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Abstract—Local thermal enhancement in target tissue is 
of great interest in tumor hyperthermia. In this study, we 
proposed a brand-new thermal enhancement protocol for 
tumor hyperthermia using heat generated from thermoge-
nesis evoked by capsaicin, which can safely deliver a totally 
localized heating to target tissue.  A healthy male volunteer 
was recruited, whose partial areas of the dorsum of hand 
and posterior aspect of forearm were smeared with 1% 
(w/w) capsaicin solution, to determine the increase of ther-
mogenesis in human body. In addition, animal experiments 
on healthy Kunming (KM) mice (20-22g) were performed to 
test the feasibility and efficacy of capsaicin-induced thermal 
enhancement. These KM mice were first locally smeared 
with, subcutaneous or intraperitoneal injected of the same 
capsaicin solution, and then heated by near infrared laser. 
Preliminary experiments on the volunteer showed an effec-
tive temperature increase in the skin area. Animal experi-
ments indicated that distinct thermal enhancement in heat-
ing effect, and that the thermal enhancement induced by 
intraperitoneal injection of capsaicin is more obvious than 
the other two ways. Thus capsaicin can be used as a poten-
tial therapeutic adjuvant to locally enhance heating effects 
in target tissue during tumor hyperthermia. 
 
 
Index Terms—thermal enhancement, thermogenesis, capsai-
cin, tumor hyperthermia, TRPV1, thermoregulation 

 

I.  INTRODUCTION 

Regional hyperthermia has long been an important 
modality of cancer based on the localized heating of tu-
mor tissue to above 43℃. Different from conventional 
therapies, namely surgery, radiotherapy and chemothera-
py, this therapy takes advantage of the high sensitivity of 
tumor cell to heat, and induces minor side effect which 
wins its fame as a “Green Therapy”. Up to now, a wide 
variety of hyperthermia modalities have been established 
such as heating by microwave, ultrasound, radiofrequen-
cy, electromagnetic source, laser, and hot medium. How-
ever, a common characteristic of these methods is that 
they will inevitably cause thermal damage to the healthy 
tissues along the path heat energy is transmitted to the 
tumor and that surrounding the tumor. Therefore, the ul-

timate aim of hyperthermia is to optimize the generated 
temperature distribution within the target tissue such that 
the tumor is essentially heated, but preferably not any 
healthy tissue surrounding the tumor. For this reason, 
thermal enhancement on target tissue involved in hyper-
thermia is necessary. Along this way, nanoparticles have 
been introduced to regional hyperthermia [1, 2]. However, 
this technique is limited by the use of alternating strong 
electromagnetic field and biological toxic nanoparticles 
in clinics [3].  

In this study, we instead proposed a new physiological 
approach to locally enhance heating effect on target tissue 
in hyperthermia by adjuvant use of capsaicin. Previous 
experiments in rats have showed that capsaicin could be 
decomposed by metabolic breakdown in liver [4]. Thus, 
capsaicin-induced thermal enhancement may avoid ill-
defined damages aroused by additional physical field or 
toxic nanoparticles. 

Capsaicin, the main pungent ingredient of chili peppers, 
elicits a heat/burning sensation when it comes in contact 
with skin, eyes or oral mucosa. It (relative amount: 69%) 
and dihydrocapsaicin (relative amount: 11%) are the two 
major capsaicinoids in peppers. Capsaicin has been used 
as a biochemical pesticide [5], an adjunct in weight man-
agement [6] and an ingredient in cosmetics [7]. Medical 
research also demonstrated its use in eliminating pain [8] 
and treating some cancers [9]. Previous investigations 
have observed thermoregulation characterized by rectum 
temperature when capsaicin was injected intraperitoneally 
to desensitized rats [10]. A study on the perineal cutane-
ous area suggests that the heat/burning sensation occurred 
may be due to the local application of capsaicin [11].  

