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Abstract: Thin layer chromatography (TLC) has been widely used for the separation and analysis of various
constituents across multiple fields, owing to its advantages of cost—effectiveness, flexibility, high—throughput, and
intuitiveness. Among the factors influencing TLC results, the choice of stationary phase critical. Currently, the

main stationary phases used in TLC for identifying Chinese materia medica and Chinese patent medicines recorded
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in Chinese Pharmcopoeia, are silica gel, polyamide, and cellulose. This article reviews the characteristics and

application of these three stationary phases in the analysis of Chinese herbal medicines. Using Chrysanthemi Indici

Flos, Descurainiae Semen and Lepidii Semen, Oroxyli Semen, Cistanches Herba, Typhae Pollen, and Catechu as

examples where traditional method are suboptimal, silica gel plates were employed to develop TLC identification

methods with well-defined and abundant spots. These results highlight the clear advantages and feasibility of

silica gel as a stationary phase in analyzing flavonoids and phenolic acid components. The findings offer alternative

approaches to improve the national standards of these traditional Chinese medicines. Additionally, the article

discusses the future development trend of TLC technology.

Keywords: thin-layer chromatography; silica gel; polyamide; cellulose; authenticity identification; quality control;

qualitative identification
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R1 2020 FRRCPEZE ) —FBRARF TLC L5 TR EEHBERER

Tab.1 Statistics of TLC identifications of samples by using non—silica gel as stational phases in Chinese Pharmacopoeia

(2020 version)
I A 3% GRSy SR
('stationary phase ) ( chemical constituent ) ( Chinese herbal medicine ) ( Chinese patent medicine )
A AT (baicalin ) A ( Oroxyli Semen )™, JR#EH F ( Shiduqing tablets ) AR S 54 AL ( Zhishi Daozhi pills ) A 1 i

( polyamide ) # % (Scutellariae Radix )* B JURL ( Liyan Jiedu granules ). 75 5 % 7 AL ( Qingwen Jiedu pills ), JL 2

4228k (hyperoside ) % 22F ( Cuscutae Semen )",
111 45 1 ( Crataegi Folium ).
BFE38 ( Eupatorii Lindleyani
Herba )

1 124 (hesperidin )

ALY (linarin ) /INE] ( Cirsii Herba )

A1 (scutellarin )

F BT (typhaneoside ) i ( Typhae Pollen )

PARZHHF (echinacoside )

TEfili AL ( Ertong Qingfei pills ), &% JKi# £550KE ( Biyuan Tongqiao granules ).
4 I8 3 3 I %2 (Jinsang Qingyin capsules ), # & B J ( Biyankang
tablets ) ./INL A FBIEPZHIK ( Xiao’er Baibu Zhike syrup )./ JLRZ i fith:
( Xiao’er Kechuan granules )./ FHIE 5 J0Fi ( Shaoyang Ganmao granules ).
2z 4> AL (Nigjin pills ) 718 fili 11 4% AL ( Runfei Zhisou pills ), /N JL i #4 %
g 11 IR ¥ ( Xiao’er Feire Kechuan mixture ) 2 % ¥ &% I % ( Niuhuang
Qinggan capsules ). F "% it #f 2% ( Baikejing syrup ). & 15 L ( Qingxie
pills ) JEMAFI A AL ( Qingyan Lige pills ) ERFEIU#H: ( Yingiao Shuangjie
suppositories INEDIR=E 3 E 1 Sanjiu Weitai capsules INSVIR-E1 1
E ( Sanjiu Weitai granules ), B % 3% i K7 ( Shuanghuanglian granules ),
ST 1 IR W ( Shuanghuanglian mixture ) R ( Shuanghuanglian
tablets ), X #% 3% JI¥ % ( Shuanghuanglian capsules ), X #% % i R 7
( Shuanghuanglian eye drops )\ Z*2ZL L% K- ( Qinbaohong Zhike tablets ).
A FR 2T 1E % 1T iR ( Qinbaohong Zhike mixture ), A% % 21 11 W% 40 80 R
( Qinbaohong Zhike dispersible tablets ), £ & 21 1k 1% J5i 47 ( Qinbaohong
Zhike granules ), B} B AL ( Ermu Ningsou pills )i K4 VEEE L ( Tongyou
Runzao pills ) 3l & B2 ( Tongxuan Lifei capsules ), & 775 % IR
( Fufang Qinlan mixture )./ JLIE #4557 ( Xiao’er Tuire mixture )./)N JLIR
HIIURE ( Xiao’er Tuire granules )./NJLE T 1EZ R ( Xiao’er Qingfei Zhike
tablets ). %2 ii /1 ( Annao tablets ). % ifi #L ( Annao pills ), ] JH J ( Lidan
tablets ), 19 T #% ( Funing suppositories ), ¥ £ #L ( Tiaojing pills ), %% 4~
#JL (Suxiao Niuhuang pills ) BZIAHEAL ( Qingxuan Zhitan pills ), 58 /&%
A FTHR ( Kegan Liyan mixture ), EEZ 4 ( Qishen capsules ) 7155
REE (5T X Shuanghuanglian injection )o

