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Background: It was previously found that Korean Red Ginseng water extract (KRGE) inhibits the
histamine-induced itch signaling pathway in peripheral sensory neurons. Thus, in the present study, we
investigated whether KRGE inhibited another distinctive itch pathway induced by chloroquine (CQ); a
representative histamine-independent pathway mediated by MrgprA3 and TRPA1.

Methods: Intracellular calcium changes were measured by the calcium imaging technique in the

Kgywords;j Re3 HEK293T cells transfected with both MrgprA3 and TRPA1 (“MrgprA3/TRPA1”), and in primary culture of
;gtlcnhs enosice Re mouse dorsal root ganglia (DRGs). Mouse scratching behavior tests were performed to verify proposed
Korean Red Ginseng antipruritic effects of KRGE and ginsenoside Rg3.

MrgprA3 Results: CQ-induced Ca®* influx was strongly inhibited by KRGE (10 pg/mL) in MrgprA3/TRPA1, and notably
TRPA1 ginsenoside Rg3 dose-dependently suppressed CQ-induced Ca®* influx in MrgprA3/TRPA1. Moreover, both

KRGE (10 pg/mL) and Rg3 (100 uM) suppressed CQ-induced Ca®* influx in primary culture of mouse DRGs,
indicating that the inhibitory effect of KRGE was functional in peripheral sensory neurons. In vivo tests
revealed that not only KRGE (100 mg) suppressed CQ-induced scratching in mice [bouts of scratching:
274.0 & 51.47 (control) vs. 104.7 &+ 17.39 (KRGE)], but also Rg3 (1.5 mg) oral administration significantly
reduced CQ-induced scratching as well [bouts of scratching: 216.8 & 33.73 (control) vs.115.7 £ 20.94 (Rg3)].
Conclusion: The present study verified that KRGE and Rg3 have a strong antipruritic effect against CQ-
induced itch. Thus, KRGE is as a promising antipruritic agent that blocks both histamine-dependent

and -independent itch at peripheral sensory neuronal levels.
© 2017 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction that Korean Red Ginseng water extract (KRGE) blocks histamine-

dependent itch pathways in sensory neuronal levels [7]. Thus, it

Red ginseng — a steamed root of Panax ginseng Meyer — has long
been used in many Asian countries as a traditional medicine to
recover strength or health. Indeed, several studies show that red
ginseng holds a wide range of beneficial effects such as anti-
inflammatory [1], antiviral [2], and antioxidative [3] effects.
Lately, its usage has expanded to alleviate pruritus; a sensation that
evokes a desire to scratch. Indeed, the administration of red ginseng
or saponin fraction inhibits scratching behavior in mice induced by
either compound 48/80 or histamine [4]. Furthermore, in an
experimental mouse model with atopic dermatitis, red ginseng
extract reduces frequent scratching behavior and improves severe
skin lesions [5,6]. More importantly, our group previously found

appears that red ginseng is a promising antipruritic agent with
numerous supportive experimental data.

Itch is a sensation felt on the skin that causes a desire to scratch;
a major symptom of many skin-related diseases. Although an acute
itch sensation is believed to play a role as an alerting system for
allergic reactions, chronic itch causes unwanted, debilitating, un-
controllable scratching, which further intensifies itch sensation,
creating a vicious cycle. For a long time, histamine has been thought
to evoke itch sensations in the sensory neurons by binding to H1IR
(histamine receptor subtype 1) and subsequently activating TRPV1
(transient receptor potential cation channel subfamily V member 1)
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[8]. Indeed, one study found that histamine-induced itch behavior
was significantly reduced in the TRPV1~/~ mice [8].

Researchers have proposed the notion that histamine is not the
exclusive pruritogen that evokes itch sensation. In fact, it is now
clear that there exists a histamine-independent itch pathways as
well. For instance, chloroquine (CQ), an antimalarial agent with a
severe itch side effect, evokes itch sensation independent of his-
tamine [9]. In fact, severe itch was a major cause of noncompliance
to malaria treatment, showing ~30% of African patients declined
further CQ treatment [10,11]. Although detailed molecular mecha-
nisms underlying CQ-induced itch was elusive for decades, Wilson
et al. [12] recently clarified that CQ binds to a receptor known as
MrgprA3 (Mas-related G-protein coupled receptor member A3)
and further relays itch signal via activation of TRPA1 (transient
receptor potential cation channel, subfamily A, member 1).

