SEmn [ ORIGINAL ARTICLE )

10.2478/AMB-2025-0074

INFRARED THERMOGRAPHY REVEALS ALTERATIONS
IN SURFACE BODY TEMPERATURE
IN STREPTOZOTOCIN-INDUCED
DIABETIC MICE

M. Hristov, P. Andreeva-Gateva

Department of Pharmacology and Toxicology, Faculty of Medicine, Medical University — Sofia, Bulgaria

Abstract. Diabetes mellitus is associated with impaired thermoregulation, yet the extent
of these alterations remains insufficiently understood. This study aims to evaluate chang-
es in surface body temperature in streptozotocin-induced diabetic mice using infrared
thermography, a non-invasive technique for assessing body temperature regulation. Ex-
perimental studies were conducted on male BALB/c mice. Type 1 diabetes was induced
with a single intraperitoneal injection of streptozotocin (150 mg/kg). Infrared imaging was
performed 20 days after streptozotocin injection at 11:00 AM (light phase) and 7:00 PM
(transition to the dark phase). The analysis focused on key body regions, including the
head, interscapular area, and tail base. The results revealed a significant reduction in
surface body temperature in diabetic mice compared to controls at both time points, with
a more pronounced decrease observed in the evening. The interscapular region exhib-
ited lower surface temperatures in diabetic mice, suggesting impaired thermogenesis in
brown adipose tissue. Additionally, reduced tail base temperature indicated increased
vasoconstriction, further supporting the hypothesis of compromised thermoregulation.
These findings highlight the impact of diabetes on body temperature regulation and sug-
gest a potential circadian component to these alterations. The study underscores the
utility of infrared thermography as a valuable method for assessing thermoregulatory
dysfunction in metabolic disorders. Future research should explore the progression of
these temperature changes over time and their response to different environmental con-
ditions and pharmacological interventions.
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INTRODUCTION

Diabetes mellitus is one of the most prevalent chronic
diseases worldwide, posing a significant public health
challenge [1]. Chronic hyperglycemia has profound
effects on the quality of life of affected individuals, as
it leads to various macrovascular complications, such
as ischemic heart disease, stroke, and peripheral ar-
tery disease, as well as microvascular complications,
including neuropathy, nephropathy, and retinopa-
thy [2]. Numerous factors influence the complexity
of diabetic pathology in humans. To address these
challenges, the rodent streptozotocin (STZ) model is
widely used, enabling controlled investigations into
abnormalities associated with insulin deficiency [3].

Several studies have reported alterations in body
temperature regulation in STZ-induced diabetic ani-
mal models. For example, using a digital thermistor
thermometer inserted rectally, researchers observed a
decrease in body temperature in diabetic rats between
9 and 11 hours within a 24-hour cycle on the 12th day
post-STZ injection [4]. Another study, which employed
surgically implanted transmitter devices in the perito-
neal cavity of rats, found a rapid decline in body tem-
perature occurring 3-5 days after STZ administration
[5]. While rectal thermometry provides direct contact
measurements, it is associated with handling stress
that may artificially elevate body temperature and
pose potential health risks due to probe insertion.
Telemetry implantation allows for continuous and ac-
curate core body temperature monitoring but requires
invasive surgery, which can induce physiological alter-
ations, cause stress, and demand substantial time and
technical expertise from researchers [6]. Given these
limitations, further research employing non-invasive
methods is necessary to better characterize tempera-
ture changes in experimental models of diabetes while
minimizing stress and physiological disruptions in ani-
mal subjects.

Infrared thermography enables the precise measure-
ment of infrared radiation, allowing surface tempera-
ture to be determined based on fundamental physical
principles. This technique is particularly valuable due
to its non-invasive nature and its ability to measure
temperature at distances of less than 1 meter, facili-
tating the examination of specific sites of heat loss.
Infrared thermography provides detailed surface
temperature variations without the need for numer-
ous temperature sensors and avoids inaccuracies
that conventional solid sensors may introduce when
measuring mammal coats [7]. Therefore, in the pres-
ent study, we utilized infrared thermography as a
non-invasive method to investigate surface tempera-
ture changes in STZ-induced diabetic mice.

