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Abstract This study evaluated the anti-inflammatory

effect of ginger-cinnamon mixture using an animal model

of dextran sulfate sodium (DSS)-induced intestinal

inflammation. The mice were administered either distilled

water or ginger extract (GE), cinnamon subcritical water

extract (CSWE), low GE ? CSWE (GCL), and high

GE ? CSWE (GCH) for 21 days and drinking water con-

taining 5% DSS for the final 7 days to induce intestinal

inflammation. We assessed the change of body weight,

disease activity index (DAI), histopathological scores,

myeloperoxidase (MPO) activity, and mRNA levels.

Compared with the DSS group, the GCH group showed

increased body weight, inhibited intestinal shortening, and

decreased DAI and histopathological score of intestinal

inflammation, which was similar to that for the control

group. It inhibited MPO activity as well as interleukin (IL)-

1b, IL-6, and tumor necrosis factor-a mRNA levels.

Therefore, the ginger–cinnamon complex helps to improve

intestine inflammation, which is beneficial for gut health.

Keywords Ginger � Cinnamon � Extract mixtures �
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Introduction

Inflammatory bowel disease (IBD) is an immune-mediated

inflammatory disease of the intestine associated with seri-

ous symptoms, such as diarrhea, and it clinically includes

Crohn’s disease and ulcerative colitis (Carter et al., 2004;

Hanauer, 2006). An immune response that is not normally

regulated in the gut microbiota can lead to disease due to a

defect in intestinal barrier function (Hanauer, 2006). Cin-

namon (Cinnamomum schaeff), a natural product with few

side effects and low immunomodulatory activity, has var-

ious biological functions such as antibacterial, antioxidant,

anti-inflammatory, anti-diabetic, anti-tumor properties and

used to treat diseases for people with weakened physical

strength and digestive diseases, such as diarrhea and gas-

trointestinal diseases (Baker et al., 2008; Cha et al., 2019;

Hanauer, 2006; Khan et al., 2003; Koppikar et al., 2010;

Kwon et al., 2010; Roussel et al., 2009). Cinnamon inhibits

the production of nitric oxide (NO), cyclooxygenase-2

(COX-2), and prostaglandin E2 (PGE2), thereby sup-

pressing inflammation, invasion, and tissue damage, as

well as various anti-inflammatory factors such as b-hex-
osaminidase and cysteinyl leukotriene (Hagenlocher et al.,

2013; Kanuri et al., 2009; Kwon et al., 2011; Tung et al.,

2008). Ginger (Zingiber officinale), a natural product that

has been widely used against various diseases for over
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2500 years is effective against various conditions, etc.

digestive diseases, arthritis, and diabetes. Pharmacologi-

cally, it is also known for its hypoglycemic, antibacterial,

hypocholesterolemic, cytotoxic, anti-inflammatory, and

antipyretic properties, and it is recognized as a substance

that acts as a pain reliever (Mascolo et al., 1989). In par-

ticular, gingerol, the spicy ingredient of ginger, has been

recognized as a valuable substance for centuries because of

its strong antifungal, anti-inflammatory, and antioxidant

properties, and it has been used in past medical formula-

tions to treat abdominal pain, diarrhea, toothache, gin-

givitis, arthritis, asthma, and respiratory diseases.

Furthermore, gingerol interacts with T helper (Th) cells,

which are involved in immunity and inflammation through

cytokine production. Lymphocytes produce Th1 and Th2

cells (Bhandari et al., 1998; Kim et al., 2017; Mascolo

et al., 1989; Thomson et al., 2002). Th1 cells produce

increased levels of proinflammatory cytokines that activate

cytotoxic and inflammatory functions, and Th2 cells pro-

duce strong antibodies that activate allergic reactions with

immunoglobulin E (IgE) and enhance humoral immunity.

In general, Th1 lymphocytes produce interleukin (IL)-2,

IL-6, tumor necrosis factor-a (TNF-a), and interferon-

gamma (IFN-c), and Th2 lymphocytes produce IL-4 and

IL-10 (Brotas et al., 2012; Mosmann and Sad, 1996).