The importance of the histamine-independent pathway is evident.
Patients with itch-related diseases such as atopic dermatitis, xero-
derma, and psoriasis often complain that conventional antihistamine
agents do not alleviate their severe difficult-to-tolerate itch [ 13,14]. Of
course, this is because itch from these diseases are mostly histamine
independent [15—17]. Not surprisingly, the CQ-induced itch also
cannot be suppressed by antihistamine agents as well [ 18,19]. Thus, if
a novel antipruritic agent for a histamine-independent pathway is
developed, it could be a milestone improvement to cure these dis-
eases by suppressing the difficult-to-tolerate itch.

In this regard, the present study examined whether KRGE has
any inhibitory effect on CQ-induced itch, a representative
histamine-independent pathway mediated by MrgprA3 and TRPA1.

2. Materials and methods
2.1. Materials

KRGE was manufactured and provided by the Korea Ginseng
Corporation (Seoul, Korea). Briefly, KRG was made by steaming
fresh ginseng at 90—100°C for 3 h and then drying it at 50—80°C.
KRGE was prepared from red ginseng water extract, which was
prepared by circulating hot water (85—90°C) three times. The water
content of the pooled extract was 34.41% of total weight. HPLC
analysis showed that KRGE contained the following ginsenosides:
Rb1, 7.53 mg/g; Rc, 2.98 mg/g; Rb2, 2.86 mg/g; Rg3, 2.09 mg/g; Re,
1.90 mg/g; Rgl, 1.78 mg/g; Rf, 1.12 mg/g; Rg2s, 1.12 mg/g; Rd, 0.89
mg/g; and Rh1, 0.84 mg/g. Ginsenosides (Rb1, Rb2, Rc, Rd, Re, Rf,
Rg1, Rg3, and Rg5) were prepared by Professor Young-Sik Kim at
Seoul National University, College of Pharmacy.

2.2. Cell culture and transfection of cDNA

HEK293T cells were cultured in Dulbecco’s modified Eagle’s me-
dium (Life Technologies, St. Louis, MO, USA) supplemented with 10%
fetal bovine serum, 100 U/mL of penicillin/streptomycin (Hyclone,
Thermo Scientific, South Logan, UT, USA) at 37°C in a humidified at-
mosphere of 5% CO,. Cells were cotransfected with mouse MrgprA3
(NM_153067) and human TRPA1 (NM_007332) cDNAs using FUGENE
HD Transfection Reagent (Promega, Madison, WI, USA). Further ex-
periments were performed 24 h later after transfection.

2.3. Primary culture of dorsal root ganglia

Mouse dorsal root ganglia (DRGs) were primarily cultured as
described previously [20]. Briefly, DRGs were dissected and
collected from adult mice and cultured in Neurobasal medium
(Gibco, Life Technologies, Greenland, NY, USA), which contained
10% fetal bovine serum, 50—100 ng/mL nerve growth factor (Invi-
trogen, Gaithersburg, MD, USA), and 100 U/mL penicillin—

streptomycin solution (Hyclone, Thermo Scientific). Dissected DRGs
were incubated with 1 mg/mL collagenase (Worthington
Biochemical, Lakewood, NJ, USA) for 30 min at 37°C, followed by
incubation for an additional 30 min at 37°C with 2.5 mg/mL trypsin
(Gibco, Life Technologies). Dissociated cells were plated on poly-L-
lysine-coated eight-well chambers (Lab-Tek; Thermo Scientific)
and grew for > 3 d at 37°C in 95% air/5% CO».

2.4. Calcium imaging

Intracellular free Ca** was identified by the calcium imaging
technique as previously described [21]. Briefly, the culture medium
was replaced with normal bath solution [ 140 mM NacCl, 5.0 mM KCl,
2 mM CaCly, 0.5 mM MgCl,, 10 mM glucose, and 5.5 mM 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) (pH 7.4)]
containing Fluo-3 acetoxymethyl ester (2 uM, Invitrogen) and 0.1%
pluronic F-127 (Invitrogen). After incubation for 40 min, the solu-
tion containing Fluo-3 acetoxymethyl ester was washed out with
normal bath solution, and 1 mM CQ was applied to the cells to elicit
calcium influx. For cases with KRGE and Rg3, these compounds
were preincubated for 5 min prior to CQ application. The fluores-
cent intensities were measured at 488 nm with interval of 1.5 s
under an inverted microscope (ECLIPSE Ti-U, Nikon, Tokyo, Japan).
Intracellular Ca** changes were expressed as F/Fy ratios, where Fg
was the initial fluorescence intensity. Image analysis was per-
formed using Image] (NIH, Bethesda, MD, USA) with custom-made
scripts for automatic cell counting, florescence intensity calculation
and ratiometric image production.

