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Establishment of HPLC fingerprint, chemical pattern recognition analysis
and content determination of aloe
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Abstract : The fingerprint of aloe from different origins was established ,and the chromatographic separation was performed on
a Phenomenex C,g column (250 mm x4.6 mm,5pm) ,and a mixture of methannol-acetonitrile-0.3 % phosphoric acid water
solution was selected as the mobile phase for gradient elution. The high-performance liquid chromatography ( HPLC) finger-
print and chemical pattern recognition were studied to provide new method for quality control and evaluation of the different
production areas of aloe. The results revealed that the HPLC fingerprint of aloe was calibrated with a total of 23 common
peaks,and 6 common peaks could be identified using the references. The similarities of other medicinal materials was above
0.93 except for three batches of Guangxi medicinal materials and 12 batches of aloe could be divided into 3 groups by both
cluster analysis and principal component analysis (PCA ). Furthermore, the quality differences of aloe from different origins
were mainly caused by 5 common peaks according to the results of orthogonal partial least squares discriminant analysis
(OPLS-DA) . Meanwhile, the contents of 6 components were determined by the same HPLC method. In brief, the establish-
ment of HPLC fingerprint combined with the application of chemical pattern recognition could provide a simple and accurate
method for the quality control and evaluation of aloe.
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Fig. 1 HPLC fingerprint of 12 batches of aloe

B2 FEEEm(a) MBAXRARAR(D)HPLC B
Fig.2 HPLC chromatograms of sample (a) of aloe and mixed reference substances (b)
Tl TR 2 ST D3 7-0-F L 2w A4 ST ByS A A6 B E KRBT E . Note: 1 Aloesin;2 ; Aloeresin D;3:7-0-
Methylaloeresin A ;4 : Aloin B;5: Aloin A ;6 : Aloe-emodin.
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Table 1  Similarity evaluation of fingerprint of 12 batches of aloe
R AU Similarity
Sample s s2 S3 s4 S5 s6 s7 S8 9 s10 si1 s12
st 1.000  0.960  0.874  0.901  0.885  0.877 0.976  0.829  0.776  0.370  0.388 0.385
2 0.960  1.000  0.866  0.931  0.926  0.935  0.974  0.862  0.858  0.354  0.394 0.370
S3 0.874  0.866  1.000  0.948  0.969  0.918  0.908  0.943  0.898  0.167  0.305 0.175
4 0.901  0.931  0.948  1.000  0.979  0.967  0.945  0.939  0.935  0.250  0.366 0.264
S5 0.885  0.926  0.969  0.979  1.000  0.982  0.943  0.952  0.950  0.200  0.318 0.210
S6 0.877  0.935  0.918  0.967  0.982  1.000  0.948  0.917  0.939  0.228  0.302 0.236
s7 0.976  0.974  0.908  0.945  0.943  0.948  1.000 0.882  0.854  0.321  0.351 0.332
S8 0.829  0.862  0.943  0.939  0.952  0.917  0.882  1.000  0.975  0.398  0.320 0.402
$9 0.776  0.858  0.898  0.935  0.950  0.939  0.854  0.975  1.000  0.360  0.305 0.367
SI0 0.370  0.354  0.167  0.250  0.200  0.228  0.321  0.398  0.360  1.000  0.222 0.996
St1 0.388  0.394 0.305 0.366  0.318  0.302 0.351  0.320 0.305 0.222  1.000 0.246
SI2 0.385  0.370  0.175  0.264  0.210  0.236  0.332  0.402  0.367  0.996  0.246 1.000
R 0.930  0.954  0.933  0.970  0.965  0.957  0.962  0.966  0.948  0.435  0.383 0.446
s : - : > : PR B Yy AT RIS b, 4 SR LR 3. AL 3
i AT, 12 L 25 2 R B B Rl =2, 818287
B —25,S10 ~ S12 BR3¢, S3 ~$6.,58.59
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Fig. 3 Hierarchical cluster analysis plot for 12 batches of aloe
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Fig. 4  Score scatter plot of PCA
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Fig. 5 Score scatter plot of OPLS-DA
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Fig. 6 VIP values of common peaks in