The mechanism of capsaicin-induced pungency is that 
capsaicin binds its receptor in primary afferent sensory 
neuron which then triggers the sensory neuron to signal 
the brain. Its receptor is named Vanilloid Receptor (VR) 
[12, 13]. Being structurally related to members of Tran-
sient Receptor Protein (TRP) family of ion channels, VR 
is also called Transient Receptor Protein Vanilloid 1 
(TRPV 1) or simply named capsaicin receptor [12, 13]. 
Julius and his colleague first cloned Vanilloid receptor in 
1997 and demonstrated its function as a non-selective 
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cation ion channel [14]. A study on VR 1 gene knockout 
mice proved that the capsaicin receptor is essential for 
capsaicin-induced pain sensation and for injury-induced 
thermal hyperalgesia [15]. A recent investigation docu-
mented that capsaicin is the first naturally occurring sub-
stance found to enhance uncoupled the sarcoplasmic reti-
culum Ca2+-ATPase (SERCA) without consuming energy 
for pumping Ca2+, which could finally result in thermo-
genesis [16]. It indicates that capsaicin might be poten-
tially adjunctive to promote thermal enhancement in 
hyperthermia. Thereby, we first performed preliminary 
experimental investigations on the dorsum of hand and 
the forearm of human by local application of capsaicin 
solution to test the effect of thermogenesis for thermal 
enhancement in human body. Then further experiments 
on animals by local application, intraperitoneal and sub-
cutaneous injection of capsaicin solution were performed 
to test the feasibility and efficacy of the capsaicin in 
hyperthermia. 

II.  MATERIALS 

A.  Chemicals and Reagents 
1. Capsaicin, 8-methy-N-vanillyl-6-nonenamide, crys-

talline, purity: 80%, purchased from the Aladdin Reagent 
Inc., Shanghai, China.  

2. Tween 80 (polysorbate 80), C12H10CINO3, also pur-
chased from the Aladdin Reagent Inc., Shanghai, China 

3. Urethane (Ethyl carbamate), C3H7NO2, crystalline, 
purity: equal or greater than 98%, Chemically Pure (CP), 
purchased from the Sinopharm Chemical Reagent Co., 
Ltd, China. 

B.  Instruments, Equipents and Software 
1. Thermal infrared camera, FLIR SC 620, purchased 

form FILR systems Inc. Characteristics of this thermal 
infrared camera are listed in Table I. 

2. Near infrared laser, wavelength: 808nm, peak power 
output: 10W, purchased from BWT, Beijing, China.  

3. Commercial post-processing software for thermal 
infrared images: FLIR research IR. 

TABLE I.  THERMAL INFRARED CAMERA (FLIR SC620) 

Parameters Range 
Field of view (FOV) 24°× 18° 

Minimum focus distance 0.3m 
Focal length 38mm 

Spatial resolution 0.65mrad 
Thermal sensitivity 65mk@30℃ 

Accuracy ±2℃ or 2% of reading 
Object temperature range -40 ~ 120℃ or 0 ~ 400℃

C.  Experimental Subjects 
1. A healthy volunteer, male, 24 years old. 
2. Laboratory animal, Kunming (KM) mice, purchased 

from Department of Laboratory Animal Science, Health 
Science Center, Peking University, Beijing, China. Li-
cense number is SCXK（Jing）2006-0008. Its characte-
ristics are listed in Table II. 

TABLE II.  LABORATORY ANIMAL (KM MICE) 

Parameters Range (or Definition) 
Quality SPF/VAF 
Type Outbreeding 

Weight 20-22g 
Week 6 ~ 8 

III.  METHODS 

A.  Reagent Preparation 
Crystalline capsaicin is hydrophobic but miscible with 

organic solvent. Tween 80 is miscible in water, and misc-
ible with ethanol, cottonseed oil, corn oil, ethyl acetate, 
methanol, and toluene. Tween 80 and ethanol are there-
fore used to increase dissolve quality of capsaicin. So the 
1% (w/w) capsaicin solution were prepared as: 0.1 g crys-
talline capsaicin was first dissolved by 2 to 3 drops of 
ethanol as well as 15 drops of Tween 80, and then diluted 
to 10 ml with physiological saline solution, which was 
described by Jancsó [17]; the control solution was corres-
pondingly made merely in absence of crystalline capsai-
cin. 

