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Abstract

To expand the generalizability of the chick separation stress paradigm as a high-throughput anxiolytic screen, six positive drug probes

(doses in mg/kg: meprobamate 15–120, pentobarbital 2.5–20.0, chlordiazepoxide 2.5–15.0, buspirone 2.5–10.0, imipramine 1–15, and

clonidine 0.10–0.25) and five negative drug probes (amphetamine 0.5–4.0, scopolamine 0.2–1.6, caffeine 5–20, chlorpromazine 1–30, and

haloperidol 0.03–1.00) were evaluated in the test. Seven-day-old chicks received intramuscular injections of either vehicle or drug probe 15

min prior to tests in either a mirror (low-stress) or a no-mirror (high-stress) condition for a 3-min observation period. The dependent measures

were distress vocalizations to index separation stress and sleep onset latency to index sedation. All positive drug probes attenuated distress

vocalizations in a dose-dependent manner, except buspirone. All positive drug probes affected sleep onset latency in a dose-dependent

manner, except buspirone and imipramine. In all cases, the anxiolytic-like effect of positive drug probes was greater than its sedative effect.

None of the negative drug probes affected either distress vocalizations or sleep onset latency, except for the highest dose of amphetamine,

which caused pronounced stereotypy. These findings demonstrate that this anxiolytic screen is sensitive to a wide range of positive

pharmacological probes and insensitive to a wide range of negative pharmacological probes.
D 2003 Elsevier Inc. All rights reserved.
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1. Introduction

The chick separation stress paradigm has traditionally

been used as a biobehavioral assay to study attachment

(Panksepp et al., 1980; Sufka et al., 1994). In recent years,

considerable research has focused on developing the proce-

dure as an anxiolytic screen. As an anxiolytic screen, the

paradigm has construct validity (Sufka and Weed, 1994) as

well as predictive validity for various benzodiazepine com-

pounds (Watson and Sufka, 1996; Watson et al., 1999).

Furthermore, the paradigm has been used to screen putative

anxiolytic activity of extracts and isolated compounds

derived from botanical products (Sufka et al., 2001; Smith

et al., 2001; Feltenstein et al., 2003a). However, the gener-

alizability of this paradigm has not been extended to
0091-3057/$ – see front matter D 2003 Elsevier Inc. All rights reserved.

doi:10.1016/j.pbb.2003.10.019

* Corresponding author. Department of Psychology, University of

Mississippi, Oxford, MS 38677, USA. Tel.: +1-662-915-7728; fax: +1-662-

915-5398.

E-mail address: pysufka@olemiss.edu (K.J. Sufka).
traditional nonbenzodiazepine anxiolytic classes, nor is it

known if the paradigm is sensitive to false positives.

To further validate the chick separation stress paradigm as

a high-throughput anxiolytic screen, this study examined the

effects of six known anxiolytics that have shown activity in

other animal models (i.e., positive controls; see Millan,

2003, for a review), including meprobamate (Geller and

Seifter, 1960; Vogel et al., 1971; Crawley, 1981; Howard et

al., 1982; De Vry et al., 1993), pentobarbital (Geller and

Seifter, 1960; Vogel et al., 1971; Howard et al., 1982; De Vry

et al., 1993), chlordiazepoxide (Crawley, 1981; Howard et

al., 1982; Salt and Taberner, 1984; Pellow et al., 1985; Lecci

et al., 1990; De Vry et al., 1993; King et al., 2002), buspirone

(McCloskey et al., 1987; Lecci et al., 1990; Rowan et al.,

1990; De Vry et al., 1993; Molewijk et al., 1995; Shimada et

al., 1995; Graeff et al., 1998; King et al., 2002), imipramine

(Broekkamp et al., 1986; Molewijk et al., 1995; Teixeira et

al., 2000), and clonidine (De Vry et al., 1993; Molewijk et

al., 1995; Olsen et al., 2002). If the chick separation stress

paradigm is a valid screen for traditional anxiolytics, then

these compounds should demonstrate anxiolytic-like activity
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in the test. Furthermore, to insure that the paradigm is

insensitive to false positives, five compounds that have

shown either no activity or anxiogenic effects in other

paradigms were also tested (i.e., negative controls), includ-

ing amphetamine (Vogel et al., 1971; Howard et al., 1982;

