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abstract

Homeostatic	changes	in	the	body,	such	as	fever,	cause	inflammation,	whose	one	of	its	impacts	is	the	sense	of	bitterness	inside	the	
mouth.	It	implies	in	the	reduction	of	appetite,	which	may	finally	result	in	the	reduction	of	physical	condition	due	to	the	inadequacy	
of	 food	intake.	It	causes	 the	 inhibition	of	healing	process,	which	reduces	working	productivity.	The	objective	of	 this	study	was	to	
identify	the	mechanism	of	bitterness	due	to	inflammation,	as	proved	locally	in	the	taste	buds	of	Wistar	rats.	This	study	was	carried	
out	experimentally	using	post-test	only	control	design	in	experimental	animals	of	male	Wistar	strain	Rattus	norvegicus.	The	animals	
were	divided	into	two	groups.	First	group	served	as	control,	while	the	second	group	received	treatment	with	Salmonella	typhimurium	
0.5	ml/kg	BW.	Blood	sample	and	tongue	incision	were	taken	from	the	animals.	IL-1	was	counted,	and	tongue	incision	was	used	for	
immunohistochemical	staining	for	the	variables	of	gustducin.	Data	were	analyzed	using	Kolmogorov-Smirnov	test	for	data	normality,	
and	followed	with	comparative	test.	The	discriminant	analysis	was	also	done	to	find	the	discriminant	variable.	It	was	found	that	there	
was	an	increase	of	biological	response	of	signaling	transduction	of	bitterness	in	taste	buds,	as	indicated	from	the	increase	of	gustducin	
in	treatment	group	or	in	inflammatory	fever	condition	as	compared	to	control	group	(p	<	0.05),	but	no	change	of	concertation	at	IL-1	
significan	whenever	there	was	any	change	of	concertation	by	unfolding	its	mechanism.	Further	studies	can	be	recommended	to	find	the	
way	to	inhibit	this	sense	of	bitterness.	The	results	are	intended	to	overcome	homeostatic	disorder	in	the	body	to	prevent	loss	of	appetite,	
so	that	physical	endurance	can	be	maintained.	It	concluded	that	there	is	no	increase	of	serum	IL-1	expression	in	fever,	but	there	is	a	
significanly	increase	of	taste	buds	gustducin.	Further	studies	should	focus	on	gustducin	cellular	role	in	other	factors	that	play	a	role	
in	taste	buds	signal	transduction,	either	in	homeostatic	condition	or	in	the	condition	of	homeostatic	disorder.
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introduction

Oral cavity is the early site of entrance of food and 
the taste of food is determined by the sense of taste or the 
receptor of the sensation of taste in oral cavity, particularly 
the tongue. The taste of food is also determined by 
individual perception on the food itself. Nutrition is one 
of human basic needs required as the source of energy 
for the body. The fulfillment of nutritional requirement 
depends on the appetite, which is affected by central and 
peripheral nervous systems. In central nervous system, it 
is influenced by several factors, such as memory of the 
food, while in peripheral nervous system it is determined 
by the receptor of taste sensation.1,2 Homeostatic disorder 
in the body, such as infection, may result in the reduction 
of appetite. The reduction of appetite may occur either 
at central level, which is in brain, or peripheral level, in 
the receptor of taste or taste buds. Predominant change 
of taste into bitterness may reduce appetite, so that it may 
also reduce body endurance, which may finally result in 
the reduction of immunologic endurance of the body. The 
latter will then lead to aggravate infection.3 Therefore, fever 
may result in the reduction of body endurance of working 

productivity of the patient.4 However, the mechanism 
of appetite reduction in taste receptor within taste buds 
through signal transduction in inflammatory fever has not 
been disclosed.

There are several tastes in oral cavity: salty, sour, 
sweet, bitter, and umami.5,6 The occurrence of bitterness 
results from the binding of chemical substances as the 
stimulator of the sense of bitterness in the receptor.7-9 This 
reaction makes the Gprotein to release alpha unit, which, 
in bitter receptor it is called as gustducin.10,11 Gustducin 
activates enzyme, so that in such condition it results  
in blocked K+ channel, and stimulates PLC (phospholipase 
C) to activate PIP (phosphoinositol phosphate) to become 
IP3 (inositol triphosphate). IP3 (inositol triphosphate) causes 
Ca2+ release from endoplasmic reticulum and mitochondria, 
resulting in depolarization.12,13,14 Increased Ca2+ expression 
within bitter taste receptor cells causes intensified bitterness 
and delivered further to the memory in brain.15,16

