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Abstract

Objective: To establish a high-performance liquid chromatography (HPLC) fingerprint to provide a
theoretical basis for the quality evaluation of Imperata cylindrica medicinal material and its gra-
nules. Method: HPLC-PDA method was adopted. Chromatographic column Diamonsil C18 (4.6 mm
x 250 mm 5 pm), flow rate of 1.0 mL-min-1, detection wavelength of 320 nm, mobile phase of ace-
tonitrile and 0.1% phosphoric acid water, gradient elution, gradient elution. Then, similarity evalu-
ation software and cluster analysis were used to analyze the Imperata cylindrica medicinal ma-
terial and formula particle samples. Result: Fingerprint analysis was conducted on the water-solu-
ble components of Imperata cylindrica and its granules, and the fingerprint of Imperata cylindrica
and its granules were simultaneously imported into the similarity evaluation software. The simi-
larity of 10 batches of Imperata cylindrica medicinal materials was greater than 0.912, and the si-
milarity of 10 batches of granules was greater than 0.944, there are 18 common peaks between
the medicinal herbs and the formula particles, with a similarity range of 0.915 to 0.972; the clus-
tering analysis results indicated that the medicinal materials and formula particles of Imperata
cylindrica were clustered into two categories, respectively. Conclusion: The established HPLC fin-
gerprint analysis method for Imperata cylindrica medicinal herb and formula granules is sensitive,
stable, and highly reproducible, reflecting the overall chemical composition characteristics of Im-
perata cylindrica medicinal herb and formula granules, providing a basis for the quality evaluation
of Imperata cylindrica medicinal herb and formula granules.
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1. 518

HEARTE T RARHEY A5 Imperata cylindrica Beauv. var. major (Nees) C. E. Hubb. )T /#H 2%, A
Bk, HRFRB IR AFR TS, R REA, TR, FlmRAEH
BE2]e BAFRAM MRS FE SR, BRI ZED T B8 B R AR =i
H. ANUIRAE K EEAZE[3] [4] [B]5, FF HA SCERIRIE AP ARG 3G i 0% J1[6]. PLEAb[7]. PR
[BI%Z AR . N TAETIRRHZ 7, BEREINR, & EFRAPZR A S R0 R4S PR T 2
B AT T R, IR HEE R, BRI ERE, TSR], Bt bR A
FRZRF H TSRSk . SRS 7] 45 22 b R 35 1 52 ) ] R 5 350H0 24 0 FE O S8R I R AR E 22 /e TR 24R
SUENE B ZRA M BN, nTEAESEZ MR A, &R BRI A SN F B, o] DUSEELX
Y07 RO A . A R AR R B, 7R R 2R B E A T A2 A [10] [11]. BARH
SCHRAT AR 26 R0 1 50 ARG 7 09y R e SRS AT T [12] [13], HH AT AFRA M 5
B 77 JBURL 3 AT R S AH SRR LR . DR, AT SR v SO S T 10 T B B SRR 2
AR 10 b E SF AR AC 77 BWURL ) HPLC 4880, DU F 3P R 2504 S FL T 77 00RE (9 i S VPN SR it S K
e
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2. PRSI S
21, HR

HoP R SE = AT SR, &80 RO R % F AR 20 55 8 N R ARHEY E 5 (Imperata cylindrica
Beauv. var. major (Nees) C. E. Hubb.) iR =25, H PR 24544 A B 77 RIORLAT: i UL 26 1o

Table 1. Serial numbers, sample names, and sources of different batches of Imperata cylindrica medicinal materials and
formula granules

F 1 AEHCREIBFRAMME T BRFS . HaafgRiR

RRFS B4 P/ ST/
S1 SEZ Y IR b
S2 FFAR 244 — i Zk
S3 HF R 258 R— K&
S4 PR 2 — Wk
S5 HP AR 2 M-
S6 FIFAR 244 a2z
S7 HEAR 2 A5 24 )5
S8 FISFAR 244 ZRKE 5
S9 FIFAR 244 IF 5 B 2L AT PR ]
S10 FIFAR 244 TEEFEZIAT IR A
S11 PR 77 TR IR TR E R A A
S12 S AR 7 50k IR HIAERA A
S13 S AR 7 R IR HIAERA A
S14 S AR )y 5k IR R A F
S15 S AR )y R IR R A
S16 EE 2 wp iy AR BR A
S17 B 2 wp i AR BR A
S18 ISP AR 77 B0k IR AE R A A
S19 ISP AR 77 Tk IR ZERA A
S20 SER NIz T I AR HIAERA A