Structural compounds of the ginger plant, such as gingerol,

shogaols, and paradol, are major factors in its anti-in-

flammatory properties that inhibit the expression of

proinflammatory cytokines produced by Th1 lymphocytes

(Grzanna et al., 2005; Shen et al., 2005). In a previous

study, a combination of ginger extract and cinnamon

extract proved the synergistic effect of inhibiting intestinal

inflammation (Kim et al., 2017; Park et al., 2020). In this

study, the anti-inflammatory effect of a mixture of ginger

extract and cinnamon extract were evaluated in an in vivo

intestinal inflammation model: BALB/c mice with dextran

sulfate sodium (DSS)-induced colitis.

Materials and methods

Materials

DSS (molecular weight: 36,000–50,000) was obtained

from MP Biomedicals, LLC (Santa Ana, CA, USA). For-

malin (10%) solution in neutral buffer and myeloperoxi-

dase (MPO) activity assay kits were purchased from

Sigma-Aldrich (St. Louis, MO, USA). TRIzol was obtained

from Life Technologies (Rockville, MD, USA). The BCA

protein assay kit was purchased from Thermo Fisher Sci-

entific Inc. (Waltham, MA, USA).

Preparation of ginger extract (GE) and cinnamon

subcritical water extract (CSWE)

Ginger ethanol extract and CSWE were provided by the

Korea Food Research Institute (Gyeonggi, Korea). Briefly,

ginger ethanol extracts were prepared add to 50% ethanol

at 50 �C for 35 min. A certain amount of CSWE was added

to distilled water at 1:10 (w/v), and extraction was per-

formed using a subcritical water extraction device (TFS-

3000, Innoway Co., Anyang, Korea) at 110 �C for 40 min

and a pressure of 50 bar. The extract was centrifuged at

4 �C (11,000 g, 5 min), filtered (Whatman No.4, Maid-

stone, England), and lyophilized.

Animals

A total of 48 5-week-old female BALB/c mice were pur-

chased from the Shizuoka Laboratory Center (Shizuoka,

Japan). The animals were fed a standard rodent diet with

ad libitum access to water and were housed in rooms

maintained at 22 ± 1 �C with a 12 h light/dark cycle. The

protocols were approved by the Institutional Animal Care

and Use Committee (IACUC) of Ewha Womans University

(Seoul, Korea) (IACUC No. 17-037). All institutional and

national guidelines for the care and use of laboratory ani-

mals were followed.

Colitis model and administration of ginger

and cinnamon mixture

The animals were divided randomly into six groups (n = 8

mice/group): control, DSS (only), DSS ? GE (100 mg/kg)

(GE), DSS ? CSWE (500 mg/kg) (CSWE), DSS ? 50

mg/kg GE ? 250 mg/kg CSWE (GCL), and DSS ? 100

mg/kg GE ? 500 mg/kg CSWE (GCH). The control and

DSS (only) groups were administered distilled water by

oral gavage. The GE, CSWE, GCL, and GCH groups were

administered ginger, cinnamon, or a mixture of extracts

orally, once a day, at the same time, from day 1 to day 21.

Body weight and dietary intake were recorded once every

three days until day 21. Colitis was induced via the intake

of 5% (w/v) DSS-containing drinking water ad libitum for

7 consecutive days.

Disease activity index (DAI)

DAI values were calculated based on body weight loss,

stool consistency, and fecal bleeding (Cooper et al., 1993),

as shown in Table 1. The DAI [DAI = (weight loss) ? (

stool consistency) ? (fecal bleeding)] was used to assess

the severity of colon inflammation.
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Histological analysis

A 1-cm-thick section from the distal end of the colon was

fixed in neutral-buffered 10% formalin solution (Sigma-

Aldrich, St. Louis, MO, USA), embedded in paraffin, sliced

into 4-lm-thick sections, and stained with hematoxylin and

eosin (H&E). Colonic histopathological variations were

estimated from all colon sections under light microscopy at

100 9 and 200 9 magnification. The grading system was

as follows (Rees, 1998): (a) inflammation severity

(0 = none; 1 = slight; 2 = moderate; 3 = severe); (b) le-

sion depth (0 = none; 1 = mucosal layer; 2 = submucosal

layer; 3 = muscle layer; 4 = transmural); (c) crypt damage

(0 = none; 1 = basal 1/3 damaged; 2 = basal 2/3 damaged;