One manifestation of homeostatic disorders is 
inflammatory fever, either endogenous or exogenous. 
Fever is one of clinical symptoms of infection resulting 
from bacteria, such as typhoid fever, in which there 
is a typical symptom in the tongue, called as typhoid 
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tongue. Histopathological examination reveals an 
increase of polymorphonuclear (PMN) inflammatory 
cells, the neutrophil, which is also a typical sign of acute 
inflammation.15 In fever, the clinical manifestation of 
infection, there is also a predominant symptom of intensified 
bitterness in tongue. Physiobiologically, the function of 
taste receptor is acted by taste buds. The mechanism of taste 
stimulation is commenced by the presence of primary taste 
in oral cavity by taste buds as the receptor of taste nerve 
cells, the part of the body that induces biological response.17 

The response can be triggered by the exposure of bacteria 
as signaling initiation.18,19

In inflammatory fever, the mechanism of change at 
cellular level in taste receptor on intracellular molecular 
changes may occur through ion signal transducing, such as 
K+, Ca2+, Mg+2. Until today, the mechanism of taste buds 
biological change due to bacteria infection modulation has 
not been investigated and clearly unfolded. Since there is a 
clinical symptom of bitterness in inflammation and fever 
and also changes at cellular level, a detailed study is needed 
on unclear physiobiological dynamics in predominant 
changes of bitter taste at peripheral level. This study was 
conducted on Wistar strain rats (Rattus	norvegicus) exposed 
to Salmonella	typhimurium. The observation was carried 
out on tongue incision for IL-1 expression. ELISA test 
was done to find gustducin count and histopathological 
examination was undertaken using immunohistochemical 
staining. We investigated whether there was an increase of 
serum IL-1 expression and gustducin count in taste buds.

materials and methods

This was a true experimental study using post-test only 
control group design. Materials used were serum and the 
incision of Wistar strain Rattus	 norvegicus rats tongue 
invaded with bacteria through injection with the bacteria 
Salmonella	 typhimurium. Serum IL-1 expression was 
measured using Elisa method,20 and tongue incision was 
stained immunohistochemistry using monoclonal antibody 
produced by Santa Cruz Biotechnology, Inc., to observe 
gustducin expression. This study was undertaken at the 
Departments of Biochemistry, Microbiology, Anatomic 
Pathology, and Gramik, Airlangga University School 
of Medicine, Laboratory of Veterinary Immunology, 
Airlangga University School of Veterinary Medicine, and 
Regional Health Laboratory, Surabaya.

In this study, the experimental animals were divided 
into two groups. Group I served as control group and 
group II as treatment group that was rendered to have 
fever. The experimental animals were allocated randomly, 
treated adequately and ethically eligible. In group I, the 
animals were injected with distilled water, and in group 
II the experimental animals received treatment (fever). 

Their early temperature was measured and they were 
injected with Salmonella	typhimurium of 0.5 ml/kg BW. 
After 6 hours, the final body temperature was measured. 
They were sacrificed to take their blood and tongue. 
Serum IL-1 was measured in blood serum, while paraffin 
blocks were made on the tongue, which was followed 
with immunohistochemical staining to measure gustducin 
expression in taste buds.

Experimental animals that experienced inflammation 
were those rendered to have fever by administered with 
Salmonella	 typhimurium and had temperature increase 
above normal (36o C). IL-1 is cytokine produced by 
hypothalamus and measured in the serum of cardiac 
blood with Elisa.20 Gustducin was Gprotein subunit alpha 
expressed by TRCs of circumvalate papillae taste buds 
in posterior tongue in inflammation and control groups, 
measured based on the number of brownish TRCs seen after 
immunohistochemical staining under light microscope at 
400 times magnification.

results

Prior to data analysis, statistical test was conducted 
using Kolmogorov-Smirnov test to find data normality. 
From the analysis it was found that the samples had normal 
distribution (p > 0.05). Mean and standard deviation of the 
variable of inflammation in the examination of temperature 
and histopathological examination of the tongue in control 
and treatment groups can be seen in table 1.

table 1. t-Test on the variable of systemic inflammatory 
response

Temperature

Control Treatment

Mean
SD
N

36.686
 0.485
 7

38.486
 0.478
 7

P 000

Notes: Mean : mean of control and treatment of temperature 
 SD  : standard deviation
 N : number of sample
 P : significantly

Table 1 shows that there is difference in control and 
treatment group. The mean in treatment group is higher 
than that in control group. This indicates that after injection 
or bacterial invasion, body temperature in those rats was 
increasing. Statistical analysis revealed mean and standard 
deviation as displayed in Table 2.
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table 2. Results of IL-1 and taste buds gustducin 
measurement