MATERIALS AND METHODS

Animals

Male BALB/c mice (323 g, 13-15 weeks old) were
used in the experiment. The mice had free access
to standard chow and water and were housed in a
temperature-controlled room (22 + 1°C) under a
12:12-hour light-dark cycle (lights on at 07:00 and
off at 19:00). All procedures were conducted in ac-
cordance with Directive 2010/63/EU of the European
Parliament on the protection of animals used for sci-
entific purposes. The Ethical Council of the Bulgarian
Food Safety Agency approved the study protocol.

Experimental Protocol

Type 1 diabetes was induced in the mice by a single
intraperitoneal injection of streptozotocin (150 mg/kg,
dissolved in citrate buffer, pH 4.5) (S0130, Sigma-Al-
drich, Germany) [8]. Control mice received an equiv-
alent volume of citrate buffer alone. After returning
the mice to their cages, food and a 10% glucose so-
lution were provided ad libitum. Three days later, the
glucose solution was replaced with fresh water. On
the fifth day after STZ injection, blood glucose levels
were measured using a standard glucometer (Wel-
lion CALLA Light, Med Trust, Austria). One drop of
tail blood was analyzed, and mice with blood glucose
levels >16.7 mmol/L were considered diabetic [3].
Infrared imaging was performed 20 days after STZ
injection at 11:00 AM (light phase) and 7:00 PM (tran-
sition to the dark phase). Each experimental group
consisted of six animals.

Infrared Imaging

Infrared imaging was performed as described pre-
viously [9]. A FLIR infrared thermographic camera
(FLIR T530, Teledyne FLIR, USA) (Infrared resolu-
tion: 320 x 240 pixels; field of view: 24° x 18°; ther-
mal sensitivity/NETD: <40 mK at 30°C; object tem-
perature range: -20°C to 120°C) was used to record
the temperature of freely moving mice for 1 min.
Infrared imaging was conducted in a room with a
stable ambient temperature of 22 + 1°C and a rela-
tive humidity of ~50%. Radiometric images were cap-
tured from a distance of 80 cm [9], with the camera’s
emissivity set to 0.95 [10]. Infrared thermographic
recording was performed from above the testing box,
which had no lid. Infrared thermal profiles were saved
and analyzed using FLIR Tools 6.4 image process-
ing software (Teledyne FLIR, USA). Three regions
of interest (ROIs) (Fig. 1) were selected for thermal
analysis: 1) Head: This ROI covered a substantial
portion of the frontal and parietal regions. 2) Back:
This ROI extended from the ears and encompassed
the interscapular region. 3) Tail base: This ROI was
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defined as the region where the tail base connects to
the rump. For each animal, five frames were selected
for analysis, ensuring that the ROIs were consis-
tently positioned across all samples. The maximum
and minimum surface temperatures were recorded
within each selected ROI, and the average values of
these temperatures from the five frames were used
for analysis. Identical ROI sizes were applied across
all frames and animals. Measurements were taken
when the animals were positioned with all four limbs
on the ground, ensuring that all relevant regions were
within the designated ellipse radius.

Statistical analysis

Statistical analysis was performed using SigmaPlot
12.5 (Systat Software GmbH, Erkrath, Germany).
Data normality was assessed using the Shapiro-Wilk
test, confirming a normal distribution. Comparisons
between groups were made using a two-tailed Stu-
dent’s t-test, with statistical significance set at p <
0.05. Results are expressed as mean * standard er-
ror of the mean (SEM).

36.0 °C

18.5°C

Fig. 1. A representative top-down infrared thermographic
image of a freely moving control mouse captured with a
FLIR camera. The camera was positioned 80 cm above
the animal, allowing continuous tracking of surface tem-
perature changes. Thermographic imaging highlights
three regions of interest: the head, back (interscapular
region), and tail base, used for surface temperature as-
sessments. Red and blue triangles indicate the maximum
and minimum surface temperatures within each region,
respectively

RESULTS

Infrared thermographic measurement at 11:00 AM

Infrared thermography revealed a decrease in sur-
face body temperature in diabetic mice compared
to controls at 11:00 AM (Fig. 2A). Specifically, in the
head region, diabetic mice exhibited a significantly
lower maximum recorded temperature compared to
controls (Figure 2B, p = 0.016). The surface tempera-
ture in the head region was approximately 1.3°C low-
er in diabetic animals. Regarding the minimum sur-
face temperature, a decreasing trend was observed
in the diabetic group; however, statistical significance
was not reached (Figure 2E, p = 0.404).