3 = only surface epithelium intact; 4 = entire crypt and

epithelium lost); (d) lesion range (1 = 1–25%;

2 = 26–50%; 3 = 51–75%; 4 = 76–100%). The number of

goblet cells in the crypts of the three areas was counted on

each H&E slide and expressed per three villus-crypt units

(Rees, 1998). For objective evaluation, two different

researchers each analyzed and compared them.

Myeloperoxidase (MPO) activity assay

MPO is a prominent indicator that is highly expressed in

neutrophils in the mouse proximal colon. The proteins in

the colon tissues were evaluated for MPO activity using

commercial MPO activity kits (Sigma-Aldrich, St. Louis,

MO, USA). The excised colon was weighed, rapidly

homogenized in MPO analysis buffer, and centrifuged at

13,000 9 g for 10 min. The MPO levels in the super-

natants were measured at 412 nm and expressed as U/mg

of tissue. One unit of MPO activity is defined as the

quantity of enzyme that hydrolyzes the substrate and gen-

erates taurine chloramine by consuming 1 lmol of the

chromophore 5-thio-2-nitrobenzoic acid per minute at

25 �C.

RNA extraction and qRT-PCR

RNA was isolated from colon tissue using TRIzol (Life

Technologies, Rockville, MD, USA) following the manu-

facturer’s protocol. cDNA was synthesized using reverse

transcription using a high capacity RNA-to-cDNA kit and

used for RT-qPCR using the Universal ProbeLibrary probe

method in a Step-One-Plus RT-PCR system (Hoffmann La

Roche, Basel, Switzerland). Relative mRNA levels were

calculated using the comparative 2-DDCT method and

normalized to GAPDH levels. The primers were as fol-

lows: IL-1b forward 50- agttgacggaccccaaaag-30reverse 50-
agctggatgctctcatcagg-3; TNF-a forward 50-tcttctcattcct-
gcttgtgg-30 reverse 50-ggtctgggccatagaactga-30; IL-6 for-

ward 50-gctaccaaactggatataatcagga-30 reverse 5’-

ccaggtagctatggtactccagaa-30.

Statistical analysis

Results are displayed as mean ± standard deviation. Data

were analyzed using Statistical Analysis System version

9.4 (SAS Institute, Cary, NC). Differences between the

groups were analyzed using one-way analysis of variance

along with Duncan’s post-hoc test. Statistical significance

was set at P\ 0.05.

Results and discussion

Improvement in clinical symptoms of DSS-induced

colitis

To induce colitis model, mice was provided 5% DSS-

containing drinking water for 7 days. During the 7 days

(days 15–21) of DSS administration, severe diarrhea, blood

loss in feces, and body weight loss were considered as

presenting a noticeably high DAI. Although body weight

decreased sharply due to DSS intake, weight loss was

significantly improved in mice administered ginger, cin-

namon, or complex extracts. The CSWE and GCH groups

obtained the maximum effect on weight recovery

[Fig. 1(A)]. At 21 days, DSS group showed the highest

DAI. Whereas all sample groups significantly alleviated

DAI relative to the DSS group [Fig. 1(B)]. In particular,

the scores were the lowest in CSWE and GCH group.

