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ABSTRACT: Ulcerative colitis (UC), one type of chronic inﬂammatory bowel disease (IBD), is a chronic and recurrent
disorder of the gastrointestinal (GI) tract. As camellia oil (CO) is traditionally used to treat GI disorders, this study investigated
the role of CO on acetic acid-induced colitis in the rat. The composition of the gut microbial community is related to many
diseases; thus, this study also investigated the eﬀects of CO on the composition of the gut microbiota. The rats were fed a dose
of 2 mL/kg body weight CO, olive oil (OO), or soybean oil (SO) once a day for 20 days, and the gut microbiota was analyzed
using 16S rRNA gene sequencing. Results of the gut microbiota examination showed signiﬁcant clustering of feces after
treatment with CO and OO; however, individual diﬀerences with OO varied considerably. Compared to SO and OO, the intake
of CO increased the ratio of Firmicutes/Bacteroidetes, the α-diversity, relative abundance of the Biﬁdobacterium, and reduced
Prevotella of the gut microbiota. On day 21, colitis was induced by a single transrectal administration of 2 mL of 4% acetic acid.
However, pretreatment of rats with CO or OO for 24 days slightly enhanced antioxidant and antioxidant enzyme activities and
signiﬁcantly reduced inﬂammatory damage and lipid peroxidation, thus ameliorating acetic acid-induced colitis. These results
indicated that CO was better able to ameliorate impairment of the antioxidant system induced by acetic acid compared to OO
and SO, which may have been due to CO modifying the composition of the gut microbiota or CO being a rich source of
phytochemicals.
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INTRODUCTION
The gut microbiota plays an essential role in human and animal health and thus many researchers are interested in modulating its composition to beneﬁt the host.1 Modulation of the
gut microbiome beneﬁts many diseases including inﬂammatory
bowel disease (IBD), gastrointestinal (GI) cancer, obesity, type 2
diabetes, hepatic steatosis, and allergic airway disease.2−4 Thus,
the host diet has a critical impact on the composition of the
gut microbiota,5 and changes in the gut ecology can aﬀect
inﬂammatory and metabolic properties and thereby host
physiology.6
Crohn’s disease (CD) and ulcerative colitis (UC) are the
main types of chronic IBD that are chronic progressive diseases
with persistent inﬂammation of the bowel. However, the
incidence and prevalence of IBD are increasingly worldwide.7
To date, the pathogenesis of IBD is not clearly understood,
but it has been linked to genetic, immunological, and environmental factors.8 Previous studies showed that increased
antioxidant enzymes can metabolize oxidative toxic intermediates produced by IBD.10,11 Oxidative stress plays a vital
role in initiation and progression of IBD.9 Furthermore, the
characteristic feature of acetic acid-induced colitis in an animal
model is also an imbalance between oxidant and antioxidant
substances.9 Currently, common drugs have incomplete eﬃcacy, and they are unable to maintain long-term clinical
remission.10,12,13 Thus, exploration of new attractive therapeutic alternatives for curing IBD is critical. In addition, the longterm use of pharmaceutical drugs results in numerous adverse
eﬀects.14 Therefore, desirable therapeutic treatments such as
© 2018 American Chemical Society