A similar pattern was observed in the back region. The
maximum surface temperature was significantly lower
in diabetic mice (Figure 2C, p < 0.001). Diabetic ani-
mals exhibited an approximately 1.4°C lower tempera-
ture in the back region compared to controls. As for the
minimum surface temperature in this region, a decreas-
ing trend was noted in diabetic mice, but statistical sig-
nificance was not reached (Figure 2F, p = 0.154).

At the tail base, both the maximum and minimum
temperatures were significantly lower in the diabetic
group by approximately 1.4°C compared to controls
(Figure 2D, maximum temperature: p = 0.007; Figure
2G, minimum temperature: p = 0.009).

Infrared Thermographic Measurement at 7:00 PM

Infrared thermography revealed a decrease in surface
body temperature in diabetic mice compared to con-
trols at 7:00 PM (Fig. 3A). Specifically, in the head re-
gion, diabetic mice exhibited significantly lower maxi-
mum and minimum recorded temperatures compared
to controls (Figure 3B; maximum temperature: p <
0.001; Figure 3E; minimum temperature: p = 0.024).
The maximum surface temperature in the head re-
gion was approximately 2°C lower in diabetic animals,
while the minimum temperature was about 1°C lower.

Interestingly, regarding the maximum surface temper-
ature in the back region, only a decreasing trend was
observed in diabetic mice, but statistical significance
was not reached (Figure 3C, p = 0.136). However,
for the minimum surface temperature in the back re-
gion, diabetic mice had a significantly lower tempera-
ture compared to controls (Figure 3F, p < 0.001). The
minimum temperature in the back region was approxi-
mately 1.4°C lower in diabetic animals than in controls.

At the tail base, both maximum and minimum tem-
peratures were significantly lower in the diabetic
group by approximately 2.2°C compared to controls
(Figure 3D; maximum temperature: p = 0.021; Figure
3G; minimum temperature: p = 0.014).
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Fig. 2. Infrared thermographic measurements at 11:00 AM. (A) Representative top-down infrared thermographic images
of a control mouse and a diabetic mouse. (B, E) Bar graphs depicting the maximum and minimum surface temperatures,
respectively, measured in the head region of control and diabetic mice. (C, F) Bar graphs depicting the maximum and mini-
mum surface temperatures, respectively, measured in the back (interscapular) region of control and diabetic mice. (D, G)
Bar graphs depicting the maximum and minimum surface temperatures, respectively, measured at the base of the tail in
control and diabetic mice. Data are presented as mean + SEM (n = 6 mice per group). *p < 0.05; **p < 0.01; ***p < 0.001
vs. control mice
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Fig. 3. Infrared thermographic measurements at 7:00 PM. (A) Representative top-down infrared thermographic images
of a control mouse and a diabetic mouse. (B, E) Bar graphs depicting the maximum and minimum surface temperatures,
respectively, measured in the head region of control and diabetic mice. (C, F) Bar graphs depicting the maximum and
minimum surface temperatures, respectively, measured in the back (interscapular) region of control and diabetic mice.
(D, G) Bar graphs depicting the maximum and minimum surface temperatures, respectively, measured at the base of
the tail in control and diabetic mice. Data are presented as mean + SEM (n = 6 mice per group). *p < 0.05; ***p < 0.001
vs. control mice.
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DISCUSSION

Thermal imaging provides a non-invasive method for
recording body temperature in freely moving, undis-
turbed laboratory mice, eliminating the confounding
effects of handling stress [6]. However, this method
measures surface (skin) temperature rather than
deep body temperature [11]. Recent research has
optimized and validated an algorithm that enables
the estimation of relative changes in core tempera-
ture based on continuous, non-invasive infrared
measurements of skin temperature in mice housed at
room temperature [6]. Additionally, infrared thermog-
raphy may provide insight into deep body tempera-
ture by measuring the radiative temperature of the
eyes in mice [12]. Therefore, infrared thermography
is a valuable method with the potential to provide im-
portant insights into body temperature changes un-
der experimental conditions [11].