Moreover, colon length in the DSS group was generally

shorter than that in the control group. The CSWE and GCH

group significantly inhibited reduction of colon length. In

case of GE and GCL group, although decrease of colon

length slightly prevented, there was no significant differ-

ence [Fig. 1(C), (D)]. These results could be attribute

CSWE, rather than GE. The cinnamon has few side effects

and is well known for its efficacy in treating diarrhea and

Table 1 Criteria for disease activity indexa

Score Weight loss (%) Stool consistency Fecal bleeding

0 \ 0 Normal Normal

1 1–5 –

2 6–10 Soft Slightly bloody

3 11–15 Loose Bloody

4 [ 15 Diarrhea Severely bloody

aDAI [= (weight loss) ? (stool consistency) ? (fecal bleeding)] was

used to assess the severity of colonic inflammation
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other digestive disorders (Cha et al., 2019; Mascolo et al.,

1989). Previous studies reported that administration of

cinnamon extract showed a significantly lower score for

symptoms of colitis and DAI (Hansberry et al., 2017). In

addition, ginger is known to treat digestive problems such

as abdominal pain and diarrhea (Bhandari et al., 1998;

Mascolo et al., 1989; Thomson et al., 2002). According to

reported studies, the ginger–cinnamon complex was

observed to improve DAI and symptoms such as diarrhea,

bleeding, and weight loss (Cha et al., 2019; Koppikar et al.,

2010). It was considered that the ginger–cinnamon com-

plex has potential to mitigate weight loss, stool consis-

tency, and fecal bleeding in DSS-induced intestinal

inflamed mice. These findings supported the reported

experimental evidence.

Inhibition of DSS-induced colon histopathological

changes

Diarrhea and bloody excrement from daily DSS adminis-

tration in mice are accompanied by enteritis symptoms and

barrier damage. In the histological sections of DSS-ad-

ministered mice (Kim et al., 2015), crypt destruction and

inflammatory cell invasion, symptoms of ulcerative colitis

and IBD, were observed. The number of goblet cells

decreased in the DSS group as compared with that in the

control, whereas CSWE increased these cells and were
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Fig. 1 Effect of ginger–cinnamon complex on body weight, DAI, and

bowel length in DSS-induced colitis. (A) Body weight was recorded

at given time on the test day. (B) DAI (C) DSS-induced bowel

shortening was improved by ginger–cinnamon extract complex.

(D) Representative colons of each group (*p\ 0.05 compared with

the DSS group)
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most similar to those of the control group. The GE, CSWE,

and GCH group reduced the histological features of colitis

[Fig. 2(A)]. The histological score increased about 7.27-

fold in DSS group compared to the control group. Con-

trastively, all sample groups except for GCL group sub-

stantially decreased, similar to that in the control group

[Fig. 2(B)]. These results indicated that administration of

both ginger and cinnamon improved the symptoms of

intestinal inflammation as well as the histopathological

symptoms. Cinnamon was revealed to suppress tissue

damage by inhibiting the production of NO, COX-2, and

PGE2 (Hagenlocher et al., 2013; Kanuri et al., 2009; Kwon

et al., 2011; Tung et al., 2008). According to reported

study, its administration showed significant improvement

in tissue invasion and damage (Yvonne Hagenlocher et al.,

2016), and administration of the ginger extract reduced the

histopathological characteristics of colitis (Kim and Kim,

2018). In previous study, the number of cells secreting

mucus increased in a dose-dependent manner with GE

administration (Kim and Kim, 2018). Likewise, this study

confirmed that the number of cells secreting mucus

increased in microscopic morphology, which proved that

administration of both ginger or/and cinnamon suppressed

the symptoms of tissue damage and increased the number

of cells secreting mucus.

Reduction in MPO activity

MPO activity is associated to inflammatory cell infiltration

in the proximal colon. MPO is clinically useful as a bio-

marker of IBD and is known to be overexpressed in a

number of inflammatory diseases, including IBD (Hans-

berry et al., 2017). MPO activity in the DSS group was 1.4

times higher than that in the control group. The CSWE and

GCH group significantly inhibited MPO activity induced

by DSS, similar to those of the control group [Fig. 3].

