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Two methods of measuring body temperature were compared in common marmosets.
Subcutaneous temperatures were measured remotely via previously implanted subcutaneous
microchips (Plexx BV, IPTT-100) prior to measurement of rectal temperature using a
conventional rectal probe. Marmosets were treated with saline or the brain penetrant,
5-HT1A/B/D receptor agonist SKF-99101H (3-(2-dimethylaminoethyl)-4-chloro-5-propoxyin-
dole hemifumarate) (0.3–3 mg/kg SC), which has previously been shown to induce hypother-
mia in guinea pigs. Body temperature was sampled immediately before drug administration
and at 30-min intervals thereafter for a period of 2.5 h. SKF-99101H dose-dependently
induced hypothermia in the common marmoset and there was close agreement between rectal
and subcutaneous body temperatures, with an average difference in absolute body tempera-
ture of 0.26 6 0.02° C. The data show that subcutaneously implanted microchips provide a
simple, reliable measure of body temperature in common marmosets which is sensitive to
pharmacological intervention, minimizes handling induced stress, and is minimally invasive.
© 1999 Elsevier Science Inc.
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Introduction
Complex thermoregulatory processes are required to

maintain body temperature within a narrow range.
There have been many nonhuman primate studies of
thermoregulation (see Elizondo, 1977 for a review)
dealing with a range of topics, e.g., heat balance (Stitt
and Hardy, 1971; Johnson and Elizondo, 1979; Stone-
brook et al., 1994), diurnal and circadian patterns of
body temperature (Liu et al., 1981; Petry and Maier,
1990; Schnell and Wood, 1993; Lane et al., 1996), and
the use of body temperature as a pharmacological end
point (Rupniak et al., 1992). In these studies various
methods have been used to measure body temperature,
usually via the rectal or subcutaneous routes. Rectal
temperature is usually measured with a rigid steel probe
thermometer. The invasive nature of this procedure
brings with it some inherent limitations. The stress
associated with handling and restraint may itself increase

baseline body temperature (Schnell and Wood, 1993),
and repeated sampling increases the risk of rectal bruis-
ing and tearing. The thermocouples and radiotelemetry
devices used to measure surface/subcutaneous body
temperature also involve invasive techniques, although
the subsequent need for animal handling is reduced. For
example, the thermocouples used by Stitt and Hardy
(1971), Johnson and Elizondo (1979) and Liu et al.,
(1981), were affixed or sutured to the surface of the skin
and wired to a recording unit. The radiotelemetry de-
vices used by Petry and Maier (1990), Schnell and Wood,
(1993) and Lane et al., (1996) were surgically implanted.
Due to their size, microchips can be implanted subcuta-
neously without anesthesia, hence lengthy surgery and
recovery periods are not required and there are no
external wires to hinder the movement of the animal.
Thus, the use of a microchip with temperature-sensing
capacity (BioMedic, IPTT-100) has the potential to
reduce the need for animal handling and handling-
associated stress and allow for body temperature to be
recorded as often as required.

Rectal temperature and body surface temperature
are known to differ. Baseline surface body temperature
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has been reported to be 1°–5° C lower than rectal body
temperature in some studies (Stitt and Hardy, 1971;
Johnson and Elizondo, 1979; Liu et al., 1981). In a
circadian rhythm study in rhesus monkeys, the subcuta-
neous body temperature, measured via radiotelemetry,
was approximately 2° C lower than rectal temperature
(Lane et al., 1996) and a similar study in common
marmosets found that, on average, the subcutaneous
temperature was 0.4° C lower than body temperature
measured rectally (Petry and Maier, 1990).

The aim of this study was to compare subcutaneous
and rectal body temperature of common marmosets
under control conditions and after treatment with SFK-
9910H (3-(2-dimethylaminoethyl)-4-chloro-5-propoxyin-
dole hemifumarate); a 5-HT1A/B/D receptor agonist
which has been shown to induce hypothermia in guinea
pigs (Hatcher et al., 1995; Hagan et al., 1997).

Methods
Animals

Twelve Common Marmosets (Callithrix jacchus; six
male, six female; 4–6 years old; 400–550 g; bred at SB)
were used in this study. Marmosets were housed in
male/female pairs, under constant temperature (23.8 6
0.13° C) and humidity (42.3 6 7.7%), on a 06:00–18:00h
light cycle and fed Marex pellets (Special Diets Services,
Witham, Essex, UK.) and water ad libitum. A diet of
mash (made from Marex pellets and condensed milk),
fruit, bread, and malt loaf (a bread made with raisins and
malt extract) was also fed daily. Animal husbandry and
experimentation were conducted in compliance with the
Home Office Guidance on the operation of the Animals
(Scientific Procedures) Act 1986, and was reviewed and
approved by the SmithKline Beecham Procedures Re-
view Panel.

