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Abstract Cases of inflammatory bowel diseases including ulcerative colitis are increasing in Korea and development of
non-steroidal anti-inflammatory drugs (NSAIDs) are widely investigated. Natural products with anti-inflammatory
properties are rising as safe candidates for NSAIDs. The extract of turmeric or puffed turmeric mixed with herbal extract
(goji berry, liquorice, lycium root, and dong quai) was treated to acute colitis mice by oral gavage. The symptoms of
colitis, i.e., body weight loss, fecal score, and shortened colon length, were significantly attenuated by puffed turmeric
extract with the herbal extract. Non-puffed turmeric extract with herbal extract, however, exhibited a very marginal
recovery. Tissue culture supernatant of colons further revealed that both puffed turmeric and non-puffed turmeric extracts
with herbal extract suppressed pro-inflammatory cytokine production at a comparable level. These results indicate that
puffing is a simple and promising process of turmeric for enhancement of anti-inflammatory properties.
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Introduction

The domestic prevalence of inflammatory bowel diseases (IBD)

in Korea was reported to drastically increase from 57.4 cases per

100,000 persons in 2009 to 95.6 cases per 100,000 persons in

2016 (Kwak et al., 2019). Steroidal drugs are potent for the

amelioration of the IBD symptoms (Ardite et al., 1998), but multi-

organ-targeting side effects restrict their usages. In an effort to

develop safe alternatives for steroids, termed non-steroidal anti-

inflammatory drugs (NSAIDs), natural extracts mainly composed

of polyphenolic compounds are highlighted for their long history

of consumption as food or herbal medicine, especially in oriental

countries. However, the lack of detailed working mechanisms and

lower efficacy are also hurdling their wider applications.

Among various herbal products, goji berry (fruit of Lycium

chinense), Korean name gugija, was previously shown to suppress

the development of colitis in interleukin (IL)-10-deficient mice

(Kang et al., 2018). Liquorice (Glycyrrhiza uralensis), Korean

name gamcho, also has been historically widely used as herbal

medicine and previously was shown to attenuate murine colitis for

which glabridin was identified as a functional compound (Kwon et

al., 2007). In addition, lycium root bark (Lycii radices cortex),

Korean name jigolpi, was reported to suppress murine macrophages

resulting in the suppressed osteroclasts (Kim et al., 2016) and

inflammation (Yang et al., 2017). It was further identified that

lyciumlignan D and lyciumphenyl propanoid A are the major

active components of lycium root bark (Yang et al., 2017).

Similarly, it was demonstrated that dong quai (Angelica gigas),

Korean name danggui, was shown to suppress murine colitis and

the polysaccharides were identified as the active compounds (Hay

et al., 2019). On the other hand, turmeric (Curcuma long L), a

widely used spice, has multiple health beneficial effects including

antioxidant, anti-cancer, antimicrobial, and anti-inflammatory

effects (Hay et al., 2019). In an effort to enhance its biological

functions, the increased antioxidant and anti-inflammatory properties

of the puffed turmeric were reported by using murine RAW 264.7

cells as an inflammatory model system (Choi et al., 2019).

However, it still remains to be clarified if puffing enhances anti-

inflammatory properties of dietary turmeric in animal models.

The oral administration of dextran sodium sulfate (DSS) in free

access of tap water is a well-established mouse model for the

study of IBD, especially with a focus on acute ulcerative colitis

(Whittem et al., 2010). In fact, it was previously reported that

DSS-induced colitis model shares many of human IBD etiology,

including intestinal microbial imbalance, metabolomic changes,

mucin barrier integrity, and immune responses (Whittem et al.,

2010). Therefore, in a process of health-beneficial beverage

development, the current study sought the effect of puffed turmeric

extracts vs non-puffed control turmeric extract at the presence of

extracts of aforementioned anti-inflammatory oriental herbs in a

DSS-treated colitis status. Following the assessment of several key

symptoms of acute colitis in mice, the results reveals an easy way

for enhancement of anti-inflammatory properties of turmeric in the

presence of herbal extracts, providing a basal formula for the

production of functional foods.
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Materials and Methods

