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Abstract
Background

The Zingiber zerumbet rhizomes are traditionally used to treat fever, and in vitro inhibitory effect of ethyl
acetate extract from Zingiber zerumbet rhizomes (ZZEA) against DENV2 NS2B/NS3 has been reported
early. This study was carried out to establish an acute toxicity profile and evaluate the anti-pyretic
activities of ZZEA in yeast-induced pyrexia in rats.

Methods

The toxicity of ZZEA was evaluated using OECD Test Guideline 425 (tg-425) with minor modifications at
concentrations of 2000 mg/kg, 3000 mg/kg, and 5000 mg/kg of ZZEA. Antipyretic effect was determined
by yeast-induced pyrexia in rats.

Results

The acute toxicity study showed that ZZEA is safe at the highest 5000 mg/kg body weight dose in
Sprague Dawley rats. Rats treated with ZZEA at doses of 125, 250, and 500 mg/kg exhibited a significant
reduction in rectal temperature (Tp) in the first 1 hour. ZZEA at the lower dose of 125 mg/kg showed
substantial potency against yeast-induced pyrexia up to 2 hours compared to 0 hours. A significant
reduction of T was observed in rats treated with standard drug aspirin (ASA) at the 3rd and 4th hours.

Conclusions

Based on the present findings, ethyl acetate extract of Zingiber zerumbet rhizomes could be considered
safe up to the dose of 5000 mg/kg, and active ingredients of Zingiber zerumbet rhizomes may be a novel
target for the treatment of fever with dengue virus infection.

Background

Fever is the first indicator of illness or infection detected by patients or physicians. Elevation in body
temperature occurs with increasing prostaglandin E2 (PGE,) concentration within certain brain parts.
These elevations alter the rate of neuron firing that controls thermoregulation of the hypothalamus.
Increases in body temperature can be due to biological stress, such as the ovulation phase, increased
thyroid secretion, excessive exercise, abrasions of the central nervous system, and microbial infections

[1].

Antipyretic agents have been used to reduce the body's high temperature. Common anti-pyretic agents
used globally are acetaminophen, aspirin, and other non-steroidal anti-inflammatory drugs (NSAIDs) [2].
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These synthetic antipyretic agents are prone to cause adverse side effects such as gastrointestinal
bleeding, dyspepsia, perforated ulcer, and renal toxicity [3]. In India and Thailand, many natural anti-
pyretic agents have been used as alternative medicines to cure fever, such as Azadlirachta indica,
Ocimum sanctum, Kaempferia galanga, Myristica fragrans, and Citrus aurantiifolia [4, 5]. Today,
medicinal plant-based drugs are becoming more acceptable. They are used as primary healthcare
remedies, especially in rural African, Asian, and Central and South American communities [6]. These
natural remedies also gained attention in other countries like China and Germany, where China aimed to
integrate traditional Chinese medicine into its healthcare system in the year 2020 [7, 8.

Zingiber zerumbet (L.) Roscoe ex Sm. (Z. zerumbet), also known as lempoyang in Malaysia, it is one of
the most used wild ginger species in traditional Malay medicine. In addition to being commonly
consumed as appetizers, its rhizomes are also used to treat fever [9], stomachache [10], and worm
infestation [11]. The young stems, rhizomes, and inflorescences are also used as a poultice for topical
application to treat muscle sprain and swelling sores [11]. On top of that, Z. zerumbet has been reported
to possess anti-oxidant [10], anti-inflammatory [12], anti-pyretic [13], anti-cancer [14], anti-protease activity
[15, 16] and antinociceptive activities [11].

Recently, we have reported that the ethyl acetate extract of Z. zerumbet has potent anti-protease activity
against dengue 2 NS2B/NS3 protease [16]. Since dengue infection is always accompanied by fever and
Z. zerumbet has been reported to be used to treat fever traditionally, we have embarked on a study of anti-
pyretic activity towards ethyl acetate extract of Z. zerumbet (ZZEA). In this communication, we shall
report the analysis of acute toxicity and anti-pyretic effects of ZZEA. The presence of the major
compound in ZZEA, zerumbone, was proven by its isolation, structural characterization, and HPLC and
LCMS profiling studies.

