
25000000 -| y = 3E+07x- 304208
R?=0.999
20000000 -|
15000000 -
10000000 -
5000000 -
0 T T T T 1
0 0.2 0.4 0.6 0.8 1

Hinh 2 B4 thi bidu di&n sy twong quan giita dién tich dinh
vandng do

Nhan xét: R = 0,999 nhu vy c6 su tuong quan tuyén tinh
gira dién tich dinh va ndng do, chon ndng do do la
0,5mg/ml la thich hop.
3.1.4 Do lap lai
Két qua danh gia do lap lai duoc trinh bay trong Bang 3
Bang 3 Két qua do lap lai cua phuong phap

0 a 0 i r r
xig (!l?:h (fﬂ.te't” ! So ligu thong ke
1 99,83 n==6
2 99,83 X =99,80 %
3 99,78 SD=0,041 %
4 99,72 RSD = 0,043 %
5 99,80 e=+0,1028
p=99,80+0,1028 (a=
6 99,82 0,05)

Nhan xét: Do tinh khiét sic ki trung binh cua imperatorin 1a
99,80 %, RSD < 2,0 %. Vay phuong phap dat d6 lap lai.
3.1.5 Do dung

Két qua danh gia duoc trinh bay trong Bang 4.

Bﬁljg 4 Két qua danh gia do dung phuong phap dya vao dudng
tuyén tinh

Imperatorin
Mikc Nongdd | Nongdd | Tilé
nong do | Diéntich | do ¢ cac |(mg/ml) tinh| hédi
do (%) pic mic tir phwong | phuc
(mg/ml) [trinh hdi qui| %
16898966 | 0,5146 0,5101
80% 16902182 | 0,5146 0,5102 99,16
16908513 | 0,5146 0,5104
21214150 | 0,6432 0,6381
100% | 21223305 | 0,6432 0,6383 99,21
21214150 | 0,6432 0,6381
25368098 | 0,7718 0,7612
120%
25340227 | 0,7718 0,7604 98,56

Nhan xét: Ti I¢ hdi phuc cua cac mau ¢ ting nong do déu
nam trong khoang gigi han 98,0-102,0%. Vay phuong phap
dat d dung.

Tir két qua danh gia trén cho thay vai diéu kién sic ki da
trinh bay ¢ trén, phuong phép dat tinh tuong thich hé thong,
tinh ddc hiéu, tinh tuyén tinh, mién gié tri, do lap lai, do
dung. Phuong phap dinh lwong nay c6 thé duoc ap dung dé
dinh lugng imperatorin trong chat khao sat.

3.2 Khao sat ham luong imperatorin trong mau Bach chi
duoc thu mua tai Céng ty Dugc liéu Binh Minh, Ha Giang
Va tai thi truong phd Hai Thugng Lan Ong, TP. HCM

3.2.1 binh tinh imperatorin

Nhim xac dinh sy hién dién cua imperatorin c6 trong mau
chiét, ching téi chon phuong phép sic ki I6p mong ding hé
dung mdi n-hexan: ethyl acetat theo % ti 1 dung moi (80:
20) va ban moéng Si F254. Trong do:

Dung dich chuan: Can chinh x4c 5mg imperatorin vao binh
dinh muc 5ml, dinh mic d&n vach bang dung mdi ethyl
acetat, thu duoc dung dich chuan c6 ndng d6 1mg.ml™.
Dung dich tha: Can chinh x&c 0,59 bot Bach chi vao
becher, thém 20ml dung méi ether va tién hanh siéu am
trong 15 phat. Tién hanh loc va c6 dich chiét dén cén, sau
d6 hoa tan can trong 10ml ethyl acetat.

Tién hanh chim sic ki khoang 5ul dung dich chuén va thur
trén ban mong. Trién khai hé dung moi trén. Tiép theo, liy
ban mong dé kho ty nhién rdi soi dudi dén UV tai budc
s6ng A=254nm va A=365nm, dung bt khoanh lai vét cua
dung dich chuén va thir trén bang mong silicagel. Két qua
thuc nghiém thu dugc véi sic ki @6 ¢ Hinh 3, vét cia dung
dich thir c6 cung gia tri Rs so voi vét cta dung dich chudn
d6i chiéu imperatorin.

CHUAN

CHUAN

DL1 DL 2

Hinh 3 Hinh chup ban méng ctia miu chuan va thir

3.2.2 Pinh lwong imperatorin biang HPLC

Pé xac dinh ham lugng imperatorin c6 trong Bach chi,
chiing t6i dung phuong phép sic ki long hiéu ning cao véi
cac diéu kién nhu sau:

Piéu kién sic ki:

- Cot: C18 150 x 4,6mm, kich thudc hat Spm (cot Gemini
110A)

o N
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Pha dong: Methanol — H,O véi ti 1€ (65:35)
Detector: UV 254nm gﬁﬁggﬁg Geon
- Tbc @6 dong: 1,0ml/ phat

Spectrum

Spectrum Operation N
Nhiét d6: Nhiét do phong
- Thé tich tiém: 20pl
- Dung moi pha mau: Methanol
Dung dich chuan: Can chinh xac khoang 7,5mg imperatorin
cho vao binh dinh m@c 50ml va dinh muac tGi vach béng o]

39956 42452
v |

methanol. HGt chinh xac 2ml dung dich nay vao binh dinh | ' o

mirc 20ml va dinh mirc t&i vach bang methanol. Dung dich
chuén sau khi pha c6 ndng d6 15pg.ml™.