IRFE 25 B URE ( Congrong Yishen granules ), TG 1125741 ( Wubi Shanyao
pills ) I ELE2E [ Shanmei capsules ( freeze—drying ) |

DU BE AL ( Sizhi Xiangfu pills ) JINBRAE R IE AR ( Jiawei Huoxiang
Zhengqi soft capsules ), 2F I 4% J k7 ( Wushicha granules ), 2 i 2% Ji 2%
( Wushicha capsules ) 2 IR Lingyang Qingfei granules ) Ik
S ( Kaixiong Shungi capsules ) FEFP7SH AL ( Xiangsha Liujun pills ).
T2 2L ( Qingshu Yiqgi pills ) & B @AL ( Kaiwei Jianpi pills ) 758
Tk 3 (Liuwei Xianglian capsules ) &7 JFFAL ( Shugan pills ). 35 373 i
#7 ( Dalitong granules )

B W #E 50RL(Biyan Qingdu granules ). 38 1 %E B2 B8 2 ( Qiangli
Dingxuan capsules ) &7 i i & % ( Shumitong capsules ), & IR 0 K-
( Zhangyanming tablets )

kTAb & ( Dengzhanhuasu tablets ) FRET I AR a ( Dandeng Tongnao
soft capsules ) FRFHO M@ AKX HE ( Yindan Xinnaotong soft capsules )
F1BA B A ( Hexue Mingmu tablets ), T 4547 ( Gongning granules )
KRR T B ¢ € ( Tianma Xingnao capsules ), 1% 7C i Al I £ ( Peiyuan
Tongnao capsules ) AN AL ( Jiannao pills ) fdfiki % ( Jiannao capsules )

RO
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®1(%)
[é] 5 AH 21y SR H Rz
('stationary phase ) ( chemical constituent ) ( Chinese herbal medicine ) ( Chinese patent medicine )

P (schaftoside ) 147§ Dendrobium

Huoshanense ) "] 44k 5t

( Desmodii Styracifolii Herba )
BT VPHITF (Astragali Complanate
( complanatoside ) Semen )
514 (tectoridin ) I (lridlis Tectori Rhizoma )
i Bz ( naringin ) 1AL ( Shihu Yeguang pills ) F#5° A ( Zhining tablets )
HEIRHF (vitexin ) MZFER 1 (Keteling tablets ) JZ4F R B4 ( Keteling capsules )
FELFE (icariin) H B RURL ( Jinglida granules )
Wiz fa e 3 FKH 5 (Cirsii Japonica Herba

I S

( cellulose )

( pectolinarigenin )

Mt 3% -3-0-B-D-Hi%HE -
T-0-B-D— JeJ AU Y

( quercetin-3-0-B-D-
glucose-7-0—-B-D—
gentiobioside )

IH%Z (wogonin )

2R )5 ( chlorogenic acid )

