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Dextran Sulfate Sodium–Induced Colitis in Mice

Hyojung Kim,1 Youngmin Bu,1 Beom-Joon Lee,1 Jinhyun Bae,1 Sujin Park,1 Jinsung Kim,1 Kyungjin Lee,1

Jae-Myung Cha,2 Bongha Ryu,1 Seok-Jae Ko,1 Gajin Han,1 Byungil Min,2 and Jae-Woo Park1

1College of Korean Medicine and 2Graduate School of Medicine, Kyung Hee University, Seoul, Republic of Korea.

ABSTRACT Nutmeg (seed of Myristica fragrans [MF]) is one of the most commonly used spices in the world and also a

well-known herb for the treatment of various intestinal diseases, including colitis in traditional Korean medicine. The purpose

of the current study was to investigate whether water extract of MF (MFE) can protect against dextran sulfate sodium (DSS)

induced colitis in a mouse model. Colitis was induced by 5% DSS in balb/c mice. MFE (100, 300 or 1000 mg/kg) was orally

administered to the mice twice a day for 7 days. Body weight, colon length, clinical score, and histological score were

assessed to determine the effects on colitis. Proinflammatory cytokines (interferon-c, tumor necrosis factor-a, interleukin [IL]-

1b, and IL-6) were measured to investigate the mechanisms of action. MFE dose dependently inhibited the colon shortening

and histological damage to the colon. However, it did not prevent weight loss. MFE also inhibited proinflammatory cytokines.

The current results suggest that MFE ameliorates DSS-induced colitis in mice by inhibiting inflammatory cytokines. Further

investigation, including the exact mechanisms is needed.
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Due to the limitations of various conventional thera-
pies, there is still a need for new alternative treatments

for inflammatory bowel disease (IBD), and natural products,
including herbal medicine are being extensively studied.1

However, many natural products, including dietary supple-
ments and herbal medicines remain to be studied.

The seed of Myristica fragrans (MF), distributed in
tropical Asia, has been used for several intestinal symptoms,
including vomiting and diarrhea.2 Despite various reports
about the bioactivities of MF, including anti-inflammatory
and antidiarrheal effects,3,4 there is no scientific evidence
supporting its effect on IBD. Thus, we investigated the ef-
fects of water extract of MF (MFE) in a mouse colitis
model. In the current study, we orally administered MFE to
mice with dextran sulfate sodium (DSS) induced colitis,
which is one of the popular colitis models,5 and investigated
its protective effects.

Seeds of MF (390 g) were purchased from Kyung Hee
Hanyak Co. (Seoul, Korea), and extracted by boiling in
water at 100�C for 2 h. MFE (yield = 6.83%) was obtained
by evaporating and freeze drying. MF (PS005) and MFE
(PSE006) were deposited in the Department of Herbal

Pharmacology, Kyung Hee University. We analyzed MFE
using standards, myristicin (Sigma, St. Louis, MO, USA)
and safrol (Sigma) by HPLC, and found that the retention
time was 16.7 and 17.3 min, respectively (Fig. 1A). The
extract was standardized to contain 0.13% myristicin and
0.20% safrol.

Seven-week-old male balb/c mice (20–24 g; Daehan Bio
Link, Seoul, Korea) were housed at 20–22�C and in 40–60%
humidity under a 12 h light/dark cycle, and provided food
and water ad libitum. All procedures were approved and
conducted according to animal welfare guidelines of Kyung
Hee University Institutional Animal Care and Use Com-
mittee [KHUASP(SE)-09-036]. Colitis was induced by DSS
as previously described.6 Briefly, the mice were provided
with drinking water containing 5% DSS (MP Biomedicals,
Tokyo, Japan) ad libitum for 7 days. We administered MFE
(100, 300, and 1000 mg/kg, p.o.) or same volume (5 mL/kg)
of distilled water twice a day for 7 days. Body weight was
measured daily from day 0 to 7. The colon was isolated
immediately after the last weight check and colon length
was measured by using a vernier caliper (Mitutoyo, Ka-
wasaki, Japan). Clinical score was measured by a modified
method previously reported.7 Briefly, spontaneous behavior
and posture, coat and piloerection and cleaning of perianal
region were evaluated for clinical score. Scores were eval-
uated using a 5-point Likert scale and summed for data. The
colons were fixed in 10% buffered formalin and the sections
(5 lm in thickness), obtained from the paraffin blocks, were
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stained with hematoxylin and eosin. In a blind fashion, we
analyzed the histological damage according to inflammatory
cell infiltration and ulceration, and histological score was
obtained by averaging all scores.8 Isolated colons were snap
frozen and stored at -70�C. The mucosa was scraped from
the colon. Next, 10 mg mucosa was dissolved in triple-
detergent lysis buffer (50 mM Tris-HCl, pH 8.0, 150 mM
NaCl, 0.1% sodium dodecyl sulfate, 1% NP-40, 0.02%
sodium azide, 0.5% sodium deoxycholate and 1 mM phe-
nylmethylsulfonyl fluoride) and homogenized. Interferon
(IFN)-c, tumor necrosis factor (TNF)-a, interleukin (IL)-1b,
and IL-6 in the mucosa samples were analyzed according to
the manufacturer’s manual of biometric multiplex cytokine
assay (Millipore, Billerica, MA, USA).