2.5. In vivo scratching behavior test

All animals were maintained according to protocols approved by
the Institutional Animal Care and Use Committee of the Lee Gil Ya
Cancer and Diabetes Institute (Incheon, Korea). Six-week-old male
imprinting control region mice were purchased from Orient
(Gyeonggi-do, Korea) and an additional 1 wk was given for ac-
commodation. To induce scratching, 200 pg CQ dissolved in saline
was injected subcutaneously in the nape of the mice. To compare
the effect of KRGE and Rg3, 100 mg of KRGE (n = 6) or 1.5 mg of Rg3
(n = 10) were orally given 30 min before CQ administration in mice.
After injection of CQ, behaviors were video recorded using a
camcorder (HDR-CX560, Sony, Japan) for 1 h. The recorded videos
were played back later, and bouts of scratching were counted by
experienced observer. Mice using their hind limbs to scratch near
the injected area was counted as a bout of scratching [22].

2.6. Statistical analysis

Data were presented by mean =+ standard error of the mean for
calcium imaging experiments, and mean + standard deviation for
in vivo experiments. For calcium imaging data, total cell numbers
from at least three separate experiments were acquired and rep-
resented as n. Student’s t-test was applied for comparison between
two groups. For comparison of > 3 groups, one-way analysis of
variance with Dunnett’'s multiple comparison test was used.
Fisher’s exact test was used to compare the cell responsiveness of
the primarily cultured DRG neurons. Statistical analysis was per-
formed by Prism 6 (GraphPad Software Inc., San Diego, CA).

3. Results

3.1. KRGE and some ginsenosides have inhibitory effects on CQ-
induced MrgprA3/TRPA1 activation

In order to verify whether KRGE has inhibitory effects on CQ-
induced responses, in vitro experiments were performed. Since
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Fig. 1. KRGE and ginsenosides inhibit CQ-induced calcium influx via MrgprA3 and
TRPA1. (A) Representative ratiometric pseudocolor images of peak responses induced
by CQ (1 mM) in the HEK293T cells transiently transfected with both MrgprA3 and
TRPA1 (“MrgprA3/TRPA1"). “+KRGE” indicates cells pretreated with 100 pug/mL KRGE for
5 min. Scale bar indicates 50 um. (B) A time-course graph of CQ-induced calcium influx
in MrgprA3|TRPA1. F/F, indicates fluorescence intensity (F) divided by Fo, which refers
to the initial fluorescence intensity at O s. Notice that KRGE pretreatment significantly
decreased CQ-induced calcium influx. Dotted line indicates responses without CQ
treatment in MrgprA3/TRPA1. (C) A comparison of various ginsenosides for their peak
responses. “CQ” indicates the peak F/Fy response induced by 100 uM CQ in MrgprA3/
TRPA1, regarded as 100%. Other peak responses were obtained by 100 uM CQ as well,
with pretreatment of designated ginsenosides. “+” symbol in the y axis indicates that
CQ was applied after pretreatment of ginsenosides. **p < 0.01, ***p < 0.001. Con,
control; CQ, chloroquine; KRGE, Korean Red Ginseng Extract.

CQ binds to MrgprA3 receptor and further relays its signal to TRPA1
ion channel allowing calcium influx [12], HEK293T cell lines tran-
siently transfected with both MrgprA3 and TRPA1 (“MrgprA3/
TRPA1”) were prepared and CQ-induced responses were measured
by calcium imaging technique.

