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Abstract Indole compounds are extracted from indigo
plants and have been used as blue or purple dyes for
hundreds of years. In traditional Chinese medicine, herbal
agents in combination with Qing-Dai (also known as indigo
naturalis) have been used to treat patients with ulcerative
colitis (UC) and to remedy inflammatory conditions.
Recent studies have noted that indole compounds can be
biosynthesized from tryptophan metabolites produced by
various enzymes derived from intestinal microbiota. In
addition to their action on indole compounds, the intestinal
microbiota produce various tryptophan metabolites that
mediate critical functions through distinct pathways and
enzymes. Furthermore, some indole compounds, such as
indigo and indirubin, act as ligands for the aryl hydrocar-
bon receptor. This signaling pathway stimulates mucosal
type 3 innate lymphoid cells to produce interleukin-22,
which induces antimicrobial peptide and tight junction
molecule production, suggesting a role for indole com-
pounds during the mucosal healing process. Thus, indole
compounds may represent a novel treatment strategy for
UC patients. In this review, we describe the origin and
function of this indole compound-containing Chinese herb,
as well as the drug development of indole compounds.
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Introduction

Wilks and Moxon from Guy’s Hospital in England first
reported on ulcerative colitis (UC) in 1875 [1]. Although
UC is a relatively new disease, its incidence has increased
drastically in developed Western countries over the past
50 years [2]. In developed Asian countries such as Japan,
Korea, and China, the emergence of UC has coincided with
the hosting of the Olympic games, and increased thereafter
[3-5]. In addition to colorectal cancer, UC is now a critical
illness in developed countries [6]. Crohn’s disease (CD) is
another form of inflammatory bowel disease (IBD), and
while the incidence of CD was initially lower than that of
UG, it is gradually increasing as well in developed Western
countries [5]. Because both UC and CD are thought to be
chronic immune-mediated diseases, various types of
immunological control therapies are applicable to these
patients [6-9]. However, it is obvious that immunodys-
regulation is not the cause of UC but rather the effect, and
possible causes of UC may be rooted in genetic and
environmental factors [10].

The main cause of UC is likely related to modern life-
style practices in Western and Asian countries rather than
genetic factors, given that humans emerged a half-million
years ago, but the incidence of UC has increased only
within the past 100 years [3]. Specifically, increasingly
hygienic environments, Western-style diets (high fat and
low dietary fiber), increased mental stress, and inadequate
exercise may have acted in concert to alter the intestinal
luminal environment and induce “dysbiosis,” which
includes the loss of microbiota diversity and an imbalanced
microbial composition, resulting in the emergence and
increased incidence of UC in developed countries [11-16].
It is notable that this dysbiosis may be a major cause not
only of intestinal diseases such as IBD [17] and
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irritable bowel syndrome (IBS) [18], but also of extra-in-
testinal diseases such as rheumatoid disease [19], obesity,
diabetes mellitus [20], neuropsychiatric disorders, multiple
sclerosis [21], and cancer [22].

Humans in modern times may be consuming smaller
amounts of indole compound-containing green vegeta-
bles than they were in the past. Although broccoli and
cabbage are known to be rich in indole compounds [23], it
is likely that in the past, humans may have consumed
appreciable amounts of plants, including natural herbs from
the wilderness. Of note, the indole compound-containing
herb Qing-Dai has been used as an anti-inflammatory and
anti-fever drug in traditional Chinese medicine.

Recently, doctors practicing traditional Chinese medi-
cine have used Qing-Dai in combination with other herbs
to treat UC patients [24]. Although most gastroenterolo-
gists and gastroendoscopists are familiar with indigo car-
mine (5,5'-indigodisulfonic acid sodium salt) dye, many
microbiologists are now focusing on indole compounds
derived from herbs and tryptophan metabolites produced
by microbiota for the treatment of inflammatory diseases.

How do treatment strategies differ?