Group N Mean Std. Deviation

IL-1 Control
Treatment
Gustducin  Control
Treatment

7
7
7
7

45.7275
49.6536
 0.38095
 0.69722

22.5943
29.9844
 0.10516
 0.12067

Notes: N: sample number, Mean: mean of IL-1 and gustducin  
 expression

In treatment group, mean IL-1 showed no significant 
difference, while comparative test between treatment and 
control group showed significant difference (p < 0.001) 
of gustducin in treatment group, while IL-1 also showed 
difference, but not significant.

figure 1. Mean of IL-1 expression

The result of univariate analysis of each IL-1 variable, 
the result of univariate analysis in treatment and control 
group using t-Test showed no significant difference of the 
variables in treatment group.

figure 2. Gustducin expression

The results of univariate analysis of the variables of IL-1 
and gustducin in treatment and control group using t-Test 
revealed significant difference of the variables in treatment 
group. This indicated that those rats were in inflammatory 
condition after being exposed to Salmonella	typhimurium, 
which intensified the sense of bitterness.

discussion

Various homeostatic disorders in the body may occur 
due to several factors, one of which is inflammation that 

may induce clinical symptoms, such as fever. The disorder 
may also result in changes of taste sensed by peripheral 
nerve in taste buds, and also result in biological changes 
of cells, which is presenting as the change of intracellular 
signaling. This condition may affect the appetite, a clinical 
manifestation of the presence of inflammation. Reduced 
appetite may present as a change of the sense of taste, 
particularly the intensification of bitterness. The quality 
of food taste may change, resulting from two factors, the 
food itself and the presence of systemic change in the body 
beyond the taste cells. Food taste perception depends on 
taste receptor in taste buds, on other co-stimuli that result 
from stimulation of somatic taste receptor of the food, on the 
presence of memory of the food in central nervous system, 
and the transmission of food perception through taste 
pathway. To support the idea in this study, a preliminary 
study had been undertaken using questionnaire to  
63 respondents who suffered from fever. The results showed 
that 96.82% of the patients had intensified bitterness in the 
mouth, while only 3.18% (3 persons) felt the intensification 

figure 3. Results of immunohistochemical staining with 
gustducin antibody, on circumvalate papillae taste 
buds in normal group, showing blue TRCs ( ), 
magnification 400 times.

figure 4. Results of immunohistochemical staining with 
monoclonal antibody on gustducin, on circumvalate 
papillae taste buds in treatment group, showing brown 
TRCs ( ), magnification 400 times.
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of sour. Based on the findings in this preliminary study, this 
study tried to unfold the mechanism of homeostatic disorder 
in inflammatory fever and sense of bitterness as observed 
from several molecular variables in the taste cells, such as 
IL-1 and gustducin.

This study observed biological response of taste buds 
based on appetite reduction in patients with infection 
and fever, by using Wistar strain Rattus	norvegicus that 
were invaded with Salmonella	 typhimurium to find the 
homogeneity of the cause of fever. The aim of Salmonella 
administration was to provide condition similar to typhoid 
fever in human.21 This disease is commonly found 
in tropical population, such as that in Indonesia, with 
symptoms of reduced appetite due to the intensification of 
bitterness. Salmonella	 typhimurium was used because if 
those rats were given with Salmonella that invades human, 
fever would not occur, since rats are animals that live in 
dirty places.22

To find whether the samples had normal distribution, we 
conducted analysis using Kolmogorov Smirnov test, and the 
result of analysis revealed that data distribution was normal 
(p > 0.05). This study was conducted to two groups. The 
first group was control to obtain data on samples in healthy 
condition, and the second group received Salmonella	
typhimurium invasion to induce fever. Various factors affect 
the occurrence of inflammatory fever, such as the formation 
of prostaglandin E2, whose EP3 receptor is related with 
heat, and nitric oxide (NO) that has an important role in 
inflammation during the eosinophil infiltration.23,24,25

To empiricize the biologic response variable, we 
conducted statistical comparative analysis using t test. 
To prove the presence of inflammation, we undertook 
temperature measurement and blood sampling for serum 
IL-1 expression. It was found that there was a significant 
increase of temperature, indicating that the rats were 
infected with Salmonella	typhimurium. To prove the change 
of gustducin expression and IL-1 expression in both groups, 
two sample t-Test was undertaken. Results of examination in 
experimental animals injected with Salmonella	typhimurium 
of 0.5 cc/kg BW, which was equal to McFaland III 
solution, revealed the occurrence of fever in inflammation, 
presenting as the increase of acute inflammatory cells, i.e. 
polymorphonuclear cells, particularly the neutrophil (63%), 
as proved by histopathological test.26 By the presence of 
acute inflammation as indicated by clinical symptoms of 
inflammatory fever, further identification of other biological 
variables, i.e., serum IL-1, was conducted using Elisa and 
gustducin examinations through immunohistochemical 
staining.