WA TR (gallic acid )
WIHERR ( caffeic acid )

( verbascoside )

RS>

( unknown constituents )

JLZERRRILER

( catechin and epicatechin )

Carbonisata )
E2J5F ( Descurainiae Semen

Lepidii Semen )"

4 ( Mume Flos ).
%34 ( Chrysanthemi Flos ).
1 (Achilieae Herba )

VP4 3L ( Xiegan Anshen pills )

I8 A BE 11 B 9 ( Qinggan Lidan mixture ), ¥ A1 JH I % ( Qinggan
Lidan capsules ), % J7 K457 ( Fufang Dagingye mixture )~ JE F1 R
W ( Kanggan mixture ) JEE 1EZ B ( Ganmao Zhike syrup NI
#i ( Ganmao Zhike granules ) 58 R ( Yinxieling plaster ). /)N JLAfR &40
i ( Xiao’er Jiebiao granules ) A IR ( Xiongju Shangqing tablets ),
= 4 b W AL (Xiongju Shangqing pills ). &5 H H ( Zhikang tablets ) |
& 77 £1 i A (Fufang Shiwei tablets ), & JH AL ( Biyuan pills ). & U A
( Biyuan tablets ), 43 B B0 - (Jingi Jiangtang tablets ), /)y JLIA i 45U
( Xiao’er Yanbian granules )PP Hugan pills ). B R A ( Hugan
capsules ), ¥ I JUAL ( Hugan granules ), 315 £ 8 % ( Xiaoyin capsules ),
TR H IR ( Qingkailing mixture VIEHF R ( Qingkailing tablets IR
W JT R I 3 (Qingkailing capsules ), ¥ JF R il & A ( Qingkailing
effervescent tablets ), I FF R UKL ( Qingkailing granules )5 ¥ 7 5 e
( Qingkailing sofe capsules )V T R SR ( Qingkailing injection ). ¥
FER I (Xinyi Biyan pills ) JE T 2 ( Longqing capsules ), 75 H Uk
( Kugan granules ) /N L FRGH T ORE ( Xiaoer Resuqing granules )
iR A ( Niuhuang Jingnao tablets ) 4k C #5# A ( Wei C Yingiao tablets )

A8 B (Granati Pericarpium ) 5&E.CoEF L% ( Guanxin Shutong capsules )

4% 5L (Malvae Fructus )

P #E (Cistanches Herba ) .
PG ( Tamaricis Cacumen ),
% (Lagotidis Herba )
4 (Trigonellae Semen ) ™
470 (Lygodii Spora) "
K& ( Cirsii japonica Herba ),
T (Belamcandae Rhizome ),
1 (Mori Cortex ),

JEZ ( Dianthi Herba )

JLZ (Catechu )

KT S 1 5k ( Dengzhan Xixin injection ) R TR ( Yanning syrup )
M #5285 AL ( Bushen Yijing pills ), T4 4R A ( Ningshen Buxin tablets )

FLYH A (Rukuaixiao tablets ) " 45 T2 AL ( Weiyangning pills ) il 02
Ji % ( Tongxinluo capsules ), 7 UKL ( Relinging granules ), JRJE T
UKL ( Niaoganning granules ). & J5 P 3% ( Fufang Ejiao syrup ), i R
J ( Biyanling tablets )

HEFE e e #E ( Bibaike capsules )

1 (note ): *. BV FHAEE Ay 17 7 AH ) SCHRARGE ( the use of silica gel as a stationary phase has been reported in the reference )

Ry i

&
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AR R T 0] o RS 17 T 58 Tk Mg v 73 2 i g 1 o
FEIBUAY P RE )l S HOE I S AR AR, JF HoR T TLC
ST AR E T VR . S T gl R R AR
AR LG, R Tk i b R 5L S i ) 3 % g 06 v 1 SR A
J&, OS2 i AR 1 1 5 Ak 5 T, ATk
FeiL s

