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ABSTRACT. The aim of this study was to compare the effects of laser acupuncture and
electroacupuncture on postoperative pain and analgesic requirements in cats. In a prospective,
randomized and blinded clinical study, thirty cats undergoing ovariohysterectomy were sedated
with intramuscular (IM) ketamine (5 mg/kg), midazolam (0.5 mg/kg), and tramadol (2 mg/ kg).
Before the induction of anesthesia, the animals were randomly distributed into three groups of
ten cats each: LA: bilateral Stomach 36 (ST-36) and Spleen 6 (SP-6) acupoints were stimulated
with an infrared laser; EA: bilateral ST-36 and SP-6 acupoints were stimulated with an electrical
stimulus; Control: no acupuncture was applied. Postoperative analgesia was evaluated in the
first 24 hr post-extubation using the Interactive Visual Analogue Scale and UNESP-Botucatu
. Vet. Med. Sci. Multidimensional Composite Pain Scale. Rescue analgesia was provided with IM tramadol (2 mg/
kg), and the pain scores were reassessed 30 min after the rescue intervention. If the analgesia
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remained insufficient, meloxicam (0.2 mg/kg IM, single dose) was administered. Data were
doi: 10.1292/jvms.18-0744 analyzed using t-tests, the Mann-Whitney U test, and Friedman test. P<0.05 was considered
significant. The pain scores did not significantly differ between the treatment groups at any time
) point (P>0.05). The prevalence of rescue analgesia was significantly higher in the Control group
Received: 17 December 2018 than in the LA and EA groups (P=0.033). Preoperative laser and electroacupuncture reduced the
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Although opioids are widely used in perioperative small animal practice settings, the use of large doses of these analgesics has
been associated with several adverse events, such as vomiting, nausea, bradycardia, dysphoria, and panting [4]. In addition, opioids
produce a short duration of action, and when administered alone do not always provide adequate postoperative analgesia [32].
Recent evidence has demonstrated that opioids play an important role in glia activation, which results in a cascade of events that
contribute to the increased nociception [22]. Acute opioid tolerance and opioid-induced hyperalgesia have been reported in humans
following intraoperative administration of high doses of opioids [15].

In order to minimize the adverse events of opioids and optimize postoperative pain management, the incorporation of non-
drug therapies, as part of a multimodal analgesia protocol has been proposed [25, 32]. Electrical stimulation of acupuncture
needles, electroacupuncture (EA), is a pain-relieving method that has been suggested to induce modulatory effects that activate
the descending pain inhibitory system, including the opioidergic, adrenergic, and serotonergic pathways in both the central and
peripheral nervous systems [18]. In addition, evidence suggests that connective tissue-related mechanisms are also involved in the
analgesic effect mediated by needle-based acupuncture [26]. Acupuncture needling causes sustained stretching of connective tissue,
which may act as a mechanical stimulus, resulting in a release of adenosine triphosphate (ATP) in local subcutaneous tissues that
act on Al receptors in sensory fibers, exerting modulation on the pain-pathways [27].

The benefits of EA as an adjuvant for postoperative pain management have been reported in both human [24, 28, 36] and
veterinary medicine [7, 17]. The majority of studies suggest that EA produces a 20-50% decrease in postoperative opioid
requirements [17, 24, 36].

Another therapeutic modality that has been evaluated as potentially useful as an analgesic adjuvant is stimulation of the
acupoints with an infrared laser [21, 29]. Both electrical and laser applications to acupuncture points can induce similar effects in
the brain and periphery [29]. Despite this, different mechanisms have been proposed for the actions of electrical and laser stimulus
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Fig. 1. Anatomical location of the acupoints ST-36 and SP-6.

[1, 41]. Recent studies have found that low-level laser therapy can increase the mitochondrial activity, particularly of cytochrome
C oxidase, leading to biostimulation of various responses, including the increase in ATP synthesis, cellular respiration, and
metabolism, which promotes the enhancement of blood flow and, in turn, reduces pain [1, 14].