Methods
Chemicals and reagents

Corn oil was purchased from the local market. Acetonitrile liquid chromatography grade was used in High
Performance Liquid Chromatography (HPLC) and Liquid Chromatography Mass Spectrometry (LCMS)
analysis. Solvents such as n-hexane, ethyl acetate (EA), and ethanol were distilled prior to use for
extraction. All other chemicals were of analytical grade.

Plant material

Zingiber zerumbet (L.) Roscoe ex Sm. (lempoyang, shampoo ginger) was purchased from the local
traditional herb’s supplier in Temerloh, Pahang (Kizaherbs Sdn. Bhd.) and was identified by the botanist,
Mr. Teo Eng Leong, at the Department of Chemistry, Faculty of Science, Universiti Malaya, where the
voucher specimens (KL5835) were deposited. This plant name was accepted in The Plant List [17].

Sample preparation
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The extract preparation was performed using the method previously described by Salleh et al. (2019),
which involved the maceration technique of the rhizomes with ethyl acetate [16].

Isolation and purification of the major compound

An amount of 9.0 g of ZZEA was fractionated using column chromatography over silica gel 60 (0.043-

0.060 mm) which eluted with gradient system of n-hexane:EA:MeOH (100:0:0, v/v) to n-hexane:EA:MeOH
(0:0:100, v/v) to afford eight fractions. Subsequent purification of second fraction (0.3324 g) using glass
Preparative Thin Layer Chromatography (PTLC) silica gel 60 F,5, (20 cm x 20 cm) with n-hexane and EA

as the eluents (90:10, v/v) resulted a pure compound; zerumbone (83.4 mg).

Structural elucidation of the major compound

The structural elucidation of the major compound was established by various spectroscopic methods
such as Infrared (IR), Nuclear Magnetic Resonance (NMR), Liquid Chromatography Mass Spectrometer —
lon Trap — Time of Flight (LCMS-IT-TOF) and by comparison with reported data [18].

Zerumbone

White crystal needle; IR v, = 2962, 2921, 2858, 1652, 1385, 1364, 964, 827 cm™ ', UV A, (MeOH) = 244

nm; LCMS-IT-TOF m/z219.2364 [M + H]* (calcd. for C;5Hy30, 218.1671); 'H NMR (400 MHz, CDCl) : 6
6.02 (d, 12.0, TH, H-6), 5.99 (d, 16.4, 1H, H-9), 5.87 (d, 16.4, TH, H-10), 5.24 (dd, 12.0, 4.0, 1H, H-2), 2.44 (dd,
12.0, 4.0, TH, H-5b), 2.34 (d, 12.0, overlapping, 2H, H-1b, H-4b), 2.23 (dd, 12.0, 4.0, overlapping, H-5a), 2.11
(dd, 12.0, 4.0, overlapping, TH, H-4a), 1.91 (d, 12.0, 1H, H-1a), 1.79 (s, 3H, H-13), 1.53 (s, 3H, H-12), 1.19 (s,
3H, H-14), 1.06 (s, 3H, H-15). 13C NMR (100 MHz, CDCl5) : 6 11.8 (C-13), 15.2 (C-12), 24.2 (C-14), 24.4 (C-
5), 29.4 (C-15), 37.8 (C-11), 39.4 (C-4), 42.4 (C-1), 124.9 (C-2), 127.2 (C9), 136.2 (C-3), 137.9 (C-7), 148.8
(C-6),160.7 (C-10), 204.4 (C-8).

HPLC profiling of ethyl acetate extract (ZZEA)

ZZEA profile was performed with high performance liquid chromatography (HPLC) by Shimadzu
equipped with Pump LC-20AT, an autosampler SIL-20A HT, DAD detector SPD-M20A and column oven
CTO-10AS VP. The isocratic eluents used were acetonitrile (A) and water with 0.1% formic acid (B) with
the ratio of 60 (A) to 40 (B) at a flow rate of 1.0 mL/min for 40 minutes. The column used was ZORBAX
Eclipse Plus C18, 4.6 x 150 mm (3.5 um) by Agilent. An amount of 1 L of each sample (ZZEA, pure
zerumbone, and ZZEA co-injected with pure zerumbone) was injected into the instrument.