B2, & TLC HOAR M & i , SRt TE R TG
33 B A R PR T A . TR A A
R I B e 2 AR T e AR AR & SR AR X A5, )
(238 1 T SR e R 2 Y B 2R AL 5, e
PGSR T I 85, B E M 22 BB AN R AR B
2,45 BRI Ok — SR,y H R4 AL R i
HERAIUA FE 22 | 7R DR AF RN SE kA b & gt 1), e
252 R 280 K BORTEL B HR, IR 1
ZHARH
2 HFHZRTLC

21 4 3R 2 D 2 0 DO R R R 1Y
ANVEREY, AT R WY 4R S W B R Y 21
7 2K 2 A0 5 IR AR £F 4E K (native cellulose )| 18 &
21 4k % ( microcrystalline cellulose ), Z. Pt b £F 4 &
(acetylated cellulose )™ FH B 7 22 # £F 4 & (W&
e 7, F 2F 4E 2 aminoethylcellulose . —. £, & & £ &
21 4 & diethylaminoethylcellulose . 2 Z I \. B £F 4
Z polyethylenimidecellulose )" 4 £F 4 & fif 4£ ¥
(cellulose derivatives ), JRA£F4E R ML M LT 4E R 16
B AR P LR P ERR LAY &
WEALLF4E 2R 2 1 T B IR D5 &Rk 69 1, 45
B RE IR T T S AR TP SRR R 1 B T A R AT
e R ] 1T or B AL R , Anfiki IR 1Y DNA Jin& W) 7e
ZFYER TLC AR b 52 BUREA 19 = A IXBE A, mAE Ay i
Sel 3 JE RN RIS i) —F 2307 Bt 2,

T B A IhRR 1 B S, ST 4R R AT AR
BTz AT o3 B B SR A, R ) B = R 4T
A4 & ( microcrystalline cellulose triacetate ), — L
12 21 4 £ ( cellulose tricarbamate ) Fll = 2K F R 2] 4k &
(cellulose tribenzoate ) ™!, Lepri %5 PV iff 57 & B, 45
PR R EUA R P A (] 52 M X R ) R B A s — I TR
LRAER M 0B RE AR RN K R A x5 T
PEVUNFIOR BB IR, 22 B AR I — T th i ] =
A RET A R R AU 738 1 0 A B A 0 e S A
I, I HAE =R WA R R R FIF R T —F0%

Bl 5 1 7 PO, Suedee 45 P = & 5L H R
LU Z AT E VR N B A, i TLC B 8 T
ZRIR IR IR S AB IR, I HLBk 8 1 241 2 AR A 25 F ik
JE o RIREF L AN B AR o B h B L
H R T 0 3 50 B, 7 FH AT 4t R A ik i 25 AR
2, A7 2 B ARAT AR BE S e 22, A A%
R BR SR BRI T HAE 2 B s im il i f i H o
3 ®ERTLC

20 22 60 AFAR:, Ml Ak A T AR AT A R KT
277 i A A A, R i R T TLC AR R 1 A
ST BRUELL P2 R A B L S R W A2
Y Z TR, HA T R R I REBERE Sk &9 L
A5 T I DA 7 A ) S B AR PR B, Y
34 X B 20 M 0 B RE A 1) 25 S ek Pk o, e X
FRE T, I nFE S E 3 il T2 AT R 2 10 4
B TR TRIZ AL A, ik G AR R 1 A X T
P B, BRTE TR 25 B0 R A s R
25 PUAE R BTG R A A A 1 43 B A (L
#2),