OPLS-DA model of 12 batches of aloe
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]2, 17 — 350, B AR A X B DLIED 2,
2.5.2 KMEE A N RAE SR

Ay BIAESIIRC2. 1. 27 R 6 ANk B I 45 W
i RGN B 2 RS, i — R YA )i i
TR A R B TR, 4522, 1. 37 I (035 45 1 i R
e, SR AR . DAAS 1 U B 0 T i VR (o, g/
mL) Sy AL bR TR (Y) S AL BRIEA T |1 5347,
SEEL UL 2 43 BRI RO BE A TRGE =
PSR R, #2137 U (A i A5 A R 5, DA IR
e 10:1.3: 143 it 53 e PR R R . 25 2R % B,
FIEET R TLSHE DT-0-W LA S
T BUAZEH A R RE R AR LA & A
(LT PRl N 38 AT R IR R MR B R
$7=0.999 5, K0 P78 FEl £ 0. 017 4 ~0.314 0 pg/
mL, % B FE ZE 0. 034 9 ~0.559 0 pg/mL, 455
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2.5.3

ARE R A R AR

K PR - URE AL (S1) 452, 1. 17 J7 kil %
FESRIR, F22. 1. 37 TR (3 A 1 S AR 52 6
WAL RIETRR . SP2R B, 2R YA D,

®2 6 MERMANEEFRE EXRY LMEE RNRMEER

Table 2 The regression equations, correlation coefficient, linear ranges, LOQ and LOD of six markers

T-O-FFRPZEHW A 2 B S A I ZE R
e Z T LAY RSD 435124 0.69% 0.75% 0. 64% .
1.22% 0.99% 1.13% (n =6) , ZE WA 28ks 25 )3 B
uf

o MR ‘ e
o ompoun equation (pg/mL) R (pg/mL) (pg/mL)
1 PEEZETZE Aloesin Y =70 835x-65 539 0.22 ~22.25 0.999 5 0.018 9 0.047 4
2 PEEHE D Aloeresin D Y =433 364x + 18 164 2.86 ~524 0.999 5 0.2200 0.550 0
3 T-0-PEZH I A 7-0-Methylaloeresin A Y =134 814x-1 966. 4 0.79 ~47.81 0.999 9 0.164 0 0.3280
4 PiZEYF B Aloin B Y =528 980x-1 020.8 5.64 ~508 0.999 9 0.2230 0.5590
5 FZEH A Aloin A Y =508 639x +3 652.2 7.76 ~506 0.999 9 0.314 0 0.523 0
6 PELE R ZE Aloe-emodin Y =260 250x-48 472 0.78 ~55.66 0.999 9 0.017 4 0.034 9

R PR URE A (ST) 52, 1. 17 J7 il

FEMVRW, BT S AR A, 1202, 137 A3k 5, 7
HITE0.2.4.8.12 18,24 48 h FEREIE , 10 ¢ 14 T
o PR NIRRT DT-0- I
ZOHEC A IR B S A R R R T AR
B RSD 43 38 1. 92% 2. 59% 2. 73% .2. 93% |
2.46% 2. 15% (n =8) , KW Z5HE MW T =
R 24 h NERENE REF
PRI OB AL (ST, RS AREL 6 1y, 9%
2L 1T AR I, 2. 1. 37 (g AR Rt
FEIZE | IC R IETI RO i . SRR, 2

TR IR D T-0-H R ZE R A AT B
PIETE A RIS E R B R A R A 8. 42,
167.28 ,18.62,109. 60 ,191. 91 24. 02 mg/g, 3% ()
R3 MEEKRER(n=6)

Table 3 Results of recovery test (n = 6)

RSD 73 4 5 0. 88% ,0. 72% 2. 13% . 1. 30% .
1.48% \1.95% (n =6) , KW 5 A BB R AT

TR RIS : IO i (ST) 2581 B K (3 5
1) 25 mg, 3 HERE AL O SR S DT
O-HEEFT 2B A P21 B UM A MR
R EA R GRG0 IS P 1 DR IA J5 22
ARPR[E 2. 117 452, 1. 37 (i A PR A T
TR RICR . PR AR DT-0-H A
B A ST B ST A RS SRR B
R i % 43 51 R 99. 00% |, 91. 45% . 97. 93% .
94.70% . 96. 41% . 95. 34% , H: RSD {f 4 %l K
1.16% .0.86% .0.98% .1.13% .1.22% .1.94% (n
=6) fm Y IR RAF 4R LA 3