Crystalline urethane was dissolved with physiological 
saline solution to finally make 5% (w/w) urethane solu-
tion as anesthetic. Studies in rats showed that urethane 
hardly affects respiratory system, blood pressure regula-
tion and heart rate, so it is suitable for studying neural 
function in both the central and peripheral nervous sys-
tems [18]. 

B.  Thermometry 
Fig. 1 depicts the schematic diagram of experimental 

facility. All thermal images were taken with the best 
quality in terms of location and focus during experiments. 
The surrounding temperature was about 22±2℃, humili-
ty was 55±5% during the whole experiment, and the 
surface emissivity was set to 0.98 as the recommendation 
for biological tissues [19]. Such values are indispensable 
for post processing of accurate temperature by commer-
cial software (FLIR research IR). 

C.  Human Test 
We recruited a healthy male volunteer to check the di-

rect thermal effect by capsaicin on human body. Capsai-
cin solution were daubed on the local area of the dorsum 
of left hand (Position 1, as shown in Fig. 3) and on two 
local areas of the posterior aspect of the left forearm (Po-
sition 2 and 3, as shown in Fig. 3) by absorbent cotton; 
the dorsum of right hand and the posterior aspect of the 
right forearm was locally smeared with the control solu-
tion at the corresponding areas, respectively. The volun-
teer was asked to keep still during the whole experiment 
to avoid unnecessary heat caused by movement. 
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Figure 1.  Schematic diagram of experimental facility. (1) a: 
808nm near infrared laser; (2) b: thermal infrared camera (FLIR 
SC620); (3) c: personal computer (HP Pavilion dv2000); (4) d: 
experimental object; (5) the black line: wire; (6) the orange dual-
line: wire for data exchanges between personal computer and 
thermal infrared camera. 

D.  Animal Experiments 
The KM mice, an outbred stock derived from Swiss 

albino mice, are widely employed in Chinese laboratories 
[20]. Thus they were used in the current work for study of 
thermal enhancement. All KM mice were separated by 
sex and randomly housed every two in specified plastic 
cages using a layer of wood shavings as bedding. They 
were available to commercial diets and water ad libitum.  

A single intraperitoneal injection of anesthetic was 
taken to every mouse at the dose of 2g/kg. Then each one 
was fixed on a board and shaved on abdomen and thorax 
for ruling out disorders by hairs in thermal infrared im-
ages. The capsaicin solution was locally applied on the 
abdomen of mice. Then such KM mice were heated by 
the 808nm near infrared laser 5cm away from the heating 
region (abdomen skin) at a power output of 2W. For 
comparison, other animals were injected subcutaneously 
or intraperitoneally at a dose of 0.1 ml, and then heated 
by the same approach, respectively. 

IV.  RESULTS AND DISCUSSION 

A.  Human Test 
Fig. 2 presents cutaneous nerves and superficial veins 

of the dorsum of hand and the forearm. As it shows, ba-
silic vein is distributed under the skin of the posterior 
aspect of the forearm and dorsal venous rete of hand is 
broadly distributed under the skin of the dorsum of hand. 

 

 
Figure 2.  Superficial veins of the posterior aspect of the fo-
rearm and the dorsum of hand [21]. 

Fig. 3 depicts thermal images and temperature re-
sponse of the dorsum of hand and the forearm after local 
application of capsaicin solution. As shown in Fig. 3 (a), 
initially, basilica vein and dorsal venous rete of hand are 
clearly showed in the thermal infrared image. As time 
goes on, temperature of areas smeared with capsaicin 
solution (Position 1-3) increase and these superficial 
veins trend to be blurry in thermal infrared images. Final-
ly the overall areas of the dorsum of hand and the post-
erior aspect of forearm augment in temperature; mean-
while, superficial venous are absolutely invisible. 