Preparation of extracts

Sliced and dried turmeric (cultivated in Jindo-gun, Republic of

Korea and harvested at October-December, 2019), goji berry,

liquorice, lycium root bark, and dong quai were purchased from

Bibong Herb Co. (Yangju-si, Korea). Turmeric was puffed at a

pressure of 980 kPa using a customized gun puffing machine in

the presence of 4x weighed dried rice for the prevention of

carbonization as previously reported (Kwon et al., 2019; Choi et

al., 2019). Food grade 70% ethanol purchased from Ethanol

Supplies World Co. (Jeonju-si, Korea) was used for extraction of

either puffed turmeric (PTE), non-puffed control turmeric (TE) or

herb combination of goji berry, liquiorice, lyceum root bark, and

dong quai (1:1:1:1, HE). Briefly, 200 mL of 70% ethanol was

added to 5 g of the ground herbs (20:1, v/w), followed by stirring

with a magnet at room temperature for 30 min. The extracts were

vacuum filtered and the extract mixtures of TE+HE (7:3) or

PTE+HE (7:3) were lyophilized for further experiments.

Animal oral gavage and induction of colitis

All the animal studies followed the guidelines approved by

Institutional Animal Care and Use Committee, Kyung Hee

University (approval number KHGASP-20-256). To investigate the

modulation of acute colitis by the extract mixtures, 40 male

BALB/c mice at 4 weeks of age were purchased from Raon Bio

(Yongin-si, Korea) and housed under 12:12-h light:dark cycle. The

mice were allocated to 4 groups (n=10) and fed AIN-76A diet for

1 week acclimation. Mice in each experimental group were fed

200 ìg of specific extract powder dissolved in 100 ìL distilled

water or control vehicle by oral gavage for 3 days prior to the

onset of colitis. DSS (MP Biomedicals, Santa Ana, CA, USA) was

added in the tap water at 5% (m/v) and mice were freely accessed

to the water consumption for the development of acute colitis for

8 days. Daily oral gavage of the extracts or vehicle was continued

until day 7 of the experiment.

Assessment of body weight, fecal score and colon length

During 7 days of colitis development, body weight of individual

mouse was daily recorded. The feces of each mouse were collected

and the fecal disease score was determined as following criteria;

normal stool for 0 point, loose stool for 1 point, diarrhea for 2

points, and apparent bloody stool for 3 points. At the day of 8

following the DSS treatment, the mice were euthanized by CO
2

inhalation and the colon was collected from cecum to rectum. The

length of the colon was measured to determine the severity of the

colitis.

Cytokine production by colon tissue

The distal part of the colon was dissected and weighed. The

dissected colon tissue was further incubated in 1 mL DMEM

media supplemented with 5% fetal bovine serum (Hyclone, Logan,

UT, USA) and streptomycin/penicillin antibiotics (Hyclone) for

24 h. The supernatant was collected and the pro-inflammatory

cytokines, i.e., IL-6 and TNF-α, were quantified by ELISA

following the manufacturer’s protocol (Invitrogen, Carlsbad, CA,

USA). Briefly, 100 μL of diluted capture antibody (Ab) was added

to each well and incubated overnight at 4oC. Supernatant was

removed and washed 3 times, repeating the addition and removal

of buffers. Next, 200 μL of assay diluent was added to each well

and incubated for 1 h. Then, 100 μL of purified standard included

in the ELISA kits and culture supernatant were added to each well

and incubated for 2 h. Next, 100 μL of mixed detection Ab and

streptavidin conjugated with horse radish peroxidase (SAv-HRP)

was added to each well. After washing, 100 μL of substrate

solution was added and incubated for 30 min in the dark. Next, 50

ìL of stop solution was added to each well. Finally, the cytokine

concentrations were quantified by using a standard curve on the

basis of absorbance measured by a microplate reader (Bio-Rad,

Hercules, CA, USA).