Traditional Chinese medicine has been evolving for over
3000 years, and differs from conventional Western medical
practices [25]. In Western medicine, doctors target
inflammation when treating individuals. However, Chinese
herbal medicine focuses on the whole individual and his or
her interactions with the environment, rather than on the
molecular targets of the disease. In other words, according
to Chinese literature, maintaining balance results in main-
taining health (Fig. 1). “Qi” represents the energy that is
integral to thoughts, emotions, tissue, and blood, and the
manipulation of “Qi” within the body affects health or
illness [26]. Chinese medicine is based on the idea that the
human body is a perfect reflection of nature. Chinese
herbal medicine can be classified into four groups
according to their thermal nature: hot, warm, cool, or cold.
Hot and warm herbs are used to treat cold diseases,
whereas cool and cold herbs are used to treat heat diseases
[26]. In Chinese herbal medicine, some UC symptoms
represent the accumulation of heat within the individual,
and therefore, Qing-Dai, classified as a cold herb, is used to
treat UC [26]. The differences between Western and Chi-
nese medicines may be a considerable barrier to the
acceptance of Chinese herbal medicine by Western doctors,
and there is the lack of scientific explanation for the pos-
sible efficacy and safety of traditional Chinese medicines
[27]. However, Chinese medicine may be integrated into
Western medicine through the use of Chinese herbs as
supplements to compensate for certain deficiencies. For
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instance, Qing-Dai may improve environmental factors
such as unbalanced dietary habits and intestinal dysbiosis.

What is Qing-Dai?

Historically, Qing-Dai has been used as a dye extracted
from the leaves and stems of plant species that contain high
concentrations of indigo, such as Baphicacanthus cusia
(Nees) Bremek. (Acanthaceae), Polygonum tinctorium Ait.
(Polygonaceae), and Isatis indigotica Fort. (Cruciferae)
(Fig. 2). The composition of indigo-containing plant spe-
cies differs due to harvest location and the particular spe-
cies of Qing-Dai [24]. Qing-Dai that is extracted from
Baphicacanthus cusia Bremek. and produced in Fujian is
considered the highest quality version of Qing-Dai in
China. The organic components of Qing-Dai include
indigo, indirubin, tryptanthrin, sterols, and amino acids [28,
29]. Qing-Dai also contains a small amount of inorganic
components including CaCO; and trace -elements.
According to the 2015 edition of the Chinese Pharma-
copoeia, an official drug compendium designed to enhance
the overall quality of drugs in China, Qing-Dai requires
>2.0 % indigo and >0.13 % indirubin content. To produce
Qing-Dai, fresh leaves are dipped in a clear water tank for a
couple of days. The leaves are then removed, and the water
is mixed thoroughly with caustic lime. After the blue/
purple color of the water is confirmed, the foams are har-
vested and dried to make the powdered form of Qing-Dai.

The history of indigo can be traced back to the west
across Europe in ancient Greece and Rome. The anti-fever
and anti-inflammatory effects of Qing-Dai were described
in “Kai Bao Ben Cao”, which was written during the Song
dynasty of China (tenth century). Chinese herbal medicines
partly containing Qing-Dai have been used mainly as anti-
fever and anti-inflammatory drugs, e.g., in the form of
enema treatments for UC patients. Furthermore, topical and
oral Qing-Dai is used to treat various diseases such as
psoriasis [30], oral ulcers [24], radiation proctitis [31],
chronic myelocytic leukemia [32], and herpes zoster.
Although Chinese herbal medicines containing Qing-Dai
(e.g., Qing-Dai San, Xilei-San, etc.) are available as over-
the-counter drugs in China, Qing-Dai is not approved as a
drug but is categorized into other food categories in other
countries, including Japan. Although Qing-Dai has been
used to treat UC patients in Japan, these individuals must
purchase the necessary products and administer the drugs
to themselves without cautionary education regarding the
possible adverse effects or visit some particular clinics at
their own expense. However, most doctors have little
knowledge and do not have a positive impression of Qing-
Dai due to a lack of evidence and English publications
regarding Qing-Dai for UC patients. In actuality, some
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Fig. 1 Different conceptions of treatment between Western and
Chinese medicines. a Healthy state; b inflammatory disease state;
c treated state in the Western approach; d treated state in the Chinese
approach. Colored circles indicate multifactorial etiology, where
complex interactions exist among genetics, epigenetics, and environ-
mental factors (including diet, infections, antibiotics, smoking,
alterations of the microbiota, and sanitation). This balance should

patients use Qing-Dai without informing their doctors, and
these situations are dangerous.

What are indole compounds?