In our study, infrared thermographic measurements
at both 11:00 AM and 7:00 PM consistently demon-
strated reduced surface body temperature in diabetic
mice compared to controls. At 11:00 AM, significant
decreases in maximum surface temperature were
observed in the head, back, and tail base regions,
with a trend toward lower minimum temperatures. By
7:00 PM, both maximum and minimum temperatures
in the head and tail base regions were significantly
lower in diabetic mice, while in the back region, only
the minimum temperature showed a statistically sig-
nificant reduction. These findings suggest that dia-
betes is associated with impaired thermoregulation,
leading to a sustained decrease in surface body tem-
perature. Moreover, the temperature reductions ob-
served in the evening (7:00 PM) were generally more
pronounced than those in the morning (11:00 AM),
suggesting potential diurnal variations in thermoregu-
latory responses in diabetic mice. Our findings align
with those of Ramos-Lobo et al., who demonstrated
that STZ-induced diabetes leads to a significant re-
duction in core body temperature and a disruption of
circadian temperature rhythms in rats. Using telem-
etry implants to measure core body temperature, the
authors found that temperature regulation became
unstable, with shifts in acrophase timing, lower ME-
SOR values, and increased amplitude fluctuations
[13]. One possible explanation for these disturbanc-
es is melatonin deficiency associated with diabetes
[14]. Melatonin follows a circadian pattern and plays
a crucial role in maintaining stable body temperature
rhythms [15]. Studies suggest that STZ-induced dia-
betes interferes with melatonin synthesis, which may
contribute to the observed irregularities in tempera-
ture regulation [13, 16].

Previous studies have used infrared imaging of the
interscapular area to assess brown adipose tis-
sue activity in conscious mice [11, 17]. Crane et al.
demonstrated a novel method for measuring brown
adipose tissue thermogenesis using infrared imag-
ing following beta-3 adrenoreceptor stimulation in
mice. Their findings showed that the increase in body
surface temperature observed with this technique is
solely due to uncoupling protein-1-mediated thermo-
genesis and that this method can distinguish differ-
ences in brown adipose tissue activity between mice
acclimated to 23°C and those maintained at thermo-
neutrality (30°C) [18]. In our study, we observed a
decreased surface temperature in the interscapular
region of diabetic mice, suggesting reduced brown
adipose tissue thermogenesis during STZ-induced
diabetes. These results are consistent with previ-
ous studies demonstrating decreased interscapular
brown adipose tissue activity in STZ-induced diabetic
animals [19-21].

The tail plays a key role in thermoregulation in mice,
acting as an important site for heat dissipation [22].
Changes in tail surface temperature, which reflect va-
soconstriction or vasodilation, can serve as an indi-
rect measure of heat loss. By assessing tail tempera-
ture, infrared thermography can be used to evaluate
vasomotor tone in mice [11, 17, 23]. In our study, we
observed a significantly lower tail base temperature
in diabetic mice compared to controls, suggesting in-
creased tail vasoconstriction. Our results are in good
agreement with the study by Katovich et al., who also
reported altered thermoregulatory responses in tail
skin temperature in STZ-induced diabetic rats [24].
Administration of the beta-adrenergic agonist isopro-
terenol (25 pg/kg, s.c.) caused a significant increase
in tail skin temperature in the control group, but not
in rats that had been diabetic for four weeks. A simi-
lar but more pronounced response was observed in
controls following subcutaneous administration of 40
pg/kg and 100 pg/kg of isoproterenol. However, in
the four-week diabetic rats, the tail skin temperature
response remained negligible even at the higher dos-
es [24]. Interestingly, the authors also reported that
baseline tail skin temperature did not differ between
control and diabetic groups. These differences may
be attributed to variations in the methodology used
to measure tail surface temperature. Katovich et al.
measured tail skin temperature using a copper-con-
stantan thermocouple attached to the dorsal region
of the tail with porous adhesive tape, ensuring direct
contact with the skin near the base of the tail [24]. In
contrast, our study employed infrared thermography
in freely moving mice, which may account for the ob-
served discrepancies.

Infrared thermography reveals alterations in surface body temperature... 41



CONCLUSION

Our study demonstrates that infrared thermography
is a valuable tool for assessing surface body tem-
perature in STZ-induced diabetic mice. We observed
a significant reduction in surface body temperature
in diabetic mice compared to controls at both 11:00
AM and 7:00 PM, with more pronounced reductions
in the evening, suggesting that STZ-induced diabe-
tes is associated with impaired temperature regula-
tion, leading to a reduction in surface body tempera-
ture. Further studies are needed to investigate how
these changes in body temperature evolve with the
progression of diabetes and how thermoregulatory
responses are affected by different environmental
temperatures or pharmacological interventions. By
providing a reliable and non-invasive method for
measuring surface body temperature, infrared ther-
mography may serve as a useful tool for further re-
search on diabetes-related alterations in body tem-
perature and potential therapeutic strategies.
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