Salt and Taberner, 1984; Pellow et al., 1985; Lecci et al.,

1990; Shimada et al., 1995; Hascoet and Bourin, 1998;

Olsen et al., 2002), scopolamine (Vogel et al., 1971; Shi-

mada et al., 1995; Smythe et al., 1996), caffeine (Pellow et

al., 1985; Baldwin et al., 1989; Shimada et al., 1995;

Bhattacharya et al., 1997; Hascoet and Bourin, 1998),

chlorpromazine (Crawley, 1981; Lecci et al., 1990), and

haloperidol (Russell et al., 1987; Rodina et al., 1993;

Sanchez, 2003). If the chick separation stress paradigm is

similarly insensitive to false positives, then these compounds

should show no activity or anxiogenic-like activity in the

test. Thus, the purpose of this research is to further validate

the chick separation stress paradigm as an anxiolytic screen.
2. Materials and methods

2.1. Subjects

Cockerels (Gallus gallus; strain W36; Cal-Maine Foods,

Mendenhall, MS, USA) were obtained 1-day posthatch and

were housed in stainless steel cages (34� 57� 40 cm) at a

population density of 12–13 chicks per cage. Food (Purina

Start and Grow, St. Louis, MO) and water were available ad

libitum through 1-qt gravity-fed feeders and waterers. Room

temperature was maintained at 29F 1 jC, and overhead

fluorescent illumination was maintained on a 12-h light–

dark cycle. Daily maintenance was conducted during the

first quarter of the light cycle.

2.2. Apparatus

The six-unit test apparatus contained Plexiglas viewing

chambers (25� 25� 22 cm) situated in sound-attenuating

enclosures. Each unit was illuminated by a 25-W light bulb

and ventilated by an 8-cm-diameter rotary fan (Common-

wealth Model FP-108AX S1). Miniature video cameras

(SuperCircuit Model PC47MC) allowed for animal obser-

vation during tests. Distress vocalizations were recorded by

microphones (Lafayette Instruments Model 3-675-001)

mounted at the ceiling of the Plexiglas chamber and

connected to digital sound-activating relays (Lafayette

Instruments Model 63040A; settings: 75% sensitivity and

0.10-s delay) that triggered electromechanical counters

(Lafayette Instruments Model 58004).

2.3. Procedure

Experiments were conducted at 7 days posthatch. Groups

formed a single factorial design with a hanging control that

included two vehicle-control groups in which chicks were
tested in isolation, with or without two mirrors (20� 20 cm)

positioned along the outside of the Plexiglas side walls, and

four drug dose conditions tested under the no-mirror con-

dition (except for three doses of caffeine). The positive drug

probes were meprobamate (15, 30, 60, or 120 mg/kg),

pentobarbital (2.5, 5.0, 10.0, or 20.0 mg/kg), chlordiazepox-

ide (2.5, 5.0, 10.0, or 15.0 mg/kg), buspirone (2.5, 5.0, 7.5,

or 10.0 mg/kg), imipramine (1, 3, 10, or 15 mg/kg), and

clonidine (0.1, 0.15, 0.2, or 0.25 mg/kg). The negative drug

probes were amphetamine (0.5, 1.0, 2.0, or 4.0 mg/kg),

scopolamine (0.2, 0.4, 0.8, or 1.6 mg/kg), caffeine (5, 10, or

20 mg/kg), chlorpromazine (1, 3, 10, or 30 mg/kg), and

haloperidol (0.03, 0.1, 0.3, or 1.0 mg/kg). The vehicle for all

experiments was 0.9% physiological saline, except for the

meprobamate experiment, which was 100% propylene gly-

col. Drug doses were based on previous literature in rodent

models of anxiety and pilot studies in this laboratory.

Vehicle and drug injections were administered intramus-

cularly 15 min before tests. The stress manipulation in-

volved placing a chick in the observation chamber either in

a mirror (low-stress) or no-mirror (high-stress) condition for

a 180-s test period. Dependent measures collected during

the test session were (1) distress vocalizations and (2) sleep

onset latency, defined as the latency to adopt a posture in

which the chick’s head is drooping and its eyes are closed.