Over 400 types of indole molecules that bear indole ring
structures, such as indigo and indirubin, are known. For
instance, food-derived indole molecules, such as indole-3-
carbinol (I3C), are abundant in green vegetables, including
broccoli, cabbage, Brussels sprouts, and kale. In addition,
indole-3-carboxaldehyde (IAld) is produced from the
essential amino acid tryptophan through currently uniden-
tified biosynthetic enzymes derived from intestinal micro-
biota, such as lactobacillus species [23, 33]. The reduced
intake of fresh vegetables in Western countries and the
resultant dysbiosis [3] may have changed the total amount
of indole compounds typically present in the body. Fur-
thermore, indigo, indirubin, I3C, and IAld have all been
suggested as endogenous aryl hydrocarbon receptor (AhR)
ligands [33], whereas indigo carmine is not. Orally
administered I3C is converted to the higher order AhR
ligands, 6-formylindolo[3,2-b]carbazole (FICZ) and 3,3'-

T
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be regarded as the sole contributing factor to disease pathogenesis. In
the Western approach, patients with inflammation are treated by anti-
inflammatory agents or immunosuppressants, resulting in suppressed
inflammation, although the environmental factors remain imbalanced.
However, in the Chinese approach, the patients, not the disease, are
treated by resolving the deficiency and maintaining the balance

diindolylmethane (DIM), by gastric acids [34]. The AhR
pathway has been known for a long time because it has
been associated with certain classes of hazardous chemi-
cals, such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD),
which is an inducer of CYP1A1 via AhR [35]. In addition,
pigmented virulence factors derived from various infec-
tious bacteria, such as tuberculosis bacteria, induce
CYPI1A1 and CYPIBI via AhR to suppress the expansion
of harmful bacteria [36].

Why are indole compounds crucial for maintaining
intestinal homeostasis?

The intestinal epithelium, lined by simple columnar cells,
is the most rapidly self-renewing tissue in the mammalian
body. Intestinal stem cells, which exclusively express the
Lgr5 gene, lay at the bottom of intestinal crypts and have
the ability to self-renew as well as the capacity for multi-
potent differentiation [37]. These cells undergo stochastic
symmetric cell division every 24 h, and the intestinal
epithelium completely renews every 3-5 days [38].
Intestinal stem cells are crucial for epithelial regeneration
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Fig. 2 The natural indole compound Qing-Dai is extracted from
plants, and food- and microbiota-derived indoles act as aryl hydro-
carbon receptor ligands. Qing-Dai contains indole compounds that
bear indole ring structures, such as indigo, indirubin. Food-derived
indole molecules, such as I3C, are abundant in green vegetables, such
as broccoli and cabbage. In addition, IAld is produced from the
essential amino acid tryptophan and derived from intestinal micro-
biota. I3C is converted to FICZ and DIM by gastric acids. These

and for maintaining barrier and epithelial function after
intestinal injury [39, 40]. Additionally, the human intestine
contains approximately 100 trillion bacterial cells, mainly
consisting of commensal bacteria, and these bacteria
belong to as many as a thousand different species, which
mainly include Actinobacteria, Firmicutes, Proteobacteria,
and Bacteroidetes [41, 42].

Of note, recent studies have revealed that AhR ligands
are crucial molecules for stimulating AhR-expressing type
3 innate lymphoid cells (ILC3s) in the mucosa to produce
IL-22 [43, 44], which is known to reinforce epithelial
permeability by induction of tight junction molecules and
the production of antimicrobial peptides [45-50]. Thus, it
is possible to use these AhR ligands as therapies for IBD to
induce mucosal healing, which is the ultimate treatment
goal [51-54]. In addition, it is interesting that signaling
through the TNF-a and AhR pathways activates the same
transcription factor, p300/Sac-1, which suggests that a
combinational therapy of anti-TNF-o biologics and AhR
ligands may achieve complete remission in UC patients
[55]. Furthermore, it has been demonstrated that IL-22
induces STAT3 phosphorylation by acting directly on
intestinal stem cells, and STAT3 is essential for enhancing

@ Springer

eEEaEslolololololold

_4 mucosal healing
IL-22

indole compounds are endogenous AhR ligands and promote mucosal
healing. Although the actual mechanisms of action of Qing-Dai still
remain unknown, Qing-Dai can potentially promote mucosal healing
through stimulating mucosal type 3 innate lymphoid cells to produce
interleukin-22. I3C indole-3-carbinol, /Ald indole-3-carboxaldehyde,
FICZ 6-formylindolo[3,2-b] carbazole, DIM 3,3'-diindolylmethane,
ILC3 innate lymphoid cell type 3, IL-22 interleukin-22, AhR aryl
hydrocarbon receptor

organoid growth and IL-22-dependent epithelial regenera-
tion [56]. Thus, IL-22 regulates intestinal immune home-
ostasis and mucosal healing.