The main advantages of laser acupuncture (LA) over EA are shorter session lengths and the absence of discomfort and risk of
infection, as it is a non-invasive technique [29]. Two recent reports demonstrated relevant analgesic effects using LA as an adjuvant
for the treatment of postoperative pain in dogs and cats [31, 38]. To the authors’ knowledge, a comparison between EA and LA for
postoperative pain management in cats has not been performed.

The objective of this study was to compare the safety and clinical effects of laser acupuncture and electroacupuncture on
postoperative pain and analgesic requirements in cats undergoing elective ovariohysterectomy (OHE). The hypothesis was that
both LA and EA would decrease pain and the requirements for rescue analgesia, to a greater extent than pharmacological treatment
alone.

MATERIALS AND METHODS

Animals

After obtaining informed consent, thirty crossbreed client-owned cats admitted for elective OHE were enrolled. The study was
approved by the Institutional Animal Care Committee (protocol 2750/2015 CEUA). Only cats with normal complete blood count,
serum chemistry, and American Society of Anesthesiologists physical status I (ASA I) were included in the study. The exclusion
criteria were: pregnancy, lactation, aggressive behavioral, and systemic diseases. The cats arrived at the hospital at least 36 hr
prior to surgery for familiarization with the environment. All cats were evaluated preoperatively by abdominal ultrasonography for
confirmation of the absence of pregnancy.

Study design

The design of this study was based on previous clinical reports on acupuncture in cats [31, 35]. In a prospective, randomized,
blinded, controlled clinical study, the cats were randomly assigned using an online software program (Research Randomizer,
Computer software, http://www.randomizer.org/, Lancaster, PA, U.S.A.) to receive one of the three treatments: laser acupuncture
(LA, n=10), electroacupuncture (EA, n=10), and no stimulation with acupuncture (Control, n=10).

Acupuncture application

The acupuncture procedures were all performed by the same veterinarian who had worked with acupuncture for 13 years. For the
acupuncture procedures, the cats were sedated with ketamine (5 mg/kg; Cetamin, Syntec, Sdo Paulo, Brazil), in combination with
midazolam (0.5 mg/kg; Dormonid, Cristalia, Itapira, Brazil) and tramadol (2 mg/kg; Tramadon, Cristalia, Brazil) administered by
intramuscular (IM) route. The acupoints Stomach 36 (ST-36) and Spleen 6 (SP-6) were stimulated. The location of the acupuncture
points was determined in accordance with the traditional Chinese principles, using the “cun” measurements (1 cun=width of the
last rib) [18]. The ST-36 acupoint is located 3 cun distal to the lateral head of the fibula, in the depression lateral to the distal aspect
of the cranial border of the tibial tuberosity, approximately in the middle of the cranial tibialis muscle, and SP-6 is located 3 cun
proximal to the medial malleolus, at the caudal border of the tibia, close to the medial saphenous vein [43] (Fig. 1). In the EA
group, the needles (Dong Bang Acupuncture, Seoul, South Korea, size 0.20 x 20 mm) were bilaterally inserted to a depth of about
10 mm at ST-36 and 5 mm at SP-6 until feeling a tissue-grab. These needles were attached to an electrical stimulator (Sikuro, Rio
de Janeiro, Brazil) and were continuosly stimulated with an alternating square wave dense/disperse 0.2 msec (3—300 Hz) for 20
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min prior to surgery. The electrical stimulus started from zero and increased slowly until the animals demonstrated slight shaking
of the legs and the presence of twitching. In the LA group, the same acupoints were stimulated with an infrared laser (Gallium
Arsenide Laser, GaAr, Laserpulse, Ibramed, Amparo, Brazil), using the following specifications (904 nm wave length, power of 70
mW, 124 Hz and 3J/cm? in pulsed waves, for 9 sec in each point) [31]. The order of stimulation was: ST-36 right, ST-36 left, SP-6
right, and SP-6 left.

