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[ Abstract ] Objective  To screen the active antidiarrheal components of salt-processed Alpiniae oxyphyllae
Fructus-Foeniculi Fructus medicines (YZYH) and investigate its pharmacological basis and quality markers by examining
its “spectrum-effect” relationship. Methods A spleen and kidney yang deficiency model of diarrhea was established in
rats. The pharmacodynamic indexes of YZYH in petroleum ether, ethyl acetate, and water fractions were measured,
including behavioral indicators such as body weight, anal temperature, diarrhea incubation period ( DIP) , diarrhea index
(DI), and biochemical indicators such as nitric oxide synthase (NOS), ¢GMP, and creatinine phosphokinase ( CPK).

‘

We analyzed the components of YZYH by high performance liquid chromatography, and analyzed the “spectrum-effect”
relationship between the chemical components and the antidiarrheal efficacy indicators using the grey correlation method.
Results Compared with the blank control group, rats in the model group developed watery stools after 15 days, which was
the key pathological index of the main syndrome of diarrhea. Rats in the model group also developed abdominal distension,
loss of appetite, and back arching, as secondary symptoms of spleen and kidney yang deficiency diarrhea. Administration of
the therapeutic drugs improved both the main and secondary symptoms of diarrhea. The positive drug and YZYH-M
significantly prolonged DIP (P<0.01) and decreased DI (P<0.01) after 28 days. These key indexes of diarrhea, as well
as body mass, 24 h food intake, water intake, anal temperature, and the serum biochemical indexes NOS, ¢cGMP, CPK
were all improved in the positive drug and YZYH-M groups. Examination of the spectral effect relationship showed that
anisaldehyde, chromatographic peak 4, and other components were correlated with the pharmacodynamic indexes of DIP,
DI, NOS, ¢cGMP, and CPK. Conclusions The ethyl acetate fraction was the active antidiarrheal fraction of salt-processed
Alpiniae oxyphyllae Fructus-Foeniculi Fructus medicines. It acts by inhibiting gastrointestinal hyperfunction, regulating
energy metabolism and immunity. Ingredients such as anisaldehyde and peak 4 served as quality indicators for its
antidiarrheal effect.

[ Keywords] salt-processed Alpiniae oxyphyllae Fructus-Foeniculi Fructus medicines; antidiarrheal effect; active

‘

site; “spectrum-effect” relationship; grey correlation method; anisaldehyde
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1 (x+s,n=9)
Table 1 Average body weight of rats in each group
/g
Body weight
Groups
1d 74d 14 d 21d 28 d 354d
238.67+7. 57 256.44+11. 82 284.78+11. 64 333.89+13.52 346. 67+14. 65 368.89+16. 76
Blank control
Model 232.00+8. 56 244.89+10.25%  243.33x21.17™  240.67+18.74™  250.33%17.95™ 266.00+16. 73 **
. 234.13+6.22 239.78+15. 00 240. 89+25. 77 259.33+17. 68" 271.89+19. 34% 314.00+19. 10%
Positive drug
YZYH-L 236.78+8. 14 244.22+11. 02 254.44216.71 247.89+10. 95 252.56211.09 282. 11+14. 38*
YZYH-M 240.22+7.29 241.56+8. 85 260.44=13.54*  250.00+15.22 280. 56+15. 39* 333.67+17. 56%
YZYH-H 235.11+7.22 244.00+12. 43 250. 56+15. 16 251.78+12. 00 263.33+11. 49 279. 44+14. 54
, " P<0.05, * P<0.01; ,#P<0.05,"P<0.01,

Note. Compared with the blank control group, * P<0. 05, ** P<0.01. Compared with the model group, *P<0.05, *P<0.01.

2 24 h . (x+s,n=9)
Table 2 24 h average food and water intake of rats in each group
24 h /g 24 h /g
Food intake in 24 h Water intake in 24 h
Groups
1d 7d 14 d 21d 28 d 35d 1d 7d 14 d 21 d 28 d 35d

32.21 29.39 30. 00 27.51 35.17 37.29 53.44 50. 33 41. 83 45. 85 50. 65 53. 06
Blank control

Model 27.03 16.52 15.19 15.55 17. 69 18.33 38.25 31.42 40. 00 61.58 73.79 78. 81
ode