Do indole compounds suppress the development
of colitis in animal models?

Li et al. [57] have reported that the administration of
vegetable-derived I3C suppresses the development of
dextran sulfate sodium (DSS)-induced acute colitis in
mice, and AhR™"~ mice developed more severe DSS-in-
duced colitis compared to that of control C57BL/6 mice.
Zelante et al. [44] have also demonstrated that micro-
biota-derived IAld suppresses the development of acute
DSS-induced colitis. In addition to the IBD model,
AhR ™/~ mice are resistant to models of psoriasis [58] and
acute pancreatitis [59] that are mediated by epithelia
injury. Furthermore, Xiao et al. [28] have reported that the
administration of Qing-Dai suppressed the inflammatory
responses of colonic macrophages during DSS-induced
colitis and the production of TNF-a, IL-1B, and IL-6 in
colonic tissue.
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Is Qing-Dai effective for patients with ulcerative
colitis?

Due to concerns of side effects, such as infection, and prior
loss of response or intolerance to well-known approved
medicines, many patients with UC seek complementary and
alternative medicines [60, 61]. Recently, some worldwide
clinical trials have examined the usefulness of herbal
medicines for treating UC. Aloe vera gel (Xanthor-
rhoeaceae) [62], Triticum aestivum (Poaceae; wheat grass
juice) [63], Andrographis paniculata (Acanthaceae) extract
(HMPL-004) [64], and Xilei-San suppositories [65, 66] were
superior to placebo at inducing remission or response.
HMPL-004 [67] and gum resin from Boswellia serrata
(Burseraceae) [68] were as effective as mesalamine, and a
Xilei-San enema [69] was as effective as a dexamethasone
Additionally, Vaccinium myrtillus (Ericaceae;
anthocyanin-rich bilberry preparation) [70], Potentilla tor-
mentilla (Rosaceae; tormentil) extract [71], Fufangkushen
colon-coated capsules [72], and Jian Pi Ling tablets [73]
induced remission in some patients with UC. Curcumin [74]
was superior to placebo in maintaining remission, and
Plantago ovata (Plantaginaceae) seeds [75] and Myrrhinil
intest® (herbal combination of myrrh, dry extract of cha-
momile flowers, and coffee charcoal) [76] were as effective
as mesalamine. Additionally, Oenothera biennis (Ona-
graceae; evening primrose oil) [77] and germinated barley
foodstuff [78] induced remission in some patients with UC.
Nevertheless, some of these studies examining herbs for the
treatment of UC showed encouraging results but remain
limited, and further high-quality research is required [79].
As shown in Table 1, some of abovementioned herbal
medicines contain Qing-Dai [65, 66, 69]. In traditional

eneéma.

Chinese medicine, rectal administration of Qing-Dai has
been used for patients with acute UC, although almost all
the publications reporting this were written in Chinese. In
China, Qing-Dai is not used as a single agent but is instead
used as a mixed formulation, such as Xilei-San. However,
the exact scientific reason for Qing-Dai to be used as a
mixed formulation is unknown [80]. According to Chinese
literature, it is known that liver dysfunction, headache, and
nausea are the main adverse effects of Qing-Dai [30, 81].
In Japan, Fukunaga et al. [66] previously reported that
Xilei-San suppositories were statistically effective for
patients with UC who were refractory to topical mesala-
mine or corticosteroid treatment in a placebo-controlled
study. Suzuki et al. [82] also reported that the oral
administration of Qing-Dai powder was safe and seemed to
be effective in a retrospective analysis.

In addition, Dr. Amano of Hiroshima, Japan, has treated
patients with intractable UC using an undisclosed combi-
nation of Chinese herbs, including modified Xilei-San,
based on his experience over many years. This treatment,
the so-called Hiroshima kampo, was initially considered an
unscientific folk remedy, but incontrovertible evidence of
its efficacy has caused it to garner more recent attention.
Over 3000 patients with UC in Japan and from other
countries such as Korea were treated with Amano’s for-
mulation; however, the results of this treatment, regret-
tably, have not been published and still have not been
subjected to scientific evaluation.