Animals were returned to their home cage following tests.

These procedures were approved by the University of

Mississippi IACUC (Protocol No. 3-010) and were con-

ducted in accordance with the principles of laboratory

animal care as detailed in the National Institutes of Health

Guide for Care and Use of Laboratory Animals (Publication

No. 85-23, revised 1985).

Data were analyzed using t tests and analysis of variance

(ANOVA). Post hoc analyses were conducted using Fisher’s

LSD. Percent anxiolytic effect scores were derived from the

following formula using the mean distress vocalizations for

each group under the no-mirror condition: percent anxiolytic

effect=[1� (drug probe/vehicle)]� 100. Percent sedative ef-

fect scores were derived from the following formula: percent

sedative effect=[1� (mean sleep onset latency/180)]� 100.
3. Results

3.1. Positive drug probes

The descriptive statistics for the positive drug probe

experiments on distress vocalizations are summarized in

Table 1. For all positive drug probe experiments, vehicle/

no-mirror chicks emitted a greater number of distress vocal-

izations than vehicle/mirror chicks [ts(28–31) = 3.96–9.94,

PsV .001], an effect that was dose-dependently attenuated

by all positive drug probes except buspirone; ANOVAs:

meprobamate [F(4,74) = 6.64, P < .0005], pentobarbital

[ F (4 , 74 ) = 38 .07 , P < .0001 ] , ch lo rd i a zepox ide

[F(4,74) = 28.86, P < .0001], imipramine [F(4,72) = 3.34,



Table 1

Effect of positive drug probes on mean distress vocalizations and mean

sleep onset latency

n DVoc, mean

(S.E.M.)

SOL, mean

(S.E.M.)

Meprobamate

Vehicle/mirror 15 91.40 (22.89) 170.33 (9.67)

Vehicle/no-mirror 18 259.50 (10.49) * 180.00 (0.00)

15 mg/kg 15 236.13 (13.35) 180.00 (0.00)

30 mg/kg 15 267.20 (13.10) 180.00 (0.00)

60 mg/kg 15 241.40 (12.13) 180.00 (0.00)

120 mg/kg 16 149.69 (32.78) * * 136.06 (17.41)y

Pentobarbital

Vehicle/mirror 16 14.69 (4.24) 180.00 (0.00)

Vehicle/no-mirror 16 217.81 (19.99) * 180.00 (0.00)

2.5 mg/kg 16 194.50 (16.96) 171.00 (9.00)

5.0 mg/kg 16 191.63 (19.13) 162.50 (10.17)

10.0 mg/kg 15 34.47 (17.85) * * 62.40 (19.47)y

20.0 mg/kg 16 0.00 (0.00) * * 1.75 (1.45)y

Chlordiazepoxide

Vehicle/mirror 16 35.19 (14.26) 180.00 (0.00)

Vehicle/no-mirror 16 187.13 (19.82) * 171.88 (8.13)

2.5 mg/kg 16 220.19 (17.36) 180.00 (0.00)

5.0 mg/kg 16 134.31 (25.21) * * 132.81 (15.99)y

10.0 mg/kg 15 30.20 (14.55) * * 59.93 (17.41)y

15.0 mg/kg 16 3.88 (3.50) * * 51.88 (16.16)y

Buspirone

Vehicle/mirror 15 128.20 (16.96) 180.00 (0.00)

Vehicle/no-mirror 15 263.20 (29.56) * 180.00 (0.00)

2.5 mg/kg 14 265.57 (22.80) 180.00 (0.00)

5.0 mg/kg 16 303.31 (23.71) 180.00 (0.00)

7.5 mg/kg 15 321.47 (26.21) 180.00 (0.00)

10.0 mg/kg 15 326.87 (10.96) 180.00 (0.00)

Imipramine

Vehicle/mirror 15 27.93 (9.88) 168.00 (12.00)

Vehicle/no-mirror 16 156.00 (16.46) * 152.00 (15.25)

1 mg/kg 16 110.88 (23.10) 180.00 (0.00)z

3 mg/kg 17 111.53 (18.00) 180.00 (0.00)z

10 mg/kg 17 89.35 (22.80) * * 180.00 (0.00)z

15 mg/kg 11 47.09 (16.53) * * 147.27 (21.95)

