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Abstract

Objective: To investigate the preventing effect of P-cymene on high fat diet-related colorectal cancer and its
mechanism.

Methods: Forty Wistar rats were randomly divided into G1 group (high-fat diet), G2 group (high-fat diet +
DMH), G3 group (high-fat diet + P-cymene), and G4 group (high-fat diet + DMH + P-cymene).G2 and G4
groups were subcutaneously injected with dimethylhydrazine (DMH), and G3 and G4 groups were
intragastrically administered with P-cymene to investigate the effects of P-cymene on tumor formation,
inflammatory factors, glucose, lipid metabolism and gut microbes.

Results: No tumors were formed in the high-fat diet group (G1) or the high-fat diet + P-cymone group (G3).
7 rats (70%) of the high-fat diet + DMH group (G2) developed 8 cancerous nodules, including 6
adenocarcinomas and 2 signet ring cell carcinomas; 4 rats (40%) in the high-fat diet + DMH + P-cymene group
(G4) group formed 4 cancerous nodules, all of which were adenocarcinoma. There was no significant difference
in the changes of glucose and lipid metabolism in each group. After the use of P-cymene, IL-1 decreased, IL-6
increased, and LEP decreased in the G4 group.The difference was statistically significant.The contents of
Candida and Unclassified Bacteria in the G3 group rats were significantly lower than those in the G1 group.At
the species level comparison, compared with the G2 group, the content of Clostridium XlVa in the intestinal
tract of the G2 group rats was significantly increased compared to the G1 group.

Conclusion: In this study, it was found that p-cymenen can prevent the occurrence of colorectal cancer
related to high-fat and high-calorie diet. The mechanism may be is reducing the expression of inflammatory
factors such as IL-1 and LEP, increasing the expression of inflammatory factors of IL-6, and promoting the
growth of probiotics such as bifidobacteria, isobacteria and clostridium IV in the intestinal tract.
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Introduction

High-fat diet (HFD) may cause patient chronic
inflammatory and increase the risk of occurrence of
colorectal cancer [1-2]. Chronic inflammatory states in
the body may affect the gut micro-environment,
which will lead to the high incidence of colorectal
cancer [3-4]. In Traditional Chinese Medicine, HFD
can cause “endogenous damp-heat syndrome” and
may lead patients in a high risk of hyperlipidemia,
obesity, diabetes, colorectal and breast cancer, and so
on, which is called endogenous damp-heat syndrome
related disease. Eupatorium, a Chinese medicine herb,
has a long history of traditional use in China, which
had pharmacological functions such as anti-
inflammatory, anti-hyperlipidemic, anti-

hypertensive, anti-virus, and anti-tumor activities,et
al. [5]. Yang et al. [6] found that extract of Eupatorium
can prevent A-549, BGC-823, SMMC-7721, and HL-60
tumour cell lines. Li et al. [7] found that the eatract of
Eupatorium be endowed with pronounced anti-
inflammatory property. P-cymene is an extract of
Eupatorium, which is the most important active
ingredient and has antioxidant and antitumoral
activity potentials [8-9].

Acharya et al. [10] found that P-cymene can
inhibited the viability and size of the HT-29
colonospheres in 3D colon cancer stem cells pheroids
and do not enhance the expression of HES-1 gene, a
crucial downstream gene in the Notch signalling
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pathway which is involved in the self-renewal and
tumourigenicity in CRCs.

Rodrigo de Oliveira Formiga et al. [11] found
that the intestinal anti-inflammatory activity of
P-cymene involving the cytoprotection of the
intestinal barrier, maintaining the mucus layer, and
preserving communicating junctions, as well as
through modulation of the antioxidant and
immunomodulatory systems. The loose mucus layer

is the legislator of host-microbial [12-13]. Peyman et al.

[14] studies had showed that p-Cymene has
anti-inflammatory properties. Our previous study has
found that HFD increase gut susceptibility to
carcinogens by altering the gut microbial community
[2]. However, up to now, its anti-tumor and anti-
oxidation mechanism of P-cymene is still unclear. It is
not clear whether P-cymene can inhibit tumor
formation by improving the structure of intestinal
flora. Therefore, we hypothesis that P-cymene can
inhibit tumor formation by improving the structure of
intestinal flora. This study we will use P-cymene to
treat the DMH mice model to investigate the
preventing effect of P-cymene on high fat diet-related
colorectal cancer and its mechanism.