To scientifically examine the efficacy and safety of
Qing-Dai, our group recently conducted a pilot clinical trial
using capsulated Qing-Dai (daily dose, 2 g) that was
administered to 20 patients with moderate UC activity who
were refractory to corticosteroids, immunomodulators, and/

Table 1 Studies of herbal therapies containing Qing-Dai to induce remission patients with ulcerative colitis

Authors Country Year Intervention Duration Number of  Comparator Rates of clinical
patients response/remission/
mucosal healing
Test Comparator
agent
Fukunaga Japan 2007 Xilei-San suppository 6 months 6 None N/A -
et al. [65]
Gong et al.  China 2012  Fufangkushen colon-coated 8 weeks 320 Placebo with 73/42/ 65/41/55 %
[72] capsule with Huidi Huidi 55 %
Fukunaga Japan 2012 Xilei-San suppository 2 weeks 30 Placebo N/A/ N/A/O %/
et al. [66] 46 %/ N/A
N/A
Zhang et al.  China 2013 Xilei-San enema 8 weeks 35 Dexamethasone  N/A N/A
[69] enema
Suzuki et al. Japan 2013 Oral powdered Qing-Dai not determined 9 None (case N/A -
[82] (1-4 months) series)
Sugimoto Japan 2016 Oral capsule Qing-Dai 8 weeks 20 None 72/33/ -
et al. [27] 61 %
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Fig. 3 Representative endoscopic findings before (a) and after (b) the
administration of Qing-Dai for 8 weeks. This patient with active
ulcerative colitis was a 29-year-old woman with chronic continuous
disease. She had been previously treated with prednisolone, granu-
locytapheresis, tacrolimus, infliximab, and golimumab (clinical trial),
and she had an allergy to mesalamine. Although she had been treated
with 100 mg of azathioprine and adalimumab, she was currently
experiencing secondary failure. Due to exacerbation, the administra-
tion of 40 mg of prednisolone was started; however, the patient did

or anti-TNF-a therapies [27]. This open-cohort single-arm
study demonstrated that capsulated Qing-Dai was tolerable
in terms of adverse events and remarkably effective in
terms of clinical response (72 %), clinical remission
(33 %), and endoscopic remission (61 %). The Mayo
score, partial Mayo score, Mayo endoscopic score [83], and
clinical activity index [84] improved significantly, from a
mean of 7.9 to 2.7, 5.7 to 1.4, 2.4 to 1.2, and 9.4 to 3.5,
respectively (p < 0.001) [27]. The partial Mayo scores
were reduced even in patients who did not achieve a
clinical response by definition. Notably, these patients
included intractable cases (12 patients with chronic con-
tinuous disease courses), and 5 of 20 had experienced
secondary failure of anti-TNF-o agents. Treatment with
Qing-Dai allowed these patients to discontinue use of these
drugs (Fig. 3). In this study, 10 % mild liver dysfunction
was reported, and we have cautioned against this side
effect. The efficacy of Qing-Dai was substantially superior
even to that of other approved therapies, and thus Qing-Dai
may be considered as an alternative treatment strategy to
avoid the use of corticosteroids or other immunosuppres-
sants [27]. Following our pilot study, trials were initiated at
other institutions (UMIN000017359, UMINO000019103).
To confirm the safety and efficacy of Qing-Dai, our group
is currently conducting a large, multi-center, double-blind,
randomized, dose-dependent, placebo-controlled trial
(UMIN000021439).

Specific molecules and indole derivatives may also be
promising candidates for the treatment of UC. A phase II
trial of Natura-alpha (meisoindigo; N-methyl-A3,3’-dihy-
droindole-2,2'-diketone) [85] is in progress, spearheaded
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not respond, and her symptoms worsened. After 2 weeks of
adalimumab discontinuation and a dose reduction in prednisolone to
30 mg, the administration of Qing-Dai (daily dose of 2 g) was started.
During the prednisolone dose reduction, the patient’s symptoms and
endoscopic findings improved markedly (Mayo score of 9 to 3) at
week 8. After finishing our trial, this patient has continued to purchase
and use Qing-Dai (daily dose of 1 g) and has maintained clinical
remission

by Natrogen Therapeutics International, Inc. and Takeda
Pharmaceutical Co., Ltd. (ClinicalTrials.gov identifier:
NCTO01216280). These indole compounds may change the
course of medicine and provide physicians with options to
treat intractable inflammatory conditions.