Clonidine

Vehicle/mirror 15 42.67 (18.00) 180.00 (0.00)

Vehicle/no-mirror 15 186.93 (29.11) * 180.00 (0.00)

0.10 mg/kg 15 140.47 (32.16) 148.60 (14.12)

0.15 mg/kg 15 0.00 (0.00) * * 60.33 (14.12)y

0.20 mg/kg 14 2.14 (2.14) * * 84.50 (18.53)y

0.25 mg/kg 15 1.07 (0.93) * * 73.13 (15.86)y

DVoc = distress vocalizations; SOL= sleep onset latency.

* Significant stress effect, P < .05.

** Significant attenuation of the stress effect, P< .05.
y Significant sedative effect, P < .05.
z Indicates a significant increase in sleep onset latency scores. P < .05.

Table 2

Effect of negative drug probes on mean distress vocalizations and mean

sleep onset latency

n DVoc, mean

(S.E.M.)

SOL, mean

(S.E.M.)

Amphetamine

Vehicle/mirror 14 122.93 (31.30) 180.00 (0.00)

Vehicle/no-mirror 17 231.77 (18.67) * 169.41 (10.59)

0.5 mg/kg 14 260.50 (22.75) 174.50 (5.50)

1.0 mg/kg 15 235.47 (18.93) 180.00 (0.00)

2.0 mg/kg 14 241.86 (11.34) 180.00 (0.00)

4.0 mg/kg 16 25.19 (15.28) * * 102.94 (21.18)y

Scopolamine

Vehicle/mirror 16 37.13 (14.65) 180.00 (0.00)

Vehicle/no-mirror 16 181.75 (21.56) * 180.00 (0.00)

0.2 mg/kg 15 199.53 (16.84) 180.00 (0.00)

0.4 mg/kg 16 162.31 (17.80) 180.00 (0.00)

0.8 mg/kg 16 188.19 (20.51) 180.00 (0.00)

1.6 mg/kg 16 189.00 (22.72) 180.00 (0.00)

Caffeine

Vehicle/mirror 17 63.06 (21.13) 169.41 (10.59)

Vehicle/no-mirror 17 213.88 (16.72) * 160.00 (13.70)

5 mg/kg 17 200.00 (16.70) 180.00 (0.00)

10 mg/kg 16 169.31 (26.67) 177.50 (2.50)

20 mg/kg 16 225.13 (25.24) 180.00 (0.00)

Chlorpromazine

Vehicle/mirror 14 90.93 (26.60) 180.00 (0.00)

Vehicle/no-mirror 14 277.14 (18.30) * 180.00 (0.00)

1 mg/kg 14 258.71 (17.74) 180.00 (0.00)

3 mg/kg 13 263.92 (17.10) 180.00 (0.00)

10 mg/kg 14 214.43 (20.34) 180.00 (0.00)

30 mg/kg 14 225.00 (22.11) 180.00 (0.00)

Haloperidol

Vehicle/mirror 16 43.25 (17.16) 180.00 (0.00)

Vehicle/no-mirror 16 241.06 (17.99) * 180.00 (0.00)

0.03 mg/kg 16 275.06 (11.33) 180.00 (0.00)

0.10 mg/kg 16 217.94 (21.45) 180.00 (0.00)

0.30 mg/kg 15 182.00 (29.87) 180.00 (0.00)

1.00 mg/kg 16 218.56 (21.20) 173.69 (6.31)

DVoc = distress vocalizations; SOL= sleep onset latency.

* Significant stress effect, P < .05.