Materials and methods

Feeding and grouping of experimental animals

40 SPF Wistar rats, male and female, 5-6 weeks
old, weight 200 g (animal certificate number: NO.
11400700154060, experimental animal production
license number: SCXK (Su) 2011-0003), animal
experiments was approved by the Animal Ethics
Committee of the School of Medicine, Southeast
University.

Animal feeding as our previous report [2]. Feed
is cobalt 60 radiation-sterilized pellets for rats and
mice (Nanjing Jiangning Qinglongshan feed
Company), high-fat feed (formulation: 20 g lard, 5 g
cholesterol, 10 g Tween 80, add water to 50 ml). Daily
high-fat feeds were administered to the stomach.

Experimental animal grouping
e G1 group: high-fat diet group (blank control);
e G2 group: high-fat diet + DMH group;
e G3 group: high-fat diet + P-cymene group;
e G4 group: high-fat diet + DMH + P-cymene
group.
Animal treatment

After the 4th week of feeding, rats in the G2 and
G4 groups were subcutaneously injected with
dimethyl hydrazine (DMH) 30 mg / kg twice a week
for 8 consecutive weeks [2]. The rats were weighed
once a week to adjust Dosage of DMH.G1 and G3

groups were given subcutaneous injections of the
same amount of normal saline every week.G3 and G4
groups were given intragastric administration
P-cymene with dose of 20 mg/kg/d, and rats were
weighed once a week. G1 and G2 groups were given
the same amount of saline every week. The rats were
sacrificed at the 20t week of feeding, and the number
and size of large intestine tumors were calculated and
measured.

Detection of lipid metabolism and
inflammatory factors

The blood was removed by eyeballs, and the
plasma was separated by centrifugation, and the
blood glucose and blood lipid metabolism indicators
(total cholesterol, triolein, HDL, LDL) were detected;
inflammatory factors (IL-1, IL-6, COX-2) and
cytokines (LEP) were detected by enzyme-linked
immunosorbent assay (ELISA).

Fecal specimens, tissue specimens are
retained and research methods of gut
microbes

Fecal specimens and tissue specimens are
retained and methods of gut microbes was detection
by Metagenome as our previous reports [2].

Statistical methods

SPSS518.0 statistical software was used to analyze
the data. The measurement data were all Mean + SD.
The comparison of multiple groups of data was
performed by single factor analysis of variance. The
comparison between groups was performed by LSD-t
test. The repeated measurement data was analyzed by
repeated measurement analysis of variance. When P
<0.05, the difference was statistically significant.

Results

A rat in the high-fat diet + DMH group (G2) died
of the cachexia caused by extensive metastasis of
abdominal tumor in 18t week. On week 20, the other
39 rats were sacrificed.

Comparison of tumor formation in each
group:

There was no tumor in the high-fat diet group
(G1) and the high-fat diet + P-cymene group (G3).
Seven rats (70%) developed 8 nodules in the high-fat
diet + DMH group (G2). Among them, 6 were
adenocarcinomas and 2 were signet ring cell
carcinomas. Four rats (40%) in the high fat diet +
DMH + P-cymene group (G4) group formed 4
cancerous nodules, all of which were
adenocarcinomas (Figure 1).
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Figure 1. The gross or histopathologic image of the derived tumor. A and C are
gross tumor photos (Red Arrow); B and D are histopathologic imagines of the
corresponding tumors.

Changes in metabolism and inflammatory
factors in each group

There was no statistically significant difference
in serum lipid and blood glucose among four groups.
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Compared G1 and G3, G2 and G4 respectively, IL-1
decreased and IL-6 increased. LEP decreased in the
G4 group compared with G2 (Table 1).

Comparison gut flora alteration between HFD
group (G1) and HFD +DMHgroup (G2)

The alteration of phylum between G1 versus G2
groups was not significant. Comparison with G1, the
content of Clostridium XlVa in the G2 group was
significantly higher than that of G1 group, while the
content of Unclassified Bacteroidales was significantly
reduced in the G2 group (Figure 2).

