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Abstract: Objective The aim of this study was to explore the gastrointestinal tissue distribution differences of the main active
compounds from Dalitong granules in normal and functional dyspepsia model rats. Method The rat model of FD was established
by tail clipping stimulation combined with irregular diet (alternate day fasting). 12 rats (half of them as controls and half as models)
were used to validate the FD model, and gastric and small intestinal emptying experiments were conducted. After HE staining,
pathological observations were made on the gastrointestinal tissues. 36 rats (half as controls and half as models) were used for the
study of differential distribution of gastrointestinal tissues, and they were fasted but not water-restricted for 18 hours. They were
given Daliting Granules at a dose of 22.4 g-kg™ (8 times the clinical equivalent dose) once, and the gastric, duodenum, jejunum,
ileum, and colon were collected from each group of rats at 1, 3, and 6 hours after the administration of the drug. The contents of
vitexin-4" -O-glucoside, protopine, coptisine, berberine, sinensetin, nobiletin, tangeretin, 5-O-demethylnobiletin, costunolide,
dehydrocostuslactone, protocatechuic acid, umbelliferone, cynaroside, hesperidin, luteolin, naringin, hesperetin, and chrysin were
detected by UPLC-QTRAP-MS/MS method in the gastric, duodenum, jejunum, ileum, and colon of each group of rats. UPLC-
QTRAP-MS/MS was used. Column was an ACQUITY HPLC™ HSS T, (50 mm x 2.1 mm, 1.8 um) and set at 40 °C. Gradient
elution was performed using 0.1% formic acid water and acetonitrile as the mobile phase, the flow rate was 0.3 mL-min" and the
injection volume was 2 pL. Results Compared with the control group, the body mass of rats in the model group was significantly
decreased (P < 0.001), the emptying rate of the stomach and small intestine was significantly decreased (P < 0.001), the close
connection of the duodenal mucosa was destroyed, but no organic lesions of the gastrointestinal tissue were found, which was
consistent with the pathological characteristics of FD. For the established UPLC-QTRAP-MS/MS method, the correlation between
the response and concentration of the compounds in gastrointestinal tissues met R*> 0.990 0. The results including the specificity,
precision and accuracy, recovery rate, stability and matrix effects of the established method all met the requirements. The results
showed that the concentration of the components varied greatly in the control group and the functional dyspepsia model group, and
there were significant differences in the time points at which the highest concentration was reached in different tissues. In the control
gastric tissue of rats, the tested compounds quickly reached the highest concentration within 1 h. However, the concentration of
compounds decreased significantly, which is partially due to slow gastrointestinal motility in the model group. Hesperidin,
hesperetin, naringin, protocatechuic acid, dehydrocostuslactone, nobiletin, 5-O-demethylnobiletin, berberine, and tangeretin were
found to be exposed at higher levels in the stomach, duodenum, jejunum, ileum and colon, and the concentration differences between
the control group and the model group at each time point were significant. Conclusion The established method has high sensitivity,
specificity and high accuracy, which was suitable for the tissue distribution study of the main active compounds of Dalitong
granules in the rat gastrointestinal tissues. Significant differences were showed in the tissue of the functional dyspepsia model rats
compared to control.

Key words: Dalitong Granules; functional dyspepsia; UPLC-QTRAP-MS/MS; hesperidin; hesperetin; naringin; protocatechuic acid;
dehydrocostuslactone; nobiletin; 5-O-demethylnobiletin; berberine; tangeretin
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Table 2 Linear equation, correlation coefficient, linearity and range, limit of detection and limit of quantification of test

compounds in different gastrointestinal tissues

tE FE i EVEpps: MRZRE LM/ (ngmL™)  LOD/(ngmL™ LOQ/(ng-mL™)

HEI E -4 B i Y=10.000 186 X+0.000 196 0.997 3 3.10~1 586.50 0.37 3.09
OB  + 4 Y=0.000 508 X-+0.000 237 0.995 2
2 Y=0.000202 X40.000 0332 0.993 4
i3 ¥Y=0.000 162 X+0.000 0449  0.997 3
#il ¥Y=0.001 23 X-0.000 225 0.993 9

JE BT Bk B#  Y=0.0418 X+0.001 33 0.997 6 0.70~1 880.00 0.10 0.70
+ 48 Y=0.033 4 X+0.002 04 0.991 7
M Y=0.0373 X+0.003 17 0.994 2
Mm% Y=0.050 4 X+0.026 9 0.999 4
iy Y=2.05X+0.15 0.9919

LT, B# Y=0.0231X+0.0524 0.997 0 0.80~1 665.00 0.20 0.80
+ ¥ Y=0.016 8 X+0.008 68 0.992 4
2 Y=0.021 8 X+0.071 6 0.997 7
W3 Y=0.036 6 X+0.012 8 0.997 2
il Y=0.647 X+0.041 2 0.990 8

/INBEGR B#  Y=0.106 X+0.23 0.992 9 3.50~446.50 0.80 3.50
+ 48 Y=0.062 X+0.138 0.996 2
M Y=0.138 X+0.093 5 0.998 5
m%  Y=0.403 X—0.032 4 0.997 2
45l Y=0.007 10 X+0.115 0.990 9

P T B# Y=0.082 8 X+0.0252 0.990 5 1.70~868.40 0.21 1.70
+ 48 Y=0.052 6 X+0.050 1 0.997 7
2 Y=0.144 X+0.013 5 0.990 1
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wEY FE i EYEpEE MR RE &M E/(ngmL™")  LOD/(ngmL™") LOQ/(ng:mL™")

Mm% Y=0.093 3 X4+0.011 5 0.992 5
5l Y=0.004 63 X+0.002 25 0.997 0

J 5 K 2 B#  Y=0.040 1 X+0.121 0.993 7 0.20~1 545.00 0.02 0.19
+ =38 Y=0.038 7 X+0.0459 0.993 0
2 Y=0.040 1 X+0.121 0.999 4
Ffm  Y=0.0556 X+0.061 7 0.992 5
4il Y=0.002 61 X-+0.005 32 0.992 7

K B 3% B#  Y=0.0133 X+0.000 188 0.999 6 0.80~792.50 0.30 0.77
+ 485 Y=0.0517 X+0.014 3 0.995 4
M Y=0.053 8 X+0.000 244 0.991 8
% Y=0.096 6 X40.041 0.993 9
i Y=2.63X+0.213 0.993 5

PGB NS H#  Y=0.00192 X—0.011 0.990 1 0.40~1 529.00 0.18 0.37
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Fig. 5 Distribution of main non-flavonoids active components in gastrointestinal tissues of control and FD rats (x+s, n=6)
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