nutritional or dietary products with antioxidant abilities are
suggested for treating IBD.
Camellia oleifera Abel. is widely distributed in tropical and
subtropical regions of Asia, and its oil is an important edible oil
in Taiwan and China. As a traditional remedy, it is used
to treat GI, lung, and kidney diseases. Camellia oil (CO) is
rich in several phytochemicals such as oleic acid (C18:1),
linoleic acid (C18:2), palmitic acid (C16:0), squalene, vitamin
E, and ﬂavonoids.15 Tu et al.16 showed that CO can reduce
lipid peroxidation, apoptosis-related proteins, proinﬂammatory
cytokines, and nitric oxide production and increase antioxidant
enzyme activities, heat shock proteins, and prostaglandin E2
production, and thus alleviate damage to the gastric mucosa by
ethanol. Cheng et al.17 showed that CO has the potential to
ameliorate GI mucosal injury as evidenced by signiﬁcant reductions in inﬂammation, impairment of the antioxidant system,
and oxidative damage induced by ketoprofen.
Acetic acid induced-colitis is usually applied and easily
inducible model. It is the IBD model that bears close resemblance to human IBD in terms of pathogenesis, histopathological features, and inﬂammatory mediator proﬁle.9 However,
the protective eﬀect of CO against acetic acid-induced colitis
still lacks relevant support from the scientiﬁc literature. Hence,
the aim of this study was to evaluate the eﬀects of CO on the
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Figure 1. (A) Principal coordinate analysis (PCA) of the gut microbiota composition in SD rats fed diﬀerent oils based on the Bray−Curtis
distance measure of all samples of operational taxonomic unit (OTU)-level relative abundance proﬁles. (B−D) Alpha-diversity indexes of the gut
microbiota composition in SD rats fed diﬀerent oils. The boxplot demonstrates a distribution summary of diversity indices estimated at the OTU
level. (E) Eﬀects of diﬀerent edible oils on gut phylum-level microbiota composition of SD rats. Only phyla with top ﬁve average abundances were
included, with other phyla collapsed into “others”. Animals received oral administration of 2 mL/kg of soybean oil (SO), camellia oil (CO), or olive
oil (OO) for 20 days.
administration of sulfasalazine (SASP) at a dose of 500 mg/kg BW by
gastric gavage plus the transrectal administration of 2 mL of 4% acetic
acid (AA+SASP group). The CO (n = 6) and OO groups (n = 6)
were individually assigned to a group receiving oral administration of
CO and OO, respectively, at a dose of 2 mL/kg BW by gastric gavage
plus the transrectal administration of 2 mL of 4% acetic acid (AA+CO
group and AA+OO group). All of these treatments (SO, CO, and
OO) were given once a day for 24 consecutive days by oral gavage.
Rats in the AA+SASP group were pretreated orally with SO for
24 days and then were treated with 500 mg/kg BW SASP on days
21−24 for 4 days. Colitis was induced by the transrectal administration of acetic acid once on day 21. On day 21, rats were anesthetized by ether inhalation, and the tip of a soft catheter (2 mL of
saline for control group or 2 mL of 4% acetic acid for AA group) was
inserted up to 8 cm proximal to the anus after distal stools were
removed. The rats were maintained in a head-down position for 30 s
to prevent leakage. At the end of the experiment (day 24), each rat
was anesthetized, and the colon was immediately perfused with icecold 0.90% w/v of NaCl, then carefully removed, rinsed in ice-cold
0.90% w/v of NaCl, blotted dry, and weighed. All samples were stored
at −80 °C for further assays.
Bacterial DNA Extraction and 16S rRNA Sequencing. Fecal
samples were collected on day 20. After collection, fecal samples were
immediately stored at −80 °C for further DNA extraction. Bacterial
DNA was extracted with a Qiagen DNA Mini Kit (Qiagen, city, MD,
USA). Brieﬂy, bacterial DNA yielded from samples was for directly
used in polymerase chain reaction (PCR) assays and 16S rRNA gene
sequencing. The amount and quality of isolated DNA were
determined with a NanoDrop ND-1000 analyzer (Thermo Scientiﬁc,
Wilmington, DE, USA). Extracted DNA was stored at −80 °C prior
to 16S rRNA sequencing. The hypervariable V3−V4 region of the
bacterial 16S rRNA gene was ampliﬁed using a PCR with bar-coded
universal primers 341F (F, forward primer; 5′-CCTACgggNggCWgCAg-3′) and 805R (R, reverse primer; 5′-gACTACHCgggTATCTAATCC-3′). Library construction and sequencing of amplicon
DNA samples were carried out by Germark Biotechnology Co., Ltd.
(Taichung, Taiwan). A pair-end library (insert size of 465 bp for each
sample) was constructed with a TruSeq Nano DNA Library Prep kit
(Illumina, San Diego, CA, USA), and high-throughput sequencing

composition of the gut microbiota and acetic acid-induced
colitis in SD rats.

