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Summary 

The qualitative and quantitative changes occurring in the taste buds of the fungiform papillae 
of male Spraque-Dawley rats (aged 5 1-125 days old) after x-ray irradiation were studied. A 
single dose of 2000 Roentgen (R) was delivered and observations were made at 0,  3 ,  7, 14, 21 
and 30 days after x-ray irradiation. The changes in taste bud morphology were interpreted first 
as degenerative and then as regenerative at various stages of the study. The degenerative process 
appeared at about the third day and reached a peak at 7 days. Regeneration then began after a 
further week and the taste buds appeared mature at about 30 days. While the number of fungiform 
papillae remained constant throughout the study, there was a marked loss of taste buds on these 
papillae at 7 days. At 14 days, the number of taste buds increased from this low level, and by 30 
days the number approached the control values. Initial taste bud loss could be attributed to a 
direct irradiation damage leading to taste bud cell desquamation combined with a concomitant 
mitotic inhibition of the stratum germinativum. 

Keywords: Radiation injury, taste bud degeneration. 

INTRODUCTION 
In many clinical situations, decrease in taste 

sensation, altered taste sensation and complete 
loss of sensation have been noted to  arise from 
a variety of causes. Among these are Sjogren's 
syndrome1 and diseases involving the middle 
ear.' Similarly, therapeutic radiation may 
cause changes in taste sensitivities. Other 
complications that may occur after irradiation 
include mucositis, osteoradionecrosis, 
xerostomia and dental caries3 These 
complications have been the subject of many 
post-irradiation ~ t u d i e s . ~ - ~  

There have been few animal studies reported 
on the effects of irradiation on taste bud 
structure and The data by 
Conger and Wells

g 
were mainly based on the 

taste buds of the circumvallate papillae. A loss 
of taste buds was shown to occur after x-ray 
irradiation. 

In the mouse circumvallate papilla, more 
than one taste bud is observed in each papilla 
and these taste buds are situated on the dorsal 
surface and the lateral walls of the circum- 
vallate papilla.1 ' Since Conger and Well's data9 

was obtained from such papillae and the count 
was made on every tenth section, there may be 

a certain degree of inaccuracy in their scoring. 
It is thus the purpose of this study to evaluate 
Conger and Wells' conclusions

g 
by accessing 

the qualitative and quantitative changes 
occurring in the taste buds of the fungiform 
papillae instead of the circumvallate papillae 
after x-ray irradiation. With fungiform papillae, 
the number of potential taste buds at the 
degenerated stage can be accurately ascertained, 
since Henderson and smith1 have established 
that there is only one taste bud situated on the 
dorsal surface of each fungiform papilla in 
the rat. This is not possible with the circum- 
vallate or foliate papilla. 

MATERIALS AND METHODS 

A total of 36 male Spraque-Dawley rats 
ranging from 5 1 to 125 days old were used. 
Even though ideally the age of the rats should 
be the same, Fish et al.' ' had shown that there 
is no significant difference in total number of 
taste buds within this age range. The rats 
were caged separately and fed on Purina rat 
chow and water ad libiturn. These animals 
were divided into 6 groups. Groups one, two 
and three contained 5 animals each and were 
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sacrificed 3, 7 and 14 days respectively after halves were frozen, sectioned on a Lipstulz 
x-ray irradiation. Groups four and five cryostat and then further processed for neural 
~nncisted of 6 animals each and they were studies. 

ficed 21 and 30 days respectively after The first 100 sections corresponding to 1 
iation. The control group (untreated) mm of tissue from the tip of the tongue were 
isted of 9 animals. discarded to avoid inaccurate counts as a 

single dose of 2000 Roentgen (R) was result of the curving of the tongue tip due to  
ered to  the experimental rats using a furation (the curving of the tip of the tongue 
inghouse Coronade therapy machine would lead to oblique sections and difficulty 
ated at 250 Kv and 15 mA. An initial in counting the taste buds). Each of the sub- 
of 3000 R was used based on irradiation sequent 400 sections were observed under 

ies of salivary glands which was found light microscopy. Every fungiform papilla 
be non-lethal to the rats. Unfortunately, and taste bud was sequentially viewed and 
?g our study a trial of such a dose caused recorded throughout its thickness. In doing 
h of most of the rats prior to the set time so, no fungiform or taste bud was 
~bservation. A further trial dose of 2500 missed or counted twice. Qualitative and 
3s also fatal to many rats and a final dose quantitative assessments were made of the 
,000 R was found to  be suitable. The fungiform papillae and taste buds. 
1 beam was filtered through 0.5 mm 
,er and 1.0 mm aluminium. The target- Qualitative analysis 
distance was 50 cm. All animals in a group The taste buds were evaluated for changes 
! irradiated at the same time. The x-ray in morphologV interpreted degeneration and 
liation beam was directed at the head and regeneration. These morphological changes 