R A8 Fe J 225 R ) R ), T e g 3 J2 il ol
Fo R VRS2 A e A5 T 2 PR RO e s v 2 Al
PR RIRE ST S A 4 28 99700 SR i FH B Rl AR A
Ay EMERE SRR SR RS0 A A R R e —
iy, Hort HPTLC JEAE R 19 SR . o Tl EA
G5 AT H R B T8 LA R J AE A G i A, 18
TE KA ATl & A R R BE R Y n— B L5 A 10 I A €
i PTRT PR, AT AR PEAS R SR A A i et e
J, et I oM RE I T DAAE S — R ) b SE B
IEAHG B SRIGTESE R IF 1) LS B  AH o, H
AR ) 4 YRy B R 5 A S R e I LA 55
PE Y BT 240 AR, Xy A ) B e I i B
PE, BT o BT IR GRS s g R 25, A i mT
BB TG WA RG2S I & K
KA 17 RERE TLC A IS Rl He v 58 1 22 4968 1 g
A3 IEF3 AH DG , 2 B 1) S R 2% PO,

e, Bt 25 o fe Bk A28 RN 38— BE B4R Ak, ARG T 2k
B T A R AR 1 2 Je , v J 2 AR AF A T
b [ 7 A 2R, 76 S MR A A A A,
St EONE B RS, B MR E A, H
I LD 0 A ) P R 2 M A T (AR 5 700 S 2
 FEAUBRR B R s IO 4 R, AR A VR T
WA ) W& , BT LA 15 ik B (e ) R
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R2 HERTLC EUFERS S BT H A

Tab.2 Application of silica gel TLC in separation and analysis of constituents

AT HEAL WA ik
( component type ) (research content ) (reference )

RN SFFER T 25 BERL Y TLC %515 ¥R BB T 8 B2 /K S50 ik (5 335 M ( TLC identification method of Leonuri Fructus [38]
(‘alkaloid ) and Leonuri Herba was revised to make the color of stachydrine hydrochloride clearer )
HE#E W e A A K I TLC RS PE 4 e HAT 3808043 Y520 ( comparing the TLC chromatogram of Peucedani [39]
( coumarins ) Radix before and after the honey—fried to evaluate effect of processing on the effective components )
ENIFES ST AN [ 7 bR TR KR 3R TLC S5 50 75 35 IX 43 1 A6 00K T (the TLC identification method of lignans [40]
(lignans ) in the Schisandrae Chinensis Fructus from different origins was established to distinguish the Schisandrae Chinensis

Fructus from Schisandrae Sphenantherae Fructus )

g BT A AL 19 LB TLC S50 2 LA i 5 A A B AR #E1 71X 43 (a flavone C—glycoside was [41]

( flavonoids ) used as a marker to establish a specific TLC identification method to distinguish Dendrobium Huoshanense from other
Dendrobii Caulis )

=l T FH 2 DA A A Ak 3 0 S IR I SR TR L B R TR R S R 2 11 [] B %2 531] ( simultaneous determination of [42]

(triterpenoid ) tormentic acid, ursolic acid and oleanolic acid by in situ pretreatment—thin layer chromatography )

Ll HEN7 R T TLC 15 58 BT A #5 2 43, b GC-MS 32 55 4y fi A% L3 ( the secondary development TLC was [43]

(‘essential oil ) established to identify the essential oil of Aquilariae Lignum Resinatum, which was easier and faster than GC-MS )

EigE T EOR M H R Y TLC J7 B TR TS A 28 2097546 (a TLC method for the identification of [44]

('saponins ) Polygonatum Kingianum and its processed products was established to investigate the changes of saponins before and

after processing )

SO ST 4 2 (1) TLC J7 % F T 20 BT AS [ 77 i 1) 4 28 35 vb it 0 11 25 000 A7 76 119 22 5% (a TLC method for the [45]

( cardiac glycosides ) identification of Anoectochilus roxburghii was established to indicate the differences of cardiac glycosides from different

origins )

pyi XY TLC J5 AT AL LUR SIS B 1 RS 53 1545 (the TLC method of Rheum palmatum was optimized [46]
(‘anthraquinone ) to demonstrate the characteristics of anthraquinone components of Rheum palmatum )
HRAR LT TLC FH 5 AR NZENS (14 BAGE SEAZ A TR 1Y R 1w 40 HT AP 52 N— BEFH B AT (a fast N-glycosidase assay [47]
(oligonucleotide ) based on TLC-densitometry was established by direct determining the adenine based single stranded oligonucleotide )
Z ik DNA U1 TLC A i i 12 192 8 56 1R 5 20 B 12 L 43 B 22 IR W44 ( DNA-TLC plate identification of amino acids [48]
( peptide ) related to the interaction between the nucleic acid base was used to separate peptide enantiomers )
g4 LT TLC 30058 285 1 5T =~ g e b A b e (a local quality standard for Dendrobii Devoniani Caulis [49]
('polysaccharides ) from Longling, Yunnan was established based on the determination of polysaccharide content by TLC )