LCMS profiling of ethyl acetate extract (ZZEA)

The ZZEA and the pure zerumbone were subjected to liquid chromatography quadruple time of flight
(Agilent 1260-6530 Infinity) attached with a 1260 DAD detector for profiling. The isocratic eluents used
were acetonitrile (A) and water with 0.1% formic acid (B) in a ratio of 60 (A) to 40 (B) at a flow rate of 1.0
mL/min for 40 minutes. The column used was ZORBAX Eclipse XDB-C18, 2.1 x 100 mm (1.8 um) by
Agilent. An amount of 1 pL of the sample was injected into the instrument.
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Evaluation of the anti-pyretic effect
Animals

Fifty-two Sprague Dawley female rats (190-230 g) were purchased from Universiti Malaya Animal
Experimental Unit. The animals were housed in cages under standard laboratory conditions with free
access to drinking water and a standard rat diet. A temperature of 22.0 + 0.9°C with a relative humidity of
65+ 5% and a 12 hours light/dark cycle was maintained. All animal procedures were carried out
according to the principles outlined in the guidelines for the 'Animal Use Protocol' prepared by the Animal
Care and Use Committee of the Universiti Malaya (Ethic No: 2017-180309/IBS/R/AAB).

Acute oral toxicity

The oral acute toxicity test was performed by OECD Test Guideline 425 (tg-425) with minor modifications.
A limit test of 2000 mg/kg concentration of the extract was applied as the low dosage and 5000 mg/kg
concentration as the maximum dosage. Sixteen Sprague Dawley female rats have fasted for
approximately 16 hours, and initial body weight was weighed before oral administration of ZZEA at
doses of 2000, 3000, and 5000 mg/kg body weight. ZZEA was dissolved in corn oil, and the total volume
administered for each rat was 10 mL/kg body weight. A control group was given an equivalent amount of
corn oil. Animals were observed for signs of toxicity during the first 30 min, then 2 hours intervals at least
3 times on the first day, and daily for 14 days after dosing. At the end of the experiment, animals were
euthanized by carbon dioxide (CO,) asphyxiation and were disposed of by the UM Registered Bio-
disposable contractor.

Induction of pyrexia

Pyrexia was induced in both 15 male and 15 female rats according to the method as described previously
by Hassan et al. (2015) with minor modifications [19]. Prior to the experiment, rectal temperatures of each
animal were measured by a digital thermometer, and rats with constant temperature were selected for the
study. The rats were fasted for approximately 16 hours, and pyrexia in the rats was induced by
subcutaneous injection of Brewer's yeast (25% w/v) in 0.9% saline solution at a volume of 20 mL/kg of
body weight. A group of 6 rats received an equal amount of 0.9% saline solution and was defined as
untreated control. After 18 hours of the yeast injection, the rectal temperature of all rats was measured,
and rats with a temperature rise of at least 0.9°C were selected for the anti-pyretic activity.

Anti-pyretic activity

The method described earlier by Pingsusaen et al. (2015) was used for the anti-pyretic activity of ZZEA
[20]. Untreated rats (3 males and 3 females) with constant rectal temperatures in the normal range (35.0-
36.0°C) were defined as a control group (Group I). All rats that showed an increase in temperature of at
least 0.9°C after the 18 hours of yeast injection (30 rats) were divided into 5 subgroups (Group II, 1, IV, V,
and VI) of 6 rats each. Group Il served as a negative control. Rats in Groups | and Il received corn oil at a
volume of 10 ml/kg body weight. The rats in Group Ill served as the standard control and received ASA
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dissolved in distilled water at a dose of 100 mg/kg body weight. In contrast, rats in Group IV, V, and VI
were given ZZEA suspended in corn oil at doses of 125, 250, and 500 mg/kg body weight, respectively. All
samples were administered orally. Rectal temperatures were recorded before yeast injection (initial), 18
hours after the injection (0 hours), and 1, 2, 3, and 4 hours after treatment. After evaluation, the animals
were euthanized by CO, asphyxiation and disposed of by the registered biodisposable contractor of UM.