Fig. 3 (b) describes the average temperature responses 
of such areas (Position 1-3). At the beginning, the tem-
perature of Position 1 (33.5℃) is lightly higher than those 
of Position 2 (33.3℃) and 3 (33.4℃). Afterward, temper-
ature of Position 2 and 3 ascend more markedly than that 
of Position1. Ultimately, all three positions level off at 
respective temperatures. The dynamically stable tempera-
ture of Position 3 wins the highest place (35.5℃); Posi-
tion 2 takes second place (35.4℃); Position 1 is the low-
est in dynamically stable temperature (35.1℃). 

About twenty minutes after application, heat and burn-
ing sensation occurred in these smeared areas (Position 1-
3). Thereafter, this sensation diffused to the areas around. 
Such irritated sensation becomes even stronger when hot 
water is applied. 

 

 
(a) Thermal Infrared images. 
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(b) Temperature responses. 

Figure 3.  Thermal images and temperature responses of the 
dorsum of hand and the posterior aspect of the forearm locally 
pre-smeared with capsaicin solution. (1) Position 1: interested 
skin area of the dorsum of hand; (2) Position 2: interested skin 
area (near the wrist joint) of the posterior aspect of the forearm; (3) 
Position 3: interested skin area (near the elbow joint) of the post-
erior aspect of the forearm. 
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Vanilloid Receptor has been found to be expressed in 
many neuronal and non-neuronal locations [12]. But its 
expression in small-diameter peripheral sensory neurons 
is at least 30-fold higher than anywhere else [22]. It con-
tains six transmembrane domains, with cytosolic amino 
and carboxyl termini, and a pore loop between trans-
membrane domain 5 and 6 as a cation channel, [12] as 
schematically showed in Fig. 4. When vanilloid recep-
tors in peripheral terminals of primary sensory neurons 
are activated by capsaicin, pore loop is open, and then 
cations (calcium ions, sodium ions and others) translo-
cate inwards through the pore loop, which facilitates 
transmission of information about stimuli to the central 
nervous system (brain) [23]. This physiological process 
can be triggered not only by capsaicin but also by in-
creases in temperature in the noxious range. In human 
test, the heat and burning sensation may be the results of 
the activation of capsaicin receptor; furthermore, hot 
water, as a kind of noxious heat stimuli, aggravates the 
heat/burning sensation. 

Generally, contraction of muscle cell triggers the re-
lease of calcium ions from sarcoplasmic reticulum lumen 
to cytoplasm; then, SERCA pumps the calcium ions in 
the opposite direction by the energy from ATP hydrolysis 
to relax muscle cell. Mahmmoud suggested that capsaicin 
could augment the uncoupled SERCA without consuming 
released energy from ATP hydrolysis and that capsaicin 
may, therefore, directly evoke thermogenesis [16]. The 
thermogenesis may account for the temperature increases 
in capsaicin-applied regions. 

In human test, capsaicin applied on Position 1 can 
permeate into dorsal venous rete of hand, and then be 
transmitted by blood flow to surrounding skin tissues. 
Therefore, the residual capsaicin is low in amount. Cor-
respondingly, basilica vein can help transmission of cap-
saicin applied on Position 2. However the vein distribu-
tion density in Position 2 is lower than that of Position 1, 
thus the effects of transmission is relatively lower. Little 
capsaicin can be absorbed by skin [8], thereby capsaicin 
smeared on Position 3 is the slowest in diffusion, and 
residual capsaicin is the highest in amount. Due to cap-
saicin-induced thermogenesis, the average temperature of 
Position 3 is the maximum, whereas the average tempera-
ture of position 1 the minimum. And the diffused capsai-
cin evoked thermogenesis in the vicinity of these smeared 
areas (Position 1-3). 
 

