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Abstract:

This study examined the effect of (E)-2-methyl-6-(2-phenylethynyl)-pyridine (SIB-1893), a selective non-competitive metabotropic

glutamate subtype 5 receptor (mGluR�) antagonist, on body temperature in freely moving Wistar rats. Temperature was monitored

using programmed microchips, implanted subcutaneously in rats, at several times: 0, 5, 10, 20, 30, 45, 60, 90, 120 and 180 min after

intraperitoneal administration of SIB-1893 at increasing doses of 10, 20 and 30 mg/kg. The results analyzed with two-way ANOVA

with repeated measures on time revealed that SIB-1893 at 30 mg/kg considerably lowered the body temperature in animals at 90, 120

and 180 min after its systemic injection. In contrast, the drug at 10 and 20 mg/kg remained without effect on the body temperature in

rats. Based on our preclinical study, one can conclude that SIB-1893 produces hypothermia in freely moving rats in

a dose-dependent manner.
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Introduction

Excitatory amino acids (EAA) play an important role

in various physiological and pathological phenomena

in living organisms, interacting with two major

groups of receptors: ionotropic and metabotropic

ones. Generally, ionotropic glutamate receptors are

divided into three subclasses: sensitive to N-methyl-

D-aspartate (NMDA), alpha-amino-3-hydroxy-5,7-

methylisoxazole-4-propionic acid (AMPA) and kainic

acid [7]. Similarly, metabotropic glutamate receptors

(mGluRs) are clustered into three subgroups on the

basis of their sequence homology, signal transduction

pathways, second-messenger coupling and pharma-

cological properties [17, 20]. Group I of mGluRs

comprises mGluR1 and mGluR5, group II – mGluR2

and mGluR3, and group III – mGluR4, mGluR6,

mGluR7 and mGluR8 [20]. Details concerning the

classification of mGluRs have been presented else-

where [3, 13].
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Fundamental experiments performed after in-

tracerebroventricular (icv) administration of NMDA

have revealed that this agent is responsible for an in-

crease in brain temperature in rats [11]. This incre-

ment was inhibited by NMDA receptor antagonists,

such as: MK-801 (dizocilpine) and (±)-AP-5 [12]. In

contrast, icv administration of AMPA and kainic acid

produced a biphasic effect on body temperature of ex-

perimental animals: short-lasting hypothermia fol-

lowed by hyperthermia [21]. Likewise, some AMPA/kai-

nate receptor antagonists, such as: NBQX, PNQX, and

GYKI 52466 lowered the body temperature in experi-

mental animals and produced a marked hypothermia

that persisted for hours (PNQX and GYKI 52466 [10,

19]) or days (NBQX [15]).

With regard to mGluRs, scarce evidence exists

showing the effects of mGluR antagonists on thermo-

regulation in animals. It has been reported that the se-

lective mGluR1 antagonist, BAY 36-7620 induced

a mild hypothermia in experimental rats [6]. Addi-

tionally, it has been found that MPEP, a selective

non-competitive mGluR5 antagonist, significantly de-

creased temperature in rats 30 and 60 min after ip ad-

ministration [9]. Relatively recently, it has been re-

ported that MPEP and MTEP (another non-competi-

tive mGluR5 antagonist) reduced dose-dependently

body temperature in rats 120 min after their ip ad-

ministration [23]. In another study, MPEP and two

other selective non-competitive mGluR5 antagonists

(SIB-1893 and SIB-1757) have had no impact on

body temperature in mice [2]. Previously, we have

found that SIB-1893 (at 30 mg/kg) did not affect body

temperature in rats, 15 min after its ip administration

[3]. So, the ascertained discrepancy in MPEP effect

on thermoregulation in experimental animals com-

pelled us to assess the time-course and dose-

dependent effects of the selective non-competitive

mGluR5 antagonist, SIB-1893 on the body tempera-

ture in freely moving rats.

Materials and Methods

Animals

Experiments were performed on adult male Wistar

rats weighing 220–260 g. The animals were kept in

colony cages with free access to food and tap water ad

libitum, under standardized housing conditions

(12 h/12 h light-dark cycle, stable temperature of

22 ± 1°C for 24 h). After 7 days of adaptation to labo-

ratory conditions, the animals were randomly as-

signed to experimental groups consisting of 8 rats. All

tests were performed between 9.00 a.m. and 3.00 p.m.

Procedures involving animals and their care were

conducted in accordance with the European Commu-

nities Council Directive of 24 November 1986

(86/609/EEC) and Polish legislation on animal experi-

mentation. Additionally, all efforts were made to

minimize animal suffering and to use only the number

of animals necessary to produce reliable scientific

data. The experimental protocols and procedures de-

scribed in this manuscript were approved by the Local

Ethics Committee at the Medical University of Lublin

(Licence no. 321/02/347/2002).