The results showed that during inflammation, clinical 
symptom that presents as fever is apparent, particularly 
acute inflammation. This was indicated by the increase 
of serum IL-1 expression, which was an inflammatory 
cytokine produced by macrophage or other APC due 
to the invasion of Salmonella	 typhimurium. Although 
mean IL-1 expression did increase in treatment group, 
the increase was not significant, but systemically it had 
showed the occurrence of temperature increase. This was 

likely due to the presence of other inhibiting factors or due 
to untimely sampling time. Sampling was undertaken after 
the reduction of IL-1 level, as IL-1 is a sensitive cytokine, 
so when it had been measured at lower level, the result 
would appear to be less significant. In addition, IL-1 is an 
inflammatory cytokine produced by macrophage, and it is 
the only cytokine that has natural inhibitor. The inhibitor 
is recognized as IL-1 receptor antagonist (IL-1RA), an 
endogenous regulator for IL-1 activity. There are also 
other factors that may inhibit IL-1 production in certain 
conditions, such as the activity of CD8+ cells.3

Data analysis showed significant increase (p < 0.05) in 
biological marker, the gustducin (Gprotein subunit alpha) 
in bitterness taste within treatment group. The increase of 
gustducin expression in TRC is marked by the absorption of 
immunohistochemical materials that renders the taste buds 
color to become brownish. During inflammation, there is 
an increase of PGE2.2,27 The inflammation activated EP3 
receptor, which is the receptor of PGE2, and EP3 receptor 
will receive heat information that mobilizes Ca2+, resulting 
in the increase of receptor sensitivity to stimulate adenilate 
cyclase.23 The increase results in Gprotein binding, which 
activates PLC, and PLC activation results in PIP breaking 
to become IP3 and DAG. IP3 binding with ER receptor 
stimulates Ca2+ release from mitochondria and endoplasmic 
reticulum and results in the opening of ER membrane Ca2+ 
channel, so that Ca2+ is released toward cytosol.28 Ca2+ is 
also released from endoplasmic reticulum when there is 
stimulation from PGE2, which results in depolarization, 
and this condition leads to the transduction of bitter taste 
to the brain.23,29,30

Structural and chemical diversity of the tastant leads 
to various transduction mechanisms. This was different 
from that occurs in the sense of vision and olfaction, whose 
stimulation only runs through general stimulation pathway 
by the presence of photon or small volatile molecules 
transduced through a basic mechanism.31 This study was 
only viewed the role of signaling cells in peripheral nerves 
by confirming the biological change in elements that run 
the complex sense of taste transduction. The element of 
gustducin presents within the taste buds. It has a role in 
the transmission of the sense of taste, and the mechanism 
of each taste has its own specification. The receptor  
7-transmembrane helix has a role to commence signaling 
cascade by binding the Gproteins.15,32,33 

The sense of taste in oral cavity may change if there 
is homeostatic change in the body, such as in a condition 
of natrium ion loss, in which taste receptor related to 
natrium ion channel has sensitivity reduction against the 
taste of salt, and so does other receptors. Transduction 
and coding depend on TRCs input through afferent nerve 
fibers. The information codes the taste quality that depends 
on comparative pattern in the fibers. Each nerve fiber has 
specification according to their sensitivity against particular 
taste. For example, in fiber sensitive against salt, the nerve 
fiber has a high sensitivity against the taste of salt, but it can 
also sense other tastes in a lower sensitivity.2,34 
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The entrance of Ca2+ into cytosol in membrane damage 
generally occurs due to injury35,36 or intoxication. This 
results in the change of Ca2+ expression within cytosol 
and results in cell death.37 Most of cytosol Ca2+ is 
preserved particularly within reticulum endoplasma and 
mitochondria, as well as other vesicles in lower amount. 
Ca2+ ATPase pumps the Ca2+ in the cytosol to cross the 
plasma membrane outward or to the preservation site within 
reticulum endoplasma and mitochondria. Minute Ca2+ 
increase from normal within cytosol may result in various 
cellular responses, such as the stimulation of the sense of 
bitterness in gustducin. Excessive and continuous increase 
of Ca2+ within cytosol leads to cellular intoxication. In this 
case it was manifested as inflammatory fever.15

It concluded that there is no increase of serum IL-1 
expression in fever, but there is a significanly increase 
of taste buds gustducin. Further studies should focus on 
gustducin cellular role in other factors that play a role 
in taste buds signal transduction, either in homeostatic 
condition or in the condition of homeostatic disorder.
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