 
Figure 4.  Schematic diagram of the Vanilloid Receptor 1 
(modified from [14]). Outer: the outer side of membrane; Inner: 
the inner side of membrane; A: ankyrin repeats; N: amino termin-
al; C: carboxyl terminal. 

B.  Animal experiments 
Fig. 5 illustrates the contrast of optical image and 

thermal infrared image of the same KM mouse. The 
thermal infrared image can show the rough outline of a 
mouse. In mammals, body core temperature is constant 
and generally higher than the environmental temperature, 
so the temperatures on abdomen and thorax temperatures 
of the mouse are higher than those of limbs and tail. 

Fig. 6 presents the average temperature response of 
abdomen of another mouse after intraperitoneal injec-
tionn of anesthetic. The average temperature first de-
creases and then levels off at around 34.9℃. This may be 
owing to the reduction of metabolism rate by anesthesia, 
and therefore a drop in body temperature. 

1) Daub with Capsaicin 
Fig. 7 depicts the maximal temperature responses of 

abdomens and right feet of mice after local daub of cap-
saicin solution on abdomen. As showed in Fig. 7 (a), the 
abdominal temperatures are almost invariable, respective-
ly, in the first 80 minutes. Thereafter, the abdominal tem-
perature of mouse 2 goes up, mouse 3 levels off, mouse 1 
and 5 goes down slightly, and mouse 4 declines observa-
bly. 

Temperatures of limbs and tail of mice rise after local 
application of capsaicin on abdomen. Fig. 7 (b) describes 
the average temperature responses of right feet after daub 
with capsaicin. In the first 40 minutes, average feet tem-
peratures of all five mice ascend. Thenceforth, only 
mouse 4 fluctuates and then began to decrease in feet 
temperature, others continue to go up. The maximum 
temperature increase of the five mice is less than 2℃ 
during the overall process. 

 

 
(a) Optical image                        (b) Thermal infrared image 

Figure 5.  Contrast of optical image and thermal infrared im-
age of the same KM mouse. 
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Figure 6.  Average local abdominal temperature response of 
an anesthetic KM mouse. 
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(a) Temperature responses of abdomen. 
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(b) Temperature responses of right feet shell. 

Figure 7.  Capsaicin-induced shell temperature responses of 
abdomen and right feet by local application on abdominal skin of 
KM mice. 

Fig. 8 gives the maximal temperature responses of 
above five mice heated by 808nm near infrared radiation, 
respectively. Five response curves can be clearly divided 
into three groups. Group 1 includes curves from mouse 2 
and 3. The initial temperature of the two mice greatly 
increase, and the final temperature increase is 13℃ and 
13.2 ℃ , respectively. Group 2 contains curves from 
mouse 1 and 5. During the initial period of heating, their 
temperature increase moderately, and the overall tem-
perature increase is respectively 10.8℃ and 10.5℃. The 
curve of the left mouse, namely mouse 4, belongs to 
group 3. Its initial temperature goes up slightly, and the 
final temperature increase is 7.2℃, which is in accord 
with the heating results from mice smeared with control 
solution. 

It can be concluded from Fig. 7 (a) and (b) that the 
capsaicin-induced thermogenesis on abdomen by the 
daub approach is not obvious, and that capsaicin-induced 
thermogenesis in cells of limbs and tail with the help of 
blood circulation is notable. In addition, we can infer that 
all mice were affected by capsaicin at the beginning (in 
the first 40 minutes) owing to the temperature increase in 
limbs and tail. 80 minutes later, capsaicin-induced ther-
mogenesis in mouse 4 began to fall remarkably, mouse 1 
and 5 went down slightly, mouse 3 maintained, and 
mouse 2 continued to heighten. Results form Fig. 8 sup-

ports such conclusions. Temperature increase of mice 
with thermogenesis still existing turned out to be higher 
involving heating by 808nm near infrared radiation. 
These results preliminary confirm the obvious thermal 
enhancement by capsaicin in hyperthermia. 
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Figure 8.  Effects of thermal enhancement by locally applied 
capsaicin solution on local region of abdominal skin when the 
same abdominal region was being heated by 808nm near infrared 
laser. 