■

MATERIALS AND METHODS

Preparation of Oil. Commercial Camellia oil (CO), commercial
extra virgin olive oil (OO) from Lakonia Greek, and commercial
reﬁned soybean oil (SO) were purchased from the HsinI Country
Farmer’s Association (Nantou, Taiwan), Amway Taiwan Company
(Taipei, Taiwan), and Taisugar Company (Tainan, Taiwan), respectively. All oil samples were stored in airtight containers at 4 °C until
further use.
Animal Treatment Procedures. Male Sprague−Dawley (SD)
rats (aged 6 weeks and weighing 188 ± 12 g) were purchased from
the Livestock Research Institute (Taipei, Taiwan) under speciﬁc
pathogen-free (SPF) conditions. All animals were fed a chow diet
(Lab 5001, vendor info) and distilled water ad libitum and were maintained on a regular 12-h light/dark cycle at 60−70% humidity and
room temperature (22 ± 2 °C). The experimental animals were given
1 week to acclimatize to the environment and diet. All animal
experimental protocols were approved by the Institutional Animal
Care and Use Committee (IACUC) of National Chung Hsing
University, Taichung, Taiwan (IACUC approval no: 104−130R2).
In this study, the eﬀects of CO on the composition of the gut
microbiota and acetic acid-induced colitis in SD rats were evaluated.
In the ﬁrst part, 30 rats were randomly assigned to three groups
(n = 6): a group receiving SO at a dose of 2 mL/kg body weight
(BW) by gastric gavage (n = 18) for 20 days (SO group), a group
receiving CO at a dose of 2 mL/kg BW by gastric gavage (n = 6) for
20 days (CO group), and a group receiving OO at a dose of 2 mL/kg
BW by gastric gavage (n = 6) for 20 days (OO group). For this study,
the dose of CO and OO was used according to Tu et al.16 On the
20th day of treatment, feces were taken from all animals (for bacterial
DNA extraction and 16S ribosomal (r)RNA sequencing). In the
second part, on the 20th day, the rats in the SO group (n = 18) were
randomly assigned to three groups (n = 6): one receiving soybean oil
(SO) at a dose of 2 mL/kg BW by gastric gavage plus the transrectal
administration of 2 mL of saline (control group), one receiving SO at
a dose of 2 mL/kg BW by gastric gavage plus the transrectal administration of 2 mL of 4% acetic acid (AA group), and one receiving oral
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was performed on an Illumina MiSeq 2000 sequencer with a MiSeq
Reagent Kit v 3 (Illumina).
Sequencing Reads Quality Control and Analysis. On a persample basis, pair-end reads were merged using USEARCH (vers.
8.0.1623), with minimum overlap of read pair set at 8 base pairs
(bp).18 Merged reads were quality-ﬁltered with Mothur (vers. 1.35.1)
to remove reads shorter than 400 bp or longer than 550 bp as well as
reads with a minimum average quality score of <27.19 In addition,
reads containing an ambiguous base or homopolymer exceeding 8 bp
were excluded. Chimeras were detected using USEARCH (in the
reference mode and 3% minimum divergence). Quality-ﬁltered and
nonchimeric reads were analyzed (by the UPARSE pipeline) to generate operational taxonomic units (OTUs) per sample (at a 97% identity level).20 Representative OTU sequences were searched against the
Greengenes 13_5 database using USEARCH global alignment to identify the corresponding taxonomy of the best hit. Any OTU without a hit
or with only a weak hit, that is, with a function [(% sequence identity +
% alignment coverage)/2] of <93, was excluded from further
analysis.21 All statistical analyses were performed using R software
(http://www.r-project.org/) unless otherwise speciﬁed. Diversity
indices (e.g., Observed, Chao1, and Simpson) were estimated using
the R package phyloseq.22 Hierarchical clustering (via a completelinkage algorithm) of the microbiomes was conducted using the
Bray−Curtis distance of OTU-level relative abundance proﬁles, on the
basis of which principal component analysis (PCA) was also performed using the R package, ade4.23 The bioinformatics analyses
mentioned above were carried out by Germark Biotechnology Co.,
Ltd. (Taihung, Taiwan).
Pathological Histology. Colon tissues were ﬁxed in 10%
buﬀered formaldehyde, formally embedded in paraﬃn, and sectioned.
Sections were examined using hematoxylin and eosin (HE) staining
according to a previously described method.24 A histological injury
score of colon tissues was assessed, and the degree of lesions was
graded from one to ﬁve depending on the severity: 1 = minimal (<1%);
2 = slight (1−25%); 3 = moderate (26−50%); 4 = moderate/severe
(51−75%); and 5 = severe/high (76−100%).
Preparation of Colon Homogenate. The colon was extracted as
previously described17 with slight modiﬁcations. Finally, colon homogenates were collected and stored at −80 °C until being assayed.
Analysis of the Total Protein Concentration. The total protein
concentration of colon homogenates was determined colorimetrically
using a commercial protein reagent kit (Bio-Rad, Hercules, CA, USA).
Measurement of Superoxide Dismutase (SOD), Glutathione
(GSH), and Thiobarbituric Acid-Reactive Substances (TBARSs).
The SOD activity, and GSH and TBARS contents in colon homogenates were assayed according to a previous method described by
Cheng et al.17
Determination of Myeloperoxidase (MPO) Activity. In colitis,
inﬂammation activates MPO-containing phagocytes in the inﬂamed
intestine.25 Thus, MPO activity is an important index of inﬂammatory
damage.26 MPO activity of colon homogenates was measured
spectrophotometrically using hydrogen peroxide and O-dianisidine
dihydrochloride as substrates with the absorbance at 460 nm as per a
previously described method by Krawisz et al.27
Statistical Analysis. Experimental data are expressed as the
means ± standard deviation (SD) (n = 6). An analysis of variance
(ANOVA) was employed to calculate diﬀerences between multiple
groups with Duncan’s test. A p value <0.05 was considered statistically
signiﬁcant.