2.2. WA S51LER

2.2.1. W
IR TSl (B 2 R F G IR A D), SN i ol ([ 2SR AR BR A AD), B S 4
(FE 2 A2 AT PR A RD), R G I 7K (5 BH 4k e e 2 P B 7)o

2.2.2. L
Waters HPLC (3% [ Waters A &), G4EVU TG R ERE AL . B ZhdEFERS . AEiRAH . PDA Kl 25 . Empower
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B TAER); (PGSR SO U R4 A ) (EIZK 25 12 145 2004 A fiR); ML S
800Y, /KEEMAARKFLEHMARAR); BT RFAEIS: FAL10048, LTS H A8 ); AL204-IC/
T2 53 Hi R F-(METTLERTOLEDO X284 fR A ).
3. /7
3.1 i BmBRNEE

B 10 ARG, FwE, £ 15.09, FEEFRE, I 10 58K R IR, & I K BRI IR 46
% 25mL, =H 10 mL &+, F 50%FEE 20 mL %@, 0.45 um GLFLIE Mg, B pEmAE Ak s
. B 10 #t A FRE 7 Wik, WFdH, £EZ) 259, RSEWRE, T AR S VE TR % 76 & AR
Be 7 FURLARE AR S VA
3.2. BiEEH

% HPLC-PDA #&:ill, {fif4%: Diamonsil C18 (4.6 mm x 250 mm 5 um), ¥ti# 1.0 mL/min*, &9
£ 320 nm, FEi 30°C, #EFEE 10 pL, BREEPRMLSA L 2.

Table 2. Gradient elution conditions

® 2 BERRELS

1A (t) TBIH A (L) TENAH B (0.1%MERR7K)
0~23 5%~12% 95%-~88%
23~55 12%~20.5% 88%~79.5%
55~60 20.5%~5% 79.5%~95%
60~70 5%-~5% 95%~95%

33. FEFER

331 BEEIRE
A AR 20 (SL) ARSI, F4mf e i S R 200 RE 6 IR, U1 2 A W R AR GHER B3 B[R]0
FASHIETHE AR ) RSD /N T 3.0%, FHIXBSHE 255 R IT,

332 BEEIRE
A SEAR 250 (S AL iAW, T e s 4T 0, 2, 4, 8, 12 Al 24 h BRI e, 1%
A W 1 A 55 B s ) AR st U T AN ) RSD ¥9/8F- 3.0%,  FEHHRE S A R A2 e e IT o

3.3.3. EEMRE

HUESEARZ5 MRS, 6 43, $% 3.1 TR HI#% 6 I i VAR, % 3.2 TR (il 4544 o ldh i, iHE s dt
7 W PR R T {5 B BT )RR P TR AR ) RSD 397N T- 3.0%, R HiZ 7V S M BT
3.4. SYRHEIES EERNFE
3.4.1. B¥RGM EBFRE S BTRIES EIEAEL

43X 10 b A S AR 2584 FNEC 77 BURLRE RS S FR g, 1% “3.17 TR IR MRS, 4% “3.27
TR (A B 2 A AT AN 4B, K IS 3810 ) €3 BRI 0 St 5 N R 25 48 SO RS AL VAN R 88, 1B 31A
SERRFN A ZE AR 5 W0k (1 HPLC $e 40 &, 455 L& 1-6.
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Figure 1. HPLC fingerprint of 10 batches of Imperata cylindrica medicinal materials
1. 10 #tB5FiRZ5%F HPLC 354U EIE
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Figure 2. Common pattern of HPLC fingerprint of Imperata cylindrica medicinal materials (Peak 19 as the control peak)
B 2. AFiR%H HPLC I8 EIEHAEAE (19 S1E AT ERIE)

300

290

280

% 510
260 A al \

250

240  — S9
230

1 &
200
i ¥
2170

60
uTn'}so — 56
@140

130 S5
120 A AA

110

100

o 54
80

gg S3
50

- S2
1 A~ S1

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54
B 18] (min)