2) Injection of Capsaicin 
Fig. 9 shows thermal infrared images of a mouse after 

intraperitoneal injection of capsaicin solution at a dose of 
0.1ml. The first thermal infrared image can only give a 
rough outline of the mouse, which agrees with Fig. 4. 
Temperatures of limbs and tail lift from the beginning, 
and the outline of the mouse gradually become clear in 
latter thermal infrared images. At the third fourth image 
(around the third minutes), temperatures of limbs and tail 
ascend to the maximum. Thereafter, temperatures of body 
core, limbs and tail start to lower. 

 

 
Figure 9.  Thermal infrared images of an anesthetic mouse af-
ter an intraperitoneal injection of capsaicin solution at the dose of 
0.1ml. 

In the current work, capsaicin solution was injected in-
treperitoneally or subcutaneously to anesthetized mice at 
a dose of 0.1ml. Fig. 10 shows the temperature responses 
of feet and abdominal temperature by such two ways of 
injection to two mice respectively. Both mice reduced in 
abdomen from the very beginning; and there was a period 
of temperature increase followed by a period of maintain 
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in temperature and a subsequent temperature decrease in 
both mice. However, the feet temperature of one mouse, 
intraperitoneally injected of capsaicin solution, increased 
earlier than that of the other one. 

Another two mice were intraperitoneally injected of 
capsaicin at the same dose. Then, one mouse was heated 
by 808nm near infrared laser when feet temperature is in 
the maintained period; the other was also heated in the 
same way in the declined period. Fig. 11 depicts the ab-
dominal temperature responses of the two mice. It shows 
that the initial temperature increase of former mouse is 
larger than that of latter one. The final temperature in-
crease of the former mouse is turned out to be 16.4℃, 
which is prominently higher than all above effects of 
thermal enhancement. The final temperature increase of 
latter mouse is 10.7℃, which is close to those of group 2 
in experiments where mice were daubed with capsaicin. 

The abdominal temperatures drop when capsaicin is in-
jected intreperitoneally or subcutaneously, which is in 
line with previous study [10]. Similar to results of applied 
method, there are temperature increases in both mice, 
which backing the thermogenesis in feet cell. Because 
capsaicin diffuses more rapidly through abdominal cavity 
than subcutaneous tissue, the start of thermogenesis in 
mice injected of capsaicin intraperitoneally occurs earlier. 
So the final temperature increases by injected method are 
higher than those of applied method. 
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Figure 10.  Capsaicin-induced temperature response of abdo-
mens and feet by intraperitoneal or subcutaneous injection at the 
same dose. 
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Figure 11.  Effects of thermal enhancement by intraperitoneal 
injected capsaicin solution during different period of action of 

capsaicin when local region of abdominal skin was being heated 
by 808nm near infrared laser. 

V.  CONCLUSIONS 

An effective approach to thermal enhancement in tu-
mor hyperthermia by adjuvant use of capsaicin was pro-
posed in this study. Through experimental investigations 
on temperature responses of local skin areas of human 
body smeared with capsaicin solution in low concentra-
tion, as well as on abdominal skin of KM mice locally 
applied with, subcutaneously or intraperitoneally injected 
of the same capsaicin solution, with or without being sub-
jected to near infrared radiation, the feasibility and effica-
cy of the capsaicin-induced thermal enhancement method 
was demonstrated. The experimental results indicate that 
this novel application of capsaicin can increase tempera-
ture caused by capsaicin-evoked thermogenesis, and that 
the adjuvant use of capsaicin to heating raised the initial 
and final temperature increase, which can serve as an 
applicable way to significantly enhance the heating ef-
fects of biological tissues during hyperthermia. This cur-
rent work might be the basis to find a new effective mod-
ality for thermal enhancement in hyperthermia. 
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