Positive drug 29.98 19.31 14. 46 17.83 22.52 27.89 48.71 37.02 32.90 66. 41 63.51 63.09
YZYH-L 27.98 18. 84 16. 02 16.91 20.28 19.75 32.52 33.37 39.99 56.71 67.65 67.50
YZYH-M 28.38 20. 65 15. 14 19. 96 23.59 31.94 41.84 30. 36 28. 82 61. 14 57.40 51.87
YZYH-H 27.25 20. 52 14.50 18. 18 19. 11 22.04 29.35 32.07 35.68 53.63 69. 59 71.37

3 DIP DI (x+s,n=9)
Table 3 Diarrhea incubation period and Diarrhea index of rats in each group
DIP/min DI
Groups 15d 21d 28 d 35d 15d 21 d 28 d 35d
/ / / / / / / /

Blank control

Model 148.00+15.68  138.00+11. 94 167.89+9. 78 189. 56+13. 46 1.20£0.25 1.29+0.30 1.28+0.15 1.11+0.26
ode

Positive drug 149.22+13.59  156.44+9. 83"  196.22+13. 59" 223.67+12.51" 1.15£0.26  0.97+0.19% 0.67+0. 16" 0.48=0. 17%
YZYH-L 156.56+18.76  139.56x9. 46 177.00£12.83  197.44+10. 30 1.15+£0.39  1.06+£0.28 1.11+0.25 1.13%0.20
YZYH-M 155.78+10.95  147.00+14.53  199. 56+18. 08" 236.11+22. 87" 1.43+0.56 1.17+0.17  0.59+0. 10% 0.42+0.23%
YZYH-H 151.78+18.12  140.78+8.42 177.67£17.31  201.78+15.47* 1.17£0.41 1.042x0.33 1.10+0.29 0.87+0.23*

: ,¥P<0.05,"P<0.01,
Note. Compared with the model group, *P<0.05, *P<0.01.
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[12] [9]
o ’ ] b
NOS .cGMP (P<0.01); , LDH ., SDH, Na*-K*-ATPase , Ca™ -Mg""-
, YZYH-M ATPase , , ,
NOS.cGMP (P<0.01), . YZYH-M LDH ,SDH, Na"-K"-
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o 0.01) ,MTL ,GAS (P <0.01),
o 5 60
4 (x%s,n=9)
Table 4 Rat anal temperature in each group
/°C
Anal temperature
Groups
1d 7d 14 d 21 d 28 d 35d
37.66+0. 21 37.52+0. 14 37.64+0. 11 37.50+0. 07 37.69+0. 18 37.71+0. 16
Blank control
Model 37.56+0. 18 35.41+0.80 ™ 34.59+1.12™ 35.46+1.08 ™ 35.44+0.77 36.07+0. 60 ™"
. 37.60+0. 19 36.06+0. 56 34.70+1. 36 35.52+0.70 37.09:0. 48* 37.37+0. 37*
Positive drug
YZYH-L 37.66+0. 22 35.53+0.91 35.03+1.30 35.14+0.75 36.57+0. 65 36. 79+0. 39
YZYH-M 37.53+0. 14 35.82+0.74 35.00+0. 71 35.88+0.75 37.13+0.73* 37.39+0. 33"
YZYH-H 37.58+0. 17 35.74+1. 06 35.03+1.33 35.48+0.72 36. 89+0. 66 37.11+£0.72
" P<0.01; ,"P<0.05,"P<0.01,
Note Compared with ll’lP blank (‘ontlol group, ** P<0.01. Compared with the model group, *P<0.05, *P<0.01.
5 NOS .cGMP .CPK (x£s,n = 9)
Table 5 Detection of NOS, ¢cGMP and CPK in serum of rats in each group
Groups NOS/ ( pmol/L) ¢GMP/ (nmol/L) CPK/(pg/mL) MTL/ (pg/mL) GAS/(pg/mL)
155. 82+15. 00 68.28+4.52 138.50+4. 89 774.19+21.29 604.38+29. 11

Blank control

178.26+11.36 ™

78.58+8. 42

127.00+9. 17

843.94+21.81™

687.88+36.76 ™

Model
Positive drug 146. 04x10. 12 69. 78+6. 24" 137.26+7. 37% 795. 05£22. 29* 626. 79+33. 53*
YZYH-L 169. 11+17. 58 76. 06£6. 90 129. 1929. 25 819.59+22. 71 685.71x29. 89
YZYH-M 143.19x11. 46" 63. 14+6. 93" 148. 88+9. 30™ 769. 70+22. 32" 581. 61+33. 48"
YZYH-H 162. 56+18. 69* 77.92+8.72 134.27+10. 31 814. 69+30. 69* 676. 24+35.22

" P<0.01;

s

#P<0.05,%P<0.01,

Note Compared with the blank (‘ontrol group, “* P<0.01. Compared with the model group, *P<0.05, *P<0.01.