Treatment with CQ (1 mM, control, n = 336) induced intracel-
lular calcium increase, suggesting that the expression of MrgprA3
and TRPA1 was functional (Figs. 1A, 1B). When cells were pretreated
with KRGE (10 pg/mL, “+KRGE”, n = 436), however, CQ-induced
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Fig. 2. Rg3 dose-dependently inhibits CQ-induced calcium influx in MrgprA3/TRPA1.
(A) Representative ratiometric pseudocolor images after CQ (1 mM) treatment with
varying concentrations (10, 100, 1000 uM) of pretreated Rg3 (CQ + Rg3) in the
HEK293T cells transfected with both MrgprA3 and TRPA1 (“MrgprA3/TRPA1”). Scale bar
indicates 50 um. (B) Comparison among relative peak responses with different Rg3
concentration used for pretreatment before CQ application in MrgprA3/TRPAL.
***p < 0.001. CQ, chloroquine; KRGE, Korean Red Ginseng Extract.

calcium influx greatly decreased in MrgprA3/TRPA1 (Figs. 1A, 1B).
These data indicated that KRGE had strong inhibitory effects on CQ-
induced calcium influx in MrgprA3/TRPA1.

Since KRGE contains a mixture of various ginsenosides, we
conducted further investigation to verify which ginsenoside had
the most potent inhibitory effects against CQ-induced calcium
influx. Ginsenosides Rd (66.36 + 3.903%, n = 662, p < 0.001), Re
(69.52 + 2.602%, n = 689, p < 0.001), Rf (66.54 + 1.859%, n = 798,
p < 0.001), Rg1 (81.43 + 0.372%, n = 541, p < 0.01), and most
strongly Rg3 (53.35 & 1.920%, n = 950, p < 0.001) showed reduced
relative peak responses (Fig. 1C), indicating inhibitory effects
against the CQ-induced responses in MrgprA3/TRPA1. Overall, these
in vitro experiments have proved that KRGE indeed had an inhibi-
tory effect against CQ-induced calcium influx in MrgprA3/TRPA1. It
appears that a range of ginsenosides including Rg3 could be key
components in terms of the inhibitory actions of KRGE over CQ-
induced responses.

3.2. Rg3 dose-dependently blocks CQ-induced calcium influx in
MrgrpA3/TRPA1

Since Rg3 showed the most potent inhibitory effects among the
ginsenosides that were tested, we decided to focus on Rg3 for
further investigation. To verify whether the observed inhibition
achieved by Rg3 was nonspecific, different concentrations (10 uM,
100 pM, 1000 pM) of Rg3 were pretreated in MrgprA3/TRPA1 and
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CQ-induced calcium-specific fluorescent microscopic images were
recorded. CQ-induced responses gradually decreased inversely
proportional to Rg3 concentration (Fig. 2A). Indeed, the relative
peak responses were significantly reduced when pretreated with
100 puM (55.23 + 6.098%, n = 584, p < 0.001) or 1000 uM (15.16
+ 1.742%, n = 238, p < 0.001) Rg3 before CQ application (Fig. 2B).
Therefore, we confirmed that Rg3 dose-dependently inhibited CQ-
induced calcium influx in MrgprA3/TRPA1.

3.3. KRGE and Rg3 blocks CQ-induced calcium influx in mouse
DRG neuron

Since CQ-induced itch sensation is mediated by MrgprA3 and
TRPA1 in itch-transmitting sensory neurons [12], validating
whether KRGE and Rg3 blocked calcium influx induced by CQ in
sensory neurons was mandatory as well. For this reason, mouse
DRGs were primarily cultured and 1 mM CQ was applied. As a
control, treatment of CQ elicited a calcium influx (Figs. 3A, 3B)
(control, n = 1560). However, when cells were pretreated with
KRGE (100 pg/mL), CQ did not evoke a calcium influx in primary
culture of mouse DRGs (+KRGE, n = 1034, Figs. 3A, 3B). KRGE
pretreatment not only decreased the averaged F/Fy responses, but
also the total number of CQ-responsive DRGs (control: 11.0% of
responsive cells among total 1162 cells vs. +KRGE: 3.7% of

A

14 CcCQ1mM

11.0% w* 3.7%
+KRGE

responsive cells among total 1034 cells, p < 0.001 by Fisher’s exact
test) (Fig. 3C).

Similar results were also found when cells were pretreated with
100 pM Rg3. Pretreatment with 100 uM Rg3 clearly suppressed
overall CQ-induced responses (“+Rg3”, n = 1193) compared to
controls (control, n = 488) (Figs. 3D, 3E). Furthermore, Rg3 pre-
treatment not only decreased average F/Fp responses, but also
reduced the number of CQ-responsive DRGs (control: 10.6% of
responsive cells among total 1162 cells vs. +Rg3: 3.3% of responsive
cells among total 1817 cells, p < 0.001 by Fischer’s exact test)
(Fig. 3F). Taken together, these data clearly indicate that both KRGE
and Rg3 have strong inhibitory effects for CQ-induced calcium
influx in primary culture of mouse DRG.