Anesthesia and surgery

A standardized anesthetic protocol was used. Aproximadelly 30 min after sedation, general anesthesia was induced with
intravenous (IV) propofol (Propovan, Cristélia, Brazil) at the dose necessary to achieve endotracheal intubation. Anesthesia was
maintained with isoflurane (Isoforine, Cristalia, Brazil) at an end-tidal concentration (VAMOS plus, Driager do Brazil, Barueri,
Brazil) of 1.55% =+ 0.23 in 100% oxygen, using a small animal circuit without re-inhalation of gases (SAT 500, Takaoka, Sdo
Paulo, Brazil). Lactated Ringer’s solution was administered at 10 m//kg/hr until recovery. OHE was performed using a standard
technique through median laparotomy access in supine cats. All surgical procedures were performed by the same surgeon using
a 3-cm ventral midline approach and 3-clamp technique [16]. The anesthesia time (time elapsed from the administration of
propofol to discontinuation of isoflurane), surgery time (time elapsed from the first incision until placement of the last suture),
time to extubation (time elapsed from termination of isoflurane until extubation), and recovery time (time elapsed from the end
of anesthesia to voluntary movement into a sternal position) were recorded for each cat. Extubation was performed when the cat
recovered the deglutition reflex.

Postoperative assessments

The pain and sedation scores were evaluated by an experienced single observer, blinded to the treatment allocation 2 hr prior
to surgery, and 0.5, 1, 2, 4, 6, 8, 12, 18, and 24 hr after tracheal extubation. The cats were scored for signs of pain using the
Interactive Visual Analogue Scale (IVAS, from 0 mm=no pain to 100 mm=maximum pain) and UNESP-Botucatu Multidimensional
Composite Pain Scale (MCPS, from 0 =no pain to 30 =maximum pain) [5]. For scoring, each cat was initially evaluated for 1
min in its cage. Following this, the cat was stimulated to move around, for observation of reactions and behavior. Finally, the
incision and surrounding area of the abdomen was palpated using 23 digits. Cats scoring greater than 33% of the MCPS receiving
tramadol (2 mg/kg) as rescue analgesia [31, 35]. Thirty min after the first supplemental analgesia, if the MCPS score remained
above 33%, meloxicam (0.2 mg/kg IM; Movatec, Boehringer-Ingelheim, Sdo Paulo, Brazil) was administered at a single dose.
The number of cats requiring rescue analgesia and the number of additional administrations of tramadol and/or meloxicam were
recorded.

A numerical rating score [11] was used for the assessment of the degree of sedation, where: 0 =Completely awake, able
to stand and walk; 1 =Stands, but staggers when attempting to walk; 2 =With encouragement is unable to stand but laying in
sternal recumbency with head elevated; 3 =Able to lift head with encouragement, but resting head down, sternal recumbency; 4
=Responsive to light stroking lateral recumbency; 5 =Unresponsive to light stroking lateral recumbency.

Adverse events related to the opioid administration (i.e., dysphoria, vomiting, and panting) and local adverse events in the
acupuncture treated cats such as bleeding, allergic reactions, infections, and peripheral nerve injuries at the site of the needle
insertion were recorded.

Statistical analysis

A sample size of at least ten cats per group was estimated to achieve 80% statistical power to detect a mean pain difference of
30% between the treated groups (LA and EA, mean MCPS expected of 5.6) and the Control group (mean MCPS expected of 8.0),
and a standard deviation (SD) of 2, at an overall alpha level of 0.05. SD was estimated from a pilot study.

A Kolmogorov—Smirnov test was performed to assess the normality of the variables. Bodyweight, age, time to endotracheal
extubation, and surgery and recovery times were compared using analysis of variance followed by a Tukey’s test to compare
differences between treatment groups. Values for pain scores were analyzed using the Kruskal-Wallis test to compare differences
between treatment groups at each time point and the Friedman test was used to compare differences over time for each treatment
group. The Kruskal-Wallis test was also used to compare additional analgesic requirements between the groups. The Dunn’s post
hoc test was used when significant differences were detected. All analyses were performed using GraphPad Instat5. Differences
were considered significant when P<0.05.

RESULTS

Thirty-six cats were screened for enrollment in the study. Six of these did not meet the inclusion criteria; two cats demonstrated
aggressive behavior and four were pregnant. There were no significant differences between groups with respect to weight, age,
anesthesia and surgery times, time to extubation, and recovery time (P>0.05). The age of the cats ranged from 6 to 60 months (25.6
+ 15 months). Body weight ranged from 2.5 to 5.2 kg (2.6 £ 0.5 kg). Mean + SD duration of anesthesia, duration of surgery, time
to extubation and recovery time were 19.6 = 7.3 min and 7.1 + 3 min, 12.3 &+ 3.6 min and 39.3 + 7.3 min, respectively.