Figure 2. Eﬀects of (A) camellia oil (CO) and soybean oil (SO) and
(B) camellia oil and olive oil (OO) on the gut microbiota composition of SD rats at the phylum level. Cladogram generated from
the linear discriminant analysis eﬀect size (LEfSe) analysis, showing
the most diﬀerentially abundant taxa enriched in the microbiota of SD
rats fed (A) CO (red) or SO (green) and (B) CO (red) or OO (green).
Signiﬁcantly diﬀerential abundances in LEfSe comparisons, sorted by
p values in ascending order. Animals received oral administration of
2 mL/kg of SO, CO, or OO for 20 days.

treatments with CO and SO; however, individual diﬀerences of
OO-treated rats varied considerably.
Alpha-diversity indexes of richness (observed and Chao1)
were slightly increased in CO-treated rats compared to OOand SO-treated rats (Figure 1B,C). The Simpson index, an
alpha-diversity index of richness and evenness, was aﬀected by
the diﬀerent types of edible oils, as shown by a signiﬁcant
increase in the diversity of the gut microbiota in rats treated
with CO compared to those treated with SO (Figure 1D).
Figure 1E shows that the overall compositions of the gut
microbiomes in SO- and OO-treated rats were dominated by
the phyla Firmicutes (59% for SO-treated rats and 62% for
OO-treated rats) and Bacteroidetes (33% for SO-treated rats
and 31% for OO-treated rats), in accordance with previous
reports of gut microbiome compositions of mice.28,29 Other
phyla detected included the Verrucomicrobia, Proteobacteria,
and Actinobacteria. However, CO-treated rats had reduced members of the phylum Bacteroidetes and increased members of the
phylum Firmicutes compared to OO- and SO-treated rats.
Figure 2 shows distinct gut microbiota compositions of CO
rats compared to rats fed SO (Figure 2A) or OO (Figure 2B).

■

RESULTS
Eﬀect of CO on the Gut Microbiota. We analyzed the
gut microbiota composition using the 16S rRNA gene in SO-,
CO-, and OO-treated rats and observed dramatic changes in
the microbial ecology when treated with diﬀerent edible oils
(SO, CO, and OO) for 20 days. A PCA showed that rats
clustered into relatively distinct groups based on diﬀerent oils
(SO, CO, and OO) (Figure 1A). Results of the gut microbiota
determination showed signiﬁcant clustering of feces between
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Figure 3. Eﬀect of camellia oil (CO) on the (A) exterior and (B) hemorrhage score in the colon of acetic acid (AA)-induced colitis of SD rats. All
treatments [soybean oil (SO), CO, or olive oil (OO)] were given once a day for 24 consecutive days. Rats in the acetic acid (AA)+sulfasalazine
(SASP) group (a positive control) were orally pretreated with SO for 24 days and were treated with 500 mg/kg body weight (BW) SASP on days
21−24 for 4 days. Colitis was induced by the transrectal administration of 2 mL of 4% AA once on day 21. The degree of lesions was graded from
1 to 5 depending on the severity: 1 = minimal (<1%); 2 = slight (1−25%); 3 = moderate (26−50%); 4 = moderate/severe (51−75%); 5 = severe/
high (76−100%). Data are expressed as the mean ± standard deviation of six mice. The letters indicate statistically signiﬁcant diﬀerences between
groups (p < 0.05) by Duncan’s test.