Figure 3. HPLC fingerprint of 10 batches of Imperata cylindrica granules
[ 3. 10 #t B3 IREC 5 BURL HPLC $R4EiE
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Figure 4. Common pattern of HPLC fingerprint of Imperata cylindrica granules (Peak 17 as the control peak)
4. AZFIREC Bt HPLC 88 B ERAE (17 SiE A3 RIE)
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Figure 5. HPLC Fingerprint of Imperata cylindrica and granules (S1~S10: Imperata cylindrica medicinal materials;
S11~S20: Imperata cylindrica granules)
5. EBRZM BB BRI HPLC 384 Bl (S1~S10: EFARZAH; S11~520: EZFRAD S k)
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Figure 6. Common pattern of HPLC fingerprint of Imperata cylindrica medicinal materials and granules
6. ASFIRZM RERL HPLC 5 Eit £ 51ENE
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3.4.2. HEIENHE

FISP AR 264 S e 7 Ok i Fa SO Bt o, 10 it SR AR 2 M e S (il ig s 23 4, 10 kPRI
7 BORLR AT (IS 18 A, ISP ARZG M R BRI e ST I 18 4, SERILIE 2. K 4. K 6,
PN AT 0k i IR 28 AR 240 B I 5 UKL ) FE A W (17 5 ) A 2 R, AT b S B T R R 0T B 1) A
FEXTUETIAR, W2 3. 3K 4.

Table 3. Relative retention time of common peaks in HPLC fingerprint of Imperata cylindrica and granules

= 3. BF IR SHAL HPLC e EIE L B IEA BT R B R E)

g sl s2 s3 s4 s5 s6 s7 s8 s9 s10  sl1  s12  s13 s14 s15 516 s17 s18 s19 520
1 01424 01426 0.1425 0.1423 0.1428 0.1417 0.1427 0.1430 0.1418 0.1421 0.1420 0.1420 0.1423 0.1420 0.1425 0.1431 0.1426 0.1420 0.1419 0.1421
2 0846 0.1845 0.1845 0.1843 0.1849 0.1835 0.1850 0.1855 0.1836 0.1839 0.1839 0.1840 0.1841 0.1840 0.1844 0.1852 0.1844 0.1839 0.1837 0.1836
3 02127 02124 02124 02120 02127 02112 0.2126 0.2128 0.2104 0.2116 0.2119 0.2121 02121 02121 02126 02132 02117 02121 02119 0.2117
4 03385 03374 0.3374 03373 0.3379 0.3362 0.3378 0.3381 0.3361 0.3373 0.3375 0.3377 0.3384 0.3376 0.3391 0.3389 0.3477 0.3380 0.3376 0.3374
5 03489 0.3479 0.3482 0.3478 0.3482 0.3464 0.3482 0.3479 0.3458 0.3477 0.3479 0.3479 0.3484 0.3476 0.3490 0.3483 0.3477 0.3483 0.3476 0.3477
6 03829 03821 0.3826 0.3819 0.3823 0.3806 0.3832 0.3835 0.3811 0.3820 0.3810 0.3814 0.3821 0.3813 0.3823 0.3826 0.3805 0.3814 0.3811 0.3810
7 04351 04341 04346 04342 04338 0.4326 0.4347 0.4345 0.4329 0.4341 0.4339 0.4343 04347 04344 04353 04360 04299 0.4346 0.4341 0.4337
8 04552 04542 04546 04544 04538 0.4530 0.4548 0.4544 0.4532 0.4543 0.4541 0.4547 0.4553 0.4546 04559 0.4565 0.4493 0.4550 0.4547 0.4542
9 04852 04839 0.4846 0.4843 0.4841 0.4838 0.4850 0.4851 0.4833 0.4851 - - - - - - - - - -
10 05751 05742 05745 05746 05738 0.5735 0.5761 0.5766 0.5739 0.5751 0.5747 05750 05751 05744 05758 05769 05662 0.5751 05747 0.5742
11 06199 0.6188 0.6191 0.6194 0.6183 0.6191 0.6209 0.6209 0.6196 0.6199 0.6204 0.6203 0.6206 0.6197 0.6208 0.6216 0.6097 0.6205 0.6207 0.6200
12 06752 0.6779 0.6781 0.6787 0.6775 0.6787 0.6800 0.6803 0.6794 0.6797 0.6751 0.6751 0.6754 0.6746 0.6756 0.6757 0.6667 0.6750 0.6751 0.6745
13 0.6987 0.6977 0.6975 0.6981 0.6972 0.6980 0.7003 0.7012 0.6987 0.6991 0.6991 0.6994 0.6995 0.6987 0.6996 0.6999 0.6921 0.6987 0.6991 0.6983
14 07302 0.7295 0.7298 0.7303 0.7295 0.7298 0.7305 0.7304 0.7298 0.7303 0.7302 0.7309 0.7308 0.7303 07313 0.7319 0.7253 0.7307 0.7310 0.7305
15  0.8489 0.8485 0.8483 0.8486 0.8481 0.8485 0.8501 0.8518 0.8487 0.8485 0.8486 0.8483 0.8483 0.8484 0.8494 0.8500 0.8454 0.8479 0.8478 0.8469
16 0.8900 0.8897 0.8886 0.8895 0.8881 0.8902 0.8921 0.8942 0.8909 0.8906 - - - - - - - - - -
17 09337 0.9336 09328 0.9334 0.9328 0.9343 0.9365 0.9383 0.9344 0.9341 0.9349 0.9349 0.9350 0.9348 0.9352 0.9342 0.9337 0.9347 0.9347 0.9349
18 09507 0.9508 0.9500 0.9504 0.9496 0.9513 0.9533 0.9551 0.9518 0.9512 0.9516 0.9516 0.9516 0.9514 0.9520 0.9504 0.9507 0.9515 0.9513 0.9514
19 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
20 11360 1.1362 11357 11354 11360 1.1360 1.1368 1.1383 1.1358 1.1356 1.1358 1.1357 11353 1.1360 11360 1.1313 1.1387 1.1352 1.1354 11353
21 11845 1.1848 1.1838 1.1833 1.1843 11846 1.1863 1.1884 1.1846 1.1840 - - - - - - - - - -
22 12437 12445 12431 12431 12435 12448 12472 12498 12439 12438 - - - - - - - - - -
23 12903 12911 12900 12892 12909 12914 12950 1.2980 1.2905 1.2902 - - - - - - - - - -