W B E‘ﬁ% A= HIUEES s ENES -2 [l i
Component Sample Original Added Found Recovery Average RSD(% )
weight ( mg) amount ( pg) amount ( pg) amount ( .g) rate( % ) recovery( % )
PR Aloesin 25.45 214.2 284.4 497.6 99.7 99.00 1.16
25.20 212.1 284.4 488.6 97.2
25.05 210.8 284.4 490.2 98.2
25.00 210.4 284.4 496.3 100.5
25.10 211.3 284.4 493.1 99.1
25.15 211.7 284.4 494.0 99.3
iﬁi{ﬁg 25.45 4257.3 3710.0 7673.6 92.1 91.45 0.86
25.20 4215.5 3710.0 7 560.9 90.2
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W FE J5 A = JA HIEES 8 e RS aliiE S
Sample Original Added Found Recovery Average RSD(% )
Component .
weight( mg) amount ( pg) amount ( pg) amount ( ng) rate( % ) recovery( % )
25.05 4190.4 3710.0 7559.1 90.8
25.00 4182.0 3710.0 7 598.3 92.1
25.10 4198.7 3710.0 7 603.4 91.8
25.15 4207.1 3710.0 7612.1 91.8
7 -0 - HERAZEHE A
7 - 0 - Methylaloeresin A 25.45 473.8 513.0 980.3 98.7 97.93 0.98
25.20 469.2 513.0 964.9 96.6
25.05 466. 4 513.0 965.7 97.3
25.00 465.4 513.0 971.3 98.6
25.10 467.3 513.0 975.2 99.0
25.15 468.2 513.0 967.4 97.3
P%.JFTB 25.45 2 789.3 2 403.7 5095.8 95.9 94.70 1.13
Aloin B
25.20 2 761.9 2 403.7 5008.7 93.5
25.05 2 745.5 2 403.7 4995.0 93.6
25.00 2 740.0 2 403.7 5039.0 95.6
25.10 2 750.9 2 403.7 5040.2 95.2
25.15 2 756.4 2 403.7 5022.7 94.3
ﬁ%ﬁ:A 25.45 4 883.8 3328.0 8071.4 95.8 96.41 1.22
Aloin A
25.20 4 835.9 3328.0 8077.6 97.4
25.05 4807.1 3328.0 8 043.7 97.2
25.00 4797.5 3328.0 8049.2 97.7
25.10 4 816.7 3328.0 7 987.9 95.3
25.15 4826.3 3328.0 7 988.6 97.3
Fﬁj{ﬁ? 25.45 614.9 719.4 1322.2 98.3 95.34 1.94
Aloe-emodin
25.20 608.8 719.4 1303.6 96.6
25.05 605.2 719.4 1290.4 95.2
25.00 604.0 719.4 1274.0 93.1
25.10 606. 4 719.4 1284.4 94.2
25.15 607.6 719.4 1287.6 9.5

2.5.4 #HasEnE

RFH“2. 137 TR py g i, e 7 12 ik
LSRR PSR LT DT-0-H A
AEEH BT A RIS RERN S &, B
FEAA 3 AT, 45 R R 4,

HE% 4 AT, )R RSO = X ) 6 4845
A A ik F] 519. 87 ~688. 87 mg/g L b, T
FOP= XA F] 371,31 ~442.73 mg/g, 12 itk
6 MBI S X, SR SR DJT-0-
FHIE P 250 a A AR i 25 R, 40 ol 0,55
~13.47 7.98 ~369.88 .1.36 ~25.44 mg/g; 5254

B A FIPSZE R B R 0 & 5 22 A BN, B il
k1 65.14 ~150. 08 .109. 51 ~263. 16 .18. 30 ~40. 32
mg/g, TP AR, LR D R
1#(9.70 mg/g) AL T 471X (293. 97 mg/g) . iff
Fr=IX (293,57 mg/g) FIPUJI 77 X (257. 81 mg/g)
-S4, H P 254 B(142. 58 mg/g) Al A(237.08
mg/g) P-4 & 48 T AR 7 X (110. 21,195. 79
mg/g) IR X (102. 80,179. 87 mg/g) P4 )I|
X (97.17.170. 48mg/g) fIFH1A
3 Tt