In addition, as shown in Table 1, CO, OO, and SASP signiﬁcantly reduced the injury score compared to those in the acetic
acid-alone group (p < 0.05).
Eﬀect of CO on Antioxidant Enzymes, Antioxidants,
and Lipid Peroxidation and in Acetic Acid-Induced
Colitis of Rats. As shown in Figure 5A and B, the transrectal
administration of acetic acid resulted in signiﬁcant reductions
in levels of GSH and SOD in the colon (p < 0.05). However,
treatment with SASP signiﬁcantly increased GSH and SOD
levels in the colon compared to the acetic acid-alone group
(p < 0.05). Moreover, there were slight increasing trends in GSH
and SOD after pretreatment with CO or OO, although they did
not reach a signiﬁcant diﬀerence with the acetic acid-alone
group. As shown in Figure 5C and D, levels of MDA and MPO
both signiﬁcantly increased after transrectal administration of
acetic acid compared to the control group (p < 0.05). However, pretreatment with CO and OO remarkably reduced
MDA and MPO levels in the colon compared to those in the
acetic acid-alone group (p < 0.05). The results indicated that
CO and OO had the similar ability to ameliorate impairment
of the antioxidant system induced by acetic acid.

As shown in Figure 2A, the linear discriminant analysis (LDA)
eﬀect size (LEfSe) indicated that the genus Prevotella was
higher in SO-treated rats compared to CO-treated rats, while
the Actinobacteria (Biﬁdobacterium, Adlercreutzia, and
Collinsella), Bacteroidetes (Bacteroides and Odoribacter),
Firmicutes (Bacillaceae and Christensenellaceae), and Proteobacteria (Haemophilus) were higher in CO-treated rats compared to SO-treated rats (Figure 2A). Figure 2B shows that
CO-treated rats had higher Actinobacteria (Biﬁdobacterium)
and Firmicutes (Turicibacter, Peptostreptococcaceae, and
Mogibacteriaceae) compared to OO-treated rats. In addition,
OO-treated rats had higher Bacteroidetes (Prevotella) and
Proteobacteria (Pasteurellaceae) compared to CO-treated rats.
Eﬀect of CO on the Pathological Histology of Acetic
Acid-Induced Colitis in Rats. In the animal model, acetic
acid was employed to induce colitis. Figure 3A revealed regular
colonic mucosa with epithelium, crypts, and submucosa in the
control group. Acetic acid-treated rats demonstrated wide areas
of epithelial and goblet cell loss and severe neutrophil inﬁltration, ulcers, distortion of crypt architecture, and crypt abscesses.
However, the colitis rats treated with SASP, CO, and OO could
ameliorate acetic acid-induced hemorrhage damage in the colon.
In acetic acid-treated rats, 4 days after the induction of colitis,
the hemorrhage damage score was 25.7 ± 1.5. However, treatment with SASP, CO, and OO for 24 days signiﬁcantly accelerated reductions in the hemorrhage damage of 48.7%, 36.7%,
and 16.9%, respectively, compared to the acetic acid-alone group
(p < 0.05) (Figure 3B). Thus, pretreatment with CO and OO
could alleviate acetic acid-induced hemorrhagic damage.
Figure 4 and Table 1 show the protective eﬀect of CO
against acetic acid-induced colitis using HE staining. A histological evaluation showed a normal colon with an intact mucosal
layer and normal intestinal epithelial lining (Figure 4A−C).
Acetic acid instillation into the colon induced erosion of the
surface epithelium, hemorrhaging, edema, and acute inﬂammation
of the colon wall (Figure 4D−F). However, rats pretreated with
CO and OO revealed mild acute inﬂammation, crypt damage,
and a slight disruption of the epithelial lining (Figure 4J−O).