Results and Discussion

Attenuated body weight loss during colitis by the extract

mixtures

Body weight loss is a hallmark symptom of DSS-induced colitis

(Taghipour et al., 2016). In the current study, acute colitis induced

by 5% DSS in drinking water (Fig. 1, closed circle) exhibited a

significant loss of body weight (98.65±0.02%, p<0.05) at day 3

after onset of colitis as compared to tap water treated mice (open

circle, 99.63±0.01%). DSS treated mice further lost their body

weight to 88.60±0.07% of the initial body weight at day 7 of

colitis. The previous studies also reported the comparable loss of

body weight in murine DSS colitis models (Taghipour et al., 2016;

Chao et al., 2017) indicating that the current study design worked

well. Following daily oral gavage of extract mixtures in DSS-

induced colitic mice, DSS+TE+HE intervention (Fig. 1, closed

square) demonstrated no difference to the DSS disease model, only

except for a slight retardation of the weight loss at day 5 (DSS

94.94±0.03% vs DSS+TE+HE 97.56±0.04%, p<0.05). In contrast,

DSS+PTE+HE treated mice (Fig. 1, closed triangle) showed a

significant retardation of weight loss. Specifically, DSS+PTE+HE

treatment maintained the body weight identical to water drinking

healthy mice until day 5 after DSS colitis. At the end-point of the

experiment at day 7, DSS+PTE+HE mice weighed 94.54±0.0% of

initial body weight resulting in a significant delay (p<0.05) of

weight loss as compared to both DSS disease control and

DSS+TE+HE treated groups. As for anti-inflammatory effects of

turmeric in DSS colitis mice, curcumin (Deguchi et al., 2007) and

essential turmeric oil (Toden et al., 2017) were demonstrated to

ameliorate the diseases. Similarly, it was previously reported that

dietary intervention of goji berry powder slightly but significantly

prevented DSS-induced body weight loss in mice (Kang et al.,

2017). However, there is no report regarding the enhancement of

anti-inflammatory properties by puffing process or a mixture of

aforementioned herbs, to date.

Improvement of fecal score by the extract mixtures

The feces of the individual mouse were daily collected for

scoring as described in the “Materials and Methods”. At day 0 of
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colitis, all mice scored 0, indicating that the feces were in blood-

free solid status. However, until day 2 after the onset of colitis,

DSS disease mice (Fig. 2A, closed circle) increasingly scored to

1.10±0.01 demonstrating the development of loose stools. At the

same time point, DSS+TE+HE (closed square) significantly down-

regulated the fecal disease status at the score of 0.60±0.01 as

compared to the DSS control mice (p<0.05). Of interest,

DSS+PTE+HE (closed triangle, 0.20±0.01) further suppressed the

development of loose stools resulting in no difference to the water-

treated control mice (open circle, p>0.05) at day 2. DSS treatment

further caused diarrhea at day 4 (score 2.20±0.01) and apparent

fecal bleeding (score 3.00) at day 5. The gavage of TE+HE or

PTE+HE significantly suppressed DSS-induced development of

diarrhea scoring (1.70±0.01 or 1.20±0.01, respectively) at the time

point of day 4. DSS+TE+HE treatment exhibited the identical

scoring to DSS control at day 5 and day 6, where the feces of

DSS+PTE+HE treated mice showed significantly lower disease

scoring of 2.40±0.01 and 2.70±0.01, respectively. All DSS treated

mice, regardless of gavage, scored 3.00 at the end-point of the

experiment at day 7. 

The dynamics of disease development during 7 days of DSS

treatment was quantitatively analyzed by integrating the area under

the curve (Fig. 2B) as previously suggested (AlSharari et al.,

2013). In the current study, the cumulative score of DSS treated

control mice was determined as 12.70±0.42 (arbitrary unit), which

was significantly decreased to 8.70±0.57 by the oral gavage of

PTE+HE. However, DSS+TE+HE treatment (11.00±0.65) exhibited

no difference to the DSS control, indicating the enhanced suppression

of colitis by the puffing of turmeric but not non-puffed control.

Suppressed shortening of colon length by extract mix-

tures in DSS-induced colitis

It is previously well described that colon length is shortened in

the process of acute colitis (Chassaing et al., 2014; Taghipour et

al., 2016). As shown in Fig. 3A, the representative images of

colons in each treatment clearly demonstrates that DSS treatment

reduced the colon length as compared to water drinking normal

colon in the current study. The statistical analysis, as shown in Fig.