Comparison gut flora alteration between HFD
group (G1) and HFD +P-cymene group (G3)

Comparison with G1, at bacteria phylum level,
the contents of Candida and unclassified Bacteria
were significantly increased in G3 group, and the
difference was statistically significant. In G3 group,

the content of Bifidobacterium, bacteria 1V,
Allobaculum, Barnesiella, Flavononifractor,
Oscillibacter, and unclassified rumenaceae were

significantly higher than those in the G1 group, while
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Figure 2. Comparison gut flora alteration between HFD group (G1) and HFD group (G2).
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the contents of Atopostipes, Desulfovibrio,
Psychrobacter, Saccharibacteria genera incertae sedis,
unclassified bacteria, and Unclassified Planococcaceae
were significantly lower than those in the G1 group
(Figure 3).

Comparison gut flora alteration between
HFD+DMH group (G2) and HFD +DMH+
P-cymene group (G4)

The alteration of phylum between G2 versus G4
groups was not significant. In the G4 group, the
contents of Proteus, Bifidobacterium, Helicobacter,
Allobaculum, and Campylobacterale ~ were
significantly higher than those of the G2 group, while
Peptostreptococcaceae, Clostridium XI, Dorea, The
contents of Clostridium XVIII and Nosocomiicoccus
were significantly reduced compared with the G2
group (Figure 4).
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Relative abundance(®s)

Boxplot

Discussion

Traditional Chinese medicine believes that the
“endogenous damp-heat syndrome” caused by high-
fat diets plays an important role in the development
of colorectal cancer. It suggests that the use of
“aromatizing moisturizing and spleen rejuvenating”
herbs such as eupatorium can prevent the
endogenous damp-heat syndrome caused by high-fat
diet. Eupatorium, a Chinese medicine herb, has a long

history of traditional wuse in China, which
had pharmacological functions such as anti-
inflammatory, anti-hyperlipidemic, anti-

hypertensive, anti-virus, and anti-tumor activities, et
al. [15-16]. But how eupatorium can inhibit colorectal
cancer and what is the possible mechanism?
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Figure 3. Comparison gut flora alteration between HFD group (G1) and HFD +P-cymene group (G3).
Table 1. Changes in metabolism and inflammatory factors in each group (n = 40)
Group P
Gl G2 G3 G4 GlvsG2 G1vsG3 G2vsG4

GLU (mmol/L) 7.05+0.67 7.25+1.37 10.26+8.48 6.26+0.91 0.92 0.116 0.644
TG (mmol/L) 7047.31+674.30 7249.40+1368.29 10262.75+8484.04 6264.47+908.76 0.33 0.217 0.939
TC (mmol/L) 0.79+0.61 0.63+0.20 0.58+0.15 0.65+0.27 0.273 0.546 0.95
LDL (mmol/L) 8.27+2.26 7.33+2.08 7.76%1.50 7.27+1.48 0.739 0.509 0.494
HDL (mmol/L) 5.81+3.35 6.2412.34 4.95%2.62 5.30+3.06 0.78 0.552 0.564
IL-1 (ng/L) 2.39+1.18 2.52+1.04 2.13+0.80 2.25+0.88 0.453 0.02 0
IL-6 (ng/L) 24.83+12.89 21.49+10.84 35.59+5.42 47.27+8.18 0.445 0.007 0
ADP (pg/L) 7.5241.57 7.03+1.25 9.31+1.09 9.80+1.68 0.327 0.35 0.464
COX-2 (ng/L) 24.51+13.31 28.98+10.16 28.77+6.48 32.50+8.65 0.053 0 0.316
LEP (pg/L) 60.88+27.58 44.51+16.68 27.22+13.27 35.68+7.94 0.922 0.246 0.015
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Figure 4. Comparison gut flora alteration between HFD+DMH group (G2) and HFD +DMH+P-cymene group (G4).