■

DISCUSSION
The gut microbial compositions of CO-, OO-, and SO-treated
rats were elucidated through high-throughput DNA sequencing of 16S rRNA amplicons after 20 days of feeding of edible
oils. For the Simpson diversity index, SO and CO respectively
resulted in the least and most diverse gut microbiota (Figure 1D).
This trend was somewhat reﬂected in the other diversity
metrics (Observed and Chao1-α) (Figure 1B,C). Thus, the gut
microbiota of CO-treated rats signiﬁcantly increased in diversity compared to SO-treated rats. Caesar et al.30 showed a signiﬁcant decrease in the phylogenetic diversity in samples from
mice fed lard oil versus ﬁsh oil. Ou et al.31 showed that
prebiotics such as feruloylated oligosaccharides signiﬁcantly
increased the bacterial richness and diversity. However, the
microbiome of IBD or CD patients had a lower diversity,32,33
and obesity can also result in reduced gut microbial diversity.34
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Figure 4. Eﬀect of camellia oil (CO) on histological slides in the colon of acetic acid (AA)-induced colitis of SD rats. All treatments [soybean oil
(SO), CO, or olive oil (OO)] were given once a day for 24 consecutive days. Rats of the acetic acid (AA+sulfasalazine (SASP) group (a positive
control) were orally pretreated with SO for 24 days and were treated with 500 mg/kg body weight (BW) SASP on days 21−24 for 4 days. Colitis
was induced by the transrectal administration of 2 mL of 4% AA once on day 21. (A−C) Control group, (D−F) AA group, (G−I) AA+SASP
group, (J−L) AA+CO group, and (M−O) AA+OO group. A normal architecture of the colon was found in the control group (A−C). Necrotizing
colitis included focal, lost crypts, cryptic regeneration, edema, and inﬂammatory cells, and ﬁbroblast cell inﬁltration, ulceration, and hemorrhage
were noted in the mucosal and submucosal layers of the colon, and colitis was graded as moderate/severe in the AA group (D−F), slight in the
AA+SASP group (G−I) and AA+CO group (J−L), and moderate in the the AA+OO group (M−O). 20× (A, D, G, J, and M), 40× (B, E, H, K,
and N), 100× (C, F, I, L, and O). HE stain.

intestinal tract.38 Clostridia plays an important role in the
intestinal tract, such as in releasing butyric acid, reducing
inﬂammatory responses, regulating immunity, and stimulating
regulatory T cell diﬀerentiation and accumulation.39,40
CO-treated rats exhibited an increase in the phylum Actinobacteria. The intake of a prebiotic can stimulate the growth of
probiotics such as the Actinobacteria.41,42 In addition, the
Biﬁdobacteriales and Coriobacteriales are the most widely
studied of the Actinobacteria. The Biﬁdobacteriales beneﬁts
human health, and several of these taxa have been used in
commercial protics. A reduction in the Biﬁdobacteriales is associated with several human diseases including a vitamin K
deﬁciency, ectopic disease, amnesia, and autism.43
A cladogram generated from the LEfSe analysis showed
the most diﬀerentially abundant taxa enriched in the gut
microbiota of CO-treated rats and SO-treated rats (Figure 2A),
and CO-treated rats and OO-treated rats (Figure 2B). The
results show that the genus Bif idobacterium in CO-treated rats

PCA plots showed that rats clustered into relatively distinct
groups based on diﬀerent types of edible oils (Figure 1A). This
suggests that diﬀerent types of edible oils signiﬁcantly altered
the gut microbial populations. Figure 1E shows that at the
phylum level, the rat gut microbiota was dominated by
Firmicutes and Bacteroidetes (together accounting for
approximately 90%). However, the Firmicutes/Bacteroidetes
(F/B) proportion in CO-treated rats was 1.02, which was
higher than that of the OO (0.62) and SO (0.60) groups. Chae
et al.35 showed that lactulose as a prebiotic can increase
Firmicutes and the F/B ratio. A previous study pointed out
that an increase in the F/B ratio is beneﬁcial in increasing the
production of short-chain fatty acids of the intestines and
reducing the infection risk,36 but also in terms of weight gain.37
In addition, CO-treated rats increased the Bacillus and
Clostridia families in the Firmicutes. Clostridia is a common
symbiotic bacteria in the intestine, which shows mutual
beneﬁts with the host and other microorganisms of the
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Table 1. Eﬀect of Camellia Oil (CO) on Histological Slides in the Colon of SD Rats with Acetic Acid (AA)-Induced
Colitisa
control
colitis, necrotizing, general
lost, crypt
regeneration, crypt
ddema, submucosal
inﬂammation, mononuclear cells
ulcers, with ﬁbroblast cell inﬁltration
hemorrhage, focal
total

0.00 ± 0.00c
0.00 ± 0.00c
0.00 ± 0.00c
0.00 ± 0.00c
0.00 ± 0.00c
0.00 ± 0.00c
0.00 ± 0.00c
0.00 ± 0.00c