6 LDH SDH Na'-K*-ATPase  Ca’*-Mg”*-ATPase (x£s,n=9)
Table 6 Activities of LDH, SDH, Na®-K"-ATPase and Ca*"-Mg®*-ATPase in liver tissues of rats in each group
LDH/(U/mg) SDH/(U/g) Na*-K*-ATPase/(U/g) Ca*"-Mg* -ATPase/ (U/g)

Groups

Blank control
Model

Positive drug

YZYH-L
YZYH-M
YZYH-H

179. 87+4.22
161.03+8.96 ™

175. 62+7. 36"

164.95+7. 17
178.70+11. 26™
164.24+10. 39

7599. 26+782. 78
6067. 94+684. 94 ™

7435. 35+988. 03*

6565. 95+897. 55
8061. 57+637. 51%
6577. 31+1392. 90

1098. 26+67. 90
943.51+58.50 ™

1090. 49+88. 15*

1007. 25+84. 84
1183.11+125. 73*
977.23+130. 77

1269. 50+63. 56
1077. 63£92. 72

1203. 18+121. 16*

1055.20+£123. 52
1307. 02+96. 64"
1033. 63+ 143. 93

, " P<0.01;

Note Compared with the blank control group, ’

,"P<0.05,"P<0.01,
“ P<0.01. Compared with the model group,

#P<0.05,

#p<0.01.
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7
Table 7 Methodological investigation results
RSD(n=6)/%
Compound Regression equations ! . /(pg/ml) . - .
Linear range Precision Stability Repeatability Recovery
Nootkatone Y =4133.9X+29. 669 0.9997 5.19~166. 00 0.51 2.65 2.21 2.80
Tectochrysin Y =7403. 9X~-2.0908 0.9995 3.25~26.00 1.13 1.70 1.71 2.65
Chrysin Y=11870X-10. 838 0.9990 1.96~21. 30 1.05 2.99 1. 69 3.59
Trans-Anethole Y=19705X+19.433 0.9999 0.31~10.00 2.35 2.53 2.50 4.77
Anisaldehyde Y =7997.4X+3.2563 0.9998 1. 40~40. 00 0. 96 0. 89 1.99 2.40
Rutin Y =4872.9X+0. 4389 0.9998 3.50~70. 00 2.05 1.43 0.16 1.48
8 YZYH (x+s,n=3)
Table 8 Common peak information of samples from different fraction of YZYH
. /(mAU * S) Peak area
Chromatographic peak RT/min YZYH-L YZYH-M YZYH-H
1 2.720 - - 13.412+5. 839
2 2.903 - 55.413+2.787 16. 063+6. 063
3 3.101 - - 19. 077+3. 368
4 3. 185 19. 959+0. 956 37.563+3.376 20. 800+2. 406
5 3.735 - 27.145+2.791 20.235+1. 298
6 4. 240 - 35.600+5. 942 125. 878+5. 168
7 4.388 - 13.932+0.514 38. 111+3. 889
8 4. 668 - 77.607+8. 622 229.966+25. 706
9 5. 444 - 16.706+1. 311 60.093+7. 073
10 6.183 - 23.548+6. 115 99.470+9. 757
11 6.716 - 22.432+6. 231 94.145+9. 216
12 8.255 - 49. 888+6. 671 214. 186+16. 593
13 11. 287 - - 91.382+5. 774
14 12. 682 - - 42.877+4.072
15 15. 268 - 37.660+3. 531 -
16 27.108 - 46.547+2. 184 -
17 36. 965 - - 51. 177+5. 037
18 46.389 - 17.061+2. 080 43.812+6. 961
19 48.617 - 26.569+1. 562 -
20 49.728 38.135+10. 180 209. 870+42. 047 441. 318+43. 637
21 50. 067 - 86. 187+6. 624 -
22 51.230 - 49.599+2. 985 -
23 51.985 - 36.308+5. 938 29.829+2.179
24 52.795 - 29.004+0. 752 43.341+6. 050
25 55.967 - 59.197+1. 821 -
26 56.228 - 32.810+4. 243 -
27 56. 587 - 32.472+4. 344 -
28 59.958 31.916+2. 406 23.454+5. 038 -
29 78.429 17. 569+0. 582 - -
30 78. 684 44.584+1. 501 - -
31 82.731 53.396+3.116 - -
32 83.570 52.786=+1. 008 - -
33 83.904 82.900+7. 778 - -