In this study, P-Cymene, a major composition
from eupatorium extract was used for the prevention
of colorectal cancer and it was found that P-Cymene
can significantly reduce the incidence of colorectal
cancer by DMH. In the DMH induced model without
P-cymene (G2), 8 colorectal tumors were formed in 7
rats (70%). Among them, 2 tumors were signet ring
cell carcinoma. While in DMH + P-cymene group
(G4), 4 colorectal tumors were formed in 4 rats (40%),
whose pathological diagnosis was adenocarcinomas.
Therefore, from the aspects of incidence of colon
cancer, the number tumors, and the tumor
pathological features, the P-cymene can reduce the
incidence of colorectal cancer associated with a
high-fat, high-calorie diet. Nabavi SM and others had
reported that P-cymene had antibacterial and
antioxidant effects [17-18]. Others studies had shown
that P-cymene also had analgesic and anti-
inflammatory effects, by activating MAPK and NF-xB
pathways to achieve antibacterial, anti-inflammatory,
analgesic effects [19-21]. Kisko G et al found that
P-cymene can inhibit the activity of E. coli [22].
Soltanian S et al. [23] found that P-cymene had
broad-spectrum antitumor effect and antioxidant
effect. But there are few reports on the effects of
P-cymene on gut flora.

What is the mechanism of action of P-cymene in
preventing colorectal cancer? Chronic inflammatory
states caused by high-fat high-calorie diets are related

to the occurrence of colorectal cancer [24-26]. In our
study, P-cymene had tendency to decrease the
cholesterol and low-density lipoprotein, but the
difference is not statistically significant. However,
IL-1, IL-6, COX-2, and leptin had statistically
significant differences in using the P-cymene group,
which suggest that P-cymene may play a preventive
role by affecting the expression of inflammatory
factors. Li et al. [7] also found that the eatract of
Eupatorium be endowed with anti-inflammatory
property.

It is reported in the literature that the expression
of inflammatory factors in the body is directly related
to the variation of the intestinal flora [27]. In our
study, it was found that the abundance and diversity
of the intestinal flora of the DMH-inducing group did
not change significantly, implying that DMH did not
affect the intestinal flora. After the use of P-cymene,
the bifidobacterium, Clostridium IV, Allobaculum,
Anaerovorax, Barnesiella, Flavonifractor, Oscillibacte
in G3 group increased significantly, and
Bifidobacterium, Allobaculum, Clostridium 1V,
Proteus, Helicobacter, etc. also increased significantly
in G4 group, which suggest that P-cymene can
promote Bifidobacterium, Isobacterium, Clostridium
1V, etc.

Gut dysbacteriosis plays an important role in
development of colorectal cancer [1-2].
Bifidobacterium is a probiotic with protective effect
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on gut micro-environment. Qian et al. had confirmed
that the use of triple strains such as Bifidobacteria can
restore intestinal flora imbalance caused by high-fat
diets [27]. Clostridium IV is closely related to obesity
caused by excessive calorie intake, and Clostridium IV
can reduce the inflammatory state of the intestine
[28-29]. It is reported in the literature that
Allobaculum is also a probiotic and belongs to the
Mycoplasma  family.  Supplementation  with
Allobaculum can reduce the rapid weight gain caused
by high-fat diets [30]. Ushiroda et al. [31] reported that
the use of tea polyphenols can improve the intestinal
flora caused by a high-fat, high-calorie diet. Our
studies found that P-cymene can inhibit colorectal
cancer related to high-fat diet by increasing the
number of beneficial bacteria such as Bifidobacterium,
Clostridium IV, and Heterobacteria in the gut.

In summary, this study found that P-cymene can
inhibit the occurrence of high-fat, high-calorie
dietrelated colorectal cancer. The mechanism of action
may be by reducing the expression of inflammatory
factors such as IL-1 and LEP, increasing the
expression of IL-6 inflammatory factors and
promoting the growth of probiotics such as
bifidobacteria, isobacteria and clostridium IV in the
intestinal tract.

Acknowledgements

Grant support

The study is funded by Special foundation for
key Research & Development plans of Jiangsu
Province (EB2019763), Jiangsu Nature Science
Foundation (BK20191502).

Competing Interests

The authors have declared that no competing
interest exists.

References

1. Birmingham JM, Busik JV, Hansen-Smith FM, et al. Novel mechanism
for obesity-induced colon cancer progression. Carcinogenesis. 2009;
30(4): 690-7.