The median pain scores did not significantly differ between groups at any time point (P>0.05). Compared with baseline, the
IVAS and MCPS pain scores were significantly higher in the first four hours after extubation in all treatment groups (Table 1).

The number of cats requiring rescue analgesia did not differ statistically between groups. The number of doses of rescue
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Table 1. Pain and sedation scores (median and lower-upper range) measured prior to surgery (BL) and at 0.5, 1, 2, 4, 6, 8, 18 and 24 hr
post-extubation in cats undergoing ovariohysterectomy treated with laser acupuncture (LA, n=10), electroacupuncture (EA, n=10) or no
acupuncture treatment (Control, n=10)

Time (hr)
Scale Group
BL 0.5 1 2 4 8 12 18 24

IVAS LA 0(0-0) 20(5-40)® 17(10-25)® 15(5-30)® 10(5-30)® 10 (5-25) 8.5(5-30) 5(5-15) 3.5(5-10)
(0-100) EA 0(0-0) 10(5-25® 20(540)» 12(5-25)® 10(5-30)® 15(5-20) 12(5-30) 7.5(5-22) 5(5-10)
Control ~ 0(0-0) 20(10-50)® 30 (10-0)® 27 (10-50)® 20 (5-50)® 12(5-40) 10(40-5) 10 (40-5) 10 (40-5)

MCPS LA 0(0-0) 5(1-8)» 452-7)»  3(1-7®  2(1-7)»  3(1-6) 2.5(1-7) 1(1-3) 1(1-3)

(0-30) EA 0(0-0) 552-7)»  4(1-10)® 352-7)» 35(1-8)?  3(1-6) 3(1-5)  1.5(1-4) 2 (1-3)

Control  0(0-0) 6(2-14)® 55@3-10) 5(1-9)®  4(1-1)® 15(1-5) 1.5(1-6) 2 (1-5) 2 (1-5)

Sedation score LA 0(0-0) 25(1-4)® 15(1-3)»  1(1-2)® 0.5(0-1) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)

(0-5) EA 000-0) 2(1-3)»  1(1=2)»  1(0-1)®  0.5(0-1) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)

Control  0(0-0) 2(1-4)®  1(1-2)®»  1(1-2)® 0.3 (0-1) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)

IVAS, Interactive Visual Analogue Scale; MCPS, UNESP-Botucatu Multidimensional Composite Pain Scale. a) Significantly different from baseline (P<0.05).

Table 2. Number of rescue doses administered over time in cats undergoing ovariohysterectomy treated with
laser acupuncture (LA, n=10), electroacupunture (EA, n=10) or no acupuncture treatment (Control, n=10)

G Postoperative time (hr) Total number of Total number of
roup

05 1 9 4 8 12 18 24 rescue doses rescued cats
LA 0 1 0 0 0 0 0 0 12 1/10
EA 0 0 0 1 0 0 0 0 12 1/10
Control 1 3 2 2 0 0 0 0 8 5/10

a) Significantly different from Control group (Kruskal-Wallis, P=0.033).

analgesia administered was significantly higher in the Control group than in the LA and EA groups (P=0.033), but not between the
LA and EA groups (P>0.05). One of 10 cats in the LA and EA groups, received one dose of tramadol as rescue analgesia in the
24-hr period following surgery. Five of 10 cats in the Control group required rescue analgesia in the same period. Two cats required
rescue analgesia on one occasion (one dose of tramadol for each), and three cats required rescue analgesia on two occasions (two
cats received one dose of tramadol and one dose of meloxicam, and one cat received two doses of tramadol) (Table 2).

No statistically significant differences were observed in sedation scores between treatment groups (P>0.05) (Table 1). No
adverse events were observed during the study.