Equipment
The marmosets had BioMedic programmable tran-

sponders (microchips, IPTT-100, Plexx BV, 6660 AE
Elst, Netherlands) implanted subcutaneously between
the shoulder blades. Microchips (approx. 14 mm long, 2
mm diameter; similar to those used in pets for identifi-
cation purposes) were implanted using the BioMedic
Needle Unit, and anesthesia was not required. Readings
of subcutaneous body temperature could only be ob-
tained from 11 marmosets and were taken using the
handheld BioMedic Pocket Scanner (DAS-5004) held
approximately 2 cm away from the microchip. Rectal
temperatures were taken using a lubricated clinical
thermometer (Philips, HP5316) inserted to a depth of
3–4 cm and left in place until a stable reading was
obtained (approx. 1 min).

Procedure
Marmosets were transferred from their home cage to

a separate procedure room (25.3 6 0.05° C, 36.4 6
0.66% relative humidity) and housed individually in
familiar holding cages (480 mm 3 270 mm 3 220 mm)
with water and food pellets available ad libitum. Here
they were allowed to acclimatise for 1 h. All experiments
were carried out between 13:00 and 17:00 h.

Subcutaneous and then rectal temperature measure-
ments were taken immediately prior to dosing and at
30-min intervals, thereafter for a period of 2.5 h. Mar-
mosets were dosed with either saline or SKF-99101H
(0.3–3 mg/kg SC). The marmosets were returned to the
holding cages between temperature readings and to
their home cages at the end of each experiment. A
period of 48 h elapsed between each test.

Drugs
SKF-99101H was dissolved in 0.05 ml of glacial acetic

acid, made up to volume in 0.9% saline and neutralized
with 0.05 ml of 2M NaOH. SKF-99101H or 0.9% saline
was administered subcutaneously (inner thigh) in a dose
volume of 0.2 ml/400 g body weight.

Data Analysis
The effect of SKF-99101H at 0.3, 1, and 3 mg/kg was

investigated in three separate experiments. All experi-
ments used a cross-over design in which each marmoset
acted as its own control. Temperature changes from
time 0 were calculated and subjected to a repeated
measures ANOVA followed by Tukey’s Studentised
Range Test. A paired t test was carried on the mean
maximum change for each marmoset following vehicle
and drug treatment. Correlation coefficents were calcu-
lated for the absolute rectal and subcutaneous temper-
ature readings at 60 min post saline and drug adminis-
tration (SAS-RA; SAS Inc., NC, U.S.A.).

Results
Following saline administration, rectal temperatures

ranged from 39.1° to 40.6° C, and subcutaneous temper-
atures ranged from 38.8° to 41.4° C. There was no
statistically significant difference between rectal and
subcutaneous temperature change following saline ad-
ministration (Tukey’s Studentised Range Test; Fig. 1–3).
Differences between subcutaneous and rectal tempera-
ture change during saline and drug conditions are shown
in Table 1. On average, subcutaneous temperature was
0.26 6 0.02° C lower than rectal temperature. There was
a significant overall correlation between the absolute
rectal and subcutaneous temperature readings following
saline and drug administration, at 60 min postdose (r 5
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0.88, p , 0.01, Fig. 4). Further analysis of data from each
dosing condition confirmed a positive correlation un-
der all conditions except after SKF-99101H 0.3 mg/kg
(Table 2).

SKF-99101H (0.3–3 mg/kg SC) dose-dependently in-
duced hypothermia in the marmoset (Fig. 1–3). At 0.3
mg/kg, there was a significant mean maximal change of

20.5° C in subcutaneous body temperature compared to
baseline (paired t test; t 5 2.395, p 5 0.038). Further
analysis revealed that this effect occurred at 30–90 min
post dose (Tukey’s Studentised Range Test; p , 0.05,
Fig. 1). There was no difference between subcutaneous
and rectal temperature readings following SKF-99101H
administration.

Figure 1. Mean change in rectal and subcutaneous body temperature (° C) following saline and SKF-99101H 0.3 mg/kg SC
administration. *p , 0.05, Tukey’s Studentised Range Test, compared to relevant control n 5 11–12.

