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Effects of growth years, altitude, and light factors on contents of eight
components in Rheum officinale

YAN Yong-gang, WANG Hong-yan, DENG Chong, ZHANG Gang, CHEN Ying, SHEN Xia, CHENG Hu-yin,
PENG Liang
Shaanxi University of Chinese Medicine, Xianyang 712046, China

Abstract: Objective To study the effects of growth factors, altitude, and illumination (shady slope and sunny slope) on
anthraquinones and tannins in medicinal rhubarb, and to find the theoretical basis for choosing the optimum growth conditions for
rhubarb. Methods  The contents of aloe-emodin, rhein, emodin, chrysophanol, emodin, chrysophanol-1-O-glucoside,
emodin-8-0-glucoside and (+)-catechin of different growth years at different altitudes and with different illumination were analyzed
by variance analysis. Results The mean contents of free anthraquinones in 1-, 2-, and 3-year rhubarb were 4.26, 5.18, and 8.10 mg/g,
respectively. The mean contents of conjugated anthraquinones were 4.67, 5.62, and 6.76 mg/g, and the contents of (+)-catechin were
3.12,4.18, and 4.72 mg/g, respectively. There were significant differences among the three altitude ranges of (1 300 £ 50), (1 500 £ 50),
and (1 700 £ 50) m. There were significant differences between (1 300 + 50) m and (1 500 + 50) m and (1 700 + 50) m in three different
growth years (P < 0.01). There was no significant difference between shady slope and sunny slope in three different growth years and
different altitudes (1 300 + 50 m, 1 500 + 50 m, 1 700 + 50 m) (P > 0.05). Conclusion The contents of anthraquinones and tannins in
rhubarb increase significantly with the increase of altitude with the same growth range and in the same growth year. There is significant
difference between the growth years. When the illumination (shady slope and sunny slope) was different, there is no significant

difference in the anthraquinone and tannin contents, but the average contents of anthraquinone and tannin in the sunny slope are
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higher than those in the shady slope. Artificial cultivation of medicinal rhubarb should be selected at an altitude of 1 400 m above the

growth year of not less than 3 years, direct sunshine environment, which is conducive to improve the total contents of anthraquinone

and tannin in medicinal rhubarb.

Key words: Rheum officinale Baill; HPLC; aloe-emodin; rhein; emodin; chrysophanol; chrysophanol-1-O-glucoside;

emodin-8-O-glucoside; (+)-catechin; growth year; elevation; illumination
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F1 S4MHERRERER
Table 1 Collected information of 54 samples
T KK H/m FRAE RS EKHEE Hm FRAE RS EKHEE Hhum FRAE
1 ¥, ¥ 129120 1 19 Bxid, BA%E 1316.50 2 37 iy, BAYE 1258.20 3
2 B4, BB 1347.50 1 20 B{iH, BHYE 1278.40 2 38 BgiL, B3 1286.40 3
3 ¥k, BA%E  1303.20 1 21 L, BAYE 1350.70 2 39 i, BAYE 1330.10 3
4 i, B 128930 1 22 MR, B 1263.10 2 40 i, B¥E 133230 3
5 i, BB 1326.40 1 23 B®iA, B 132830 2 41 BB, B 1309.90 3
6 i, B% 134510 1 24 MR, B 1283.10 2 42 ki, B 132830 3
7 alidg, BB 1478.40 1 25 T, BB 1476.90 2 43 WidE, BHYE 1482.20 3
8 il BAYE  1487.30 1 26 ¥k, BAYE 1545.80 2 44 B4, BIdE 1526.40 3
9 ¥k, BAME  1548.40 1 27 ik, BAME 154870 2 45 WidE, BHHE 1490.10 3
10 Wik, Bi¥e 149120 1 28 L, B 1482.10 2 46 Wi, BY 153230 3
11 ¥, BB 1547.50 1 29 ¥k, BIdE 149240 2 47 BB, B 1509.90 3
12 Wi, B 152320 1 30 ¥k, BAd 1503.40 2 48 ki, BI¥ 149830 3
13 i3, FEYE  1667.40 1 31 ¥, A 1675.80 2 49 B4, BIdE 1706.90 3
14 i3, FEYE  1689.40 1 32 ¥k, BAYE 172420 2 50 ki, FH¥E 1738.90 3
15 i3, FEYE  1691.20 1 33 ¥k, A 167830 2 51 ki, ¥ 1696.90 3
16 ¥k, Bl 1696.80 1 34 ¥k, BAd 171850 2 52 i, Bl 173230 3
17 B34, B 170230 1 35 ¥, BA¥E 1696.60 2 53 Bid, Bl 1729.90 3
18 bk, Bi¥e  1726.80 1 36 ik, BAd 1678.60 2 54 Pxid, BB 168830 3
2 7
A
8
l 4 56i-_
|
0 12.5 25.0 37.5 , 50.0 62.5 75.0 85.0 0 12.5 25.0 375 , 56.0 62.5 75.0 85.0
t/min t/min
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1 REWEM (A) R (B) K HPLC &ik[E
Fig. 1 HPLC of mixed reference substances (A) and sample (B)
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R2 SHMMSEIAFREREMNERE