AA
4.17
4.00
1.50
4.67
5.00
4.00
2.33
25.67

±
±
±
±
±
±
±
±

AA+SASP
0.40a
0.52a
0.22ab
0.21a
0.00a
0.52a
0.56a
1.48a

2.00
1.67
1.33
2.67
2.67
1.67
1.17
13.17

±
±
±
±
±
±
±
±

0.73b
0.80b
0.42b
0.92b
0.92b
0.80b
0.54abc
4.85b

AA+CO
2.50
2.33
1.67
3.00
3.50
2.33
0.67
16.00

±
±
±
±
±
±
±
±

0.43b
0.56b
0.42ab
0.63b
0.62ab
0.56b
0.42bc
3.31b

AA+OO
3.00
3.00
2.33
3.83
4.5
3.00
1.67
21.33

±
±
±
±
±
±
±
±

0.37ab
0.37ab
0.21a
0.31ab
0.34a
0.37ab
0.42ab
1.54ab

a

All treatments [soybean oil (SO), CO, or olive oil (OO)] were given once a day for 24 consecutive days. Rats of the acetic acid (AA)+sulfaslalzine
(SASP) group (a positive control) were pretreated orally with SO for 24 days and were treated with 500 mg/kg body weight (BW) SASP on days
21−24 for 4 days. Colitis was induced by the transrectal administration of 2 mL of 4% AA once on day 21. The degree of lesions was graded from
1 to 5 depending on the severity: 1 = minimal (<1%); 2 = slight (1−25%); 3 = moderate (26−50%); 4 = moderate/severe (51−75%); 5 = severe/
high (76−100%). Data are expressed as the mean ± standard deviation of six mice. a−c, The letters indicate statistically signiﬁcant diﬀerences
between groups (p < 0.05) by Duncan’s test.

of Prevotella and lower levels of Bacteroides.57 Figure 2B shows
that OO-treated rats had signiﬁcantly increased populations of
the Pasteurellaceae compared to CO-treated rats. CD patients
have increased Pasteurellaceae.33 In addition, CO-treated rats
also had increased intestinal bacteria such as Adlercreutzia,
Coriobacteriaceae, Christenesenellaceae, and Blautia compared
to SO-treated rats (Figure 2A). Caesar et al.30 showed that
ﬁsh oil-treated mice contained higher Adlercreutzia than lard
oil-treated mice. The Coriobacteriaceae is closely associated with the metabolism of triglycerides and cholesterol.58
Stenman et al.59 pointed out that leaner individuals have a
higher relative abundance of the Christenesenellaceae than
those who are overweight and metabolically unhealthy. Plant
lignin secoisolariciresinol diglucoside can be converted to
enterodiol and enterolactone by Blautia producta, which can
reduce the number and size of tumors, and cell proliferation,
and promote tumor cell apoptosis.60 As shown in Figure 2B,
CO-treated rats also had an increase in the genus Turicibacter
compared to OO-treated rats (Figure 2B). Turicibacter was
negatively correlated with body weight, and thus, a high-fat
diet reduces its relative abundance.61 Overall, our results demonstrated that CO is capable of modulating the gut microbiome resulting in enhancing the richness and diversity of the
gut microbiota.
The gut microbial community is related to many disease
pathologies including obesity, metabolic syndrome, diabetes,
IBD, irritable bowel syndrome (IBS), and celiac disease.62
An animal model of acetic acid-induced colitis resembles human
colitis with regard to the pathogenesis, histopathological characteristics, and inﬂammatory mediator proﬁle; thus, it is a
beneﬁcial tool for the screening of therapeutic treatments for
colitis.9 In this study, pretreatment with CO for 20 days significantly modiﬁed the composition of the gut microbiota, and
then CO also improved erosion of the surface epithelium,
hemorrhaging, edema, and acute inﬂammation of the wall of
the colon compared to those in the acetic acid-alone group
(p < 0.05) (Figure 4, Table 1). In addition, pretreatment with
CO remarkably reduced the MDA and MPO levels (p < 0.05)
and slightly increased GSH and SOD in the colon compared to
those in the acetic acid-alone group (Figure 5). Oxidative damage
of colitis imbalances catalytic activity resulting in inﬂammation and oxidative damage to the colon.63 GSH and SOD
were signiﬁcantly increased in CO-treated rats, which may be
attributed to decreased reactive oxygen species (ROS).