Statistical analysis

The results were reported as mean + standard deviation (M + SD). Statistical analysis was performed
using the GraphPad Prism (6) software. Changes in body temperatures within groups at different time
points were assessed by analysis of variance (two-way ANOVA), followed by Tukey’s multiple comparison
test. Statistical significance was defined as p<0.05.

Results
Isolation and structural elucidation of the major compound

The major compound from the ZZEA was isolated and identified as zerumbone. The zerumbone was
obtained as a white crystal needle from ZZEA after several separations and fractionation processes. The
structural elucidation was established through various spectroscopic methods and comparison with
previously reported data [18, 21]. The infrared experiment revealed a strong absorption at 1652 cm™’
which indicated stretching vibration of an q,8 unsaturated ketone and ethylenic linkage [18]. Two strong
absorption bands that appeared at 964 cm™ ' and 827 cm™ " described the out-of-plane trans-symr
disubstituted ethylenic linkage and out-of-plane trisubstituted ethylenic linkage, respectively [22]. The

infrared spectrum and molecular structure of zerumbone were presented in Fig. 1 and Fig. 2, respectively.

HPLC profiling

In this study, HPLC profiling was performed for three samples: ZZEA, pure zerumbone, and ZZEA co-
injected with zerumbone. The HPLC profile of ZZEA showed two major peaks at a retention time of 1.993
min and 10.219 min, while the HPLC profile of zerumbone appeared as a single peak at 10.207 min with a
97.83% peak area. This suggested that the significant peak at 10.219 min in the ZZEA profile belongs to
zerumbone. To confirm the results, the ZZEA was co-injected with pure zerumbone, and the result showed
the intensity increment of peak number 2 (retention time of 10.165 min) compared to the ZZEA profile.
The three HPLC profiles are shown in Figs. 3A, B, and C.

LCMS profiling

The ZZEA LCMS chromatogram is shown in Fig. 4A. A significant peak of pseudo-molecular ion, [M + H]*
was observed at a retention time of 7.008 min with m/z219.2355 (Fig. 4B). The LCMS profile for pure
zerumbone showed a single peak at a retention time of 7.005 min (Fig. 4C), and its fragmentation pattern
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(Fig. 4D) was similar to the peak at a retention time of 7.008 min of ZZEA (m/z219.2364). Therefore, it
can be concluded that the significant peak that appeared in ZZEA was zerumbone.

Acute oral toxicity study

ZZEA with a dose of up to 5000 mg/kg body weight did not cause mortality or any clinical signs of
toxicity in experimental rats during the 16 days of the study of acute oral toxicity. A similar absence of
toxic effect was observed in the previously reported case of ethanol extract from doses of Z. zerumbet of
1000, 2000, or 3000 mg/kg [23]. Since the main compound in ZZEA is zerumbone, a single injected dose
of zerumbone at 100-200 mg/kg was also reported not to show any ill effect on the kidney and liver
tissues of female Sprague Dawley rats' kidney and liver tissues [24]. Thus, for evaluating the antipyretic
effect of ZZEA in rats, the maximum safe starting dose (500 mg/kg body weight) was chosen based on
(1/10th of highest dose of 5000 mg/kg). Hence, doses of 125 and 250 mg/kg body weight were selected
as a comparison to the maximum dose, respectively.

Effect of ZZEA on Brewer’s yeast induced pyrexia in rats

The anti-pyretic effect of ZZEA was evaluated using yeast-induced pyrexia in a rat model. As shown in
Fig. 5, all experimental rats have normal body temperatures (36.07 + 0.29°C), and subcutaneous injection
of yeast caused a significant (p< 0.0001) rise in the rectal temperatures of rats after 18 hours compared
with the standard control group (Group |) indicating that pyrexia model was successfully established in
rats. After one hour of treatment, the ZZEA at the doses of 125 mg/kg body weight (group IV) and 250
mg/kg body weight (group V) exhibited a significant (p< 0.05) decrease in rectal temperature in rats,
where reduction of body temperature was 1.97% and 1.99% compared with 0 hours, respectively. At this
hour, ZZEA at the dose level of 500 mg/kg body weight (group VI) lowered the rectal temperature by
1.82%. In comparison, the standard drug aspirin (ASA) 100 mg/kg body weight (group ) decreased fever
by only 1.29%, and both groups showed no significant (p>0.05) differences compared with 0 hours in the
respective groups (Fig. 5).