Table 2 Regression equations and linear ranges of eight constituents

D%y EVEprpEs Vg R?
(H)-JLA#H Y=3.742 2 X—0.061 9 0.180 0~ 5.4400 0.999 6
KB -1-O- % E 1T Y=20.901 X+3.180 8 0.402 4~ 8.048 0 0.999 6
KB -8-O- % H T Y=17.327 X+0.218 3 0.044 5~ 0.889 6 0.999 8
FIERMER Y=1341.6 X+0.547 2 0.002 9~ 0.087 6 0.999 9
PN Y=519.21 X+0.230 7 0.002 5~ 0.0750 0.999 9
KIHR Y=60.12X+0.311 5 0.019 8~ 0.594 0 0.999 8
PN Y=7.2087 X+0.384 5 0.456 3~13.689 0 0.999 7
PN Ll Y=51.316 X+0.055 0 0.009 8~ 0.296 4 0.999 8

233 FE IR OREEREL 18 Skl
S TR 5 1) 04 24 4. 8. 16+ 24 h HEAE 10 L
Mg, k- ILAEFE. KUEm-1-0-7 4 b
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Table 3 Contents of eight constituents in 54 samples in R. officinale (n = 3)

i 53 #/(mgg )

S
e (O-JLRER  KI-1-0- AT KBR-8-O- M M ARHE KR KR KU KU TRE

1 24376 3.707 8 0.5329 0.000 9 0.0015 0.0318 3.6562 0.087 2
2 2.8514 39744 0.5559 0.0011 0.0018 0.0347 3.7476 0.1232
3 2.546 5 3.8462 0.548 2 0.001 0 0.0016 0.0336 3.6749 0.115 4
4 2.3954 34018 0.502 6 0.000 8 0.0013 0.0306 3.5627 0.065 3
5 2.6144 3.4973 0.546 5 0.0011 0.0014 0.0312 3.7475 0.1123
6 2.623 6 3.5143 0.541 6 0.000 9 0.0014 0.0318 3.6148 0.1135
7 29293 4.0557 0.569 2 0.001 2 0.0016 0.0428 3.9628 0.1425
8 3.0892 41213 0.573 8 0.001 3 0.0019 0.0439 4.0328 0.149 6
9 3.3993 42276 0.564 3 0.001 4 0.0017 0.0486 42928 0.153 6
10 29114 4.0357 0.5315 0.001 1 0.0140 0.0421 3.9316 0.152'1
11 32123 4.102 6 0.5562 0.001 2 0.0015 0.0456 4.0714 0.149 8