DISCUSSION

These data suggest that preoperative EA and LA, as adjuvant therapies, significantly decreased (P=0.033) the requirements
for rescue analgesia in the 24-hr period following OHE in cats, confirming, in part, the hypothesis of this study. This result is
supported by clinical reports, where perioperative acupuncture reduced the need for supplemental analgesics after mastectomy [17]
and ovariohysterectomy [7, 31] in small animals.

In agreement with other reported studies [6, 35], 50% of the cats treated only with tramadol (2 mg/kg) preoperatively required
rescue analgesia after OHE. In contrast, only 10% (1/10) of the cats receiving LA and EA, respectively, needed postoperative
supplemental analgesia. In addition, for the acupuncture treated cats only one additional dose of tramadol was required, while for
the control treated cats, meloxicam was required on two occasions, and a second dose of tramadol was required in one cat. These
findings suggest that both acupuncture methods used in this report were effective in providing postoperative analgesia.

Based on western theories, the sensory stimuli triggered by the acupuncture needles are conducted by the A-d fibers into the
spinal cord, stimulating the release of different neurotransmitters able to suppress pain presynaptically and postsynaptically due
to the decrease in transmission of the stimuli through the spinothalamic tract [23, 30]. It has been reported that both opioid and
serotoninergic mechanisms are involved in the antinociceptive effects elicited by the EA stimulation [9]. Similarly, recent findings
have also demonstrated involvement of the opioidergic and serotonergic systems in the antinociceptive effect mediated by laser
acupuncture [13]. As tramadol is known to produce analgesia by a dual mechanism of effect, including opioid action sites and the
central monoaminergic inhibitory system [4], it is suggested that the preoperative provision of this drug may have interfered in the
analgesic effect elicited by both acupuncture methods applied in the current study.

Although opioidergic and serotoninergic mechanisms play an important role in pain modulation, other neurotransmitters such
as catecholamines, glutamate and a-aminobutiric acid (GABA) are also involved in the acupuncture analgesic effect [30]. Based
on the different antinociceptive mechanisms of acupuncture, the pretreatment with ketamine and midazolam in the current study
could also have interfered in the analgesic response. Low dose infusions of ketamine have been reported to provide postoperative
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analgesic effects in both human and veterinary medicine [19, 20, 40]. The antinociceptive effects of ketamine are mediated

by different mechanisms, including N-methyl-d-aspartate (NMDA) receptors, nicotinic/muscarinic cholinergic receptors, and
adrenergic and opioid receptors [12]. In addition, midazolam is a benzodiazepine that potentiates the GABAergic activity,

which could interfere in the acupuncture response, since the GABAergic system is also involved in the analgesic mechanisms of
acupuncture [34]. To date, few studies have investigated the interference of ketamine and benzodiazepines on acupuncture-induced
analgesia. Results of previous laboratory animal studies indicated that ketamine may induce an antagonistic effect on acupuncture
analgesia [44, 45]. In rats, the analgesic effects of EA were attenuated after intraperitoneal administration of 4 and 20 mg/kg of
ketamine [45]. Similarly, in experimental studies, pretreatment with diazepam reduced the antinociceptive effect mediated by EA
[10]. Currently there are no published investigations on the analgesic efficacy mediated by acupuncture in cats pretreated with
ketamine and midazolam. In view of these results, it is likely that sedation of the cats may have exerted some interference on the
EA and LA analgesic responses, but this study cannot confirm this effect.

The analgesic effects elicited by acupuncture may be influenced by the characteristics of the applied stimuli. When EA is
applied, analgesia is achieved through integration of the wave, pulse width, frequency, and intensity of stimulation on the
acupoints [41, 43]. Among these factors, frequency is a key factor affecting the analgesic effect of EA. Both low-frequency and
high-frequency stimulation have been found to induce analgesia, however different types of neurotransmitters are released [41,
42]. Low-frequency EA induces the release of endorphin and enkephalin, resulting in an analgesic effect of slower onset and
longer duration that can be reversed by naloxone [42]. In contrast, high-frequency induced-analgesia has a more rapid onset with a
shorter duration and cannot be blocked by naloxone, suggesting the participation of non-opioid mechanisms such as serotonin and
norepinephrine [33]. The dense-disperse mode of electrical stimulation used in the present study, with a frequency ranging from 3
to 300 Hz, probably produced the release of a combination of endogenous opioids. Similarly, when laser is applied, the radiation
characteristics also interfere with the analgesic response [29]. It has been suggested that the application of an infrared laser with
a wavelength of between 650 and 1,000 nm has a penetration depth of 2 to 3 mm [37], which can trigger effective stimulation
of the acupoint [29]. In addition, the stimulation of acupuncture points with laser using radiation intensities ranging from 3 to
10 J/cm? has been associated with effective analgesic response [31, 38]. For these reasons, it can be suggested that the radiation
characteristics (wave length 904 nm; intensity of 3 J/cm?) applied in the current study may have contributed to the analgesic effect.