* * Significant attenuation of the stress effect, P< .05.
y Indicates a significant sedative effect. P< .05.
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P < .05], and clonidine [F(4,69) = 21.26, P < .0001]. Post

hoc analyses revealed a significant attenuation of distress

vocalizations for chicks that received meprobamate (120 mg/

kg), pentobarbital (10, 20 mg/kg), chlordiazepoxide (5, 10,

15 mg/kg), imipramine (10, 15 mg/kg), or clonidine (0.15,

0.2, 0.25 mg/kg) (Ps < .05).
The descriptive statistics for the positive drug probe

experiments on sleep onset latency are summarized in

Table 1. For all positive drug probe experiments, the vehicle

did not affect the sleep onset latency scores for chicks tested

in the mirror or no-mirror condition, while meprobamate,

pentobarbital, chlordiazepoxide, and clonidine appeared to

dose-dependently attenuate these scores; ANOVAs: mepro-

bamate [ F(4,74) = 6.26, P < .0005], pentobarbital

[ F (4 ,74 ) = 59 .59 , P < .0001] , ch lo rd i azepox ide

[ F ( 4 , 7 4 ) = 2 1 . 0 6 , P < . 0 0 0 1 ] , a n d c l o n i d i n e

[F(4,69) = 14.07, P < .0001]. Post hoc analyses revealed a

significant attenuation of sleep onset latency scores for

chicks that received meprobamate (120 mg/kg), pentobar-

bital (10, 20 mg/kg), chlordiazepoxide (5, 10, 15 mg/kg),



Table 3

Percent anxiolytic effect compared to the percent sedative effect

Dose 1 Dose 2 Dose 3 Dose 4
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and clonidine (0.15, 0.2, 0.25 mg/kg) (Ps < .05). Although

the ANOVA for the imipramine experiment was significant

[F(4,72) = 2.62, P < .05], this effect was due to a significant

increase in sleep onset latency scores for the 1, 3, and 10

mg/kg groups (Ps < .05). However, this significant imipra-

mine effect is best accounted for by the somewhat lower

sleep onset latency mean for the vehicle/no-mirror group.

3.2. Negative drug probes

The descriptive statistics for the negative drug probe

experiments on distress vocalizations are summarized in

Table 2. For all negative drug probe experiments, vehicle/

no-mirror chicks emitted a greater number of distress vocal-

izations than vehicle/mirror chicks [ts(26–32) = 3.12–7.96,

Ps < .005]. ANOVAs across these drug probes revealed a

significant effect for the amphetamine and haloperidol

experiments: amphetamine [F(4,71) = 30.97, P < .0001]

and haloperidol [F(4,74) = 2.63, P < .05]. Post hoc analyses

revealed a significant attenuation of distress vocalizations

for chicks that received the 4-mg/kg dose of amphetamine

(P < .0001) but no significant differences among the rele-

vant haloperidol comparisons (i.e., drug dose vs. vehicle).

The descriptive statistics for the negative drug probe

experiments on sleep onset latency are summarized in

Table 2. For all negative drug probe experiments, the

vehicle did not affect the sleep onset latency scores for

chicks tested in the mirror or no-mirror condition, while

only the 4-mg/kg amphetamine dose appeared to attenuate

this measure; ANOVA: amphetamine [ F(4,71) = 8.42,

P < .0001]. Post hoc analyses revealed a significant attenu-

ation of sleep onset latency scores for chicks that received

the 4-mg/kg dose of amphetamine (P < .0001).
Meprobamate

DVoc 9.01 � 2.97 6.97 42.32* *

SOL 0.00 0.00 0.00 24.41y

Pentobarbital

DVoc 10.70 12.02 84.17* * 100.00* *

SOL 5.00 9.72 65.33y 99.03y

Chlordiazepoxide

DVoc � 17.67 28.23* * 83.86* * 97.93* *

SOL 0.00 26.22y 66.70y 71.18y

Buspirone

DVoc � 0.91 � 15.24 � 22.14 � 24.19

SOL 0.00 0.00 0.00 0.00

Imipramine

DVoc 28.92 28.51 42.72* * 69.81* *

SOL � 18.42z � 18.42z � 18.42z 3.11

Clonidine

DVoc 24.85 100.00* * 98.86* * 99.43* *

SOL 17.44 66.48y 53.06y 59.37y

DVoc = distress vocalizations; SOL= sleep onset latency.

