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57 Lachnoclostridium, and Ruminococcus). The majority of which were the short-chain 

58 fatty acids (SCFAs) producers. Meanwhile SCFAs-sensing G protein-coupled 

59 receptors (GPCRs), including GPR41, GPR43, and GPR109a were also significantly 

60 upregulated. In a recent report, we proved that the bacteria-derived SCFAs plays an 

61 essential role to the anti-cancer effects of the mushroom polysaccharides and 

62 saponins in ApcMin/+ mice. In this study, we further demonstrated that butyrate 

63 treatment could enhance the extracellular tight junction protein complex as effective 

64 as the treatments with SL and FSP to the ApcMin/+ mice. Our findings provide strong 

65 evidence of the vital role of the SCFA-producers and their metabolites to the cancer-

66 preventive properties of the SL and FSP preparations. 

67

68 Keywords: Colorectal cancer, gut microbiota, herbal products, tight junction, 

69 adhesion molecules
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105 producing CD8+ T cells and improved the efficacy of immune checkpoint inhibitors in 

106 a germ-free mouse model [11]. 

107 Today, an unprecedented therapeutic strategy is evolving for CRC treatment 

108 by reshaping the dysbiotic GM composition through the use of herbal products derived 

109 from traditional Chinese medicine (TCM). For instance, Glycyrrhiza polysaccharide, a 

110 main component of TCM, has shown anti-tumor activities by modulating the GM 

111 composition in a tumor-grafting mouse model [12]. Likewise, isoliquiritigenin, a 

112 flavonoid extracted from licorice, demonstrated anti-cancer effects by shaping the 

113 dysbiotic GM composition in a mouse model [13]. In our previous works, we 

114 demonstrated that herbal triterpenoid saponins and mushroom polysaccharides 

115 improve the inflammatory intestinal barrier and exert cancer preventive effects in the 

116 ApcMin/+ mouse model [14–16]. 

117 Adaptogens are plants or plant extracts that promote health for general well-

118 being and support the body’s natural ability to deal with stress without harming the 

119 normal functions of the human body [17]. These adaptogens are much overlap with 

120 the tonic traditional Chinese herbs for their health effects, yet, their mechanistic 

121 functions remain obscure.  To investigate whether GM plays any part in the 

122 functionality of these herbs, three adaptogenic plants were selected. The flower buds 

123 of these plants were used to constitute two herbal preparations, SL and FSP according 

124 to the receipts of two commonly consumed TCM decoctions for gastrointestinal 

125 discomfort. Preparation SL consists of the flower buds of two plants, i.e., Sophorae 
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126 japonica and Lonicerae Japonicae (Japenese honeysuckle). Sophorae japonica is a 

127 deciduous tree that produces small, fragrant white flowers. The Preparation FSP 

128 consists of the flower buds of Sophorae japonica and Gardenia Jasminoides Ellis. The 

129 flower buds of S. japonica contain a large portion of rutin that is also found in many 

130 foods, vegetables, and beverages and possess several effects such as anti-

131 inflammatory and cytoprotective functions [18]. Pharmacological studies showed that 

132 the extract of S. japonica exhibits anti-oxidant, anti-inflammatory and anti-cancer 

133 activities in both cellular and animal experiments [19–21]. The selection of herbs for 

134 Preparation FSP was based on in PuJiFang (an 800 years old traditional Chinese 

135 medical classic) for the treatment of intestinal disorders [22]. 

136 Gardenia, another adaptogenic herb in Preparation FSP, has been consumed 

137 as a dietary herbal medicine in China and other Asian countries. The main active 

138 components, geniposide and genipin exhibit diverse pharmacological activities, which 

139 include immunosuppressant, anti-oxidant, and anti-cancer effects [23–25]. Lonicerae 

140 Japonicae Thunb is a species of honeysuckle native to China, Japan, and Korea. The 

141 flower buds of L. japonica are widely consumed as a tea, and showed possessing 

142 immunomodulatory activity in a mouse model [26]. A pharmacological study 

143 demonstrated that the major ingredient, chlorogenic acid displayed the crucial role in 

144 anti-inflammation and antioxidant in treating colitis symptoms [27] and against 

145 ischemia/reperfusion injury of liver [28]. 