2. Heiying Jin, Chunxia Zhang. High Fat High Calories Diet (HFD) Increase
Gut Susceptibility to Carcinogens by Altering the Gut Microbial
Community. ] Cancer. 2020; 11(14): 4091-4098.

3. Okwan-Duodu D, Umpierrez GE, Brawley OW, et al. Obesity-driven
inflammation, and cancer risk: role of myeloid derived suppressor cells
and alternately activated macrophages. Am. J. Cancer Res. 2013; 3(1): 21-
33.

4. Conlon MA, Bird AR. The impact of diet and lifestyle on gut microbiota
and human health. Nutrients. 2014 ; 7(1):17-44.

5. Wang X, Ma S, Lai F, Wang Y, Lou C. Traditional Applications,
Phytochemistry, and Pharmacological Activities of Eupatorium
lindleyanum DC.: A Comprehensive Review. Front Pharmacol. 2020;
8:577124.

6. Yang NY, Qian SH, Duan JA, Li P, Tian L]. Cytotoxic sesquiterpene
lactones from Eupatorium lindleyanum. ] Asian Nat Prod Res. 2007;
9(3-5):339-45.

7. LiCL, Tan LH, Wang YF, Luo CD, Chen HB, Lu Q, Li YC, Yang XB, Chen
JN, Liu YH, Xie JH, Su ZR. Comparison of anti-inflammatory effects of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

berberine, and its natural oxidative and reduced derivatives from
Rhizoma Coptidis in vitro and in vivo. Phytomedicine. 2019 ; 52:272-283.
Touma J, Navarro M, Septlveda B, Pavon A, Corsini G, Fernandez K,
Quezada C, Torres A, Larrazabal-Fuentes M], Paredes A, Neira I,
Ferrando M, Bruna F, Venegas A, Bravo J. The Chemical Compositions of
Essential ~ Oils  Derived  from Cryptocarya  alba and Laurelia
sempervirens Possess Antioxidant, Antibacterial and Antitumoral
Activity Potential. Molecules. 2020; 23:5600. doi: 10.3390/molecules
25235600. PMID: 33260521; PMCID: PMC7729746.

Nehme R, Andrés S, Pereira RB, Ben Jemaa M, Bouhallab S, Ceciliani F,
Lépez S, Rahali FZ, Ksouri R, Pereira DM, Abdennebi-Najar L. Essential
Oils in Livestock: From Health to Food Quality. Antioxidants (Basel).
2021; 10(2):330.

Acharya S, Ghosh S, Maji M, Parambil ARU, Singh S, Mukherjee A.
Inhibition of 3D colon cancer stem cell spheroids by cytotoxic
Ru(II)-p-cymene complexes of mesalazine derivatives. Chem Commun
(Camb). 2020; 56(40):5421-5424.

Rodrigo de Oliveira Formiga, Edvaldo Balbino Alves Junior, Roseane
Carvalho Vasconcelos, Gerlane Coelho Bernardo Guerra, Aurigena
Antunes de Aratjo, Thais Gomes de Carvalho, Vinicius Barreto Garcia,
Raimundo Fernandes de Aratjo Junior, Francisco Allysson Assis
Ferreira Gadelha, Giciane Carvalho Vieira, Marianna Vieira Sobral, José
Maria Barbosa Filho, Fernando Spiller, Lednia Maria Batista. p-Cymene
and Rosmarinic Acid Ameliorate TNBS-Induced Intestinal Inflammation
Upkeeping ZO-1 and MUC-2: Role of Antioxidant System and
Immunomodulation. Int ] Mol Sci. 2020 Aug; 21(16): 5870.

Johansson ME,Phillipson M, Petersson J, et al. The inner of the two Muc2
mucin-dependent mucus layers in colon is devoid of bacteria. Proc Natl
Acad Sci U S A. 2008; 105:15064-15069.

Johansson ME, Larsson JM, Hansson GC. The two mucus layers of colon
are organized by the MUC2 mucin, whereas the outer layer is a legislator
of host-microbial interactions. Proc Natl Acad Sci U S A. 2011; 108: 4659~
4665.