¢ 3% Chinese Traditional and Herbal Drugs 35 48 % 25 11 3 201746 A +2289 »
g3
inﬁiﬂl/(mg-gﬁ)
(H)-)LHFE KBEW-1-O- M4 K E-S-O- AT A2 KM KWE Kl K P
12 3.1015 4.101 5 0.556 9 0.001 2 0.0015 0.0443 4.1615 0.149 8
13 3.7255 4.425 6 0.702 5 0.001 5 0.0022 0.0499 45114 0.176 2
14 3.726 3 4.428 4 0.706 6 0.001 5 0.0022 0.0498 4.5097 0.1779
15 3.7252 44363 0.7115 0.001 7 0.0022 0.0507 4.5136 0.177 5
16 3.656 3 44356 0.700 6 0.001 4 0.0021 0.0495 44197 0.167 8
17 3.657 4 44375 0.701 5 0.001 6 0.0022 0.0492 44114 0.167 5
18 3.6592 4.438 2 0.701 8 0.001 5 0.0021 0.0501 4.4697 0.168 9
19 3.966 9 4,674 3 0.7112 0.001 9 0.0023 0.0513 4.6796 0.197 5
20 3.9623 45055 0.706 8 0.001 8 0.0022 0.0511 4.6196 0.197 8
21 4.065 4 4779 5 0.712 6 0.002 2 0.0024 0.0526 4.7275 0.199 8
22 3.820 4 4.423 8 0.7019 0.001 8 0.0021 0.0509 4.5976 0.183 1
23 3.9672 4.579 5 0.707 1 0.002 1 0.0023 0.0521 4.6872 0.1873
24 3.8198 45238 0.704 6 0.001 8 0.0021 0.0508 4.5983 0.183 4
25 4.1817 4.806 6 0.757 8 0.002 3 0.0024 0.0541 409585 0.206 5
26 4.293 6 4.8293 0.760 2 0.002 4 0.0026 0.0546 49756 0.2158
27 43023 4.979 4 0.762 4 0.002 5 0.0026 0.0552 49772 0.2173
28 4.156 3 4.809 1 0.7393 0.002 3 0.0024 0.0537 4.7789 0.2057
29 4.147 1 48153 0.742 4 0.002 3 0.0025 0.0536 4.7921 0.209 3
30 4.195 4 4.8258 0.749 3 0.002 4 0.0025 0.0542 4.8789 0.209 4
31 4.396 2 5.114 1 0.8973 0.002 6 0.0028 0.0582 5.1921 0.2392
32 4447 1 5.126 8 0.902 4 0.002 8 0.0029 0.0593 5.2621 0.248 3
33 44959 5.1139 0.897 6 0.002 6 0.0028 0.0579 5.1885 0.239 1
34 43278 5.0239 0.898 5 0.002 7 0.0028 0.0589 5.2316 0.2395
35 43709 5.0136 0.896 4 0.002 5 0.0027 0.0581 5.1614 0.232 4
36 43216 5.012 8 0.8951 0.002 5 0.0027 0.0569 5.0993 0.228 4
37 45165 5.280 4 1.066 7 0.003 1 0.0032 0.0612 64306 0.252 4
38 4.548 2 5.3282 1.069 8 0.003 1 0.0032 0.0696 6.4202 0.254 3
39 4.600 9 54126 1.110 6 0.003 2 0.0034 0.0758 6.8504 0.2753
40 45513 52351 0.968 9 0.003 0 0.0033 0.0742 6.6276 0.267 4
41 4.5396 5.2135 0.9257 0.002 8 0.0031 0.0683 6.4989 0.2515
42 45472 5.2353 0.9773 0.003 0 0.0032 0.0727 6.623 1 0.268 6
43 4.676 9 5.5104 1.206 6 0.003 4 0.0035 0.0802 7.0306 0.289 4
44 4.708 9 5.628 2 1.229 8 0.003 5 0.0036 0.0873 7.4202 0.296 3
45 4.679 2 5.542 6 1.190 6 0.003 4 0.0035 0.0814 7.0504 0.2893
46 4.708 2 5.6151 1.2209 0.003 3 0.0035 0.0863 74176 0.296 4
47 4.679 8 5.5122 1.205 7 0.003 2 0.0034 0.0826 7.2989 0.289 5
48 4.6725 5.5113 1.1913 0.003 2 0.0034 0.0797 7.0043 0.288 6
49 49102 5.798 6 1.4217 0.003 7 0.0039 09812 84327 0.304 5
50 49263 5.8127 1.456 9 0.0039 0.0041 1.0301 8.7345 0.3127
51 4.897 5 5.789 2 1.406 3 0.003 6 0.0038 09701 8.3328 0.299 6
52 49196 5.8103 1.446 5 0.003 8 0.0041 1.0136 8.6423 0.3108
53 49172 5.8105 1.438 2 0.003 8 0.0041 1.0045 8.6394 0.309 4
54 4.889 2 5.786 4 1.386 4 0.003 5 0.0037 09683 8.1986 0.298 1
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T fE#HR (13002500, (1500+50). (1700+
500 m 3 NERHIN, 2R 1. 20 3 FAERE
SRR, IS EEER (P<0.01). 4
KWK 4.