Table 4. Relative peak area of common peaks in HPLC fingerprint of Imperata cylindrica and granules

4. BFIREGMBRL HPLC 454 ElE A uE A XTI E R

A sl s2 s3 s4 s5 s6 s7 s8 s9 s10 sl s12  s13 s14 s15 516 s17 s18 s19 520
1 00160 00145 0.0104 00102 0.0099 0.0077 0.0080 0.0076 0.0165 0.0193 0.0048 0.0048 0.0039 0.0074 0.0068 0.0209 0.0208 0.0071 0.0028 0.0041
2 00810 00733 0.0490 0.0466 0.0458 0.0385 0.0375 0.0343 0.0823 0.0914 0.0282 0.0300 0.0295 0.0528 0.0530 0.1969 0.1936 0.0514 0.0282 0.0277
3 00200 00203 0.0225 0.0225 0.0229 0.0470 0.0471 0.0478 0.0098 0.0075 0.0373 0.0362 0.0369 0.0398 0.0394 0.0418 0.0404 0.0392 0.0374 0.0366
4 00088 0.0090 0.0096 0.0097 0.0093 0.0135 0.0137 0.0137 0.0078 0.0071 0.0117 0.0127 0.0126 0.0137 0.0127 0.0295 0.0452 0.0130 0.0116 0.0126
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Continued

5 00288 00290 00290 0.0292 0.0298 0.0557 0.0560 0.0565 0.0147 0.0115 0.0395 0.0383 0.0395 0.0416 0.0424 0.0474 0.0452 0.0417 0.0395 0.0390
6 00137 00206 00221 0.0230 0.0200 0.0271 0.0277 0.0266 0.0058 0.0041 0.0241 0.0247 0.0219 0.0260 0.0256 0.0248 0.0272 0.0264 0.0240 0.0229
7 0.2248 0.2303 0.2371 0.2358 0.2355 0.4556 0.4581 0.4617 0.1648 0.1474 0.3139 0.3139 0.3168 0.3287 0.3280 0.3446 0.3397 0.3254 0.3151 0.3127
8 0.0660 0.0680 0.0649 0.0647 0.0643 0.1196 0.1211 0.1209 0.0374 0.0321 0.0680 0.0684 0.0695 0.0723 0.0720 0.0774 0.0750 0.0709 0.0692 0.0693
9 0.0130 0.0132 0.0134 0.0137 0.0135 0.0153 0.0161 0.0164 0.0105 0.0078 - - - - - - - - -