3.4. KRGE and Rg3 inhibited mouse scratching behaviors
induced by CQ

Lastly, the effects of KRGE and Rg3 on CQ-induced scratching
behavior were investigated. Oral administration of KRGE (100 mg/
animal) successfully decreased the bouts of scratching induced by
subcutaneous CQ (200 pg/site) injection (274.0 4+ 51.47 vs.
104.7 +17.39,n =5 or 6, p < 0.01) (Figs. 4A, 4B). Furthermore, oral
administration of Rg3 (1.5 mg/animal) also showed marked

CQ1mM

10.6%

+Rg3

Fig. 3. KRGE and Rg3 inhibit CQ-induced calcium influx in primary culture of mouse DRGs. (A) Time-course graph of CQ-induced calcium influx in primary cultures of mouse DRGs,
and comparison with pretreatment with 100 pg/mL KRGE. F/F, indicates fluorescence intensity (F) divided by Fo, which refers to the initial fluorescence intensity at 0 s. (B)
Representative ratiometric pseudocolor images obtained by treatment with 1 mM CQ alone or pretreated with 100 pg/mL KRGE (“+KRGE") in primary culture of mouse DRGs. Scale
bar indicates 50 um. (C) Comparison of responsive DRG cells between CQ (11.0% among 1560 cells) or “+KRGE” (3.7% among 1034 cells). *** p < 0.001 by Fisher’s exact test. Similar
data were obtained with pretreatment with 100 uM Rg3. (D) Time-course graph of CQ-induced calcium influx in primary cultures of mouse DRGs, and comparison with pre-
treatment with 100 pM Rg3. (E) Representative ratiometric pseudocolor images obtained by treatment with 1 mM CQ alone or pretreated with 100 uM Rg3 (“+Rg3”) in primary
culture of mouse DRGs. Scale bar indicates 50 um. (F) Comparison of responsive DRG cells between CQ (10.6% among 1162 cells) or “+Rg3" (3.3% among 1817 cells). ***p < 0.001 by
Fisher’s exact test. Con, control; CQ, chloroquine; DRGs, dorsal root ganglia; KRGE, Korean Red Ginseng Extract.
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reduction of scratching behaviors (216.8 + 33.73 vs. 115.7 4 20.94,
n = 6-10, p < 0.05) (Figs. 4C, 4D).

4. Discussion

The present study proved for the first time that KRGE is able to
inhibit CQ-induced itch by blocking the MrgprA3/TRPA1 pathway.
Moreover, ginsenoside Rg3 has the most potent inhibitory effect of
all ginsenosides tested in the MrgprA3/TRPA1 pathway. However, it
is still unclear how KRGE and some ginsenosides were able to inhibit
MrgprA3/TRPA1 pathway. A plausible speculation is that TRPA1
activity might have been inhibited due to the antioxidative effect of
KRGE and Rg3. TRPA1 is an ion channel that senses various pungent
compounds such as mustard oil, cinnamaldehyde, formalin, acro-
lein, and acetaldehyde [23]. More importantly, TRPA1 can also be
directly activated by H,0; and other reactive oxygen species [24].
Since KRGE has antioxidative effects in human keratinocytes [25],
KRGE may inhibit reactive oxygen species signaling in sensory
neurons near the skin as well. Moreover, one stereoisomer of Rg3,
20(S)-Rg3 has antioxidative effects on cultured mammalian cell
lines as well [26]. Thus, it is possible that the inhibitory effect of KRG
and Rg3 were caused partially by their antioxidative effects that may
further inhibit TRPA1 in the MrgprA3/TRPA1 pathway.