Fig. 2 Hematoxylin and Eosin staining. The sections were from 5%

DSS-induced colitis in mice. Magnification 9 100 (bar = 100 mm),

X200 (bar = 200 mm). Control, DSS (5% DSS), ginger (ginger

extract 100 mg/kg), cinnamon (cinnamon extract 500 mg/kg), GCL

(ginger:cinnamon = 1:5, 300 mg/kg), GCH (ginger:cinnamon = 1:5,

600 mg/kg)
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Cinnamon is known to exhibit strong anti-inflammatory

activity due to its anti-inflammatory properties (Hagen-

locher et al., 2013; Kanuri et al., 2009; Tung et al., 2008),

and ginger is also recognized as an anti-inflammatory

substance. In this study, it was demonstrated that DSS-

induced MPO activity was decreased according to CSWE

rather than GE, and that the inflammatory symptoms were

improved.

Proinflammatory cytokine mRNA levels in the colon

It was confirmed that IL-1b was increased at the mRNA

level in the DSS group by 3.19 times compared with that in

control group. Whereas GCH group significantly inhibited

mRNA expression of IL-1b compared to DSS group

[Fig. 4(A)]. Also, CSWE group showed slight reduction of

Fig. 3 Effect of ginger–cinnamon complex on myeloperoxidase

activity in colon of DSS-induced BALB/c mice

Fig. 4 Effect of ginger–cinnamon complex on inflammatory cytokine mRNA levels in colon. Relative mRNA profiles of IL-1b, TNF-a, and IL-6
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IL-1b mRNA expression. There was no significant differ-

ence in the GE and GCL group. The mRNA expression of

TNF-a in the DSS group increased by 4.71 times compared

with that in control group [Fig. 4(B)]. Although all groups

showed significantly decreased mRNA expression of TNF-

a, in particular, GCH group suppressed by 1.7 times

compared with that in the DSS group. In the case of IL-6,

the mRNA expression in the DSS group increased 1.6

times compared with that in control group and decreased in

all sample groups [Fig. 4(C)]. Among the sample groups,

GCH group exhibited the highest inhibition on the

expression of the proinflammatory cytokines IL-1b, TNF-
a, and IL-6. These results indicated that ginger affects the

production of proinflammatory cytokines synthesized and

secreted at the site of inflammation (Grzanna et al., 2005).

The spicy ingredients of ginger, gingerol, shogaol, and

paradol inhibit proinflammatory cytokines produced by

Th1 lymphocytes. Ginger has been shown to exert anti-

inflammatory effects by inhibiting inflammation (Grzanna

et al., 2005; Shen et al., 2005). Therefore, it was proved

that administration of a ginger–cinnamon complex inhib-

ited the expression of inflammatory cytokines IL-1b, TNF-
a, and IL-6 induced by DSS.

In the present study, the combination of a ginger ethanol

extract and a cinnamon subcritical water extract showed

anti-inflammatory effects in a DSS-induced colitis mouse

model. In the case of ginger ethanol extract, the effect of

regulating intestinal cell inflammation had been confirmed

in a previous study (Kim et al., 2017). The cinnamon

supercritical fluid extract had been studied for the selective

proliferation activity of beneficial bacteria (Kim, 2016;

Kim and Kim, 2016). There was a slight synergistic effect

when the complex was administered in the cell line model

(Kim and Kim, 2018). In addition, the synergistic or

additive effects were observed in the present animal study.

When the ginger-cinnamon complex was administered, the

anti-inflammatory effect was dose-dependent; as well as,

the effect was similar to that of the CSWE-treated group.

Along with synergistic effect, when considering flavor and

taste, the combination of ginger ethanol extract and cin-

namon subcritical water extract might expect development

as a functional ingredient for gut health food supplements.

Because CSWE contributed to anti-inflammatory activity

of the ginger-cinnamon complex in all outcomes, in future

studies, detailed mechanisms of action for CSWE and

clinical trials should be conducted. This study, however,

had several limitations. First, it is necessary to investigate

further how there was synergistic effect in the composite

sample group. Second, the biomarkers we identified related

to inflammation are related to inducible nitric oxide syn-

thase (iNOS), cyclooxygenase-2 (COX-2), and nuclear

factor kappa-light-chain-enhancer of activate B cell (NF-

kB) signaling pathway (Schottelius and Baldwin Jr, 1999).

Therefore, future studies should identify these signaling

pathways.
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