B KA TLC 5 oAl (0 — e A AR S & b 27 A Hh = BR A1 8 AN H i 8 ( 27 wiglycerides [50]
(ester) and 8 diglycerides were identified by preparative TLC combined with HPLC-MS )
PUFRER A TLC V05 DY PR 38 2 b if s 1 P s IR ST AL T HE 72 h YRR A DU BR 3, T LU I 25 I A% [51)
(tetracycline ) 1% ( by measuring tetracycline content on TLC plates, it was determined that autothermal high—temperature aerobic

digestion could degrade most of the tetracyclines within 72 h, which could reduce the spread of drug-resistant bacteria )

{14113 T TLC 1 S M W B e S 245 1 15 U | PR 45 R X SR AT S B R B 2 H AR 42 195 B (the synthesis  [52]
('sulfonamides ) progress of sulfonamides can be monitored in real time using TLC, combined with single crystal X-Ray diffraction

technique to determine the synthesis of target molecules )

Bk I TLC 25 7028 1 3 3 hr SO TETF & T — Rl e 3 85 88 3 JE1 T B G I 19 J7 %5 (a method for the on-site [53]
(aflatoxin ) testing of aflatoxins was developed by using TLC and surface—enhanced Raman spectroscopy )

2 — ot (R0 2— A L LG 2R T TLC A6 I BRI B 1 8 5 1k f €8, (a new spray reagent 2—thiobarbituric [54]
('pesticides ) acid has been used for TLC detection and spectrophotometric quantification of dichlorvos )

ARG B FWOAR (1Ls ) ARt Sl AH kB 5 AR 50 A 5 LA KIS I TLC VRN 2 (O @R AERTISE MER BT e ;. [55]
('surfactants ) JHVEE ( the entry of ionic liquids ( ILs ) as mobile phase or as impregnant of stationary phase tremendously increased

the scope of TLC as green chromatographic technique in the analysis of surfactants )

4 K TLC BRARTM 45 2R P W T R PR W R, 0 BT A AR L
TEWEFE R, K BUER oAl PSR BE R FIEF4E 2K TLC 1~ B 22 1 AR MR L YA 3 81 LA 7 R 25 44
(8 245 B it Tl B 25 530 7 Wk AR AR B, 2 R G R A B TLC R IT WS, LURE IS O [ 2 A0, 137 1 AH I 9

AL HREL
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TLC %5 J5 ¥, X 2R 25 bF g PR S 42 it 1 4b 58
UE T

41 BPRAEED TR T TLC KR B4
( Chrysanthemi Indici Flos ) FE 2015 4F fi € rf [ 24 4L )
ot T #4915 A g SR Pk P 9SS, e O 590 Sl 1R £ TG -
T - = bE - B - k(15 : 15 : 6 : 4 : 1),
JEIF RGBSR RE G E M AR
B 5 A0, e IF RIEIT i £ R T R - W R - K
(2515 1),2% =HALMOFHER 6, Gk
UL 1-AP BE 2 E & i Wi, A2 55 F ( Descurainiae
Semen | Lepidii Semen ) ¥ Rk TLC J& 5t %) 55 52 1
T B e -3-0-B-D- i -7-0-B-D- JEJH
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Fig. 1 TLC chromatograms of Chrysanthemi Indici Flos (A), Descurainiae Semen, Lepidii Semen (B) and Cuscutae Semen (C)
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Fig. 2 TLC chromatograms of Oroxyli Semen (A), Cistanches Herba (B) and Typhae Pollen (C)
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