2B, further revealed that colons of DSS treated mice (5.46±0.19

cm) were significantly shorter than colons of water drinking mice

(8.94±0.20 cm, p<0.05). The gavage of TE+HE (5.94±0.21 cm) to

DSS colitis did not show any difference to DSS control mice, but

DSS+PTE+HE treatment significantly (p<0.05) reversed the DSS-

induced shrink of colons to 7.09±0.24 cm.

Down-regulated cytokine production of colon tissues by

extract mixtures

The local inflammatory status of colons was further quantified

by the assessment of pro-inflammatory cytokine production following

24 h incubation of colon tissues ex vivo. The secretion of IL-6

(Fig. 4A) into the culture medium by the colon tissues of water

drinking mice (112.6±17.88 pg/mL/mg colon) was significantly

increased by DSS addition (549.5±83.79 pg/mL/mg colon, p<0.05).

Interestingly, the colon tissues from DSS+TE+HE or DSS+PTE+HE

treated mice exhibited significantly reduced IL-6 production

(156.3±22.10 and 224.2±37.62 pg/mL/mg colon, respectively) to

Fig. 2. The quantitative assessment of colitis development following DSS treatment with or without extract mixtures. (A) The kinetic
changes of fecal scores as daily assessed for the individual mouse. (B) The cumulative evaluation of fecal disease scores for the 7 days of DSS-
induced colitis. The mean values with different letters significantly differ within the specific day (p<0.05, n=10). DSS, dextran sulfate sodium;
TE, turmeric extract; PTE, puffed turmeric extract; HE, herbal extract.

Fig. 1. The relative body weight changes to the initial value

during DSS-induced colitis. The mean values with different letters
significantly differ within the specific day (p<0.05, n=10). DSS,
dextran sulfate sodium; TE, turmeric extract; PTE, puffed turmeric
extract; HE, herbal extract.
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the comparable level of water drinking mice (p>0.05). In contrast,

DSS treatment exhibited a tendency toward increased TNF-α

secretion (296.7±102.7 pg/mL/mg colon) by colon tissues as compared

to the water control group (64.41±10.67 pg/mL/mg colon), even no

significance was observed (Fig. 4B, p>0.05). TNF-α secretion by

colons of DSS+TE+HE (434.60±66.78 pg/mL/mg colon) or DSS+

PTE+HE (214.3±60.29 pg/mL/mg colon) treated group exhibited

no significant difference to DSS control group (p>0.05). Among

various pro-inflammatory cytokines, IL-6 (Mudter & Neurath,

2007) and TNF-α (Egger et al., 2000) were shown to play major

roles in the exacerbation of local to systemic inflammation. The

current results indicate that the impaired local inflammation by

DSS in colons were partially blocked for systemic propagation by

both TE+HE and PTE+HE.

Conclusion

Overall, the current study sought the anti-inflammatory effects

of mixtures of herbal extracts. The oral gavage of the mixture of

turmeric extract with herbal extracts, consisted of goji berry,

liquorice, lycium root bark, and dong quai, exhibited very similar

disease status to DSS only treated control mice. Mixture of puffed

turmeric extract with the same herbal extract, however, showed

significant recovery from DSS-induced acute colitis as assessed by

body weight change, fecal score, colon length, and colon tissue

cytokine production. It was previously reported that puffing of

turmeric increases the extract yield of total phenolic compounds

and Maillard reaction products, resulting in the increment of

antioxidant and anti-inflammatory properties (Choi et al., 2019).

Together, these results demonstrate that the current extract mixture

can be used for the development of anti-inflammatory beverages,

with emphasis on puffing as a simple and powerful processing

method for the enhancement of biofunctions of turmeric.
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Fig. 3. (A) The representative images of colons at the end-point of the DSS-induced colitis. (B) The statistical analysis of the colon length

following DSS treatment with or without extract mixtures. The mean values with different letters significantly differ (p<0.05, n=10). DSS,
dextran sulfate sodium; TE, turmeric extract; PTE, puffed turmeric extract; HE, herbal extract.

Fig. 4. The production of pro-inflammatory cytokine IL-6 (A) and TNF-α (B) by cultured colon tissues following DSS treatment with or
without extract mixtures. The mean values with different letters significantly differ (p<0.05, n=10). DSS, dextran sulfate sodium; TE, turmeric
extract; PTE, puffed turmeric extract; HE, herbal extract.
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