Peyman Lotfi, Parichehreh Yaghmaei, Azadeh Ebrahim-Habibi. Cymene
and Metformin treatment effect on biochemical parameters of male
NMRI mice fed with high fat diet. ] Diabetes Metab Disord. 2015; 14: 52.
Cheng F, Li ], Liu S, et al. Development and evaluation of rat model of
damp heat syndrome. Chinese Journal of traditional Chinese medicine.
2007, 25 (12): 2549-51.

Zhu Q, Jin Z, Wu W, et al. Analysis of the Intestinal Lumen Microbiota in
an Animal Model of Colorectal Cancer. PloS ONE. 2014; 9(6): €90849.
Nabavi SM, Marchese A, Izadi M, et al. Plants belonging to the genus
Thymus as antibacterial agents: from farm to pharmacy. Food Chem.
2015; 173:339-47.

Nickavar B, Adeli A, Nickavar A. TLC-Bioautography and GC-MS
analyses for detection and identification of antioxidant constituents of
trachyspermum copticum essential oil. Iran J Pharm Res: UPR. 2014;
13:127.

Santana MF, Quintans-Junior Cavalcanti SC, Oliveira MG, et al.
p-Cymene reduces orofacial nociceptive response in mice Revista
Brasileira de Farmacoqnosia. 2011; 21:1138-1143.

Bonjardim LR, Cunha ES, Guimaraes AG, et al. Evaluation of the
anti-inflammatory and antinociceptive properties of p-cymene in
mice[J]. Z Naturforsch C. 2012; 67:15-21.

Zhong W, Chi G, Jiang L, et al. P-Cymene modulates in vitro and in vivo
cytokine production by inhibiting MAPK and NF-xB activation.
inflammation. 2013; 36: 529-537.

Kisko G, S Roller. Carvacrol and p-cymene inactivate Escherichia coli
0157:H7 in apple juice[J]. BMC Microbiology. 2005; 5:1-9.

Soltanian S, Mohamadi N, Rajaei P, et al. Phytochemical composition,
and cytotoxic, antioxidant, and antibacterial activity of the essential oil
and methanol extract of Semenovia suffruticosa[J]]. Avicenna ]
Phytomed. 2019; 9(2): 143-152.

Zeyda M, Stulnig TM. Obesity, inflammation, and insulin resistance-A
mini-review[]]. Gerontology. 2009; 55(4): 379-386.

Manabel. Chronic inflammation links cardiovascular, metabolic, and
renal diseases. Circ. J. 2011; 75 (12): 2739-2748.

Okwan-Duodu D,Umpierrez GE, Brawley OW, et al. Obesity-driven
inflammation, and cancer risk: role of myeloid derived suppressor cells
and alternately activated macrophages. Am J Cancer Res. 2013; 3(1): 21—
33.

Qian Leimin, Gao Renyuan, Huang Jianming, et al. Supplementation of
triple viable probiotics combined with dietary intervention is associated
with gut microbial improvement in humans on a high-fat diet. Exp Ther
Med. 2019; 18(3): 2262-2270.

Pryde S E, Duncan S H, Hold G L, et al. The microbiology of butyrate
form ation in the human colon. FEMS Microbiol Lett. 2002; 217(2):
133-139.

http://lwww.jcancer.org



Journal of Cancer 2021, Vol. 12

4361

29.

30.

31.

Li M, Wang B, Zhang M, et al. Symbiotic gut microbes modulate human
metabolic phenotypes. PNAS. 2008; 105(6):2117-2122.

Di Sha, Wang Yitian, Han Lin, et al. The intervention effect of Traditional
Chinese Medicine on the intestinal flora and its metabolites in glycolipid
metabolic  disorders [J]. Evid Based Complement Alternat
Med. 2019; 2019: 2958920.

Ushiroda Chihiro, Naito Yuji, Takagi Tomohisa, et al. Green tea
polyphenol (epigallocatechin-3-gallate) improves gut dysbiosis and
serum bile acids dysregulation in high-fat diet-fed mice. J Clin Biochem
Nutr. 2019; 65(1): 34-46.

http://lwww.jcancer.org