Drug

SIB-1893 [(E)-2-methyl-6-(2-phenylethynyl)-pyridine]

(Tocris Cookson Ltd., Bristol, UK) was dissolved in

a 1% solution of Tween 80 (Sigma) in 0.9% saline and

administered ip in a volume of 5 ml/kg.

Measurement of body temperature

To prevent the effects of restraint stress and to mini-

mize handling associated with measuring of tempera-

ture in animals, the ELAMS (Electronic Laboratory

Animal Monitoring System; BioMedic Data Systems

Inc., Seaford, UK – purchase supported by the State

Committee for Scientific Research KBN 6 P05F 022

20) was used to measure the body temperature in

freely moving rats. This system consists of a desktop

unit (DAS-5001, a portable data acquisition system),

a probe attached to the desktop, and implantable mi-

crochips (IPTT-200; Implantable Programmable Tem-

perature Transponder, BioMedic Data Systems Inc,

Seaford, UK). The transponders were programmed

with identification numbers (ID) prior to implanta-

tion. The IPTTs contain an anti-migration device

which immobilizes the transponder at the implanta-

tion (injection) site. Upon arrival, 32 rats were sc im-

planted with transponders into the dorsal fat-pad. The

implanted transponders were read by placing the

probe within a distance of 5 cm and the ELAMS reads

both, the temperature and ID of every rat. Animals

were randomized into four groups (each group con-

sisted of 8 rats) and administered with vehicle or
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SIB-1893 at increasing doses of 10, 20, and 30 mg/kg.

Temperature readings were taken repeatedly at vari-

ous time points as follows: 0, 5, 10, 15, 20, 30, 45, 60,

90, 120 and 180 min after vehicle and SIB-1893 admini-

stration.

Statistics

Two-way ANOVA with repeated measures on time

tested the pattern of time-course data collected via

ELAMS, using SIB-1893 doses as a between-subject

factor, time intervals as a within-subject factor and

temperature as a dependent variable. Bonferroni’s

post-hoc test was used to compare the temperature of

rats administered vehicle to those injected with

SIB-1893 at increasing doses of 10, 20, and 30 mg/kg.

Differences among values are considered statistically

significant if p < 0.05. Statistical evaluation of data

was performed using commercially available Graph-

Pad Prism 4 (GraphPad Software Inc., San Diego,

CA, USA).

Results

Two-way ANOVA with repeated measures on time re-

vealed that SIB-1893 at 30 mg/kg significantly re-

duced the body temperature in rats [F (3, 280) = 3.005,

p = 0.047] by 0.49°C at 90 min, by 0.64°C at 120 min,

and by 0.81°C at 180 min after its systemic injection

(Tab. 1, Fig. 1). Lower doses of SIB-1893 (10 and

20 mg/kg) also decreased the body temperature in

rats, although the observed changes did not reach sta-

tistical significance (Tab. 1, Fig. 1). The baseline tem-

perature measured at “time 0” (prior to injection) did

not show variations between vehicle and SIB-1893

dose-groups (Tab. 1).

Moreover, two-way ANOVA with repeated meas-

ures on time revealed a significant effect of time inter-

vals for SIB-1893 injected at increasing doses of 10,

20 and 30 mg/kg [F (10, 280) = 132.8, p < 0.0001].

The time-course patterns for vehicle and SIB-1893

(administered at 10, 20 and 30 mg/kg) groups were
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Tab. 1. Time-course and dose-dependent changes in SIB-1893-induced hypothermia in rats

Time (min) Temperature (�C)

Vehicle SIB (10 mg/kg) SIB (20 mg/kg) SIB (30 mg/kg)