was signiﬁcantly increased compared to those in SO-treated
rats and OO-treated rats. Monteagudo-Mera et al.43 showed
that the intake of a prebiotic can stimulate the relative abundance of Bif idobacterium in the gut of mice. In addition,
Patterson et al.44 showed that dietary omega-3 fatty acids (e.g.,
ﬁsh oil) can increase the genus Bif idobacterium in the intestines. Caesar et al.30 pointed out that compared to lard oil, ﬁsh
oil can increase the genus Bif idobacterium in the intestinal tract
of mice. Bif idobacterium is one of the most important probiotics,45 which promotes host health by stimulating the immune
system and vitamin synthesis, and inhibiting pathogen
growth.46 Bif idobacterium also aﬀects the metabolism of cholesterol and lipids and is positively correlated with the highdensity lipoprotein (HDL) content.47 In addition, our previous
study16 showed that CO contained higher total phenolic content (13.4 mg/g of camellia oil), α-tocopherol (209 μg/g of
camellia oil), and catechin (1.4 μg/g of camellia oil) than olive
oil, indicating that CO has higher antioxidants than OO (8.5 mg
of total phenolic content/g, 61.0 μg of α-tocopherol/g, and 0 μg
of catechin/g). However, most polyphenols are not absorbed
by the upper GI tract, so the intestine contains a large amount
of unabsorbed phenolics for use by intestinal microbes.48
In addition, the catechin can signiﬁcantly enhance the genus
Bif idobacterium in the human intestines.49 In addition to
Bif idobacterium, CO increases the relative abundances of other
genera compared to SO including Collinsella and Bacteroides.
Collinesella is associated with bile acid deconjugation, so its
relative abundance is proportional to plasma cholesterol concentrations.50 Kassinen et al.51 pointed out that IBD patients had
markedly reduced intestinal Collinesella and Bacteroides populations. Moreover, Bacteroides can produce polysaccharide A,
which induces the growth of regulatory T cells and the
secretion of cytokines to protect against or prevent colitis.52,53
Marcobal et al.54 showed that human milk oligosaccharides can
promote the genera Bacteroides and Bif idobacterium.
SO- and OO-treated rats can signiﬁcantly increase the
relative abundance of Prevotella compared to CO-treated rats
(Figure 2A,B). Prevotella is a symbiotic in the human intestines
that degrades plant polysaccharides55 and synthesizes vitamin
B1 to reduce the incidence of autism.56 Kang et al.55 showed
that autistic patients had signiﬁcantly decreased populations of
Prevotella. A high-carbohydrate diet results in higher Prevotella.57
The results of SO-treated rats were similar to those in animals
with diets high in simple carbohydrates that have higher levels
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Figure 5. Eﬀects of camellia oil (CO) on the levels of (A) glutathione (GSH), (B) superoxide dismutase (SOD), (C) thiobarbituric acid-reactive
substances (TBARSs) and malondialdehyde (MDA), and (D) myeloperoxidase (MPO) in the colon of SD rats with acetic acid (AA)-induced
colitis. All treatments (SO, CO, or OO) were given once a day for 24 consecutive days. Rats in the AA+SASP group were orally pretreated with SO
for 24 days and were treated with 500 mg/kg body weight (BW) sulfasalazine (SASP) on days 21−24 for 4 days. Colitis was induced by the
transrectal administration of 2 mL of 4% AA once on day 21. Data are expressed as the mean ± standard deviation of six mice. The letters indicate
statistically signiﬁcant diﬀerences between groups (p < 0.05) by Duncan’s test.

■

CO possesses ﬂavonoids16 that block the arachidonic acid pathway and inhibit mechanisms of MPO and MDA, thus inducing
anti-inﬂammatory and antioxidative properties.64 Earlier workers16 also reported that CO elevates the antioxidant defense
system such as SOD, catalase, GSH, glutathione peroxidase,
and GRd, suppresses lipid peroxidation, and inhibits proinﬂammatory protein production in ethanol-induced gastric
mucosal damage in BALB/c mice. Our current results
indicated that 2 mL/kg BW of CO had a better ability to
recover impairment of the antioxidant system induced by
acetic acid compared to OO and SO, which may have been
due to CO modifying the composition of the gut microbiota
and CO being a rich source of squalene, vitamin E, and
ﬂavonoids.15 Consistent with these results, HE staining showed
acetic acid-induced erosion of the surface epithelium,
hemorrhaging, edema, and acute inﬂammation of the colon
wall. Indeed, histological data conﬁrmed that camellia oil had a
beneﬁcial eﬀect against acetic acid-induced colitis, suggesting
that it may be related to the decrease in oxidative stress.
In conclusion, CO has the potential to modulate the gut
microbiota and increase the diversity of the gut microbiota,
thereby ameliorating colitis as evidenced by the signiﬁcant
reduction in lipid peroxidation and increases in the antioxidant
defense system. The ﬁndings of the present study demonstrated
that pretreatment with CO improved acetic acid-induced colitis
in a rat model. Therefore, it is suggested that camellia oil might
be useful in the protection against colitis.
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