473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531



10

146 In this study, we evaluated the potential cancer protective effects and the GM 

147 modulating activities of Preparations FSP and SL in the ApcMin/+ colorectal cancer 

148 mouse model.  

149

150 2. METHODS

151 2.1. Preparation of herbal extracts

152 FSP powder was purchased from Shaanxi Jintai Biological Engineering Co., 

153 Ltd. It comprised of the equal concentration (ratio 1:1) of the Sophora japonica flower 

154 Bud extract (95% purity) and Gardenia extract (95% purity). Preparation SL was 

155 prepared by ZhiLing Yu’s lab according to the previous procedure [29]. The 

156 qualification and authentication of the herbal extracts were performed using high 

157 performance liquid chromatography (HPLC) and Liquid chromatography–mass 

158 spectrometry (LC-MS) (Fig. S1, S2).

159 2.2. Animals maintenance and treatments

160 ApcMin/+ mice were purchased from Jackson’s Laboratory and bred in-house for 

161 heterozygous mice. Mice were fed with PicoLab®Rodent Diet 20-5053 (LabDiet, USA) 

162 diet and housed in a 12-h /12-h dark-light cycle facility with free access to food and 

163 water. A total of 27 C57B6/j male mice (6 week-age), randomly divided into three 

164 groups (SL, FSP and the control) for drug treatment. Dry powders of SL and FSP were 

165 separately dissolved in water and a dosage of 1 g/kg was gavage administration to the 
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298
299 Figure 1: Effects of SL & FSP on the intestinal polyp formation in the Apc Min/+

300 mice. (A)The herbal treatment scheme (B, C) Food consumption and body weight of 
301 the mice from different experimental groups. (D) The total polyp counts of the 
302 experimental mice. (E) The number and the size of the intestinal polyps. Data is 
303 presented as the mean ± SEM. Statistical significance was determined with one-way 
304 ANOVA (1-tailed) with Dunnett’s Post-Hoc multiple comparison. (* P < 0.05, **P < 0.01, 
305 *** P < 0.001 control versus treatment); n=6.

306 3.2. SL and FSP suppressed oncogenic mediators

307 Besides the reduction of polyps, we also looked into the impact of the 

308 treatments on some key oncogenic signaling mediators. Flow cytometry results 

309 showed that the SL and FSP groups have higher ratio of CD4+/CD8+, an prognostic 

310 index for a high survival in carcinogenesis (Fig. 2A) [38]. Through the Western blot 

311 analysis, significant downregulations of p-AKT and p-ERK were detected (Fig. 2B, C). 

312 MAPK/ERK and PI3K/AKT are the two commonly deregulated signaling pathways 

313 found in tumors [39,40]. Similarly, STAT3, an oncogene and a frequent target for 

314 cancer therapy, was downregulated in SL and FSP treated mice using both Western 

315 blot analysis and IHC staining (Fig. 2B-D).
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342

343 Figure 3: Effects of SL and FSP on the polarization of macrophage and the 
344 associated cytokines expressions in the intestinal mucus layer

345 (A, B) The relative mRNA expressions of M1 and M2 macrophage markers. (C) 
346 Immunofluorescent staining of iNOS for M1 macrophages and IHC staining of 
347 Arginase-1 for M2 macrophages in small intestine. (D, E) The qRT-PCR analysis of 
348 the anti-inflammation cytokines and pro-inflammation cytokines samples. Data is 
349 presented as the mean ± SEM, n=3. Statistical significance was determined with one-
350 way ANOVA (1-tailed) with Dunnett’s Post-Hoc multiple comparison. (* P < 0.05, **P 
351 < 0.01, *** P < 0.001 control versus treatment).
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352 3.4. SL and FSP boosted the Paneth & goblet cells, tight junction and cell 

353 adhesion molecules in the epithelial barrier of ApcMin/+ mice

354 ApcMin/+ mice are characterized with inflamed intestinal barrier and 

355 dysfunctional gut architecture [42]. Therefore, SL and FSP effects were first evaluated 

356 on two of the main epithelial cell types, the Paneth cells and goblet cells. Paneth cells 

357 consist an integral part of the epithelial architecture and is critical for intestinal 

358 protection [43]. These cells contain large granules of lysozyme and can be detected 

359 by lysozyme staining as shown in Fig. 4A. The population of Paneth cells was further 

360 validated through the qRT-PCR detection of the lysozyme-encoding gene (Fig. 4B). 