On the other hand, there have been no reports regarding
the efficacy of Qing-Dai in patients with CD. However, it is
generally known that AhR is highly expressed in cells at
body surfaces such as intestinal mucosa, including the
small intestine, and particularly in ILC3s [33]. While it is
possible that Qing-Dai is also effective for patients with
CD, the clinical condition of CD is usually complex, and
CD can affect all layers of the intestinal wall, whereas UC
affects only the lining of the colon. We are currently
conducting a pilot study to investigate the clinical efficacy
of Qing-Dai for patients with CD who have lost respon-
siveness to anti-TNF-o agents (UMIN000019249),
although careful further investigation is needed.

What are the concerns about Qing-Dai?

Qing-Dai has potential as a new treatment strategy for
mild-to-moderate UC after doctors have considered treat-
ment with corticosteroids, granulocytapheresis, anti-TNF-a
agents, or tacrolimus. Qing-Dai is an encouraging alter-
native, especially for those who have refractory disease that
is corticosteroid-resistant or corticosteroid-dependent, who
do not respond to anti-TNF agents, or who cannot tolerate
mesalamine. In addition, with the exception of corticos-
teroids, conventional treatment to induce remission in
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patients with active UC is quite expensive. Qing-Dai is
extremely inexpensive (85 Chinese yuan per 500 g; con-
verted to approximately 20 dollars per year in China, 100
dollars per year after importation to Japan); its cost is
approximately one-hundredth that of mesalamine and one-
thousandth that of anti-TNF-o agents on an annual basis.
Qing-Dai may eventually have a large impact on patient
outcomes as well as on medical economics. The quality
control of Chinese herbal medicines is an important prob-
lem. The contents of Qing-Dai may differ between batches
according to species, harvest locations, years, and seasons
[24]. To resolve this issue, the application of chromato-
graphic fingerprints and related chemometric analysis is
essential during safety evaluations of Qing-Dai, as is
maintaining a stable supply of good-quality drug [86].

Although it has been scientifically demonstrated that
indole compounds promote mucosal healing, the actual
mechanisms of action of Qing-Dai still remain unknown
[27]. While IL-22/STAT3 signaling promotes mucosal
healing and protects against tumor formation during
inflammation, IL-22 can also promote intestinal tumori-
genesis during the resolution of inflammation [87, 88].
From this viewpoint, the regulation of IL-22 production is
important, and the timing of Qing-Dai discontinuation is of
concern in light of the possible risk of tumorigenesis.
However, indole compounds such as indirubin and Natura-
alpha are considered potential anticancer agents [89]. In
addition, the suppression of superoxide generation has been
suggested as another mechanism of action for Qing-Dai
[82, 90]. The safety of long-term Qing-Dai use should be
investigated.

The adverse side effects of Qing-Dai include liver dys-
function, headache, and digestive problems, and patients
should be cautioned regarding these symptoms even though
they may tolerate Qing-Dai [27]. Further basic research and
clinical investigation of indole compounds are warranted.

Conclusion

The indole compounds discussed in this paper may be
promising candidates for old and new natural drugs not only
for UC, but also for other intractable diseases that are
mediated by epithelia injury. The AhR ligand environment in
the gut comprises food-derived and microbiota-derived
indole compounds, and may play a critical role in stemming
the rising incidence of microbiota-mediated diseases in
Western countries. In other words, different approaches, such
as the intake of foods that favor indole-inducing bacteria,
microbiota that produce indoles from tryptophan, and indole
compounds themselves, should be attempted for the pre-
vention of disease as well as its maintenance and remission.
The combination of probiotics that are efficient producers of

indole compounds may also be a promising new treatment
strategy for UC. Finally, although food- or microbiota-
derived indole compounds may be safe, we should not forget
that dioxins (e.g., TCDD) are also high-affinity AhR ligands,
and the adverse effects of these molecules should be con-
sidered during clinical development.
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