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Study on the mechanism of "guiding action" of borneol in
Suxiaojiuxin pills
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Abstract: In order to research the mechanism of guiding action of borneol in Suxiaojiuxin pills, the model of in
vitro intestinal absorption, in vivo drug metabolism of mice and cell in vitro absorption model of Caco-2 were
established firstly. All animal experiments were in accordance with the regulations of the Animal Ethics Committee of
Nankai University. The results showed that the cumulative absorption quantity and absorption permeability of ferulic
acid and ligustilide in the intestinal juice of Suxiaojiuxin pills group were significantly increased comparing with fake
Suxiaojiuxin pills group, which don't contain borneol. By using borneol, the content of ferulic acid and ligustilide in
the blood and tissues, such as heart, were added. The transepithelial resistance value and the content of horseradish
peroxidase (HRP) in Caco-2 were rapidly decreased and increased, respectively. Due to further explore mechanism of
promoting intestinal absorption of borneol for drugs, in this study, photosensitive probes of borneol were synthesized
to capture its targets, and dual luciferase reporter system was used to evaluate its activity of calcium. It was found that
it could make calcium overload by regulating transient receptor potential cation channel, subfamily M, member 8
(TrpMB8). Then, the results of mass spectrometry imaging showed that the accumulation of ferulic acid in the heart
was significantly increased by borneol, and the relaxation rate of rat thoracic aorta was enhanced obviously. In
summary, the borneol in Suxiaojiuxin pills can expand cell space and increase intestinal permeability by acting on
TrpMS8, thus promoting the intestinal absorption, tissue distribution and target organ enrichment of drugs.
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Figure 1 Borneol (Bor) promoted the intestinal absorption and the increase of blood concentration of ligustilide (Lig) and ferulic acid (FA).
The model of in vitro intestinal absorption and in vivo drug metabolism of mice were established to explore the effects of Bor on intestinal
absorption and blood concentration of Lig and FA. A and B show the effects of Bor on intestinal absorption and expresses in quantity (Q)
and permeability (K, ). C and D show the effects of Bor on blood concentration and expresses in Lig concentration and FA concentration.
A: Qand K, of Lig in intestinal juice; B: Q and K, of FA in intestinal juice. SX: Suxiaojiuxin pills group; P-SX: The fake Suxiaojiuxin
pills group, which do not contain Bor. n =3, ¥ 5. "P < 0.05 vs P-SX group. C: Blood concentration of Lig; D: Blood concentration of FA.

The left of C-D means drug-time curve and the right of C-D means area under the concentration-time curve. n =3, X +s. P < 0.05, ""P <0.001

vs Lig (C) or FA (D)
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Figure 2 Bor promoted the tissue distribution of Lig and FA. The model of in vivo drug metabolism of mice was established to explore the

effects of Bor on tissue distribution of Lig and FA. A-C: The concentration of Lig in the heart, lung and liver; D-F: The concentration of FA

in the heart, lungs and liver. A-F (left) means drug-time curve and A-F (right) means area under the concentration-time curve. n = 3, X + s.

"P<0.05,"P<0.01 vs FA
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Figure 3 Bor increased permeability by widening the intercellular space. The model of in vifro absorption of Caco-2 was established to

explore the effects of Bor on intestinal intercellular space and permeability, which express in transepithelial resistance (TEER) and horseradish
peroxidase (HRP) quantity. A, B: The effect of Bor on TEER and HRP quantity; C, D: The effect of Lig and FA on TEER and HRP quantity.

n=3,x+s. Con: Control group; Men: The menthol administration group
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Figure 4 Bor induced calcium overload and increased intercellular space by acting on transient receptor potential cation channel, subfamily
M, member 8 (TrpMS8). A: Synthesis of Bor photosensitive probe; B: Target protein capture and Western blot verification. Lane 1 was total
intestines proteins of rat; lane 2 was proteins captured by Bor with no Borphotosensitive probe; lane 3 was proteins captured by Bor
photosensitive probe. The "1", "2" and "3" of SDS-PAGE and Western blot were same; C: The effect of TrpM8 transient cotransfection on
intracellular calcium with Bor. All the concentrations were 100 pmol-L™". n=5,%+s. "P < 0.01, " P < 0.001 vs control group; “**P < 0.001
vs Men (without TrpM8 transient cotransfection) and Bor (without TrpM8 transient cotransfection) group, respectively; D: The effect of Bor

on intracellular calcium based on dual fluorescence reporting system with TrpMS8 transient cotransfection. The concentration of Men was
100 pmol-L™. n =10, ¥+ 5. P < 0.05, ""P < 0.001 vs control group

A B C AAA
2 020 AAA )
> P Imaging mass spectrometry 3 250 [ sis
s .
g o L 85 200
& 3 < *kk
g 010 53 150
3 3
g 0.05 % Z 100
< g2 50
£ 0.00 5=
FAFA +Bor 0.12 0.60 3.00 (pg'mL")  copn FA FA +Bor < 0
FA +Bor+ BCTC (50 mg'kg!) (50 mg-kg! Con  FA  FA+Bor
+100 mg-kg™)
D E
Administration
5 i — KH -
% 4 — NF (10 pmol-L'!) B
= FA (1 mmol-L-!) =
£ 3 — FA (1.5 mmol-L'") =
g S
2 S
e ) 4 NE (1 pmol L) g
©
0 ~

5 10 15 20 0
Time / min Con Mod NF FA FA

Figure 5 Bor can promote efficacy by acting on TrpM8 and increasing the concentration of medicinal efficacious components in the heart.
A: Q of FA in intestinal juice. All groups of FA+Bor are at the same concentration. n =3, X+ 5. ~P < 0.01, ""P < 0.001 vs FA+Bor group,
AP < 0.001 vs FA group; B: Representative images of heart sections stained by mass spectrometry imaging; C: The effect of Bor on the
average fluorescence intensity of FA in the heart. The bar corresponds to the image one by one. n (ROI) =6, X 5.~ P < 0.001 vs control
group; ***P < 0.001 vs FA group; D: The effect of FA on the tension of thoracic aorta; E: The effect of FA on the relaxation rate of thoracic
aorta. Mod is the model group and stimulated by norepinephrine (NE) with no administration, which corresponds to K-H group of the picture
5D. NF and FA are administration groups of nifedipine and ferulic acid respectively. n = 3, X + 5. “*P < 0.001 vs control group; ~"P < 0.001
vs model group; “P < 0.05 vs FA (1 mmol-L™) group
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