Dung dich thir: Can chinh xac 400mg cao duogc liéu Bach
chi di nghién min vao becher 50ml, thém khoang 35ml ]
dung mdi methanol, dem di siéu am & 40°C trong 30 phut, #T N
sau d6 dé ngudi, chuyén toan bd dung dich vao binh dinh ; N
mirc 50ml va dinh mirc t6i vach bang methanol. Hut chinh :
xac 2ml dung dich nay chuyén vao binh dinh mirc 20ml va - T
dinh mirc tdi vach bang methanol. Tién hanh tiém vao hé )
thong sic ki v6i cac dung dich trén.

Cong thirc tinh ham lugng % imperatorin:

H(%):%xﬂxe%P

¢ t Hinh 5 Séc ki dd va phd UV clia mau thir

Trong do: Két qua dinh luong:

- S¢, Si: dién tich dinh ctia dung dich chuén va thir

- mg, Mg khéi lwong can ciia miu chudn va mau thir (mg) Bang 6 Két qua dinh lugng imperatorin trong Bach chi

- F: hé s6 pha lodng (F = 1) Khéiluqng Trung binh|Trung binh|
- %P: ham lugng % chuan imperatorin Tén miu chuan/bgt | dién tich | di¢n tich Ham
Dinh tinh bang HPLC dua vao thoi gian huu (tg) va phd hap Bach chi |dinh chuan| dinh mau lrong
thu UV: | can(mg) | (n=6) | thir (n=3) i
Bang 5 Tinh dac hiéu dinh tinh imperatorin trong Bach chi béng Chuér} 769 454419 +
HPLC doi chiéu ' 0,13

Thoi giz‘ln lwu o DL1 402,00 199395 + 0,084

trung binh * Pho hap thu UV 0,23

RSD% | , DL2 | 517,00 HALDE | 0,037

tn ciia chudn | 34,001 # 0,63 | L1 UV 6 cdc cuc dai A !

6231, 247 va 302nm

trcua DL1 | 33,910 +0,23

Phd UV ¢6 céac cuc dai hmax
6230, 247 va 305nm

trcua DL2 | 33,085+ 0,93

Phd UV ¢6 céc cuc dai Amay
6232, 247 va 302nm

==== Shimadzu LCsolution Analysis Report ====

I

Compound)
D,

K

@ Dai hoc Nguyén T4t Thanh

NGUYENTAT THANH

? M2 %
,

Yéu cau theo Dugc dién Trung Qudc: ham hrong
imperatorin khong dugc it hon 0,08 %.

Nhan xét: Tur két qua thyc nghiém, % RSD thoi gian luu
ciia mau chuan va thir (% RSD = 0,19) dat yéu cau % RSD
< 1,0, %. Theo tiéu chuan Duoc dién Trung Qudc, % ham
lwgng imperatorin > 0,08 % nén mau Bach chi duoc thu
mua thudc Cong ty Dugc li¢u Binh Minh - Ha Giang & trén
dat yéu cAu chét lugng.

4 Két luan va dé xuét

Qua thoi gian thuc hién dé tai nghién ctru da wng dung chit
chuan dé kiém tra chat lwong Bach chi trén thi truong, két
qua khao sat ban dau cho thdy ham lwgng imperatorin trong
Bach chi thugc Cong ty Dugc Ha Giang c6 chét lwong on
dinh va dat tiéu chuan ham lugng theo Duoc dién Trung
Quadc.
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Trong qué trinh thuc hién dé tai mic du di c6 nhiéu ¢  dé khao sat duoc liéu Bach chi va dugc pham chira Bach
ging nhung do han ché vé& thoi gian va diéu kién lam viéc  chi trén thi truong Viét Nam.

nén nghién ciu nay chi mai thu dugc két qua da néu trén.
Dé tai can tiép tuc nghién ciru theo nhitng hudng sau:

- Thiét lap chat chuan imperatorin trong Bach chi thu mua
tir Cong ty Duoc liéu Binh Minh (Ha Giang) va ung dung

Loi cdm on: Nhém nghién ctiru chan thanh cam on Pai hoc
Nguy@n T4t Thanh di hd tro mot phan kinh phi thuc hién
thong qua dé tai nghién cau cip co s¢ voi ma sb dé tai
2017.01.30
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Imperatorin standard application for quantification determination of imperatorin from Angelica
in the market of HCM city

Duong Le Hai"; Nhan Mai Thanh

Faculty of pharmacy, Nguyen Tat Thanh University
“Ihduong@ntt.edu.vn

Abstract In this project, we practiced the combination method of Thin Layer Chromatography (TLC) and High-Performance
Liquid Chromatography (HPLC) with PDA detector to determine Imperatorin presence and its quantification. Imperatorin
was got from Angelica cataplasm samples at Binh Minh pharmaceutical company and in the market on Hai Thuong Lan Ong
street. From experimental result, the R¢ Value of the Standard Source comparing to the two examination samples by TLC
were equivalent. Percents of Quantification of Imperatorin in the pharmaceutical sample were 0,84% and 0,37%. Percents of
relative standard deviation (% RSD) in the pharmaceutical sample were 0,23+0,47%. Therefore, the Accuracy and the
Stableness of this method is high.

Keywords Angelica, Imperatorin, TLC, HPLC
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