10 0.0094 0.0095 0.0100 0.0099 0.0097 0.0220 0.0212 0.0211 0.0091 0.0083 0.0254 0.0235 0.0260 0.0286 0.0279 0.0314 0.0333 0.0281 0.0239 0.0226
11  0.0850 0.0857 0.0810 0.0803 0.1009 0.1612 0.1500 0.1502 0.0504 0.0453 0.0900 0.0912 0.0907 0.0962 0.0973 0.1099 0.1149 0.0962 0.0917 0.0903
12 0.2833 0.2707 0.2543 0.2589 0.2562 0.5241 0.5092 0.5158 0.4339 0.3930 0.7305 0.7297 0.7292 0.7553 0.7514 0.8214 0.8054 0.7504 0.7265 0.7211
13 0.0294 0.0297 00271 0.0268 0.0268 0.0461 0.0480 0.0481 0.0237 0.0210 0.0419 0.0408 0.0419 0.0457 0.0431 0.0491 0.0483 0.0442 0.0422 0.0399
14 00744 07435 07562 0.7513 0.7502 0.4103 0.4084 0.3992 0.3624 0.3587 0.0890 0.0896 0.0893 0.1029 0.0973 0.0966 0.0957 0.0955 0.0918 0.0866
15 0.0323 0.0329 0.0391 0.0391 0.0388 0.0609 0.0614 0.0565 0.0441 0.0444 0.0317 0.0298 0.0322 0.0320 0.0315 0.0237 0.0252 0.0302 0.0329 0.0294
16  0.0269 0.0268 0.0257 0.0254 0.0257 0.0299 0.0295 0.0290 0.0274 0.0265 - - - - - - - - -

17 0.0420 0.0427 0.0405 0.0402 0.0388 0.0703 0.0730 0.0709 0.0323 0.0298 0.0610 0.0570 0.0592 0.0634 0.0691 0.0720 0.0757 0.0665 0.0618 0.0633
18 0.0516 0.0526 0.0482 0.0469 0.0461 0.0905 0.0924 0.0911 0.0400 0.0384 0.0756 0.0732 0.0743 0.0780 0.0802 0.0958 0.0902 0.0778 0.0745 0.0742
19 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
20 0.5652 0.5630 0.5839 0.5814 0.5815 0.4779 0.4813 0.4763 0.4893 0.4871 0.1014 0.1027 0.1037 0.1048 0.1053 0.1016 0.1039 0.1064 0.1003 0.1022
21 00432 00432 00525 00511 0.0528 0.0462 0.0486 0.0460 0.0397 0.0374 - - - - - - - - -

22 00106 00120 00110 00125 0.0129 0.0130 0.0119 0.0057 0.0093 0.0100 - - - - - - - - -

23 0.0356 0.0371 0.0416 0.0436 0.0410 0.0460 0.0419 0.0413 0.0590 0.0561 - - - - - - - - -

3.4.3. BYEBEYEEAEE
KA FHEIR FISPARZGAE . O 7 BORERE S DL RIS SRR 24 B C 77 SR I i i A A« rp 2
PR SR A LB DRI 2R 45 2004A Fi 7 34T ACEE, FFIAI B M 0.40, 68 1 G AR ALLRE SR R o B0k % 5%,
g s, #6.

Table 5. Similarity of Imperata cylindrica and similarity of Imperata cylindrica granules

F? 5. BFREM. BFRECHFARIBEIE

FEF AR A MR B2 MW MR
s1 0.968 s11 0.999
S2 0.967 S12 0.999
S3 0.964 S13 0.999
s4 0.964 S14 0.999
S5 0.960 S15 0.999
S6 0.967 S16 0.947
s7 0.913 S17 0.944
S8 0.912 S18 0.999
S9 0.981 S19 0.998
S10 0.977 S20 0.998
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Table 6. Comparison of similarity between Imperata cylindrica medicinal materials and formula granules

3 6. BFRZGM SEC 5 BRI AR (U LA

HEF AR A AU FI AR EE AL AR
s1 0.921 s11 0.969
S2 0.921 S12 0.970
S3 0.915 S13 0.972
s4 0.915 S14 0.972
S5 0.925 S15 0.971
S6 0.915 S16 0.933
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Figure 7. Tree chart of cluster analysis of Imperata cylindrica medicinal materials and granules
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