All results were expressed as mean – SEM and analyzed
using one-way ANOVA followed by Dunnett’s test
(GraphPad Prism version 5.01; GraphPad Software, San
Diego, CA, USA) for comparative analysis with control
group. P-value < .05 was regarded as statistically significant.

Body weight in the control group continuously decreased.
MFE treatment did not show any effects on body weight
(Fig. 1B). While control group showed colon shortening
compared with the normal group, the MFE-treated groups
exhibited less shortened and edematous colons with less
damage to the cecums than in the control group (Fig. 1C).
MFE treatment significantly inhibited the colon shortening
in a dose-dependent manner (Fig. 1D). The clinical score of
the control group began to decrease rapidly from day 3.
MFE-treated groups had better clinical scores from day 3 to
5 compared to the control group. However, it did not show
the effects from day 6 (Fig. 1C). MFE-treated groups
showed relatively intact surface epithelia and cryptal glands,
whereas the control group showed disruptions of the cryptal
glands and infiltration of inflammatory cells (Fig. 2A). MFE
showed dose-dependent protective effects against histolog-
ically evaluated damage (Fig. 2A). MFE-treated groups
significantly inhibited IFN-c, TNF-a, IL-1b, and IL-6 pro-
ductions in colon mucosa (Fig. 2B).

FIG. 1. The representative chro-
matograms of MFE (A) and the effects
of MFE on body weight (B), clinical
score (C), and colon length (D) in a
DSS-induced mice colitis model. Pho-
tos of isolated colon show typical
morphologies and length of each
group. The normal group was not
treated with DSS or MFE and the
control group was treated with DSS
and distilled water. Data are expressed
as mean – SEM, n = 8. *P < .05,
**P < .01 and ***P < .001 compared to
control group. MFE, extract of Myr-
istica fragrans; DSS, dextran sulfate
sodium.
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In the current study, oral administration of MFE showed
dose-dependent protective effects against colon shortening,
clinical symptoms,, and histological observed damage in
DSS-induced colitis model. MFE also downregulated mu-
cosal inflammatory cytokines.

MFE treatment showed dose-dependent protection
against colon shortening. DSS induces various gastrointes-
tinal or systemic symptoms. Among them, colon shortening
is the most representative finding, which is known to be
caused by inflammation-induced structural changes, in-
cluding ulceration and erosion of the colon mucosa, finally
leading to colon shortening.6,8,9

MFE treatment improved the histological score that re-
flects cryptal damages, and the severity and extent of in-
flammation.8 DSS is known to induce cryptal depletion,
epithelial damage, ulceration of mucosal layer, inflamma-
tory cell infiltration, muscle thickening, and edema.8 Thus,
the protective effects of MFE might be caused by inhibiting
inflammation-derived structural changes.

MFE also improved clinical scores at day 3, 4, and 5, but
not day 6 and 7. Clinical score is known to reflect the state
and symptoms of human diseases.10 Thus, it could suggest
that MFE improves the symptoms in colitis patients. How-
ever, ineffectiveness of clinical scores at day 6 and 7 might
be originated from severe damages of intestine.

MFE did not inhibit weight loss in DSS-induced colitis.
DSS is known to influence on whole body system by pen-
etration through intestinal mucosa and distribution to other
organs, including liver and kidney, besides colon.8,9 Thus,
the evidence suggests that the effects of MFE might be due
to direct anti-inflammatory effects on colon.