* * Significant attenuation of the stress effect, P< .05.
y Significant sedative effect, P< .05.
z Significant increase in sleep onset latency scores, P < .05.
4. Discussion

The purpose of this study was to further validate the chick

separation stress paradigm as a screen for anxiolytic com-

pounds by extending its generalizability to nonbenzodiaze-

pine anxiolytic compounds and by ensuring that the paradigm

is not susceptible to false positives. In the positive drug

probes experiment, the following compounds were evaluated

in the paradigm: meprobamate, pentobarbital, chlordiazepox-

ide, buspirone, imipramine, and clonidine. In the negative

drug probes experiment, the following compounds were

evaluated in the paradigm: amphetamine, scopolamine, caf-

feine, chlorpromazine, and haloperidol. The two dependent

measures were distress vocalizations as an index of separa-

tion stress and sleep onset latency to index sedation.

In all experiments, separation stress produced a stress

effect as evidenced by increased vocalizations in chicks in

the vehicle/no-mirror condition compared to chicks in the

vehicle/mirror condition, an effect consistent with previous

research (Feltenstein et al., 2002, 2003b). The separation

stress effect was attenuated in a dose-dependent manner by
all of the positive drug probes, with the exception of

buspirone. The finding that clonidine, meprobamate, chlor-

diazepoxide, pentobarbital, and imipramine attenuate sepa-

ration stress is consistent with previous studies using rodent

models of anxiety (for reviews, see Green and Hodges,

1991; Stephens and Andrews, 1991; Borsini et al., 2002). It

is not surprising that buspirone did not possess an anxio-

lytic-like effect in this paradigm. Previous studies have

shown that chronic administration of buspirone is needed

to induce an anxiolytic effect (Stephens and Andrews,

1991), an effect that is likely mediated by the desensitization

of the 5-HT1A autoreceptor (Hjorth and Auerbach, 1996).

In all experiments, separation stress did not affect sleep

onset latency in chicks in either vehicle group and this

finding is consistent with previous research demonstrating

an absence of a stress effect on a measure of sedation similar

to sleep onset latency (Feltenstein et al., 2002, 2003b). Sleep

onset latency was significantly affected in a dose-dependent

manner by all of the positive drug probes, with the excep-

tion of buspirone and imipramine. The sedative effects of

chlordiazepoxide (Watson and Sufka, 1996; Watson et al.,

1999), clonidine (Cavero and Roach, 1978), meprobamate

(Berger, 1954; Delong et al., 1985; Lambdin et al., 2002),

and pentobarbital (Harvey, 1980; Lambdin et al., 2002) in

chicks are consistent with previous studies. However, it is

interesting to note that for those drugs that induced both

anxiolytic and sedative effects, the anxiolytic effect was

always greater than the sedative effect (see Table 3).
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In all negative drug probe experiments, neither distress

vocalizations nor sleep onset latency was affected by any

dose of the probes, with the exception of the highest dose of

amphetamine. While 4 mg amphetamine did affect sleep

onset latency scores, this effect was not due to sedation, but

rather marked signs of stereotypy. A number of animals in

this amphetamine group adopted a posture that met the

operational criteria for scoring a sleep onset latency re-

sponse. However, these chicks also exhibited a feature not

found in other chicks and that was repetitive head move-

ments, a stereotyped behavior commonly seen in other

animals. Using the Wolgin (1995) stereotypy behavior

rating scale, where 0 represents the animal being stationary

and immobile and 5 represents oral stereotypy, comments

written during testing indicated several chicks in this am-

phetamine group exhibited a 4 rating by displaying focused

repetitive head movements. This stereotyped behavior was

easily distinguished from general sedation and suggests the

need to include such an exclusionary measure into the

procedure for drugs possessing stimulant properties.

Collectively, these experiments support the notion that

the chick separation stress paradigm can be used as a high-

throughput anxiolytic screen (Willner, 1991). Although

other animal models exist for screening anxiolytic drugs

(Green and Hodges, 1991), the chick separation stress

paradigm possesses many practical advantages. It is ex-

tremely cost-effective in that chicks are inexpensive to

purchase and maintain and they require small quantities of

drug in the screening process. The procedure also measures

a species-typical response rather than time- and labor-

intensive conditioned behaviors. While the current study

demonstrates the paradigm is sensitive to a wide range of

anxiolytic compounds and insensitive to a wide range of

negative drug probes, it, like other rodent-based models,

was insensitive to acute administration of buspirone. To

understand this limitation, current studies are investigating

whether chronic administration of buspirone is necessary to

produce anxiolytic activity in this paradigm.
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