..-,.L area with the trunks of the rat shielded were divided into five stages as shown in 
by a rectangular lead plate measuring 35-6 cm Table 1 and Figs. 2a-2e. The distribution of 
X 38.1 cm 0.30 cm (Fig. 1). These procedures the number of taste buds at the different 
were performed under anaesthesia achieved stages of morp~o~ogic. change in each group 

I an intraperitoneal injection of sodium was demonstrated by histograms. each 
.Obarbitol (35 mg per kg weight). group a percentage was obtained where 100% 

animals were sacrificed under ether represented the maximum number of taste 
2n2ssthesia- The right halves were buds that were present. Since every fungiform 

d in neutral acetate-buffered 4% formalin- papilla in the rat usually has only one taste 
tissue was then processed, embedded in bud on the dorsal surface of the papilla,'3 

ffin and at I0 pm. i t  can be assumed that the total number of 
were stained with fungiform papillae for each rat is the same 

nat0xylin and eosin- The left as the total (maximum) number of taste buds. 
Only occasionally were two taste buds present 
in a papilla. The percentage of taste buds in 
a particular morphological group was calculated 
by dividing the observed number of taste 
buds in that group by the total number of 
fungiform papillae and multiplying by 100. 
A qualitative assessment was also made to 
estimate the average fungiform papillae and 
taste bud sizes. This was achieved by observing 
the number of 10 pm sections in which each 
papilla and taste bud could be seen. 

Quantitative nnalysis 
The population means of the number of 

taste buds and fungiform papillae of 
experimental and control rats were compared 
using the univariate one-way analysis of 
variance  ANO OVA).'^ After the analysis of 
variance had established that there was a 
difference between two groups, identification 
of specific difference between means was 

,. , . , l lvt~graph showing the trunks of rats made using the Scheffe's multiple comparison 
shielded by a lead plate. procedure, where pairwise comparisons 

between groups were made.'' 



RAT TASTE BUDS AFTER IRRADIATION 

TABLE 1 
MORPHOLOGICAL STAGES OF DEGENERATION AND 

REGENERATION OF RAT FUNGIFORM PAPILLAE 
TASTE BUDS FOLLOWING X-IRRADIATION 

Stages Morphological criteria 

1. Pore - Absence of the apical pore. 

(-1) 2. Architecture M Bud cells do  not fill the whole thick- 
a. Degenerating ness of the epithelium. 

Taste bud - Few bud cells are present. 

3. Nuclei - The nuclei of the bud cells are 
oriented haphazardly. 

0 - No. taste buds are present in an 
b. No taste bud existing papilla. 

1. Pore - Absence of the apical pore. 

1 2. Architecture - A collection of cells which break the 
c. Early immature regular epithelial-connective tissue 

taste buds contour of the papilla. 
These cells are not well delineated 
from the surrounding epithelium. 

3. Nuclei Presence of dark staining nuclei. 

1. Pore - Absence of the apical pore. 

2 2. Architecture - A demarcation between bud cells 
d. Late immature and epithelium is evident. 

taste buds - The buds d o  not fill the entire thick- 
ness of the epithelium. 

3 .  Nuclei - The nuclei are darkly stained and are 
not well-oriented. 

l .  Pore - Presence of the apical pore. 

3 2. Architecture - The bud cells consist of clear 
e. Mature or normal cytoplasm. 

taste buds - The bud cells fill the thickness of the 
epithelium. 

3 .  Nuclei - Dark and pale staining nuclei are 
present . 

M The bud cell nuclei are oriented at the 
taste bud. 
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(a) Degenerating taste buds (Stage -1) ( C )  Early immature tastebuds (Stage 1 ) 

(b) Empty fungiform papillae (Staze 0) (d) Late hnmature taste buds (Stage 3 )  
C 

FIG. 2: Photomicrographs illustrating the morphological changes occurring in tlie taste b ~ ~ d s  of 
fungiform papillae after 2000 R of x-ray irradiation. 