In the current study, DSS treatment up-regulated proin-
flammatory cytokines in inflamed mucosa.11 MFE inhibited
representative proinflammatory cytokines (IFN-c, TNF-a,
IL-1b, and IL-6) in the colon mucosa. Deleterious effects
of proinflammatory cytokines in IBD have been well
documented and cytokine inhibition could be the most im-
portant target for mechanistic studies.11 Thus, the inhibitory

FIG. 2. The effects of MFE on his-
tological score (A) and cytokine pro-
duction (B) in DSS-induced mice
colitis model. Microscopic photos were
stained by hematoxylin and eosin in the
normal group (i), control group (ii), and
MFE 100 (iii), 300 (iv), and 1000 (v)
mg/kg treated groups. The normal
group was not treated with DSS or
MFE and the control group was treated
with DSS and distilled water. Arrows
and arrow heads indicate inflamma-
tory cells and cryptal damage, respec-
tively. Cytokine panel is represented by
proinflammatory cytokine panel (IFN-c,
TNF-a, IL-1b, and IL-6). Data are ex-
pressed as mean – SEM, n = 8. *P < .05,
**P < .01 and ***P < .001 compared to
control group. IFN, interferon; TNF,
tumor necrosis factor; IL, interleukin.
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effects of MFE on cytokines could be the mechanisms
of action.

In conclusion, MFE showed protective effects against
DSS-induced colitis by inhibiting proinflammatory cyto-
kines in the colon mucosa. This suggests the potential for
using MFE in a preventive application against intestinal
inflammation. Further investigation, including the exact
mechanism is needed.

ACKNOWLEDGMENTS

This study was supported by the program of Kyung Hee
University for the young researcher in medical science
(KHU-2009-1428) and by the Basic Science Research Pro-
gram through the National Research Foundation of Korea
funded by the Ministry of Education, Science, and Tech-
nology (No. 2011-0013837).

AUTHOR DISCLOSURE STATEMENT

There are no existing conflicts of interest.

REFERENCES

1. Ke F, Yadav PK, Ju LZ: Herbal medicine in the treatment of

ulcerative colitis. Saudi J Gastroenterol 2012;18:3–10.

2. Wu JN: An Illustrated Chinese Materia Media (1st ed). Oxford

University Press, New York, 2005, pp. 442–443.

3. Olajide OA, Ajayi FF, Ekhelar AI, Awe SO, Makinde JM, Alada

AR: Biological effects of Myristica fragrans (nutmeg) extract.

Phytother Res 1999;13:344–345.

4. Grover JK, Khandkar S, Vats V, Dhunnoo Y, Das D: Pharma-

cological studies on Myristica fragrans—antidiarrheal, hypnotic,

analgesic and hemodynamic (blood pressure) parameters. Meth-

ods Find Exp Clin Pharmacol 2002;24:675–680.

5. Wirtz S, Neufert C, Weigmann B, Neurath MF: Chemically in-

duced mouse models of intestinal inflammation. Nat Protoc

2007;2:541–546.

6. Okayasu I, Hatakeyama S, Yamada M, Ohkusa T, Inagaki Y,

Nakaya R: A novel method in the induction of reliable experi-

mental acute and chronic ulcerative colitis in mice. Gastro-

enterology 1990;98:694–702.

7. Park JW, Bu Y, Bae J, et al.: Protective effects of Ulmus mac-

rocarpa on experimental colitis mice models. Orient Pharm Exp

Med 2011;11:107–112.

8. Kitajima S, Takuma S, Morimoto M: Histological analysis of

murine colitis induced by dextran sulfate sodium of different

molecular weights. Exp Anim 2000;49:9–15.

9. Cooper HS, Murthy SN, Shah RS, Sedergran DJ: Clin-

icopathologic study of dextran sulfate sodium experimental

murine colitis. Lab Invest 1993;69:238–249.

10. Johswich K, Martin M, Bleich A, et al.: Role of the C5a receptor

(C5aR) in acute and chronic dextran sulfate-induced models of in-

flammatory bowel disease. Inflamm Bowel Dis 2009;15:1812–1823.

11. Strober W, Fuss IJ: Proinflammatory cytokines in the patho-

genesis of inflammatory bowel diseases. Gastroenterology 2011;

140:1756–1767.

956 KIM ET AL.