361 For the mucus-secreting goblet cells, Alcian blue staining were used to detect the 

362 mucin in the mucosal layer and further validated by quantifying the expression of MUC-

363 2 in the mucosal samples using qRT-PCR analysis. MUC-2 is a mucin encoding gene 

364 mainly expressed in goblet cells [44]. The results showed that SL and FSP treatments 

365 induced the population of both Paneth cells and goblet cells in ApcMin/+ mice (Fig. 4A, 

366 B).

367 SL and FSF were also evaluated for the possible effects on the tight junction 

368 proteins in the context of tumor development. We found that tight junction (TJ) 

369 molecule, both occluding and zonula occludens (ZO-1) were significantly upregulated 

370 in the SL and FSP treated ApcMin/+ mice compared to the control mice analyzed by 

371 immunofluorescent stain and qRT-PCR (Fig. 4C, D). In this study, we also examined 

372 the expressions of two adhesion molecules, namely the vascular cell adhesion 
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410 taxonomic evaluation, total DNA samples from all experimental mice were subjected 

411 for 16S rRNA gene amplicon sequencing. Observed and Chao1 indices revealed lower 

412 OTUs diversity in the treated mice compared to the control (Fig. 5B). Similarly, lower 

413 evenness indices for OTUs diversity were observed in the treated groups using the 

414 Shannon index (Fig. 5B). Enriched microbial diversity has been reported in CRC 

415 patients compared to healthy individuals [53]. In agreement with ERIC-PCR generated 

416 data, we observed differential GM composition in the preparations-treated ApcMin/+ 

417 mice when UniFrac distance analysis was performed on the top-200 abundant OTUs 

418 in 16S amplicon sequencing data (Fig. 5C).

419 After annotating the sequences, a total of 10 phyla were detected; among which, 

420 Bacteroidetes abundance was enhanced in both SL and FSP treated mice (Fig. 5D). 

421 Interestingly, we noticed a mark increased in the abundance of Verrucomicrobia in the 

422 treated ApcMin/+ mice (Fig. 5D). Through LEfSe analysis, we observed that enhanced 

423 abundance of Verrucomicrobia was resulted from the enrichment of Akkermansia 

424 muciniphila (Fig. 5E), a well-characterized intestinal symbiont whose abundance is 

425 negatively associated with inflammation and metabolic diseases [54]. Also, a recent 

426 study showed that the presence of A. muciniphila improved the efficacy of the PD-1-

427 based immunotherapy in [55]. Besides, we also observed the increase of the 

428 abundance of Kopriimonas spp and Parabacteroides goldsteinii in the SL-group (Fig. 

429 5E), and significantly upregulated growth of the Coprococcus catus in the FSP-treated 
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451 disease in both developed and under-developed countries was found decreased 
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452 103% and 177% by the SL- and FSP-treatments (Fig.6D).This pathogenic bacteria  
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453 also the common cause of dysentery in the intestinal track [57]. Other bacteria 
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454 suppressed by SL- and FSP-treatments were the hydrogen sulfide-producing bacteria 

1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770



31

455 (SRB) such as Desulfotomaculum sp., Desulfovibrio desulfuricans, Desulfovibrio sp., 
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456 and Desulfovibrio spp. (Fig. 6D). Using the functional gene from the H2S production 
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457 reaction – the dissimilatory sulfite reductase (dsrA) gene sequences as primers, the 
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458 SRB was quantified in the fecal DNA samples obtained from different time points of 