0 35.97 ± 0.14 35.96 ± 0.14 35.96 ± 0.13 35.95 ± 0.13

5 35.98 ± 0.14 36.00 ± 0.15 35.98 ± 0.13 35.98 ± 0.13

10 35.96 ± 0.15 35.97 ± 0.15 35.94 ± 0.12 35.90 ± 0.12

15 35.93 ± 0.14 35.93 ± 0.15 35.88 ± 0.11 35.83 ± 0.13

20 35.93 ± 0.15 35.93 ± 0.13 35.85 ± 0.11 35.79 ± 0.13

30 35.93 ± 0.16 35.90 ± 0.14 35.83 ± 0.12 35.74 ± 0.13

45 35.93 ± 0.15 35.88 ± 0.13 35.75 ± 0.11 35.64 ± 0.13

60 35.91 ± 0.15 35.89 ± 0.14 35.67 ± 0.11 35.52 ± 0.14

90 35.92 ± 0.15 35.85 ± 0.14 35.57 ± 0.11 35.43 ± 0.13 *

120 35.96 ± 0.15 35.83 ± 0.14 35.53 ± 0.10 35.32 ± 0.14 *

180 35.95 ± 0.15 35.84 ± 0.14 35.50 ± 0.10 35.13 ± 0.14 *

Values are presented as the means (in �C) ± SEM of 8 rats. Changes in temperature related to the treatment (with increasing doses of
SIB-1893) and various time intervals were evaluated using two-factor (treatment � time) analysis of variance (ANOVA) with repeated measures
on time followed by post-hoc comparisons versus control using Bonferroni’s correction. Noteworthy, each experimental group under factor
“treatment” has different subjects (rats) and this grouping factor involves no repeated measures. Inversely, individual rats within each factor
“treatment” have repeated measurements made on them over all time intervals. * p < 0.05 vs. the respective control (vehicle-treated animals)
temperature



significantly different as indicated by two-way

ANOVA with repeated measures on time, revealing

a significant interaction (treatment × time)-effect be-

tween SIB-1893-treated groups and time intervals [F

(30, 280) = 30.28, p < 0.0001].

Discussion

Our findings indicated that SIB-1893, administered

systemically, dose-dependently lowered the body

temperature in freely moving rats. A high positive

correlation was found between the time after

SIB-1893 administration and the reduction in body

temperature in the examined animals, although, the

maximal reduction in body temperature of animals

did not exceed 1°C (Fig. 1). It is worth mentioning

that hypothermia began 90 min and persisted up to

180 min after SIB-1893 injection at a maximal dose

of 30 mg/kg tested in this study. Results presented

herein are also in a strict agreement with those show-

ing that SIB-1893, administered ip at 30 mg/kg,

15 min before the temperature monitoring, did not af-

fect the body temperature in rats [3].

As mentioned earlier, Battaglia et al. [2] have

found that SIB-1893, MPEP, and SIB-1757 had no

impact on body temperature in mice; despite that all

mGluR5 antagonists were administered ip at a con-

stant dose of 10 mg/kg, and the temperature in mice

was measured at 80, 200 and 320 min after their sys-

temic administration. In contrast, more recently, it has

been reported that MPEP (administered at a fixed

dose of 5 mg/kg, ip) significantly reduced body tem-

perature in rats at 30 and 60 min after the drug ad-

ministration [9]. In that case, the observed hypother-

mia was short-lasting and the decrease in body tem-

perature did not exceed 0.5°C [9]. Moreover, the

reduced body temperature has been observed 120 min

after ip administration of MPEP at doses of 10, 30 and

100 mg/kg in freely moving rats [23]. Noteworthy, the

body temperature in rats was lowered dose-dependently

by 0.8°C for MPEP administered at 10 mg/kg, by

0.9°C for MPEP at 30 mg/kg, and by 1.9°C for MPEP

at 100 mg/kg [23].

Results presented by Golembiowska et al. [9] and

Varty et al. [23] are in agreement showing that MPEP

in a dose-dependent manner decreased body tempera-
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Fig. 1. Time-course of SIB-1893-induced hypothermia in rats. Data are expressed as the mean temperatures (in �C) ± SEM (as the error bars) of
8 rats. SIB-1893 (at 10, 20, and 30 mg/kg) and the equivalent amount of vehicle were administered ip at the time “0”, being considered as
a baseline (reference) time. Temperature was measured with microchips (implanted sc into the dorsal fat-pad of rats) at various time points as
follows: 0, 5, 10, 15, 20, 30, 45, 60, 90, 120, and 180 min after injection of the drug or vehicle. Statistical evaluation of data with two-way ANOVA
repeated measures on time followed by Bonferroni’s post-hoc test revealed that rats receiving SIB-1893 at 30 mg/kg displayed a significant re-
duction in body temperature (hypothermia) at 90, 120, and 180 min. The maximal decrease in the body temperature of rats is expressed as �T
and amounts to 0.813�C. * p < 0.05 vs. the respective control group



ture in rats. However, the observed hypothermia was

short-lasting in the study by Golembiowska et al. [9],

persisting maximally up to 60 min after MPEP ip ad-

ministration, whereas in the study by Varty et al. [23],

the MPEP-induced hypothermia was observed 120 min

and persisted up to 180 min after ip administration.

This apparent discrepancy in the beginning of hypo-

thermia may probably result from different doses of

MPEP used in both studies. Noteworthy, Golem-

biowska et al. [9] have studied the temperature in rats

after administration of MPEP only at a single dose of

5 mg/kg, whereas Varty et al. [23] have investigated

the MPEP-induced hypothermia for various increas-

ing doses of MPEP (10, 30 and 100 mg/kg).

Our findings and those presented by Varty et al.