Figure 2. Mean change in rectal and subcutaneous body temperature (° C) following saline and SKF-99101H 1 mg/kg SC
administration. *p , 0.05, Tukey’s Studentised Range Test, compared to relevant control. #p , 0.05, Tukey’s Studentised Range
Test, rectal Vs subcutaneous temperature. n 5 11–12.
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A significant mean maximal change of 21.0° C in
rectal temperature and 21.3° C in subcutaneous temper-
ature, compared to the appropriate saline controls (rec-
tal: t 5 5.046, p 5 0.0004; subcutaneous: t 5 7.483, p 5
0.0001), was produced following SKF-99101H at 1 mg/
kg. Analysis of the time course revealed a significant
difference in the two types of temperature readings at 90
min post dose (Fig. 2.) following this dose of SKF-
99101H. At this time point, the rectal temperature
change was 0.3° C greater than the subcutaneous tem-
perature change (Tukey’s Studentised Range Test, p ,
0.05).

At 3 mg/kg, SKF-99101H induced a significant mean
maximal change in both rectal (t 5 8.044, p 5 0.0001)
and subcutaneous (t 5 6.275, p 5 0.0001) body temper-
atures of 22.0° C compared to relevant controls. No
statistically significant difference was seen between sub-
cutaneous and rectal temperature changes following this
dose of SKF-99101H (Fig. 3).

The hypothermia induced by 1 and 3 mg/kg of
SKF-99101H was significantly different from baseline
control at 30–120 min post dose for both types of
temperature measurement (Tukey’s Studentised Range
Test, p , 0.05). Peak effect occurred at 60 min post
dose, and body temperature had returned to baseline
levels by 150 min post dose (Fig. 2, 3).

Discussion
Body temperature measurements taken via the rectal

route and the subcutaneous route were in close overall
agreement. The data show that treatment with SKF-
99101H, a brain penetrant 5-HT1A/B/D receptor agonist,
dose-dependently induced hypothermia in marmosets,
confirming previous findings in guinea pigs (Hatcher et
al., 1995; Hagan et al., 1997). Furthermore, the data
clearly show that rectal and subcutaneous temperature
readings closely paralleled one another following both

Figure 3. Mean change in rectal and subcutaneous body temperature (° C) following saline and SKF-99101H 3 mg/kg SC
administration. *p , 0.05, Tukey’s Studentised Range Test, compared to relevant control. n 5 11–12.

Table 1. Differences between mean absolute rectal and subcutaneous temperature readings (° C)

Absolute temperature differences (rectal minus subcut.)

Time Post dose (mins)

0 30 60 90 120 150

Saline 0.2 0.18 0.22 0.17 0.19 0.14
SKF-99101H 0.3 mg/kg 0.07 0.2 0.21 0.28 0.27 0.2
Saline 0.31 0.1 0.07 0.08 0.27 0.15
SKF-99101H 1 mg/kg 0.24 0.36 0.45 0.55 0.3 0.3
Saline 0.18 0.25 0.3 0.18 0.22 0.17
SKF-99101H 3 mg/kg 0.29 0.4 0.37 0.54 0.62 0.4

Mean (6 SEM) difference: 0.26 6 0.02 °C.
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saline and SKF-99101H administration. One exception
was at 90 min post dose, following a dose of 1 mg/kg of
SKF-99101H, when a significant difference in mean
rectal and subcutaneous temperature change of about
0.3° C did occur. The time course of the hypothermia
produced did not differ between the two types of
readings, and there was no indication that rectal tem-
perature was returning to baseline levels quicker than
subcutaneous body temperature. Previous studies have
shown that the hypothermic response to SKF-99101H in
guinea pigs is mediated via the 5-HT1B receptor but
further work is required to define the 5-HT receptor
subtype involved in mediating the hypothermic response
to this compound in marmosets.

The large differences seen between rectal and subcu-
taneous temperature readings in other studies may
reflect the method used to measure the subcutaneous
temperature. For example, Stitt and Hardy (1971) and

Liu et al., (1981) used thermocouples affixed/sutured to
the skin and thus the differences seen may have been
due to the cutaneous vasomotor mechanisms involved in
thermoregulation. However, the use of radiotelemetry
devices still showed a difference of 0.4°–2° C between
rectal and subcutaneous body temperatures (Petry and
Maier, 1990 and Lane et al., 1996; respectively). This is
larger than the average difference produced by the
microchips (0.26° C). Although rectal body temperature
readings in this study were slightly higher than subcuta-
neous readings, it is difficult to ascertain if this was due
to the stress associated with the procedure or a reflec-
tion of the route of temperature measurement. How-
ever, the close parallel seen between the rectal and
microchip readings strongly suggest that, under the
conditions of the present study, subcutaneous body
temperature is representative of core body temperature.

This study has demonstrated that microchips with
temperature-sensing ability are a reliable, noninvasive
alternative to rectal probes.

The authors would like to thank Lynn Ives and Julie Welch for their
technical assistance.
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