“w_»

o

Note. “~=" indicates that the signal is not detected in the sample.
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9 YZYH 6 (xxs,pg/g,n=3) N .
Table 9 Content of 6 components in each fraction of YZYH 2.3 YZYH
o N o vy DIP DI, NOS .cGMP .CPK
i YZYH-L.YZYH-M,YZYH-H
_— - 26.8121.60 - 35 DIP DI NOS .cGMP ,CPK
,YZYH HPLC
Anisaldehyde 17.11+1. 01 10. 21+0. 05 -
b
Chrysin 12.46+0. 24 - - 10,
b
Trans-Anethole 7.931.01 - B
s , o
Tectochrysin 38. 88+1. 71 B B ’ >0.700
YZYH-M ,
Neotkatone 64. 389, 41 - - A 5
— o
Note. “~=" indicates that the signal is not detected in the sample. >0.7 ’ °
10 DIP DI .NOS.cGMP .CPK
Table 10 Relevancy between each common peak and DIP, DI, NOS, ¢cGMP, CPK
DIP DI NOS cGMP CPK
Chromatographic  RT/min Correlation Correlation Correlation Correlation Correlation
peak Order Order Order Order Order
degree degree degree degree degree
1 2.720 0. 601 24 0.599 21 0. 594 16 0. 601 16 0. 601 18
2 2.903 0.710 9 0. 607 20 0. 673 15 0. 663 15 0.712 9
3 3.101 0. 590 25 0. 590 22 0. 585 22 0.591 17 0.591 25
4 3.185 0. 904 0.741 1 0. 842 1 0. 833 1 0.901 1
5 3.735 0. 760 6 0.676 6 0.729 0.738 5 0.763 5
6 4.240 0. 683 11 0.672 8 0. 694 10 0.703 10 0. 688 11
7 4. 388 0.711 8 0. 668 12 0.727 0.738 4 0.717 8
8 4. 668 0.702 10 0.672 7 0.716 9 0.727 8 0. 708 10
9 5.444 0. 682 12 0. 682 4 0. 693 11 0.702 11 0. 687 12
10 6. 183 0. 669 14 0. 668 11 0. 677 13 0. 685 13 0.673 14
11 6.716 0. 670 13 0. 668 13 0.678 12 0. 686 12 0.674 13
12 8.255 0. 667 15 0.676 5 0.674 14 0. 683 14 0.671 15
13 11.287 0.588 28 0.588 25 0. 583 25 0.589 20 0.589 28
14 12. 682 0. 589 27 0.588 23 0.583 23 0. 589 19 0. 590 26
15 15.268 0. 607 18 0.514 27 0. 569 28 0.563 28 0. 601 19
16 27.108 0. 607 22 0.514 32 0.569 32 0.563 33 0. 600 23
17 36. 965 0. 589 26 0.588 24 0. 583 24 0.589 18 0. 590 27
18 46. 389 0.719 7 0. 670 9 0.732 4 0. 747 3 0.727 7
Rutin 48.617 0. 607 21 0.514 31 0. 569 31 0.563 31 0. 600 22
20 49.728 0.763 4 0. 688 3 0.752 2 0. 765 2 0.772 3
21 50. 067 0. 607 19 0.514 26 0.569 29 0. 563 29 0. 601 20
22 51.230 0. 607 20 0.514 30 0. 569 30 0.563 30 0. 600 21
23 51.985 0. 761 5 0. 669 10 0.725 8 0.733 6 0.762 6
24 52.795 0.775 0. 653 14 0.726 7 0.730 7 0.774 2
25 55.967 0. 607 23 0.514 33 0. 569 33 0.563 32 0. 600 24
26 56. 228 0. 608 17 0.514 29 0.569 27 0. 564 27 0. 601 17
27 56. 587 0. 608 16 0.514 28 0.570 26 0. 564 26 0. 601 16
Anisaldehyde 59.958 0.773 3 0.702 2 0.739 3 0.723 9 0. 766 4
78.429 0. 586 33 0. 620 18 0.591 21 0.584 25 0. 583 33

Chrysin
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DIP DI NOS cGMP CPK
Chromatographic ~ RT/min Correlati Correlati Correlati Correlati Correlati
peak orrelation orrelation orrelation orrelation orrelation Order
degree degree degree degree degree
30 78. 684 0. 586 32 0. 620 17 0.591 20 0. 584 24 0.583 32
82.731 0. 586 30 0. 622 15 0.592 17 0. 585 21 0.583 30
Trans-Anethole
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