AMFFE L ARE T AR RT3 3 R 75 TR X R a5 0
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Table 4  Contents of 6 indicative compounds in 12 batches of aloe
& Contents(mg/g)
ERe) 7-0-H1
No. 7 PR ONEHHD EMEHWA MEHEB FERA L ERER syl
Origin Aloesin Aloeresin D 7-0- Aloin B Aloin A Aloe-emodin Total
Methylaloeresin A
S1 )i 8.44 167.28 18.62 109. 60 191.91 24.02 519.87
S2 pg )il 10. 14 369. 88 25.39 65.14 109. 51 19.03 599.09
S3 I % 0.55 354.24 3.96 105.87 183.93 40.32 688. 87
S4 I & 7.15 330.90 16.29 95.17 166.95 20. 63 637.09
S5 &K 13.47 196.77 25.44 129.59 236.50 23.63 625.40
S6 NaTE] 0.63 317.65 2.13 113.06 201.13 18.73 653.33
S7 P 8.91 236.26 23.67 116.77 210.03 19.67 615.31
S8 a3 8.73 309.76 15.74 103. 60 180.32 21.74 639.89
S9 e 1.32 253.31 2.80 91.74 158.17 18.30 525.64
S10 i) 0.60 7.98 1.36 150. 08 263.16 19.55 442.73
S11 it 1.15 12.24 2.41 129. 60 199.42 26.49 371.31
S12 it 0.74 8.87 2.05 148.05 248.65 22.07 430.43

FEPCR M, Z5 5 KB, 1 PH A BB IR % i
()0 O, Ty #AE o RIS 43 501 25 456 T 4 s 1)
(FHEE OB ) Fove 46 ECAS () RNyt b X 2 25 245
M 6 M HEAREL T FEBCR G52, 4558 BoR ,50% H
B/ EWE 75 mL 75 S B 20 min R feff, HET
CNE-HER KW | £ - R 7K i i A FY el i /K
G R, BREW, YL HE-C 0. 3% B
PR 7K WS VR R U Sl A 26 A 7 0 B e M B, 4% 98 s i 4 0
RUXIHR o0 B8 B 3 s AT I (), O et . Heg
TR K 3 K (254,280 310,330,360 nm) F 4
s i WS T R 43 5 B, 465 SR B 7R, 254 nm Ak 6 A
FEBR o WO 32 vy, SRR TR A0 B R, e
$£ 254 nm SRIEA

12 Jik 2 25 25 0 1 48 s ik e U0 23 A3y
U, DARIBLRE 45 SR mT 0, B 04 7™ DX A AR ARLEE IR T
0.5 #b, HAth 4K T 0. 93, BB i 6 iy 1 25 2 4 R 7
AR, HAL R RS EARARER . R
WA R AT, 12 #ES LSRR 3 25, H EK
AT AR — 2 I IE S R /> 3 ) ik i
WS S 2R BT A 22 Y 5 A ke, - LUAH [R]
HPLC X HAE AT & e . A 25 R R 2
2k E R EYIE LS 2 — " B EA
B LIS R PR AT, A AT S5 R AT 6 AR AR
BT SRR R 2 R . X R 22 5 AT e R i T b

PRIE AR A SRS | e K VA B AR A X
SFIHZ IR, S ORI ) IR S A R
NI B AR BLRE L R 5 i (g 22 R ks
ZEAM I AR R PR S B, Horfei O =X b+ T
& IO TR A 2 2 B A U A AR ZE 57

ABETER 2 AR SURE A A AL iR N2 oo A
BT I REANR] 7 M ) 5 25 2564 1o 22 S BEA T 23 A
IR 6 AFEAR T HEAT T S, ] EULE Y %%
P PTEE 2R A R — B0 3 [R] AR BAL A o
(022 50, D 25 2 b B0 JBA 4 o MR 24 5 7
T RARMR 2 S %
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