[23] indicated that hypothermic effects evoked by

SIB-1893 and MPEP in rats were long-lasting and

dose-dependent. It is important to note that SIB-

1893-induced hypothermia was observed when the

mGluR5 antagonist was administered at a dose of

30 mg/kg, whereas the reduction in body temperature

in rats was documented after MPEP administration at

the dose of 5 mg/kg [9] or 10 mg/kg [23]. Thus, one

can ascertain that SIB-1893 is less potent in inducing

hypothermia in experimental animals than MPEP. In

the light of this fact, the lack of any changes in body

temperature in mice observed by Battaglia et al. [2]

one can explain through the low dose of SIB-1893

(10 mg/kg) used in their study.

Comparing, however, the results presented by Batta-

glia et al. [2] with those presented by Golembiowska et

al. [9] and Varty et al. [23], with regard to the hypother-

mic effects produced by MPEP, one can ascertain that

the observed discrepancies between these studies may

result from inter-species variance related with MPEP-

induced hypothermia in mice and rats.

Unfortunately, in all studies one can find some

grievous methodological and statistical errors com-

mitted by these authors. For instance, there was no

identification system for individual animals that

would allow for the monitoring of temperature in

every mouse or rat several times (as repeated meas-

ures). Moreover, the experimental data were analyzed

using a statistical test without repeated measures on

time. No doubt exists that inappropriate statistical

analyses mask and cover up the existing relations be-

tween dependent and independent values (i.e. the drug

doses, times of measurements and body temperature

in experimental animals), especially, if the same ani-

mals are observed several times following a drug ad-

ministration at increasing doses (for more details con-

sult [8]). Noticeably, in the study by Battaglia et al.

[2] and Varty et al. [23], the temperature was meas-

ured using a rectal thermometer, whereas, in the study

by Golembiowska et al. [9] the body temperature was

measured in the oesophagus of experimental animals.

No doubt exists that both procedures of temperature

measurements are highly associated with repeated

handling and restraint stress of animals. Moreover,

compelling evidence indicates that permanent han-

dling and restraint stress in laboratory animals pro-

duces a remarkable increase in body temperature that

can be maintained over 1 h after stopping the handling

[24, 25]. In such a situation, any changes in body tem-

perature evoked by pharmacologically active sub-

stances are modified by stress-induced hyperthermia,

especially, evoked by permanent insertions of a ther-

mometer probe into the oesophagus or rectum of ex-

perimental animals. In contrast, the animals implanted

with programmable microchips are free of stress

caused by restraint and handling, providing simulta-

neously very accurate measurements (± 0.1°C) in

comparison to rectal or oesophageal probe monitoring

to measure body temperature.

In our study, we tried to eliminate and/or minimize

all experimental and methodological factors, which

might disturb the evaluation of body temperature in

animals in order to elucidate whether or not SIB-1893

produced hypothermic effect. Moreover, statistical

analysis of data was performed rigorously to display

a paradigm on how to adequately assess the hypother-

mic effects produced by pharmacologically active

substances. Unfortunately, the body temperature of

animals was measured in our study up to 180 min and

we did not observe a recovery of temperature to nor-

mal (pre-injection) level (Fig. 1).

Considering molecular mechanism(s) of action, un-

derlying the observed hypothermia in rats, one can

hypothesize that SIB-1893 should theoretically exert

its hypothermic effects as NMDA receptor antago-

nists do. Neurochemical and electrophysiological

studies have revealed that mGluR5 are physically

linked to NR2 subunit of NMDA receptors [1] and the

activation of mGluR5 enhances NMDA currents [18,

22]. In contrast, the blockade of mGluR5 by selective

non-competitive antagonists, such as: MPEP, SIB-

1893 and SIB-1757, has resulted in neuroprotection

against NMDA toxicity in neuronal cultures [5].

Moreover, histological examinations have docu-

mented that SIB-1893 and MPEP (at relatively high
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concentrations) antagonize the activity of NMDA and

negatively modulate NMDA receptors [14, 16]. Thus,

one can expect that SIB-1893 as a selective non-

competitive mGluR5 antagonist would be able to an-

tagonize NMDA receptors (similarly as the NMDA

antagonist MK-801) and, consequently, decrease the

body temperature in experimental animals. It remains

open whether SIB-1893 produces hypothermia as

a result of cooperation of mGluR5 and NMDA

receptors-mediated events, indirect blockade of NMDA

receptors, or through its antagonistic properties at

mGluR5. Further, more advanced studies are required

to elucidate the precise molecular mechanisms of ac-

tion of SIB-1893-induced hypothermia in experimen-

tal animals.

Summing up, SIB-1893 produced hypothermia in

freely moving rats in a dose-dependent manner. Only

adequate and rigorous statistical analysis of data may

provide reliable scientific results concerning the

changes in temperature of experimental studies. This

study represents a good paradigm showing how to

properly analyze data from animal studies.
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