R4 TREKFRMAARED SHMT BN (X t5,n=6)
Table 4 Effects of different growth years on contents of eight components in R. officinale (X x5, n = 6)

)ﬁfﬁ/n\iﬁl/(mg-g’l)

WHm ERERAE " #W-1-0- H£-8-0- . X

‘ L I B KEE KR kNETR
R R

130050 1 2.57840.163 365710224 0.538+0.019 0.0010£0.0001  0.001 5£0.0002 0.0323£0.001 6  3.667£0.073  0.1028+0.0220

4581201287 0.707£0004”
5284200757 101920072
410710067 055910015
4844100677 075220001
555320054 12072£0016"
443410005 0.70420.004
506820056 0.89820.002"
5801200127 142620026"

2 393440096
3 455140028”
150050 | 3.107£0.183
2 4213+0068”
3 468810016”
170050 | 3.69240.037
2 4393+0,068”
3 4910£0014”

0.0019+0.0002" 000222000017 0.0515£0.0007" 4652£0.054" 0.1915+0.0077"
0.0030+0.0001" 000322000017 0.07032£0.0052" 6.575£0.162" 0261 6+0.0101"
0.001 2:0.000 1
000242000017 000252000017 0.054220.0006" 48%4+0.091" 02107+0.0048"
0.0033+0.000 1" 0.003 540,000 1
0.0015+0.0001
000263000017 000292000017 0.058220.0008" 5.189£0.057" 0.2378+0.0068"
000374000017 0.0040£00002" 0,994 6200253 8497£0209" 03059+0.0061"

0.0037£0.0050  0.044620.0023  4075£0.134  0.1496£0.003 8

00829400032 7.204+0.197" 0291640.0037"

0002200001 0.0497£0.0005  4473£0.047  0.1726£0.005 1

5144 HE, TP<0.01, "P<0.05
Compared with 1 year growth, "P<<0.01, "P<0.05

252 AFEEHATAHICE 8 Pl s 45
REoR, EARPERKAERZ bR R
I, Rep s KR, K. KR KEm.
K EFEE KHE-1-O- 4T . K ER- 8-0-/1%
B (D= LRRMREAFRER TS, 7£1. 20 348
A2 3 AAEIARAERR, A (1300500 m ALK
(IR BE A5 i (R SR (1 50050) (1700+50)
m AbLEE:, EWMEEEZES (P<0.01). S5RIES.

253 AFEPDGE (IS SO RS 8 Rl s
RN SIS R BN, FEAN AR KA R
(B Z e PN Y AT NS NN 1 NN}
#.OREE. KEEFEE . KEE-1-0- AT
KRER-8-O-MEH . (H)-) LR MR EAFRE
FEMIARL . 76 3 AR, 205 LB B
B R S miE, TEENER (P>
0.05). 4RI 6.

x5 FREBRMAEARED SIS EBHIFM (X £5,n=6)

Table 5 Effects of different elevation on contents of eight components in R. officinale (X L5, n = 6)

ﬁiﬁ\%ﬂl/(mg‘g’l)

P epugg OWLOR IESOA ey g kix ko KrETE
L i
I 1300450 257820163 365740224 053820019 0.0010£0.0001  0.0015£0.0002 00323200016 366740073 0.102820.0220
1500450 300740183 410740067 055910015  0.0012£0.0001"  0.0037£0.0050  0.044 62000237 4075£0.134" 014960003 8"
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Table 6 Effects of different illumination (shady and sunny) on contents of eight components in R. officinale (X X5, n=9)
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