R A T  TASTE BUDS AFTER IRRADIATION 

l~ (e) Mature taste buds (Stage 3). 

Dropoztts and final material 

Even though the initial number of rats was 
36, the final number used for qualitative and 
quantitative assessment was 21. This was 
decause 4 rats had died prior to  sacrifice 
and 7 r i t  tongue specimens were discarded 
due t o  technical errors such as epithelia1 tears 
in more than two consecutive sections and 
failure of the staining technique. The former 
would most likely have led to  a missed count 
since the smallest taste bud size is approxi- 
mately 20 Mm.'6 Hence quantitative and 
qualitative evaluations were finally completed 
on 4 rats in group one, 2 rats in group two, 
2 rats in group three, 2 rats in group four, 
3 rats in group five and 8 rats in the control 
group. Since the average number of fungiform 
papillae per half rat tongue is 89.4 (178.8 
per rat tongue),12 the number of rats used 
for final evaluation could still yield a significant 
sample of taste buds and fungiform papillae. 

RESULTS 
Qualitative analysis 

The distribution of the number of taste 
buds at  the different stages of degeneration 
and regeneration in each group is presented 
in Fig. 3.  

Control (non-irradiated) 

A single taste bud was evident on the dorsa! 
surface of each fungiform papilla with only 
about 2% of the papillae devoid of taste buds 
(Fig. 3). A large majority of taste buds were 
in the mature stage (Stage 3). Each of these 
mature taste buds contained a collection of 
pale elongated cells which spanned the 
thickness of the epithelium with pale and 
dark staining nuclei elongated parallel to the 
axis of the taste bud. An apical pore which 
opened onto the surface was easily identified 
(Fig. 2e - mature taste bud). The average 
papilla and taste bud sizes were 9 0  ~m and 
45 Mm respectively. 

Group One ( 3  days after x-ray irradiation) 

Figure 3 shows that about 30% of the 
taste buds in Group 1 were degenerated, while 
the majority were mature (Fig. 2e). Some Stage 
3 taste buds satisfied almost all the criteria of 
normality except for a slight disorientation of 
nuclei. The epithelium of the papillae which 
contained the taste buds was slightly distorted. 

Group Two ( 7  days after x-ray irradiation) 

The epithelium showed signs of atrophy 
with a few areas of ulceration and loss of 
cornified spines of the filiform papillae. Figure 
3 shows that 15% of the taste buds were 
in Stage -1 (Fig. 2a) while 85% were in Stage 0 
(empty fungifonn papillae; Fig. 2b). 

Group Three (14 days after x-ray irradiation) 

Signs of regeneration were evident at this 
stage. The epithelium was restored to  almost 
normal thickness. Filiform and fungiform 
papillae appeared morphologically nonnal 
except for slightly smaller sized fungiform 
papillae. Only 2% of the fungiform papillae 
were devoid of taste buds (Fig. 3) while the 
rest contained a single taste bud on the dorsal 
surface. Almost 10% of the taste buds were 
in Stage 1 (Figs. 2c and 3), and about 50% 
were in Stage 2 (Figs. 2d and 3). A few mature 
stage taste buds (Stage 3) were also present 
but without formation of apical pores. The 
average taste bud size appeared smaller than 
the control. 
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RAT TASTE BUDS AFTER lRRADIATI0,i  

STAGE STAGE 

STAGE STAGE STAG 

I' 

FIG. 3 :  The distribution of morphological changes in taste buds of rat fungiform papillae on 
sequential days after x-ray irradiation. 

FIG. 4: (a) Number of fungiform papillae per 400 tissue sections versus days after x-ray 
irradiation. (b) Number of taste buds per 400 tissue sections versus days after x-ray irradiation. 
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been implicated in taste bud maintenance and 
function.22 All these mechanisms leading to 
taste bud loss after x-ray irradiation have not 
been fully substantiated and will require 
further research into these areas. 

This study provides a possible pathogenetic 
basis for the clinical observation of loss or 
change in taste in patients following radio- 
therapy. Such an explanation would be re- 
assuring to the patient since the taste bud 
loss can be replaced by regeneration of new 
taste buds. 
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