In the 2nd hour, ZZEA at 125 mg/kg body weight dose level maintained the significantly (p< 0.05) highest
anti-pyretic effect with 2.23% of fever reduction compared to 0 hours, while at the doses of 250 and 500
mg/kg body weight, it displayed no significant (p>0.05) decrease in pyrexia levels where reduction of
body temperature was 1.35% and 0.94%, respectively. Similarly, the standard drug ASA at the dose of 100
mg/kg body weight (group lll) showed no significant (p>0.05) fever reduction (1.47%) at this hour

(Fig. 5).

In the third hour, ZZEA at dose levels of 125, 250, and 500 mg/kg body weight (groups IV, V, and VI)
showed a slight reduction in pyrexia of 1.21%, 0.32%, and 0.21% compared to 0 hours, respectively. At this
time, there was no significant (p>0.05) variation in the anti-pyretic effect of ZZEA at all doses treated
compared with 0 hours in respective groups, and it failed to control rats’ pyrexia in the following hour (in
the 4th hour). In comparison, the reference drug ASA at 100 mg/kg dose level (group lll) exhibited
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statistically significant (p< 0.05) anti-pyretic potential (p < 0.05) in rats at the third and fourth hour
compared to 0 hours, and pyrexia levels at these times reduced by 2.30% and 1.96%, respectively (Fig. 5).

Discussion

Fever is affiliated with various diseases and is a physiological immune response to pathogenic infections
such as viruses, bacteria, and fungi that eventually cause various endogenous pyrogens [25]. One of
these pyrogens, called prostaglandin E, (PGE,), is the primary fever mediator in animals and humans.
Yeast-induced pyrexia in animals is associated with the increased release of PGE, and is regarded as a
useful model for identifying anti-pyretic agents in vivo [25].

In the present study, the effect of ZZEA has been assessed on yeast-induced pyrexia in rats. The yeast
injection remarkably elevated the pyrexia in rats after 18 hours of administration. This study revealed that
the treatment of ZZEA at the doses of 125, 250, and 500 mg/kg body weight was effective in lowering
yeast-induced pyrexia in rats for up to 3 hours. On the other hand, the duration of anti-pyretic effect is
reduced during the following hour (in the 4th hour).

The most potent anti-pyretic effect of ZZEA was with the lowest dose (125 mg/kg body weight) in 1st
and 2nd hour and was significant (p < 0.05), while medium dose (250 mg/kg body weight) showed
significant (p< 0.05) anti-pyretic potential only in the 1st hour of treatment. Inversely, the standard drug,
ASA at the dose of 100 mg/kg body weight, showed no significant (p>0.05) anti-pyretic effect during 1st
and 2nd hours of the experiment, but it exhibited a significant (p< 0.05) anti-pyretic potential in the 3rd
and 4th hour. Thus, the evidence of a rapid onset of action of ZZEA at lowest dose (125 mg/kg body
weight) was demonstrated through a significant anti-pyretic effect as of the first two hours of treatment
which is better than ASA.

However, this study revealed that the antipyretic effect of ZZEA at a higher dose (500 mg/kg body weight)
was not as effective as lower (125 mg/kg body weight) and medium (250 mg/kg body weight) doses,
and its potency was dose-dependently decreased. This result indicates that the malfunction of ZZEA at a
higher dose is possibly due to high levels of phytochemicals that antagonize the anti-pyretic activity
observed in this study [26].