Despite the lower incidence of rescue medication in acupuncture treated cats, neither the IVAS nor MCPS was sensitive enough
to detect differences in pain levels between groups. Other studies also failed to demonstrate significant differences in pain scores
between groups when the IVAS [2, 3] or the MCPS scale was used in cats [2, 31]. The IVAS is a subjective evaluation method
that includes observation and interaction with the cat by a trained observer, however, this scale has not been properly validated in
cats and may not be sensitive enough under all conditions [3]. The MCPS is a validated pain scale for assessing pain in cats [5].
This method involves assessment of three subscales: pain expression, psychomotor changes, and physiologic variables. Given the
subjectivity of these scoring systems, the observer training is pivotal to the identification of pain. Despite the assessor training,
it is still likely that the findings of this study may be attributed to the lack of the assessor’s experience with subjective scales. In
addition, all the surgery procedures were performed by one experienced surgeon, resulting in minimal tissue trauma, which may
have resulted in low postoperative pain scores. The majority of the cats appeared comfortable in the postoperative period. The
median postoperative pain scores were below 30 mm (0-100 mm) and 7 (0-30 points), based on the IVAS and MCPS, respectively.
Thus, the low pain scores could make it difficult to establish differences between the groups.

Although tramadol is not classified as a pure opioid, it can produce adverse behavior responses in cats, including excitation,
euphoria, and panting [4]. None of these adverse effects were observed in the current study. In addition, no local adverse effects
related to acupuncture were identified in the LA and EA treatments, suggesting that both methods of acupuncture are safe
alternatives to provide analgesia in cats. These findings are supported by previous studies that reported the safety of acupuncture
therapy in dogs [7, 17] and cats [31, 35].

The design of the current study has some limitations. The lack of statistically significant differences in the pain scores between
groups could be attributed to the small sample size. In addition, the inclusion of a control negative group may have been useful
in detecting a subtle treatment effect; however, it is well recognized that pain is evident in cats after elective OHE and previous
studies have shown that postoperative pain was detected in 100% of cats undergoing OHE without preventive analgesic treatment
[5, 6]. For ethical reasons, a negative control group was not included. Indeed, the study design did not include a placebo
acupuncture group. It has been reported that placebo acupuncture (needles inserted into non-acupuncture points) may also produce
an analgesic response, although more profound effects are achieved by real point stimulation [36]. The stimulation of sham points
reduced the pain threshold in dogs [8], rats [33], and rabbits [39]; however, the stimulation of real points provides a more intense
response. Due to the low analgesic efficacy reported with false point stimulation, the decision was taken not to include a placebo
acupuncture group. Another limitation of this study was the mode of the alternating stimulation of the acupuncture points with
low (3 Hz) and high (300 Hz) frequency, leading to release of various neurotransmitters, which could result in competition with
some drugs, such as tramadol and ketamine, for the opioid receptors, interfering in the analgesic effect. To date, few studies have
investigated the combination of acupuncture and pharmacological protocols for pain relief. Additional studies are needed to clarify
the possible interference of these drugs on the acupuncture-induced analgesia under clinical conditions.

In conclusion, both methods of acupuncture in combination with a single dose of tramadol reduced the postoperative analgesic
requirements following OHE in cats. Additionally, from a clinical point of view, in comparison with EA, LA has the advantage of
being a painless, noninvasive, and easier method to apply. Larger and sham-controlled studies are needed to support these results.
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