459 the treatment scheme (Fig. 1A). We observed a trend of increase of dsrA in the control 

460 mice, whereas continuous declines in a time-dependent manner in the treated mice 

461 (Fig. 6B). Another group of potential pathogens, Helicobacter species were also 

462 markedly reduced by the herbal treatments (Fig.6D). Helicobacter species are 

463 encoding a cytotoxin-associated gene A (CagA) that induce cancer and subsequently 

464 activate other pro-oncogenic signaling cascades [58]. We used the specific CagA 

465 primer sequences to quantify the presence of Helicobacter in the small intestine and 

466 found reduced abundance in both SL- and FSP-treated ApcMin/+ mice (Fig. 6C).
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467 Figure 6: SL and FSP significantly reduced the relative abundance of potential 
468 pathogenic bacterium.  
469 (A) The relative abundance of pathogenic bacteria. (B) qPCR analysis of the dsrA 
470 gene in the fecal samples and normalized to the total fecal bacteria according to the 
471 previous study [14]. (C) The relative expression of CagA gene assessed by qRT-PCR. 
472 (D) A list of pathogenic bacteria suppressed by preparation-treated in experimental 
473 mice. (* P < 0.05, **P < 0.01, *** P < 0.001 control versus treatment).

474

475 3.7. SL and FSP enhanced SCFA-producing bacteria, stimulated SCFAs-sensing 

476 receptors, and modulated signaling mediators 

477 In addition to LEfSe analysis, we also screened bacteria based on their 

478 presence in 50% of the samples in any of the groups and further evaluated for the 

479 relative percentile change compared to the control group (Table S2). Bacteria species 

480 that were substantially enhanced in mice treated with both herbal extracts include 

481 Akkermensia muciniphila, Bifidobacterium choerinum, Lachnoclostridium clostridium 

482 bolteae, Lactobacillus intestinalis, Lactobacillus spp., Paenibacillus pueri, and 

483 Ruminococcus sp (Table S2). Some of the species were differentially induced by either 

484 SL or FSP. Overall, FSP was more effective than SL in enhancing the beneficial 

485 bacteria. (Table S2). Furthermore, we observed greater number of short-chain fatty 

486 acids (SCFAs) producers in SL- and FSP-treated mice, which included Barnesiella 

487 species, Lachnoclostridium species, and Ruminococcus species (Fig. 7A, Table S2). 

488 The UHPLC-Q-TOF/MS analysis showed that the plasma SCFAs were elevated in the 

489 treated mice compared to the control. The other interesting finding in this study was 

490 the striking stimulation of three main SCFAs sensing receptors, GPR 41, 43, and 109a 
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545 The integrity of the epithelial architecture depends upon the function of the 

546 intercellular cell adhesion protein complex (ICPC) which compiles of the TJ proteins 

547 and the associated cell adhesion molecules, such as E-, N-cadherin, ICAM-1, VCAM-1. 

548 ICPC not only prevent the entry of small molecules and pathogens to the epithelial 

549 barrier, it also regulates diverse cellular processes through the intracellular domains 

550 of the complex [60]. Using immunofluorescence staining to detect two of the major TJ 

551 molecules, occludin and ZO-1 in the intestinal tissue, we found that both TJ proteins 

552 were markedly stimulated in the SL- and FSP-treated mice (Fig. 2C), This apparent 

553 increases of occludin and ZO-1 were also seen at the transcriptional levels assessed 

554 by qRT-PCR (Fig. 2D). Our observation is coincided with a recent report in which the 

555 active component of L. japonica, chlorogenic acid were found promoting the TJ 

556 proteins in colitis rats [61]. Reports showed that deregulated occludin and ZO-1 were 

557 observed in various tumor types [62–65].  