KRGE and Rg3 may also suppress activation of MrgprA3 acti-
vation rather than TRPA1, although the exact molecular mecha-
nisms are elusive at the moment. Considering that activated
MrgprA3 stimulates TRPA1 through its Ggy complex [12], it is likely
that KRGE and Rg3 may alter or interfere with Gg, functions of
MrgprA3. Also, a possibility cannot be ruled out that KRGE and Rg3
may interfere with binding of CQ to MrgprA3. Therefore, these
possibilities imply that further in-depth study is warranted in order
to figure out the exact molecular mechanisms of KRGE and Rg3 on
MrgprA3.
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Another plausible theory could be related to nitric oxide (NO).
NO is a short-lived messenger involved in various activities such as
muscle relaxation, inhibition of platelet activation, neurotrans-
mission, and cytotoxicity [27]. Interestingly, CQ is known to stim-
ulate NO synthesis in certain cell types [28,29]. More importantly,
CQ-induced scratching is mediated by an NO/cyclic guanosine
monophosphate pathway in mice [30]. Thus, it appears that CQ
induces itch in part by producing NO. Alternatively, fractions of red
ginseng are able to suppress NO production in certain pathophys-
iological conditions [31,32]. Moreover, ginsenoside Rg3 is believed
to suppress NO production in inflammasomes [33]. Thus, it is ex-
pected that KRGE and Rg3 may exhibit antipruritic effects by in-
hibition of NO production, which could be promoted by CQ.
However, this explanation needs to be proven by further experi-
ments because there are some contradictory results related to NO.
For instance, there are reports that KRGE and Rg3 are inducing NO
production, especially in blood vessels and endothelial cells,
thereby resulting in vasodilation and blood pressure decrease
[34,35]. Taken together, one might assume that the inhibition of NO
production by KRGE and Rg3 may have suppressed CQ-induced
itch, but further study is required to clarify the discrepancy be-
tween NO and KRGE and/or Rg3.

Cytotoxicity is always a concern when high concentrations of
compounds are used in experiments. In the case of Rg3, however,
the treatment time is short (5 min) when compared to conven-
tional cytotoxicity experiments, which often last at > 24 h.
Although we have not tested cytotoxicity of Rg3, it is expected that
the cytotoxic impact of Rg3 in the present experimental conditions
would be negligible for two reasons. First, throughout the experi-
ments, there were no morphological changes in HEK293T cells at all
after incubation, even with 1000 uM Rg3. In general, morphology
changes when cells are treated with cytotoxic compounds, but such
a change was not observed in the current study. Secondly, previous
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Fig. 4. KRGE and Rg3 inhibit scratching behaviors induced by CQ. Both KRGE (100 mg/animal) and Rg3 (1.5 mg/animal) were administered orally 30 min before CQ subcutaneous
injection (200 pg/site) in the nape. Bouts of scratching were counted right after CQ injection for 1 h. Both KRGE (A, n = 5—-6) and Rg3 (C, n = 6—10) pretreatment significantly
reduced total bouts of scratching. (B) and (D) show time-course graphs of bouts of scratching at 5-min intervals. Error bars indicate standard deviation. *p < 0.05, **p < 0.01. CQ,
chloroquine; KRGE, Korean Red Ginseng Extract.
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studies have indicated that treatment of various cancer cells with
100 puM Rg3 for 24 h did not significantly affect cell survival [36,37],
implying that there will be negligible cytotoxic impact for 5-min
treatment. Therefore, it appears that the inhibitory effect of Rg3
is not derived from nonspecific cytotoxicity.

The anti-pruritic effect of KRGE and Rg3 is not new. For instance,
Rg3 reduced the skin severity scores of lesions induced by 2-chloro-
1,3,5-trinitrobenzene in an atopic dermatitis mouse model [38].
Likewise, KRGE showed a therapeutic effect on atopic dermatitis-
like lesions in mice [39]. In other words, it has already been
proven that KRGE has strong antipruritic effects against various
kinds of itch sensations. Considering that KRGE also possesses
antipruritic effects on the histamine-dependent H1R/TRPV1
pathway [7], our current findings suggest that KRGE is a dual
potent antipruritic candidate agent that can block both HIR/TRPV1
and MrgprA3/TRPA1 pathways.

In conclusion, the present study found that KRGE and its con-
stituent Rg3 have antipruritic effects against a CQ-induced
scratching mouse model. Moreover, the underlying mechanism of
inhibitory action by KRGE and/or Rg3 could be inhibition of the
MrgprA3/TRPA1 pathway responsible for CQ-induced itch at a
sensory neuronal level. Considering that the MrgprA3/TRPA1
pathway represents histamine-independent itch, KRGE and spe-
cifically Rg3 could be used as novel histamine-independent anti-
pruritic agents.
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