Fever preventive treatment of ethanol and water extracts of rhizomes of Z. zerumbet was previously
studied by Somchit et al. (2005) [13]. The extract was given 30 minutes prior to the administration of the
yeast to induce fever, which is contrary to our current treatment procedure, where pyrexia in rats was
confirmed after 18 hours of yeast administration prior to the treatment with the Z. zerumbet extracts. Our
results showed that treatment with Z. zerumbet exhibited significant antipyretic properties compared to
that of the control group. Hence, this suggests that Z. zerumbet can both prevent and reduce fever.

The fever up-regulated body temperature and pain are two significant signs of the body against
inflammation [27]. Usually, an anti-inflammatory drug will also exhibit anti-pyretic and analgesic
properties [28]. ASA, the non-steroidal anti-inflammatory drug (NSAID), which also possesses anti-pyretic
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and analgesic properties, was chosen as the positive control in this study. The mechanisms of action of
ASA that are responsible for all those effects are believed to be involved with both central and peripheral
mechanisms [2]. Previous studies have reported that Z. zerumbet extract has anti-inflammatory and
analgesic properties [12, 13]. Therefore, we suggest that the anti-inflammatory effect could be involved in
the mechanism of the anti-pyretic activity.

As reported by many researchers, the main constituent of Z. zerumbetis zerumbone [18, 29]. The current
study agreed with previous findings, although it was carried out with ethyl acetate extract. The HPLC and
LCMS profiles of the ZZEA showed the presence of zerumbone, which eluted at 7.008 min (Fig. 4A). The

chemical structure of zerumbone was elucidated and confirmed by nuclear magnetic resonance, infrared,
and mass spectrometry analyses, which was in agreement with previous studies [18, 21, 22].

Somchit et al. (2012) had demonstrated zerumbone has inhibitory activities on PGE, and A—Carrageenan,

which induced inflammation [30]. Thus, the anti-pyretic activity observed in this investigation might be in
part due to the major presence of zerumbone in ZZEA.

Our finding indicates that the anti-pyretic effect of ZZEA at a dosage of 125 mg/kg is significant and may
be used as supplementary for the treatment of pyrexia. In addition, our previous study has shown that the
ZZEA exhibited potent anti-protease activity at ICsy value 2.39 + 0.86 pg/mL [16]. Since dengue infection
is always associated with fever, therefore, this result may suggest that Z. zerumbet could be a potential
candidate to be developed as a treatment for dengue fever.

Conclusions

In summary, the rapid onset of action of ZZEA at lowest dose was demonstrated through a significant
reduction of yeast-induced pyrexia in rats, suggesting that zerumbone as a major ingredients of Z.
zerumbet rhizome could potentially be used as a fever prevention and treatment.

Abbreviations

ASA aspirin

Co, carbon dioxide

HPLC High Performance Liquid Chromatography
IR infrared

LCMS Liquid Chromatography Mass Spectrometry
MeOH Methanol

NMR nuclear magnetic resonance
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NSAIDs non-steroidal anti-inflammatory drugs
PGE, prostaglandin E,
SD standard deviation

ZZEA ethyl acetate extract of Zingiber zerumbet
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Figure 1

Infrared spectrum of zerumbone
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HPLC-DAD chromatograms of (A) ZZEA, (B) pure zerumbone and (C) ZZEA spiked with zerumbone.
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Figure 4

LCMS profile and MS data of ZZEA and zerumbone at 254 nm. (A) LCMS profile of ZZEA, (B) Mass

spectrum of pseudomolecular ion peak [M+H]* at 7.008 min (C) LCMS profile of zerumbone, (D) mass
spectrum of zerumbone at 7.005 min.
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Figure 5

Anti-pyretic effect of ethyl acetate extract of Zingiber Zerumbet (ZZEA) in yeast-induced pyrexia. Group I:
normal control, Group II: Yeast, Group lll: yeast + aspirin (ASA) 100 mg/kg body weight, Group IV: yeast +
ZZEA 125 mg/kg body weight, Group V: yeast + ZZEA 250 mg/kg body weight, Group VI: yeast + ZZEA
500 mg/kg body weight. #p<0.0001 compared to normal control within the group, *p<0.05 compared to 0
hour within the group.
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