558 In addition to improve the epithelial architecture through the upregulation of the 

559 ICPC, SL and FSP also increased the number of both goblet cells and Paneth cells, 

560 (Fig. 2A). The elevation of lysozyme and MUC-2 were also detected in the mucosal 

561 samples of the treated mice compared to the control group. A highly glycosylated 

562 MUC-2 secreted by goblet cells is the backbone to form the mucus. If the inner layer 

563 is defected due to the lack of MUC-2 mucin, it may result in increase of the intestinal 

564 permeability to lead bacteria slip through and developed severe inflammation, diarrhea, 

565 and rectal prolapse [66,67]. Besides expelling the exogenous pathogens, the mucosal 
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587 acceptor to convert sulfide sulfate and release H2S in the gut lumen [72]. Elevated H2S 

588 level is a risk factor for acute and chronic ulcerative colitis, as well as colorectal cancer 

589 [73]. In order to confirm the sequencing data, we performed qPCR with the dsrA gene 

590 specific primers with the collected fecal DNAs, and found that the dsrA was 

591 upregulated in the control group of ApcMin/+ mice whereas downregulate in the treated 

592 mice in the time-dependent manners (Fig. 6B). Helicobacter is a genus of Gram-

593 negative bacteria and it contain about 35 species. Some of the species are inhabitant 

594 in human and mice gastrointestinal tract and are usually linked to the development of 

595 gastrointestinal carcinogenesis. For instance, H. typhlonius., is a well-known pathogen 

596 for murine animals with the potentials to induce severe IBD and modulate non-colitis-

597 associate intestinal carcinogenesis [74]. In addition, H. apodemus has been suspected 

598 for causing CRC in rodent [75]. Also, H. hepaticus has been found to induce 

599 hepatocellular carcinomas and bowel cancer in susceptible strains of inbred and 

600 genetically engineered mice [76]. A recent study has reported that the risk of CRC 

601 increased 1.4-1.6 times after H. pylori infection [77]. One of the mechanisms of H. 

602 pylori become etiological agent due to its direct interaction with host cells, then induce 

603 inflammatory reaction and stimulate production of free radicals [78]. More importantly, 

604 Strains of H. pylori produce a high-level protein of cytotoxin-associated gene A (CagA) 

605 that directly induce toxicity in cells [79].

606 Several beneficial bacteria (such as Bifidobacterium choerinum, 

607 Lachnoclostridium clostridium bolteae, Lactobacillus intestinalis, Lactobacillus spp., 
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629 key epigenetic regulators [89]. Higher expression of HDAC5 upregulates level of DLL4 gene 

630 that contribute to the progression of CRC [90]. Also, HDAC5 is considered as an important 

631 prognostic marker and drug target for breast cancer [91]. Whereas, HDAC8 is an emerging 

632 drug target for cancer therapies [92]. HDACs inhibitors are used clinically for the 

633 treatment of certain types of hematological malignancies [93]. Besides, we observed 

634 elevated expression of the PYY in the treated mice. PYY is a dynamic gut hormone 

635 mainly involve in gut digestion and absorption. PYY also helps in ameliorating 

636 inflammation and pancreatic cancer [94].

637 The commensal bacteria derived-SCFAs, particular the butyrate play critical 

638 roles in the homeostasis of the host immune system and metabolism in the gut and 

639 beyond the gut [95]. In this study, besides the intimate interplay between the SCFAs 

640 and the SCFA-sensing GPCP receptors, we prove that SCFA plays a direct role in the 

641 modulation of the intracellular TJ complex in this study, supported by the data obtained 

642 from the animal study (Fig. 7G). This finding further echoes our recent report in which 

643 treatment with butyrate alone can significantly reduce the polyps, upregulate SCFA-

644 sensing receptors and suppress the HDACs expressions in the gut epithelial barrier in 

645 ApcMin/+ mice [16]. 

646 In conclusion, this study provides new insight into the health function of the 

647 Preparations of SL and FSP through the dynamic interaction between the gut 

648 microbiota, the microbial metabolites, and the host’s intestinal microenvironment. It 

649 also pointed out an important point in which specific plant-derived adaptogens may 
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650 possess active prebiotic functions. In this report, we demonstrated that the 

651 combination of three common adaptogens could have essential implications in health 

652 maintenance and disease prevention, especially for the prevention of CRC.
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